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Abstract: In order to develop simple sensing system for pork adulteration in processed meats, the DNA biosensor
based on 20 nm gold nanoparticles (AuNPs) with aggregation property has been developed as a simple
colorimetric detection of target DNA. Adsorption of single-stranded (ss) DNA on AuNPs protects the particles
against salt-induced aggregation. However, mixing and annealing of a 27-nucleotide (nt) ssDNA probe on AuNPs
with denatured DNA of different processed meats differentiated between perfectly matched and mismatch
hybridization at a critical annealing temperature (55 °C). The AuNPs change color from red to purple, in 10 mM
phosphate buffer saline (PBS). At a hybridizing temperature (55 °C), non-target mismatched DNA provided
hybridization products allowing probe to be free and adsorbed to AuNPs. This prevented AuNPs from salt-induced
aggregation as the color still red. In matched DNA, hybridization would occurred, allowing probe to be occupied.
This facilitated AuNPs from salt-induced aggregation and induced colorimetric change of particles from red to
purple. These signals could be observed easily with naked eye. This label-free DNA nanobiosensor should find
applications in food analysis and other DNA based screening.
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1. Introduction

Detection of specific sequences of DNA has
important applications in medical and diagnosis
[1, 2], food analysis [3, 4] and forensic study [5].
Usually, the detection of DNA specific sequence via
hybridization has been perform after the DNA target
has been amplified by polymerase chain reaction
(PCR). PCR is widely used to selectively amplify a
segment of longer DNA from as little as a single copy
to easily detectable quantities. The application of PCR
addresses sensitivity issues and requires sample
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purification steps [3]. For these main features, PCR
amplification has become a mandatory step for the
analysis of genomic DNA. Although, there are many
sensing  approaches available without PCR
amplification, such as surface plasmon resonance
(SPR) [6], fluorescent microarrays [7], semiconductor
[8], nanoparticle or polymer based biosensors [9, 10].
Besides PCR, most assays identify DNA specific
sequence via hybridization of an immobilized DNA
probe toward a target DNA after the target has been
linked with a label or tag [11]. DNA detection schemes
that avoid labeling or tagging such as surface plasmon
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resonance [12], ellipsometry [13], and lately, an assay
using functionalized gold nanoparticles [14, 15] have
been developed. Generally, these approaches use
surface chemistry functionalization and usually
require sophisticated instrumentation system for
detection of hybridization even. On the other hand as
reported in the literature, there is a difference in
electrostatic properties of single- and double-stranded
DNA (ssDNA and dsDNA) that can be used to design
a colorimetric sensor to detect DNA hybridization [16,
17, 18]. Here, the color change derives from colloidal
gold particle aggregation, with no modification of the
gold or the ssDNA probe or target DNA is required.
Furthermore, hybridization is completely separate
from detection so that it can be done under optimal
conditions and makes the method more efficient and
effective.

The color change derives from colloidal gold
particle aggregation occurs due to ssDNA and dsDNA
have different electrostatic properties, which resulted
the distinction on their surface plasmon resonance
(SPR) characters of aggregated dsDNA—AuNPs and
disperse  colloidal ssDNA-AuNPs, which are
interesting as they can be monitored by colorimetry
and also observed easily by naked eye [11-19]. The
essential difference arises as ssDNA can uncoil to
expose its bases sufficiently, whereas dsSDNA has a
stable double-helix structure that presents the
negatively charged phosphate backbone [20].
Typically, in solution AuNPs are stabilized by
adsorbed negative ions (e.g., citrate ions) whose
repulsion prevents the strong van der Waals attraction
between AuNPs from aggregation [21]. In dsDNA,
repulsion between its charged phosphate backbone
and the adsorbed citrate ions dominates the
electrostatic interaction between AuNPs and dsDNA
so that dsDNA will not adsorb. While in ssDNA, is
sufficiently flexible to uncoil its bases partially, they
can be exposed to the AuNPs. Under these conditions,
the negative charge on the backbone is sufficiently
distant so that attractive van der Waals forces between
the bases and the AuNPs are sufficient to make sSDNA
to stick to the gold, thus make them still as colloidal
nanoparticles. However, this mechanism is not applied
with dsDNA, due to the duplex structure does not
permit the uncoiling needed to expose the bases, and
thus make them in aggregated nanoparticles [11].

In this article, the selective adsorption of ssDNA
on AuNPs was employed as a basic mechanism for
calorimetric detection of specific DNA sequence in
processed meat, i.e. meatballs. This is due to the fact
that adsorption of ssDNA stabilizes AuNPs against
aggregation at high concentrations of salt [11-13].
Since, the color of AuNPs is determined principally by
SPR, and affected by aggregation of AuNPs
drastically [22], therefore, we used this mechanism to
design a simple colorimetric sensor for detection of
DNA hybridization. The sensor can be used for
sequence-specific detection of unlabelled DNA by
using unmodified commercially available 20 nm
AuNPs [23, 24]. The DNA nanobiosensor was applied
to detect pork DNA in processed meat (i.e. pork in

beef and chicken meatballs) as a pork adulteration
issue in meatballs increases currently. The sensor is
easy to implement for visual detection and
successfully applied to detect hybridization between
ssDNA probe and it’s complementary. The assay also
directly detected pork DNA in genomic DNA mixtures
extracted from processed meats, avoiding PCR
amplification, electrophoresis and sample purification
chemistry. Thus, it does not need any instrument or
surface modification chemistry of nanoparticles and
directly detects hybridization even in non-amplified
mixed genomic DNA.

2. Materials and Methods
2.1. Chemicals

Design of porcine-specific oligoprobe was chosen
using a 27-nt Alul-cut fragment (428454 bp) of
porcine (Sus scrofa) cytb gene (GenBank accession
no. Gul35837.1 in NCBI data base) and used as a
porcine-specific marker. This fragment demonstrated
a high degree of polymorphism between the species
and similarities within the species by NCBI-BLAST
analysis against non-redundant nucleotide collections
and also by ClustalW alignment analysis. The probe
and synthetic targets (complementary, non-
complementary) were supplied by the 1st Base,
Malaysia. The probe and oligosequences are shown in
Table 1. All other chemicals used were of analytical
grade or of the highest purity available and were
purchased from Sigma-Aldrich (USA). All glassware
was cleaned thoroughly with freshly prepared aqua
regia (3:1 (v/v) HCI/HNOs3) and rinsed thoroughly
with Milli-Q water prior to use. Milli-Q water was
used to prepare all the solutions in this study.

Table 1. Sequences of oligonucleotides used.

Name Sequence (5°— 3’)

Probe CTG ATA GTA GAT TTG
TGA CCG TAG

Complementary target CTA CGG TCA CAA ATC
TAC TAT CAG

Non-complementary ACG TAA CTG CTG TGG

target CCT GGT CGC TGA

2.2. Preparation of Meatballs and DNA
Extraction

In order to detect pork adulteration in processed
meat products, meatballs are used as an example.
Meatballs are prepared according to Kuswandi et al.
[25] both with pure and mixed emulsified meats of
pork, beef, and chicken, along with the addition of
starch, seasonings, and salts in certain ratios. All the
meatballs are cooked in boiling water for 20 min prior
to DNA extraction. DNA extraction is performed from
100 mg of cooked meatball of each formulations using
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MasterPure DNA  Purification Kit (Epicenter
Biotechnologies, USA) as per the manufacturer
instructions. The DNA concentration is determined
with a biophotometer (Eppendorf, Germany) based on
triplicate readings. The purity (A260/A280) of all
DNA samples used in all experiments is 2.0 + 0.05.

2.3. DNA Nanobiosensors Preparation

A 27 nt pork specific probe (5’)- CTA CGG TCA
CAA ATC TAC TAT CAG -(3’) was employed was
used as porcine specific probe. A gold nanoparticles
(AuNPs) 20 nm in size in water solution were
purchased from Sigma-Aldrich (USA). The DNA
probe—AuNPs binding was performed as follows. In
brief, 30 pL of 27-mer ssDNA of 100 nM was added
to a mixture of 100 pL of 1.8 nM colloidal AuNPs.
After mixing, they were incubated in a water bath at
50 °C for 3 min to facilitate DNA probe adsorption
onto AuNPs. The final products were loose red pellets
and ready used as the DNA nanosensor.

In order to test that DNA probe was successfully
adsorb onto AuNPs, the DNA nanosensor was tested
by adding 100 pl of 10 mM PBS was added in vial (c)
(inset Fig. 1), and 50 pl complementary target
products (500pg/ml) were added in vial (d), where
both contain 400 pl of the DNA nanobiosensor
(100 nM). Finally, 100 pl of 10 mM PBS was added
to vial (d) (inset Fig. 1). The final volume was adjusted
to 1 ml with DI (deionized) water
(18.2 MQ) and the absorption spectra were measured
by UV—vis spectroscopy (Ocean Optics® USB2000,
Dunedin, FL, USA) along with absorption spectra of
AuNP colloids in DI water (a), and in 10 mM PBS
buffer (b) as shown in Fig. 1 as comparison.

2.4. Complementary and Non-complementary
Target Detection

For hybridization and mismatch detection, 50 pl
complementary target products (500pug/ml) and 400 ul
of DNA nanobiosensor (100 nM) were added in vials
(a) and (b) as given in Fig. 3. Equal volumes of non-
complementary target and DNA nanobiosensor were
added in vials (c) and (d) as given in Fig. 3
respectively. The mixtures were denatured at 95 °C for
3 min and then annealed at 55 °C for 2 min. Finally,
100 pl of 10 mM PBS was added to each vial (Fig. 3).
The final volume was adjusted to 1 ml with DI water
and the absorption spectra were measured by UV—vis
spectroscopy.

2.5. Detection of Pork in Processed Meat
Sample

In order to detect pork adulteration in processed
meat products, meatballs were used as a model. The
meatballs were prepared by emulsifying the mixed

meatballs of pork-beef and pork-chicken, binary
mixtures in 1:1 (w/w) ratios. Pure meatballs of each
species (pork, beef and chicken) are formulated with
pure meats under identical conditions. After 20 min of
cooking in boiling water, DNA extractions are
performed. Approximately 100 mg mixed and pure
meatball samples from each specimen were
autoclaved at 120 °C for 30 min at a pressure of 3 bar.
By this treatment, all samples lost their normal
textures and turned into a liquid broth. DNA extraction
was performed as described previously. One hundred
microliters (100 pl) of mixed genomic DNA
(200 pg/ml) was taken in vials (a)—(c) as shown in
Fig. 4. Equal amounts of pure genomic DNA (pork,
beef and chicken) were taken in vials (d), (¢) and (f) as
shown in (Fig. 4). All vials were incubated with
250 ul of DNA nanosensor at 95 °C for 3 min and then
annealed at 55 C for 2 min. Finally, 100 pl of 10 mM
PBS was added to each vial (Fig. 4). The final volume
was made up to 1 ml with DI water and the spectra
were characterized by absorption spectroscopy.

2.6. Determination of the Limit of Detection

To determine the LOD (limit of detection), pork
meatball and beef meatball was mixed at concentration
1%, 5 %, 10 %, 15 %, 20 % and 30 % (w/w) as well
100 % (pure pork). DNA extraction was performed
from the mixed meatballs and 100 pl of mixed DNA
(300 pg ml-1), extracted from the above specimens,
was taken in six separate vials marked. All vials were
incubated with 15 pl of (100 nM) DNA nanobiosensor
(27-nucleotide shown in Table 1) at 95 °C for 3 min
and then annealed at 55 °C for 2 min. Finally, 100 pl
of 10 mM PBS was added to each vial. The final
volume was made up to 1 ml with DI water and the
absorbance intensity was measured at 525 nm by
visible absorption spectroscopy. The concentration of
porcine DNA in mixed samples at concentration 1 %,
5 %, 10 %, 15 %, 20 % and 30 % (w/w) is calculated
to be 0.4, 2.0, 4.0, 6.0, 8.0 and 1.2 pg/ml respectively.

3. Results and Discussion
3.1. Characterization of DNA Nanobiosensor

The particle size (20 nm) was employed according
to previously proposed methods [24, 26]. The vials in
Figs. 1(a) and (c) revealed the distribution of disperse
small particles in the bulk sample as shown by the red
color. The aggregates (one on another) in vials were
seen after addition of the salt (Figs. 1(b) and (d)) as
shown by the purple color. Visible of absorption
spectra of disperse colloidal (non-aggregated) and
aggregated 20 nm AuNPs in DI water and 10 mM PBS
are shown in Fig. 1. The aggregated particles exhibited
a plasmon shift from 525 nm to 700 nm as seen in
Figs. 2b and 2d while no such a change was observed
in non-aggregated ones (Figs. 2a and 2c). Naturally,
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this surface plasmon resonance mode, which gives
colloidal gold (non-aggregated), its characteristic red
color, is well understood, as it depends on particle size
and shape [3, 15, 16, 27-29]. However, the aggregated
colloidal particles in this report lost the absorption
peak at 525 nm in PBS as they turned from red to
purple.

The visible spectra of AuNPs in PBS lost its
absorption peak at 525 nm, which indicating
aggregation as the red color turn to purple. The
procedure for determining the critical concentration of
salt can be found elsewhere [27]. The hybridization
between complementary targets DNA toward porcine
probe DNA could not prevent salt-induced
aggregation of AuNPs. This was also confirmed by the
loss of the 525 nm peak (spectrum (d) in Fig. 1).
However, a slightly reduced level of aggregation was
observed in the visible spectrum (Fig. 1, spectrum (d)).
The aggregation reduction could be due to the
presence of some ssDNA that not all react with
complementary target during hybridization reaction,
which might interfere with the aggregation. This was
also reported elsewhere [19]. The spectrum of AuNPs
immobilized with porcine probe ssDNA (DNA
nanobiosensor) produced a less intense peak at
525 nm, indicating some degree of aggregation upon
the addition of salt. This was revealed by the higher
base line in the region of 620-800 nm in the absorption
spectrum (Figs. 1b and 1d).

Absorbance (AU)

0.0 T T T

T T T
400 450 500 550 600 650 700 750 8OO

Wavelength (nm)

Fig. 1. Absorption spectra of disperse and aggregated
AuNPs. Shown are absorption spectra of AuNP colloids in
DI water (a), in 10 mM PBS buffer (b) and in 10 mM PBS
buffer with porcine probe-AuNPs colloids (c), and in after
reaction with complementary target DNA (d). Insets are the
color photographs of AuNP colloids in DI water (a), PBS
bufter (b), PBS buffer in porcine probe-AuNPs (c) and PBS
buffer after hybridization between porcine probe-AuNPs
with complementary target DNA (d).

3.2. Complementary and Non-
complementary Target Detection

Colloidal AuNPs is bio-compatible and
commercially available at reasonable prices for
desirable sizes. Therefore, AuNPs used to identify
species specific sequences in complementary target
products before applied to detect genomic DNA, in
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order to proof the mechanism of the method that it
could detect complementary and non-complementary
target detection as described in the Fig. 2.
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Fig. 2. Schematic of a colorimetric DNA detection
based on AuNPs.

A 27-mers probe that had 100 % matches with
complementary target product and mismatch with
non-complementary target were used as given in
Fig. 3 (see inset). The key to the successful DNA
detection was the control of particle dispersion and
aggregation with complementary target DNA products
of interest and DNA probe. Addition of single-strand
DNA probes to AuNPs as DNA nanobiosensor, as the
first step allowed the adsorption of the probes on the
surface of AuNPs via nitrogenous base/gold van der
Waals forces [17]. Here, it was found that at a critical
temperature (55 °C), porcine-specific probe
(27-mer ssDNA) and its complementary target product
was hybridized and could not prevent from salt-
induced aggregation of AuNPs (vial (a) and (b) in the
inset of Fig. 3), and it is used DNA hybridization
detection. However, the porcine-specific probe was
not hybridized from the non-complementary products
and used as mismatch detection. Therefore, the
detection of DNA hybridization and mismatch were
observed after the addition of salt at a critical
concentration (0.2 M NaCl), where hybridized probe
and non-hybridized probes (27-mer ssDNA) interact
with AuNPs to form aggregation and non-aggregation,
respectively. This produces a rapid and drastic color
change in the reaction mixtures, which can be detected
by nude eye (vial (a) and (b) in the inset of Fig. 3)
without the need of any instrumentation.

The visible spectra of AuNPs in PBS lost its
absorption peak at 525 nm, which indicating
aggregation as the red color turn to purple. In this case,
it clearly observed that absorption at 525 nm gradually
decreased, and between 620 and 800 nm increased, as
the particles undergo aggregation. A slight variation in
spectral shape and base line was observed between the
samples, which could be explained for different
dielectric properties of the solution due to different
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level of nucleic acids, proteins or other impurities [28,
29]. In addition, experimental errors (e.g. pipetting
error etc.) could also contribute to this variation.
However, this variation was not affected to our visual
detection. Furthermore, visible absorption
spectroscopy  strongly  supported the  visual
observation through the spectral intensity at 525 nm
and 700 nm (Fig. 3).
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Fig. 3. Identification of complementary target as nucleotide
hybridization and non-complementary target as nucleotide
mismatch by porcine probe AuNPs. In the illustration vials
(a) and (b) represent the color of gold colloids in
complementary target product annealed with the porcine
probe DNA at 55 °C, and vials (c) and (d) shows the same in
non-complementary target products respectively, annealed
with the same probe at the same temperatures. The sequence
of the corresponding spectra is also shown alphabetically.

3.3. Detection of Pork in Processed Meat
Sample

The porcine-specificity of the probes was
confirmed by detecting porcine DNA in binary
admixtures (1:1 w/w) of pork—beef, pork—chicken and
beef—chicken DNA extracted from autoclaved mixed
meatballs, and the results are given as shown in
Fig. 4A and its corresponding absorption spectra are
given in Fig. 4B. The purpose of autoclaving was to
see whether partially degraded DNA could be detected
by AuNPs, as several literature reports have
demonstrated that such treatment breaks down
genomic DNA into small fragments [8, 10]. In
addition, a certain level of genomic DNA degradation
is also obvious during physical and chemical
processing of meat and processed meat products [8,
10]. Therefore, the procedure for sample preparation
in heat-treated and pressurized processed meat
mixture was appropriate to detect specific DNA
sequences. Incubation of the nano-biosensor (27-mer
ssDNA probe-AuNPs) with pure and mixed genomic
DNA, clearly demonstrated that only the porcine
DNA-containing vials (Fig. 4A (a)—-(c)) changed
colour from red to purple, reflecting hybridization of
the probe to the porcine genomic DNA at 55 °C. No
detectable change in color was observed in beef—
chicken meatball mixture (Fig. 4A (d)) or pure
genomic DNA of beef and chicken meatball (Fig. 4A
(e) and (f)) indicating that the probe did not hybridize
to mismatch containing genomic DNA under similar

conditions. In  addition, visible absorption
spectroscopy (Fig. 4B) strongly supported the visually
results, suggesting that the color change was real.
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Fig. 4. Detection of porcine DNA in mixed meatballs (A).
Vials ((a)—(f)) represent color of AuNPs in genomic DNA
extracted from meatballs prepared with pure pork (a), 1 : 1
(w/w) mixtures of pork-beef (b), pork-chicken (c), chicken-
beef (d), pure beef (e), and pure chicken (f). The
corresponding absorption spectra are labeled alphabetically
(B). All vials are incubated at 95 °C for 3 min and annealed
at 55 °C for 2 min with 27 mer ssDNA-AuNPs before adding
the 10 mM PBS.

750 800

In order to support the experimental findings, the
comparison between the nucleotide sequence of cytb
genes of these species (pork, beef and chicken) could
be aligned with the probe by ClustalW alignment
program. The number of mismatches and mismatched
nucleotides of each species is shown in Table 2. Only
the Sus scrofa (pork) species showed 100% matching,
and other species (beef and chicken) showed
6 nucleotide mismatching (shown in red). It is
reflecting the specificity of the designed probe used in
this work.

3.4. Determination of LOD

The visible absorption intensity of 27 mer ssDNA-
AuNPs in various percentages of pork—beef binary
admixtures is shown in Fig. 5. It was very clear from
the visually observed results, as well as the intensity
of the absorbance data, that 1 % pork-containing vial
still retained the absorbance intensity of original color
of colloidal AuNPs. However, 5 % and 10 % pork
containing vial reduced at 30-40 % color of AuNPs,
reflecting partial aggregation. On the other hand, 20 %
and 30 % pork containing vials changed color from red
to purple demonstrating aggregation.
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Table 2. The comparison between the nucleotide sequence
of probe used toward the nucleotide sequence cytb genes of
these species (pork, beef and chicken).

Species Sequences Mismatch | Genbank | Meat
CTA CGG
TCA CAA GU
SSrofa | jrctac | © 1358373 | POk
TAT CAG
CTA CGG
TCA CAA
ATC TAC
TAT CAG
CAA CAG
TCA CCA EU
B-taurus | yccrer | © 807948.1 | Beef
TAT CAG
CCA CCG
TTA TCA
CAAACC | 6
TAT TCT

CAG

Pork

EU

G. gallus 839454.1

Chicken

1.2

0.8

A (s250m)

% LoD
|
0.4

0.2

0 0.2 0.4 06 08 1
[Porcine DNA]

Fig. 5. Determination of LOD for pork in the beef
meatballs at 525 nm, where the LOD is shown to be 20 %
(6 pg/ml) of porcine DNA in mixed meatball preparation.

Absorption intensity reflected the surface plasmon
features of 20 nm diameter of non -aggregated
particles and reduced of the intensity, when
aggregated particles formed at 525 nm. Concentration
of porcine DNA in 20 % pork-containing vial was
6 pg/ml. Thus, the LOD was determined at 6 pg/ml
porcine DNA for pork meatball in mixed samples. In
this LOD, since the intensity of observed absorbance
decrease was less than the 30 % pork-containing vial,
meaning that not all the particles change color. These
might be due to the fact that the unreacted ssDNA
probe-bound particles tolerated the salinity stress.

3.5. Effectiveness and Limitation

The spectra of the results were measured by visual
absorption spectroscopy. However, the assay could
not provide quantitative information, since linear
correlation (r) of the calibration curve from their
absorption spectra was low (Fig. 5). The LOD of the
assay was slightly higher compared to other [24].
However, ss-AuNPs-based sequence detection can
reduce both the cost and time, and can be afforded by
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ordinary laboratories. UV—vis spectroscopy, which is
available in most laboratories, can complement the
spectra of the visually identified results of DNA
nanobiosensor. In addition, the developed assay can be
applied to detect specific sequences and mismatch
without the need of PCR amplification if adequate
sample is available. Currently, we are also developing
this method as a chip based DNA nanobiosensor on
the microwells for easily handle and simple
measurement of genomic DNA detection. Besides
using simple visual detection, in order to increases
sensitivity and eliminates any color-error as well as
low-cost, the measurement could be coupled with a
conventional flatbed scanner as a reader for
quantitative signal measurement as a novel
“scanometric” chip-based detection system for
genomic DNA detection.

4. Conclusions

A simple colorimetric sensor for rapid and reliable
detection of specific sequences and nucleotide
mismatch in non-amplified DNA employing
aggregation properties of 20 nm AuNPs was
developed. The DNA biosensor was label free, without
surface functionalization, instrumental detection and
was applied for detection pork DNA in processed
meats, which really useful in food analysis and halal
authentication. The DNA nanobiosensor was prepared
by a simple and ease method. In addition, the
procedure of measurement is very simple and relies on
the color change of 20 nm AuNPs following salt
addition. The visual finding is solid and can be further
confirmed their spectra by an inexpensive, widely
available and reliable technique, i.e. absorption visible
spectroscopy. The use of absorption spectroscopy
increases sensitivity and eliminates any sort of color-
blindness error or ambiguity in visual detection by
producing well defined spectrum of aggregated and
non-aggregated colloidal AuNPs. Thus, the method
was successfully identified porcine DNA, particularly
in 20 % pork-containing samples without PCR
amplification and just by using visual observation.
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