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A simple colorimetric assay was developed to identify chicken tissues in meat and meat products by utilizing thiol-labeled primers
and unmodified gold nanoparticles (AuNPs). Primers were designed based on the chicken-specific mitochondrial D-loop gene.
Polymerase chain reaction (PCR) is applied to amplify the target gene, and the PCR products labeled with thiol at one end were
obtained. Following themixing of AuNPs with the PCR products, the thiol binds to the surface of AuNPs, resulting in the formation
of GNP-PCR products.The resultant PCR products had abundant negative charges, whichmade AuNPsmaintain dispersion under
the role of electrostatic repulsion. As a result, in the presence of PCR products, AuNPs remained red in the presence of salt. In the
absence of PCR products, the color of AuNPs changed from red to blue; therefore, the method described here could be exploited
for the verification of chicken tissues with high accuracy.

1. Introduction

Fraudulent ingredients in meat and meat products are a valid
concern for various reasons, such as public health, religious
factors, and unfair competition in meat market [1]. As news
reports in 2013 indicated, the incident of animal protein adul-
teration in Shanghai, China, caused public panic about meat
safety. The main motivation for making such adulteration in
meat and meat products comes from the merchant’s pursuit
of profit, which caused themerchant to deceive consumers by
substituting or adding cheaper ingredients. Compared with
animal protein sources such as pork and beef, chicken is
relatively cheap. Thus, pork and beef often are adulterated
with chicken meat. There is an urgent need for a reliable and
rapid method for the identification of chicken tissues.

In order to verify species origin for meat and meat prod-
ucts, analytical methods mainly rely on protein [2] or DNA
analysis [3]. However, protein-based detection technology
has its own disadvantage. When the meat is processed with
high temperatures and under high pressure, protein in meat
has a tendency to degenerate. Compared with protein, DNA-
based methods were more reliable due to their high stability

and unique variability that can identify meat tissues from
closely related species. Among DNA-based methods, PCR
technology with high accuracy and specificity, such as PCR-
RFLP [4, 5] and the real-time PCR [6, 7], is more popu-
lar. However, these DNA-based methods required relatively
tedious procedures and expensive instruments.

Recently, noble nanoparticles, including silver nanoparti-
cles and gold nanoparticles, as elements in a new technique
for detection, have been widely used to detect various
substances, such as DNA [8], metal ions [9, 10], and small
molecules [11, 12]. When the solution changes state from
dispersion to aggregation, noble nanoparticles show their
unique fine optical property and significant color change,
which can be seen by the naked eye orwith aUV-visiblewave-
based spectrophotometer. Compared with silver nanoparti-
cles, AuNPs are more stable and easily prepared. Therefore,
this study was designed using AuNPs.

Although many of AuNPs-based colorimetric assays had
been reported, to our knowledge, it was rare to use colori-
metric assays for identifying animal tissues. In this work,
we attempted to develop a colorimetric assay using AuNPs
technology in conjunction with PCR technology.
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2. Materials and Methods

2.1. Sample Preparation. Fresh rawmeat of four species, pork
(Sus scrofa domesticus), cattle (Bos taurus), sheep (Ovis
aries), and chicken (Gallus gallus), was collected from local
slaughterhouses. All of the meats were morphologically ver-
ified by veterinarians.

To eliminate errors that may result from chicken blood
or urine contamination of the surface of other meat muscles,
we rinsed the meat muscles in water for 1 hour. Then the
meat muscles were ground with a meat grinder. Finally, the
meats were subjected to heat treatment in boiling water bath
at 100∘C for 30min.

2.2. DNA Extraction. Approximately 50mg of meat samples
was used for DNA extraction. DNA was extracted using
TIANampGenomicDNAKit (TIANGEN, China), according
to the manufacturer’s instructions. DNA concentration was
measured by ND-1000 spectrophotometer (NanoDrop Tech-
nologies, Wilmington, DE, USA) at 260 nm. Genomic DNA
was stored at 4∘C before PCR. Interestingly, TE buffer (Tris-
HCl and EDTA) could result in aggregation of AuNPs, even
in the absence of NaCl; thus, TE buffer was substituted with
ultrapure water to dissolve genomic DNA.

2.3. Synthesis of AuNPs. AuNPs were prepared using the
classical sodium citrate reduction method with slight mod-
ification [13]. AuNPs with an average size of 13 nm were
synthesized in the following procedures: 10mL of trisodium
citrate (38.8mM) was rapidly injected into boiling HAuCl

4

(1mM, 100mL) during vigorous stirring; the mixed solution
was continually heated during stirring for 30min; while the
heat was turned off, stirring continued until the solution
reached room temperature. The resulting solution was wine-
red in color and stored at 4∘C until further use.

2.4. Primer Design. Chicken-specific primers used in AuNP-
PCR assay were designed based on mitochondrial D-loop
gene sequences. The sequences of sheep, cattle, and pork
were also downloaded from GenBank. The specificity of the
primers for chicken was evaluated by using NCBI BLAST.
Primers were designed using primer 5 software and primer
pairs were synthesized from Sangon Biotech (Shanghai,
China). The sequences of the primers are summarized in
Table 1.

2.5. PCR Amplification. PCR was carried out in a 50 𝜇L
reaction mixture containing 10x Taq Reaction Buffer (5 𝜇L),
template (1 𝜇L), forward primer (10 𝜇M, 1 𝜇L), reverse primer
(10 𝜇M, 1 𝜇L), dNTP Mixture (2.5mM, 4 𝜇L), Taq DNA
Polymerase (2.5U/𝜇L, 1 𝜇L), and ultrapure water (37 𝜇L).

MyCyclerThermal Cycler (BIO-RAD, USA) was used for
the amplification of target sequences.The cycling procedures
were set as follows: a single initial step of denaturation at 95∘C
for 5min, followed by 35 cycles of denaturation at 95∘C for
30 s, anneal at 57∘C for 30 s and extension at 72∘C for 30 s,
and final extension at 72∘C for 5min.The PCR products were
stored at 4∘C for further use.

A volume of 5 𝜇L PCR product, along with 1 𝜇L of 6x
loading buffer, was electrophoresed on 2% agarose gel at

Table 1: Chicken primer sequences in this study.

Chicken
primer Sequence bp

(base pair)
CR1 SH-TTGGTTATGCTCGCCGTATCAG 266
CF1 TAGAAGAGAGAAAGATGCCGCGA
CR2 ATCTTCTCTCTTCTACGGCGCT
CF2 GAGGGGTATCTGTCAAGGTTTG 412
CTF2 SH-GAGGGGTATCTGTCAAGGTTTG
CR3 CCAGGACATACTCATTTACCC 923
CF3 SH-GATGGTTTTGGTAGTGGAG
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Scheme 1: Strategy for the AuNPs based colorimetric assay for
identification of chicken tissues.

99 v for 40min. A DNA ladder containing 1500, 1000, 900,
800, 700, 600, 500, 400, 300, 200, and 100 bp DNA frag-
ments was used as reference. Following staining with ethid-
ium bromide, the gels were visualized using image analysis
software (Quantity One, BIO-RAD, USA).

2.6. PCR Purification. All samples, including positive or
negative controls, were subjected to PCR and then purified
with theUniversal DNAPurificationKit (TIANGEN, China).
Approximately, 45 𝜇L PCR products were typically used to
purify, eluting with 30𝜇L ultrapure water.

2.7. GNPs-Based Colorimetric Assay. For the identification
of chicken tissues, the colorimetric assay was designed as
follows. First, 10 𝜇L of PCR products and 20 𝜇L AuNPs
were mixed in a tube and incubated for 1min at the room
temperature. Second, 2 𝜇L 0f 0.5M NaCl was added to the
above solution.

To interpret the relationship between color change and
spectra, the resulting solution was measured by not only the
naked eye but also an ND-1000 spectrophotometer. With
different degrees of AuNPs aggregation, the color changed
from wine-red to blue. Pictures were taken with a mobile
phone camera.

3. Results

3.1. Principles of the Method in Identifying Chicken Tissues.
As depicted in Scheme 1, chicken tissues could be identified
with high specificity, sensitivity, and accuracy. In dispersion,
AuNPs were stable and maintained a red color. When in
aggregation, the origin stable state of AuNPs was interrupted,
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Figure 1: (a) PCR products were analyzed by 2% agarose gel electrophoresis. Lane M: 100 bp ladder, 0, 1, 2, and 3 represent PCR products
from chicken, cattle, pork, and sheep, respectively. (b) Specificity evaluation of colorimetric assay by spectra analysis and the naked eye. A, B,
C, and D represent the result of colorimetric assay for chicken, cattle, pork, and sheep, respectively. (c) Particle size distribution after adding
target PCR products. (d) Particle size distribution after adding nontarget PCR products.

resulting in a color change to purple or blue. A key point of
this study was that AuNPs could be modified by thiol, which
could protect AuNPs from salt-induced aggregation [14–16].
Based on this property, we designed unique chicken-specific
primers including an unlabeled reverse primer and a thiol-
labeled forward primer to amplify the target gene fragment.
Consequently, the amplification of the target gene sequence
was obtained with thiol-labeling at one end. After mixing
AuNPs with PCR products, AuNPs were surrounded by a
thick barrier of dsDNA. The phosphate backbone of double
strand DNA has numbers of negative charge groups, which

was favorable to improve the stability of AuNPs solution due
to the electrostatic repulsion.

With a target genomic as template and undergoing PCR
amplification, AuNPs maintained their red color after adding
NaCl to the solution. In contrast, in the absence of a target
genomic as template, AuNPs aggregated after adding NaCl to
the solution, leading to a color change from red to purple or
blue.

3.2. Specificity Test. As shown in Figure 1(a), DNA fragments
of 412 bp were obtained only in chicken without any cross
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Figure 2: (a) The effect of thiol for colorimetric assays was verified by UV-Vis absorption spectral ((b), (c)) TEM images of AuNPs after the
addition of labeled (b) and unlabeled PCR products and salt (c).

reaction with nontarget species. In the colorimetric assay,
chicken samples were distinguished from other animal
species with the naked eye. Specific amplified PCR product
from target chicken tissues remained red, unchanged in
color, while nonamplified PCR products (as negative results)
resulted in obvious color change. In addition, Abs520/Abs650
ratio was used to compare positive and negative detection
results. The value of positive results was larger than negative
results.

Therefore, it is reasonable to believe that the proposed
method could also be as a qualitative analysis by naked
eye and quantitative analysis by spectral detection (see
Figure 1(b)). To analyze particle size distribution after adding
target PCR products and nontarget PCR products, dynamic
light scattering granulometer (BROOKHAVEN, America)
was employed. In the presence of target PCR products,
particle size ranged from 11 nm to 15 nm (Figure 1(c)). In the
absence of target PCR products, particle size ranged from

1800 nm to 2500 nm (Figure 1(d)). Particle size changing
from small to big made color changing from red to purple.

3.3. The Effect of Thiol-Labeled Primer on Colorimetric Assay.
Thiol-labeled primer played a crucial role in the colorimetric
assay. To verify the role of thiol, AuNPs-based colorimetric
assay was performed by using thiol-labeled and unlabeled
PCR products. These PCR products were obtained by car-
rying out PCR using thiol-labeled forward primer, unlabeled
primer, and both unlabeled primers.

As expected, in colorimetric assays, the resulting solu-
tions containing thiol-labeled PCR products remained red
in color, along with a higher spectral value at 520 nm and
a lower spectral value at 650 nm. By contrast, the result-
ing solutions with unlabeled PCR products changed color
slightly, along with a lower spectral value at 520 nm and
a higher spectral value at 650 nm (Figure 2(a)). The TEM
(JEM-1101, Japan) photo illustrated that AuNPs remained
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Figure 3: The corresponding plot of Abs520/Abs650 readings (𝑦-axis) versus the concentration of PCR products (𝑥-axis).

dispersed after the addition of thiol-labeled PCR products
and salt (Figure 2(b)). However, AuNPs turned a slight
aggregation after the addition of unlabeled PCR products
and salt (Figure 2(c)).Thus, thiol-labeled PCR products were
more favorable than conventional PCR products to stabilize
AuNPs under the described testing conditions.

3.4. The Effect of the Length of PCR Products on Colorimetric
Assay. In order to evaluate the effect of the length of PCR
products on colorimetric assay, thiol-labeled PCR products
with different lengths (266 bp, 412 bp, 923 bp) were used in
this study. Particle size distribution was measured after the
addition of thiol-labeled PCR products and salt, being in the
range of 40∼60 nm, 25∼40 nm, and 35∼60 nm, respectively. It
showed that 412 bp PCR products were better than others in
colorimetric assay.

3.5. Detection Limit. The limit of detection (LOD) was deter-
mined by testing different concentrations of PCR products.
To confirm the sensitivity, we used the PCR products to per-
form colorimetric assays. As a result, the LOD for identifying
chicken tissues was 28 ng/𝜇L, which was shown in Figure 3.
The result demonstrated that different concentrations of PCR
products formed a good linear relation with Abs520/Abs650
(𝑟 = 0.980).

4. Discussion

First, DNA is relatively stable than protein. Second, the
genome can be extracted from meat following different
treatments including raw, heated, and frozen.Theway used in
treating meat and meat products did not affect colorimetric
assays. Similar results have also been obtained in previous
study [17].

The length of PCR product and PCR amplification effi-
ciency could affect the colorimetric assay. In a previous study
[18], Jung et al. established that the longer the PCR product,
the better for colorimetric assay. However, the length of
PCR products was not proportional to the efficiency of PCR
amplification; thus, it is hard to prove that longer fragment of
PCR product was preferred over shorter fragment.

As previously reported, ssDNA could be adsorbed on
the surface of AuNPs, which could stabilize AuNPs against
salt-induced aggregation [19]. To obviate the error, we used
purified PCR products to improve the specificity of the
testing. To some extent, dsDNA can protect AuNPs from
salt-induced aggregation [20]. In order to eliminate the effect
from the genomeon the colorimetric assay, low concentration
of template (5 ng/𝜇L) was used to perform this assay.

The method worked better in distinguishing chicken
tissues from other species with high accuracy. In the next
study, we intend to further investigate testing conditions and
refine the promising detection method.

5. Conclusions

The investigation supported a novel application of the colori-
metric method for the identification of chicken tissues. This
method requires no sophisticated instrumentation.Detection
could be performed using observation with the naked eye.
Moreover, due to the high specificity of this method, the
accuracy of identifying chicken among other meats was high,
too. Thus, the promising method could also be applied in
identifying other species.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.



6 Journal of Nanomaterials

References

[1] J. S. Amaral, C. G. Santos, V. S. Melo, M. B. P. P. Oliveira, and
I. Mafra, “Authentication of a traditional game meat sausage
(Alheira) by species-specific PCR assays to detect hare, rabbit,
red deer, pork and cowmeats,” Food Research International, vol.
60, pp. 140–145, 2014.

[2] Y. Ayaz, N. D. Ayaz, and I. Erol, “Detection of species in
meat and meat products using enzyme-linked immunosorbent
assay,” Journal of Muscle Foods, vol. 17, no. 2, pp. 214–220, 2006.

[3] C. Murugaiah, Z. M. Noor, M. Mastakim, L. M. Bilung, J.
Selamat, and S. Radu, “Meat species identification and Halal
authentication analysis using mitochondrial DNA,” Meat Sci-
ence, vol. 83, no. 1, pp. 57–61, 2009.

[4] S.-Y. Chen, Y.-P. Liu, and Y.-G. Yao, “Species authentication
of commercial beef jerky based on PCR-RFLP analysis of
the mitochondrial 12S rRNA gene,” Journal of Genetics and
Genomics, vol. 37, no. 11, pp. 763–769, 2010.

[5] N. Haider, I. Nabulsi, and B. Al-Safadi, “Identification of meat
species by PCR-RFLP of the mitochondrial COI gene,” Meat
Science, vol. 90, no. 2, pp. 490–493, 2012.
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