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Abstract

Isothermal amplification is a technique that can amplify target DNA sequences at a single 
incubation temperature. Loop-mediated isothermal amplification (LAMP) is an extension of the 
isothermal DNA amplification technique that combines rapidity, simplicity, high specificity and 
sensitivity. Due to its overwhelming characteristics, LAMP has been explored for its feasibility 
in detecting various subjects, and recently in meat-based food products for DNA-based meat 
species authentication. It has been developed to target various meat species such as porcine, 
chicken, horse, and ostrich with sensitivity as low as 0.1 pg/µL. Further improvement with the 
use of magnetic beads, electrochemiluminescence and special dye such as calcein and crystal 
violet had increased the sensitivity of the LAMP assay. Other important characteristics were 
specific target gene primers as well as a shorter incubation time, warranting a good prospect for 
rapid testing authentication. 

Introduction

Utilisation of animal and its by-products such 
as meat, gelatine and fat in various foods and non-
food products has been increasing tremendously. 
In addition, the admixture of meats with that of a 
lower value without proper declaration has also been 
reported (Ayaz et al., 2006; Fajardo et al., 2008; 
Özpinar et al., 2013; Soares et al., 2013; Amin et 
al., 2015). This has triggered a great concern among 
consumers particularly the religious devotees who are 
subjected to certain regulation in meat consumption. 

From a religious perspective, porcine is forbidden 
for consumption in Islam and Judaism (Soares et al., 
2010; Nakyinsige et al., 2012), and yet porcine and 
its derivative have been largely utilised either as food 
or derivative of other form of products. Moreover, 
although not widely reported, porcine serum albumin 
(PSA) has been acknowledged as a significant 
allergen found in porcine meats (Kim et al., 2011). 
Meanwhile, dog, which is also forbidden in Islam, 

is not allowed for consumption in Buddhism (Soares 
et al., 2010; Rahman et al., 2014). Consuming dog 
meats might put individuals at risk of infection 
from deadly pathogens such as Escherichia coli 
serotype 107 and Salmonella sp., as well as at risk of 
contracting other harmful microbes such as anthrax, 
brucellosis, hepatitis and leptospirosis (Sirius Global 
Animal Charitable Trust, 2007). 

Another example of food fraud involves beef 
pertaining to its origin and gender. Origin fraud 
occurred when beef from different countries might 
cost higher than from some others. For example based 
on Peter Shears report (2010), British sirloin beef 
costs £8.50/kg meanwhile Brazilian beef costs about 
£4.50/kg. It is difficult to differentiate the country 
of origins once the meat is unbadged and unbagged. 
As for the gender issue, beef from male animals 
is more valuable as compared to beef from female 
animals. Female cows are used for reproduction 
and only slaughtered when they get older, resulting 
in a lower quality meat as the meat has turned into 
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tougher texture due to the rigidity of muscle fibres. 
Unscrupulous sellers sell the meats with the price of 
that of male cows. 

In early 2013, a two-month long investigation 
on the authenticity of beef products revealed the 
presence of undeclared horse meat in a frozen 
burger produced in Ireland (O’Mahony, 2013). Out 
of 27 burgers tested, 37% of them had been found 
containing traces of equine DNA. Similar results 
have been reported when further samples of the 
same burger brand were purchased at the same retail 
outlets and tested (O’Mahony, 2013). Since labelling 
requirements were violated, the fraudulent nature 
of this matter could be assumed. O’Mahony (2013) 
also found salami products containing bovine and/
or porcine DNA, but not equine DNA. Low levels 
of porcine DNA might suggest an unintentional 
presence reflecting poor operation system. 

Many studies have thus focused on the 
authentication approach to verify the originality 
of meat origin in related products available in the 
market. PCR has been widely used for authentication 
purposes but isothermal approach particularly the 
LAMP is also promising, and has recently gained 
much interest. The present review will therefore 
present the principle of LAMP, its application and 
strategies in meat species identification. 

PCR vs Isothermal approaches in DNA detection
Polymerase chain reaction (PCR) based methods 

targeting specific DNA marker have been proven 
to be effective in identifying and revealing even in 
minute levels of adulteration in highly processed 
meat products (Fajardo, Gonza and Garcı, 2010; Ali 
et al., 2012; Doosti and Dehkordi 2014). Further 
enhancements involve PCR-based amplified fragment 
length polymorphism (PCR-AFLP) (Sasazaki et 
al., 2004), random amplification of polymorphic 
DNA (RAPD) (Calvo, Zaragoza and Osta, 2001), 
quantitative competitive (QC) PCR (Wolfand Lüthy, 
2001), multiplex-PCR (Asensio et al., 2008), nested 
primer PCR (Pardo and Pérez-Villareal, 2004), 
microsatellite ( Tajima et al., 2002; Rikimaru and 
Takahashi, 2007) and real-time PCR using probes 
(Fajardo et al., 2008; Ahmed et al., 2010). 

Nevertheless, these methods should be performed 
in a well-equipped lab with a thermal cycler 
machine and skilled personnel (Dhama et al., 2014). 
Alternatively, approaches of DNA amplification 
without the use of thermal cycler have also been 
developed. These methods are referred to as isothermal 
amplification as the reaction works at a constant 
temperature. An important advantage of these assays 
is that there is no need for a high temperature for 

initial heat denaturation and lower temperature in the 
amplification steps as in PCR assays. The methods 
include Nucleic Acid Sequence-Based Amplification 
(NASBA), Transcription Mediated Amplification 
(TMA), Strand Displacement Amplification (SDA), 
Rolling Circle Amplification (RCA), Signal Mediated 
Amplification of RNA Technology (SMART), 
Loop-Mediated Isothermal Amplification (LAMP), 
Helicase-Dependent Amplification (HDA), Single 
Primer Isothermal Amplification (SPIA) and Circular 
Helicase Dependent Amplification (cHDA) (Walker 
et al., 1992; Lizardi et al., 1998; Notomi et al., 2000; 
Gill and Ghaemi 2008; Mugasa et al., 2009). Each of 
the amplification systems has different processes that 
result in different outcome of detections.

Some of these isothermal amplification methods 
are related to the complexity in primer design and 
enzyme regiments used in the assay. Based on primer 
design, SDA, SMART and LAMP are considered 
complicated for a new user. SDA uses four primers 
to generate initial amplicons; SMART assay consists 
of two single stranded oligonucleotide probes 
(“extension” and “template”) that anneal to template 
DNA forming a three-way-junction (Tröger et al., 
2015); meanwhile, LAMP requires four to six specific 
designed primers for each target region. Compared to 
PCR which only use one enzyme (DNA polymerase), 
NASBA, SMART, SDA, HDA and SPIA need more 
than one enzyme to allow amplification of DNA 
or RNA. SPIA assay needs DNA polymerase with 
strand displacement activity and RNaseH (Karami et 
al., 2011), meanwhile NASBA needs three different 
enzymatic steps (transcription/ cDNA synthesis/ 
RNA degradation) to accomplish an isothermal RNA 
amplification assays (Cho et al., 2005).

Among these approaches, LAMP provides a 
better efficiency in the amplification of large DNA 
sequences with better sensitivity and specificity (Mori 
and Notomi, 2009). In LAMP assay, pyrophosphate 
ions are produced in a large amount which results 
in the formation of white precipitate magnesium 
pyrophosphate. The appearance of this precipitate 
provides an indication that the target DNA has 
been amplified (Mori et al., 2001). In addition, an 
important advantage of this technique is related to 
how it can tolerate to some inhibitory materials that 
might be present and usually affect the PCR efficiency 
(Enomoto et al., 2005; Kaneko et al., 2005). 

In a study done by Kaneko et al. (2007), LAMP 
managed to detect DNA targeting Herpes Simplex 
Virus-1 that was suspended in a culture medium with 
various biological substances, in which potential 
inhibitors such as amino acids or salts might be 
present. They concluded that the tolerance of LAMP 
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to biological substances was superior. Although the 
extent of the inhibitors and their effects in the process 
were not known, successful detection could indicate 
the ability of LAMP to overcome this problem. In 
addition, Kaneko et al. (2007) suggested that DNA 
extraction step can be omitted in LAMP assay, 
and this was demonstrated in Abdulmawjood et al. 
(2014)’s study. However the later study reported that 
the amplification times were longer than those using 
extracted DNA. 

Meanwhile, Yang et al. (2014)’s study used 
a similar target region (cytochrome b gene) to be 
amplified by using both LAMP and PCR assays. This 
was done using the outer primers (F3 and B3) of the 
LAMP assay. The results showed that LAMP assay 
could detect DNA as low as 1 pg/µL in 45 min as 
compared to PCR assay which was only at 100 pg/
µL in more than 65 min. This showed that LAMP 
assay could be more sensitive and rapid as compared 
to PCR assay. Therefore, the application of LAMP 
in authentication of meat fraud or adulterated meat 
products has come into attention as a promising 
tool for identifying the meat species in meat-based 
products.

Application of LAMP and strategies in meat spp. 
authentication

LAMP has been demonstrated to be sufficiently 
sensitive such that it allows amplification of a few 
copies of DNA to 109 in less than an hour under 
isothermal conditions which eliminates the need 
for thermal cycling. It employs four to six primers 
and specific DNA polymerases such as Bst DNA 
polymerase (New England Biolabs, Ipswich, MA) 
(Yang et al., 2014) or GspSSD DNA polymerase 
(Optigene Ltd., UK) (Cho, Dong and Cho, 2014) 
which are capable of inducing auto-cycling strand 
displacement with enhanced specificity (Cho et al., 
2014). 

The performance of LAMP mainly relies on 
the primers’ design, successful DNA extraction and 
optimal incubation temperature for primers to bind at 
the target region. A minimum of four primers labelled 
as forward outer (F3), backward outer (B3), forward 
inner (FIP) and backward inner (BIP) primers are 
required, while additional two primers labelled 
as loop forward (LF) and loop Backward (LB) are 
added to accelerate the reaction (Nagamine, Hase 
and Notomi 2002). F3 and B3 take place during 
DNA strand displacement, thus referred to as strand 
displacing primers, while FIP and BIP are involved 
in loop formation (Parida et al., 2008). An online tool 
such as Primer Explorer could assist in designing 
LAMP primers (Dhama et al., 2014). The main 

challenge in LAMP primers’ design is to ensure a low 
possibility of dimers formation among the primers. 
As of PCR, dimers formation will completely halt the 
amplification of target sequence. Thus, the potential 
of homo- and heterodimer formation among the 
primers must be assessed in details prior to DNA 
amplification process.

The principle underlying the amplification 
of specific target sequences in LAMP assay has 
been discussed in details by Notomi et al. (2000). 
Utilisation of LAMP has been initially applied in the 
diagnosis of pathogenic bacteria, parasites, viruses 
(Notomi et al., 2000; Tlili et al., 2013; Safavieh et al., 
2014a; Safavieh et al., 2014b; Fernandez-Soto et al., 
2014; Zeng et al., 2014), and genetically-modified 
organisms (Ahmed et al., 2009; Kiddle et al., 2012; 
Zhang et al., 2013; Huang et al., 2014; Wang et al., 
2015), as well as in authenticating medicinal materials 
(Mahony et al., 2013). Due to the simplicity of this 
technique, LAMP has been extended to food analysis. 
For instance, some studies have recently utilised this 
approach in the identification of meat species of meat 
products (Ahmed et al., 2010; Abdulmawjood et al., 
2014; Cho et al., 2014; Kanchanaphum, Maneenin 
and Chaiyana, 2014; Yang et al., 2014; Zahradnik 
et al., 2015; Lee et al., 2016; Ran et al., 2016; Roy 
et al., 2016a; Roy et al., 2016b). Table 1 shows 
the summary of meat identification studies using 
LAMP assays, while Figure 1 shows the summary 
of approaches in the LAMP assays that have been 
developed thus far. 

Simplex LAMP
Single animal species detection using simplex-

LAMP has been successfully developed for 
the detection of porcine (Ahmed et al., 2010; 
Kanchanaphum et al., 2014; Yang et al., 2014; Lee 
et al., 2016; Ran et al., 2016), horse (Zahradnik et 
al., 2015) and ostrich meats (Abdulmawjood et al., 
2014). In these studies, two modes of LAMP assay 
were employed, which were direct-real time LAMP 
and real time LAMP. Direct-real time PCR LAMP 
allows for direct detection of DNA without prior 
DNA extraction. On the other hand, real time LAMP 
requires the DNA to be extracted and purified prior 
to LAMP analysis. DNA extraction can be various 
utilising the common processes such as kits or 
conventional approach as long as the concentration 
and purity of DNA is sufficient as of PCR standard.

Lee et al. (2016), Ran et al. (2016) and Yang et al. 
(2014) showed a high potential of LAMP for rapidity 
and good sensitivity in porcine identification. The 
assays developed by Yang et al. (2014) and Lee et al. 
(2016) had a similar sensitivity of 1 pg porcine DNA, 
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but Lee et al. (2016) employed a direct real-time 
LAMP assay which required only 30 min to amplify 
the porcine DNA. However, the amplification time 
for direct real-time LAMP in Lee et al. (2016) showed 
a slight delay as compared to that of real-time LAMP. 
Meanwhile, the lowest sensitivity of porcine DNA 
was achieved by LAMP assay developed by Ran et 
al. (2016) with a detection limit of 0.5 pg, but it took 
more than 60 min for the amplification. This might be 
due to the different buffer and target region utilised in 
these studies which could result in variable detection 
sensitivities and amplification times. 

Other than porcine, Zahradnik et al. (2015) 
designed a specific LAMP primers targeting the 
NADH dehydrogenase gene of horse mitochondrial 
DNA, for detecting horse meat in processed meat 
products. The outcome showed a limit of detection 
as low as 0.1 ng of extracted horse DNA with zero 
cross reactions against beef, porcine and chicken. 
For visual detection, following the LAMP assay 1 
μL×1 SYBR Green® I was added to each reaction 
tube. The study also tested the LAMP assay on a few 
food products containing various horse meat recipes 
(two differently spiced, hard cured sausages; meat 
loaf; blood pudding and knackwurst), and the results 

showed a reliable detection in all products except for 
blood pudding. The later might be associated with the 
fact that blood pudding consists of mainly coagulated 
blood with high erythrocytes content (>90%), and 
less nuclei or mitochondria. Hence, the extracted 
DNA originated from thrombocytes and leucocytes 
will be lower (Bowen, 1963).

Further, Abdulmawjood et al. (2014) successfully 
identified ostrich meat based on the mitochondrial 
DNA-encoded cytochrome b gene of the ostrich using 
both indirect and direct real-time LAMP assay. For 
the former, the LAMP assay was used in combination 
with a real-time fluorometer, Genie II. The system 
was able to detect as low as 0.01% of ostrich species 
in a mixture of bovine meat. At the same time, a direct 
swab method without nucleic acid extraction using 
the HYPLEX LPTV buffer was also tested. However, 
the amplification time was longer than that using 
extracted DNA. Nonetheless, the fluorescent signals 
from all samples were positive after approximately 
12 min. In spite of the slightly longer amplification 
times used in the swab and HYPLEX LPTV buffer 
processing method, this approach still provided 
an accurate detection in less than 20 min using the 
portable equipment. This rapid processing method 

Figure 1 Summary of approaches in the LAMP assays that have been developed.



6 Tasrip et al./IFRJ 26(1) : 1-10 

also allowed the detection of ostrich meat without the 
need for incubation steps. This rapid lysis procedure 
also worked well with both minced meat and steak, 
giving positive results by LAMP assay without the 
need for DNA extraction.

Multiplex-LAMP
In order to increase the applicability of LAMP 

in animal species speciation, multiplex LAMP 
has been developed. Cho et al. (2014) designed 
a LAMP assay targeting a mitochondrial DNA 
which was respectively designed in combination 
to be specific for identifying and discriminating 
eight animal species simultaneously namely cattle, 
pig, horse, goat, sheep, chicken, duck and turkey. 
Animal species discrimination was possible in this 
process by taking advantage on the unique annealing 
temperature generated by the respective amplicons 
with no cross-reactivity observed in each set. The 
annealing temperature was effective for species 
discrimination because it differed proportionately 
with the nucleotide composition and amplicons 
size of each target sequence (Mouillesseaux et al., 
2003). In comparison with probe-based real-time 
DNA amplification assay, intercalating dye-based is 
more cost-effective and robust to be used (Cho et al., 
2014). The limits of detection of the LAMP assays 
in raw and cooked meat were 10 pg/μL to 100 fg/
μL levels in 30 min reaction time. This shows the 
ability of multiplex LAMP assays for discriminating 
multiple meat species simultaneously. Therefore, 
while providing the simplicity, rapidity, accuracy and 
good sensitivity, it looks promising for this approach 
to be applied in the routine services for multi-meat 
species identification to detect potential meat source 
fraud and adulteration involving more than one 
species.

Further improvement of LAMP based approaches 
To assimilate LAMP application as a point-of-care 

device, it has been further modified to increase the 
sensitivity of detection. Azam et al. (2018) developed 
a novel, simple, sensitive and rapid luminol-based 
electrochemiluminescence (ECL) technique for 
wild boar DNA detection. Luminol or 5-amino-2,3-
dihydro-1,4-phthalazinedione acts as luminophore 
dye in this study. DNAs of LAMP products from 
this assay were added into luminol solution for 
further ECL analysis for quantification. The DNA-
luminol complexes caused the diffusion of luminol 
towards the electrode surface to be slowed down 
and hindered that resulted in low luminol intensity. 
Hence, by employing this assay to carbon screen-
printed electrode (SPE), this technique has a potential 

to be developed further into a compact biosensor for 
verifying food authenticity. This LAMP-ECL sensor 
could detect DNA as low as 0.1 pg/µL in ~5 min. 

On the other hand, Roy et al. (2017) presented 
a paper microchip to detect and quantify utilising 
colour changes in presence of targeted nucleic acid. 
After DNA extraction and amplification of DNA using 
LAMP assay, LAMP products was then detected 
and quantified on a paper microchip fabricated 
in a cellulose paper and a small wax chamber 
utilising crystal violet (CV) dye. Crystal violet is a 
triphenylmethane dye containing a p-quinoid group 
that acts as a chromophore. It is widely being used 
in Gram staining for bacterial classification, and 
also DNA staining in agarose gels, as CV has been 
shown to have a high affinity for dsDNA compared 
to ssDNA or RNA (Norden et al., 1978; Miyamoto et 
al., 2015) to form a CV-dsDNA stable complex. The 
colour change from colourless to purple indicates a 
positive signal for the assay. This assay was able to 
detect as low as 1 pg/µL for wild boar DNA and 10 
pg/µL for Bacillus subtilis DNA.

Roy et al. (2016b) integrated LAMP with 
electrochemiluminescence (ECL) technique for both 
DNA detection and quantification. The amplified 
DNA from LAMP reaction bound electrostatically 
with [Ru(bpy)3]

+2 on a carbon electrode surface, 
which was later triggered by tripropylamine (TPrA) 
to yield luminescence. In this process, target DNA of 
wild boar meat was detected as low as 1pg/mL (3.43 
× 10-1 copies/mL) within 60 min. 

Meanwhile, Roy et al. (2016a), developed 
a sensitive and specific paper-based method for 
detection of chicken and porcine DNA with a 
detection limit of 1 pg/µL and 100 pg/µL, respectively 
by utilising magnetic beads. The principle lies on 
the formation of dark red aggregates on filter paper 
upon addition of magnetic bead to LAMP products 
in magnetic field. The detection method was also 
shown to be time-effective as a positive result could 
be obtained after 20 min of LAMP reaction.

Previously, Ahmed et al. (2010) reported the use of 
disposable electrochemical printed (DEP) chip-based 
detection of loop amplicons using a combination 
of primers targeting porcine, chicken and bovine 
simultaneously. Mitochondrial 12S rRNA gene was 
used in the system due to the characteristics of the 
gene that provide suitable length and ample grade 
of interspecies variation. The interaction between 
target loop amplicons and DNA binder H33258 was 
measured based on the changes in the anodic peak 
current (mA) due to oxidation of H33258 molecule 
using Linear Sweep Voltammetry (LSV). Limit of 
detection of loop amplified target DNA for porcine 
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was ~20.33 ng/µL, meanwhile for chicken and bovine 
were ~78.68 pg/µL and 23.63 pg/µL, respectively. In 
addition, the sensitivity of the detection in the study 
was further validated by comparing the results with 
those generated by multiplex-PCR. It was shown 
that the LAMP based electrochemical sensor had a 
higher specificity with no non-specific amplicons. 
Another advantage of this method was its rapidity 
as it took less time 65 min while multiplex based 
electrophoretic analysis took more than 90 min to 
complete. 

Conclusion

Accurate species identification of meat products, 
detection of adulteration or fraudulent substitution 
and Halal authentication might gain benefits from 
this LAMP technique (Premanandh and Salem 2017). 
This method can be conducted quickly and without 
complex instrumentation with good sensitivity for 
meat species detection. The sensitivity limit can be as 
low as 0.1 pg/µL in 20 min, which is better than PCR 
that needs more than 1 h to complete. LAMP could 
also be incorporated with other tools such as the use 
of magnetic beads and special dye such as calcein 
and crystal violet that helps in improving detection 
and also reducing contamination. These make LAMP 
suitable for use in the field, where the application of 
gel electrophoresis apparatus and PCR instrument is 
not practical.
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