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Chapter

Tracing the Domestic Pig Using the
Omics Technologies

Ivona Djurkin KuSec and Kristina Gvozdanovié

Abstract

Pork represents one of the most important sources of protein in the human diet.
Consumers today expect their food to be safe and of expected quality. Therefore,
traceability and originality of the product must be guaranteed. This chapter provides
an overview of the different approaches used for traceability and authentication
of pork and pork products. Different DNA-based methods for meat speciation
and authentication are described and their potential for use in the pork industry is
highlighted.

Keywords: traceability, authentication, genomics, pork, product

1. Introduction

Pork is today one of the most important sources of protein in the human diet.
Modern consumers expect their food to be not only safe but also of the expected
quality, especially if the product is labelled with one of the quality trademarks, such
as PDO (Protected Designation of Origin), PGI (Protected Geographical Indication)
or TSG (Traditional Specialty Guarantee). The originality of the product, but also its
traceability, which ensures the claimed quality, must therefore be guaranteed at all
stages of production, from the raw material to the final product. In this context, it is
necessary to distinguish between authenticity and traceability. The term authenticity
refers to the genuineness and integrity of the food product. It is considered the key to
accuracy, helping consumers to choose a particular product based on its claims [1]. On
the other hand, traceability is defined as the ability to trace a food, feed, food-produc-
ing animal or ingredients through all stages of production and distribution [2], which
can protect consumers from fraud and producers from unfair competition. In meat
adulteration, the meat of a declared animal species is replaced (in whole or in part) by
cheaper meat of lower quality, vegetable proteins or undeclared ingredients such as
components of animal origin (e.g. blood plasma). In addition, non-meat ingredients
such as water and additives are added, the geographical origin of the meat and/or
the feeding of the animals are falsely declared, and undeclared processing methods
are used in meat products [3]. All of this constitutes not only consumer fraud but
can also have a negative impact on the safety of the final product. Furthermore, they
restrict the freedom of choice of consumers, especially those who opt for a strict diet
for religious reasons, as the consumption of certain types of animals is not allowed in
some religions.
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There are several methods available for the authentication and traceability of
pork products, but the most accurate results are obtained using omics technologies,
and more specifically DNA-based technologies. Although proteomics and metabo-
lomics are also considered as “omics” technologies, these two approaches are not in
broader use because of their shortcomings, such as the low number of species that
can be determined simultaneously, the low sensitivity of some methods and the
high cost of sample examinations, the instability of biomolecules of interest and
the lack of species-specific biomarkers that could enable quantitative evaluation
in order to detect mixed samples. The reasons why DNA-based technologies are
preferred over other, is the stability of DNA, the ability to simultaneously detect
more than one species or an unknown species in a product, the simplicity of the
methods and their cost-effectiveness. On the other hand, one should bear in mind
that DNA can degrade in highly processed or thermally treated products. In these
cases, another method of analysis should be considered.

Traceability in terms of detection of the species within a product is usually
achieved by analysis of the mitochondrial genome (mtDNA) due to its highly poly-
morphic nature, and the fact that it is almost exclusively maternally inherited and
without genetic recombination [4]. Within the mtDNA cytochrome b (cytb) gene is
almost always targeted for meat speciation purposes.

The cytb gene is one of 37 genes within the circular mitochondrial genome [5] and
is ideal for species identification because it has limited variability interspecies within
and much greater variation between species [6]. Other target genes and DNA frag-
ments used as markers for species identification include cytochrome oxidase subunit I
(COI), the mitochondrial D-loop region, 16 s rRNA and 12 s rRNA.

The aim of this chapter was to give an up-to-date overview of the available omics
technologies for pig traceability and pork product authentication, to point out their
advantages and possible disadvantages, and to present their cost-effectiveness taking
into account the robustness of the method, simplicity, human effort and price.

2. DNA methods for meat speciation
2.1 Species-specific polymerase chain reaction

Most DNA-based methods used for speciation of meat are based on the polymerase
chain reaction (PCR), which can be used alone for this purpose or supplemented by
further analyses such as sequencing or RFLP (restriction fragment length polymor-
phism). The specificity of PCR assays depends on the target sequences, which depend
on the choice of appropriate primers for the detection of the species of interest. In this
way, efficient detection of the target species can be performed with high sensitivity
(even as low as 10 picograms; 0.1%; [7]) and in different meat mixtures (0.01% pork/
meat: w/w; [8]) with relatively low cost and labour. The disadvantage of the method
is that the meat species of interest have to be targeted, so there is no possibility to
detect additional species that might be present in the meat product (Table1).

2.2 Polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP)

PCR-RFLP presents a method of detecting species within a mixture by digest-
ing the resulting fragments and then separating them according to size by gel
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electrophoresis. It should be noted that in the event that one needs to detect several
species simultaneously in one reaction, more than one digestion enzyme usually
needs to be used. Nevertheless, the method itself is qualitative, very sensitive, quite
cost-effective and has been successfully applied to various mixed products, which is
why it is still used as the preferred method in various laboratories (Table 2) [22].

Species Product Gene Reference
Pig Sausages 12S rRNA [9]
Pig, sheep, cattle, buffalo, goat Meat Mitochondrial cytochrome b [10]
mixtures
Pig, cattle, goat, horse, donkey, Raw meat Mitochondrial cytochrome b, [11]
chicken 12S rRNA, 16S rRNA
Pig, cattle, duck, chicken, turkey, Sausages Cytochrome Oxidase Subunit [12]
goose I(COI)
Pig, chicken, beef, sheep Sausages Mitochondrial cytochrome b [13]
Pig, cattle, chicken, bata fish, sheep Raw meat Mitochondrial 12S rRNA [14]
Pig, camel, pigeon, chicken, duck, Processed Mitochondrial cytochromes b [15]
horse, beef meat
products
(sausages,
meatballs,
kebab)
Table 1.
Overview of studies using species-specific PCR for the detection of pork in different products.
Species Product Gene Reference
Pig, beef, chicken Processed meat products Mitochondrial [16]
(meatballs, streaky bacon, Cytochrome B
frankfurter/hot dog, and burger)
Pig, wild boar Raw meat Mitochondrial [17]
Cytochrome B
Pig Meatballs Mitochondrial [18]
Cytochrome B
Pig Sausages Mitochondrial D-loop, [8]
Cyt-b, and eukaryotic
18S rRNA
Pig, dog, cat, chicken, goat, Meat mixtures Mitochondrial [19]
dromedary, rat, rabbit, cytochrome b
donkey, turkey
Pig, beef, buffalo, chicken, Raw meat Mitochondrial [20]
duck, goat, sheep cytochrome b
(cytb) and NADH
dehydrogenase
subunit 5 (ND5)
Pork, beef, poultry Meat mixtures 12SrRNA, 16S rRNA, [21]

Cyt-b

Table 2.

Overview of studies using PCR-RFLP for the detection of pork in different products.
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2.3 Quantitative PCR (qPCR)

Quantitative (often called real-time PCR) is perhaps the most widely used method
for species detection. Although quantitative in nature, it is also qualitative and therefore
can be more widely interpreted than other methods that are used for detecting pork.
The main principle of the method relies on exponential quantification of the starting
amount of specific DNA by using different fluorescent reporters for monitoring the
amplification of the DNA in real-time. Fluorescence is measured after each cycle and
the intensity of the signal reflects the amount of DNA amplicons in the sample at a given
time [23]. The point at which the fluorescence intensity rises above the detectable level
is proportional to the initial number of template DNA molecules in the sample. This
point is called the quantification cycle (Cq) and allows the determination of the absolute
amount of target DNA in the sample. This is achieved from a calibration curve generated
from serially diluted standard samples with known concentrations or copy numbers
[24]. Two strategies are available for visualising DNA amplicons: non-specific fluores-
cent DNA dyes (e.g. Sybre Green I and EvaGreen) and fluorescently labelled oligonucle-
otide probes (e.g. TagMan Probes; [25, 26]). Although both approaches are used for the
speciation of meat, probe-based chemistry predominates due to its higher specificity
mediated by an additional oligonucleotide (i.e. probe) and also due to its ability to simul-
taneously detect more than one species in a single reaction (multiplex PCR). Multiplex
PCR can be designed either as a single-template reaction, in which multiple primer sets
are used to amplify specific regions, or as a multi-template reaction, in which multiple
templates and multiple primer sets are used in a single reaction. It is less expensive but
more complicated to design and can be less sensitive than PCR with one primer set. The
PCR products obtained can be further analysed by massively parallel sequencing, gel/
capillary electrophoresis or by real-time PCR (Table 3) [31].

2.4 Loop-mediated isothermal amplification (LAMP)

By loop-mediated isothermal amplification (LAMP) the DNA is amplified with
high specificity, efficiency and speed under isothermal conditions. The method is
performed using a DNA polymerase and a set of four designed primers that recognise
four to six distinct target gene sequences. The following primer pairs are used in the

Species Product Gene Reference
Pig, cow, chicken, goat Processed meat Mitochondrial cytochrome b [27]
(meatballs)
Pig, chicken, fish, Commercially processed Mitochondrial cytochrome b [28]
cuttlefish, shrimp, beef foods
Pig, horse, beef Processed meat Beta ()-actin (ACTB) gene, [29]
growth hormone receptor gene
(GHR)
Pig, chicken, beef, camel, Processed meat, Mitochondrial 12S rRNA [30]
rabbit, sheep, goat sausages
Pig, cow, sheep, goat, Processed meat Mitochondrial cytochrome b [16]
chicken (burger)
Table 3.

Overview of studies using quantitative PCR for the detection of pork in different products.
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Species Product Gene Reference

Pork, chicken, cattle Raw meat Mitochondrial 12S [33]
rRNA

Pig, cattle, sheep, chicken, duck Meat mixtures Mitochondrial [34]
cytochrome b

Pig, cattle, buffalo, sheep, goat, fox, Heat-processed meat, Mitochondrial DN1 [35]

rabbit, rat, dog, chicken, duck, fish meat mixtures

Pig, lamb, chicken, beef Raw meat Mitochondrial D-loop, [36]
18S rRNA

Pig, beef, buffalo, mutton, chevon Raw meat, sausage, Mitochondrial D loop [37]

salami
Pig, chicken, duck, sheep Sausage Beta-actin [38]
Table 4.

Overview of studies using LAMP technology for the detection of pork in products.

method: the internal primers (forward internal and internal backward); the external
primers (forward and backward); the optional loop primers (loop primer forward and
loop reverse primer). The internal primers are 45-49 bp in length and complementary
to two widely separated sites on the template; the external primers are 21-24 bp in
length and are added to the reaction mixture at lower concentrations so that they

bind to the template more slowly than the internal primers. The internal and external
primers, both forward and backward, in combination with Bst DNA polymerase (from
Bacillus stearothermophilus DNA Polymerase I), which has high strand displacement
activity at 60-65°C, produce a dumbbell-shaped DNA structure [32]. In this way, up to
109 copies of the amplified DNA can be produced in less than one hour (Table 4).

2.5 Digital PCR

Digital PCR (ddPCR) improves the sensitivity of qPCR by allowing precise abso-
lute quantification of nucleic acids. The method is based upon sample partitioning,
i.e. the division of samples into discrete units before amplification. The sample is pre-
pared in a similar way qPCR, but then divided into approximately 20,000 partitions
(droplets), each of which (ideally) contains zero or one (or at most a few) template
molecules. Each partition is treated as a single PCR reaction. After amplification,
each partition can be analysed to determine whether it contains a template molecule.
Samples containing an amplified product are treated as positive (1, fluorescent) and
those without (or with very little) fluorescence as negative (0). The method is not
based on the number of amplification cycles (as in qPCR), but on Poisson statistics by
which the exact copy number of the template can be estimated. Compared to qPCR,
ddPCR is more accurate, but is also less sensitive to factors that can affect PCR reac-
tion (such as the quality of the extracted DNA due to thermal processing of the meat,
primer-dimers etc.). Furthermore, ddPCR is easier to perform compared to real-time
PCR, although the costs for consumables and equipment are somewhat higher [39].
In meat speciation studies, the method proved to be very sensitive for different types
of meat (e.g. beef, pork, horse, sheep, turkey) with a limit of quantification of 0.01%
and a limit of detection of 0.001% [40]. Furthermore, the study of Basanisi et al. [41]
showed that the analytical sensitivity, defined as the lowest DNA concentration from
each species for which at least 95% of the replicates were positive, was 0.1 pg. pL ™" for
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#ID Sample type Number of DNA samples per pL
Horse Beef Pork Sheep Chicken Turkey
1 Turkey/chicken — — 54 — 156.5 674
sausage
2 Pork sausage pesto — — 2790 — 15 2.8
3 Chicken burger — — — — 17.40 235
4 Pork/beef burger — 437 53 — — —
5 Minced beef/pork — 970 369 — — 4.5
meat
6 Minced pork meat — 33 979.5 — — —
7 Pork sausage — 12.5 941 — — 2.6
8 Beef burger — 4575 — — — —
9 Beef meatball — 5155 — — — —
10 Sheep meat — — — 7320 — —
11 Horse fillet 2820 — — — — —
12 Minced horse 584 18.3 — — — —
meat
13 Pork sausage — — 4765 — — —
14 Turkey burger — — 5.5 — 5 1681
15 Beef burger — 1393.5 — — — —
16 Pork burger — — 918 — 1.6 —
17 Turkey/chicken/ — — 572 — 685 2627
pork burger
18 Pork sausage — — 742 — 18.1 —
19 Horse/pork 4675 495 2275 — 12 1
sausage
20 Horse sausage 1702 — 849.5 — — —
Table 5.

Species identification in commercial products after digestion by ddPCR [41].

pig and chicken and 0.01 pg. pL~" for bovine, horse, sheep and turkey. A typical result

of ddPCR in different products is shown in Table 5.

Table 6 gives an overview of studies using ddPCR for the speciation of meat (with
emphasis on pork) in different products.

2.6 DNA-barcoding

DNA barcoding is a fairly new molecular and computational system that combines
DNA sequencing with bioinformatics analysis to accurately identify all species of
animals, plants, fungi and bacteria. The method was developed in 2003 by Herbert
et al. [46] who proposed the usage of the mitochondrial gene of cytochrome c oxidase
subunit 1 (cox1 or COI) for the creation of a “DNA barcoding system”. The method
is based on sequencing the full-length DNA barcode with an approximate length of
650 base pairs (bp) in the mitochondrial gene for cytochrome c subunit I and then
comparing it with the reference sequence organised in the barcode database (The
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Species Product Gene Reference
Pig, beef, horsemeat Meat mixtures Mitochondrial cytochrome b [40]
Pig, beef, horse, rabbit, donkey, sheep, Raw meat Replication protein A1 (RPA1) [39]

goat, dog, chicken, duck, pigeon,
goose, turkey

Pig, chicken Meat mixtures Beta (f)-actin (ACTB) [42]
Pig, beef, horse, sheep, chicken, turkey Raw meat, Mitochondrial cytochrome b [41]
sausages
Pig, beef, chicken, mutton Meat mixtures Beta (B)-actin (ACTB) [43]
Pig, cattle, buffalo, chicken, sheep, Sausages Mitochondrial cytochrome b [44]
duck, horse
Pig, chicken, beef Raw meat Beta (B)-actin (ACTB) [45]
Table 6.

Overview of studies using ddPCR technology for the detection of pork in different products.

Barcode of Life Data System (BOLD); http://www.barcodinglife.org). The method
proved effective for detecting fish adulteration [47], but also for distinguishing
different types of meat in a product [12], and was employed for detecting adultera-
tion of deer meat with pork in canned food in China [48]. It should be however
emphasised that the barcoding method works better in individual meat types than for
mixtures. In addition, for moderately or highly processed foods, where DNA may be
highly degraded, PCR amplification of full-length barcodes can be challenging [49].
In these cases, a mini-barcoding method that focuses on the analysis of short-length
DNA markers is the preferred method [50]. Mini barcodes are 100-300 bp long DNA
fragments in COI barcode region that can provide information for single species
identification with a resolution of >90%. In addition to COI, other mini-barcodes
such as cytochrome b or 16 s ribosomal RNA genes can be employed for phylogenetic
analyses or for COI barcode complementary analyses. For example, the study by Xing
et al. [S0] showed that in highly processed meat products complete COI barcoding
failed in 44% of cases, however, the authors successfully obtained the 16S rRNA
mini-barcodes from nearly 90% of these cases.

2.7 Microsatellites (SSRs)

Microsatellites are molecular markers that represent short sequences of up to 6
nucleotide repeats. They are often referred to as Simple Sequence Repeats (SSRs),
Variable Number Tandem Reapats (VNTR) or Short Tandem Repeats (STRs). The
basic characteristics of microsatellites are a codominant mode of inheritance, a high
representation in the genome and a high degree of polymorphism. One of their char-
acteristics is the high mutation rate, which is up to 1000 times higher than for intron
DNA [51, 52]. The method is based on a robust selection of fluorescently labelled
markers that can be combined into multiplexes depending on size and annealing
temperature. This is followed by a PCR reaction in a thermocycler and then sequenc-
ing of the products obtained. The sequencing results are interpreted with different
programmes depending on the goal of the profiling. For example, in breed/product
authentication studies, the number of microsatellite markers is optimised based on
several parameters such as allele frequency and the number of private alleles in the
population, polymorphism information content (PIC) and match probability value.
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For meat speciation studies these steps are not necessary, only the match probability
is calculated. The match probability method is based on the probability of finding two
individuals in the population who share the same genotype, taking into account the
likelihood ratio (LR).

Due to their high polymorphism, the amount of information that we can obtain,
and also the low cost of analysis compared to other available DNA methods, micro-
satellites are widely used as molecular markers in genetic diversity studies, parentage
analysis and authentication of meat from different livestock species [53-57]. However,
the method is not so commonly used for meat speciation. Nevertheless, there are suc-
cessful implementations of meat speciation using STRs, such as a panel of 16 microsat-
ellites used by Rebata et al. [58] to distinguish between wild and domestic pigs.

2.8 Single nucleotide polymorphisms (SNPs) and SNP chips

Single Nucleotide Polymorphism (SNP) is the most common variation that occurs
in a DNA fragment. A nucleotide is considered polymorphic if it exists in at least two
versions, with the frequency of the more common version being less than 99%. The
SNPs discovered so far are stored in a publicly accessible database at http://www.ncbi.
nlm.nih.gov/SNP; http://snp.cshl.org. Given the large number of SNPs discovered, it
is important to distinguish the important from the unimportant SNPs, i.e. those that
affect gene function and expression [59]. Negrini et al. [60] noted that the frequency
of SNPs can be as high as every 500 base pairs and that they often occur outside the
coding regions. Given their high frequency in the genome, their genetic stability and
simplicity together with the cost-effectiveness of the method, makes SNPs preferred
markers in many situations.

The number of SNPs used for traceability purposes varies: there may be one
within a gene or many, as in SNP microarrays (SNP chips). For example, the study
by Fontanesi et al. [61] identified a g.299084751C > T SNP in the NR6A1 gene that
determines the number of vertebrae in pigs to distinguish the meat of wild boar from
that of domestic pigs. This was later confirmed by Koseniuk et al. [62].

SNP chips (microarrays) are a high-throughput laboratory tool used for the detec-
tion of a large number of SNPs within a species/breed/individual. The technology is
based on known nucleotide sequences which are then used as probes to hybridise with
the DNA sequences tested. The method is very robust and nowadays quite inexpen-
sive, and is therefore used in many genetic analyses. Its major drawback in meat spe-
ciation studies is that SNPs used for the creation of the microarray have to be known,
and thus cannot detect an unknown species in the product. The other disadvantage is
that they do not provide quantitative information. Currently, the method is used for
authentication of breed/individuals rather than for specification of meat. However,
there are examples of microarray-based technologies used for meat speciation, such
as the Chipron Meat 5.0 LCD kit (Pacific Image Electronics Co., Ltd), which enables
the simultaneous detection of 17 mammalian and seven avian species. The kit is based
on LCD chip technology, where each LCD chip contains eight identical microarrays
separated in small reaction chambers.

2.9 Next-generation sequencing (NGS)

In recent years, tremendous progress has been made towards using next-genera-
tion sequencing technology in many different areas of genetics, including meat spe-
ciation. Preparation steps have been simplified, commercial kits have been produced
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and software for bioinformatics analyses has evolved, allowing for a simplified and
friendlier environment for end users. Unlike other DNA technologies, there are no
major restrictions on the amplification of targeted/non-targeted PCR fragments with
NGS analysis, allowing great flexibility in performing meat speciation analyses. A
major advantage of this technology over others is the ability to identify unknown
species (if present in a product) and the ability to perform the analysis on mixed
and highly processed products in which DNA can be heavily degraded. The targeted
approach is performed with amplicons generated by a set of universal primers that
target some of the mitochondrial DNA genes, such as 16 s rRNA, while in the untar-
geted approach, only a set of universal primers is used instead of taxa-specific prim-
ers. This process is also called metabarcoding [63]. The DNA metabarcoding method
combines DNA barcoding with NGS thus offering an ideal approach for detecting
multiple species present in the product, including the unexpected species [64]. It
should be noted that the database for species identification must be comprehensive in
order to allow accurate identification of the species present in the product (Table 7).
After the development of NGS sequencing, new methods for determining different
species in mixed samples have emerged. These include already described metabarcod-
ing, metagenomics [71, 72] and mitochondrial metagenomics [72]. Currently, two bio-
informatics pipelines are available: the All-Food-Seq (AFS) method, proposed by Ripp
et al. [71] based on non-targeted deep sequencing of whole genomic DNA from differ-
ent mixtures followed by comprehensive bioinformatics analysis to accurately identify
species from all kingdoms; and FASER (Food Authentication from SEquencing Reads)

Approach Identified species Meat type Gene Reference
Targeted Pig, cattle, horse, wild yak, Mixed meat samples 16 stTRNA [65]
greylag goose, human, tuna (laboratory), beef

stuffing, mutton roll,
roasted camel meat,
smoked horsemeat, lamb
kebab, sausage, beef
sausage, dog food

Targeted Pig, cattle, chicken, turkey, Meat samples, model 16 S [66]
horse, donkey, sheep, goat, sausages (cattle/pig/ rRNA
alpine ibex, sika deer, red deer, chicken/turkey/horse)

roedeer, reindeer, elk, hare,
rabbit, chamois, Muscovy
duck, goose, ostrich, pheasant

Targeted Pig, cattle, sheep, chicken, Mixed meat samples GHR [67]
duck (Iaboratory)
Targeted Pork, beef, mutton, chevon, Raw meat, sausages, 16 S [68]
chicken, turkey, ostrich, duck, minced meat, biltong rRNA
kangaroo
Untargeted Pork, horse, chicken, sheep, Raw meat; processed N/A [69]
turkey, beef samples (powder, cooked,
canned)
Untargeted Chicken, pork, ostrich, Complex admixed N/A [70]
Australian parrot, quail, samples prepared by
shrimp, cattle, duck, cat mixing a variety of meat
sources
Table 7.

Overview of the studies that employed NGS technology for meat speciation (including pork) in different products.
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proposed by Haiminen et al. [72]. The latter pipeline is used to determine the relative
mixture composition of eukaryotic species using RNA or DNA sequencing. The authors
developed a comprehensive database that includes >6000 plants and animals that may
be present in food. Comparison of FASER with All-Food-Seq on the same input data

of the mixed raw sausage showed that FASER correctly identified the main ingredients
and their relative proportions in the observed matrix and found an additional 1% horse
meat. Of the unexpected matrix components, 1.83% of goat meat was observed, which
was not included in the database used for All-Food-Seq and therefore was not present in
their results and was a false positive in the FASER analysis.

Although the AFS and FASER methods are ideal in theory, they have some limita-
tions: first, the methods are likely to be extremely complex for bioassessment and
biomonitoring, as a whole genome has a high degree of complexity. Second, although
whole-genome databases have grown rapidly, it takes many years to obtain high-
quality whole-genome sequences for a species. And third, the studies use simulated
and not experimental data [73]. These limitations can be overcome by mitochondrial
metagenomics. This is a metagenomic method that uses mitochondrial genomes
(mitogenomes) instead of nuclear genomes as a reference. The main advantages of
mitochondrial metagenomics are: the conserved structure of metagenomes, their
easy reconstruction and large public databases. To date, only one study by Jiang et al.
[74] has used the mitochondrial metagenomic method (3MG) for meat speciation.
The authors successfully developed a 3MG method that identified 12 of the 15 animal
species tested. In addition, 12 of the 15 (80%) animal species tested could be identified
in model mixed samples of pork and chicken meat. Analysis of the composite samples
of the two animal species yielded correlation coefficients of 0.98 for pork and 0.98 for
chicken between the number of uniquely assigned reads and the mass fraction.

3. Authentication of pork products

Authentication as a concept refers to the originality and integrity of a food product
so that the consumer can rely on the claimed quality of a specific product. This is par-
ticularly important for high-quality products, which are usually labelled with certain
quality marks (such as PGI, PDO or TSG) and achieve high prices on the market.

The authentication process in such cases often refers to the identification of a
particular breed within a product. The methods used for this purpose usually rely
on DNA-based techniques that can directly detect differences between breeds using
specific markers. Farmers’ breeding decisions have always favoured certain traits
within a given breed. In most cases, this selection pressure has led to the fixation of
a few phenotypes (coat colour, stature or similar) and left selection signatures in
animal genomes that influence these traits. Thus, if DNA markers affecting specific
traits of a breed can be found, they can be used to authenticate the breed. Markers
that are usually used for this purpose include PCR-RFLP markers, microsatellites and
SNPs. Margeta et al. [75], for example, found a simple PCR-RFLP method based on
the MC1R gene related to coat colour, to distinguish the Black Slavonian pig (Crna
slavonska) from its crosses with other breeds and wild pigs. In the study conducted
by Fontanesi et al. [76], a SNP g.43597545C4T) was identified in different KIT gene
haplotypes in different pig breeds. The T allele was found to be fixed in Cinta Sense
(95.9%), but its presence was also not detected in other pig breeds. The authors
concluded that the SNP found can be considered as a DNA marker with which it is
possible to distinguish the breed from other non-belted breeds. Gvozdanovic et al.
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[77] employed microsatellite markers combined into three sets for the genetic char-
acterisation of the seven breeds included in the study; subsequently, a set of eight
microsatellite markers was created for traceability of Black Slavonian pig based on the
match probability value. The results showed that when eight highly polymorphic loci
were combined, the chance of finding an identical genotype in two random individu-
als was about three in ten million (1077). This formed the basis for establishing a
reliable genetic traceability system for meat from Black Slavonian pigs. Moretti et al.
[78] used a commercially available 60 k SNP chip to identify a small number of SNPs
for traceability of the Nero Siciliano pig and its products. A panel of 12 SNPs was suf-
ficient to distinguish the Nero Siciliano pig from cosmopolitan breeds and wild boars,
while the final panel of 20 SNPs allowed the discrimination of all breeds involved in
the study, but also correctly assigned each individual to its breed and distinguished
the Nero Siciliano from first generation hybrids.

It should be noted that in cases where information on breeds and their contribu-
tion to the final product is required, as is the case for some products derived from
Iberian pigs and their crosses, a multilocus approach can be used [79]. The main
disadvantage of this method is that it cannot be used to determine the breed of origin
for products consisting of mixtures of several/many animals [80].

4, Conclusions

Pig traceability and authentication require accurate and reliable methods that can be
used on a large scale in commercial laboratories, but also on a smaller scale in laboratories
that do not work with large numbers of samples. Since the advent of omics technolo-
gies, many DNA-based methods have been developed for this purpose, the use of which
depends on the objective of the study, the laboratory resources and the skills of the
personnel performing the analyses. Recently developed metagenomic analyses offer the
most promising solution for identifying unexpected species in food matrices and also for
authenticating a particular product. However, they require a high level of expertise and
are still costly and quite complicated for use in smaller laboratories. In those facilities, the
use of other, simpler and less expensive molecular techniques is preferred.
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