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Abstract. Widiyanti R, Nugroho HA, Megarani DV, Widiasih DA, Pakpahan S. 2023. Multiplex PCR detection of mackerel-based food
adulteration with pleco and chicken in selected areas around Ciliwung River, Indonesia. Biodiversitas 24: 1538-1543. Detecting fish
product adulteration is crucial to ensure food safety since pleco meat was already reported to carry several heavy metals that might harm
human health. Pleco is invasive species in the Ciliwung River and is commonly used as adulteration material for fish-based products.
Adulteration in mackerel-based food products may alter the nutritional value and carry heavy metal contamination from the bottom-
feeder fish's meat (pleco). Therefore, using the DNA barcoding technique, a molecular approach has been used to authenticate mackerel
fish products (including dumplings and otak-otak). This study aimed to develop a specific multiplex PCR method for simultaneously
detecting processed products from mackerel and pleco. The sample consists of 21 processed food items initially made from mackerel.
The samples were taken in the selected area around the Ciliwung River. All the samples can be amplified successfully, and amplification
lengths were 108, 171, and 300 bp, respectively. Analysis from various claimed mackerel products showed that five samples were
positive for pleco adulteration, and 11 products contained chicken meat addition. The phylogenetic tree was constructed from selected
sequences from our samples and showed that the amplicons were clustered in three clades, mackerel (Scomberomorus), pleco
(Pterygoplichthys), and chicken (Gallus gallus Linnaeus, 1758). The findings of this study revealed that 23.80% (5/21) products
contained pleco, and 52.38% (11/21) contained chicken meat addition. The addition of an unusual component to food composition may
alter nutritional value as well as may affect food hygiene and safety.
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INTRODUCTION

As a maritime country, Indonesia has an enormous
fishery production potential. The potential wealth of
genetic resources in land and sea areas is significant, as
Indonesia's marine area covers 70% of the total area. This
vast area holds great potential, including the supply of food
sources, such as mackerel (Scomberomorus sp.). Fishery
products can be an alternative source of protein apart from
the livestock sector. One of the potential fishery products
from Indonesia is mackerel, a species of marine fish with a
particular flavor that is popular in Indonesian society. This
pelagic fish is found in almost all marine areas of Indonesia
(Widayanti et al. 2022). Mackerel in Indonesia has been
processed into many local foods such as dumplings, otak-
otak, and empek-empek. This food is widely consumed,
especially in educational environments such as schools and
colleges, because it is relatively cheap.

Food made from mackerel has grown in popularity in
Indonesian society. Unfortunately, the counterfeiting of
raw materials threatens this relatively affordable food. One
of the raw materials used to adulterate mackerel fish is
pleco (Hypostomus plecostomus Linnaeus, 1758) and
Pterygoplichthys pardalis Castelnau, 1855 (Nurjanah et al.
2015). Therefore, to gain economic benefits, the most
common methods of adulteration in Brazil were deliberate

dilution and replacement (Tibola et al. 2018). Identifying
the provenance of animal species in processed meat
products is critical for economic, religious, and hygienic
reasons. Meat products frequently suffer from species
substitutions and adulterations due to their high market
value (Cawthorn et al. 2013). Concerns about food safety
and regulation have prompted the development of several
approaches for detecting food adulteration. Those include
physical, biochemical/immunological, and molecular
techniques. Molecular approaches are preferred for detecting
biological adulterants in food (Bansal et al. 2017).

Pleco was originally imported to Indonesia as an
ornamental fish. This fish is imported from South America
and breeds rapidly in the Indonesian river environment
(Armbruster and Page 2006; Munandar 2016). This fish is
currently considered an invasive species in several rivers
across the globe, including several rivers in Jakarta's area,
like the Ciliwung River (Elfidasari et al. 2018). Two
species of plecos were reported from the Ciliwung River,
including P. pardalis and Pterygoplichthys disjunctivus
Weber, 1991 (Elfidasari et al. 2016). The abundance of this
fish as an invasive species is one reason to use this fish to
adulterate processed mackerel fish (Elfidasari et al. 2019).
Pleco fish was reportedly harvested for meat in Jakarta
(Ismi et al. 2019). Pleco's meat contains 45-50% protein,
1.11-1.12% fats, 0.2-1.15% ash, and 47-52% carbohydrates
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(Elfidasari et al. 2019). However, the fishbone from pleco's
meat processing is unsuitable for bone flour since it does
not meet the minimum nutritional value required by the
Indonesian National Standard (SNI) (Putri et al. 2020).

Pleco has a high tolerance for living in a polluted
environment. This fish's bottom-feeding behavior can
potentially accumulate heavy metal contamination in its
meat. Heavy metal pollutants such as arsenic (As),
Cadmium (Cd), Mercury (Hg), and Lead (Pb) can
accumulate in the bodies of fish that inhabit polluted areas.
Heavy metal contamination in pleco has been reported
from various regions. Such as the pleco from the Bengawan
Solo River, which Cu, Cd, and Pb polluted (Setyarini et al.
2005), contamination by Pb and Cd from Fish from
Bedadung River, Jember (Munandar 2016), and fish from
the Ciliwung River, Jabodetabek, Indonesia which Cd, Hg
polluted, and Pb (Elfidasari et al. 2018). Therefore, pleco's
meat is not feasible for consumption because of the high
concentration of Pb, Hg, and Cd that exceeds the maximum
value of the SNI threshold (Ismi et al. 2019). Heavy metal
contamination in food products in the long and short term
can cause various diseases, such as neurological diseases to
congenital disabilities in infants. The existing research on
food adulteration reveals fraudulent replacement and
mislabeling of meat and other food products (Quinto et al.
2016).

Molecular techniques are used to study the diversity of
mackerel species in Indonesia and to authenticate mackerel
fish products (bakso, empek-empek, and crackers) using a
DNA barcoding technique that targets the Cytochrome b
gene (Maulid and Nurilmala 2015). In addition, several
methods to detect meat product adulteration have been
developed during the last two decades (Ali et al. 2014;
Sentandreu and Sentandreu 2014). Recently, several studies
have focused on species-specific PCR that targets the
amplification of mitochondrial genes (Alikord et al. 2016;
Al-taghlubee et al. 2019; Qin et al. 2019; Dwiyitno et al.
2022). This study aims to develop a specific multiplex PCR
method for simultaneously detecting processed products
from mackerel and pleco. This study also examines the
adulteration of processed mackerel-based food products
with other meats, especially pleco, in Jakarta, Depok, and
Bogor, areas where the Ciliwung River passes. We assume
that adulteration occurs in areas that the river passes
through.

MATERIALS AND METHODS

Sample collection

Sample collection, a total of 21 commercial food
products made from mackerel were collected from several
locations in Jakarta, Depok, and Bogor, Indonesia (Table
1). Purposive sampling was used as the selected areas
passed by the Ciliwung River. All processed mackerel food
samples were preserved using RNAlater and stored in the
laboratory.

Fresh samples were promptly extracted for DNA.
Before extraction, RNAlater®-preserved samples were
frozen and centrifuged at 5000 G for 10 minutes, with the
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supernatant discarded. Next, to eliminate excess salt from
the RNAlater® solution, samples were washed three times
with a sterile phosphate buffer solution. Finally, each
sample was homogenized independently for 2 minutes
before being cut into 100 mg for the next DNA extraction,
using a tissue homogenizer.

Molecular techniques

Total DNA was extracted from the homogenized food
product samples. Isolation and purification of DNA using
DNA Isolation Kit (innuPREP) following the
manufacturer's procedures. The isolated DNA was stored at
-20°C before being used for the next step. Following the
manufacturer's procedures, total DNA was extracted from
the homogenized food product samples using a DNA
isolation kit (innuPREP). The isolated DNA was then
stored at -20°C before being used for the next step. The
primers were designed using the 3output primer program
(http://wwwgenome.wi.mit.edu/cgi.bin/primr3.cgi/results_f
rom-primer3). DNA reference sequences for mackerel,
pleco, and chicken were obtained from the NCBI database.
The genes that are the target of amplification are the
mitochondrial Cyt B gene and 12 rRNA (Table 2). The
primers were designed using the Primer3 program
(http://www.genome.wi.mit.edu/cgibin/primer3.cgi/results_
from-primer3). DNA reference sequences for mackerel,
pleco, and chicken were obtained from the NCBI database.
The genes targeted for amplification were the
mitochondrial Cyt B gene and 12S rRNA.

Table 1. Commercial food products from mackerel and sampling
locations

Code  Processed food Location
from mackerel
JKU1 Dumpling Tamansari, Jakarta
JKU2  Dumpling Tamansari, Jakarta
JKU3  Dumpling Tamansari, Jakarta
JKU4  Dumpling Tamansari, Jakarta
D1 Otak-otak Beji, Depok
D2 Dumpling Beji, Depok
D3 Dumpling Beji, Depok
BO1 Dumpling Pasar Anyar, Cibogor, Bogor
BO2 Dumpling Pasar Anyar, Cibogor, Bogor
BO3 Dumpling Pasar Anyar, Cibogor, Bogor
BO4  Batagor Pasar Anyar, Cibogor, Bogor

PR Dumpling JI. Pandu Raya, Tegal Gundil,
Bogor Utara, Bogor

JI. Raya Bogor-Sukabumi,
Baranangsiang, Bogor
Suryakencana, Bogor
Suryakencana, Bogor

Radio Dalam, Gandaria Utara,
Cilandak, Jakarta

JI. Ciputat Raya, Pondok Pinang,
Kebayoran Lama, Jakarta

BS Dumpling
ES Empek-empek
oS Otak-otak
RD Dumpling

CR Dumpling

Gl Dumpling Grand Indonesia, Menteng, Jakarta
CBN  Dumpling Cibinong, Bogor

JKM1 Dumpling Manggarai, Jakarta

JKM2  Dumpling Manggarai, Jakarta
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Table 2. Primary design that will be used to distinguish the
processed products of mackerel and pleco

Ampli-

Target gene Nucleotide sequence con

CytB F5'TATAGTAGTCCCATTCCTTCAC 3' 108 bp
Scomberomorus R:5’CAGGTTAGAATTGCTACGTCT 3’
sp.

12SrRNA pleco F:5' TTACCAAATATGCCCGACT 3
Gallus gallus R:5' GCTCCTCTAGGTGGGTCT 3'

171 bp
300 bp

The total volume of the PCR reagents was 50 pL,
consisting of 25 pL of master mix, 2 pL of DNA template,
1 pL (10 pmol) of each primer, and 21 pL of ddH.O.
Mitochondrial DNA taken from four different types of food
was combined and used as templates in the same
proportion (10 ng each). Two control positives were made
from pure meat of mackerel and pleco, respectively. The
following amplifications were performed under optimal
PCR conditions: Predenaturation: at 94°C 5 minutes,
denaturation at 94°C 30 seconds, annealing at 53°C 30
seconds, elongation at 72°C 30 seconds, and final
elongation at 72°C 5 minutes and 40 cycles. The PCR
amplification results were electrophoresed using 2.5%
agarose gel. Genotyping analysis was carried out based on
the length of the bp bands on the agarose gel, mackerel 108
bp; pleco 171 bp, and chicken 300 bp. Sequencing was
performed on partial positive findings, and the results were
consistent with the multiplex PCR results.

RESULTS AND DISCUSSION

Results

All samples were successfully amplified, and the
electrophoresis results indicated amplification lengths of
108, 171, and 300 bp, respectively (Figure 1). The study
samples were identified and compared with the positive
(mackerel) and the negative samples. The samples were
divided into three groups based on the target amplification
of the primers used: mackerel only, mackerel combined
with pleco and chicken, and mackerel combined with
chicken (Table 3). Analyzing all varieties of processed
mackerel food revealed that 23.80% (5/21) of products
contained pleco, and 52.38% (11/21) contained chicken
meat. Pleco-containing products originated from many
sources that provided a variety of foods from different
locations, such as dumplings, otak-otak, and batagor. The
processed dumplings types with mackerel ingredients
without mixing are only 29%, with additional pleco
ingredients at 6%, additional chicken ingredients at 47%,
and a mixture of pleco and chicken at 12% (Figure 2). The
phylogenetic tree was constructed from selected sequences
from our samples and showed that the amplicons were
clustered into three clades with bootstrap values of 92-100
(Figure 3). Several representative samples were chosen to
continue to the sequencing step to validate the genotyping
results based on the genotyping result. These clades
correspond to three amplicons produced in PCR using our
designed primer set. The mackerel amplicon was 108 bp,
pleco 171 bp, and chicken 300 bp, respectively. The
Scomberomorus commerson Lacepede, 1800 (mackerel)
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clade is represented by samples BO2, D1, and D3; P.
pardalis (pleco) is represented by samples D1, JKU4, and
BO2; and Gallus gallus Linnaeus, 1758 (chicken) is
represented by sample PR.

Figure 1. Internal reference primers amplified the bands. M:
marker 100 bp; lanes 24 to 30 represent PCR products: mackerel
108 bp; pleco 171 bp; and chicken 300 bp, respectively

B Dumpling (100% mackerel)

O Dumpling (mackerel + pleco)

O Dumpling (mackerel + chicken)
Dumpling (mackerel + plecotchicken)

EDumpling (unknown)

Figure 2. Dumpling ingredients (mackerel, pleco, and chicken)

Table 3. Identify the components of the samples (mackerel, pleco,
and chicken)

Products of

Mackerel Pleco Chicken
mackerel

Sample code

T (positive control) Dumpling + - -
S (positive control) Dumpling - + -
JKU1 Dumpling + - +
JKU2 Dumpling + - +
JKU3 Dumpling + - -
JKU4 Dumpling + + +
D1 Otak-otak + + -
D2 Dumpling + - +
D3 Dumpling + - -
BO1 Dumpling + - -
BO2 Dumpling + + +
BO3 Dumpling + - +
BO4 Batagor + + +
PR Dumpling + - +
BS Dumpling + - +
ES Empek-empek + -
0os Otak-otak + - -
RD Dumpling + - +
CR Dumpling + - +
Gl Dumpling + - -
CBN Dumpling + - -
JKM1 Dumpling + + -
JKM?2 Dumpling - - -
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Figure 3. The phylogenetic tree was constructed from selected
sequences from our samples. It showed that the amplicons were
clustered in three clades: mackerel (S. commerson), pleco (P.
pardalis), and chicken (G. gallus)

Discussion

Based on our samples, 4 of 21 were adulterated with a
pleco. The adulterated products were randomly found in
some sampling sites in Jakarta (1/9), Depok (1/3), and
Bogor (2/9). Unexpectedly, chicken meat addition was also
found in several mackerel-based products in Jakarta (5/7),
Depok (1/3), and Bogor (5/9). We assume this addition
enhances palatability or increases protein content since
mackerel stock may be scarce in the market. However,
pleco adulteration needs more concern since it may harbor
heavy metal accumulation. We also found that 1 sample did
not contain mackerel, pleco, or chicken addition.
Moreover, for economic reasons, plecostomus from the
Ciliwung River is utilized as the main ingredient for
culinary items such as dim sum, otak-otak, empek-empek,
and fish chips (Nitibaskara and Madiah 2005). One of the
invasive fish in Indonesian waterways is the H.
plecostomus, often known locally as sapu-sapu fish. This
fish's presence has a variety of effects on the river
environment. The Ciliwung River is now highly polluted in
every area, from the upstream (Bogor District) to the
downstream (Jakarta City), making it unsafe to use for
recreational purposes (Elfidasari et al. 2018). H.
plecostomus can survive in extreme conditions of heavy
metal contamination (Cano-Rocabayera et al. 2022),
making it the dominant species in the Ciliwung River. The
heavy metals Pb, Hg, and Cd were detected in H.
plecostomus (Loricariidae) from the Ciliwung River using
the XRF technique. Since heavy metal concentrations
exceed the SNI standard's maximum value, plecostomus
meat from the Ciliwung River in Jakarta is unsafe for
human consumption (Ismi et al. 2019).

Adulteration is the addition of unusual components
to food that can alter the nutritional value and affect food
hygiene and safety (Kowalska et al. 2019). Adulteration is
a common problem in Indonesia, as evidenced by
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examining commercial food products made from mackerel
in the marketplace. These findings demonstrate the actual
occurrence of adulteration in commercial food products
made from mackerel in the marketplace. The added other
components in food are usually considered unacceptable by
society. Therefore, multiplex PCR has become increasingly
popular because of its ease of use, sensitivity, accuracy,
cost-effectiveness, and potential for high-throughput
benefits. This approach will be highly beneficial if it can
detect the types of commercial food ingredients that are
often altered. Liu et al. (2019) developed and optimized
nine distinct multiplex PCR primers based on the sequence
variance of specific mitochondrial genes. Four different
meat products were rapidly detected by electrophoresis
using an optimized multiplex PCR apparatus based on the
molecular weight variations of the amplified products. The
detection sensitivity could reach 0.05 ng/uL. Adulteration
of fox, raccoon, or mink in retail, commercial beef, and
mutton meat has become a severe concern. Li et al. (2019)
created a multiplex PCR approach to detect fox, mink, or
raccoon components in beef and mutton meat at 1% (w/w).

The selection of target genes was critical to creating the
multiple PCR system due to the significant similarity
among diverse commercial mackerel food sources. The fish
mtDNA has a wide range of intraspecific and interspecific
polymorphisms, which allows for identifying closely
related species. Because animal species’ mitochondrial
DNA (mtDNA) sequences, such as the 12S rRNA and Cyt
B, are so highly conserved, they are usually applied as
templates in the design of PCR identification techniques
(Rojas et al. 2011). The length and high mutation rate of
the mtDNA 12S rRNA gene made it a suitable molecular
marker for distinguishing meat species, resulting in
considerable genetic interspecies variability and making it
simpler to distinguish between closely related species
(Rojas et al. 2008; Galal-Khallaf 2021). Mitochondrial
DNA provides certain benefits over nuclear DNA for
processed meat identification, including the following: (i)
stable; (ii) it contains many copies within the cell; and (iii)
it has substantial inter-specific variability, allowing for
accurate identification of all species under study (Rashid et
al. 2015).

Various ways have been established to identify
adulteration of commercial food components up to this
point, including physical, chemical, biochemical, and
molecular methods. The Loop-mediated isothermal
amplification (LAMP) technique targeting species-specific
mitochondrial DNA could identify and distinguish eight
meat species: cow, pig, horse, goat, sheep, chicken, duck,
and turkey. This assay was completed in 30 minutes and
showed higher sensitivity than the PCR assays (Cho et al.
2014). The Hyperspectral Imaging (HSI) technique is an
efficient, environmentally friendly, and non-destructive
alternative for identifying and quantifying the fats of leaf
lard adulteration in pork without prior physical or chemical
analytical information (Jiang et al. 2020). Fourier
transforms infrared (FTIR) spectroscopy using an
attenuated total reflectance (ATR) approach can be used to
evaluate the adulteration of beef meatballs with pork. The
partial least squares method may be used successfully to
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measure the degree of adulterant in pork in a specific
fingerprint region (1200-1000 cm-1) (Rohman et al. 2011).
The enzyme immunoassay (ELISA, immune sensor) was
successfully used for species screening tests and efficiently
detected pork IgG in processed food. It can also identify
pork in boiling beef meatballs in the examined range of 1
to 100% (Mandli et al. 2018).

Compared to immunological, chromatographic, and
DNA hybridization methods for detecting meat
adulteration, this PCR method was preferable, especially
for highly processed meat products. It requires species-
specific gene sequences, complex primer designs for
multiple species, and stringent reaction optimization (Ali et
al. 2014). In Indonesia's fresh waters, pleco is very
abundant and not consumed. These less expensive foods
are thus readily accessible in Indonesian marketplaces and
frequently mixed into other food products to increase
earnings. According to the study, the PCR technique is
reliable for detecting adulteration-suspected DNA from
mackerel, suckermouth, and chicken. Our findings suggest
that pleco adulteration still occurred in several places in
Jakarta, Depok, and Bogor areas. Our designed primer set
could amplify pleco's genetic material contaminated with
the mackerel-based product. We assumed that this addition
increased the protein content in the products since mackerel
may be scarce in the market, or it was cheaper for
production cost by adding pleco's meat. Previous studies on
pleco's uses in the Jakarta area showed that this bottom-
feeder fish has lower nutritional value and may accumulate
heavy metals from polluted habitats (Elfidasari et al. 2018).
Pleco's meat addition to fish-based processed food might
also risk human health. Future studies in a wider area,
especially from the surrounding areas of the Ciliwung
River route, must confirm our findings on a larger scale.

As an important environmental component, rivers,
including economic growth, play a crucial role in human
existence. The Ciliwung River in Indonesia flows through
Bogor, Depok, Jakarta, and Bogor District, with a major
flow length of more than 120 km. However, the water
quality of the Ciliwung River and its surroundings has been
steadily deteriorating due to increased population. The river
serves numerous important purposes, including providing
raw water for drinking, fishing, cattle and agriculture, and
urban enterprises. In addition, the Ciliwung River is home
to at least 20 freshwater fish species, with plecostomus
being the dominant species (Hadiaty 2011). The Ciliwung
River, Jakarta's largest city-bound river, was assessed using
a mass flux technique. The simulated water quality
indicated that the Ciliwung River basin was moderate to
heavily contaminated. From the base year of 2000, the
average degradation rates due to population expansion for
NO3, BOD, and COD are 53.03%, 14.10%, and 28.15%,
respectively (Kumar et al. 2017). The first assessment
found that the Ciliwung River transfers about 5-17 tons of
defined pollutants into the Java Sea yearly (Dsikowitzky et
al. 2018). The high pollution in the downstream area is
caused by waste disposal from densely inhabited areas and
diversified downstream activities. Among the pollutants,
fecal coliform bacteria and total coliform cause the most
pollution in the Ciliwung River (Ratnaningsih et al. 2019).
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Heavy metals are one of the most dangerous components of
river pollution for humans. Plecostomus from the Ciliwung
River is frequently used as a major ingredient in culinary
items. However, according to the National Standard of
Indonesia (SNI), the Pb, Hg, and Cd concentrations in
plecostomus meat are beyond the permissible range for
consumption. Therefore, plecostomus from the Ciliwung
River is unsuitable for human consumption (Elfidasari et
al. 2018).

In Indonesia, there is no formal definition of food fraud
or "economically motivated adulteration" (EMA) of foods.
The Indonesian Food and Drug Authority (BPOM) still
monitors food in the community. However, those processed
mackerel products are typically prepared at home and sold
directly to consumers; BPOM seldom identifies them.
According to the results of the dumpling processed foods
identification, only 29% use pure mackerel ingredient
without combined with other ingredients such as pleco and
chicken. Unsafe food will hamper the promotion of public
health. Through an assessment of Indonesia's food safety
system and the efficacy of law enforcement against
hazardous food producers, an analysis of the effectiveness
of law enforcement against hazardous food producers
needed toward Healthy Indonesia 2025 is presented (Hung
2020). Most events remain unnoticed because they do not
pose a food safety concern, and customers frequently do
not notice a quality issue. Risk assessments for food safety,
food defense, and food fraud analyze many criteria to
establish the degree of situational risk for each category
and the steps that must be taken to minimize that risk. More
research is needed to help the government (food safety
agency), which helps decrease overall risk even though the
possible risks are unclear.
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