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a b s t r a c t

An easy, rapid and sensitive method of detection of the presence of meat species in raw or processed
foods is important from cultural, religious, health and commercial perspectives. In this study we have
tried to distinguish species-specificity in control and processed pork, chicken and bovine meats using
loop mediated isothermal amplicons (LAMP) and disposable electrochemical printed (DEP) chips. LAMP
is a nucleic acid amplification method that amplifies target DNA with high specificity, efficiency and
rapidity under isothermal condition (63 �C). Electrochemical genosensor with the DEP chips detects
the amplicons by Linear Sweep Voltammetry (LSV) observation of DNA–Hoechst33258 interaction on
the chip surface. Hoechst33258 interacts with DNA in solution without immobilization of DNA onto
the electrode surface eliminating the time consuming probe immobilization step. Our method is more
specific and free of unwanted amplifications compared to Multiplexed PCR (M-PCR) method and gave
limits of detection of �20.33 ng/ll (3 � 104 copies/reaction), �78.68 pg/lL (3 � 102 copies/reaction)
and �23.63 pg/lL (30 copies/reaction) for pork, chicken and bovine species, respectively. Our method
of detection is quick, taking only an hour, and it may be useful for food administration laboratories to
carry out meat species identification in raw and processed foods.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Identification of meat species is crucial for the detection of adul-
teration or fraudulent substitution in raw or processed foods to
safeguard the consumers against the presence of unknown, less
desirable meat species from financial, religious and health perspec-
tives. Processed meats, with minced meats as its prime content,
need verification to ensure conformity between the food labeling
and actual ingredients in order to ensure consumers’ trust and food
safety. Sometimes, consumer are reluctant to consume meat be-
cause of the risk of getting bovine spongiform encephalopathy
(BSE), commonly known as Mad-Cow Disease (MCD), a fatal, neu-
rodegenerative disease (Wells et al., 1987), avian influenza virus
(Mo, Brugh, Fletcher, Rowland, & Swayne, 1997; Perkins & Swayne,
2001; Swayne & Beck, 2005) and foot and mouth disease (FMD)
(Dunn & Donaldson, 1997; Swayne & Beck, 2005) due to the con-
sumption of bovine, chicken and swine meats, respectively. As
such means of rapid detection is of utter necessity to ascertain
meat species in processed foods to verify the labeling.
ll rights reserved.
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In recent years many investigators applied various methods to
identify meat species which include PCR amplification (Tanabe
et al., 2007), PCR-based amplified fragment length polymorphism
(AFLP) (Sasazaki et al., 2004), random amplification of polymorphic
DNA (RAPD) (Calvo, Zaragoza, & Osta, 2001), quantitative compet-
itive (QC) PCR (Wolf & Luthy, 2001), multiplex-PCR (Asensio, Gonz-
alez, Pavon, Garcia, & Martin, 2008), nested primer PCR (Miguel &
Begona, 2004), microsatellite (Rikimaru & Takahashi, 2007; Tajima
et al., 2002) and real- time PCR (Fajardo et al., 2008). In the multi-
plex-PCR low amplification efficiency and non-identical results
across different templates restricted its commercial application
in detecting meat species. PCR based methods are time consuming
and not suitable for point-of-care or portable detection systems as
needed in applications like food investigation.

High-performance liquid chromatography (Espinoza, Kirms, &
Filipek, 1996; Toorop, Murch, & Ball, 1997), electrophoretic tech-
niques (Ozgen Arun & Ugur, 2000; Renon, Bernardi, Scocca, Cantoni,
& Gridavilla, 2003), and enzyme-linked immunosorbent assays
(Hajmeer, Cliver, & Provost, 2003; Macedo-Silva et al., 2000) have
also been reported. Although most of these protein based methods
identified the species-origin of raw meats, they were significantly
less sensitive in heat-treated processed meats because of the
thermal alteration of the specific epitopes in meat proteins (Hird,
Goodier, & Hill, 2003). Thus, it became indispensable to use
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antibodies raised against heat-stable proteins to identify species in
heat-treated products (Chen, Hsieh, & Bridgman, 2004; Hsieh, Sheu,
& Bridgman, 1998) which made the species identification by these
methods a difficult choice.

Methods like isoelectric focusing (Jaussen, Hagele, Voorpostel, &
de Baaij, 1990; King, 1984), chromatography (Ashoor, Moute, &
Stiles, 1988; Saeed, Ali, Abdul Rahman, & Sawaya, 1989), deoxyri-
bonucleic acid (DNA) hybridization (Chikuni, Ozutsumi, Koishika-
wa, & Kato, 1990; Ebbehøj & Thomsen, 1991) have already been
reported in quite a number of publications. Some of the above
methodologies are not as specific as cross-reaction is a key prob-
lem in the detection of processed foods which frequently contains
closely related meat species.

In this study, we have tried to determine species-specificity
using a combination of loop mediated isothermal amplicons
(LAMP) for DNA amplification followed by their electrochemical
detection on disposable electrochemical printed (DEP) chip
(Fig. 1). Loop mediated isothermal amplification is a nucleic acid
amplification method that rapidly amplifies target DNA with high
specificity and efficiency under isothermal condition (Notomi et
al., 2000). It has the potential to replace conventional DNA ampli-
fication methods with the four loop primers for species-specific
detection where six distinct regions are detected and amplified
with high concentration of amplicons. To produce species-specific
loop amplicons, specific primers were designed for the first time
and tested in this study. Electrochemical genosensor consisted of
the DEP chip detected the amplicons using redox response from
DNA–H33258 interaction onto the chip surface (Saito et al.,
2004; Vega et al., 1994). The change in the anodic peak current
of H33258 was monitored by linear sweep voltammetry (LSV) in
the presence and absence of loop amplicons using carbon-based
electrochemical chip. H33258 interacts with DNA in solution with-
out immobilization onto the electrode surface, thus time consum-
ing probe immobilization step was eliminated (Ahmed et al., 2007,
2009). We aimed at the development of a novel loop primer-based
isothermal amplification of control and processed meat species
(Swine, Chicken and Bovine) and detection of those instantly using
our electrochemical sensor chip. We hope this method will be
Fig. 1. Species-specific identification and detection of loop amplicons based on DNA–H33
mixture to adhere with the DEP chip connector. (a) Higher rate of diffusion and oxidati
oxidation observed due to DNA–H33258 interaction and for the low amount of unboun
positive sample, P are shown. On the right top inset, the illustration is showing the elec
useful for food control laboratories to carry out meat species detec-
tion in raw meat or in processed foods – and will find its applica-
tion in food preparation industry and in the detection of animal
species in food products.
2. Materials and methods

2.1. Sample preparation

Ten types of industrial food products from different companies
of Singapore, Brunei Darussalam, Philippines, China and Brazil
have been used in the study. All of these commercialized foods
are readily available in Brunei market for the consumption of res-
idents thereof. Control extracted pork, chicken and bovine DNA
were purchased from Novagen Co. USA. After receiving, all of the
commercial meat product samples were stored at �20 �C to inhibit
enzymatic degradation of DNA until DNA extraction.
2.2. Extraction of DNA from commercial food samples

DNA from all the samples were extracted using DNeasy Tissue
Kit (QIAGEN, Hilden, Germany). Approximately 25–30 mg of mor-
tar-and-pestle-blended sample of each type was incubated over-
night with 180 lL of lysis buffer ATL (QIAGEN, Hilden, Germany),
and 20 lL proteinase K (20 mg/ml) (QIAGEN, Hilden, Germany)
on a heat-block at 55 �C to lyses the tissue completely. Then the
lysed mixture was added to 4 lL of RNase A (100 mg/lL). After
2 min of incubation, the mixture was vortexed for 15 s added to
200 lL of AL buffer (QIAGEN, Hilden, Germany), vortexed thor-
oughly again and incubated at 70 �C for 10 min. Then the solution
was homogenized by vortexing after the addition of 200 lL of
99.5% ethanol. It was then applied to the QIAamp DNA spin column
(QIAGEN, Hilden, Germany). The DNA bound to the column was
washed in two centrifugation steps using two different wash buf-
fers to improve the purity of DNA. The purified DNA was eluted
from the column in 200 lL of Elution Buffer (QIAGEN, Hilden,
258 interaction using the DEP chip. A Carbon barrier is used to prevent the reaction
on of H33258 molecules on the electrode surface in the absence of DNA. (b) Lower
d/free H33258 molecule. (c) Gel electrophoresis analysis of negative sample, N and
trochemical response.
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Germany). The concentration and purity of DNA were estimated
spectrophotometrically (Biospec-mini, Shimadzu, Japan).
2.3. Species-specific loop primers and LAMP reaction

The sequences of the LAMP primers for Bovine, Chicken and
Porcine species are shown in Table 1. Four primers – forward inner
primer (FIP), backward inner primer (BIP), forward outer primer
(F3) and backward outer primer (B3) were required to amplify tar-
get DNA of each species and detect them precisely. Primer explorer
(ver. 4) was used for designing bovine and chicken specific primers
whereas primer explorer ver. 3 was used for designing porcine spe-
cific primers. LAMP was performed in a total of 25-lL reaction mix-
ture containing 32 lM of each of FIP and BIP, 2 lM of each of F3
and B3 primers, 16 U of Bst DNA polymerase large fragment (New
England Biolabs, Beverly, MA), 0.4 mM of each of dNTPs, 2.5 lL of
10� Thermopol buffer (New England Biolabs, Beverly, MA),
3.0 mM of MgSO4, 0.64 M of Betaine (Sigma–Aldrich) and 2.5 lL
of target DNA. The mixture in each tube was incubated at 63 �C
for 60 min using a conventional heating block after layering with
20 lL of mineral oil to check evaporation, and was heated to
80 �C to terminate the reaction. For gel electrophoresis, 2 lL of
LAMP product was used for loading in presence of dye and 1�
TBE buffer, pH 8.0. After staining with ethidium bromide, gel
images were obtained for references.
2.4. PCR amplification

For PCR amplification of DNA isolated from processed canned
foods, we have used primer sequences as reported by Matsunaga
et al. (1999) with little modification. Common forward primer
was 50-GACCTCCCAGCTCCATCAAACATCTCATTCTTGATGAAA-30

and reverse primers for pork, chicken and bovine were 50-GCTGA-
TAGTTTGTGATGACCGTA-30, 50-AACATACAGATGAAGAAGAATGAGG
CG-30 and 50-CTAGAAA AGTGTAAGACCCGTAATATAAG-30, respec-
tively. PCR reactants for amplification were combined in 0.5 ml
polypropylene tubes having a final PCR mixture volume of 20 lL.
Each reaction mixture contained 10 lL of 2� Ampdirect Plus (con-
taining MgCl2 and dNTPs), 0.5U of Nova Taq Hot Start DNA polymer-
ase (5 U/lL), 0.5 lM of common forward and all reverse primers
and 100 ng of template DNA. PCR was carried out in a VeritiTM 96-
Well thermal cycler (Applied Biosystem, USA). The cycling condi-
tions included a single initial denaturation at 95 �C for 10 min fol-
lowed by 35 cycles of 94 �C for 30 s (denaturation), 60 �C for 30 s
(annealing), 72 �C for 30 s (primer extension) and a final extension
step at 72 �C for 2 min. Negative controls (water) were included in
each PCR amplification, in order to verify the PCR efficiency and to
detect contamination, if any. After the PCR amplification, 2–10 lL
of PCR solution was loaded on MCE-202 MultiNA (Shimadzu, Ja-
pan), a microchip based capillary electrophoresis system for DNA
analysis.
Table 1
Commercial processed foods along with their sources and type of species as labeled.

Food type Species (as labeled)

Curry beef Bos taurus
Curry chicken Gallus Gallus
Beef loaf Bos taurus
CN-A Unknown
Corned beef A Bos taurus
CN-B Unknown
Corned beef B Bos taurus
Pork meat Sus scrofa
Corned beef with curry Bos taurus
Mock chicken Unknown
2.5. Electrochemical detection

Hoechst33258 [2-(4-hydroxyphenyl)-5-(4-methyl-1-piperazi-
nyl)-2,5-bi(1H-benzimidazole), H33258] was purchased from Sig-
ma–Aldrich Co. (MO, USA). H33258 stock solution (200 lM) was
prepared by dissolving it directly in high purity water
(q = 18.3 MX cm, Millipore, Bedford, MA, USA), and was kept in
the dark at 0–4 �C and used up within 7 days. Phosphate buffer
solution (PBS, 50 mM, 0.04 M K2HPO4, 0.01 M KH2PO4, 20 mM
NaCl, pH 7.4), was used throughout the experiments. DEP chips
contained a three-electrode system including carbon-based work-
ing and reference electrodes and Ag/AgCl reference electrode. The
chips were with barrier to help keeping the reaction mixture on
the working area. The area of the working electrode was
1.96 mm2. Disposable electrochemical printed (DEP) chips were
obtained from Biodevice Technology, Co. (Ishikawa, Japan) and
chips were discarded after single measurement.
2.6. Procedure

LSV was used for all electrochemical studies on an Autolab
PGSTAT 30 electrochemical analysis system (Eco Chemie, The
Netherlands) with its General Purpose Electrochemical System
(GPES) software. All experiments were carried out at the ambient
temperature of the laboratory (23–27 �C). Data shown are the aver-
age of at least three repeated measurements. The conditions of LSV
measurements were as follows: equilibration time: 10 s, number of
scans: 1, standby potential: 0 V, initial potential 0 V, end potential
1 V, step potential 0.00244 V and scan rate 100 mV/S. LAMP prod-
ucts, after 4� dilution with PBS, were mixed with H33258 stock
solution to reach at the final H33258 concentration of 20 lM. In
this study, 25 lL of the mixed solution was finally placed onto
the chip surface for each measurement. The changes in the anodic
current responses were recorded and processed using the GPES
software of Autolab PGSTAT 30.
3. Results and discussion

DNA analysis is the most recent and promising application of
electrochemical sensors (Thevenot, Toth, Durst, & Wilson, 2001).
Voltammetric sensors determine the concentration effects of the
analytes on the current–potential characteristics of the reduction
or oxidation of a specific reaction (Patel, 2002). In this study, we
tried to detect unpurified loop amplicons in the beginning and then
we have electrochemically detected the meat species based on
DNA–H33258 interaction. LAMP is a simple, rapid, specific and
cost-effective nucleic acid amplification method compared to
PCR. Here the reaction proceeds at a constant temperature by
one type of enzyme and its rapidity and simplicity make it clearly
distinguishable from the existing genetic testing methods.

In Table 1, different types of processed (cooked) foodsand spe-
cies-origin are shown. These were collected from the local market
of Brunei Darussalam which is a Southeast Asian country located
on the North coast of the island of Borneo. DNA from these foods
was isolated as mentioned earlier.

Using appropriate loop primer pairs, mitochondrial sequences
have been amplified in DNA extracted from raw meats and pro-
cessed foods and the resulting amplicons were used for species
identification. Mitochondrial 12S rRNA genes were selected in this
work for species identification because it has a suitable length am-
ple grade of mutation. In addition there are various sequences
available in the databases.

Table 2 shows the sequences of the LAMP primers. LAMP reac-
tion was performed accordingly as mentioned in Section 2 after
successfully isolating DNA from the raw and processed foods. To



Table 2
Sequence of the LAMP primers used in this study, P-pork, B-bovine, and C-chicken specific primers. FIP is forward inner primer whereas BIP is backward inner primer. F3 and B3
stand for forward outer primer and the backward outer primer, respectively. For pork, bovine and chicken LAMP primers, the first and the last nucleotides of the sequence are
370th and 598th, 582th and 803th, and 483rd and 685th nucleotides, respectively.

Primer type Primer sequence (50–30) Target regions

P-F3 AACCCACGAAAGTGACTC 370–598
P-B3 CAAGGGTTGGTAAGGTCT
P-FIP GTTTAGGGCTAGGCATAGTGGGATCCTGACACACGATAGC
P-BIP TATTCGCCAGAGTACTACTCGCGAACAGGCTCCTCTAGGT

B-F3 CACCAATTCTTGCTAATACAGT 582–803
B-B3 CACTCTATTCTTAGTTTACTGCTAA
B-FIP ACACCTTGACCTAACGTTTTTATGTCTATATACCGCCATCTTCAGC
B-BIP TGAAATGGGAAGAAATGGGCTACCCTCCTTTGGTTATTGGTTTC

C-F3 CCATCACACATGTATCCGCC 483–685
C-B3 GGGCTATTGAGCTCACTGTT
C-FIP CTAGGTGGGTTTGGGGCACCGAACTACGAGCACAAACGCT
C-B1P TCCACGATTCACCCAACCACCATTAGAGGTGGGCTGGCG
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validate the specificity of our detection system, we prepared pork–
chicken binary raw meat mixtures at different ratios of pork meat
and chicken meat and then amplified the target DNA in the binary
mixture using pork specific primer combination (Fig. 2). These
primers did not amplify the 0% pork and the 100% chicken binary
mixture but successfully amplified the DNA which contained min-
imum amount of pork DNA (i.e. 20%). Electrochemical responses, in
the form of reduction in the signal of H33258 oxidation, confirmed
that a high number of amplicon was produced where pork specific
target DNA was available. While in the pork–chicken binary raw
meat mixtures, chicken specific loop primers were used, we ob-
served the similar phenomena (Fig. 3). Here we confirmed the
presence of the target specific amplicon by the electrochemical sig-
nal without any cross-reactivity. These two studies showed that
the loop amplicons can be used for precise detection of meat spe-
cies in mixed samples. As mentioned earlier, all loop amplicons
were diluted to 4� with PBS (50 mM) and then mixed with
H33258 solution (200 lM). The changes in the anodic current
Fig. 2. Electrochemical detection of LAMP products after isolation and amplification
of pork-chicken binary raw meat mixtures using pork specific loop primer
combination. Samples 1–9 can be described as: (1) 0% pork and 100% chicken, (2)
20% pork and 80% chicken, (3) 40% pork and 60% chicken, (4) 60% pork and 40%
chicken, (5) 80% pork and 20% chicken, (6) 100% pork and 0% chicken, (7) 100% pork
genomic DNA (as reference sample), (8) 100% chicken genomic DNA (as reference
sample) and finally (9) negative control (LAMP without any template DNA). Error
bars indicate the standard deviation of at least three repeated measurements.
peaks in the presence and absence of loop amplicons were re-
corded and presented here.

Limit of detection of loop amplified target DNA by the electro-
chemical sensor was determined by preparing different dilution
of sample DNA ranging between 3 � 104 and 3 copies/reaction.
Fig. 4 shows the result of electrochemical detection where pork
specific loop primers were used. Clear distinction was found in
H33258 oxidation signal between 3 � 104 copies/reaction template
DNA (�20.33 ng/ll) and its negative control. When the chicken
DNA was diluted in the same way, we observed (Fig. 5), distin-
guishable higher peak compared to its negative control with as
low as 3 � 102 copies/reaction (�78.68 pg/lL) of target DNA cop-
ies. In case of bovine specific primers (Fig. 6) to detect bovine
DNA, remarkable electrochemical responses was observed with
only 30 copies/reaction (23.63 pg/lL) of target DNA compared to
its negative control. In all these cases, multiple measurements of
the H33258 oxidation was done, and the error bars indicate the
standard deviation (SD) of at least three repeated measurement.
Fig. 3. Electrochemical detection of LAMP product after isolation and amplification
of pork-chicken binary raw meat mixtures using chicken specific loop primer
combination. Samples 1–9 can be described as: (1) 0% pork and 100% chicken, (2)
20% pork and 80% chicken, (3) 40% pork and 60% chicken, (4) 60% pork and 40%
chicken, (5) 80% pork and 20% chicken, (6) 100% pork and 0% chicken, (7) 100% pork
genomic DNA (as reference sample), (8) 100% chicken genomic DNA (as reference
sample) and finally (9) negative control (LAMP without any template DNA). Error
bars indicate the standard deviation of at least three repeated measurements.



Fig. 4. Electrochemical detection of 4� diluted loop amplicons after amplification
with different pork target DNA (from 3 � 104 to 3 copies/reaction) using the pork
specific primers. Error bars indicate the standard deviation of at least three repeated
measurements. NC stands for negative control.

Fig. 5. Electrochemical detection of 4� diluted loop amplicons after amplification
with different chicken target DNA (from 3 � 104 to 3 copies/reaction) using the
chicken specific primers. Error bars indicate the standard deviation of at least three
repeated measurements. NC stands for negative control.

Fig. 6. Electrochemical detection of 4� diluted loop amplicons after amplification
with different bovine target DNA (from 3 � 104 to 3 copies/reaction) using the
bovine specific primers. Error bars indicate the standard deviation of at least three
repeated measurements. NC stands for negative control.
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Compared to chicken and bovine samples the limit of detection
was low for pork samples. This, we think, is related to the precision
and specificity of the LAMP primer set. We think that there is still
scope for optimizing the pork specific LAMP primer set for achiev-
ing higher limit of detection using our electrochemical sensor
system.

In Table 3, result of DEP chip based electrochemical detection of
species-specific loop amplicons obtained with three specific types
of primer combination is presented. Different types of processed
meat contained as food ingredient, unprocessed control DNA of
pork, chicken and bovine have been included in the study. Spe-
cies-specific electrochemical detection of chicken, beef and pork
have been done in curry beef, curry chicken, beef loaf, CN-A and
B, corned beef A and B, pork meat, corned beef with curry and
mock chicken curry for vegetarians. The canned beef loaf was ex-
pected to contain only the beef, but in our loop based amplification
and electrochemical detection it was observed to contain a binary
mixture of beef and chicken which may be due to accidental mix-
ing of chicken to this food while processed in the factory. Besides,
in the commercial canned CN-B, the meat contents was not clearly
mentioned in its label. Our sensor detected traces of beef (Bos tau-
rus) from the reduction of current signal of H33258 oxidation after
LAMP reaction with beef specific loop primers.

We have also used multiplex-PCR (M-PCR) and capillary gel
electrophoresis system to evaluate our loop based electrochemical
detection of meat species in processed canned foods. PCR primers
were synthesized based on a conserved DNA sequence in the mito-
chondrial Cytochrome b gene. After PCR, all the amplicons were
passed through MCE-202 MultiNA (Shimadzu, Japan), which is a
microchip electrophoresis system for DNA/RNA analysis. In Fig. 7,
simulated gel electrophoresis analysis of PCR products from the
DNA of various foods has been shown. The electrophoregram data
(not shown here) of each PCR amplicon provided the approximate
base-pairs (bp) as mentioned in Fig. 7. After analyzing the results
from both of the methods, we have found almost similar meat spe-
cies with marginal disparity.

In the beef loaf, we observed the presence of two meat species
in the M-PCR analysis (229 bp and 271 bp). This is comparable
with the data obtained using the LAMP based electrochemical sen-
sor. But according to the label on the food it contained only beef,
not chicken. But both the methods confirmed this food to be a bin-
ary mixture of beef and chicken. CN-A, was labeled that it may con-
tain cooked cattle beef and/or buffalo meat and beef broth, but in
the LAMP based sensor we could not find meat species but in the
M-PCR based electrophoregram analysis we observed a distinct
peak of 230 bp. It can be assumed that this non-specific amplicon
is a false positive data or the M-PCR method is highly sensitive
in detecting the amplicon. In Corned beef A, beef species was suc-
cessfully detected using our LAMP based electrochemical sensor.
But we did not find any amplicon for the same target DNA with dif-
ferent primer combinations in M-PCR analysis. Here, M-PCR prim-



Table 3
Meat species identification of processed foods using loop based amplicons and electrochemical DNA sensor.

Sample Pork loop primersb Chicken loop primersb Bovine loop primersb

Average current
(mA) n = 3

SD Detection of
DNAa

Average current
(mA) n = 3

SD Detection of
DNAa

Average current
(mA) n = 3

SD Detection of
DNAa

Neg. cont. 129.5 5.00 � 153.4 24.67 128.8 9.29 �
Curry beef (l) 132.0 22.90 � 136.7 6.42 � 46.0 20.27 +
Curry chicken (2) 144.5 19.86 � 73.28 2.36 + 169.8 5.77 �
Beet loaf (3) 117.6 24.75 � 57.79 3.05 + 52.04 4.655 +
CN-A (4) 126.0 23.60 � 153.3 9.77 � 135.0 26.83 �
Corned beef A (5) 139.5 7.88 � 136.4 19.54 � 81.33 13.60 +
CN-B (6) 132.0 7.41 � 144.4 4.76 � 47.47 16.24 +
Corned beef B (7) 148.1 8.75 � 128.6 3.98 � 42.24 8.1 +
Pork meat (8) 63.89 4.64 + 148.2 12.58 � 138.6 24.36 �
Corned beef with

curry (9)
138.3 13.87 � 135.8 5.40 � 50.38 16.13 +

Mock chicken (10) 119.3 1.73 � 155.3 4.58 � 127.7 2.57 �
Pos. cont. (pork)

(11)
57.37 9.96 + 125.8 2.27 � 138.2 24.26 �

Pos. cont. (chicken)
(12)

133.8 12.49 � 63.20 14.25 + 133.0 18.65 �

Pos. cont. (bovine)
(13)

113.5 12.86 � 127.4 1.9 � 59.70 16.19 +

a Genotype determined by agarose gel electrophoresis and DEP chip (+ detected, � not detected).
b Primer descripted according to Table 1.

Fig. 7. Simulated gel electrophoresis analysis of processed foods PCR amplicons using the MCE-202 MultiNA (Shimadzu, Japan). The approximate sizes of the base-pairs (bp)
are mentioned above each band pattern. Based on Table 3, the samples are numbered here.
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ers may not be sensitive enough to detect cooked beef or beef
broth as the label in this food indicates. Besides, degraded template
DNA may also inhibit successful PCR amplification. The CN-B, as
mentioned in the label, is supposed to contain beef species in addi-
tion to other ingredients, and beef was detected using our LAMP
based sensor. But in the M-PCR, no amplicon was observed. This
is an indication of less sensitiveness of M-PCR method to detect
meat species in highly processed food. In Corned beef B, which is
labeled as cooked beef, we found complete conformity between
these two detection methods. This is also true for the species
detection in processed pork meat and in curry of corned beef. In
the case of mock chicken, which is a popular food among vegetar-
ians, a non-specific minor amplicon was observed in M-PCR. But in
the LAMP based method no amplicon was detected by our electro-
chemical sensor.
4. Conclusion

We conducted the LAMP based DNA amplification and then
electrochemically detect the meat species in processed commercial
food stuffs and raw meat products. The interaction between target
DNA amplicons and DNA binder H33258 was used to detect target
DNA by measuring the changes in the anodic peak current from
oxidation of H33258 molecule using LSV. Selectivity and sensitivity
of our detection method is validated by comparing our results with
multiplex-PCR (M-PCR) detection method. Based on our results we
can claim that our LAMP based electrochemical sensor was more
specific, reduced the cross-reactivity and avoided the formation
of non-specific amplicons in the detection of meat species in meat
containing raw and processed foods. The limits of detection of our
method were very satisfactory which were �20.33 ng/ll,
�78.68 pg/lL and �23.63 pg/lL for pork, chicken and bovine spe-
cies, respectively. Another advantage of our method is its rapid
detection as it took less time (�65 min) than M-PCR based electro-
phoretic analysis (>90 min). In addition, being isothermal, our
method does not need thermal cycler and as such this method is
a good candidate to become a portable biosensor for on-site mon-
itoring of food for meat species in foods.
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