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Abstract

It is possible and risky for fur animal carcasses to be mixed into meat products, which is a potential danger for meat quality
safety and human health. Therefore, meat validation of quality and constituents is crucial. A variety of methods have been
developed to identify muscle tissues of different species. However, most of these methods have the disadvantages of poor
repeatability, complex operation and low efficiency, and cannot simultaneously detect multiple species of muscle tissue.
The purpose of this study was to construct a multiplex PCR protocol to detect the samples of mink, fox, and raccoon dog.
In this study, the specific primers of mink, fox, and raccoon dog were designed according to the variable region sequence
of mitochondrial cytochrome b (Cytb) gene. The primers showed good specificity and 50 °C was determined as the optimal
annealing temperature. The lowest concentration of DNA template of mink, fox, or raccoon dog that could be determined
simultaneously by a single tube was 1 pg/uL. Clinical tissue samples detect analysis test results showed that this method
could identify whether the tissue samples of three fur animals were mixed from the muscles of chickens, ducks, dogs, cattle,
sheep, pigs and rabbits in one PCR reaction simultaneously. In conclusion, the scheme exhibited the advantages of convenient
operation, low cost, strong species specificity, high sensitivity, good stability, and repeatability. The systematic optimized
inspection process can be applied to meat detection to ensure veterinary public health safety, which has important scientific
significance, production, public health, and safety significance.
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Introduction

Mink, fox, and raccoon dog are important economic animals
Yao Pan, Xuemin Wang, and Wenjie Ma contributed equally to this for fur. Their high-quality fur is used for fur processing and
work. eventually becomes popular high-grade fur clothing. Like
Denmark, Finland, the USA, and Canada, China is also an
important fur animal breeding country, raw material fur
producing country, fur processing country, and fur garment
producing, exporting, and consuming country in the world
(Li et al. 2020; Yang et al. 2017; Liu 2022; Wang 2022). Fur
is the main product of fur-based economic animals. The car-
casses left after these animals are slaughtered and skinned
become by-products. Carcass can be processed into meat
and bone meal for animal feed (Xu et al. 2016). However,
it may also be mixed with human food, which is a potential
hidden danger to food quality safety and veterinary public
health. Therefore, meat validation of quality and constituents

< Jianhua Qiu
giujianhua@sdau.edu.cn

>4 Huijun Guo
hjguo@sdau.edu.cn

College of Animal Science and Veterinary Medicine,
Shandong Agricultural University, Tai’an 271018, China

Shandong Provincial Key Laboratory of Animal
Biotechnology and Disease Control and Prevention,
Shandong Provincial Engineering Technology Research
Center of Animal Disease Control and Prevention, Shandong
Agricultural University, Tai’an 271018, China

State Key Laboratory of Veterinary Biotechnology,

Harbin Veterinary Research Institute, Chinese Academy
of Agricultural Sciences, Harbin 150000, China

@ Springer

is paramount. It is necessary to explore and build a rapid,
practical, simple, and specific detection technology for the
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muscle tissue of mink, fox, and raccoon dog to distinguish
their muscle tissue from the muscle tissue of conventional
livestock and poultry, so as to promote the healthy develop-
ment of the industry and ensure the food quality and safety.

To date, a variety of DNA-based analytical methods
have been developed to identify tissues of different spe-
cies (Shahrooz et al. 2016). DNA detection methods based
on polymerase chain reaction (PCR) for meat analysis are
also increasing (Fajardo et al. 2010). For example, PCR
(Karabasanavar et al. 2013), polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP)
(Girish et al. 2005), random amplified polymorphic DNA
marker PCR (RAPD-PCR) (Martinez and Yman 1998),
and PCR-Southern blotting hybridization (Mutalib et al.
2015) have been used for the identification of meat prod-
ucts. However, these methods have the disadvantages of
poor repeatability, complex operation, and low efficiency,
and cannot simultaneously detect multiple species of mus-
cle tissue. Nowadays, real-time fluorescent quantitative
PCR and digital PCR have become common identification
methods because of their fast and sensitive characteristics
(Qamar et al. 2020; Xu et al. 2018). However, compared
with conventional PCR, its high reagent and equipment
costs limit its application.

At the same time, people pay more and more attention
to the food quality and safety testing program which is fast,
accurate, easy to operate, economic, and can detect many
and complete samples. Therefore, it is very necessary to
establish a reliable multiplex PCR method to quickly and
accurately identify meat products. It can not only detect
multiple species samples simultaneously through a reaction
system (Matsunaga et al. 1999), but also, compared with
real-time fluorescent quantitative PCR, multiplex PCR only
requires conventional PCR primers without other modifica-
tions, which can save detection time and reduce detection
costs (Izadpanah et al. 2018a, b).

The cytochrome b gene (Cytb gene) is a gene sequence
in the mitochondrial DNA (mtDNA) (Yuttamol et al. 2018).
Cytb gene has a sustainable or conserved region at the spe-
cies level. The relatively moderate evolution speed of the
Cytb gene in the mtDNA genome can provide phylogenetic
and genetic evolution information. The sequence variability
of Cytb gene makes it suitable for differential identifica-
tion between species or genera, which has been used in
many studies of phylogenetic relationships within mammals
(Castresana 2001; Yuttamol et al. 2018; Suyadi et al. 2022).
In this study, the specific primers of mink, fox, and rac-
coon dog were designed according to the variable region
sequence of mitochondrial cytochrome b (Cytb) gene. By
optimizing the multiplex PCR reaction system and ampli-
fication conditions, the multiplex PCR detection scheme
was constructed. The multiplex PCR detection scheme can
realize single tube PCR reaction and detect the samples

of mink, fox, and raccoon dog from the mixed muscle tis-
sue samples of conventional livestock and poultry, mink,
fox, and raccoon dog, which will provide reference for food
quality safety and veterinary public health.

Materials and Methods
Materials

Carcass samples of mink (black mink, white mink, iron gray
mink), fox (white fox, blue fox), and raccoon dog (Wusuli
raccoon dog, white raccoon dog) were given by Shandong
Zhucheng fur animal research institute. Chicken, duck, beef,
and pork samples were purchased from a supermarket in
Tai'an, Shandong Province; dog meat was purchased from
a dog meat shop in Tai'an, Shandong Province, and mutton
and rabbit meat were preserved by our laboratory.

Primers

To establish a multiple PCR analysis protocol, sequence
analysis was performed using the biological software Meg-
lin (Bioinformatics Software DNASTAR) based on the
mitochondrial Cytb gene sequences of minks, foxes, and
raccoons in GenBank. And three pairs of specific upstream
and downstream primers were designed using Primer Pre-
mier 6.0 (Products for Genomics and Mass Spectrometry
premierbiosoft.com), and then performed PCR validation
one by one. The detailed process is as follows: Based on
the published Cytb gene sequences of mink (GenBank:
KF990329.1), fox (GenBank: DQ498127.1), and raccoon
dog (GenBank: JX099889.1) by NCBI, specific primers
were designed based on the alignment results of the Cytb
gene sequences of mink, fox, and raccoon dog (Fig. 1). The
primers and the respective amplification lengths are shown
in Table 1. At the same time, a pair of universal primers
that can amplify vertebrates, with a size of 1200 bp, were
designed. Upstream of universal primer (5'-3") is GTAGTC
ATATGCTTGTCTC, and downstream of universal primer
(5'-3") is CTTCCGTCAATTCCTTTAAG. All the primers
used in current study were synthesized by Beijing Liuhe
Huada Gene Co., Ltd.

DNA Extraction

Using TIANamp Blood/Cell/Tissue DNA Kit (Tiangen,
Beijing, China) according to the Kit instructions, genomic
DNA was extracted from the carcass muscle of mink, fox,
and raccoon dog, as well as the tissue samples of chicken,
duck, dog, beef, mutton, pork, and rabbit muscle. The
extracted muscle tissue samples’ DNA was detected by
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Fig.1 Cyrb gene sequence comparison of mink, fox, raccoon dog, and dog

Table 1 Specific primers of mink, fox, and raccoon dog used in multiplex PCR

Species Primer sequences (5'-3") Target genes PCR product size Endonuclease and
(GenBank) fragment size
mink TATCAACAACTCATTCATTGATCTGC Cytb 292 bp Apol
AGGAAATATATAAGATCCATAATATAAGCCT KF990329.1 110 bp and 180 bp
fox GCAACAGGTCTATTTTTAGCCA Cytb 859 bp BamHI
GGTCTGCGGTTAGAAGTC DQ498127.1 150 bp and 700 bp
raccoon dog ATAACAGGTCTATTTCTAGCCATAC Cytb 561 bp PAMI
GCCTCCTAGGATGTCTTTGAT JX099889.1 250 bp and 361 bp

nucleic acid analyzer (DS-11 Series Spectrophotometer,
Purchased from DeNovix Company). The extracted DNA
was stored at—20 °C.

PCR Reaction Verification of Universal Primers

Using universal primers, the DNA of muscle tissue samples
from mink, fox and raccoon dog, chicken, duck, dog, cow,
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sheep, pig, and rabbit was PCR reacted to verify whether the
DNA of muscle tissue samples could meet the requirements
of PCR amplification reaction in vertebrates.

The PCR reaction were carried out in 50 uL reaction
mixtures containing 25 pL of 2 X Taq Master Mix, 5 pL.
for each of the muscle tissue samples’ DNA templates,
and 2 pL for each of the upstream and downstream univer-
sal primer (10 pmol/L). Finally, the volume of the reac-
tion mixtures was filled up to 50 uL with sterilized double
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distilled water. The amplification conditions consisted of
a pre-denaturation at 94 °C for 1 min 30 s, 30 cycles of
denaturation at 94 °C for 50 s, annealing at 55 °C for
1 min, extension at 72 °C for 1 min, and final extension
for 5 min at 72 °C. PCR products were electrophoresed on
2% agarose gel and the results were observed on the gel
imager (Azure c150, Purchased from Azure Biosystems).

Single PCR Amplification Reaction and Enzyme
Digestion Verification of Amplification Products

Using specific primers, the DNA of muscle tissue sam-
ples from mink, fox, and raccoon dog was PCR reacted.
The PCR reaction were carried out in 25 uL reaction mix-
tures containing 12.5 pL of 2 X Taq Master Mix, 2 uL for
each of the muscle tissue samples DNA templates, and
1 uL for each of the upstream and downstream universal
primer (10 pmol/L). Finally, the volume of the reaction
mixtures was filled up to 25 pL with sterilized double
distilled water. The amplification conditions consisted
of a pre-denaturation at 94 °C for 1 min 30 s, 30 cycles
of denaturation at 94 °C for 50 s, annealing at 55 °C for
1 min, extension at 72 °C for 50 s, and final extension for
5 min at 72 °C.

The amplified products of mink, fox, and raccoon dog
were digested and verified with BamH I, Apol and PfIMI
endonucleases (Dalian TaKaRa Co., Ltd), respectively.
The enzyme digestion validation reaction system contains
2 uL of 10 x buffer, 1 pL of restriction enzyme, and 10 uL
of PCR product. The enzyme digestion validation reaction
condition is 37 °C for 30 min. PCR products and enzyme
digestion products were electrophoresed by 2% agarose
gel and observed on the gel imager.

Primer Cross-Reaction Test

The purpose of this test is to determine whether there is
cross-reaction between primers. The specific primers of
mink, fox, and raccoon dog were mixed, and the single DNA
template and the mixed DNA template were amplified by
PCR, respectively, to verify whether there was cross-reaction
between the primers. The reaction conditions of primer cross
test were the same as those of single PCR amplification. The
total volume of the reaction system remains the same; how-
ever, the number of primers needs to be changed, and the
number of ddH,0 should be reduced accordingly.

Multiplex PCR Amplification Reaction
and Annealing Temperature Optimization

After verified by primer cross test, ensure that there is
no cross-reaction between primers. Subsequently, three

specific primers were mixed, and the DNA templates of
mink, fox, and raccoon dog muscle samples were ampli-
fied by PCR. At the same time, the annealing temperature
was optimized. Five temperature gradients of 50 °C, 52 °C,
54 °C, 56 °C, and 58 °C were set to determine the optimal
annealing temperature.

Specificity Test of Multiplex PCR

Mixing the specific primers of three fur animals, and then
the DNA of muscle tissue samples from mink, fox and rac-
coon dog, chicken, duck, dog, cow, sheep, pig, and rabbit
were used as templates in the optimized reaction system
for multiplex PCR amplification to detect the specificity
of primers. In the specificity test, ddH,O was used as the
template for the negative control.

Sensitivity Test of Multiplex PCR

The DNA template was serially diluted to 1 ng/uL, 100 pg/
pL, 10 pg/uL, 1 pg/uL, and 0.1 pg/uL by tenfold gradient
with sterile double distilled water, and then amplified by
the optimized single PCR reaction system and the opti-
mized multiplex PCR reaction system. Finally, the PCR
products were electrophoresis to detect the sensitivity of
each primer.

Verification Test of Mixed Samples

Mix the muscle tissue samples of different conventional
livestock and poultry, and take one of the similar species.
Every four kinds of conventional livestock and poultry
muscles are mixed to form a combination. In this way, a
total of six kinds of conventional livestock and poultry
mixed samples are formed: (1) dog, beef, chicken, and
rabbit; (2) dog, beef, duck, and rabbit; (3) dog, mutton,
chicken, and rabbit; (4) dog, mutton, duck, and rabbit; (5)
dog, pork, chicken, and rabbit; and (6) dog, pork, duck,
and rabbit. The sample addition amount of each animal
is 20 mg, and the total mass of the conventional livestock
and poultry mixed samples of each combination is 80 mg.

On this basis, 20 mg of mink, fox, and raccoon dog
muscle tissue samples or ddH,O is separately added to
each combined mixed sample. In this way, a total of 24
mixed sample combinations are formed, and the total mass
of each mixed sample is 100 mg. The mixing methods of
different animal muscle samples and their corresponding
combination numbers are shown in Table 2.

The mixed samples of each group were fully mixed, the
genomic DNA of each group was extracted, and the DNA tem-
plate of each group was detected and verified by the estab-
lished multiple PCR method.
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Table 2 Mixed sample number
of different combinations and
animal species mixed into the
sample

Combination mode and composition of mixed tissue
samples of conventional livestock and poultry muscle

Number of different combinations and individual
sample species mixed

Add Add Add fox only  Add rac-
ddH,0 mink coon dog
only only only

Dog, beef, chicken, rabbit 2 3

Dog, beef, duck, rabbit 5 6 7 8

Dog, mutton, chicken, rabbit 10 11 12

Dog, mutton, duck, rabbit 13 14 15 16

Dog, pork, chicken, rabbit 17 18 19 20

Dog, pork, duck, rabbit 21 22 23 24

Note: The addition amount of each conventional livestock and poultry muscle sample is 20 mg, that of
mink, fox, and raccoon dog is 20 mg, and that of ddH,O is 20 mg

M 1 234 5 67 829 1011

Fig.2 Amplification results of universal primers. Note: Lane M,
D2000 DNA marker; lane 1, mink; lane 2, fox; lane 3, raccoon dog;
lane 4, chicken; lane 5, duck; lane 6, dog; lane 7, beef; lane 8, mutton;
lane 9, pork; lane 10, rabbit; lane 11, ddH,0O

Results and Analysis
Amplification Results of Universal Primers

The results of universal primer amplification experiment
showed that 1200 bp target gene band could be amplified
from every DNA template extracted from muscle tissue
samples of different animals (Fig. 2), and the size of target
gene fragments was consistent with the expected results.
The results showed that the DNA quality of the tissue sam-
ples extracted in this study met the test requirements, and
the amplification results of the target gene were stable,
which ensures the subsequent multiple PCR scheme opti-
mization test.

Results of Single PCR Amplification and Enzyme
Digestion Verification of Amplified Products

The muscle tissue DNA of mink, fox, and raccoon dog
was amplified by PCR using their specific primers, and
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the amplified products were confirmed by enzyme diges-
tion. The results showed that the fragment size of PCR
amplification products of mink samples was 180 bp and
112 bp, respectively, after enzyme digestion. The fragment
size of PCR amplification product of raccoon dog sample
is 411 bp and 150 bp, respectively. The fragment size of
PCR amplification product of fox sample is 159 bp and
700 bp, respectively. These indicated that the results of
PCR amplification and enzyme digestion were in line with
expectations (Fig. 3).

Results of Primer Cross-Reaction Test

The specific primers of mink, fox, and raccoon dog were
mixed, and the single DNA template and the mixed DNA
template were amplified by PCR, respectively, to verify
whether there was cross-reaction between the primers. The
results showed that there was no cross-reaction between the
primers (Fig. 4), which ensured the normal implementation
of the multiplex PCR detection scheme.

Results of Multiplex PCR Amplification Reaction
and Annealing Temperature Optimization

Three specific primers were mixed, and the DNA templates
of mink, fox, and raccoon dog muscle samples were ampli-
fied by multiplex PCR. The results showed that multiplex
PCR could amplify the corresponding species-specific target
band, which was in line with the expected results (Fig. 5).
In addition, 50 ‘C was determined as the optimal annealing
temperature (Fig. 6).

Results of Specificity and Sensitivity Test
of Multiplex PCR

Results of specificity test of multiplex PCR showed that the
DNA of mink, fox, and raccoon dog tissue samples showed
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Fig. 3 Results of single PCR M1
amplification and enzyme
digestion verification of ampli-
fied products. Note: lane M,
D2000 DNA marker; lane

1, black mink; lane 2, bands
after BamH I digestion; lane 3,
white mink; lane 4, bands after
BamH 1 digestion; lane 5, iron
gray mink; lane 6, bands after
BamH 1 digestion; lane 7, white

raccoon dog; lane 8, bands after 2000
PfIMI digestion; lane 9, Wusuli

raccoon dog; lane 10, bands 100 E
after PfIMI digestion; lane 11, 750
white fox; lane 12, bands after

Apol digestion; lane 13, blue 500
fox; lane 14, bands after Apol 250
digestion

O i
L R-R*1%]

Fig.4 Results of primer cross reaction test. Note: Lane M, D2000
DNA marker. (1) Primer of each lane. Lanes 1-4, mink and raccoon
dog; lane 5-8, mink and fox; lane 9-12, raccoon dog and fox. (2)
DNA template of each lane. Lane 1, mink; lane 2, raccoon dog; lane
3, mink, and raccoon dog; lane 4, ddH,O. Lane 5, mink; lane 6, fox;
lane 7, mink and fox; lane 8, ddH,O; lane 9, raccoon dog; lane 10,
fox; lane 11, raccoon dog and fox; lane 12, ddH,0

their respective specific target bands, while the DNA of
other animals and the blank control did not amplify the tar-
get bands, indicating that the primers showed good specific-
ity (Fig. 7). The results of sensitivity test showed that the
lowest concentration of DNA template of mink, fox, and
raccoon dog that could be determined simultaneously by a
single tube was 1 pg/uL (Fig. 8).

Results of Validation Test Results of Mixed Samples

The verification experiment results of mixed samples
showed that as long as the DNA template of mixed samples
was mixed with mink tissues, 292 bp-specific bands could
be amplified. As long as mixed sample DNA template of fox
tissue is incorporated, 859 bp-specific bands can be ampli-
fied. As long as mixed sample DNA template of raccoon dog

3 4 5

6 M 7 8 9 10M 11 12 1314

tissue is incorporated, 561 bp-specific bands can be ampli-
fied (Fig. 9).

Discussion

After decades of development, PCR technology has
become an important scientific research means in mod-
ern molecular biology and other fields, and has played
an important role in the field of differential diagnosis.
However, with the rapid development of biological detec-
tion technology, the needs of users have also developed
from specificity and sensitivity to the consideration of
simple operation, cost saving, and wide detection range.
Multiplex PCR diagnostic technology is a PCR reaction in
which two or more pairs of specific primers are added to
the same PCR reaction system to simultaneously amplify
multiple target fragments in a short time in the same
reaction system. In order to establish a multiplex PCR
reaction system, it is necessary to optimize the reaction
conditions. Cyt b gene is an important part of mitochon-
drial DNA (Shamsuddin 2017; Suyadi et al. 2022). The
evolution speed of Cyt b gene is moderate, and Cyt b
gene shows diversity among genera, species, and even
varieties. Therefore, the phylogenetic information and
genetic evolution level analysis provided by Cyr b gene
can be used to analyze the differences between species or
genera (Castresana 2001; Afshari et al. 2021; Yuttamol
et al. 2018).

In this study, mitochondrial DNA Cyt b gene was
selected, and specific primers for Cyt b gene of three fur
animals were designed. In this study, single PCR ampli-
fication and product digestion validation test were car-
ried out to ensure that there would be no false positive.
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200
2350
100

Fig.5 Results of multiplex PCR amplification reaction. Note: lane
M, D2000 DNA marker; lane 1, mink, fox, and raccoon dog; lane -,
ddH,0

Then the primer cross test was carried out to ensure the
smooth progress of the multiplex PCR detection reac-
tion. Finally, a series of optimizations were carried out on
the reaction conditions and reaction system of multiplex
PCR, and a multiplex PCR detection scheme was suc-
cessfully constructed ultimately, so that the samples of
mink, fox, and raccoon dog could be identified simultane-
ously in one reaction. The sensitivity of this method could
reach 1 pg/uL which was much higher than that of other
PCR detection methods (Izadpanah et al. 2018a, b; Junan
et al. 2017; Qin et al. 2019; He et al. 2012; Zhao et al.
2015). The sensitivity of these studies is generally in the
range of 16-6250 pg/uL. By analyzing and comparing the
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Fig.6 Results of annealing temperature optimization. Note: lane M,
D2000 DNA marker; lane 1, 50°C; lane 2, 52°C; lane 3, 54°C; lane 4,
56°C; lane 5, 58°C

M

2000

1000
750

500
250

100

Fig.7 Results of specificity test of multiplex PCR. Note: lane M,
D2000 DNA marker; lane 1, mink; lane 2, fox; lane 3, raccoon dog;
lane 4, chicken; lane 5, duck; lane 6, dog; lane 7, cow; lane 8, sheep;
lane 9, pig; lane 10, rabbit; lane 11, ddH,O

specificity of the detection methods, the detection scheme
constructed in this study can detect the meat of order
varieties from 10 species of meat, which is much higher
than other studies. Most of their studies distinguish and
identify 4 to 7 kinds of meat (Izadpanah et al. 2018a, b;
Qin et al. 2019; He et al. 2012). The results of this study
reveal that the detection method showed good specific-
ity and high sensitivity. The above results indicate that
if this detection technology is applied to meat detection
practice, the efficiency and accuracy of inspection can be
greatly improved.

The detection scheme constructed in this study was
used to detect and analyze clinical tissue samples. The
results showed that even for samples of different varieties
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M 10° 10* 10° 10° 10* -

2000

1000
750
500

250
100

Fig.8 Results of sensitivity test of multiplex PCR. Note: lane M,
D2000 DNA marker; lane 10°, 1 ng/uL; lane 10', 100 pg/uL; lane
102, 10 pg/uL; lane 10, 1 pg/uL; lane 10%, 0.1 pg/uL

of the same species, this detection method could also
amplify its corresponding expected target bands. In addi-
tion, even for mixed samples of different species, this
method could also detect whether the tissue samples of
three fur animals were mixed, and the detection results

M1 2 34 M5 67 8 M 9 1011 12

A B C

Fig.9 Results of validation test results of mixed samples. Note: Lane
M, D2000 DNA marker. A Lane 1, dog, beef, chicken and rabbit; lane
2, dog, beef, chicken, rabbit, and mink; lane 3, dog, beef, chicken,
rabbit, and fox; lane 4, dog, beef, chicken, rabbit, and raccoon dog.
B Lane 5, dog, beef, duck, and rabbit; lane 6, dog, beef, duck, rab-
bit, and mink; lane 7, dog, beef, duck, rabbit, and fox; lane 8, dog,
beef, duck, rabbit, and raccoon dog. C Lane 9, dog, mutton, chicken,
and rabbit; lane 10, dog, mutton, chicken, rabbit, and mink; lane 11,
dog, mutton, chicken, rabbit, and fox; lane 12, dog, mutton, chicken,
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could clearly show the specific target bands of three fur
animals. The above results suggest that if this multiplex
PCR scheme is applied to the meat detection on the mar-
ket, it will show better precision, accuracy, practicality,
reliability, and stability than other detection methods.
However, the main limitation of multiplex PCR is the
increased complexity and potential for primer-dimer for-
mation when multiple primer pairs are used in the same
reaction. This can lead to non-specific amplification and
interfere with the accuracy of the results. Additionally,
as you increase the number of targets in a multiplex reac-
tion, it can become more challenging to optimize condi-
tions for all the primers simultaneously. It can be seen
that multiple PCR detection schemes also have certain
limitations, which may reduce their application scope.

In summary, a systematic optimized multiplex PCR
detection scheme constructed in this study could identify
minks, fox, and raccoon dogs’ meat from the muscles of
chickens, ducks, dogs, cattle, sheep, pigs, and rabbits in
one PCR reaction simultaneously. In addition, this detec-
tion technique also showed the advantages of convenient
operation, low cost, strong specificity, and high sensitiv-
ity, which can be regarded as a convenient, time-saving,
fast, and accurate meat detection technique. Thus, it can
be seen that the detection scheme can be applied to meat
product detection and other fields, which has important
scientific, clinical, production significance, public health,
and safety significance.

M 13 14 15 16

M 17 18 19 20

M 21 22 23 24

250
100

D E F

rabbit, and raccoon dog. D Lane 13, dog, mutton, duck, and rabbit;
lane 14, dog, mutton, duck, rabbit, and mink; lane 15, dog, mutton,
duck, rabbit, and fox; lane 16, dog, mutton, duck, rabbit, and rac-
coon dog. E Lane 17, dog, pork, chicken, and rabbit; lane 18, dog,
pork, chicken, rabbit, and mink; lane 19, dog, pork, chicken, rabbit,
and fox; lane 20, dog, pork, chicken, rabbit, and raccoon dog. F Lane
21, dog, pork, duck, and rabbit; lane 22, dog, pork, duck, rabbit, and
mink; lane 23, dog, pork, duck, rabbit, and fox; lane 24, dog, pork,
duck, rabbit, and raccoon dog
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