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ABSTRACT
Background: Edible bird’s nests (EBN) are highly nutritious and valued food for their numerous health benefits. Consequently, their
high economic value and increasing global consumption demand for EBN have contributed to a rise in counterfeited food issue.
Currently, the common method for identifying the origin of edible bird nests is the DNA barcoding PCR-based technique because of
the limitations of morphological identification methods; however, the primers currently used for PCR face specific challenges in
amplifying DNA from edible bird nests. Thus, newly designed primers are necessary.
Methods: This study aims to redesign primers from the DNA barcode sequences of the mitochondrial genes cytochrome-c
oxidase subunit I (COI), NADH dehydrogenase subunit II (ND2), cytochrome b (Cyt-b) and the nuclear gene â-fibrinogen intron 7
(Fib7) of Swiftlet belonging to the Aerodramus genus.
Result: Four primer pairs AeroCOIf/AeroCOIr, AeroND2f/AeroND2r, AeroCytbf/AeroCytbr Cyt-b gene and AeroFib7f/AeroFib7r
were designed successfully amplifying DNA from Aerodramus spp. The resulting amplicon sizes were 157 bp for COI, 150 bp for
ND2, 130 bp for Cyt-b and 173 bp for Fib7 with the optimal annealing temperature of 60C. For the result of the primers sensitivity
investigation, the AeroCOIf/AeroCOIr, AeroND2f/AeroND2r, AeroCytbf/AeroCytbr and AeroFib7f/AeroFib7r primers was able to
detect DNA concentration at 1510-4 ng/µL, 15 ng/µL, 1510-3 ng/µL and 15 ng/µL, respectively. These results demonstrate that
these new primers could effectively amplify DNA from EBN belonging to Aerodramus spp.
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INTRODUCTION
Swiftlets, morphologically, are small insect-eating birds
that use their salivary glands to produce saliva to build
nests. Nonetheless, edible bird nests (EBN) largely
originate from only two species of swiftlets, Aerodramus
fuciphagus and Aerodramus maximus (Daud et al., 2021),
which belong to the Aerodramus genus. These species
are primarily found in Southeast Asia countries such as
Vietnam, Thailand, Malaysia, Philippines and Indonesia
(Liu et al., 2020) because these areas have appropriate
environmental conditions for the growth of them: humidity
of about 90%, temperature of 28 ~ 30oC (Yifeng et al., 2018).
Nowadays, EBN is used as a health supplement for
boosting the immune system (Careena et al., 2018),
addressing undernutrition, increasing metabolic activity and
promoting healthier skin. Moreover, it also has
neuroprotective, antiviral, anticancer and bone-strengthening
properties among other benefits (Quek et al.,  2015; Hou et al.
2017). Owing to these great benefits for human health,
EBN has become a precious and expensive bioproduct.
As a result, the production of counterfeit products using
lower-quality materials, including white fungus, agar agar,
collagen hydrolysate, sterculia gum, pork rinds, egg white,
amylum and red gulfweed, can occur throughout any stage
of the supply chain, from production to the perpetration of
fraud in commerce that affects consumers benefits
(Marcone, 2005). In fact, a traditional identification method
for EBN authentication such as morphological identification

met challenging because the homologous shape between
genuine ENB and fake EBN. Therefore, developing a novel
method for verifying commercial EBN products is definitely
significant based on a promising solution as genetic
approach (Lin et al., 2009).

Currently, among DNA-based techniques used for food
traceability, DNA barcoding is a cost-effective and reliable
method for solving this problem (Kress et al., 2015; Willette
et al., 2017; Guan et al., 2018; Li et al., 2022) because DNA
carries all the genetic information of an organism and can
be evaluated through commonly used genes in the
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mitochondrial DNA (mtDNA) (Yang and Rannala, 2017). In
DNA barcoding method, DNA segments from specific gene
regions is used as a molecular marker to identify tissue
samples of the species (Long et al., 2020; Melo et al.,
2021). It is an ideal tool for research, analysis and
molecular determination, especially for degraded DNA
samples. Specifically, cytochrome-c oxidase subunit I (COI),
NADH dehydrogenase subunit II (ND2) and cytochrome-b
(Cyt-b) are genetic markers in mtDNA due to their
characteristics such as short length, rapid evolution and
extensive databases (Junaid et al., 2017; Quek et al.,
2018; Wang et al., 2019; Sajali et al., 2021; Utami et al.,
2022). These advantages make them a popular choice in
studies aimed at determining the origin of specimens or
discovering new species, particularly avian species
(Hebert et al., 2003; Yang and Rannala, 2017). In addition,
β-fibrinogen intron 7 (Fib7), a nuclear gene (nDNA), was
also utilized to identify and classify EBN produced by
closely related species (Dai et al., 2015; Lv et al., 2021)
because of the highly conserved features of this region.
However, the available primer pairs have limitations, such
as difficulty in amplifying degraded DNA, low sensitivity
and specificity and being time-consuming and costly for
DNA sequencing (Lin et al., 2009; Orbayinah et al., 2019).
Therefore, in order to overcome the limitations designing
new primer pairs is more useful in identifying the origin of
EBN. In this study, mtDNA and nuclear DNA, including
COI, ND2, Cyt-b and Fib7 genes, were selected to design
new primer pairs for the efficient amplification of short
DNA barcode sequences from the bird  nests of
Aerodramus spp. Specifically, these new primer pairs can
be more suitable for degraded DNA and are specialized
for EBN. Moreover, they can offer higher sensitivity and
also reduce the time and cost of sequencing, thus
contributing to the development of a kit for identifying EBN
of uncertain origin.

MATERIALS AND METHODS
Samples collection
The DNA samples extracted from bird nests were provided
by the Molecular Biology Laboratory, Institute of Food and
Biotechnology Technology, Can Tho University, originating
from different swiftlet house farms in the Mekong Delta
(09/2022-10/2023).

Gene sequences collection
The COI gene sequences from 3 genus of swiftlet
(Aerodramus spp.; Collocalia spp.; Apus spp.) were
collected from the genebank database available on the
National Center for Biotechnology Information (NCBI)
website (http://www.ncbi.nlm.nih.gov/). Similarly, the partial
ND2, Cyt-b, Fib7 sequences also were obtained from NCBI.

Multiple sequences alignment
Alignment analysis was used to compare the assembled
gene sequences to get primers that are specific for
Aerodramus genus which are not matched with other genus
of swiftlet. BioEdit program was used for multiple sequences
alignment in order to select the variative region of
Aerodramus spp. compared to Collocalia spp. and Apus spp.

Primer design
The results of multiple sequences alignment were then
used for designing primer accesed via the Primer3 version
4.1.0 website (https://primer3.ut.ee/). The start position and
the end position of the chosen gene region were entered
into the Included Region and then clicked Pick Primers.
The program will provide several potential primer
candidates with their particular features. The chosen primer
candidates must contain more than 50% GC content of
forward and reverse primer. In addition, the melting
temperature difference between the two primers was limited
to be within 4C and the length of each primer’s length
ranges from 15 bases to 25 bases.

PCR reaction
In this study, four primer pairs, AeroCOIf/AeroCOIr,
AeroND2f/AeroND2r, AeroCytbf/AeroCytbr and AeroFib7f/
AeroFib7r, were used to amplify four gene regions, COI,
ND2, Cytb and Fib7 in bird species belonging to the
Aerodramus spp. (Table 1).

The components involved in the PCR reaction were
presented in Table 2. The PCR conditions in COI, ND2,
Cytb and Fib7 gene were followed by an initial denaturation
of 95C for 3 mins, 35 cycles of [95C for 15s, 60C for 30s
and 72C for 1 min] and a final extension of 72 C for
7 mins. The results of the PCR reaction were electrophored
with 2% agarose gel stained with SafeView and visualized
using gel documentation.

Table 1: Sequences information of four primers used in this study.

Primer name Primer sequence (5-3 direction) Product length (bp)

AeroCOIf CGAGCAGAACTTGGACAACC 157
AeroCOIr GCGCACCGATTATGAGGG
AeroND2f ATGCCTGATCTACCGGACAA 150
AeroND2r CGGTTGTTAGTGGGGATCCT
AeroCytbf CCTCACCCTCCTCCATGAAT 130
AeroCytbr GAGCGGGGTGAGTATGATGA
AeroFib7f GGACCTACTAAGTGCTTCTGGA 173
AeroFib7r GTCTGTGTCATTTCCTTGGCA
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RESULTS AND DISCUSSION
Multiple sequences alignment
From NCBI, 6 COI partial gene sequences of swiftlets
belonging to the Aerodramus genus were downloaded from
the NCBI database with accession numbers KY350188.1,
KY350193.1, KY350191.1, KY350190.1, JQ174502.1 and
JQ173912.1. In addition, 2 COI partial sequences of
Collocalia  spp. (JQ174497.1, JQ174500.1) and 2
sequences of Apus spp. (KU722438.1, KY242302.1) were
also selected for multiple sequence alignment to find the
highly conserved region in Aerodramus spp. and distinct
from 2 other genera (Collocalia spp. and Apus spp.) in
order to enable the design of a primer pair that amplify a
short COI sequence from Aerodramus spp. The results
showed that there were several variative regions between
Aerodramus spp. and 2 other genera, specifically the
position is from 52 bp to 91 bp and the position is from
201 bp to 230 bp potentially to design primers.

For ND2 gene region, 7 ND2 partial sequences of
Aerodramus spp. (EU085333.1, EU085332.1, KJ671363.1,
KJ671358.1, KJ671355.1, KJ671344.1, KJ671340.1), 2
sequences of Collocalia spp. (KF818946.1, KF818945.1)
and 2 sequences of Apus spp. (KR905656.1, KR905653.1)
were obtained for multiple sequence alignment. The region
from 231 bp to 383 bp was selected for primer design
using Primer3 tool with forward primer was located from
231 bp to 290 bp and reverse primer was from 345 bp to
383 bp.

Cyt-b gene
9 sequences belonging to the genus Aerodramus spp
(MG653625.1, KJ671364.1, KJ671365.1, KJ671366.1,
KJ671367.1, KJ671369.1, KJ671370.1, KJ671371.1,

KJ671372.1, KJ671373.1, KJ671374.1, KJ671375.1,
KJ671379.1, KJ671380.1, KJ671384.1, JN709906.1,
JN709907.1, JN709922.1, JN709923.1), 3 sequences
from the genus Collocalia spp (JQ353853.1, MG322679.1,
MG653638.1) and 2 sequences from the genus Apus spp
(JQ353923.1, JQ353899.1) were compared for sequence
alignment. The gene segment ranging from position 489
to 625 bp was selected for primer design.

Fib7 gene
7 sequences from the genus Aerodramus  spp
(AY513077.1, AY513075.1, AY513078.1, JQ520052.1,
AY513098.1, AY513101.1, JQ520047.1), 2 sequences from
the genus Collocalia spp (JQ520050.1, JQ520049.1) and
2 sequences from the genus Apus spp (JQ520068.1,
JQ520069.1) were compared to identify suitable sequence
regions for designing forward and reverse primers. The
gene segment from position 565 to 749 bp was chosen for
designing PCR amplification primers targeting the Fib7
gene sequence of the Aerodramus spp swiftlets. The
forward primer was designed based on the sequence
region from position 565 to 583 bp, while the reverse primer
was designed based on the sequence region from position
724 to 749 bp.

Primer design
The result of designing the COI primer pair provided by the
Primer3 software (Table 3) most values meet the
requirements for primer design, but in terms of primer
efficiency, the self-dimer formation energy of the reverse
primer (-9.89 kcal.mol-1) does not satisfy the criterion of
being greater than -9 kcal.mol-1. However, this value deviates
only slightly from the requirement, so the primer pair is still
used for specificity testing using the Primer Blast tool.

Table 2: The table of PCR reaction component concentrations.

Order number Components Reaction concentration Volume per reaction

1 My taq mix 2X 1X 12.5 µl
2 DNA template 12 ng 4 µl
3 primer (F) 10 µM 0.75 µl
4  primer (R) 10 µM 0.75 µl
5 BiH2O 7.0 µl
Total 25 µl

Table 3: The properties of primer pairs provided by Primer3 tool.

Primer Product Tm ΔG of Hairpin-lop ΔG of Self-dimer ΔG of Hetero-dimer
name size (bp)  (C)  structure (kcal.mol-1)  structure (kcal.mol-1)  structure (kcal.mol-1)

AeroCOIf 157 59,13 -0.19 -3.9 -3.61
AeroCOIr 58.36 -0.33 -9.89
AeroND2f 150 58.50 0.16 -9.75 -8.02
AeroND2r 59.09 -0.45 -10.76
AeroCytbf 130 58.48 0.73 -5.38 -12.06
AeroCytbr 58.96 0.57 -3.61
AeroFib7f 173 58.90 -0.2 -3.54 -5.09
AeroFib7r 58.77 0.63 -3.14
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Similarly, for the primer design results of the ND2, Cyt-b
and Fib7 genes, primer pairs were selected to assess
their specificity.

The results of the specificity test using the Blast
software for all four primer pairs showed the ability to
specifically bind with swiftlets belonging to Aerodramus spp.

The optimization of the annealing temperature
The annealing temperature of the primer pair amplifying
the COI gene: The results of the COI primer pair were
shown in Fig 1. PCR product bands were successfully
amplified at all tested temperatures, resulting in a 157 bp
size. The primer pair consistently produced bright bands,
but there were differences in band intensities across the
tested temperature levels. The lowest intensity was
observed at 55 C, gradually increasing with higher
annealing temperatures. However, at 60C, the band
intensity was higher than at 61C. Additionally, at an
annealing temperature of 60C, the brightest band was
obtained without any non-specific products or primer
dimers. This temperature was chosen for the next experiment.

The annealing temperature of the primer pair
amplifying the ND2 gene: the results of ND2 primers are
shown in Fig 2 where PCR product bands at all tested
annealing temperatures were amplified correctly at the
expected size of 150 bp. All annealing temperatures
produced bright bands without any non-specific products
or primer-dimers. Among the tested temperatures, 60C
and 61C exhibited better results compared to the other
temperatures. but 60C was chosen for further investigation
due to its smaller deviation from the average melting
temperature provided by the software.

The annealing temperature of the primer pair
amplifying the Cyt-b gene: The results of gradient annealing
temperature survey for Cyt-b primer pairs were shown in
Fig 3, the PCR product bands at all tested annealing
temperatures were amplified at the correct size of 130 bp.
There were no non-specific products or primer-dimers.
Specifically, at 60 C the band intensity is brightest.
Therefore, the optimal annealing temperature for amplifying
the Cytb gene using this primer pair is determined to be
60C and it was chosen for further investigation.

Fig 2: The PCR annealing temperature’s reaction of ND2 primers.

Fig 1: The PCR annealing temperature’s reaction of COI primers.
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The annealing temperature of the primer pair
amplifying the Fib7 gene: the results were shown in Fig 4,
where all amplified product bands have a size of 173 bp.
No non-specific products are observed, but primer-dimers
are present. At 60C, the band intensity is relatively higher
compared to 61C and it represents the highest intensity
among the tested annealing temperatures. Therefore, the

optimal annealing temperature for the AeroFib7f/AeroFib7r
primer pair is determined to be 60C and it was selected
for further investigation.

The sensitivity of primer pairs
The sensitivity analysis results of the COI primer pair: the
results of the sensitivity assessment of the COI primer pair

Fig 4: The PCR annealing temperature’s reaction of Fib7 primer.

Fig 5: The PCR dilution concentration of COI primers.

Fig 3: The PCR annealing temperature’s reaction of Cyt-b primers.
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in Fig 5 showed that as the DNA concentration decreased
from 100 times to 10000 times, the intensity of the band
also decreased but was still visible. At a DNA concentration
lower than 1510-5 ng/µL, the band of the amplified product
became fainter and almost invisible. Therefore, the
sensitivity of the reaction was determined to be 1510-4 ng/
µL.

The sensitivity analysis results of the ND2 primer pair:
from Fig 6 the result of the sensitivity of ND2 primer pair, it
can be observed that at the first dilution factor of DNA
sample, no product band appeared, only the product was
observed at the original DNA concentration with a size of
150 bp. The extended smeared bands indicate that the
DNA concentration is too low compared to the sensitivity of
the primers, causing the primer to fail to bind to the target
sequence and amplify the product. Therefore, the sensitivity
of the reaction is 15 ng/µL.

The sensitivity analysis results of the Cyt-b primer
pairs: from Fig 7 (A), it can be seen that at the initial dilution
factor 100 times, the Cytb primer pair was still able to amplify
a clear and bright product band at 130 bp and the intensity
of the band is not significantly different from that of the
original DNA concentration. However, at the dilution factor
of 1000 times, the product band becomes fainter, but still
observable and at subsequent dilution factors, no product

Fig 6: The PCR dilution concentration of ND2 primers.

Fig 7: The PCR dilution concentration of Cyt-b primers.

band is detected. Therefore, the sensitivity of the reaction
is 1510-3 ng/µL.

The sensitivity analysis results of the Fib7 primer pair:
From Fig 8 (B), it can be observed that at the original DNA
concentration, a clear and bright product band is visible at
173 bp. At the first dilution factor, no product band is
detected, but at the lower dilution of 1000 times and 10000
times, faint and indistinct bands can be observed. This
could be due to the low initial DNA concentration, resulting
in extremely low DNA amounts at dilutions of 100, 1000
and 10,000 times, with minimal differences, so the amount
of DNA obtained during pipetting at different concentrations
is random and lower concentrations tend to yield more
DNA, resulting in the appearance of bands. This possibility
is supported by the absence of bands in the negative control
sample containing BiH2O, indicating no contamination
between the dilutions. Hence, the sensitivity of the reaction
is 15 ng/µL.

The results from multiple sequence aligment of the
COI gene sequence align with Hebert et al. (2003),
suggesting that the COI mitochondrial gene exhibits high
mutation rates and significant variation among avian
species. Hence, the COI gene region is often suitable for
identifying closely related species, such as swiftlet species
belonging to the genera Aerodramus spp., Collocalia spp.

Designing Primers for Amplification of Coi, Cyt-B, Nd2 and Fib7 in Swiftlet (Aerodramus spp.)
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and Apus spp., due to several appropriately varied sequence
regions suitable for primer design. Moreover, selecting a
shorter DNA sequence, approximately 100-300 bp, for
primer design targeting easily degraded DNA would be
more suitable and effective compared to longer sequences
(Dai et al., 2015). Similarly, the comparison of the ND2
gene sequences reveals the presence of conserved
segments characteristic of higher-order species, along with
specific variant positions that could be useful for species
differentiation. This outcome aligns with previous analyses
showing that the ND2 mitochondrial gene exhibits the
highest nucleotide variability, accounting for 9.7% when
compared to other genes in swiftlet samples (Quek et al.,
2018). Therefore, the mitochondrial ND2 gene sequence
appears as a useful molecular marker capable of
distinguishing closely related swiftlet species. The chosen
sequence size for amplification falls within the range of 100–
300 bp (from position 230 to 385 bp), is suitable for amplifying
easily degraded DNA, such as from bird’s nests and is
relatively shorter than the sequence chosen in a previous
study differentiating the origins of bird nests in Thailand,
where the selected region length was 356 bp (Lv et al., 2021).

The primer pairs designed for the amplification of COI,
ND2 and Cyt-B genes exhibited complete specificity towards
the Aerodramus genus. The primer pair targeting the Fib7
gene exhibits potential matches with some swiftlet species
closely related within the Apodidae family. These species
include Collocalia linchi, Collocalia esculenta, Collocalia
affinis, Raphidura leucopygialis and Hydrochous gigas, as
indicated by NCBI Blast results, but this Fib7 primers did
not match the DNA sequence of other organisms. Therefore,
this lack of specificity does not compromise the study’s
primary objective, which is to detect DNA from swiftlets
capable of producing edible bird nests, notably associated
with two prominent species, Aerodramus fuciphagus and
Aerodramus maximus. Therefore, despite this limitation,
this primer pair continues to be utilized in the experiments.

In the sensitivity analysis experiment, the sensitivity of
mtDNA was definitely higher than the sensitivity of nDNA.
This was also suitable with characteristics between two

gene regions when the mtDNA existence in multiple copies
in cells. Furthermore, nDNA analysis requires higher
amount of template than mtDNA leading to less sensitivity
of analysis (Orbayinah et al., 2019).

CONCLUSION
This study redesigned four primer pairs that successfully
amplified regions of four genes from edible bird nest’s
DNA with amplicon sizes of 157 bp for COI, 150 bp for
ND2, 130 bp for Cyt-b and 173 bp for Fib7. The optimal
annealing temperature of four primer pairs was 60C. The
sensitivity of the primer pairs amplifying the COI, ND2,
Cytb and Fib7 genes had detection limits of DNA
concentration at 1510-4 ng/µL, 15 ng/µL, 1510-3 ng/µL
and 15 ng/µL, respectively. Based on the study’s findings,
the newly designed primers demonstrate high sensitivity
and the ability to amplify short PCR products, making them
well-suited for the application of PCR techniques in
identifying market-available edible bird’s nest products
because these products frequently contain low
concentrations and low-quality DNA due to processing.

ACKNOWLEDGEMENT
This study is funded in part by the Can Tho University,
Code: T2023-186.

RECOMMENDATION
These designed primers should be tested on market-
available swiftlet nest samples.

Conflict of interest
We declare that they have no conflict of interest.

REFERENCES
Careena, S., Sani, D., Tan, S.N., Lim, C.W., Hassan, S., Norhafizah, M.

et al. and Lim, C.T.S. (2018). Effect of edible bird’s nest
extract on lipopolysaccharide induced impairment of learning
and memory in wistar rats. Evidence Based Complementary
and Alternative Medicine. 2018(1); 9318789. https://
doi.org/10.1155/2018/9318789.

Designing Primers for Amplification of Coi, Cyt-B, Nd2 and Fib7 in Swiftlet (Aerodramus spp.)

Fig 8: The PCR dilution concentration of Fib7 primers.



       Asian Journal of Dairy and Food Research8

Dai, Z., Qiao, J., Yang, S., Hu, S., Zuo, J., Zhu, W. and Huang, C. (2015).
Species authentication of common meat based on PCR
analysis of the mitochondrial COI gene. Applied Biochemistry
and Biotechnology. 176(6): 1770-1780. https://doi.org/
10.1007/s12010-015-1715-y.

Daud, N.A., Mohamad Yusop, S., Babji, A.S., Lim, S.J., Sarbini, S.R.
and Hui Yan, T. (2021). Edible bird’s nest: Physicochemical
properties, production and application of bioactive extracts
and glycopeptides. Food Reviews International. 37(2):
177-196. https://doi.org/10.1080/87559129. 2019. 1696359.

De, Melo, A.A., Nunes, R. and Telles, M.P. De C. (2021). Same information,
new applications: Revisiting primers for the avian COI
gene and improving DNA barcoding identification. Organisms
Diversity and Evolution. 21(3): 599-614. https://doi.org/
10.1007/s13127-021-00507-x.

Guan, F., Jin, Y.T., Zhao, J., Xu, A.C. and Luo, Y.Y. (2018). A PCR
method that can be further developed into PCR RFLP
assay for eight animal species identification. Journal of
Analytical Methods in Chemistry. 2018(1): 5890140.
https://doi.org/10.1155/2018/5890140.

Hebert, P.D.N., Cywinska, A., Ball, S.L. and DeWaard, J.R. (2003). Biological
identifications through DNA barcodes. Proceedings of
the Royal Society B: Biological Sciences. 270(1512):
313-321. https://doi.org/10.1098/rspb.2002.2218.

Hou, Z., He, P., Imam, M.U., Qi, J., Tang, S., Song, C. and Ismail, M. (2017).
Edible bird’s nest prevents menopause-related memory
and cognitive decline in rats via increased hippocampal
sirtuin-1 expression. Oxidative Medicine and Cellular
Longevity. 2017.

Junaid, N., Khalid, A.M., Waseem, K.A., Muhammad, I., Muhammad, I.,
Shahid, H., Muhammad, M.A., Muhammad, A.A. (2017).
Phylogenetic analysis based studies on genetic variation
of Cytochrome b gene of Indian peafowl (Pavo cristatus)
in Pakistan. Indian Journal of Animal Research. 52(3):
343-346. https://doi.org/10.18805/ijar.v0iOF.9119.

Kress, W.J., García-Robledo, C., Uriarte, M. and Erickson, D.L. (2015).
DNA barcodes for ecology, evolution and conservation.
In Trends in Ecology and Evolution. 30(1):  25-35. https://
doi.org/10.1016/j.tree.2014.10.008.

Li, Y., La, Z.A.B., Cao, L. and Zhao, S. (2022). Establishment of a DNA
barcoding database for legume and grass species identification.
Legume Research. 45(6): 659- 668. https://doi.org/10.
18805/AF-727.

Lin, J.R., Zhou, H., Lai, X.P., Hou, Y., Xian, X.M., Chen, J.N., Wang, P.X.,
Zhou, L. and Dong, Y. (2009). Genetic identification of
edible birds’ nest based on mitochondrial DNA sequences.
Food Research International. 42(8): 1053-1061. https://
doi.org/10.1016/j.foodres.2009.04.014.

Liu, K., Wu, M., Lin, X., Lonan, P., Chen, S., Wu, Y., Lai, X., Yu, L., Zhou,
X. and Li, G. (2020). Molecular analysis of edible bird’s
nest and rapid authentication of Aerodramus fuciphagus
from its subspecies by PCR-RFLP based on the cytb gene.
Analytical Methods. 12(21): 2710–2717. https://doi.org/10.
1039/c9ay02548k.

Long, D.T., Hong, H.T.K., Tram, L.L.T. and Trang, N.T.Q., (2020). Evaluation
of genetic diversity by DNA barcoding of local lotus
populations from Thua Thien Hue Province. Indian Journal
of Agricultural Research. 55(2):121-128. https://doi.org/
10.18805/IJARe.A-564.

Lv, D., Fan, Y., Zhong, W., Lonan, P., Liu, K., Wu, M., Wu, Y., Liang, Y.,
Lai, X., Li, G. and Yu, L. (2021). Genetic Identification of
edible bird’s nest in thailand based on ARMS-PCR. Frontiers
in Genetics. 12: 632232. https://doi.org/10.3389/fgene.
2021.632232.

Marcone, M.F. (2005). Characterization of the edible bird’s nest
the “Caviar of the East.” Food Research International.
38(10): 1125-1134. https://doi.org/10.1016/j.foodres. 2005.
02.008.

Orbayinah, S., Widada, H., Hermawan, A., Sudjadi, S. and Rohman, A.
(2019). Application of real-time polymerase chain reaction
using species specific primer targeting on mitochondrial
cytochrome-b gene for analysis of pork in meatball products.
Journal of Advanced Veterinary and Animal Research.
6(2): 260.

Quek, M.C., Chin, N.L., Tan, S.W., Yusof, Y.A. and Law, C.L. (2018).
Molecular identification of species and production origins
of edible bird’s nest using FINS and SYBR green I based
real-time PCR. Food Control.  84: 118-127. https://doi.org/
10.1016/j.foodcont.2017.07.027.

Quek, M.C., Chin, N.L., Yusof, Y.A., Tan, S.W. and Law, C.L. (2015).
Preliminary nitrite, nitrate and colour analysis of Malaysian
edible bird’s nest. Information Processing in Agriculture.
2(1): 1-5. https://doi.org/10.1016/j.inpa.2014.12.002.

Sajali, N., Wong, S.C., Abu Bakar, S., Khairil Mokhtar, N.F., Manaf, Y.N.,
Yuswan, M.H. and Mohd Desa, M.N. (2021). Analytical
approaches of meat authentication in food. International
Journal of Food Science and Technology. 56(4): 1535-1543.

Utami, S., Jamil, A., Nidom, R.V., Nasir, M., Prayitno, H., Prakoso, D.,
Ansori, A.N.M., Indrasari, S. and Nidom, C.A. (2022). Genetic
diversity of crossbred cattle using cytochrome oxidase subunit
I (COI) gene in south sulawesi. Indonesia. Indian Journal
of Animal Research. 58(1): 28-34. https://doi.org/10.
18805/IJAR.BF-1600.

Wang, W., Liu, J., Zhang, Q., Zhou, X. and Liu, B. (2019). Multiplex
PCR assay for identification and quantification of bovine
and equine in minced meats using novel specific nuclear
DNA sequences. Food Control. 105: 29-37.

Willette, D. A., Simmonds, S.E., Cheng, S.H., Esteves, S., Kane, T.L.,
Nuetzel, H., Pilaud, N., Rachmawati, R. and Barber, P.H. (2017).
Using DNA barcoding to track seafood mislabeling in Los
Angeles restaurants. Conservation Biology. 31(5): 1076-
1085. https://doi.org/10.1111/cobi.12888.

Yang, Z. and Rannala, B. (2017). Bayesian species identification
under the multispecies coalescent provides significant
improvements to DNA barcoding analyses. Molecular
Ecology. 26(11): 3028-3036. https://doi.org/10.1111/
mec.14093.

Yifeng, L., Zhenfei, Z., Yanfang, L., Hanxiang, X., Guanghua, L., Lirong,
G. and Yang, Z. (2018). Aerodramus fuciphagus and “Bird
house” technology in Malaysia. Forestry Environmental
Science. 34: 131-135.

Designing Primers for Amplification of Coi, Cyt-B, Nd2 and Fib7 in Swiftlet (Aerodramus spp.)


