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ABSTRACT  

PCR (Polymerase Chain Reaction) is a scientific term and technique in molecular biology which is 
able to generate copies of a specific DNA from two short oligodeoxynucleotide sequences (also 
called primers) by a polymerase-dependent repetitive thermal reaction. PCR technique brought a 
revolution in science especially in molecular biology since its first discovery back in 1984 as its 
simplicity and not a time-consuming trait. Over the past decades, PCR techniques have been 
modified to make it suitable for the application in each scientific field. PCR nowadays is involved in 
almost all studies that required DNA fragments manipulation including in food and medical 
analysis. With adequate development and proper usage, this breakthrough would be very useful for 
mankind in a lot of ways. 
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INTRODUCTION 

PCR (Polymerase Chain Reaction) is a 
scientific term and technique in molecular 
biology which able to generate copies of a 
specific DNA from two short 
oligodeoxynucleotide sequences (also called 
primers) by a polymerase-dependent 
repetitive thermal reaction (Higuchi et al., 
1993). In general, PCR is based on the 
quantitative relationship between the amount 
of the starting point target sequence and the 
amount of the amplified product of PCR in a 
cycle. This correlation creates a growing rate 
exponentially that raises the exact same 
product that is accumulated at every cycle (as 
100% efficiency of the reaction occurred by the 
method) (Mullis et al., 1986).  

PCR has been applied to many areas of 
study such as medical diagnosis, forensic 
investigation, even food analysis (Mano et al, 

2014; Rodríguez-Lázaro and Hernández, 2013). 
This application occurs due to its versatility, 
specificity, and sensitivity. Accordingly in food 
analysis application, PCR has been successfully 
used for microorganism identification, for the 
detection of ingredients of food products and 
different animal and fish species. This proven 
usefulness made PCR a must-have tool in 
quality control and food safety (Rodríguez-
Lázaro and Hernández, 2013). 

By the basic principle of PCR which 
generally amplifies DNA to be further 
examined, it has proven to be useful in many 
scientific fields (McPherson & Moller, 2006). 
However, as technology and science advance 
there are many situational factors that require 
scientists to modify the PCR to suit each 
characteristics of the target DNA and the way 
to amplify them based on the current 
condition. Therefore, many new innovations or 
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inventions of PCR techniques have been 
released throughout the decades. There are 
many scientific papers dedicated to PCR usage 
and applications in their own respected field. 
However, there are few to none articles that 
combine all of the methodology together to 
create a resume for new researchers to study 
and apply the principle of each PCRs. Hence, 
the goal of this article is to summarize the 
current existing methods of PCR analysis and 
its uses in many scientific fields so that it could 
be used to further improve the knowledge of 
PCR methodology research and also open a 
new possibility to further modify the existing 
methods for newer cases of study. 

PCR PRINCIPLE  

PCR could be said as a reaction that targets 
a specific certain molecule and is able to 
duplicate it by synthesizing new DNA 
molecules (McPherson & Moller, 2006). The 
synthesized molecule is the exact complement 
of the DNA (Muladno, 2010). As the name of 
the method said, PCR used a set of proteins 
called polymerase to duplicate the target DNA.  
Polymerases are enzymes and their job is to 
bind individual building blocks of DNA 
together to form molecular sequences. In order 
to function well, the required supplies for these 
polymerases to work are a specific target DNA 
in the form of nucleotides and based on 
adenine (A), cytosine (C), thymine (T), or 
guanine (G). Primer or also called a small DNA 
fragment is needed to attach the DNA building 
blocks, and also basically a longer DNA 
molecule as a template for target DNA and to 
engineer new DNA strands (Innis et al., 2012; 
Raeymaekers, 2000).  

The principle of PCR is based on thermal 
cycling, which exploits the thermodynamics of 
nucleic-acid interactions. Each cycle of PCR 
comprises three different temperature-steps 
which can be divided into 3 crucial steps 
according to Wahyudi (2007), Bonin et al 
(2003), and Henegariu et al (1997): The first 
step is called denaturation, in this step two 
double-helical DNA strands (dsDNA) are 
changed into two single strands DNA (ssDNA) 
which building in heat temperature of 95oC. 
The second step is called annealing, which 
basically is the attachment of primers to the 
single-stranded DNA template from the 
previous process for the beginning formation 
of nitrogen base pairs, which occurred in 55-
60oC temperature. The annealing process is 
followed by the last step called extension or 
elongation. In this step, nitrogen bases are 

extended and formed by the polymerases from 
the DNA templates in 72oC temperature. 

DNA polymerase did its job in PCR reaction 
by sequencing a new dsDNA strand 
enzymatically from the DNA building blocks. 
The deoxyribonucleotide triphosphates 
(dNTPs) will bind magnesium (Mg) ions which 
affect the ion concentration to be effective. 
dNTPs are the molecules that form RNA and 
DNA structural units when bound together. The 
concentration of this effective ion is needed for 
the polymerization reaction which uses ssDNA 
as its template (Bartlett & Stirling, 2003). 

The optimization of the PCR process is 
necessary to obtain the optimal PCR results. In 
general, optimization of the PCR process can be 
done by varying the conditions used in the PCR 
process. There are several factors closely 
related to the optimized conditions for PCR 
such as the type of DNA polymerase, 
temperature, concentration, PCR buffer and 
time (Handoyo & Rudiretna, 2000).  

 
Type of DNA polymerase 

DNA polymerases are present in many 
forms, in DNA polymerization reactions of PCR 
process, DNA installation for long strands DNA 
would take a different shape of DNA 
polymerases as the use of the DNA polymerase 
type depends on the length of the target DNA to 
be amplified. To put it simply, the ability to 
catalyze DNA polymerization depends on the 
enzyme types (Delarue et al., 1990; Ponce & 
Micol, 1992). 

 
Temperature 

Temperature determines the triumph of 
PCR. The choice of temperature of each main 
step of PCR is directly related to the 
denaturation of the targeted DNA, annealing, 
and elongation stability. The efficiency of PCR 
based on the sufficient temperature of DNA 
denaturation and damage to the DNA template. 
Too low temperature would cause an imperfect 
denaturation process. The general temperature 
used for denaturation is 94oC. While the 
general temperature of annealing used ranges 
from 47-60oC, and the temperature of the 
elongation process is always carried out at 
72°C as this temperature is the optimal 
temperature of DNA polymerase commonly 
used for PCR (Masny & Plucienniczak, 2003). 
 
PCR buffer 

In general, the buffer type depends on the 
target DNA to be amplified. The buffer type 
would provide a suitable chemical 
environment for the DNA polymerase activity. 
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For a target length of DNA between 0-5 
kilobases, a low salt buffer (pH 8.75) is needed, 
whereas for a target length of DNA greater than 
five kilobases a high salt buffer (pH 9.2) is used 
(Ponce & Micol, 1992). 

 
Time 

Long denaturation time will potentially 
damage the template DNA and reduce the 
activity of the DNA polymerase activity at the 
same time. Whilst, short denaturation time will 
create an imperfect result of the targeted DNA. 
The determination of annealing process time 
depends on the primer length. 30 seconds is 
enough for the primer length of 18-22 bases 
template, while more than 22 bases will need a 
longer time of 60 seconds. The time for primer 
elongation depends on the length of the 
fragment to be amplified. In general, every one 
kilo of DNA bases takes 30-60 seconds. 

HISTORY OF PCR  

The First Development of PCR 
The technique of DNA synthesis and its 

amplification in vitro was first developed by an 
American biochemist Kary Mullis in 1984. This 
technique was later known among scientists as 
Polymerase Chain Reaction (PCR). The founder 
Mullis received the Nobel Prize and the Japan 
Prize in 1993 for further development of PCR 
(Bartlett & Stirling, 2003). However, the basic 
principle for DNA pieces replication using two 
primers had already been described by Gobind 
Khorana in 1971. This principle nonetheless 
was limited by polymerase purification and 
primer synthesis issues (Joshi & Deshpande, 
2010). In the present day, the uses of PCR 
involved in almost all studies required DNA 
fragments manipulation including in food and 
medical analysis as the result of its simplicity 
and usefulness (Ugozzoli et al., 1991). One of its 
most popular uses in the microbiology field is 
to identify a specific bacterial strain of a sample 
by obtaining the bacterial gene sequence and 
aligned it against the bacterial DNA database 
(Carattoli et al., 2005). 

 
Molecular Biology Revolution 

The usefulness and effectiveness of PCR 
technique is proven as it is possible to amplify 
millions of times DNA segments in a few hours. 
This revolutionary discovery combined with 
other techniques such as DNA sequencing 
managed to bring the science and technology 
field to the next revolutionary level, especially 
in the fields of forensic medicine, genetic 
disease diagnosis, and molecular evolution. 

Examples of PCR techniques are used in 
research laboratories for DNA cloning 
procedures, southern blotting, DNA 
sequencing, recombinant DNA technology, and 
many more. 

 
In forensic studies, PCR plays an invaluable 

role as it is used to clone a tiny amount of 
original DNA. When a certain DNA is found in a 
blood droplet or single hair strand, PCR would 
be the best option to clone those DNA and track 
down the rest of the case (Joshi & Deshpande, 
2010). In the microbiology field, PCR is usually 
used for microbial infections diagnosis and 
epidemiological studies (the study of health 
and disease conditions in a specific 
population). In the case of only a few bacteria 
present in a clinical specimen, the detection of 
the bacteria usually uses a Nested PCR 
technique (Apfalter et al., 2001). 

PCR is also today’s most sensitive test for 
herpes simplex virus, Varicella-Zoster virus, 
and Human Papillomavirus infections. Lo et al 
(1994) also mentioned other evolving uses of 
PCR for diagnostic tests such as genetic 
diseases, cancers, and other infectious diseases. 
Not to forget the quantitative PCR is used in the 
diagnosis of infectious diseases such as AIDS. 
By running this PCR test, the HIV virus can be 
detected during the first few weeks, faster than 
the standard ELISA test. Another type of RT-
PCR technique is also used in the viruses field. 
It is used in studying the RNA composed virus’ 
genomes such as the mentioned HIV and 
influenza virus A. With the study using PCR 
techniques are applied in many fields, it is not 
impossible to predict a significant precision 
cure of an incurable disease (Maurya et al., 
2005) 

VARIANTS OF PCR  

Pretreatment Modification 
Pretreatment modification is done with the 

purpose of acquiring DNA, cDNA, or RNA 
strands specifically, so that the amplification 
result will also be more specific. 

 
Amplified Fragment Length Polymorphism 
(AFLP) - PCR 

AFLP-PCR is used to determine a different 
DNA fragment that is caused by insertion or 
deletion of nucleotide bases in a large number. 
AFLP-PCR  is a sensitive technique that can 
create polymorphism between genotypes. The 
DNA amplification result of AFLP is more stable 
and more specific. The result of this method 
appeared as DNA tapes that translated into 
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binary data according to whether or not the 
DNA tape presented. The result 1 given for 
DNA tape presence and the result 0 for the 
absence of DNA tape (Bintang, 2018; Vos et al., 
1995). 
 
Restriction Fragment Length Polymorphism 
(RFLP) - PCR 

RFLP-PCR is used to analyze phylogenetic 
between species that have a close relative to 
each other (Shokohi et al., 2010; Antanassova 
et al., 2001). This PCR can amplify and cut DNA 
strands in a specific place using endonuclease 
restriction enzymes. The cuts then will 
generate smaller pieces with different sizes 
depending on the cutting place. These cuts then 
separated with agarose electrophoresis (Girish 
et al., 2005). The enzyme (endonuclease 
restriction) is usually found in prokaryotic 
organisms. The organisms that could generate 
this enzyme could protect its own genome 
from nucleotide methylation in the known 
endonuclease nucleotide sequence (Bintang, 
2018). Some species have low polymorphism 
levels that require a suitable probe to analyze 
its phylogenetic between species (Bintang, 
2018). 

 
Methylation-specific (MSP)  –  PCR  

Methylation-specific PCR (also called MS-
PCR) is a qualitative PCR technique used to 
detect methylation presence in DNA in 
cytosine-guanine area (CpG) that converted 
with bisulfate, along with characterizing the 
methylated parts (Herman et al., 1996). In its 
process, sodium bisulphate (NaHSO4) is used to 
change the unmethylated cytosine base to 
uracil, which is then recognized by PCR primer 
as thymine. This process is done to generate a 
complementary adhesion point for adenine in 
primers. 2 PCR in DNA modification uses a pair 
of the same primer, except in some CpG areas 
inside the nucleotide primer sequence. One 
primer pair recognizes the DNA with cytosine 
to amplify the methylated DNA and the other 
primer recognizes the urasil or thymine bases 
to amplify the unmethylated DNA. This method 
depends on the modified standard PCR 
protocol to enable it to insert 2 sets of 
methylation specific primer pairs, in particular, 
to measure sequences that contain 
dinucleotide CpG in the analysis area (Huang et 
al., 2013).  

 
Reverse-Transcriptase (RT)-PCR 

RT-PCR is used to identify the cell or tissue 
RNA sequence, specifically for serotypes and 
viruses. It is performed by creating 

complementary DNA (cDNA) which originated 
from the mRNA. The formation of cDNA is done 
to know the message from the gene in the form 
of where and when the gene is expressed, and 
to get the gene codes (Yusuf, 2010). 

 
Primer Modification 

Primer modification technique is done to get 
more specific PCR result by designing the 
primer which complemented with the target 
DNA impression. 
 
Whole Genome Amplification (WGA) - PCR 

WGA-PCR is a technique used to pre-amplify 
genomes using random primers or their 
derivatives. In order to use this method, the 
primer must have at least 27 bases long with 
65oC temperature (Zong et al., 2012; Bintang, 
2018). This method is useful for amplifying a 
sample with whole genome print and is a 
solution for the limited DNA source 
information (Bouzid et al., 2010; Lasken & 
Egholm, 2003). 
 
Allele-specific PCR 

As explained briefly by Imyanitov et al 
(2002), Allele-Specific Polymerase Chain 
Reaction (AS-PCR) mostly known as an 
Amplified Refractory Mutation System (ARMS). 
Basically, its method is based on using PCR to 
detect a single nucleotide polymorphism (SNP). 
This concept was first initiated by Newton et al 
6 years after the PCR technique was invented. 
This method was specifically designed to 
enable DNA polymerase to amplify the 3-
primer end which perfectly complemented the 
base in a variant sequence or wild-type 
(Darawi et al., 2013). AS-PCR is considered as 
the easiest technique for SNP detection. 
However, it is still lacking in application 
because of a few inadequate constraints. In 
suboptimal conditions, allele-specific primer 
tends to strengthen both suitable and 
unsuitable alleles which affect heterozygote 
proportions (Imyanitov et al., 2002). 
 
Assembly (Polymerase Cycling Assembly / 
PCA) - PCR  

Long DNA molecules are made from long 
oligonucleotides with short overlapping parts. 
Primer with one overlap is used to create a 
product which is then utilized as an impression 
to build the next DNA molecules (Gibson, 
2011). 

 
Symmetric PCR 

Symmetric PCR uses a probe in the form of a 
molecular beacon. Molecular beacon is a loop 
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shaped molecule that could generate 
fluorescence if quencher (fluorescence 
absorber) detached from fluorophore 
(fluorescenced compound). Such an event 
happened when the probe successfully 
hibriditated with the target strand. The PCR 
product amount is depending on the amount of 
probe that hibriditate with the target strand of 
sample (Poddar, 2000). The cut sizes using this 
method could be determined around 81 bases 
(Bintang, 2018). 
 
Asymmetric PCR  

Asymmetric PCR can produce a vast number 
of ssDNAs by unequal primer concentration 
utilization. The production of the dsDNA 
involves the primer with lower concentration 
while the primer with higher concentration is 
involved in the ssDNA generation. This method 
involves the deletion of one primer. 
Throughout the primer deletion, DNA synthesis 
from the other strand happened arithmetically 
(exponentially) just like the regular PCR. 
Therefore, primer deletion could also decrease 
the annealing temperature that results in an 
inefficient reaction because of the limited 
concentration from the primer with lower 
melting point compared to the initial annealing 
temperature (Tabarzad et al., 2014; Rahman et 
al., 2014). Heiat (2017) stated that in order to 
efficiently generate a high purity ssDNA, 
asymmetric PCR combined with a 
complementary method such as enzymatic 
degradation of the residual strains or even gel 
purification could be used. 
 
Splicing by Overlap / Overhang Extension 
(SOE) PCR 

Overlap PCR is used to generate a 
recombinant gene construction by combining 2 
types of DNA from different sources into one 
product. It is performed by elongation of 
primer that has complementary end without 
restriction enzyme usage or ligase reaction 
(Higuchi et al., 1988). This method includes 
insertion of a specific mutation process to the 
target DNA in nucleotide sequence. A specific 
primer is used to connect 2 DNA molecules 
with complementary sequence (Higuchi et al., 
1988). The problem for using this PCR method 
is if the generated product is not specific and 
has a very little amount. This problem can be 
solved with dividing the reaction into two 
steps. The first step consists of 11-13 cycles 
that are processed without any primer addition 
and also using a lower annealing temperature 
so that the overlapped nucleotide sequence 

could be attached. The next step is 30 cycles 
which is done by adding the primer and high 
annealing temperature (Heckman & Pease, 
2007; Bryksin & Matsumura, 2010).  
 
Linear-After-The-Exponential (LATE) –  PCR 

LATE-PCR is asymmetric PCR modification 
which allows the generation of a large number 
of products after the exponential phase by 
using a higher melting point temperature 
limiting primer than the excess primer. LATE-
PCR more efficient and specific results 
compared to the conventional PCR technique 
allows it to be applied for single cell genetic 
diagnosis and high threat bioagents 
identification (Pierce & Wangh, 2007). 
 
Colony PCR 

Colony PCR is intended to increase the DNA 
in a bacterial colony utilizing the plasmid of the 
bacteria. This method is done by mixing some 
of the colony with a restriction enzyme in the 
PCR mix. The denaturation process of this 
method uses 100oC temperature to take out the 
DNA from the bacteria cell. The plasmid is 
expected to be cut by restriction enzymes. The 
same expectation also to be in effect to the 
sample DNA so that the plasmid can be 
inserted into the sample DNA. Therefore, the 
bond between plasmid and sample DNA will be 
formed where the PCR process may occur and 
the DNA replication will be in process (Pavlov 
et al., 2006; Cao et al., 2009). 
 
Inter-Sequence-Specific (ISSR)  –  PCR 

Inter Sequence Specific PCR uses a single 
primer that has a microsatellite sequence 
found in one end of a 5 or 3 chain with 1-3 
oligonucleotide base(s) (Zietkiewicz, et al., 
1994). This sequence will ensure that primer 
will only be bonded to one SSR locus end. The 
advantage of this technique is that ISSR has a 
high productivity power as it is using a 16-25 
pers length primer and the cheaper cost and 
faster result because it only needs a tiny 
amount of DNA (Nalini, 2004). It could detect 
genetic polymorphism without firstly needing 
to know the base sequence in all genomes 
(Wahyuni et al., 2004). ISSR also has a high 
polymorphism (Manimekalai, 2004). 

 
Inverse PCR 

Inverse PCR is one of the PCR techniques 
used to amplify known sequences located 
between two unknown sequences. Generally, 
the flanked sequence is a transposable element 
sequence. The process of Inverse PCR involved 
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restriction enzymes to cut the sequence 
resulting in 2 sticky ends which connected and 
formed circular DNA in low concentration. 
Furthermore, the restriction enzyme will cut 
the known sequences of the formed circular 
DNA and generate a DNA chain with a known 
sequence in both ends, so that primer can 
attach and amplification process can be 
performed (Birbian et al., 2014). 

 
Thermal Asymmetric InterLaced (TAIL) – 
PCR 

TAIL-PCR is a modified PCR method which 
uses 2 different primer sets length and melting 
temperature (thermal asymmetry). TAIL-PCR 
is similar to Inverse PCR. This method can be 
used to isolate the unknown sample target 
sequence by flanking the nucleotide sequence 
to the unknown nucleotide sequence part 
genome. Pair of repeating primers have a 
difference in annealing temperature to amplify 
the known nucleotide sequence, primer 
degenerate (non repeating primer) then used 
to amplify  the other side (unknown) 
nucleotide base. Primer degenerate that is used 
for this method is Primer Arbitrary Degenerate 
(AD) which is attached to the genome (Liu & 
Chen, 2007). TAIL-PCR uses a nested primer 
with known nucleotide sequence and has a 
melting point (Tm) > 65oC. Primer AD is a 
random primer that is not repeated with the 
length of 15-16 nucleotides with Tm around 
45oC. Thus, making the amplification process 
efficient to generate target and non target 
products. This method has the advantage of 
being easy to be performed, efficient, and 
specific gene amplification results (Singer & 
Burke, 2003).  
 
Random Amplified Polymorphic DNA 
(RAPD) - PCR 

This method is used to identify DNA 
polymorphism in genomes accurately and 
efficiently. RAPD-PCR was developed by 
combining the traditional PCR method using 
primers with random nucleotide sequences 
that generated a lot of DNA fragment patterns. 
Short oligonucleotide (usually 10 base pairs) is 
used in the RAPD-PCR method as a primer that 
will be attached with the complementary part. 
The primer will be attached and initiate the 
amplification process of a specific (or random) 
DNA genome area (Nanvazadeh et al., 2013; 
Schnell et al., 1995; Ferriol et al., 2003). The 
success of this technique depends on the purity 
and wholeness of DNA print. The impure DNA 
print will disturb the annealing primer and 
inhibit DNA polymerase activity (Bintang, 

2018). The advantage of using this method is 
the unneeded knowledge of the organism’s 
genome, and also its fast result. However, the 
disadvantage of this method is the appearance 
of DNA strand is inconsistent if the annealing 
temperature is too high (could be avoided by 
using more primers) and repeating DNA 
segments often doubled. 
 
Single-Strand Conformation Polymorphism 
(SSCP) PCR 

SSCP-PCR is one of the PCR techniques that 
could detect nucleotide differences from 
product DNA with the difference of 1 
nucleotide. This method is suitable to detect 
mutation. This PCR has been used to detect 
mutation in humans, rats, livestocks, bacteria, 
and viruses. The length of the analyzed 
nucleotide sequence is usually around 257-500 
base pairs (Tahmassebi et al., 2012; Hayashi, 
1992). 
 
Nested PCR 

Nested PCR technique purpose is to reduce 
the contamination level of primer attachment 
to the inessential DNA strands. In this method, 
2 primer pairs are used where both primers 
will go through 2 main steps. The first primer 
pair will attach with the target DNA and the 
resultant product will be used by the second 
primer pair as a template to attach. This 
process allows the end result to be more 
specific (Yusuf, 2010). 
 
Multiplex ligation-dependent probe  
amplification (MLPA) PCR 

MLPA PCR enables one primer set to 
amplify multiple targets. By using two 
oligonucleotides probes, it anneals adjacent 
target sites on the DNA. The sequence 
contained in one probe is recognized by the 
forward primer on the 3’ to 5’ DNA while the 
other probe contains a 5’ to 3’ strand reverse 
primer. The annealed respective DNA strands 
of both probes will ligate the probes into a 
complete probe. This means that unbound is 
not amplified.  This technique is used for the 
analysis of microsatellites and single 
nucleotide polymorphisms (Hayden et al., 
2008). The result of MLPA could be collected 
within 24 hours with fast manual work. There 
are more than 50 different genome locations 
that could be analyzed in one reaction, which 
could be used to diagnostic and prognostically 
detect genetic mutation in some tumors 
(Hömig-Hozel & Savola, 2012). 
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Digital PCR (dPCR) 
Digital PCR is one of the quantitative PCR 

techniques where the PCR result can be 
automatically detected. This technique works 
by dividing the initial sample into a partition 
(microwell), followed by the usual PCR 
procedure. The result will be detected through 
fluorescence. The difference of dPCR and qPCR 
is the result of dPCR amount could be surely 
determined by looking at the fluorescent 
microwell and digitally detected. This reason 
made dPCR said to be an absolute quantitative 
PCR (Quan et al., 2018). The potential 
applications of dPCR are ranging in a wide area 
such as quantification of low-level pathogens, 
rare genetic sequences, copy number 
variations, and relative gene expression in 
single cells (Joshi & Deshpande, 2010). 
 
Modified Amplification Time 
Quantitative/Real-Time (q) PCR 

qPCR is an analysis method developed from 
traditional PCR reaction. The qPCR technique is 
used to determine a target DNA concentration 
using the primer that usually reaches the 
length of >300 base pairs. qPCR is a fast and 
sensitive technique suitable for direct 
microbial detection and identification (Ly-
Chatain et al, 2011). qPCR is performed by 
adding colorant in the form of fluorescence or 
probe fluorescence DNA oligonucleotide. The 
colorant from the fluorescence or the 
mentioned probe will later bind with the target 
DNA and glow. The more fluorescent result 
meant a high DNA target concentration (Logan 
et al., 2009). The sample that could be 
amplified using this method include DNA, 
cDNA, and RNA. 

qPCR used a probe in its process. There are 
2 kinds of fluorescent probes that are widely 
used, DNA binding dyes (intercalated with 
DNA) and probe-based chemistries. The probe 
is bound to the 5’P and 3’OH end in DNA 
nucleotide sequences. The 5’P end probe has 
the reporter dye system that could generate 
fluorescence and the 3’OH end probe has a 
quencher that could muffle fluorescence of the 
reporter dye. The reporter part then 
hydrolyzed by DNA polymerase during the 
DNA synthesis process. The hydrolyzed 
reporter dye then releases fluorescence 
emission that could be detected by the 
detector. In general, the qPCR method is 
similar to the classic PCR principle. The 
difference is only on the amplified DNA that is 
counted after accumulated in a real-time 

reaction after all amplification cycle ends 
(Bintang, 2018).  
 
Modified Amplification Temperature 
Touchdown gene amplification PCR 

In Touchdown PCR, the temperature used at 
the beginning of the annealing process is 3-5oC 
higher than the average PCR technique. Within 
each cycle, the temperature is set to be lower 
so that in the later cycles become 3-5oC lower 
than normal. This technique is performed 
because of the greater primer binding 
specificity in earlier cycles occurred in higher 
annealing temperature while lower later cycles 
temperature leads to more efficient 
amplification of the reduced primer 
concentration (Patel et al., 2015). 

 
Hot-Start/Cold-Finish PCR 

Hot Start PCR is made to reduce the 
nonspecific DNA amplification in a temperature 
lower than 94oC, wherein this temperature PCR 
is entering the annealing process (Hoy, 2013). 
Hot Start PCR is generally used for a slight 
amount of sample in order to get the more 
specific result and the amount of the wanted 
amplicon not reduced. This technique is 
applied by using a high melting point wax to 
confine sample and DNA polymerase enzyme 
so that both of them will only mix in the 
annealing step. This technique is not popularly 
used nowadays as according to Coleman and 
Tsongalis (2016), there is a developed 
polymerase which is only active in a certain 
temperature that makes it possible to be mixed 
with other components. 

 
Co-Amplification at Lower Denaturation 
Temperature (COLD) - PCR 

This PCR technique uses a critical 
denaturation temperature (Tc) which is 
significantly lower compared to the other PCR 
techniques in general. It is applied to DNA with 
less than 200 base pairs long. In general, Zuo 
and Jabbar (2016) said that this COLD-PCR is 
used to detect mutation in DNA. COLD-PCR can 
be divided into Full COLD-PCR which enables 
the formation of heteroduplex (the bond 
between mutant and wild type gene) and Fast 
COLD-PCR which almost never form a 
heteroduplex (Liang et al., 2018). 

In this PCR, diverse alel amplified from the 
mixed type and DNA that contains controlled 
mutation. The diversity is used to detect cancer 
in the medical world. This method is also used 
to detect low level DNA mutation using 
reamplification with low denaturation 
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temperature. COLD-PCR is a new PCR type 
which is able to amplify minor alel from the 
mixed type (Milbury & Makrigiorgos, 2010; 
How Kit et al., 2013). Amplification of this PCR 
generates a high percentage of diverse alel. 
Mutation increase through COLD-PCR is more 
efficient for shorter nucleotide sequences with 
<20 base pairs (Bintang, 2018). 

APPLICATION IN FOOD ANALYSIS  

Food Analysis and Authentication 
PCR method is widely used in microbial 

analysis in food. For food industries and 
regulatory agencies, microbiological safety is 
an important concern in food production. As in 
the marketing effect, this analysis purposely 
was done to avoid any further bad 
consequences to human health that will lead to 
economic and consumer trust losses (Klancnik 
et al., 2012).  is one of the most needed matters 
in food products regarding the increase in 
consumer awareness. Food industry must 
always provide the exact labels that can be 
verified by anyone in further analysis as 
incorrect labeling could be considered as 
commercial fraud. Misleading labeling would 
affect consumers’ health, especially to non-
declared potential allergens. 

One of the incorrect and commercial frauds 
is the mix of beef and pork meat. Calvo et al 
(2002) developed and evaluated a semi-
quantitative PCR technique that able pork 
detection in ground beef and paste by targeting 
a repetitive DNA element (SINE) such as 
phosphodiesterase/ ryanodine/myostatin 
(Laube et al., 2003). The result showed that 
there is a specific 0.005% (w/w) pork in 
heated and beef. This technique has 
successfully proven commercial fraud by the 
addition of pork meat. Pork addition valuation 
in meat mixtures also analyzed quantitatively 
using a real-time PCR with TaqMan probes 
(Rodriguez et al., 2005). 

Another example is the goat milk in sheep 
milk detection using qPCR targeting the 12S 
rRNA gene with the detection limit up to 0.5% 
(Lopez-Calleja, 2007). The multiplex PCR 
technique is also used and developed by 
Bottero et al (2003) to detect cow, sheep, and 
goat’s milk in cheese concluded by 12S and 16S 
rRNA mitochondrial genes with detection 
limits up to 0.5%. 

 
 

 
Food Labelling 

According to  Poms et al (2004), storage 
protein or gluten contained in cereals (wheat, 

rye, and barley) is able to damage the small 
intestinal mucosa of celiac diseased patients. 
Therefore, an essential gluten-free diet is 
considered for these people, thus to avoid 
haphazard consumption of a product that 
contains gluten, a qualified and validated 
labeling is important. According to the draft 
revised standard for gluten-free foods of Codex 
Alimentarius Commission (2006), “gluten-free 
foods are foodstuffs consisting of or made only 
from ingredients which do not contain any 
prolamins from wheat or all Triticum species 
such as spelt, kamut or durum wheat, rye, 
barley, oats not exceeding 0.002% (w/w), or 
foods consisting of ingredients from wheat, rye, 
barley oats, spelt with a gluten level not 
exceeding 0.02% (w/w) on a dry matter basis.” 

Poms et al (2004) said that gluten detection 
in food products is based on protein analysis. 
However, real-time PCR technique is also used 
as an alternative to immunological assays. 
Good correlation between protein assays in 
wheat (ω-gliadin), rye (ω-secalin), oats 
(avenin), and barley (hordey) is found by using 
melting curve analysis for identification of 
product which established specific 
discrimination limit detection of 0.01 to 0.1% 
(Sanberg et al., 2003).  

Allergen containing food products' presence 
in the market could be effectively avoided by 
foodstuffs labeling. However, processed food 
products contain vast ingredient varieties 
which are sometimes difficult to avoid by an 
allergic individual, even though it is still 
possible to selectively pick a suitable food 
product, but total avoidance is nonetheless 
nearly possible. To improve consumer 
protection and compliance ensurement, 
dependable detection and quantification 
methods for food allergens are very important. 
One of the potential food allergens contained in 
food ingredients is hazelnut. Hazelnut is often 
used as an ingredient in pastries, confectionary 
products, ice cream, or also furthermore 
processed into oils. These types of potential 
allergens can be using a real-time PCR 
technique with TaqMan probes just like the 
other mentioned analysis. The attempted 
experiment of hazelnut detection in food had a 
practical detection limit of 0.01% (w/w) 
hazelnut in pastry mode samples (Piknova, 
2008). 

 
Genetically Modified Organism (GMO) 

A revolution had come in the agricultural 
field during the past decade with the 
introduction of Genetically Modified Organisms 
(GMO) which marked the rapid development of 
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biotechnology. Not like fortification which only 
adds desired compounds into a food product 
(Dary & Hurrell, 2006), GMO takes it to the 
molecular level of modifying the base DNA 
structure and combining it with other DNA to 
create a modified organism that is expected to 
be beneficial for humans (Ahmed, 2002). This 
revolutionary discovery had reaped many pros 
and cons among scientists since it entered the 
food chain. Public debate talking and 
concerning the food safety and labeling 
information rose especially in European 
countries. For this reason of contradictions, the 
EU paid special attention to the disagreed 
consumer by making compulsory labeling for 
food products with more than 0.9% GMO (EU 
EC, 2003). Multiplex PCR technique has proven 
to be the most effective method for GMO 
presence check in the food product as it saves 
considerable time and effort by decreasing the 
number of reactions required to assess by 
simultaneously amplifying multiple sequences 
at once. As an example, for this reason, several 
approaches based on multiplex PCR had been 
developed such as Genetically Modified (GM) 
maize lines, GM canola lines, and roundup 
ready (RR) soybean (Germini et al., 2004). It is 
also described by Hernandez et al (2005) that 
multiplex PCR technique is able to detect 
several GM maize lines (Bt11, MON810, T25 e 
GA21), which proved to be 100% specific to the 
events Bt11, MON810 and GA21. 

 
Food Safety and Quality Control 

Bacterial detection and control are two key 
aspects in food microbiology (Stewart, 1997). 
Microbiological quality control programmes 
are increasingly applied throughout food chain 
production in order to minimize the risk of 
infection for the consumer. Thus, the 
availability of reliable, rapid and accepted test 
systems to detect the presence or absence, or 
even the degree of contamination of pathogens, 
becomes increasingly important for the 
agricultural and food industry. Such systems 
would also find a place within the framework 
of legislative control measures. During the last 
15 years, PCR has significantly contributed to 
this field (Valasek and Repa, 2005; Rodríguez-
Lázaro,  2013).  

Traditional methods of detection, although 
reliable and efficient, require several days to 
weeks before results are produced. 
Furthermore, phenotypic properties by which 
the bacteria are identified may not be always 
expressed; and when expressed, they may be 
difficult to interpret and classify. Another 

disadvantage of traditional methods is that 
cells which are viable but otherwise non-
culturable cannot be detected, e.g. some 
stressed Campylobacter spp. (Rodríguez-Lázaro 
and Hernández, 2013) 

Speed, excellent detection limit, selectivity, 
specificity, sensitivity and potential for 
automation are among the most important 
advantages of qPCR. These advantages 
compared to traditional detection methods 
might well encourage end-users to adopt 
amplification techniques in routine testing for 
food-borne pathogens (Rodríguez-Lázaro & 
Hernández, 2013).  

One example of PCR usage in quality control 
is the identification of Listeria spp and L 
monocytogenes in ready to eat salad in Italia. 
Ready to eat salad is one of the foods that 
needs to be examined carefully because it is 
consumed in raw condition that makes it 
vulnerable to microbial contamination. 
Moreover, L monocytogenes can also grow in a 
vast range of temperatures and pH. Therefore, 
a quick testing method needs to be done. The 
analysis of this microorganism is using 
Multiplex PCR technique after the ready to eat 
salad is firstly isolated and suspected to be 
contaminated. Multiplex PCR is used to 
separate species between Listeria genus. The 
study had shown a 6% contamination of the 
mentioned microorganisms with species 
variations (Q Nabi et al, 2011). This type of 
study will not be able to conduct easily without 
a PCR method. By doing this study and 
acknowledging the microorganisms 
characteristics, researchers are able to identify 
and also prevent the further growth of the 
respected microorganisms that could possibly 
threaten consumer experience of ready to eat 
salad. 

Another example in the food safety field is 
the determination of Fusarium head blight 
(FHB) produced by Fusarium spp. of complex 
widespread disease of the small grains (maize, 
wheat, or barley). Besides the considerable loss 
of yield, it has the ability to produce 
mycotoxins which are harmful to human and 
animal consumers. For this  reason it  is  of  
great  importance to  identify  Fusarium  
infections  before  the  toxins  are synthesized 
and in the same time to determine  its toxigenic 
potential (Boldura and Popescu, 2016). 

ADVANTAGES AND LIMITATIONS  

It has been shown that PCR has so many 
advantages as a simple to understand and use 
technique which produces results rapidly 
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(Garibyan & Avashia, 2013). It is a highly 
sensitive technique with the potential to 
produce millions to billions of copies of a 
specific product for sequencing, cloning, and 
analysis. In biochemistry principle, PCR 
amplifies DNA of living organisms in Vitro so 
that it is suitable for every organism. PCR is 
also able to measure analyte with minimum 
time, selectively, specifically, and sensitively 
with almost full automatic process (Rodriguez-
Lazaro & Hernández, 2013). Moreover, PCR is 
performed in a closed reaction vessel that 
requires no post-PCR manipulations, thereby 
minimizing the chances for cross 
contamination in the laboratory (Valasek & 
Repa, 2005). 

Although PCR is a valuable technique, it 
does have some limitations. Because PCR is a 
highly sensitive technique, any form of 
contamination of the sample by even trace 
amounts of DNA can produce misleading 
results (Smith & Osborn, 2009). In addition, in 
order to design primers for PCR, some prior 
sequence data is needed. Therefore, PCR can 
only be used to identify the presence or 
absence of a known pathogen or gene. Another 
limitation is that the primers used for PCR can 
anneal non-specifically to sequences that are 
similar, but not completely identical to target 
DNA. In addition, incorrect nucleotides can be 
incorporated into the PCR sequence by the 
DNA polymerase, even though at a very low 
rate (Garibyan & Avashia, 2013). It is also 
proven that the lack of special care of the 
equipment can lead to a contamination of the 
sample, take the example of food safety field 
the lack of special treatment of the equipment 
can lead to a misleading result of a wrong 
amplified target (De Medici et al, 2015). 
Therefore, a special precaution is absolutely 
necessary to operate this sensitive equipment. 

CONCLUSIONS 

PCR technique has been rapidly developing 
in the past decades with many modified 
techniques and methods now present in this 
modern era. The usefulness and effectiveness 
of PCR enable many fields such as medical, 
forensic, agriculture, food science, and 
molecular biology to develop further by taking 
advantage of its function in DNA amplification. 
PCR is one of the revolutionary techniques in 
science which if developed and used well will 
be very beneficial for humanity in many 
aspects. 
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