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Abstract

Food is considered authentic or genuine if the product or its contents conform to the original con-
dition and label claims. Deviations from assertions and information on the declaration are considered
non-compliances with food regulations. Due to the increased awareness of the problem and negative im-
pact of food fraud, meat consumption is significantly influenced by consumer perceptions of food quality
and safety. Therefore, accurate labelling is one of the most important factors influencing consumer pre-
ferences in the selection and purchase of meat and meat products. For this reason, analytical methods
to verify the authenticity of meat and meat products are important to ensure product quality, food safety
and consumer protection. The substitution of meat variety is not the only criterion for determining the
authenticity of meat and meat products, but also the origin of the meat, the treatment of the meat and
the addition of non-meat ingredients. Polymerase chain reaction (PCR) and its derived technologies have
been shown to be the most suitable methods for species identification in raw and technologically pro-
cessed meat. PCR methods are mainly based on the identification of the target region of mitochondrial
DNA, which allows the detection of species in a wide range of meat products, including all domestic ani-
mals as well as game meat intended for human consumption. However, they also have some drawbacks.
For example, random amplified polymorphic DNA (PCR-RAPD) is not suitable for species identification in
meat mixtures as well as in thermally processed meat. On the other hand, some methods are expensive,
time consuming and there are difficulties in interpreting the results. In this article, the main PCR-based
methods for meat species identification are presented and described.
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Introduction

Preferences in the consumption of certa- 2019; Meixner et al., 2018; Purslow et al., 2017).
in types of meat and meat products depend on Along with it, the globalisation of the food indu-
culture, religious beliefs, and traditions (Berna- stry and greater consumer awareness have increa-
béu et al., 2018; Lorenzo et al., 2019; Maison et al., sed awareness of the problem and negative impact
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of food adulteration. (Lorenzo et al., 2019; Xing et
al., 2019). Therefore, the information on the decla-
ration, especially the information on food safety,
nutritional value, and quality attributes, has a
great impact on consumer satisfaction. Therefo-
re, correct labelling is one of the most important
factors influencing consumer choice.

Food fraud in the form that the composition devia-
tes from the standard composition, in relation
to the food name of the declared values, depri-
ves the consumer in financial, health and ethical
terms (Koprivnjak, 2014). Adulteration associated
with meat and meat products includes the fraudu-
lent substitution or addition of low-quality animal
proteinsorthe addition of cheap protein concentra-
tes of plant origin (e.g., soy, pea, wheat; Cavin et al.,
2018; Keyvan et al., 2017). Another common featu-
re is mislabelling and the use of lower amounts of
meat than indicated (Keyvan et al., 2017). In addi-
tion, cheaper raw materials such as offal (liver,
kidneys, etc.), collagen or hydrolysed proteins
produced from leather industry residues or animal
remains (feathers, horns) could be used to repla-
ce and/or supplement muscle tissue (Gatmaitan et
al.,, 2021; Grundy et al., 2016; Wagner et al., 2020).
Meat could also be adulterated by the addition of
various additives (Visciano and Schirone, 2021).
Therefore, meat identification is essential for food
quality control, food safety assurance and consu-
mer protection.

The development of methods for the synt-
hesis and analysis of nucleic acids had a great
influence on the development of methods for the
identification of individual animal species, which
in turn influenced the implementation and deve-
lopment of methods for product authentication
(Gvozdanovic et al., 2017). PCR is a rapid, simple
and specific method that allows amplification of a
specific part of the DNA molecule and allows easy
characterization and comparison of genetic mate-
rial between different individuals and organisms.
One of the main advantages of DNA molecule-ba-
sed methods is their high discriminatory power
and sensitivity, which allows the detection of 0.1%
or even lower amounts of a specific meat speciesin
a food product (Chung, 2018; Kumar et al., 2015; Li
et al., 2021). The unique features of the DNA mole-
cule allow the identification of different and related
animal species, not only in raw meat products, but
also in products that have been subjected to heat
treatment and/or treated with various chemical
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compounds, and even in rendered animal produ-
cts (Kaltenbrunner et al., 2018; Kang and Tanaka,
2018; Kumar et al., 2015; Li et al., 2020; Ruiz-Val-
deperias Montiel et al., 2017; Spychaj et al., 2009;
Xu et al., 2018). The most commonly used PCR-ba-
sed methods for meat and meat product authen-
tication are multiplex PCR, restriction fragment
length polymorphism (PCR-RFLP), random ampli-
fied polymorphic DNA (PCR-RADP), species-speci-
fic PCR, single-strand conformation polymorphi-
sm (PCR-SSCP), and real-time PCR (g-PCR). Overall,
the aim of this review was to describe the princi-
ple, advantages and disadvantages of the PCR
methods most commonly used in meat species
identification.

PCR methods

The PCR reaction allows amplification of
a specific nucleotide sequence of the initial DNA
sample under in vitro conditions. In meat species
identification, the target genes and DNA fragments
used as molecular markers are mainly derived
from mitochondrial DNA, e.g. D-loop, cytochro-
me b sequences, cytochrome c oxidase subunit I,
[l and Il genes, ATPase subunit 6 and 8, 12SrRNA
and 16SrRN (Li et al., 2020). There are several ways
to verify the authenticity of meat and meat produ-
cts using PCR technique. The simplest strategy for
assessing the presence of a species consists of a
three-step cycle of DNA fragment synthesis (dena-
turation, primer addition, and elongation) followed
by gel electrophoresis, sequencing, or hybridizati-
on (Spychaj et al., 2009). Additional conformatio-
nal methods and/or analyses of fragments can be
performed using the other most commonly used
PCR-based methods, e.g. multiplex PCR, PCR-RFLP,
PCR-RAPD, species-specific PCR, PCR-SSCP and
RT-PCR. Different protocols for the above menti-
oned methods have been developed for efficient
amplification of variable regions within an ample
range of organisms (Table 1), while their applica-
tion in authenticity assessment of meat and meat
products is reflected in Table 2.

Multiplex PCR

Multiplex PCR consists of a mixture of
primer pairs that allows the simultaneous amplifi-
cation of multiple DNA targets in a single reaction
tube, with the products identified on agarose gels
(Shen, 2019; Wu et al., 2018). It can be designed as
a single PCR reaction using multiple primer sets
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Table 1 PCR-based techniques developed for animal species identification

Reference Method applied Identified species

Liu et al., 2019 . dog, chicken, cattle, pig, horse, donkey, fox, rabbit
Wu et al., 2018 multiplex PCR fox, dog, mink, rabbit

Al. et al., 2020 cattle, water buffalo, horse, donkey
Gargouri et al., 2021 PCR-RFLP dromedary, rabbit, goat, turkey, rat, donkey, pork
Vaithiyanathan et al., 2021 camel

Jinetal., 2006 freshwater salmonids

Koh et al., 1998 PCR-RAPD wild boar, rabbit, kangaroo, pig, horse, bison, cow
Lin et al., 2019 Holstein, Angus, Taiwan Yellow cattle

Amaral et al., 2014

Karabasanavar et al., 2017 species-specific PCR

hare, rabbit, red deer, pork, cow
beef

Badietal., 2021

sheep, goats, Japanese quails, African ostriches

Sivaraman et al., 2019 PCR-SSCP snapper species
Ainaetal., 2019 wild boar
Chenetal., 2020 RT-PCR beef
Orbayinah et al., 2019 pork

to amplify specific regions, or as a reaction using
multiple regions and multiple primer sets in the
same reaction tube. In addition, multiplex PCR
can be a final or preliminary analysis that prece-
des hybridization or sequencing (Lees, 2003;
Shen, 2019). Simultaneous amplification preser-
ves time and resources for test preparation as well
as the risk of cross-contamination due to minimal
sample handling. Although optimising conditions
can sometimes be time consuming, this method
allows for primer and polymerase conservation
and provides great flexibility in experimental desi-
gn as well as overcoming limited primer kinetics
and fragment competition (Shen, 2019).

Restriction fragment length polymorphism
(PCR-RFLP)

PCR-RFLP is based on the DNA fragment
cleavage reaction by restriction endonucleases to
detect polymorphisms, which involve changes in
the DNA sequence in a single nucleotide (Hashim
and Al-Shuhaib, 2019; Rasmussen, 2012). PCR-R-
FLP represents a rapid and sensitive method that
has high reproducibility and allows discrimination
between closely related species, as well as discri-
mination between different species (Chappalwar et
al., 2020; Pascoal et al., 2004). Although PCR-RFLP
is one of the most important molecular methods
for meat species identification, the method is
complex, requires a properly equipped labora-
tory and expensive enzymes, while the enzymatic
process is prone to incomplete digestion and leads
to unreliable results (Alikord et al., 2018; Kumar et
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al., 2015; Li et al., 2020). Moreover, the technique
is not suitable for the simultaneous analysis of a
large number of polymorphisms due to the diffe-
rent requirements of primers and restriction enzy-
mes (Rasmussen, 2012).

Random amplified polymorphic DNA (PCR-RAPD)

RAPDs are randomly amplified DNA
segments produced by a PCR reaction using short
primers. The analytical procedure involves isola-
tion of DNA and its amplification by PCR reaction
followed by electrophoretic separation and visu-
alization of polymorphisms (Kumari and Thakur,
2014). The main advantage of PCR-RFLP is that
the method does not require prior knowledge of
the species to be identified. The method is sensi-
tive, inexpensive and does not require expensi-
ve and highly specialized equipment. On the other
hand, due to the high sensitivity to reaction condi-
tions, there is a lack of reproducibility that some-
times cannot be compensated by standardizati-
on. Moreover, since short, randomly distributed
primers can amplify DNA fragments from a large
number of organisms, there is a risk of DNA conta-
mination. On the other hand, gel electrophoresis
allows quantitative (by size) but not qualitative (by
nucleotide sequence) separation of fragments. The
application of the PCR-RAPD method is limited in
intensively processed products and meat mixtu-
res due to the specific reaction conditions and DNA
fragmentation (Chappalwar et al., 2020; Kumari
and Thakur, 2014).
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Species-specific PCR

Species-specific PCR is based on the use
of conserved or specifically designed primers
that allow direct identification of defined DNA
segments with sufficient species-specific variation.
It is a rapid, accurate and highly sensitive method
without the need for further sequencing or cleava-
ge of PCR products. In order to design primers, it
is necessary to know the nucleotide sequence of
the gene that serves as the base. In other words,
it is necessary to suspect the presence of a parti-
cular meat species in the sample before perfor-
ming an analysis. This method can be applied to
the analysis of a large number of samples, and of
particularimportance is its application to heat-tre-
ated foods (Alikord, 2018; Chappalwar, 2020; Kara-
basanavar et al.; Spychaj, 2009).

Single-strand conformation polymorphism
(PCR-SSCP)

PCR-SSCP is a technique in which segments
of DNA are amplified using specific primers. Then,
the single-stranded DNA molecules are put into
gel electrophoresis to determine the differen-
ces in nucleotide sequences. The main concept of
PCR-SSCP is based on the fact that the electrop-
horetic mobility of nucleic acids in a non-denatu-
ring gel depends on their shape and size (Badi et
al., 2021; Hashim and Al-Shuhaib, 2019). Thus, the
ability to detect mutations depends on how the
mutation affects bending and how bending alone
affects electrophoretic mobility (Hayashi, 1992).
Although the method PCR-SSCP can be applied
to many genes and many organisms, optimizati-
on steps are required because the main difficulty
in genotyping PCR products is related to the exact
conformation of a DNA fragment, which cannot be
determined under the influence of variable para-
meters (e.g., amplicon sizes, porosity of gels, etc.).
Moreover, before loading PCR amplicons into the
polyacrylamide gels, various pre-electrophoresis
steps must be performed (Badi et al., 2021).

Real time PCR (RT-PCR)

The RT-PCR method is performed by moni-
toring the fluorescence signal, which allows infe-
rence of the initial amount of target genes witho-
ut additional steps (Xu et al., 2018). The results of
RT-PCR method can be qualitative, indicating the
presence or absence of DNA sequences, and quan-
titative, indicating the initial concentration of the
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DNA molecule. SYBR Green and TagMan techno-
logy are widely used for quantitative detection of
DNA (Kumar et al., 2015; Li et al., 2020). In addition,
amplification and analysis of results in "real time"
reduces the need for manipulation after cycles
have been performed, thus reducing the possibi-
lity of sample contamination (Shen, 2019). In the
RT-PCR design, the purity, quality, and concen-
tration of the DNA template affect the quantita-
tive results. The single-stranded DNA, RNA, and
DNA polymerase could cause false positive or false
negative results (Kang and Tanaka, 2018; Li et al.,
2020; Xu et al., 2018). However, the current applica-
tion of RT - PCR in research is limited by the relati-
vely high cost of reagents and equipment, and the
complexity of design and optimization (Liu et al.,
2019; Safdar and Junejo, 2015).

Gonclusion

The authenticity and safety of meat and
meat products is a major concern for consu-
mers and especially the meat industry. Identifi-
cation of meat species is important not only for
consumer confidence in food products, but also
to ensure their protection in financial, health and
ethical terms. Nowadays, PCR-based methods for
species identification have replaced other conven-
tional techniques. They represent rapid, relia-
ble, specific and sensitive methods for authenti-
city testing. Thanks to the properties of the DNA
molecule, PCR-based methods allow species iden-
tification in raw and processed foods. They also
allow differentiation between different and within
the same species. However, their applicability
depends on the nature of the sample and the requ-
irements of the tests to be performed. PCR-RAPD
is not applicable to intensively processed produ-
cts and meat mixtures, while species-specific PCR
requires knowledge of the nucleotide sequence of
the target species. In addition, methods such as
PCR-RFLP and RT-PCR require sophisticated equi-
pment. Nevertheless, the use and further develop-
ment of PCR-based methods for meat authentica-
tion will continue to increase.
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ZNANSTVENO STRUCNI DIO

Lancana reakcija polimerazom u identifikaciji vrsta mesa
Saistak

Hrana se smatra autenticnom kada proizvod ili njegov sadrzaj odgovaraju izvornom stanju i
podacima na deklaraciji. Odstupanja od tvrdnji i navoda na deklaraciji smatraju se nesukladnostima s
propisima o hrani. Zbog pojacane svijesti o problemu i negativnim ucincima patvorenja hrane, na kon-
zumaciju mesa znacajno utjece percepcija potrosaca o kvaliteti i sigurnosti hrane, pri ¢emu je isprav-
no deklariranje jedan od najvaznijih ¢imbenika koji utjece na preferencije u vidu odabira i kupovine
mesa i mesnih proizvoda. Zbog navedenog razloga, analiticke metode koje se upotrebljavaju za prov-
jeru autenticnosti vazne su radi osiguranja kvalitete proizvoda, sigurnosti hrane, ali i zaStite potrosaca.
Zamjena vrsta mesa nije jedini kriterij kojim se utvrduje njegova autenticnost, te obuhvada i podrijet-
lo mesa, nacin njegove prerade, kao i dodatak ostalih sastojaka. Lan¢ana reakcija polimerazom (PCR)
i njezine modifikacije prepoznate su kao najprikladnije metode za identifikaciju vrsta u sirovom i teh-
noloski preradenom mesu. PCR metode uglavnom se temelje na identifikaciji ciljane regije mitohondri-
jske DNK, sto omogucuje detekciju vrsta u Sirokom spektru mesnih proizvoda, ukljucujuci sve domacde
Zivotinje, kao i meso divljaci koje se upotrebljava u prehrani ljudi. Unato¢ navedenome, PCR metode
posjeduju odredene nedostatke, te tako primjerice, PCR-RAPD nije prikladan za identifikaciju vrsta
mesa u mjesavinama, kao i termicki preradenog mesa, dok su neke metode skupe, dugotrajne i pos-
jeduju poteskoce vezane uz interpretaciju rezultata. U ovom radu predstavljene su i opisane najvazni-
je metode koje se temelje na PCR tehnici, a upotrebljavaju se za identifikaciju vrsta mesa.

Key words: identifikacija vrsta mesa; PCR; patvorenje mesa; autenticnost hrane

Polymerase-Kettenreaktion zur Identifizierung von Fleischarten
Lusammenfassung

Lebensmittel gelten als authentisch, wenn das Produkt oder sein Inhalt mit dem Originalzu-
stand und den Angaben auf der Deklaration Gbereinstimmt. Abweichungen von den Behauptungen
und Angaben auf der Deklaration werden als VerstoRe gegen die Lebensmittelvorschriften angeseh-
en. Aufgrund des gestiegenen Bewusstseins fiir das Problem und die negativen Auswirkungen von
Lebensmittelbetrug wird der Fleischkonsum mafigeblich von der Wahrnehmung der Verbraucher in
Bezug auf die Lebensmittelqualitat und Sicherheit beeinflusst. Daher ist eine genaue Etikettierung
einer der wichtigsten Faktoren, die die Verbraucherpraferenzen bei der Auswahl und dem Kauf von
Fleisch und Fleischerzeugnissen beeinflussen. Aus diesem Grund sind Analysemethoden zur Uberprii-
fung der Echtheit von Fleisch und Fleischerzeugnissen wichtig, um die Produktqualitat, Lebensmittel-
sicherheit und den Verbraucherschutz zu gewahrleisten. Die Substitution von Fleischsorten ist nicht
das einzige Kriterium fur die Bestimmung der Echtheit von Fleisch und Fleischerzeugnissen, sondern
auch die Herkunft des Fleisches, die Behandlung des Fleisches und der Zusatz von sonstigen Zutat-
en. Die Polymerase-Kettenreaktion (PCR) und die davon abgeleiteten Technologien haben sich als die
am besten geeigneten Methoden zur Identifizierung von Arten in rohem und technologisch verarbeite-
tem Fleisch erwiesen. Die PCR-Methoden basieren hauptsachlich auf der Identifizierung der Zielregion
der mitochondrialen DNA, was den Nachweis von Arten in einer breiten Palette von Fleischerzeugnis-
sen ermoglicht, einschlieBlich aller Haustiere und des flir den menschlichen Verzehr bestimmten Wild-
fleischs. Sie haben jedoch auch einige Nachteile. So eignet sich beispielsweise die zufallig amplifizierte
polymorphe DNA (PCR-RAPD) nicht fiir den Artennachweis in Fleischmischungen und in thermisch ve-
rarbeitetem Fleisch. Andererseits sind einige Methoden teuer und zeitaufwendig, und die Ergebnisse
sind schwer zu interpretieren. In diesem Artikel werden die wichtigsten PCR-basierten Methoden zur
Identifizierung von Fleischarten vorgestellt und beschrieben.

Schliisselworter: Fleischartenbestimmung; PCR; Fleischbetrug; Lebensmittelechtheit
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SCIENTIFIC AND PROFESSIONAL SECTION

La reaccion en cadena de a polimerasa en [a identificaciin del tipo de carne
Resumen

Los alimentos se consideran auténticos cuando el producto o su contenido corresponde al estado
original y a los datos de la declaracion. Las divergencias de las declaraciones se consideran incumplimien-
tos de las regulaciones alimentarias. Debido a la mayor conciencia sobre el problema y los efectos negati-
vos de la falsificacion de los alimentos, el consumo de carne esta significativamente influenciado por las
percepciones de los consumidores sobre la calidad y seguridad de los alimentos, siendo la declaracion cor-
recta uno de los factores mas importantes que influyen sobre las preferencia a la hora de elegir y comprar
la carne y los productos carnicos. Por esta razon, los métodos analiticos utilizados para verificar la auten-
ticidad son importantes para garantizar la calidad del producto, la seguridad alimentaria, pero también
la proteccién del consumidor. La sustitucion de tipos de carne no es el Unico criterio para determinar su
autenticidad e incluye el origen de la carne, el método de procesamiento, asi como la adicion de otros ingre-
dientes. La reaccion en cadena de la polimerasa (PCR) y sus modificaciones son identificadas como los mét-
odos mas apropiados para identificar los tipos de carne en la carne cruda y la carne procesada tecnolégi-
camente. Los métodos de PCR estan basados principalmente en la identificacion de las secuencias cortas
de la ADN mitocondrial, lo que permite la deteccion de especies en una amplia gama de productos carnic-
0s, incluidos todos los animales domésticos, asi como la carne de caza para el consumo humano. A pesar
de esto, los métodos de PCR tienen ciertas deficiencias, por lo que, por ejemplo, el PCR - RAPD no es adec-
uado para identificar tipos de carne en mezclas, asi como carne procesada térmicamente, mientras que al-
gunos métodos son costosos, consumen mucho tiempo y dan resultados dificiles para interpretar. Este arti-
culo presenta y describe los métodos mas importantes basados en la técnica de PCR, que se utilizan para
identificar los tipos de carne.

Palabras claves: identificacién del tipo de carne; PCR; falsificacion de la carne; autenticidad de los alimentos

Reazione a catena della polimerasi nell'identificazione della varieth di carne
Riassunto

Il cibo e considerato autentico o genuino quando il prodotto o il suo contenuto corrispondono alla con-
dizione originale e ai dati dell’etichetta. Ogni deviazione dalle asserzioni e dalle indicazioni contenute nell’etichet-
ta e considerata difformita rispetto alla normativa sul cibo. A causa della maggior consapevolezza rispetto al
problema e riguardo agli effetti negativi del cibo contraffatto, sulla consumazione della carne incide significati-
vamente la percezione del consumatore circa la qualita e la sicurezza del cibo, laddove la corretta etichettatura
€ uno dei fattori pitl importanti che incidono tanto sulle preferenze riguardo alla scelta, quanto sull’acquisto del-
la carne e dei prodotti a base di carne. Per quanto detto, i metodi analitici che si utilizzano per verificare I'auten-
ticita sono importanti ai fini di garantire non solo la qualita del prodotto e la sicurezza alimentare, ma anche la
tutela dei consumatori. La sostituzione della varieta di carne non € l'unico criterio per accertarne l'autenticita, e
comprende anche lorigine della carne, le modalita della sua lavorazione e, infine, l'aggiunta di altri ingredien-
ti. La reazione a catena della polimerasi (PCR) e le sue modificazioni sono riconosciute come il metodo piu ido-
neo all’identificazione delle varieta nella carne cruda e in quella sottoposta a processo tecnologico di lavorazi-
one. | metodi PCR si basano, in linea di massima, sull'identificazione di una regione del DNA mitocondriale, il che
consente la individuazione della varieta in una vasta gamma di prodotti a base di carne, compresi tutti gli anima-
li d’allevamento e la carne degli animali selvatici che viene utilizzata nell’alimentazione umana. Nonostante cio, i
metodi PCR presentano determinate lacune e cosi, ad esempio, il PCR-RAPD non € idoneo all’identificazione del-
la varieta di carne nei mix di carni, come anche nella carne termicamente trattata, mentre altri metodi sono cos-
tosi, hanno una durata eccessiva e presentano difficolta legate all’interpretazione dei risultati. In questo studio
vengono presentati e descritti i metodi piu importanti che si basano sulla tecnica PCR, utilizzati per l'identificazi-
one delle varieta di carne.

Parole chiave: identificazione delle varieta di carne; PCR; contraffazione della carne; autenticita del cibo
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