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A rapid and sensitive Loop-mediated isothermal amplification assay for 
detection of pork DNA based on porcine tRNA lys and ATPase 8 genes

Abstract

This study describes the development of a rapid and sensitive Loop-mediated isothermal 
amplification assay for detection of swine DNA in adulterated meat and meat products. The 
need to protect consumer’s right to eat foods of their choices, has made it imperative for 
researchers to develop efficient means of screening and certification of food products. Six sets 
of LAMP primers designed based on porcine tRNA lysine gene and ATPase subunit 8 genes 
were used for the assay. Amplification was carried out under constant temperature (630C), using 
a simple laboratory water bath. Average time spent in amplification and detection of results was 
25 min. All results were visually detected and confirmed by electrophoresis. Detection limit of 
the assay was 0.03 femtogram (fg) much high than the PCR assay, and detection probability of 
the assay was 100%. Detection of 0.5% of pork spiked with 99.5% of cattle beef is indicative 
of the sensitivity and robustness of the assay. This could serve as a prototype for development 
of a sensitive and inexpensive Swine DNA LAMP detection kit.

Introduction
Screening and verification of meat and meat 

derivate is essential towards ensuring safety of 
products made available to consumers (Tanabe et al., 
2007a).  Researchers in the area of food forensics 
are motivated to conduct research, to meet the 
rising demands for authenticity and credibility of 
food product labeling. Despite all efforts been made 
by food regulatory authorities towards stemming 
the challenge of food adulteration, the trend has 
regrettably continued.

 One of the most widely publicize case of meat 
product fraud, is the beef burger scandal in the 
united kingdom commonly known as  “Horse gate”, 
where porcine and horse DNA were said to have 
been discovered in the affected products. This led 
to withdrawal of millions of the adulterated beef 
burger from various super markets across the United 
Kingdom (Stevens, 2013). Therefore, this call for a 
review of the methods currently employ in screening 
of meat and meat products. Swine tissue is said to 
be the most used adulterant in the meat industry 
(Syahariza et al., 2010; Fadzillah et al., 2012). 
Financial rewards benefited from partial or outright 
substitution of other animal meat and meat products 
with that of the swine, which is relatively cheap and 
readily available is the primary motivating factor 

behind this fraudulent practice (Al- Jowder et al., 
1997; Aida et al., 2005; Grundy et al., 2012). 

Some categories of people exposed to 
consumptions of pork and its derivatives are at a 
high risk of health challenges, ranging from allergies, 
zoonotic infectious diseases and metabolic diseases 
(Rashood et al., 1995; Rashood et al., 1996). 
Ethical and religious rights of Muslim are seriously 
compromised by fraudulently exposing them to such 
food (Ali et al., 2011). Hence, proper labeling of meat 
and meat products is nonnegotiable. Food regulatory 
authorities are saddled with the responsibility of 
ensuring compliance to global food safety standards.  
At present, the swine specie-specific PCR has 
been developed and adopted for screening and 
authentication of meat (Tanabe et al., 2007a; Tanabe 
et al., 2007b; Erwanto et al., 2011). The PCR been a 
molecular technique is no doubt an effective forensic 
technique, capable of detecting few copies of DNA 
in adulterated sample. A number of gaps are however 
been identified from its application, these gaps are 
suggested to be responsible for the lingering cases 
of swine adulterated meat. High financial demands 
of setting up a PCR assay amongst other factors, 
has limit its application to highly resourced settings 
(Erwanto et al., 2011; Parida et al., 2008). 

We therefore, found it imperative to develop 
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cheap and cost effective Swine species specific Loop 
mediated isothermal amplification assay, based on 
conserved regions of the swine mitochondrial gene. 
LAMP has been proven to be a much more rapid 
and sensitive molecular diagnostic technique, when 
compare to PCR and molecular techniques (Erwanto 
et al., 2011; Abdullahi et al., 2015). It amplifies few 
copies of nucleic acid to a detectable level within an 
hour, under isothermal condition (Dhama et al., 2014; 
Notomi et al., 2000;  Negamine et al., 2002). Unlike 
the PCR, the LAMP technology can be adopted in low, 
middle and high income countries due to cheapness 
of the technique, requiring only simple water bath or 
heat block for amplification process (Boehme et al., 
2007; Tomita et al., 2008). 

Materials and Methods

Sample collection and DNA extraction
Total DNA extracted from 48 raw meat samples, 

these includes; meats from cattle, sheep, goat, 
chicken, swine, flesh from tilapia and cat fish. The 
above mentioned meat samples were purchased from 
various local and supermarkets across 2 states of 
the Peninsular Malaysia, August 2014. Commercial 
Animal tissue DNA isolation and purification kit 
(Qiagen, Dneasy, Dermadst Germany) was employed 
in isolation and purification of DNA. Protocol 
prescribed in the kit manual was strictly adhered to. 
Purity and concentration of the extracted DNA was 
determined by spectrophotometric analysis, using 
Biophotometer plus (Eppendorf, Hilden, Germany), 
data not available.

LAMP primer design
Six LAMP primers were manually designed 

for this work. Segments of porcine mitochondrial 
tRNA lys gene and ATPase subunit 8 genes, with 
accession number: AF034253.1 were the primer 
target. The gene sequences were sourced from the 
gene bank nucleotide archive of the national center 
for biotechnology (NCBI). Details of the primers are 
highlighted in (Table 1) below.

LAMP reaction mixture and amplification conditions
Optimized porcine LAMP reaction was done 

with a final volume of 25 µl LAMP reaction mixture, 
an aliquot of 8 µl LAMP primers was used, 0.2 µM 
(1 µl) of each of the outer primers (F3 and B3), 1.6 
µM (2 µl) of each of the inner primers (FIP and BIP), 
and 0.8 µM (1 µl) of loop primers each were the 
oligonucleotide concentrations. Other constituents of 
the mixture are 1.2 µM in 1 µl of each of the dNTP 
(New England Biolabs, Beverly USA), 0.5 µM 

of betain (Sigma), 8 mM of MgSO4, 2.5 µl of 1 x 
Thermopol reaction buffer (New England Biolabs). 
Also contained in the reaction are 8 unit of Bst DNA 
polymerase large fragment (New England Biolabs, 
Beverly USA), 3 µl of specified amount of DNA 
and finally the mixture was adjusted to 25 µl with 
nuclease free water.

Results and Discussion

A total of 96 LAMP reactions were performed 
with 24 DNA samples of 8 different animal species. 
Twelve reactions tested positive to the established 
assay, while remaining 84 were negative. The positive 
LAMP results recorded were those carried out with 
pork DNA, positivity was determine through UV light 
aided visualization after amplifying for 25 min at 63 
0C (Figure 1a). Bright greenish colour appearance of 
the positive reaction tubes after addition of SYBR 
green dye was a reflection of turbidity resulting from 
presence of magnesium pyrophosphate, a byproduct 
of a positive LAMP. Following suggestions by Mori 
et al., (2004); Sen and Ashbolt (2011), we used 
(SYBR green x 10,000) as DNA binding dye to make 
turbidity visualization easier. 

However, all the negative result recorded in this 
research were containing non porcine DNA templates, 
thus, indicating high assay precision. After addition 
of same quantities of SYBR green dye with the 
positive reactions, the colour remained unchanged 
(pinkish orange), thus, implies absence of amplicon. 
Furthermore, we subjected all result to confirmatory 
test, by running the LAMP products on 2% (w/v) 
agarose gel electrophoresis. The electrophoresis in 
figure 1b upheld the visually detected result (Figure 
1a), hence, our newly established swine meat LAMP 

Table 1. LAMP Oligonucleotide Primers Based on Swine 
tRNA Lys and ATPase 8
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assay is absolutely accurate, having achieved 100% 
positive and negative predictive values. 

Analytical sensitivity of swine meat LAMP assay	
Quality of a molecular diagnostic test is 

determined by its sensitivity and specificity, we 
therefore, performed an analytical sensitivity of 
the assay using series of serially diluted swine 
meat DNA samples. Ten-fold serial dilution of the 
pork DNA was done with sterile distilled water, 
starting and final concentration was calculated with 
biophometer plus. Serially diluted DNA (10-1 10-
10) with final concentration of (3 ng- 3 ag), was 
used as template for the LAMP assay analytical 
sensitivity reactions. Nine out of the ten serially 
diluted templates were amplified, results were 
detected visually and confirmed by electrophoresis. 
Limit of detection of 0.03 fg was obtained, hence, the 
assay was highly sensitive compared with 1 pg and 
10 fg limits of detection from previous studies done 
with conventional and real time quantitative PCR 
respectively (Tenabe et al., 2007a;  Ali et al., 2011). 
High analytical sensitivity of this LAMP assay was 
also in concordance with LAMP assay developed for 
ostrich meat detection (Abdulmawjood et al., 2014).

Swine meat LAMP assay on spiked meat samples
DNA collected from spiked meat samples 

containing variable amounts of pork and cattle beef 
was used in performing LAMP reactions in line with 
the establish assay, this was done to test the ability of 
our assay to detect swine adulterated meat. A typical 
scenario of beef adulterated with pork was mimicked, 
using 25%, 20%, 10%, 5%, 1%, and 0.5% (w/w) of 
pork equivalent to 10 mg, 8 mg, 4 mg, 2 mg, 0.4 mg, 
and 0.2 mg respectively. The result indicated that DNA 
from 0.5% (0.2 mg) pork spiked with 99.5% (39.8 
mg) of beef was isolated and amplified. However, 
this remarkably result also reflects on the sensitivity 
and specificity of the LAMP primers. Furthermore, 
accuracy of the assay is thought to be attributed to 
the choice of highly conserved swine tRNA Lys and 
ATPase 8 gene, on the basis of which the primers 
were designed, this is in accordance to Tartaglia et 
al., (1998). This study produced similar result as our 
previous work, where same primers were used  to 
detect porcine DNA in blood samples, hence, reflects 
high analytical specificity of the LAMP primers.

Conclusion

All results recorded in this study were visually 
detected under UV light, although, the resultant

 

Figure 1. Lane Mar in (1B) represents 100bp DNA marker. 
Tubes 1-3 labeled P1, P2 and P3 are positive LAMP 
product with pork DNA, the 3 products corresponds 
with P1, P2 and P3 lane in the agrose gel electrophoresis 
image (B), showing typical ladder like LAMP amplicon 
bands. By contrast, tube C, S, G, CK, CF, TF in (1A), 
containing cattle, sheep, goat, chicken, cat fish and tilapia 
flesh DNA, all remained pinkish orange in color when 
viewed under same UV light wavelength (306 nm). 
Absence of bands in lanes C, S, G, CK, CF and TF in 
(B), confirms the negativity of the reactions. The negative 
control reaction tube N containing no DNA also remained 
unchanged and presented no band when electrophoresed.

Figures 2. LAMP assay results conducted with DNA obtained 
from spiked pork and beef samples: Visual detection of
 LAMP reaction tubes (A), labeled as 25%-0.5% containing 
DNA from (30 mg- 39.8 mg) of beef spiked with (10 mg-
0.2 mg) of pork. The 6 tubes with greenish coloration 
indicates positive LAMP reaction which corresponds to 
lanes labeled 1-6 in (B), however, colors of  tubes 7-9 as 
well as N containing only beef DNA and negative control 
(no DNA) respectively. They correspond with lanes 7-9 
and N of (B) which shows no LAMP amplicon bands. 
The tubes remained pinkish orange in color following 
addition of 1ml (1/10) SYBR green x 10,000 dye and 
illuminated under UV light indicating negative reaction.
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LAMP reaction products were electrophoresed 
on 2% agarose gel as a means of confirmation. 
Hence, the established assay provides a platform for 
detection of swine meat DNA, via direct visualization 
of the product, thereby eliminating risk of exposure 
to potential mutagenic DNA staining dyes, used in 
electrophoresis of nucleic acid. The use of six primers 
which includes 2 loop primers may have potentiated 
the amplification time as well as the sensitivity of the 
assay. This is in comfort with the study conducted 
on the accelerative effect of loop primers in LAMP 
reaction (Negamine et al. 2002; Tomita et al., 2008). 
Other studies where four regular primers were 
used for LAMP reaction were shown to take longer 
amplification time (Ravan et al., 2012). The most 
crucial step in any successful molecular diagnostic 
test is the quality of primer design. It is therefore, 
logical to attribute the success of this work to the 
specially designed LAMP primers, which passed 
series of tests conducted in this study. This includes 
amplification of 0.03 fg of target DNA as well as 
specifically amplifying only 12 DNA templates 
representing 100% of the pork DNA, in a total of 96 
LAMP reactions. 

Our aim in this study is to develop a rapid, cheap 
and cost effective LAMP assay for detection of swine 
DNA in meat and meat products adulterated with pork 
and its derivatives. Identification of such adulterated 
products requires a highly sensitive and robust food 
forensic approach. In reality, considering the degree 
of degradation of meat products resulting from 
hydrolysis and other rendering activities which occur 
in meat processing. It became imperative to take into 
account the possibility of having denatured DNA 
samples. Hence, our LAMP primers were designed 
in line with LAMP primer design principles targeting 
gene fragment of (200- 300) bp (Erwanto et al., 2011; 
Dhama et al., 2014). Thus, in agreement with Buttler 
(2005) and Periera et al. (2010). The  choice of a 
short nucleotide gene fragment as primer target, as 
well as the highly stable mitochondrial genes present 
in numerous amount in eukaryotic cells, allowed for 
better chance of amplification.

To the best of our knowledge, there is currently 
no commercial LAMP assay kit developed for this 
purpose. Hence, our rapid and highly sensitive 
porcine LAMP assay can serve as headway towards 
developing a cost effective LAMP kit, for the screening 
and detection of swine meat in food products. The 
swift and seamless application of LAMP technique 
has made it the most user-friendly molecular 
diagnostic technology. This assay has proven to have 
several advantages over the PCR, especially in the 
aspect of rapidity and affordability, requiring no 

sophisticated and expensive thermocycling device.
Thus, it is expected to serve as an alternative to PCR 
and perhaps, most beneficial to low-resource settings.
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