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PROCEDURES FOR THE IDENTIFICATION AND DETECTION OF
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ABSTRACT
The addition or exchange of cheaper fish species instead of more expensive fish species is a known form of fraud in the
food industry. This can take place accidentally due to the lack of expertise or act as a fraud. The interest in detecting animal
species in meat products is based on religious demands (halal and kosher) as well as on product adulterations.
Authentication of fish and meat products is critical in the food industry. Meat and fish adulteration, mainly for economic
pursuit, is widespread and leads to serious public health risks, religious violations, and moral loss. Economically motivated
adulteration of food is estimated to create damage of around € 8 to 12 billion per year. Rapid, effective, accurate, and
reliable detection technologies are keys to effectively supervising meat and fish adulteration. Various analytical methods
often based on protein or DNA measurements are utilized to identify fish and meat species. Although many strategies have
been adopted to assure the authenticity of fish and meat and meat a fish products, such as the protected designation of
origin, protected geographical indication, certificate of specific characteristics, and so on, the coverage is too small, and it
is unrealistic to certify all meat products for protection from adulteration. Therefore, effective supervision is very important
for ensuring the suitable development of the meat industry, and rapid, effective, accurate, and reliable detection
technologies are fundamental technical support for this goal. Recently, several methods, including DNA analysis, protein
analysis, and fat-based analysis, have been effectively employed for the identification of meat and fish species.
Keywords: food fraud; adulteration; detection method; protein technologies; DNA technologies

INTRODUCTION

expired, fraudulent or missing common entry documents
or import declarations; expiration date; mislabeling) as
does HorizonScan (adulteration/substitution, fraudulent
health certificate/documentation, produced without an
inspection, unapproved premises, expiry date changes).
Four key operative criteria are referred to for
distinguishing whether a case should be considered as
fraud or as non-compliance: if a case matches all four
criteria, then it could be considered a suspicion of fraud:
violation of EU rules, deception of customers, undue
advantage and intention. Meat and fish are food categories
that are highly vulnerable to adulteration. Although there
are various national and international laws for supervising
the quality and safety of fish, meat, and meat and fish
products, meat adulteration is still widespread. Most meat
adulteration is economically motivated, such as the low‐
cost addition of duck meat and fish to mutton (Wang et
al., 2019a), which causes consumers to suffer economic
losses. Meat and fish adulteration may lead to serious
public health risks, such as exposure to toxins, pathogens,
or allergens in these products (Magiati et al., 2019; Spink
and Moyer, 2011).

At present, there is no harmonized definition of food
fraud in the European Union (EU) 2017. However, it is
commonly accepted that the term ‘food fraud’ covers any
violation of food law that is an intentional and deceptive
misrepresentation of food for financial gain (van Ruth et
al., 2017; EC, 2019. Food fraud is about “any suspected
intentional action by businesses or individuals to deceive
purchasers and gain undue advantage therefrom. Spink
and Moyer (2011) have elaborated on this definition and
describe seven types of food fraud: adulteration,
tampering, over-run, theft, diversion, simulation, and
counterfeit. These intentional infringements to the EU
agri-food chain legislation may hinder the proper
functioning of the internal market and may also constitute
a risk to humans. However, existing databases that monitor
food fraud Such as the Rapid Alert System for Food and
Feed (RASFF) and HorizonScan have their categorizations
(Bouzembrak et al., 2018). RASFF has six categorizes for
fraud (Improper, fraudulent, missing or absent health
certificates; illegal importation; tampering; improper,
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MEAT AND FISH ADULTERATIONS

commodities; therefore, a prime target for food fraud
(Cawthorn et al., 2013). The examples of adulteration are
presented in Table 1.

The demand for meat and fish products is high and as a
result, meat is one of the most highly-priced food

Table 1 Scholarly reports on fish and meat ingredient fraud and analytical methods for detection.
Ingredient
Category

Ingredient

Adulterant

Type of fraud

Meats

Chicken
meat
(cornfed)

Replacement

Meats

Meat
products

Chicken meat
fromnon
cornfed
chickens
Chickpea flour

Replacement

2009

Meats

Meat
products

Pea flour

Replacement

2009

Meats

Meat
products

Rice flour

Replacement

2009

Meats

Meat
products

Soy flour

Replacement

2009

Meats

Minced meat
(beef)

Replacement

1999

Meats

Minced meat
(chicken,
pork, or
turkey)
Processed
meat product

Ox offal tissue
(kidney or
liver)
Meat from
non-authentic
species

Replacement

1999

MIR with chemometrics (AlJowder et al., 1999)

Soybean
protein

Replacement

2005

Perfusion reversed phase
chromatography with UV detection
on extracted protein for adulterant
marker detection (Castro- Rubio et
al., 2005)

Review of methods: HPLCMS/MS, ELISA,
dients ed compounds extractive
electrospray ionization
timeofflight MS, and GC-MS
(Tittlemier, 2010)
Sequence and restriction site
analysis of PCR mitochondrial
DNA (Ram, Ram and Baidoun,
1996)
Sequence and restriction site
analysis of PCR mitochondrial
DNA (Ram, Ram and Baidoun,
1996)

Meats

Publictation
year
2010

Seafood

Anglerfish

Anglerfish of
non-authentic
species

Replacement

2008

Seafood

Canned tuna

Bonito
(Euthynnus
affinis)

Replacement

1996

Seafood

Canned tuna

Frigate
mackerel
(Auxis
thazard)

Replacement

1996
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Reported detection method and
reference
IRMS (13C/12C) on extracted
protein and lipid fractions of meat
(Rhodes et al., 2010)
HPLC for isoflavones, phytic acid,
and galactooligosaccharides
(adulterant markers) (Vanha et al.,
2009)
HPLC for isoflavones, phytic acid,
and galactooligosaccharides
(adulterant markers) (Vanha a et
al., 2009)
HPLC for isoflavones, phytic acid,
and galactooligosaccharides
(adulterant markers) (Vanha et al.,
2009)
HPLC for isoflavones, phytic acid,
and galactooligosaccharides
(adulterant markers) (Vanha et al.,
2009)
MIR with chemometrics (AlJowder et al., 1999)
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Table 1 Scholarly reports on fish and meat ingredient fraud and analytical methods for detection. Continue.
Ingredient
Category

Ingredient

Adulterant

Type of fraud

Seafood

Crab (species
specific)

Replacement

2007

Seafood

Crab meat

Replacement

2006

Seafood

Eel

Crustacean of
non- authentic
species
Surimi-based
artificial crab
meat
Fish of nonauthentic
species

Replacement

2008

Seafood

Fish

Melamine

Replacement

1982

Seafood

Fish

Non-authentic
species

Replacement

2001

Seafood

Grouper
(Epinephelus
guaza)

Replacement

2001

Seafood

Prawns

Replacement

2008

PCR (Pascoal et al., 2008)

Seafood

Scampi
(Neplirops
norvegicus)

Wreck fish
(Polyprion
americanus) or
Nile rRNA
gene by PCR
followed by
single
perch (Lates
strand
conformational
polymorphism
niloticus)
Crustacean of
non-authentic
species
Crustacean of
non-authentic
species

Replacement

1995

SDS electrophoresis on protein
extract (Craig, Ritchie and
Mackie, 1995)

Uncovering of adulterated meat products is important for
several reasons. Allergic individuals and those who hold
religious beliefs that specify allowable intake of certain
species have a special interest in proper labeling. Proper
labeling is also important to help fair-trade. The need for
analytical species-specific methods is clearly illustrated by
the following examples: Hsieh, Chai and Hwang (2007)
found, with the use of immunoassays, meat from
undeclared animal species in 15.9% of cases in raw
products and 22.9% of cases in cooked products analyzing
a total of 902 meat products. In a more recent investigation
performed on 100 meat products, also with the use of
immunoassays, meat from undeclared species was found in
22.0% of cases, primarily with poultry substituting beef
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Publictation
year

Reported detection method and
reference

UV-Vis spectrometry with
chemometrics (Gayo and Hale,
2007)
UV-Vis spectrometry with
chemometrics (Gayo and Hale,
2006)
DNA based method using
fluorogenic ribonuclease
protection assay to detect single
nucleotide polymorphisms
(Kitaoka et al., 2008)
Wet-chemical method with UV
detection (Cattaneo and
Cantoni, 1982)
Isoelectric focusing
electrophoresis for protein
fingerprinting (Etienne et al.,
2001)
DNA analysis using
mitochondrial 12S rRNA gene by
PCR followed by single strand
conformational polymorphism
analysis (Asensio et al., 2001a)

(Ayaz et al., 2006). The provenance of food, especially
meat products, is a sensitive topic but there are tools
available to support producers in demonstrating
compliance with legislators and other authorities. Since the
level of awareness about food quality and safety has
recently increased, food fraud has become a major global
issue. Hence, the identification of meat and fish products
adulteration with unfavorable and inappropriate animal
species is important from health, economic, and religious
points of view (Mousavi et al., 2015). Currently, the
protein-based techniques (e.g. electrophoresis, isoelectric
focusing, ELISA, and chromatography) have been utilized
for meat and fish adulteration. These methods are
laborious, expensive, and sophisticated instrumentation
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with great technical proficiency (Calvo et al., 2002, von
Bargen et al., 2014).
Numerous analytical techniques which rely on protein
analysis have been developed for fish species
identification: electrophoretic techniques such as
isoelectric focusing or SDS-PAGE (Ataman, Celik and
Rehbein, 2006, Mackie et al., 2000); chromatographic
techniques (Horstkotte and Rehbein, 2003, Knuutinen
and Harjula, 1998) and immunological techniques such
as immunodiffusion and ELISA (Fernández et al., 2002a,
Ochiai et al., 2001). Therefore, the development of
advanced detection methods constitutes an important first
line of defense for both detecting and deterring food fraud
(Moore, Spink and Lipp, 2012). Although most of these
methods are of considerable value in certain instances,
they are not suitable for routine sample analysis because
proteins lose their biological activity after animal death,
and their presence and characteristics depend on the cell
types. Furthermore, most of them are heat-labile. Thus, for
fish species identification in heat-processed matrices, a
DNA method rather than protein analysis is preferable
(Lockley and Bardsley, 2000).

DNA, with the copy number of the mitochondrial genome
exceeding that of the nuclear genome several folds
(Alberts et al., 1994). Research on fish mitochondrial
DNA (mtDNA, mitogenome) has led to substantial
advances in the fields of species authentication and
population biology (Miya et al., 2001). Mitochondrial
DNA tends to be maternally inherited so that individuals
normally possess only one allele and thus sequence
ambiguities from heterozygous genotypes are generally
avoided. The relatively high mutation rate compared to
nuclear genes has tended to result in the accumulation of
enough point mutations to allow the discrimination of even
closely related species. It should however be noted that
mitochondrial DNA also exhibits a degree of intraspecific
variability and so care has to be taken when studying
differences between organisms based on single base
polymorphisms (Chow and Inogue, 1993). However, the
use of nuclear markers may be useful for fish species
discrimination because of the existence of introns of
different sizes which allow sometimes the amplification of
species-specific DNA fragments (Ferguson et al., 1995).
The comparative analysis of the commonly applied meat
adulteration DNA techniques is present in Table 2.

DNA TECHNOLOGIES

Polymerase chain reaction‐restriction fragment length
polymorphism
Polymerase chain reaction‐restriction fragment length
polymorphism (PCR‐RFLP) is a technique for variation
analysis by using restriction endonuclease digestion to
identify specific sequences of conserved regions of DNA
amplified by using PCR. PCR‐RFLP is a sensitive,
accurate, and versatile method for meat authenticity
verification (Hsieh, Chai and Hwang, 2007; Rashid et
al., 2015), and more simple and time‐saving than real‐time
PCR (Ali et al., 2018). The result is that each meat
species displays its typical restriction profile (Fajardo et
al., 2006). Several studies have demonstrated that LAMP
might be a fast, efficient, and economical method for meat
adulteration detection (Azam et al., 2018; Cho et al.,
2014; Deb et al., 2016; Ran et al., 2016; Sul, Kim and
Kim, 2019; Wang et al., 2019b; Xu et al., 2017; Zhang
et al., 2019). Using LAMP combined with colorimetric
detection technology for the COI gene, 0.1% of horse meat
could be detected from processed meats (Wang et al.,
2019a).

As a prerequisite for accurate species quantification,
DNA has to comply with minimum requirements about
yield, purity, and integrity. Yield is an important parameter
since food DNA has to be in a sufficient amount to allow
the reliable and repeatable downstream analysis of meat
species (Heydt et al., 2014). The concentration and purity
of DNA extracts are critical factors dominating the results
of real-time PCR. DNA quantification is typically
measured by either spectrophotometric or fluorometric
methods, with the former representing the most commonly
used technique (Costa et al., 2017). DNA integrity
determines the fraction of DNA that can be amplified by
PCR (Gilbert et al., 2007) and it can be evaluated based
on the average size distribution of fragmented DNA.
Although often underestimated, DNA isolation is a crucial
step for molecular analysis of food due to its heterogeneity
in terms of composition and processing. The presence of
chemical inhibitors, proteins, and/or damaged DNA are
common situations in meat food analyses. Moreover, the
extraction methods themselves can further influence the
yield, purity, and integrity of DNA depending on the type
of food matrix (Şakalar et al., 2012). The final
consequence is that the amount of species DNA
determined in the product would not reflect the real
amount in the source material, impairing quantitative
measurements (Primrose et al., 2010). DNA exists in all
tissues of individual animals and is more conserved than
proteins (Kumar et al., 2015; Xiang et al., 2017). More
importantly, DNA fragments have shown better thermal
stability than that of proteins in processed meat, so they
could be chosen as markers for authenticity determination
in processed meat (Kaltenbrunner, Hochegger and
Cichna-Markl, 2018; Kang and Tanaka, 2018; Kumar
et al., 2015; Ruiz‐Valdepeñas Montiel et al., 2017; Xu et
al., 2018). Of the different DNA markers used for fish
species identification, mitochondrial DNA (mtDNA)
possesses several advantages over nuclear DNA for studies
of speciation in fish products. It is relatively more
abundant in total nucleic acid preparations than nuclear
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Loop‐mediated isothermal amplification
Loop‐mediated isothermal amplification (LAMP) is a
newly developed meat adulteration identification
technology based on DNA markers in recent years (Lee et
al., 2016; Zhang, Lowe and Gooding et al., 2014).
LAMP is simple and easy to perform once the appropriate
primers are prepared, requiring only four primers, a DNA
polymerase, and a regular laboratory water bath or heat
block for reaction (Notomi et al., 2000).
PCR
The direct PCR method has the characteristics of high
sensitivity, high resolution, and specificity, so it is
commonly used in meat authenticity and origin traceability
(Bhat et al., 2016; Ha et al., 2017). Ha et al. (2017)
developed species‐specific PCR methods of the
mitochondrial D‐loop to detect pork adulteration in
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commercial beef and/or chicken products, and the methods
were able to detect as little as 1% pork in heat‐treated
pork‐beef‐chicken mixtures. However, the conventional
single‐species PCR method could only detect one specific
species of adulterant in products (Kumar et al., 2015),
which is of low commercial value because there might be
many other adulterants in the products. This method
provides very accurate and reproducible quantitation of
gene copies. Unlike other quantitative PCR methods, realtime PCR does not require post-PCR sample handling,
preventing
potential
PCR
product
carry-over
contamination and resulting in much faster and higher
throughput assays (Heid et al., 1996). Multiplex PCR
assays with multiple species‐specific primers have been
greatly developed since they offer multiple target detection
in a single reaction (Ali et al., 2015; Böhme et al., 2019;
Dai et al., 2015; Hou et al., 2015). PCR-SSCP has proved
successful for the identification of fishery products such as
salmon, trout, eel, and sturgeon (Rehbein et al., 1997),
canned tuna species (Rehbein et al., 1999, Weder et al.,
2004), flatfish species (Céspedes et al., 1999), grouper,
Nile perch and wreckfish fillets (Asensio et al., 2001b),
clam species (Fernández et al., 2002b) and codfish (Comi
et al, 2005), among others.

determination of goat meat adulterated with pork by using
real‐time PCR. The method showed high specificity and
sensitivity for goat meat mixed with pork within the 10%
to 100% mixture‐level range. TaqMan technology has
higher specificity and sensitivity than those of SYBR
Green technology. More importantly, it can be used for
multispecies detection (Xu et al., 2018).
Droplet digital PCR
Droplet digital PCR (ddPCR) is a new method for nucleic
acid detection and quantification. The principle of this
method is to perform independent PCR on a large number
of small reactors in the form of droplets that contain or do
not contain one copy of the target molecule template in
each reactor, to achieve “single‐molecule template PCR
amplification” (Cai et al., 2017; Li et al., 2018a; Pohl
and Shih Ie, 2004). After amplification, the number of
copies of the target sequence can be counted by the
number of positive reactors based on the fluorescence
signal.
RAPD
The RAPD technique involves PCR amplification with a
single primer to generate a collection of DNA fragments or
fingerprint, which is expected to be consistent for the same
primer, DNA, and conditions used (Williams et al., 1990).
This technique has been used for the discrimination of
populations of Hilsa shad (Dahle et al., 1997), species of
Anguilla (Takagi and Taniguchi, 1995), tilapia fish
species and subspecies (Bardakci and Skibinski, 1994),
species of the genus Barbus (Callejas and Ochando,
2001), grouper, Nile perch and wreckfish (Asensio et al.,
2002), salmonids (Jin et al., 2006, Yamazaki et al.,
2005), among others (Dinesh et al., 1993, Partis and
Wells, 1996). The main advantages of RAPD are (i) it
does not require previous knowledge of DNA sequences of
the species under study and (ii) it targets many sequences
in the DNA of the sample, producing DNA patterns that
allow comparison of many loci simultaneously. However,
RAPD analysis presents some disadvantages: (i) it may not
be practical to identify the species of origin in products
containing mixtures of species (Martínez and
Malmheden Yman, 1998) and (ii) it does not seem to be
adequate for analysis of severely degraded material, as in
autoclaved samples (Martínez and Malmheden Yman,
1998).

PCR-RFLP
In PCR-RFLP, a conserved region of the DNA sequence
is amplified using PCR, followed by digestion with
restriction enzymes, which can reveal genetic variation
between species (Partis et al., 2000). In a search for fast
and simple genetic techniques, PCR-RFLP has gained
acceptance among fish species identification methods,
since it is much easier to perform and less costly than
conventional DNA sequencing and nucleotide sequence
analysis (Meyer et al., 1995). This method has been used
for the discrimination of mackerel species (Arahishi,
2005), commercial canned tuna species (Lin and Hwang,
2007, Pardo and Pérez-Villarea, 2004), eel species
(Rehbein et al., 2002), flatfish species (Céspedes et al.,
1998, Comesaña et al., 2003), cephalopod mollusks
(Colombo et al., 2002), or different processed fish
products (Akasaki et al., 2006, Chakraborty et al., 2007,
Hsieh, Chai and Hwang, 2007).
Real‐time PCR
Real‐time PCR is performed by monitoring the
fluorescence signal, which allows for deducing the initial
quantity of the target genes without additional steps (Xu et
al., 2018). The real-time PCR method has a very large
dynamic range of starting target molecule determination
(at least five orders of magnitude). Real-time quantitative
PCR is extremely accurate and less labor-intensive than
current quantitative PCR methods (Heid et al., 1996).
SYBR Green and TaqMan technology are commonly used
in quantitative methods (the working principle is outlined
in the review of Kumar et al., 2015). SYBR Green
technology can only detect a single species, but the
detection cost was lower than that of TaqMan technology.
Li et al. (2019) developed a novel reference primer‐based
mitochondrial 12S rRNA for the quantitative
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DNA barcoding and next‐generation sequencing
The above reviewed DNA‐based technologies are mainly
targeted detection methods, but in meat adulteration
detections, many unknown meat species should be
identified (Cottenet et al., 2020). Following this need, an
untargeted detection technology named DNA barcoding
had been developed (Cavin et al., 2018; Hebert et al.,
2003). DNA barcoding is particularly successful when
applied to seafood because of several reasons:
i) in comparison to other animal sources (e.g. cattle,
sheep, goat, horse) the number of species is higher, so the
effectiveness of the technique is enhanced;
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Table 2 Comparative analysis of the commonly applied meat adulteration DNA techniques.
Techniques

Specificity

Sample
preparation

Detection Multispecies Operator Detection Commercial Application
time
detection requirem costs
availability locations
ents
High but Sampling→smas
Yes
ProfessiHigh
Commercial
Lab
Direct PCR
Time‐
vulnerable hing or
onal
kits available
consuming
ground→DNA
extraction→
purification→
quantification
High
Sampling→smas
Yes
ProfessiHigh
Commercial
Lab
Time‐
Real‐time PCR
hing or
onal
kits available
consuming
ground→DNA
extraction→
purification→
quantification
High
Sampling→smas
Yes
ProfessiHigh
Commercial
Lab
Time‐
PCR‐RFLP
hing or
onal
kits available
consuming
ground→DNA
extraction→
purification→
quantification
High
Sampling→smas Less time‐
Yes
ProfessiHigh
Commercial
Lab or
LAMP
hing or
onal
kits available
onsite
consuming
ground→DNA
extraction→
purification→
quantification
High
Sample
Yes
ProfessiHigh
No
Lab
Protein mass
Time‐
ground→
onal
consuming
protein
extraction→
purification→
digestion
High
Sampling→smas Less time‐
Yes
ProfessiHigh
No
Lab
ddPCR
hing or
onal
consuming
ground→DNA
extraction→
purification→
quantification
A barcoding

High

ELISA

High

Protein
immunosensor

High

Sampling→smas
hing or
ground→DNA
extraction→
purification→
quantification
Sample
ground→protein
extraction→
quantification
Sample
ground→protein
extraction→
quantification

Volume 14

Less time‐
consuming

Yes

Professional

High

Public
databases
available
(BOLD)

Lab

Less time‐
consuming

No

Simple
training

Low

Commercial
kits available

Lab or
onsite

Less time‐
consuming

No

Simple
training

Low

No

Lab or
onsite
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ii) classical identification approaches are not useful in
many
cases
(following
industrial
processing,
morphological characteristics are often lost and classical
identification processes are no longer effective) and
iii) identification can often proceed beyond species level,
allowing the identification of local varieties and hence the
origin of the product. Through PCR amplification and
sequencing of specific gene fragments, and then search it
in the Barcode of Life Data (BOLD) system and the U.S.
National Center for Biotechnology Information database,
the adulterated meat species could be identified (Fiorino
et al., 2018). The early DNA barcoding technology mainly
relied on Sanger DNA sequencing for an approximately
650 bp region of COI and the CtyB gene of the animal
species (Böhme et al., 2019). DNA Barcoding application
can be applied to authenticate labeling and certification
labels. This technique has aided several researchers in
discovering mislabeled/substitution incidences, for
example, Filonzi, et al., (2010) found halibut were
substituted with pangasius
However, when there are
multiple adulterated ingredients in meat products, the
traditional Sanger sequencing will generate multiple or
overlaying sequencing peaks, resulting in false sequence
information. Therefore, a DNA metabarcoding method had
been constructed to implement multispecies identification
in complex samples using next‐generation sequencing
(NGS) technology. Furthermore, for processed meat
products, DNA can be degraded to small fragments (<200
bp) depending on the treatment (Cavin et al., 2018). Thus,
a mini‐barcoding method, which focuses on shorter DNA
fragments (100 to 200 bp), had been developed by using
NGS technology (Böhme et al., 2019; Hu et al., 2018).
Compared to the early DNA barcoding technology, mini‐
barcoding has the advantages of higher throughput and
higher sensitivity (Böhme et al., 2019; Hu et al., 2019).
Also, it is applicable for meat identification even on highly
processed meat products when targeting small fragments
(Cottenet et al., 2020). Recently, Cottenet et al. (2020)
successfully applied a commercial NGS Food Authenticity
Workflow to identify untargeted meat species, 46 pure and
mixture meat species were successfully tested, including
some close‐related species, such as bison versus beef and
red deer versus reindeer. Furthermore, the method was also
suitable for processed (grounded, cooked, and canned)
samples identification. However, DNA barcoding
technology also has some disadvantages, such as
expensive sequencing costs, time‐, and sample‐consuming
(Fiorino et al., 2018).

can be used for the identification of less valuable additives,
such as connective tissue, blood plasma, or milk
preparations (Jiang et al., 2018; Montowska and
Spychaj, 2018; Ofori and Hsieh, 2015). The comparative
analysis of the commonly applied meat adulteration
protein techniques is present in Table 3.
Enzyme‐linked immunosorbent assay
EIA/ELISA uses the basic immunology concept of an
antigen-binding to its specific antibody, which allows
detection of very small quantities of antigens such as
proteins, peptides, hormones, or antibodies in a fluid
sample. There are two kinds of immunoassay techniques
used in meat adulteration detection: enzyme‐linked
immunosorbent assay (ELISA) and immunosensors.
ELISA is the most widely applied immunoassay method of
meat adulteration detection (Thienes et al., 2018). The
commonly used ELISA methods for meat adulteration
detection are direct ELISA (Mandli et al., 2018;
Seddaoui and Amine, 2020), sandwich ELISA (Ayaz et
al., 2006; Hsieh and Ofori, 2014; Thienes et al., 2018;
Zvereva et al., 2015), and indirect competitive ELISA
(Hsieh and Ofori, 2014; Jiang et al., 2018; Mandli et al.,
2018). Compared to DNA‐based detection technologies,
ELISA methods show the simplicity of sample
preparation, low cost, and less time consumption. Also,
ELISA detection does not require complex equipment and
is easily feasible for onsite monitoring (Mandli et al.,
2018; Thienes et al., 2019).
Immunosensors
However, immune techniques are characterized by their
simplicity of sample preparation, absence of the need for
complex equipment and qualified personnel, and high
productivity of serial testing. As well, for food
authentication, electrochemical immunosensors are an
alternative detection tool and are highly feasible for on-site
usage; therefore, there is only one previously reported
immunosensor for meat authentication (Lim and Ahmed,
2016). The principle of immunosensor methods is similar
to that of ELISA methods, but the former uses a biosensor
to transmit and amplify the optical, electrical, or other
signals of the immune response to a detectable signal, so
the sensitivity of the method is better than that of ELISA.
The immunosensor technique has been widely used in food
allergy, pesticide residue, and milk adulteration analyses,
among others. However, only a few reports have utilized
immunosensing for meat adulteration detection
(Kuswandi et al., 2017; Lim and Ahmed, 2016; Mandli
et al., 2018; Masiri et al., 2016).

PROTEIN TECHNOLOGIES
Meat adulteration detection by using PCR methods is
usually affected by many factors, such as poor trace
quantitative analysis, sampling pollution, and DNA
degradation in meat processing (Di Pinto et al., 2015; Li
et al., 2018a; Naveena et al., 2017). Moreover, DNA
extraction is time‐consuming and must be optimized for
each particular case to ensure that enough DNA was
obtained for the analysis (Song et al., 2017). Protein is the
main component of meat. The specific protein composition
and three‐dimensional structure of specific proteins have
certain conservation and specificity between species,
which is suitable for meat adulteration detection.
Moreover, some protein molecules are tissue-specific and

Volume 14

Protein mass spectrometry analysis
Modern mass spectrometers can accurately measure
thousands of compounds in complex mixtures over a given
liquid chromatography method, depending on the desired
outcome and method duration. This stream of analytical
chemistry has wide-ranging applications across food,
pharma, environmental, forensics, clinical, and research
(Broadbent et al., 2020). Recently, mass spectrometry
technologies based on protein and peptide analysis have
rapidly evolved and have been increasingly applied for
meat species identification.
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Table 3 Comparative analysis of the commonly applied meat adulteration protein techniques.

Detection items

Detection
technology

Immunogen and antibody

Method
sensitivity(limit of
detection)

References

Pork adulteration in
beef

Direct ELISA

Porcine immunoglobulins G (IgG) and
polyclonal antibodies

0.01% (w/w) of pork
in beef

Seddaoui
and Amine
(2020)

Porcine IgG and polyclonal antibodies

0.1% of pork
adulteration

Mandli et al.
(2018)

Mammalian hemoglobin 13F7 and
monoclonal antibodies (MAbs 13F7)

0.5 ppm of PHb

Jiang et al.,
(2018)

Indirect ELISA

Thermal stable‐soluble protein (TSSP) and
monoclonal antibodies (MAbs PF 2B8‐31)

1% (w/w) of pork
fat adulteration

Kim et al.
(2017)

Indirect ELISA

Skeletal muscle troponin I (smTnI) and
monoclonal antibodies (commercial
ab97427)

ND

Park et al.
(2015)

Sandwich
ELISA

Rat heat‐resistant proteins and polyclonal
antibodies

0.01 μg/L based OD
values

Chen et al.,
(2020)

Sandwich
ELISA

Mammalian skeletal troponin and
monoclonal antibodies (MAbs 6G1 and
8F10)

1% (g/g) of heated
meats adulterated in
poultry meats

Jiang et al.,
(2020)

Sandwich
ELISA

ND

0.1% (w/w) of the
cooked products

Thienes et
al., (2019)

Sandwich
ELISA

ND

0.1% (w/w) of the
cooked products

Thienes et
al., (2019)

Sandwich
ELISA

ND

0.1% (w/w) for
cooked samples

Thienes
et al. (2018)

Sandwich
ELISA

Gliadin and monoclonal antibodies

1% (w/w) for spiked
samples

Petrášová
et al. (2017)

Sandwich
ELISA

Soybean trypsin inhibitor (STI) and
monoclonal antibodies

13.6 mg/kg samples

Jiang et al.
(2015)

Sandwich
ELISA

Skeletal muscle protein troponin I (TnI)
and monoclonal antibodies

4.8 ng/mL of bovine
TnI

Zvereva
et al. (2015)

0.01% of pork
adulteration
0.1% (w/w) for pork
in beef meatballs
0.01% and 1.0%
adulteration for raw
and cooked horse
meat

Mandli et al.
(2018)
Kuswandi
et al. (2017)

Pork adulteration in
meat
Porcine hemoglobin
in meat products
Pork fat protein in
other animal meats
Fat adulteration in
cooked and
noncooked of pork,
beef, and chicken
Cooked wild rat
meat in pork, beef,
and chicken
Heated mammalian
meats adulterated in
poultry meats
Cooked beef in the
pork, horse, chicken,
goat, and sheep meat
Cooked
chicken/turkey in
pork, horse, goat, or
sheep meat
Pork is cooked
horse, beef, chicken,
goat, and lamb
meats
Wheat protein in
ground chilled pork
and beef mixture
Soybean proteins in
surimi products
Mammalian muscle
tissues in raw meat
and meat products
Pork adulteration in
beef meatballs
Pork adulteration in
cooked meatballs

Indirect
competitive
ELISA
Indirect
competitive
ELISA

Electrochemica
l immunosensor
Lateral flow
immunosensor

Porcine IgG and polyclonal antibodies
Porcine IgG and polyclonal antibodies

Horse meat
adulteration in meat
products

Lateral flow
immunosensor

Horse serum albumin (HSA) and
polyclonal antibodies

Pork adulteration in
raw meat

Label‐free
electrochemical
immunosensor

Porcine serum albumin (PSA) and
polyclonal antibodies
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0.5 pg/mL PSA in
buffer solution

Masiri et al.
(2017)
Lim and
Ahmed
(2016)
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Table 3 Comparative analysis of the commonly applied meat adulteration protein techniques. Continue.

Detection items

Detection
technology

Immunogen and antibody

Bovine adipose
tissue in meat
products

Label‐free
electrochemical
immunosensor

Ruminant‐specific muscle protein and
polyclonal antibodies

Method
sensitivity(limit of
detection)
2% bovine fat‐in‐
pork fat
1% bovine fat‐in‐
porcine meat‐and‐
bone meal

References

Hsieh and
Gajewski
(2015)

0.5% bovine fat‐in‐
soy meal mixtures

Duck, goose, and
chicken in processed
meat products

LC–ESI–
QTOF–MS
LC–ESI–QQQ–
MS/MS

Grain proteins
adulteration into
meat products

HPLC‐MS/MS

Porcine blood
plasma to emulsion‐
type pork sausages

UHPLC‐
MS/MS

Shrimp species in
seafood

SWATH‐MS

Pork, beef, lamb,
chicken, duck, soy,
peanut, and pea
adulteration in meat
products

Horse, pork, and
beef meat in smoked
sausages

Volume 14

UPLC‐MS/MS

Infusion MS

Hemoglobin alpha for duck:
FMCAVGAVLTAK
Hemoglobin beta for goose:
FFSSFGNLSSPTAILGNPMVR

ND

Fornal and
Montowska
(2019)

Myosin‐binding protein C for chicken:
LDVPISGEPAPTVTWK
Barley: IETPGPPYLAK, Oat:
DFPITWPWK, Rice:
ELGAPDVGHPMSEVFR, Rye:
TPFASTVAGIGGQ, Wheat:
SVAVSQVAR
Plasma peptide marker of ISEPLATETVR

Oats and rye: 5
mg/kg meat product;
barley and wheat: 10
mg/kg meat product

Jira and
Munch
(2019)

0.7% (w/w) meat
substitution by
porcine plasma

Stader et al.,
(2019)

ND

Hu et al.
(2018)

0.5% adulterations
of any of the eight
species

Li et al.
(2018b)

5% (w/w) for pork
and beef in the
three‐component
matrix and 1%
(w/w) for horse
meat

Montowska
and Spychaj
(2018)

GSLDEFFHR, ISPLPDITPADFK,
DPFPDFFSPVLK
Myosin heavy chain type a for
Marsupenaeus japonicas:
AAVELDDLHASAER
Arginine kinase for Fenneropenaeus
Chinensis: GTYYPLTGMGK
Sarco/endoplasmic reticulum Ca2+‐ATPase
for Litopenaeus vannamei:
IGVFGENEETAGK
Conglutin/Ara h 6 for peanut:
EIMNIPQQCNFR, Alpha subunit of beta
conglycinin for soy: ESYFVDAQPK, P54
protein for pea: GIIGLVAEDR,
Myoglobin for duck: HGVTVLTQLGK,
Creatine kinase M‐type for chicken:
DLFDPVIQDR, Hemoglobin subunit beta
for sheep: VDEVGAEALGR, Carbonic
anhydrase 3 for beef: LVNELTEFAK,
Hemoglobin subunit beta for pig:
VNVDEVGGEALGR
Myosin‐1 for pork: SALAHAVQSSR,
Myoglobin for beef:
HPSDFGADAQAAMSK, Myoglobin for
horse: VEADIAGHGQEVLIR
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Table 3 Comparative analysis of the commonly applied meat adulteration protein techniques. Continue.
Detection items

Detection
technology

Duck, pig, cattle,
chicken, and sheep
in cooked meats

UPLC‐
TripleTOF‐MS
UPLC‐MS/MS

Pork gelatin
adulteration in meat
products

High‐resolution
MS

Buffalo, sheep, and
goat meat in minced
meat and meat
products

MALDI‐TOF
MS

Chicken blood in
sheep whole blood
samples

Internal
extractive
electrospray
ionization mass
spectrometry
(iEESI‐MS)

Water buffalo and
sheep meat in raw
and cooked ground
meat mixtures
Beef and pork meat
is highly processed
food matrices

Chicken, duck, and
goose meat in
processed meat
products

Meat adulteration in
mammalian meat
samples

Volume 14

MALDI‐TOF
MS
UPLC‐QTOF
HPLC/ESI‐
MS/MS

Nano‐LC‐
QTOF‐MS/MS

Q Exactive
Orbitrap LC‐
MS/MS

Immunogen and antibody
M‐protein, striated muscle for chicken:
FWIQAESLSPNSTYR, Alpha‐enolase for
duck: LMLDMDGSENK, Trifunctional
enzyme subunit alpha (mitochondrial) for
pig: FAGGNLDVLK, Stress‐induced‐
phosphoprotein 1 for bovine:
ALDLDSNCK, Hemoglobin subunit beta
for sheep: FFEHFGDLSNADAVMNNPK
Type I collagen:
TGETGASGPPGFAGEK,
HGNRGEPGPAGSVGPAGAVGPR

Myosin light chain 1 for sheep:
EAFLLYDR, Myosin light chain 2 for
buffalo: NMWAAFPPDVGGNVDYK,
Myosin light chain 1 for goat:
EAFLLYDR

Hemoglobin for blood samples, peptide
marker

Method sensitivity
(limit of detection)

References

ND

Wang et al.,
(2019b)

0.1% (w/w) of
undesired pork
gelatin

Yang et al.,
(2018)

1.0% for raw meat
and 0.1% cooked
samples

Naveena
et al. (2017)

2% chicken blood in
sheep blood

Song et al.
(2017)

0.5% (w/w) of
buffalo meat in
sheep meat

Naveena
et al. (2017)

2% pork meat in
Bolognese sauce

Prandi et al.
(2017)

1% (w/w) of
chicken or pork in
chicken, duck, and
goose meat mixture,
0.8% (w/w) beef
proteins in
commercial poultry
frankfurters

Fornal and
Montowska
(2019)

1% (w/w) of pork or
horse meat in a
mixture before and
after cooking

Orduna
et al. (2017)

Not determined
Myosin light chain 1 for sheep:
EAFLLYDRTGDGK, Myosin light chain
2 for sheep: FSQEEIR; Myosin light chain
1 for sheep: EAFLLFDRTGECK, Myosin
light chain 2 for sheep: FSKEEIK
Collagen a2‐chain for beef:
IGQpGAVGPAGIR, Collagen a2‐chain
for pork: TGQpGAVGPAGIR
Pyruvate kinase for chicken:
EPADAMAAGAVEASFK, Alpha‐enolase
for duck:
NYPVVSIEDPFDQDDWGAWK,
Hemoglobin alpha‐A for the goose:
TYFPHFDLQHGSAQIK

Myoglobin for pork:
HPGDFGADAQGAMSK, Myosin‐1 for
horse: TLALLFSGPASADAEAGGK,
Myosin‐2 for beef:
TLAFLFSGTPTGDSEASGGTK, β‐
Hemoglobin for lamb:
FFEHFGDLSNADAVMNNPK, β‐
Hemoglobin for chicken:
FFASFGNLSSPTAILGNPMVR
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vol.
84,
p.
777-781.
https://doi.org/10.1093/jaoac/84.3.777
Asensio, L., Gonzalez, I., Fernandez, A., Rodriguez, M. A.,
Hernandez, P. E., Garcia, T., Martin, R. 2001b. PCR-SSCP: A
simple method for the authentication of grouper (Epinephelus
guaza), wreck fish (Polyprion americanus), and Nile perch
(Lates niloticus) fillets. J. Agric. Food Chem., vol. 49, no. 4,
p. 1720-1723. https://doi.org/10.1021/jf001185w
Asensio, L., González, I., Fernández, A., Rodríguez, M. A.,
Lobo, E., Hernández, P. E. 2002. Application of random
amplified polymorphic DNA (RAPD) analysis for
identification of grouper (Epinephelus guaza), wreck fish
(Polyprion americanus), and Nile perch (Lates niloticus)
fillets. Journal of Food Protection, vol. 65, p. 432-435.
https://doi.org/10.4315/0362-028X-65.2.432
Ataman, C., Celik, U., Rehbein, H. 2006. Identification of
some Aegean fish species by native isoelectric focusing.
European Food Research and Technology, vol. 222, p. 99104. https://doi.org/10.1007/s00217-005-0149-0
Ayaz, Y., Ayaz, N. D., Erol, I. 2006. Detection of species in
meat and meat products using enzyme-linked immunosorbent
assay. Journal of Muscle Foods, vol. 17, no. 2, p. 214-220.
https://doi.org/10.1111/j.1745-4573.2006.00046.x
Azam, N. F. N., Roy, S., Lim, S. A., Ahmed, M. U. 2018.
Meat species identification using DNA–luminol interaction
and their slow diffusion onto the biochip surface. Food
Chemistry,
vol.
248,
p.
29-36.
https://doi.org/10.1016/j.foodchem.2017.12.046
Bardakci, F., Skibinski, D. O. F. 1994. Application of the
RAPD technique in tilapia fish: species and subspecies
identification.
Heredity,
vol.
73,
p.
117-123.
https://doi.org/10.1038/hdy.1994.110
Bhat, M. M., Salahuddin, M., Mantoo, I. A., Adil, S., Jalal,
H., Pal, M., A. 2016. Species‐specific identification of
adulteration in cooked mutton Rista (a Kashmiri Wazwan
cuisine product) with beef and buffalo meat through multiplex
polymerase chain reaction. Veterinary World, vol. 9, p. 226230. https://doi.org/10.14202/vetworld.2016.226-230
Böhme, K., Calo‐Mata, P., Barros‐Velázquez, J., Ortea, I.
2019a. Review of recent DNA‐based methods for main food‐
authentication topics. Journal of Agricultural and Food
Chemistry,
vol.
67,
p.
3854-3864.
https://doi.org/10.1021/acs.jafc.8b07016
Bouzembrak, Y., Steen, B., Neslo, R., Linge, J., Mojtahed,
V., Marvin, H. J. P. 2018. Development of food fraud media
monitoring system based on text mining. Food Control, vol.
93,
p.
283-296,
https://doi.org/10.1016/j.foodcont.2018.06.003
Broadbent, J. A, Condinab, M. R., Colgrave, M. L. 2020.
Quantitative mass spectrometry-based analysis of proteins
related to cattle and their products – Focus on cows’ milk
beta-casein
proteoforms.
Methods,
vol.
10,
https://doi.org/10.1016/j.ymeth.2020.09.011
Cai, Y., He, Y., Lv, R., Chen, H., Wang, Q., Pan, L. 2017.
Detection and quantification of beef and pork materials in
meat products by duplex droplet digital PCR. PLoS One, vol.
12,
p.
e0181949.
https://doi.org/10.1371/journal.pone.0181949
Callejas, C., Ochando, M., D. 2001. Molecular
identification (RAPD) of the eight species of the genus
Barbus (Cyprinidae) in the Iberian Peninsula. Journal of Fish
Biology,
vol.
59,
p.
1589-1599.
https://doi.org/10.1111/j.1095-8649.2001.tb00223.x
Calvo, J. H., Osta, R., Zaragoza, P. 2002. Quantitative PCR
detection of pork in raw and heated ground beef and Păte.

Since the amino acid sequence of peptides is more stable
than DNA during meat processing, they have an
incomparable
advantage
in
meat
adulteration
identification, especially for highly processed meat
products and similar meat species (Prandi et al., 2017).

CONCLUSION
Food adulteration occurs globally and in many facets and
affects almost all food commodities. Adulteration not only
constitutes a considerable economic problem but also may
lead to serious health issues for consumers. Many of the
methods for detection of food adulteration require
elaborate steps of sample preparation before analysis
involving high-end technologies and that makes the whole
process difficult to perform and time-consuming. As the
methods of adulterating foods have become more
sophisticated, very efficient, and reliable techniques for the
detection of fraudulent manipulations are required. The
analytical techniques commonly used for meat and fish
species identification can be broadly divided into proteinbased and deoxyribonucleic acid (DNA)-based techniques.
The protein-based methods include immunological assays,
electrophoretic, and chromatographic techniques. These
methods are fast and easy to perform and the investment in
equipment is much less compared to DNA-based methods.
Food chain transparency and full raw material traceability
are primordial for an effective food fraud prevention
system.

REFERENCES
Akasaki, T., Yanagimoto, T., Yamakami, K., Tomonaga,
H., Sato, S. 2006. Species identification and PCR-RFLP
analysis of cytochrome b gene in codfish (Order Gadiformes)
products. Journal of Food Science, vol. 71, p. 190-195.
https://doi.org/10.1111/j.1365-2621.2006.tb15616.x
Alberts, B., Bray, D., Lewis, J., Raff, M., Roberts, K.,
Watson, J. D. 1994. Molecular biology of the cell. 3rd ed. New
York and London: Garland Publishing Inc., p. 1361.
https://doi.org/10.1016/0307-4412(94)90059-0
Ali, M. E., Ahamad, M. N. U., Asing-Hossain, M. A. M.,
Sultana, S. 2018. Multiplex polymerase chain reaction‐
restriction fragment length polymorphism assay discriminates
of rabbit, rat and squirrel meat in frankfurter products. Food
Control,
vol.
84,
p.
148-158.
https://doi.org/10.1016/j.foodcont.2017.07.030
Ali, M. E., Razzak, M. A., Hamid, S, B., Rahman, M. M.,
Amin, M. A., Rashid, N. R. 2015. Multiplex PCR assay for
the detection of five meat species forbidden in Islamic foods.
Food
Chemistry,
vol.
177,
p.
214-224.
https://doi.org/10.1016/j.foodchem.2014.12.098.
Al-Jowder, O., Defernez, M., Kemsley, E. K., Wilson, R. H.
1999. Mid-infrared spectroscopy and chemometrics for the
authentication of meat products. J. Agric. Food Chem., vol.
47, no. 8, p. 3210-3218. https://doi.org/10.1021/jf981196d
Arahishi, F. 2005. PCR-RFLP analysis of nuclear
nontranscribed spacer for mackerel species identification.
Journal of Agricultural and Food Chemistry, vol. 53, p. 508511. https://doi.org/10.1021/jf0484881
Asensio, L., González, I., Fernández, A., Céspedes, A.,
Rodríguez, M., A., Hernández, P., E. 2001a. Identification of
Nile perch (Lates niloticus), grouper (Epinephelus guaza),
and wreck fish (Polyprion americanus) fillets by PCR
amplification of the 5S rDNA gene. Journal of the AOAC

Volume 14

988

2020

Potravinarstvo Slovak Journal of Food Sciences
Journal of Agriculture and Food Chemistry, vol. 50, p. 52655267. https://doi.org/10.1021/jf0201576
Castro-Rubio, F., Garcia, M., C., Rodriguez, R., Marina,
M., L. 2005. Simple and inexpensive method for the reliable
determination of additions of soybean proteins in heat
processed meat products: An alternative to the AOAC official
method. J. Agric. Food Chem., vol. 53, no. 2, p. 220-226.
https://doi.org/10.1021/jf049557e
Cattaneo, P., Cantoni, C. 1982. On the presence of
melamine in fish meals. Tecnica Molitoria, vol. 33, no. 1, p.
17-18.
Cavin, C., Cottenet, G., Cooper, K. M., Zbinden, P. 2018.
Meat vulnerabilities to economic food adulteration require
new analytical solutions. Chimia, vol. 72, p. 697-703.
https://doi.org/10.2533/chimia.2018.697
Cawthorn, D., Steinman, H. A., Hoffman, L. C. 2013. A
high incidence of species substitution and mislabelling
detected in meat products sold in South Africa. Food Control,
vol.
32,
no.
2,
p.
440-449.
https://doi.org/10.1016/j.foodcont.2013.01.008
Céspedes, A., García, T., Carrera, E., González, I.,
Fernández, A., Hernández, P. E. 1999. Application of
polymerase chain reaction-single strand conformational
polymorphism (PCR-SSCP) to identification of flatfish
species. Journal of the AOAC International, vol. 82, p. 903907. https://doi.org/10.1093/jaoac/82.4.903
Céspedes, A., García, T., Carrera, E., González, I., Sanz, B.,
Hernández, P. E. 1998. Identification of flatfish species using
polymerase chain reaction (PCR) and restriction analysis of
the cytochrome b gene. Journal of Food Science, vol. 63, p.
206-209. https://doi.org/10.1111/j.1365-2621.1998.tb15710.x
Chakraborty, A., Aranishi, F., Iwatsuki, Y. 2007.
Polymerase chain reaction – restriction fragment length
polymorphism analysis for species identification of hairtail
fish fillets from supermarkets in Japan. Fisheries Science, vol.
73,
p.
197-201.
https://doi.org/10.1111/j.14442906.2007.01319.x
Chen, X., Ran, D., Zeng, L., Xin, M. 2020. Immunoassay of
cooked wild rat meat by ELISA with a highly specific
antibody targeting rat heat resistant proteins. Food and
Agricultural Immunology,
vol.
31,
p. 533-544.
https://doi.org/10.1080/09540105.2020.1740180
Cho, A. R., Dong, H. J., Cho, S. 2014. Meat species
identification using loop‐mediated isothermal amplification
assay targeting species‐specific mitochondrial DNA. Korean
Journal for Food Science of Animal Resources, vol. 34, p.
799-807. https://doi.org/10.5851/kosfa.2014.34.6.799
Chow, S., Inogue, S. 1993. Intra- and interspecific
restriction fragment length polymorphism in mitochondrial
genes of Thunnus Tuna species. Bulletin of the National
Research Institute of Far Seas Fisheries, vol. 30, p. 207-224.
Colombo, F., Cerioli, M., Colombo, M. M., Marchisio, E.,
Malandra, R., Renon, P. 2002. A simple polymerase chain
reaction–restriction fragment length polymorphism (PCRRFLP) method for the differentiation of cephalopod mollusc
families Loliginidae from Ommastrephidae, to avoid
substitutions in fishery field. Food Control, vol. 13, p. 185190. https://doi.org/10.1016/S0956-7135(01)00101-3
Comesaña, A. S., Abella, P., Sanjuán, A. 2003.
Identification of flatfish by PCR-RFLP. Journal of the
Science of Food and Agriculture, vol. 83, p. 752-759.
https://doi.org/10.1002/jsfa.1368
Comi, G., Iacumin, L., Rantsiou, K., Cantoni, C., Cocolin,
L. 2005. Molecular methods for the differentiation of species
used in production of cod-fish can detect commercial frauds.

Volume 14

Food
Control,
vol.
16,
p.
37-42.
https://doi.org/10.1016/j.foodcont.2003.11.003
Costa, J., Amaral, J. S., Grazina, L., Oliveira, M., Mafra, I.
2017. Matrix-normalised real-time PCR approach to quantify
soybean as a potential food allergen as affected by thermal
processing. Food Chemistry, vol. 221, p. 1843-1850.
https://doi.org/10.1016/j.foodchem.2016.10.091
Cottenet, G., Blancpain, C., Chuah, P. F., Cavin, C. 2020.
Evaluation and application of a next generation sequencing
approach for meat species identification. Food Control, vol.
110,
p.
107003.
https://doi.org/10.1016/j.foodcont.2019.107003
Craig, A., Ritchie, A. H., Mackie, I. M. 1995. Determining
the authenticity of raw reformed breaded scampi (Nephrops
norvegicus) by electrophoretic techniques. Food Chem, vol.
52, no. 4, p. 451-454. https://doi.org/10.1016/03088146(95)93299-7
Dahle, G., Rahman, M., Eriksen, A. G. 1997. RAPD
fingerprinting used for discriminating among three
populations of Hilsa shad (Tenualosa ilisha). Fisheries
Science, vol. 32, p. 263-269. https://doi.org/10.1016/S01657836(97)00058-1
Dai, Z., Qiao, J., Yang, S., Hu, S., Zuo, J., Zhu, W., Huang,
C. 2015. Species authentication of common meat based on
PCR analysis of the mitochondrial COI gene. Applied
Biochemistry and Biotechnology, vol. 176, p. 1770-1780.
https://doi.org/10.1007/s12010-015-1715-y
Deb, R., Sengar, G. S., Singh, U., Kumar, S., Alyethodi, R.
R., Alex, R., Prakash, B. 2016. Application of a loop‐
mediated isothermal amplification assay for rapid detection of
cow components adulterated in buffalo milk/meat. Molecular
Biotechnology,
vol.
58,
p.
850-860.
https://doi.org/10.1007/s12033-016-9984-4
Di Pinto, A., Bottaro, M., Bonerba, E., Bozzo, G., Ceci, E.,
Marchetti, P., Tantillo, G. 2015. Occurrence of mislabeling in
meat products using DNA‐based assay. Journal of Food
Science and Technology, vol. 52, p. 2479-2484.
https://doi.org/10.1007/s13197-014-1552-y
Dinesh, K. R. T., Lim, M., Chua, K. L., Chan, W. K.,
Phang, V. P. E. 1993. RAPD analysis: an efficient method of
DNA fingerprinting in fishes. Zoological Science, vol. 10, p.
849 - 854.
Etienne, M., J´erˆome, M., Fleurence, J., Rehbein, H.,
K¨undiger, R., Mendes, R., Costa, H., Mart´ınez, I. 2001.
Species identification of formed fishery products and high
pressure-treated fish by electrophoresis: A collaborative
study. Food Chem, vol. 72, no. 1, p. 105-112.
https://doi.org/10.1016/S0308-8146(00)00205-3
EC. 2019. European Commission (EC) 30 years of keeping
consumers safe: The rapid alert system for food and feed of
the European union. Office for Official Publications of the
European Communities, Luxembourg. 2009. Retrieved 13
March, 2019. Available at: https://ec.europa.eu/food/sites
food/files/safety/docs/rasff_30_booklet_en.pdf
Fajardo, V., González, I., López-Calleja, I., Martín, I.,
Hernández, P. E., García, T., Mar-tín, R. 2006. PCR-RFLP
authentication of meats from red deer (Cervus elaphus),
fallow deer (Dama dama), roe deer (Capreolus capreolus),
cattle (Bos tau-rus), sheep (Ovis aries) and goat (Capra
hircus). Journal of Agricultural and Food Chemistry, vol. 54,
p. 1144-1150. https://doi.org/10.1021/jf051766r
Ferguson, A., Taggart, J. B., Prodöhl, P. A., McMeel, O.,
Thompson, C., Stone, C. 1995. The application of molecular
markers to the study and conservation of fish populations,
with special reference to Salmo. Journal of Fish Biology, vol.

989

2020

Potravinarstvo Slovak Journal of Food Sciences
47,
p.
S103-S126.
https://doi.org/10.1111/j.10958649.1995.tb06048.x
Fernández, A., García, T., Asensio, L., Rodríguez, M. A.,
González, I., Lobo, E. 2002a. Identification of the clam
species Ruditapes decussatus (grooved carpet shell),
Venerupis romboides (yellow carpet shell) and Venerupis
pullastra (pullet carpet shell) by ELISA. Food and
Agricultural
Immunology,
vol.
14,
p.
65-71.
https://doi.org/10.1080/09540100220137673
Fernández, A., García, T., Asensio, L., Rodríguez, M. A.,
González, I., Lobo, E. 2002b. Genetic differentiation between
the clam species Ruditapes decussatus (grooved carpet shell)
and Venerupis pullastra (pullet carpet shell) by PCR-SSCP
analysis. Journal of the Science of Food and Agriculture, vol.
82, p. 881-885. https://doi.org/10.1002/jsfa.1117
Filonzi, L., Chiesa, S., Vaghi, M., Marzano, F. N. 2010.
Molecular barcoding reveals mislabelling of commercial fish
products in Italy. Food Research International, vol. 43, p.
1383-1388. https://doi.org/10.1016/j.foodres.2010.04.016
Fiorino, G. M., Garino, C., Arlorio, M., Logrieco, A. F.,
Losito, I., Monaci, L. 2018. 2018. Overview on untargeted
methods to combat food frauds: A focus on fishery products.
Journal
of
Food
Quality,
p.
1-13.
https://doi.org/10.1155/2018/1581746
Fornal, E., Montowska, M. 2019. Species‐specific peptide‐
based liquid chromatography‐mass spectrometry monitoring
of three poultry species in processed meat products. Food
Chemistry,
vol.
283,
p.
489-498.
https://doi.org/10.1016/j.foodchem.2019.01.074
Gayo, J., Hale, S. A. 2007. Detection and quantification of
species authenticity and adulteration in crabmeat using visible
and near-infrared spectroscopy. J. Agric. Food Chem., vol.
55, no. 3, p. 585-592. https://doi.org/10.1021/jf061801+
Gayo, J., Hale, S. A., Blanchard, S. M. 2006. Quantitative
analysis and detection of adulteration in crab meat using
visible and near-infrared spectroscopy. J. Agric. Food Chem.,
vol. 54, no. 4, p. 1130-1136. https://doi.org/10.1021/jf051636i
Gilbert, M. T. P., Haselkorn, T., Bunce, M., Sanchez, J. J.,
Lucas, S. B., Jewell, L .D. 2007. The isolation of nucleic
acids from fixed, paraffin-embedded tissues-which methods
are useful when? PLoS One, vol. 2, no. 6, p. e537.
https://doi.org/10.1371/journal.pone.0000537
Ha, J., Kim, S., Lee, J., Lee, S., Lee, H., Choi, Y., Yoon, Y.
2017. Identification of pork adulteration in processed meat
products using the developed mitochondrial DNA‐based
primers. Korean Journal for Food Science of Animal
Resources,
vol.
37,
p.
464-468.
https://doi.org/10.5851/kosfa.2017.37.3.464
Hebert, P., D., Cywinska, A., Ball, S. L. 2003. Biological
identifications through DNA barcodes. Proceedings of the
Royal Society. B‐Biological Sciences, vol. 270, p. 313-321.
https://doi.org/10.1098/rspb.2002.2218
Heid C. A., Stevens, j., Livak, K. J., Williams, P. M. 1996.
Real time quantitative PCR. Genome research, vol. 30, no. 9,
p. 986-994. https://doi.org/10.1101/gr.6.10.986
Heydt, C., Fassunke, J., Künstlinger, H., Ihle, M. A., König,
K., Heukamp, L., C. 2014. Comparison of pre-analytical
FFPE sample preparation methods and their impact on
massively parallel sequencing in routine diagnostics. PLoS
One,
vol.
9,
no.
8,
article
e104566.
https://doi.org/10.1371/journal.pone.0104566
Horstkotte, B., Rehbein, H. 2003. Fish species identification
by means of restriction fragment length polymorphism and
high-performance liquid chromatography. Journal of Food
Science, vol. 68, p. 2658-2666. https://doi.org/10.1111/j.13652621.2003.tb05785.x

Volume 14

Hou, B., Meng, X., Zhang, L., Guo, J., Li, S., Jin, H. 2015.
Development of a sensitive and specific multiplex PCR
method for the simultaneous detection of chicken, duck and
goose DNA in meat products. Meat Science, vol. 101, p. 9094. https://doi.org/10.1016/j.meatsci.2014.11.007
Hsieh, H. S., Chai, T., Hwang, D. F. 2007. Using the PCR–
RFLP method to identify the species of different processed
products of billfish meats. Food Control, vol. 18, p. 369-374.
https://doi.org/10.1002/fsn3.322
Hsieh, Y. P., Gajewski, K. 2015. Rapid detection of bovine
adipose tissue using lateral flow strip assay. Food Science &
Nutrition, vol. 4, p. 588-594. https://doi.org/10.1002/fsn3.322
Hsieh, Y., H., Ofori, J., A. 2014. Detection of horse meat
contamination in raw and heat‐processed meat products.
Journal of Agricultural and Food Chemistry, vol. 62, p.
12536-12544. http://doi.org/10.1021/jf504032j
Hu, L. P., Zhang, H. W., Zhang, X. M., Zhang, T. T.,
Chang, Y. G., Zhao, X., Xue, C. H. 2018. Identification of
peptide biomarkers for discrimination of shrimp species
through SWATH‐MS‐based proteomics and chemometrics.
Journal of Agricultural and Food Chemistry, vol. 66, p.
10567-10574. https://doi.org/10.1021/acs.jafc.8b04375
Hu, R., He, T., Zhang, Z., Yang, Y., Liu, M. 2019. Safety
analysis of edible oil products via Raman spectroscopy.
Talanta,
vol.
191,
p.
324-332.
https://doi.org/10.1016/j.talanta.2018.08.074
Jiang, T. L., Cai, Q. F., Shen, J., D., Huang, M. J., Zhang, L.
J., Liu, G. M., Cao, M. J. 2015. Establishment of
immunological methods for the detection of soybean proteins
in surimi products. LWT‐Food Science and Technology, vol.
64, p. 344-349. https://doi.org/10.1016/j.lwt.2015.06.005
Jiang, X., Fuller, D., Hsieh, Y. P., Rao, Q. 2018.
Monoclonal antibody‐based ELISA for the quantification of
porcine hemoglobin in meat products. Food Chemistry, vol.
250,
p.
170-179.
https://doi.org/10.1016/j.foodchem.2018.01.032
Jiang, X., Rao, Q., Mittl, K., Hsieh, Y. P. 2020. Monoclonal
antibody‐based sandwich ELISA for the detection of
mammalian meats. Food Control, vol. 110, p. 107045.
https://doi.org/10.1016/j.foodcont.2019.107045
Jin, L. G., Cho, J. G., Seong, K. B., Park, J. Y., Kong, I. S.,
Hong, Y. K. 2006. 18 rRNA gene sequences and random
amplified polymorphic DNA used in discriminating
Manchurian trout from other freshwater salmonids. Fisheries
Science, vol. 72, p. 903-905. https://doi.org/10.1111/j.14442906.2006.01234.x
Jira, W., Munch, S. 2019. A sensitive HPLC‐MS/MS
screening method for the simultaneous detection of barley,
maize, oats, rice, rye and wheat proteins in meat products.
Food
Chemistry,
vol.
275,
p.
214-223.
https://doi.org/10.1016/j.foodchem.2018.09.041
Kaltenbrunner, M., Hochegger, R., Cichna-Markl, M. 2018.
Development and validation of a fallow deer (Dama dama)specific TaqMan real-time PCR assay for the detection of
food adulteration. Food Chemistry, vol. 243, p. 82-90.
http://doi.org/10.1016/j.foodchem.2017.09.087
Kang, T. S., Tanaka, T. 2018. Comparison of quantitative
methods based on SYBR Green real-time qPCR to estimate
pork meat adulteration in processed beef products. Food
Chemistry,
vol.
269,
p.
549-558.
https://doi.org/10.1016/j.foodchem.2018.06.141
Kim, J., Kwon, I. J., Kim, M., Chang, J. Y., Shim, W. 2017.
Production and preliminary characterization of monoclonal
antibodies highly specific to pork fat protein. Food Control,
vol.
79,
p.
80-86.
https://doi.org/10.1016/j.foodcont.2017.03.022

990

2020

Potravinarstvo Slovak Journal of Food Sciences
Kitaoka, M., Okamura, N., Ichinose, H., Goto, M. 2008.
Detection of SNPs in fish DNA: Application of the
fluorogenic ribonuclease protection (FRIP) assay for the
authentication of food contents. J. Agric. Food Chem., vol.
56, no. 15, p. 6246-6251. https://doi.org/10.1021/jf800300k
Knuutinen, J., Harjula, P. 1998. Identification of fish
species
by reverse-phase high-performance liquid
chromatography with photodiode-array detection. Journal of
Chromatography
B,
vol.
705,
p.
11-21.
https://doi.org/10.1016/S0378-4347(97)00505-7
Kumar, A., Kumar, R. R., Sharma, B. D., Gokulakrishnan,
P., Mendiratta, S. K., Sharma, D. 2015. Identification of
species origin of meat and meat products on the DNA basis:
A review. Critical Reviews in Food Science and Nutrition,
vol.
55,
p.
1340-1351.
https://doi.org/10.1080/10408398.2012.693978
Kuswandi, B., Gani, A. A., Ahmad, M. 2017. Immuno strip
test for detection of pork adulteration in cooked meatballs.
Food
Bioscience,
vol.
19,
p.
1-6.
https://doi.org/10.1016/j.fbio.2017.05.001
Lee, S. Y., Kim, M. J., Hong, Y., Kim, H. Y. 2016.
Development of a rapid on‐site detection method for pork in
processed meat products using real‐time loop‐mediated
isothermal amplification. Food Control, vol. 66, p. 53-61.
https://doi.org/10.1016/j.foodcont.2016.01.041
Li, H., Bai, R., Zhao, Z., Tao, L., Ma, M., Ji, Z., Liu, A.
2018a. Application of droplet digital PCR to detect the
pathogens of infectious diseases. Bioscience Reports, vol. 38,
p. 1170. https://doi.org/10.1042/BSR20181170
Li, Y., Zhang, Y., Li, H., Zhao, W., Guo, W., Wang, S.
2018b. Simultaneous determination of heat stable peptides for
eight animal and plant species in meat products using UPLC‐
MS/MS method. Food Chemistry, vol. 245, p. 125-131.
https://doi.org/10.1016/j.foodchem.2017.09.066
Li, T. T., Jalbani, Y. M., Zhang, G. L., Zhao, Z., Y., Wang,
Z. Y., Zhao, X. Y., Chen, A. L. 2019. Detection of goat meat
adulteration by real‐time PCR based on a reference primer.
Food
Chemistry,
vol.
277,
p.
554-557.
https://doi.org/10.1016/j.foodchem.2018.11.009
Lim, S. A., Ahmed, M. U. 2016. A label free
electrochemical immunosensor for sensitive detection of
porcine serum albumin as a marker for pork adulteration in
raw meat. Food Chemistry, vol. 206, p. 197-203.
https://doi.org/10.1016/j.foodchem.2016.03.063
Lin, W. F., Hwang, D. F. 2007. Application of PCR-RFLP
analysis on species identification of canned tuna. Food
Control,
vol.
18,
p.
1050-1057.
https://doi.org/10.1016/j.foodcont.2006.07.001
Lockley, A. K., Bardsley, R. G. 2000. DNA‐based methods
for food authentication. Trends Food Sci. Technol., vol. 11, p.
67-77. https://doi.org/10.1016/S0924-2244(00)00049-2
Mackie, I., Craig, A., Etienne, M., Jerome, M., Fleurence,
J., Jessen, F. 2000. Species identification of smoked and
gravid fish products by sodium dodecylsulphate
polyacrylamide gel electrophoresis, urea isoelectric focusing
and native isoelectric focusing: a collaborative study. Food
Chemistry, vol. 71, p. 1-7. https://doi.org/10.1016/S03088146(00)00147-3
Magiati, M., Myridaki, V. M., Christopoulos, T. K.,
Kalogianni, D. P. 2019. Lateral flow test for meat
authentication with visual detection. Food Chemistry, vol.
274,
p.
803-807.
https://doi.org/10.1016/j.foodchem.2018.09.063
Mandli, J., El Fatimi, I., Seddaoui, N., Amine, A. 2018.
Enzyme immunoassay (ELISA/immunosensor) for a sensitive
detection of pork adulteration in meat. Food Chemistry, vol.

Volume 14

255,
p.
380-389.
https://doi.org/10.1016/j.foodchem.2018.01.184
Martínez, I., Malmheden, I., Yman, S. 1998. Species
identification in meat products by RAPD analysis. Food
Research
International,
vol.
31,
p.
459-466.
https://doi.org/10.1016/S0963-9969(99)00013-7
Masiri, J., Benoit, L., Barrios‐Lopez, B., Thienes, C.,
Meshgi, M., Agapov, A., Samadpour, M. 2016. Development
and validation of a rapid test system for detection of pork
meat and collagen residues. Meat Science, vol. 121, p. 397402. https://doi.org/10.1016/j.meatsci.2016.07.006
Masiri, J., Benoit, L., Thienes, C., Kainrath, C., Barrios‐
Lopez, B., Agapov, A., Samadpour, M. 2017. A rapid, semi‐
quantitative test for detection of raw and cooked horse meat
residues. Food Control, vol. 76, p. 102-107.
https://doi.org/10.1016/j.foodcont.2017.01.015
Meyer, R., Höfelein, C., Lüthy, J., Candrian, U. 1995.
Polymerase chain reaction-restriction fragment length
polymorphism analysis: a simple method for species
identification in food. Journal of the AOAC International, vol.
78, p. 1542-1551. https://doi.org/10.1093/jaoac/78.6.1542
Miya, M., Kawaguchi, A., Nishida, M. 2001. Mitogenomic
exploration of higher teleostean phylogenies: A case study for
moderate-scale evolutionary genomics with 38 newly
determined complete mitochondrial DNA sequences.
Molecular Biology and Evolution, vol. 18, p. 1993-2009.
https://doi.org/10.1093/oxfordjournals.molbev.a003741
Montowska, M., Spychaj, A. 2018. Quantification of
species‐specific meat proteins in cooked and smoked sausages
using infusion mass spectrometry. Journal of Food Science
and
Technology,
vol.
55,
p.
49849-4993.
https://doi.org/10.1007/s13197-018-3437-y
Moore, J. C., Spink, J., Lipp, M. 2012. Development and
application of a database of food ingredient fraud and
economically motivated adulteration from 1980 to 2010.
Journal of Food Science, vol. 77, p. 118-126.
https://doi.org/10.1111/j.1750-3841.2012.02657.x
Mousavi, S., M., Jahed Khaniki, G., Eskandari, Rabiei, M.
Mirab Samiee, S., Mehdizadeh, M. 2015. Applicability of
species-specific polymerase chain reaction for fraud
identification in raw ground meat commercially sold in Iran.
Journal of Food Composition and Analysis, vol. 40, p. 47-51.
https://doi.org/10.1016/j.jfca.2014.12.009
Naveena, B. M., Jagadeesh, D. S., Babu, A. J., Rao, T. M.,
Kamuni, V., Vaithiyanathan, S., Rapole, S. 2017. OFFGEL
electrophoresis and tandem mass spectrometry approach
compared with DNA‐based PCR method for authentication of
meat species from raw and cooked ground meat mixtures
containing cattle meat, water buffalo meat and sheep meat.
Food
Chemistry,
vol.
233,
p.
311-320.
https://doi.org/10.1016/j.foodchem.2017.04.116
Notomi, T., Okayama, H., Masubuchi, H., Yonekawa, T.,
Watanabe, K., Amino, N., Hase, T. 2000. Loop-mediated
isothermal amplification of DNA, Nucleic Acids Research,
vol. 28, no. 12, p. e63. https://doi.org/10.1093/nar/28.12.e63
Ochiai, Y., Ochiai, L., Hashimoto, K., Watabe, S. 2001.
Quantitative estimation of dark muscle content in the
mackerel meat paste and its products using antisera against
myosin light chains. Journal of Food Science, vol. 66, p.
1301-1305.
https://doi.org/10.1111/j.13652621.2001.tb15205.x
Ofori, J., A., Hsieh, Y., H. 2015. Characterization of a 60‐
kDa thermally stable antigenic protein as a marker for the
immunodetection of bovine plasma‐derived food ingredients.
Journal of Food Science, vol. 80, p. c1654-c1660.
https://doi.org/10.1111/1750-3841.12963

991

2020

Potravinarstvo Slovak Journal of Food Sciences
Orduna, A., R., Husby, E., Yang, C., T., Ghosh, D.,
Beaudry, F. 2017. Detection of meat species adulteration
using high‐resolution mass spectrometry and a
proteogenomics strategy. Food Additives & Contaminants:
Part
A,
vol.
34,
no.
7,
p.
1110-1120.
https://doi.org/10.1080/19440049.2017.1329951
Pardo, M., A., Pérez-Villarea, B. 2004. Identification of
commercial canned tuna species by restriction site analysis of
mitochondrial DNA products obtained by nested primer PCR.
Food
Chemistry,
vol.
86,
p.
143-150.
https://doi.org/10.1016/j.foodchem.2003.09.024
Park, B. S., Oh, Y. K., Kim, M. J., Shim, W. B. 2015.
Skeletal muscle troponin I (TnI) in animal fat tissues to be
used as biomarker for the identification of fat adulteration.
Korean Journal for Food Science of Animal Resources, vol.
34, p. 822-828. https://doi.org/10.5851/kosfa.2014.34.6.822
Partis, L., Croan, D., Guo, Z, Clark, R., Coldham, T.,
Murby, J. 2000. Evaluation of a DNA fingerprinting method
for determining the species origin of meats. Meat Science,
vol. 54, p. 369-376. https://doi.org/10.1016/S03091740(99)00112-6
Partis, L., Wells, R. J. 1996. Identification of fish species
using random amplified polymorphic DNA (RAPD).
Molecular and Cellular Probes, vol. 10, p. 435-441.
https://doi.org/10.1006/mcpr.1996.0060
Pascoal, A., Barros-Vel´azquez, J., Cepeda, A., Gallardo, J.,
M., Calo-Mata, P. 2008. Survey of the authenticity of prawn
and shrimp species in commercial food products by PCRRFLP analysis of a 16S rRNA/tRNAVal mitochondrial
region. Food Chem, vol. 109, no. 3, p. 638-646.
https://doi.org/10.1016/j.foodchem.2007.12.079
Petrášová, M., Pospiech, M., Tremlová, B., Tauferová, A.,
Marcinčák, S. 2017. Comparison of immunofluorescence
method with histochemical and ELISA methods focusing on
wheat protein detection in meat products. Food and
Agricultural Immunology, vol. 28, p. 1094-1104.
https://doi.org/10.1080/09540105.2017.1328661
Pohl, G., Shih Ie, M. 2004. Principle and applications of
digital PCR. Expert Review of Molecular Diagnostics, vol. 4,
p. 41-47. https://doi.org/10.1586/14737159.4.1.41
Prandi, B., Lambertini, F., Faccini, A., Suman, M.,
Leporati, A., Tedeschi, T., Sforza, S. 2017. Mass
spectrometry quantification of beef and pork meat in highly
processed food: Application on Bolognese sauce. Food
Control,
vol.
74,
p.
61-69.
https://doi.org/10.1016/j.foodcont.2016.11.032
Primrose, S., Woolfe, M., Rollinson, S. 2010. Food
forensics: Methods for determining the authenticity of
foodstuffs. Trends in Food Science & Technology, vol. 21,
no. 12, p. 582-590. https://doi.org/10.1016/j.tifs.2010.09.006
Ram, J. L., Ram, M. L., Baidoun, F. F. 1996. Authentication
of canned tuna and bonito by sequence and restriction site
analysis of polymerase chain reaction products of
mitochondrial DNA. J. Agric. Food Chem., vol. 44, no. 8, p.
2460-2467. https://doi.org/10.1021/jf950822t
Ran, G., Ren, L., Han, X., Liu, X., Li, Z., Pang, D., Tang,
X. 2016. Development of a rapid method for the visible
detection of pork DNA in halal products by loop‐mediated
isothermal amplification. Food Analytical Methods, vol. 9, p.
565-570. https://doi.org/10.1007/s12161-015-0246-z
Rashid, N. R., Ali, M. E., Hamid, S. B., Rahman, M. M.,
Razzak, M. A., Asing, Amin, M. A. 2015. A suitable method
for the detection of a potential fraud of bringing macaque
monkey meat into the food chain. Food Additives and
Contaminants. Part A, vol. 32, p. 1013-1022.
https://doi.org/10.1080/19440049.2015.1039073

Volume 14

Rehbein, H., Kress, G., Schmidt, T. 1997. Application of
PCR-SSCP to species identification of fishery products.
Journal of Science of Food and Agriculture, vol. 74, p. 35-41.
https://doi.org/10.1002/(SICI)10970010(199705)74:1<35::AID-JSFA765>3.0.CO;2-2
Rehbein, H., Mackie, I., M., Pryde, S., Gonzales-Sotelo, C.,
Medina, I., Pérez-Martín, R. 1999. Fish species identification
in canned tuna by PCR-SSCP: validation by a collaborative
study and investigation of intra-species variability of the
DNA-patterns. Food Chemistry, vol. 64, p. 263-268.
https://doi.org/10.1016/S0308-8146(98)00125-3
Rehbein, H., Sotelo, C., G., Pérez-Martín, R., I., ChapelaGarrido, M. J., Hold, G. L., Russell, V., J. 2002.
Differentiation of raw or processed eel by PCR-based
techniques: restriction fragment length polymorphism
analysis (RFLP) and single strand conformation
polymorphism analysis (SSCP). European Food Research
and
Technology,
vol.
214,
p.
171-177.
https://doi.org/10.1007/s00217-001-0457-y
Rhodes, C. N., Lofthouse, J. H., Hird, S., Rose, P., Reece,
P., Christy, J., Macarthur, R., Brereton, P.A. 2010. The use of
stable carbon isotopes to authenticate claims that poultry have
been corn-fed. Food Chem, vol. 118, no. 4, p. 927-932.
https://doi.org/10.1016/j.foodchem.2008.05.113
Ruiz-Valdepenas Montiel, V., Gutierrez, M. L., TorrenteRodriguez, R. M., Povedano, E., Vargas, E., Reviejo, A. J.,
Pingarron, J., M. 2017. Disposable amperometric polymerase
chain reactionfree biosensor for direct detection of
adulteration with horsemeat in raw lysates targeting
mitochondrial DNA. Analytical Chemistry, vol. 89, p. 94749482. https://doi.org/10.1021/acs.analchem.7b02412
Şakalar, E., Abasiyanik, M., F., Bektik, E., Tayyrov, A.
2012. Effect of heat processing on DNA quantification of
meat species. Journal of Food Science, vol. 77, no. 9, p. N40N44. https://doi.org/10.1111/j.1750-3841.2012.02853.x
Seddaoui, N., Amine, A. 2020. A sensitive colorimetric
immunoassay based on poly(dopamine) modified magnetic
nanoparticles for meat authentication. LWT‐Food Science and
Technology,
vol.
122,
p.
109045.
https://doi.org/10.1016/j.lwt.2020.109045
Song, K. Y., Hwang, H. J., Kim, J. H. 2017. Ultra‐fast
DNA‐based multiplex convection PCR method for meat
species identification with possible on‐site applications. Food
Chemistry,
vol.
229,
p.
341-346.
https://doi.org/10.1016/j.foodchem.2017.02.085
Spink, J., Moyer, D., C. 2011. Defining the public health
threat of food fraud. Journal Of Food Science, vol. 76, no. 9,
p. 163. https://doi.org/10.1111/j.1750-3841.2011.02417.x
Stader, C., Judas, M., Jira, W. 2019. A rapid UHPLC‐
MS/MS screening method for the detection of the addition of
porcine blood plasma to emulsion‐type pork sausages.
Analytical and Bioanalytical Chemistry, vol. 411, p. 66976709. https://doi.org/10.1007/s00216-019-02043-2
Sul, S., Kim, M. J., Kim, H. Y. 2019. Development of a
direct loop‐mediated isothermal amplification (LAMP) assay
for rapid and simple on‐site detection of chicken in processed
meat products. Food Control, vol. 98, p. 194-199.
https://doi.org/10.1016/j.foodcont.2018.11.025
Takagi, M., Taniguchi, N. 1995. Random amplified
polymorphic DNA (RAPD) for identification of three species
of Anguilla, A. japonica, A. australis and A. bicolor. Fisheries
Science,
vol.
61,
p.
884-885.
https://doi.org/10.2331/fishsci.61.884
Thienes, C. P., Masiri, J., Benoit, L., A., Barrios‐Lopez, B.,
Samuel, S. A., Cox, D. P., Samadpour, M. 2018. Quantitative
detection of pork contamination in cooked meat products by

992

2020

Potravinarstvo Slovak Journal of Food Sciences
ELISA. Journal of AOAC International, vol. 101, p. 810-816.
https://doi.org/10.5740/jaoacint.17-0036
Thienes, C. P., Masiri, J., Benoit, L., A., Barrios‐Lopez, B.,
Samuel, S., A., Krebs, R., A., Samadpour, M. 2019.
Quantitative detection of beef contamination in cooked meat
products by ELISA. Journal of AOAC International, vol. 102,
p. 898-902. https://doi.org/10.5740/jaoacint.18-0193
Tittlemier, S. A. 2010. Methods for the analysis of
melamine and related compounds in foods: A review. Food
Addit. Contam. Part A Chem. Anal. Control Expo. Risk
Assess.,
vol.
27,
no.
2,
p.
129-145.
https://doi.org/10.1080/19440040903289720
van Ruth, S., M., Huisman, W., Luning, P., A. 2017. Food
fraud vulnerability and its key factors. Trends In Food
Science
&
Technology,
vol
67,
p.
70-75.
https://doi.org/10.1016/j.tifs.2017.06.017
Vanha, J., Hinkova, A., Slukova, M., Kvasnicka, F. 2009.
Detection of plant raw materials in meat products by HPLC.
Czech J Food Sci, vol. 27, no. 4, p. 234-239.
https://doi.org/10.17221/205/2008-CJFS
von Bargen, C., Brockmeyer, J., Humpf, H. 2014. Meat
authentication: A new HPLC − MS/MS based method for the
fast and sensitive detection of horse and pork in highly
processed food. Journal of Agricultural and Food Chemistry,
vol. 62, p. 9428-9435. https://doi.org/10.1021/jf503468t
Wang, J. Y., Wan, Y. P., Chen, G. Y., Liang, H. X., Ding,
S., Shang, K., Tang, Z. 2019a. Colorimetric detection of horse
meat based on loop‐mediated isothermal amplification
(LAMP). Food Analytical Methods, vol. 12, p. 2535-2541.
https://doi.org/10.1007/s12161-019-01590-9
Wang, Q., Zou, L.., Yang, X., Liu, X.., Nie, W., Zheng, Y.,
Wang, K. 2019b. Direct quantification of cancerous exosomes
via surface plasmon resonance with dual gold nanoparticleassisted signal amplification. Biosensors and Bioelectronics,
vol.,
135,
p.
129-136.
https://doi.org/10.1016/j.bios.2019.04.013
Weder, J., K., Rehbein, H., Kaiser, K., P. 2004. On the
specificity of tuna-directed primers in PCR-SSCP analysis of
fish and meat. European Food Research and Technology, vol.
213, p. 139-144. https://doi.org/10.1007/s002170100339
Williams, J. G. K., Kubelik, A. R., Livak, K. J, Rafalski, J.,
Tingey, S. V. 1990. DNA polymorphisms amplified by
arbitrary primers are useful as genetic markers. Nucleic Acids
Research,
vol.
18,
p.
6531-6535.
https://doi.org/10.1093/nar/18.22.6531
Xiang, W., Shang, Y., Wang, Q., Xu, Y., Zhu, P., Huang,
K., Xu, W. 2017. Identification of a chicken (Gallus gallus)
endogenous reference gene (Actb) and its application in meat
adulteration. Food Chemistry, vol. 234, p. 472-478.
https://doi.org/10.1016/j.foodchem.2017.05.038
Xu, R., Wei, S., Zhou, G., Ren, J., Liu, Z., Tang, S., Wu, X.
2018. Multiplex TaqMan locked nucleic acid real-time PCR
for the differential identification of various meat and meat
products.
Meat
Science,
vol.
137,
p.
41-46.
https://doi.org/10.1016/j.meatsci.2017.11.003
Xu, Y., Xiang, W., Wang, Q., Cheng, N., Zhang, L., Huang,
K., Xu, W. 2017. A smart sealed nucleic acid biosensor based
on endogenous reference gene detection to screen and identify
mammals on site. Scientific Reports, vol. 7, p. 43453.
https://doi.org/10.1038/srep43453
Yamazaki, Y., Shimada, N., Tago, Y. 2005. Detection of
hybrids between masu salmon Oncorhynchus masou masou
and amago salmon O. m. ishikawae occurred in the Jinzu
River using a random amplified polymorphic DNA technique.
Fisheries
Science,
vol.
71,
p.
320-326.
https://doi.org/10.1111/j.1444-2906.2005.00967.x

Volume 14

Yang, C. T., Ghosh, D., Beaudry, F. 2018. Detection of
gelatin adulteration using bio‐informatics, proteomics and
high‐resolution mass spectrometry. Food Additives &
Contaminants:
Part
A,
vol.
35,
p.
599-608.
https://doi.org/10.1080/19440049.2017.1416680
Zhang, W. J., Cui, S. H., Cheng, X. L., Wei, F., Ma, S. C.
2019. An optimized TaqMan real‐time PCR method for
authentication of ASINI CORII COLLA (donkey‐hide
gelatin). Journal of Pharmaceutical and Biomedical Analysis,
vol.
170,
p.
196-203.
https://doi.org/10.1016/j.jpba.2019.03.028
Zhang, X., Lowe, S. B., Gooding, J. J. 2014. Brief review of
monitoring methods for loop‐mediated isothermal
amplification (LAMP). Biosensors & Bioelectronics, vol. 61.
p. 491-499. https://doi.org/10.1016/j.bios.2014.05.039
Zvereva, E. A., Kovalev, L. I., Ivanov, A. V., Kovaleva, M.
A., Zherdev, A. V., Shishkin, S. S., Dzantiev, B. B. 2015.
Enzyme immunoassay and proteomic characterization of
troponin I as a marker of mammalian muscle compounds in
raw meat and some meat products. Meat Science, vol. 105, p.
46-52. https://doi.org/10.1016/j.meatsci.2015.03.001
Acknowledgments:
This work was supported by the Slovak Research and
Development Agency under the Contract no. APVV-19-0180.
Contact address:

*Jozef Čapla, The Slovak University of Agriculture
in Nitra, Faculty of Biotechnology and Food Sciences, Tr.
A. Hlinku 2, 949 76 Nitra, Tel.: +421 37 641 4371,
E-mail: jozef.capla@uniag.sk
ORCID: https://orcid.org/0000-0001-9475-6359
Peter Zajác, The Slovak University of Agriculture in
Nitra, Faculty of Biotechnology and Food Sciences, Tr. A.
Hlinku 2, 949 76 Nitra, Tel.: +421 37 641 4371,
E-mail: peter.zajac@uniag.sk
ORCID: https://orcid.org/0000-0002-4425-4374
Jozef Čurlej, The Slovak University of Agriculture in
Nitra, Faculty of Biotechnology and Food Sciences, Tr. A.
Hlinku 2, 949 76 Nitra, Tel.: +421 37 641 5825,
E-mail: jozef.curlej@uniag.sk
ORCID: https://orcid.org/0000-0003-0039-5332
Ľubomír Belej, The Slovak University of Agriculture
in Nitra, Faculty of Biotechnology and Food Sciences, Tr.
A. Hlinku 2, 949 76 Nitra, Tel.: +421 37 641 5824,
E-mail: lubomir.belej@uniag.sk
ORCID: https://orcid.org/0000-0001-8523-6650
Miroslav Kročko, The
Slovak
University
of
Agriculture in Nitra, Faculty of Biotechnology and Food
Sciences, Tr. A. Hlinku 2, 949 76 Nitra, Tel.: +421 37 641
4528,
E-mail: miroslav.krocko@uniag.sk
ORCID: https://orcid.org/0000-0002-4561-5573
Marek Bobko, The Slovak University of Agriculture
in Nitra, Faculty of Biotechnology and Food Sciences, Tr.
A. Hlinku 2, 949 76 Nitra, Tel.: +421 37 641 4113,
E-mail: marek.bobko@uniag.sk
ORCID: https://orcid.org/0000-0003-4699-2087
Lucia Benešová, The Slovak University of Agriculture
in Nitra, Faculty of Biotechnology and Food Sciences, Tr.
A. Hlinku 2, 949 76 Nitra, Tel.: +421 37 641 4608,
E-mail: lucia.benesova@uniag.sk
ORCID: https://orcid.org/0000-0002-2321-6627

993

2020

Potravinarstvo Slovak Journal of Food Sciences
Silvia Jakabová, The Slovak University of Agriculture
in Nitra, Faculty of Biotechnology and Food Sciences, Tr.
A. Hlinku 2, 949 76 Nitra, Tel.: +421 37 641 4608,
E-mail: silvia.jakabova@uniag.sk
ORCID: https://orcid.org/0000-0002-6981-0509
Tomáš Vlčko, The Slovak University of Agriculture
in Nitra, Faculty of Biotechnology and Food Sciences, Tr.
A. Hlinku 2, 949 76 Nitra, Tel.: +421 37 641 4608,
E-mail: tomas.vlcko@uniag.sk
ORCID: https://orcid.org/0000-0002-8214-8169

Corresponding author: *

Volume 14

994

2020

