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Abstract

Food product authentication is important at every level of the food manufacturing process,
starting from raw materials until finished products. Authentication also plays an important
role in assuring accurate food labelling, which is required to help consumers select
suitable types of food products. Food adulteration is one of the vital issues addressed by
halal authentication, especially for food products that contain pig traces or porcine
ingredients. Various methods that aim to guarantee the authenticity of foods have been
developed over the past years. In this article, a short review of recent food analytical
methods related to authenticity studies, with special regard to pork identification, is
provided. The focus of this review is DNA-based methods, which have gained the interest
of the scientific community. The specificity, sensitivity and fast and high throughput of
the methods are highlighted. In the present case, methods that are capable of detecting
pork by using DNA barcode, polymerase chain reaction (PCR)-restriction fragment length
polymorphism, conventional PCR, real-time PCR and isothermal amplification are
discussed. Although PCR is the most popular method, recent studies have shown that
isothermal amplification is a potential alternative because it is rapid, simple and does not
require the use of any complicated instruments, such as a thermal cycler and sequencer.

1. Introduction

Food adulteration is a growing global problem that is

the word ‘authentic’ is normally defined as trustworthy,
reliable and of undisputed genuine and origin (El
Sheikha, 2019). Foodstuffs generally have a plant or

increasingly being addressed through the authentication
of ingredients via laboratory techniques. For many years,
the authentication and adulteration of food products and
analysis methods are well-known issues in food science.
Moreover, these issues, which could be deliberate or
accidental, are commonly faced by food manufacturers.
Quality problems for foodstuffs with a high intrinsic
commercial value. For that reason, observing
adulteration practices has become crucial to protect food
industries and consumers from fraud and deception
(Marikkar et al., 2001).

Adulteration is defined as the act of intentionally
defiling the quality and safety of food offered for sale
either through admixture or substitution of inferior
substances. It involves the removal of some valuable
ingredients, tampering or misrepresentation of food.
Another problem is that food packaging may contain
false or misleading statements that claim authenticity;
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animal origin. Unintentional cross-contamination is
difficult to avoid in modern mass production and
complicated handling processes. Thus, finding a
successful method of detecting animal or plant species is
the main issue for food authenticity (Luthy, 1999).

Food labelling regulations prohibit fraudulent
substitution of high-value meat with lower-value meat in
meat products (Johnson, 2014). Undeclared species in
meat products may pose a possible health risk to
consumers who have allergies to specific ingredients.
Food adulteration of processed meat products has
become a widespread issue in retail markets. The
practice of mixing undeclared species is more frequently
used for processed and cooked products than for raw
products. Furthermore, because of its similar texture and
colour and its lower value, pork is a potential source for
adulteration of higher-value meat such as veal and beef
(Chen et al., 1998).
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As a common practice, most countries perform
adulteration by substituting meats and fats with meat
from different origins or species when processing food
products. These issues are serious and a cause of worry
among people, particularly in relation to unclear or
improper labelling, substitution with cheaper meats or
religious specifications such as halal food for Muslim
and kosher for Jews. The detection of animal species is
difficult when meat products are involved in thermal
processing because of protein denaturation. Another
major problem is lard usage in meat products (Montiel
Sosa et al., 2000). Thus, the authentication of food
products is important for labelling purposes and
assessment of value. The animal or plant species in a
food product often determines what it can be called by
the manufacturer, its price and even whether consumers
are willing to purchase it. Authentication is vital to fair
competition among traders and to assure customers of
accurate labelling (Ram ef al., 1996).

In this article, a short review of recent food
analytical methods related to authenticity studies, with
focus on porcine DNA identification, is provided. This
review focuses on DNA-based methods, which have
attracted the interest of the scientific community. The
strengths and weaknesses of the methods are discussed,
along with the methods capable of detecting pork in
food, such as DNA barcode, polymerase chain reaction
(PCR)-restriction  fragment length  polymorphism
(RFLP), conventional PCR, real-time PCR and
isothermal amplification.

2. Recent methods of identifying pork in food

Methods that are currently used for pork
identification include protein isoelectric focusing (IEF)
in polyacrylamide gels (Rozycki et al., 2018) and agar
gel immunodiffusion assays (Hsieh et al., 1995).
Serological tests are specific and sensitive, but cross-
reaction of closely related species cannot be ruled out.
These problems can be solved with methods based on the
presence of species-specific DNA sequence in meat
detected by DNA hybridisation (Hartati et al., 2019) or
PCR (Cai et al., 2012; Yusop et al., 2012).

The mixture of animal species in food can be
detected through various methods based on the type of
products (Bansal et al., 2015). Several analytical
methods are derived from the measurement of physical
or chemical properties of specific components, such as
proteins, lipids and sterols, in the products. The lipid-
based analysis is used to analyse specific lipid classes in
food products, while protein-based analysis is used to
analyse specific protein classes (Cordella et al., 2002;
Rohman and Fadzillah, 2018).
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Among the various detection techniques, the use of
DNA-based molecular tools may be more suitable for the
detection of mixtures in animal and plant source
materials, especially when the mixture is a biological
material. Techniques that utilise the analysis and
manipulation of DNA, RNA, protein or lipids have
become an important part of molecular, biochemical and
genetic biology. The discrimination of substances from
pure foods can be easily accomplished by molecular
markers because the mixture and pure foods exhibit
physical similarities. A few strategies are used to detect
mixtures by using DNA-based methods, such as DNA
barcode, PCR and isothermal amplification method
(Bansal et al., 2015).

2.1 DNA Barcode

DNA barcode is a molecular phylogenetic method
that uses short DNA markers present in the organism as a
proxy for the identification of their offspring. This
method is widely used in the field of food science and
technology (Ardura et al., 2010; Khaksar et al., 2015).
An ideal barcode requires two important features: high
descent and high resolution (Hebert et al., 2003;
Galimberti et al., 2013). High-throughput sequencing
refers to the amplification of the selected genetic region
as the DNA code in the extended descent panel. The high
resolution ensures the identification of other lineages on
the basis of specific differences in the sequence of DNA
codes. As a key principle, DNA coding regions need to
have low intraspecific  variability —and  high
interspecification (Galimberti et al., 2013). DNA
barcode is effective in detecting both the source and
quality of raw materials, as well as detecting mixtures
such as mixing products of other breeds in the food
industry chain. However, its potential is based on the
molecular variation of the organism, and high resolution
can be achieved when the organism has low intraspecific
polymorphisms that can increase its sensitivity. DNA
barcode has been used to identify a wide range of raw
materials and food commodities and to detect allergy-
causing or toxic substances in a food matrix Hebert et
al., 2003; Casiraghi et al., 2010; Galimberti et al., 2013).

Naaum et al. (2018) used DNA barcode together
with droplet digital PCR to detect undeclared animal
species in sausage products at a retail market in Canada.
The primers that were used targeted the mitochondrial
cytochrome oxidase subunit I (COI) gene. One of the
advantages of using mitochondrial gene is the higher
copy number present in one cell. It also suitable for
qualitative approaches such as DNA barcode, thereby
increasing sensitivity to the point where low DNA
template concentration can be detected. The test found
that seven out of twenty-seven beef sausage samples
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contained pork, with two of these containing more than
5% pork (Naaum et al., 2018). DNA codes can be used
in different contexts and by different operators because
of its many uses. DNA coding is likely to be a routine
test in many areas, especially in the field of quality
control. However, DNA barcoding techniques require a
long time for DNA amplification and sequencing. It also
needs expensive instruments such as a thermal cycler and
sequencer (Gao et al., 2019).

2.2 PCR

PCR was created by Mullis (1983). Although this
biotechnology was developed in the 1980s, PCR has
played an important role in many scientific studies and
has been reliable in various aspects of biology and
medical sciences (Kumar et al., 2015). The main
components required for successful PCR amplification
are a DNA template, a pair of primers that complement
the target sequence, deoxynucleotides triphosphate and
chemical buffers. Two important innovations in PCR
have been achieved, namely, the discovery of thermal
stable DNA polymerase enzyme and thermal cycler
machine (Sulaiman and Muid, 2009).

Generally, DNA polymerase could be found in all
living organisms. However, its structure may be highly
destroyed if exposed to high temperatures during a PCR
reaction. This condition occurs during the initial step of
PCR, which is the denaturation of double-stranded DNA
at 95°C. As the DNA polymerase is destroyed, it should
be added manually for each cycle of PCR. This issue is
the main reason PCR needs thermal stable DNA
polymerase such as Taq polymerase (Chapman et al.,
2012). The Taq polymerase enzyme comes from a
bacterium known as Thermus aquaticus. The function of
DNA polymerase is to generate new DNA sequences
from nucleotides by using a single strand of DNA as a
template (Avison, 2008). Next, thermal cycler machines
used in PCR techniques are developed to control the
heating and cooling of PCR reagents on the basis of a set
of temperature steps. Thermal cycler machines are
important because they physically separate two DNA
strand molecules that have a double-helix structure
during DNA denaturation (Avison, 2008; Regan et al.,
2012).

PCR has three basic steps: denaturation, annealing
and extension. All three steps are usually repeated for 30
to 40 cycles. The main function of the denaturation step
is to separate double-stranded DNA into a single DNA
strand at a high temperature of about 95°C. Afterwards,
at 50-65°C, the annealing step begins. The annealing
step occurs when the primer begins to attach to the single
strand of the target DNA. Extension steps at 72°C will
allow the polymerase enzyme to work effectively. The
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DNA template will attach to the primer and form a
double-stranded DNA. The molecules of the two DNA
strands are then amplified into two copies through one
cycle. These two copies are then passed through the
amplification process in the next cycle, and the cycle is
repeated several times. As a result, PCR produces many
copies and expands exponentially (Avison, 2008; Regan
etal., 2012).

2.3 PCR-RFLP

PCR-RFLP is a technique by which closely related
species can be distinguished by using pattern analysis
generated from the exclusion restriction of their DNA. If
two different species are present in the cleavage region
by specific exclusion restrictions, then the length of the
produced fragment will be different from the DNA
digested for the enzyme blocker. Differences in the
produced patterns can be used to distinguish species
(variations) from one another (Levin ef al., 2018). PCR-
RFLP techniques are widely used in the identification of
species of the food source (Zeng et al., 2018). Ali et al.
(2011) used PCR-RFLP technique with a very short
length (109 bp) of PCR amplicon to detect pork in meat
products. The sensitivity achieved by this method is
0.0001 ng of porcine DNA. This technique was later
widely applied for species determination in accordance
with PCR-based methods (Lin et al., 2014). Kusec et al.
(2017) used Haelll restriction enzyme to identify pork in
dry sausages. A 359 bp cytochrome b PCR product was
cut into fragments of 74, 132 and 153 by the enzyme.
The site was absent from the pork product; thus, the
same PCR product would remain uncut when enzymes
Rsal and Hinfl were used. The difference was visualised
by agarose gel electrophoresis (Kusec et al., 2017).
Common genes used for PCR-RFLP are cytochrome b
gene and other mitochondrial genes for different species
identification (Maede, 2006). In general, RFLP analysis
can be performed to solve specification problems.
However, RFLP requires additional costs for enzyme
inhibitors,  longevity and gel electrophoresis.
Furthermore, RFLP cannot be used if the blocking region
is not present in the desired PCR product. Therefore,
product analysis using PCR-RFLP is complicated (Ali et
al., 2012).

2.4 Conventional PCR

Conventional PCR is also known as traditional PCR
because many types of modern PCR have been
introduced in line with current technological
development, such as real-time PCR or quantitative PCR
(qPCR) (Pestana et al., 2010). This method requires a
long time because the PCR reaction needs to be finished
first before the post-PCR analysis can be conducted.
However, although it has disadvantages in terms of time
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consumption, it is still an option for most people because
it is more cost-effective and affordable to perform in the
laboratory compared with qPCR (Cheng et al., 2016).
Conventional PCR techniques have been modified to
extend their use and versatility. The possible use in the
same reaction on a pair of primers with direct
amplification for multiple DNA targets is called
multiplex PCR. Thus, more than one DNA sequence can
be synthesised in the same process (Paiva-Cavalcanti et
al., 2010).

Species-specific PCR utilises primer pairs for
amplification of specific DNA sequences for selected
targeting species. Designing species-specific primers
play an important role in the PCR technique. One of the
important criteria for primers that need to be taken into
account to ensure a successful assay is that the DNA
templates and primer pairs need to complement each
other so that the 3°-5” oligonucleotide primer can anneal
to the template and subsequently replicate. This
condition can be achieved by analysing the in silico
specificity of the primer oligonucleotide sequence at the
targeted DNA region before designing the primer
(Avison, 2008). Several studies that used conventional
PCR to detect porcine DNA in food were conducted
(Aida et al., 2005; Che Man et al., 2007; Karabasanavar
et al., 2014; Hafidz et al., 2020). Although this technique
provides high sensitivity and specification, some
disadvantages exist, including the need for agarose gel
electrophoresis, the risk of contamination, the inability to
obtain a quantitative result and the need for harmful
reagents such as ethidium bromide, which may be
detrimental to the health of the analyst (Staggemeier et
al., 2015).

2.5 Real-time PCR

Real-time PCR or qPCR are used to quantitate the
initial number of template copies in biological samples.
The copies are naturally present initially in such a low
quantity or concentration that it is not possible to
measure them. Through the amplification process of
gPCR, a sufficient sample (and signal proportional to
that sample) is generated for quantitative measurement.
During the amplification cycles in which the reagents of
gPCR are present in great excess, the amplification
process performs near full exponential efficiency. Given
a sensitivity that is sufficient for detection during the
exponential period, the cycle at which the measured
signal (proportional to the template copy number) rises
above the background is repeatedly related to the initial
template copy number (Sawyer et al., 2003).

A threshold signal level is defined as the point at
which the signal has risen above the measurement noise.
The cycle at which each curve crosses the threshold is
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defined as the quantification cycle (Cq). The Cq is
plotted against the log of the starting template number.
Dilution series such as this one is typically run as
standard curves along with samples of an unknown
quantity. Through a comparison of the Cq of the
unknown with those of the standards, quantitation can be
performed (Wang, Chen and Xu, 2006). The method of
manual threshold definition and calculation of the
intersection point of the amplification curves with the
threshold has been traditionally used as a means of
generating data from which to interpolate the starting
copy quantity of the unknown sample. More recently,
introduced variations on this method are more amenable
to complete automation and less susceptible to
instrument drift. These method centres on the use of the
first derivative of the amplification signal. For these
methods, the crossing point is defined as the cycle where
the first derivative reaches a maximum. This point
corresponds to the last cycle before amplification
efficiency starts to decline (Wolf and Liithy, (2001).

Two strategies are employed in creating standard
curves. For absolute quantitation, a set of standard curves
must be generated from a dilution series that began with
a sample whose starting copy number was known.
Absolute quantitation of this reference sample is
typically performed by absorbance measurements. In
addition to careful absorbance measurement, accurate
pipetting is needed in absolute quantitation to create the
dilution series (Wang, Zhu and Levy, 2006). Relative
quantitation is an alternative for which standard curve
preparation is less difficult. In this case, the experimental
sample quantitation is expressed only relative to some
basis samples. Basis samples can include stock DNA or
RNA. Another sample is the use of the DNA and RNA
from an untreated control subject. Housekeeping genes
are frequently used in qPCR as a reference standard for
RNA quantitation (Bustin, 2002).

The nature of qPCR enables the exclusion of very
high amplification levels such as electrophoresis gel
preparation. Many studies have used qPCR to detect
porcine DNA in food (Yusop et al., 2012; Soares et al.,
2013; Ali et al., 2015). Therefore, the advantage of
gPCR over conventional PCR is its speed and
quantification ability (Paiva-Cavalcanti et al., 2010).
However, qPCR requires an expensive digital thermal
cycler, which could detect fluorescence signals from a
labelled DNA probe or intercalating dyes during the
thermal amplification step (Yusop et al., 2012).

2.6 DNA Isothermal amplification method

In recent years, the DNA isothermal amplification
method has achieved promising DNA detection in many
applications, especially in food safety (Gao et al., 2017;
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Geng et al., 2018; Guo et al., 2019). One of the
isothermal amplification methods is recombinase
polymerase amplification (RPA), which uses low-
temperature isothermal amplification that couples the
recombinase-oligonucleotide ~ primer  through the
identification of complementary target sequences within
double-stranded DNA (Piepenburg et al., 2006; Zanoli et
al., 2013; Yan et al., 2014). Once the complementary
target sequence is identified, the complex of the
recombinase-primer  splits the = DNA  strands,
consequently allowing the primer and target sequence to
anneal (Li et al., 2019).

RPA is different from PCR, which involves the
denaturation step under high temperature to separate
double-stranded DNA. It wuses enzymatic reaction
(recombinase), similar to the chemistry of helicase-
dependent amplification, which uses helicase to separate
double-stranded DNA (Li and Macdonald, 2015). Single-
stranded DNA-binding proteins assist in the
hybridisation process by stabilising the displaced DNA
strand, and polymerisation occurs following the
formation of a primer-DNA complex (Yan et al., 2014).
If the sample contains a target sequence, then the DNA
polymerase enzyme (Bacillus subtilis Pol 1, Bsu)
elongates and replicates by using the single-stranded
DNA template (Murinda et al., 2014; Yan et al., 2014; Li
and Macdonald, 2015).

Similar to PCR, exponential amplification is
achieved because of the two copies of newly synthesised
duplex DNA act as templates for subsequent cycles (Yan
et al., 2014). Fortunately, during amplification, RPA
uses only two primers (forward and reverse), unlike
other isothermal detection methods, such as loop-
mediated isothermal amplification, which needs four
primers along with two additional loop primers (Kersting
et al., 2014; Santiago-Felipe et al., 2014). Moreover, real
-time monitoring is possible if a fluorescent probe is
used, as in real-time PCR (Piepenburg et al., 2006). In
this process, the probe is degraded following
hybridisation, later releasing a fluorophore signal. The
amount of fluorophore present increases as amplification
continues, which consequently allows real-time
measurement and observation (Piepenburg et al., 2006;
Murinda et al., 2014). Recently, a method has been
developed using RPA for the detection of five animal
species, including pig, and SYBR Green I was used to
visualising the RPA amplicons. SYBR Green I is one of
the commonly used intercalating dyes to monitor the
assay in real time. The sensitivity of the assay for
porcine DNA detection is 10*copies/ul (Cao et al.,
2018).
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3. Conclusion

DNA-based methods have the needed sensitivity and
specificity for porcine DNA detection in food products.
This approach is well suited for confirming halal
authentication in the food industry. PCR is the most
common method among all porcine DNA identification
methods. However, isothermal DNA amplification can
be a better alternative to PCR because of its simplicity,
and it does not involve a thermal cycler and is able to
achieve rapid detection. More studies that use RPA as a
tool for species detection and halal food authentication
should be conducted.
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