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Abstract
In this study, we developed a multiplex PCR system mediated by “universal primers” (UP-M-PCR) method that could not 
only effectively reduce the concentration of species-specific primers but also increase the detection flux. This method was 
used to detect components of dog, chicken, cattle, pig, horse, donkey, fox, and rabbit in foodstuffs simultaneously by amplify-
ing gene fragments with different sizes. The amplified fragments of dog, chicken, cattle, pig, horse, donkey, fox, and rabbit 
have sizes of 181, 229, 287, 412, 451, 510, 570, and 678 bp, respectively. The sensitivity of the assay could reach 0.05 ng/
μL, which is adequate for food inspection. The accuracy of the test results of 103 commercial meat products from market 
demonstrated the effectiveness and applicability of the established assay. Accordingly, the specificity, sensitivity, and effi-
ciency of the cost-effective assay developed on the conventional PCR platform make it a great promotion and application 
value in food inspection.
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Introduction

Meat is an important source of protein and trace elements 
for humans. At present, the total meat consumption in the 
world exceeds 300 million tons annually [1]. It accounts 
for about one quarter of the world’s meat consumption in 
China. According to statistics, the production of Chinese 
meat products exceeded 1.6 million tons in 2017 [2] and 
the market is still growing. The increase in demand has led 
to the doping and adulteration of various meat products, 
which has become one of the main problems of food safety 
in China. Illegal traders partially or even entirely substitute 
beef or donkey with cheap chicken, pork, and even fox meat 
[3]. This not only undermines the interests of consumers, but 
also reduces food nutritional value and causes food safety 
issues [4], which may directly affect consumers’ health, 
especially consumers who are allergic to certain foods. In 
addition, the adulteration of pork in halal food involves reli-
gious issues [5] and is not conducive to social harmony and 
stability. Therefore, the establishment of an accurate, sensi-
tive, and rapid identification method for adulterated meat has 
important practical significance for ensuring meat safety and 
protecting consumers’ rights and interests [6].

Currently, the main methods for meat identification 
include immunology, nucleic acid, and metabolite-based 
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detection. Immunology-based [7] methods use antibodies 
to distinguish proteins from various meat sources. However, 
because the processed food proteins are susceptible to dam-
age and decomposition, the test results are prone to yield 
false negative result and thus this method has poor reproduc-
ibility. Metabolite-based detection methods, such as the near 
infrared spectroscopy analysis [8], reversed-phase high-per-
formance liquid chromatography (HPLC) [9], combination 
of tryptic peptide-specific labeling methods and HPLC–MS/
MS technology [10] and electronic nose detection technol-
ogy [11] detect characteristic peaks or response curves for 
different species to identify specific meat sources [12]. 
Although these analytical methods are efficient and accu-
rate, these methods require expensive equipment and have 
high testing cost. In addition, biochips [13] loop-mediated 
isothermal amplification (LAMP) [14] and DNA barcode 
technology [15] are not widely available for detection of 
meat in the short term.

Polymerase chain reaction (PCR) is a classical molecu-
lar biology technique. PCR has now proven to be a core 
technique for detecting small amounts of DNA and can be 
used to determine the origin of meat species for deep-pro-
cessed products [16, 17]. In China, according to an inves-
tigation in the Suzhou market in 2013, eight beef samples 
were found adulterated with pork [18]. Similarly, a high 
ratio 27.0% of beef was found to be adulterated with pork 
and chicken in a survey performed in the Beijing market in 
2014 [19]. Multiplex PCR detecting multiple nucleic acids 
in a single PCR tube has attracted wide attention in food 
safety because of its high efficiency, sensitivity, low cost, 
and simplicity. However, the development and application 

of multiplex PCR in food detection may be restricted by 
the interference of primers and the low detection flux (the 
number of species that can be distinguished) in multiplex 
PCR detection system. To improve the throughput of the 
multiplex PCR, universal primers were used to reduce the 
concentration of species-specific primers and thus dimin-
ish the cross-reactivity between primers. The working 
principle of universal primers is shown in Fig. 1.

This study established a systematic and high-throughput 
multiplex PCR system mediated by “universal primers” 
based on the variation of different animal mitochondrial 
genes. This assay can be used to rapidly, specifically, sen-
sitively, and cost-effectively detect the presence of dog, 
chicken, cow, pig, horse, donkey, fox, and rabbit-derived 
components in meat products.

Materials and methods

Raw and commercial samples collection

Raw dog, chicken, cattle, pig, horse, donkey, fox, and rab-
bit samples were purchased from the farmers’ markets in 
Suzhou, China. Approximately 500–800 mg each fresh 
tissue samples were collected at room temperature and 
subsequently stored at − 20 °C.

To assess the application feasibility of the newly estab-
lished method, a total of 103 meat products were pur-
chased from different retail markets in Suzhou or online 
shops.

Fig. 1  Schematic diagram of U-M PCR principle
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DNA extraction

Mitochondrial DNA was extracted from meat tissues using 
an animal mitochondrial DNA extraction kit (PCR level, 
Beijing Biolebo) according to the manufacturer’s instruc-
tions. The purity and concentration of the extracted DNA 
were assessed on a UV–Vis spectrophotometer (Nanodrop 
2000, Thermo Fisher). The extracted DNA samples were 
diluted to a final concentration of 20 ng/μL and stored at 
− 20 °C.

Polymerase chain reaction

DNA samples extracted from meats were further subjected 
to PCR for the analysis of 16S rRNA gene using a pair of 
control primers. PCRs were carried out on a A-300 PCR 
Thermal Cycler  (LongGene®) in a total of 25 μL mixture 
containing 12.5 μL Taq MasterMix, 1 μL of DNA extrac-
tion (20 ng for meat or 50 ng for meat product), 1 μL 
(10 μM) each forward and reverse primers, and 9.5 μL 
 ddH2O. PCR amplification with internal reference primers 
was carried out according to the following cycling condi-
tions: denaturation at 95 °C for 30 s, annealing at 60 °C for 
30 s, and extension at 72 °C for 30 s for 35 cycles followed 
by a final extension at 72 °C for 10 min. PCR amplification 
products were analyzed by 2% agarose gel electrophoresis. 
To evaluate the sensitivity of the established multiplex 
PCR, the extracted DNA (dog, chicken, cattle, pig, horse, 
donkey, fox, and rabbit) with the initial concentration of 
20 ng/μL was diluted with deionized water to 2, 0.5, 0.25, 
0.1, 0.05 ng/μL.

Design and validation of PCR primers

Primers were designed using the Software Primer 5 accord-
ing to the following criteria. All primers were designed on 
a conserved DNA sequence of a mitochondrial gene. All 
reverse primers (Dog-UP-R, Chicken-UP-R, Cattle-UP-R, 
Pig-UP-R, Horse-UP-R, Donkey-UP-R, Fox-UP-R, Rabbit-
UP-R) contained a species-specific reverse primer (Dog-R, 
Chicken-R, Cattle-R, Pig-R, Horse-R, Donkey-R, Fox-
R, Rabbit-R) at the 3′-end and the universal primer at the 
5′-end, respectively. Moreover, a pair of primers for the 16S 
rRNA gene was used not only to serve as a positive control 
but also to evaluate the quality of the extracted DNA. The 
designed primers were further assessed for the specificity 
and the cross-species binding with other animal or plant spe-
cies using the online BLAST alignment tool in the NCBI 
database. The specificity and sensitivity of all designed 
primers were repeatedly verified by PCR experiments, and 
the primers suitable for the UP-M-PCR method were finally 

determined. All finally confirmed primers (Table 1) were 
synthesized by Suzhou GenWiz Biotechnology Co., Ltd.

Simplex PCR

To verify the specificity of the primers, the optimized PCR 
amplification reaction in a total of 25 μL mixture containing 
12.5 μL Taq MasterMix, 1 μL of DNA extraction mixture 
(concentration of each meat was 20 ng/μL), 1 μL (10 μM) 
each UP, forward and reverse primers, 8.5 μL  ddH2O, was 
performed with the following cycling conditions: denatura-
tion at 95 °C for 30 s, annealing at 70 °C for 10 s, annealing 
at 60 °C for 30 s, and extension at 72 °C for 30 s for 10 
cycles, then denaturation at 95 °C for 30 s, annealing at 
60 °C for 30 s, and extension at 72 °C for 30 s for 25 cycles 
followed by a final extension at 72 °C for 10 min. PCR prod-
ucts were analyzed by 2% agarose gel electrophoresis.

Multiplex PCR mediated by universal primer 
(UP‑M‑PCR)

In the UP-M-PCR reaction, 2 μL of the mixed primers was 
used. The optimal concentrations of the mixed primers were: 
UP was 0.083 μM, Dog-F was 0.067 μM,Donkey-F was 
0.033 μM, Fox-F was 0.099 μM. Chicken-F, Cattle-F, Pig-
F, Horse-F, Rabbit-F were 0.05 μM, Dog-UP-R, Chicken-
UP-R, Cattle-UP-R, Pig-UP-R, Horse-UP-R, Donkey-UP-
R, Fox-UP-R, Rabbit-UP-R was 0.067, 0.00132, 0.0165, 
0.00132, 0.033, 0.033, 0.067, 0.033 μM, respectively. Other 
reagents were the same as the simplex PCR and the reac-
tion volume was adjusted to 25 μL by adding  ddH2O. The 
PCR conditions and reaction parameters were the same as 
described above. Negative control PCR without template 
DNA was set up simultaneously.

Results

DNA extraction

In this study, all the mitochondrial DNA samples were 
isolated from raw or processed commercial meat sam-
ples. Spectrophotometer measurements showed that DNA 
concentrations varied between 20 and 200 ng/μL and the 
purity (A260/A280 = 1.72 ~ 2.10) was suitable for PCR 
amplification.

Reliability and specificity

To confirm that all extracts contained amplifiable mtDNA, 
extracted mtDNA samples were submitted to PCR ampli-
fication using the internal reference primers to target the 
mitochondrial 16S rRNA gene. The result showed that each 
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specimen produced a specific amplified band (Fig. 2a). 
To further assess the specificity of the designed primers, 
each set of primers (UP, forward, and reverse primers) 
were assayed by PCR amplification with its correspond-
ing mtDNA (Fig. 2b) or a mixture of eight animal mtDNA 
(Fig. 2c). The results clearly indicated that all of the selected 
primers could amplify specific fragments from the target 
animal specimen. Although primers for chicken and pig 
mtDNA-amplified nonspecific bands that were less than 
100 bp (Fig. 2c) in mixed templates, these nonspecific bands 
had no effect on the determination of test results because the 
target bands were between 181 bp and 678 bp. Therefore, 
these screened primers could be further applied to the UP-
M-PCR system.

Optimization of UP‑M‑PCR system

Mitochondrial DNAs extracted from eight types of meats 
were mixed and used as templates in the same amount 
(10 ng each). Validation of multiplex PCR condition was 
performed with single, double, and eight types of tem-
plates, respectively. Each primer was mixed in a specific 
concentration (as mentioned in the UP-M-PCR section). 
Figure 3 shows 2% agarose gel electrophoresis of multi-
plex PCR products amplified from eight types of meat. 

Figure 3a–d shows the amplification bands resulting from 
single template, two templates, or eight templates, respec-
tively. UP-M-PCR resulted in a specific band of target size 
from eight meat species and no fragment produced by non-
specific amplification between 181 and 678 bp.

Sensitivity test

The UP-M-PCR assay was used to amplify five different 
concentrations of mtDNA to determine the assay sensitiv-
ity—the minimum mtDNA concentration of each target 
meat species that could still be detected. The detectable 
mtDNA concentration for each target species was differ-
ent (Fig. 4). The PCR products of chicken, horse, and fox 
were detected from 0.1 ng/μL mtDNA. The PCR products 
of dog, cattle, pig, donkey, and rabbit were detected from 
as low as 0.05 ng/μL mtDNA.

Application to commercial food products

The UP-M-PCR assay was used for the detection of target 
animal mtDNA in 103 commercial meat products labeled 
as dog, chicken, cattle, pig, horse, donkey, fox, and rabbit 
meat, respectively. The results showed that mutton, beef, 

Table 1  Oligonucleotide primers

Species Genes Oligonucleotides primers (5′–3′) Sources Amplicons (bp)

Internal 16s rRNA F: AAG ACG AGA AGA CCC TAT GGA [21] About 240
Primers R: GAT TGC GCT GTT ATC CCT AGG GTA 
UP CCT TCC TTC CTT CCC CCC [22] 18
Dog ATPase 6 F: TGG CTC TAG CCG TTC GAT TA [23] 181

R: AAG GCA ACA GCA AAT TCT AGG 
UP-R: CCT TCC TTC CTT CCC CCC AAG GCA ACA GCA AAT TCT AGG 

Donkey tRNA phe F: CTC TTC CCC AGT TAA TGT AGCTT 510
12S rRNA R: CTA TCG TGT GGT CAG AGA TATT 

UP-R: CCT TCC TTC CTT CCC CCC CAG ATT CAC TCG ACG AGG GT 570
Fox 16S rRNA F: AAC TTA GAC CGA ACC ATA TTG CAT C

R: GGG GTT TGA AGT TCA TAA GTT TGG 
UP-R: CCT TCC TTC CTT CCC CCC GGG GTT TGA AGT TCA TAA GTT TGG 

Chicken Cytb F: GAC CTC CCA GCT CCA TCA AAC ATC TCA TCT TGA TGA AA [24]
R: CAG ATG AAG AAG AAT GAG GCG [22] 239
UP-R: CCT TCC TTC CTT CCC CCC CAG ATG AAG AAG AAT GAG GCG 

Cattle Cytb R: CTA GAA AAG TGT AAG ACC CGT AAT 287
UP-R: CCT TCC TTC CTT CCC CCC CTA GAA AAG TGT AAG ACC CGT AAT 

Pig Cytb R: TGA TAG TAG ATT TGT GAT GACCG [22] 412
UP-R: CCT TCC TTC CTT CCC CCC TGA TAG TAG ATT TGT GAT GACCG 

Horse Cytb R: CAG ATT CAC TCG ACG AGG GT [22] 451
UP-R: CCT TCC TTC CTT CCC CCC CAG ATT CAC TCG ACG AGG GT

Rabbit Cytb R: GAG GAG AAG AAT GGC TAC AAG GAA 678
UP-R: CCT TCC TTC CTT CCC CCC GAG GAG AAG AAT GGC TAC AAG GAA 
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and donkey meat products may be adulterated by pork or 
chicken meat. Meat balls and sausages were detected to 
be mixed with chicken meat. Meat inspection in the mar-
ket demonstrated the practical application of this method. 
The detailed adulteration of commercial meat products 
is summarized in Table 2. Positive results were sent to 
sequencing and the results were consistent with the mul-
tiplex PCR results.

Discussion

The present study focused on developing a rapid, sensitive, 
specific, and cost-effective method to examine different 
types of commercial meat products for their authenticity. 
The use of mtDNA in this method is mainly based on the 
following considerations. First, genes on mtDNA contain 
high DNA variations among different species and low DNA 
variation among individuals of the same species, providing 
high confidence in the determination of meat species [20, 
21]. In other words, the short amplicon does not compromise 
the specificity. Second, the approximately 3500 mitochon-
drial copies in a single skeletal muscle cell make the assay 
very robust and sensitive [22]. Lastly, the sequence data 
from Cytb and rRNA genes are available on DNA databases 
for many species, which enables additional comparison of 

amplified sequences if needed. These are the main reasons 
targeting on the mtDNAs for the determination of animal 
species. To improve the efficiency and accuracy for practical 
use, a pair of control primers for the 16S rRNA gene was 
introduced in multiplex PCR as a positive control to assess 
possible amplification problems in DNA quality, equipment, 
PCR program, or reagents.

The design of primers, especially universal primer, was 
very important on multiplex PCR techniques. The universal 
primer sequences were not matched with genomic DNA and 
mitochondrion DNA sequences of dog, chicken, cattle, pig, 
horse, donkey, fox, and rabbit by sequence alignment. The 
PCR experiments confirmed that universal primers did not 
produce amplification products with DNA and mtDNA of 
these species (Data not shown). Meanwhile, to circumvent 
the possible problem that the DNA fragments of processed 
foods are mainly destroyed, all the amplified products are 
designed below 700 bp in size. After a series of optimi-
zation, UP-M-PCR amplification with universal primers 
was performed with the appropriate cycling conditions and 
annealing temperature. In the first ten cycles, the annealing 
temperature was 70 °C, much higher than the annealing tem-
perature of the universal primer. Amplification products with 
universal primers were carried out from the specific reverse 
primers, while universal primers did not participate in the 
amplification in the first ten cycles. In the latter 25 cycles, 

Fig. 2  M Marker 100 bp, 0: negative control (reagents with primers 
without DNAs). a The bands amplified by internal reference primers. 
PCR products from dog: 241 bp, chicken: 249 bp, cattle: 234 bp, pig: 
239 bp, horse: 240 bp, donkey: 239 bp, fox: 240 bp, rabbit: 241 bp. 
b, c Simplex PCR and specificity of simplex assay of mtDNA from 

raw meat. b Template is its corresponding DNA. c Templates are a 
mixture of eight animal mtDNA. PCR products from dog:181  bp, 
chicken: 229 bp, cattle: 287 bp, pig: 412 bp, horse: 451 bp, donkey: 
510 bp, fox: 570 bp, rabbit: 678 bp
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the annealing temperature was set at 60 °C, and the universal 
primers could be amplified using the products obtained from 
the first 10 cycles as templates.

Primer specificity in the entire DNA of a target species 
was examined by single PCR using a mixture of three types 
of primers (UP, forward, and reverse primers). The results 
clearly indicated that all of the primers could amplify spe-
cific fragments ranging between 181 and 678 bp from the 
target animal specimen (Fig. 2a, b). In the multiplex PCR 
system, non-specific amplification is easy to occur among 
primers and between primers and templates because prim-
ers and templates are in the same reaction system. The UP-
M-PCR resulted in specific bands of target size from eight 
meat species and no non-specific fragments were produced 
between 181 and 678 bp (Fig. 3). At the same time, the 
amplification efficiency of each pair of specific primers must 
be considered in addition to the consistency of Tm for each 
pair of primers in the multiplex PCR system. To maintain 
the consistency of the amplification of the species-specific 
primers, the primer concentration was adjusted.

The cross-reactivity between multiple primers is one 
of the main factors affecting the practical use of multiplex 

PCR. However, the use of universal primers can reduce the 
concentration of species-specific primers and thus reduce 
the cross-reactivity between primers. In this study, when 
the concentration of species-specific primers in the UP-M-
PCR system was diluted to 0.00132 μM, the specific DNA 
fragments still appeared clearly, which made the concen-
tration of primers more than 100 times lower than that of 
traditional multiplex PCR. By the novel UP-M-PCR method, 
the PCR products of chicken, horse, and fox were detected 
from 0.1 ng/μL mtDNA. The PCR products of dog, cattle, 
pig, donkey, and rabbit meat were detected from as low as 
0.05 ng/μL mtDNA (Fig. 4). This sensitivity could be read-
ily used in food inspection. To test the applicability of the 
developed UP-M-PCR, 103 commercial meat products from 
market were examined and analyzed. The results suggested 
that this assay was a simple and rapid technology for iden-
tifying meant source from multiple species. The detected 
positive results were confirmed by Sanger sequencing.

In conclusion, this report developed a UP-M-PCR method 
that can not only effectively reduce the concentration of 
species-specific primers but also increase the detection flux 
through the use of universal primers. Based on the fact that 

Fig. 3  Octuplex PCR results for assay validation. M: Marker 100 bp, 
0: negative control (reagents with primers without DNAs). a Lanes 
1–8 represent PCR products from dog, chicken, cattle, pig, horse, 
donkey, fox and rabbit, respectively. b Lanes 1–7 represent PCR 
products from dog and chicken, dog and cattle, dog and pig, dog and 
horse, dog and donkey, dog and fox, dog and rabbit, respectively. 
Lanes 8–13 represent PCR products from chicken and cattle, chicken 
and pig, chicken and horse, chicken and donkey, chicken and fox, 
chicken and rabbit, respectively. Lanes 14–18 represent PCR products 

from cattle and pig, cattle and horse, cattle and donkey, cattle and 
fox, cattle and rabbit, respectively. Lanes 19–22 represent PCR prod-
ucts from pig and horse, pig and donkey, pig and fox, pig and rab-
bit, respectively. c Lanes 1–6 represent PCR products from horse and 
donkey, horse and fox, horse and rabbit, donkey and fox, donkey and 
rabbit, fox and rabbit, respectively. d Lanes 1–4 represent the results 
of four repeated experiments with the lanes being amplified from dog, 
chicken, cattle, pig, horse, donkey, fox and rabbit meat
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Fig. 4  Sensitivity test of UP-
M-PCR. M: marker 100 bp, 
0: negative control (reagents 
with primers without DNAs). 
Shown are gel images of PCR 
products obtained from 2, 0.5, 
0.25, 0.1, 0.05 ng/μL of DNA 
from eight meat species (a dog 
and chicken; b cattle and pig; 
c horse and donkey; d fox and 
rabbit)

Table 2  Detection results of the UP-M-PCR for 103 commercial meat products

Product Number Label Result Adulteration

1 Sausage 15 Pork, chicken Chicken 8 (53.3%)
2 Ball 8 Beef, pork, chicken, duck Pork, chicken, rat 4 (50%)
3 Meat muffins 5 Pork, chicken Chicken 3 (60%)
4 Beef products 21 Beef Beef, pork, chicken, Rat 8 (38%)
5 Pork products 15 Pork Pork, chicken 4 (26.7° %)
6 Chicken products 10 Chicken Chicken 0
7 Other meat products 29 Dog, horse, donkey, rabbit, 

mutton, duck
Dog, horse, donkey, rabbit, duck 3 (10.3%)
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mitochondrial genes are significant different among differ-
ent species, the established UP-M-PCR system could iden-
tify eight different meat sources in a multiplex PCR by the 
different size of the amplified fragments. The specificity, 
sensitivity, and efficiency of the cost-effective assay devel-
oped on the conventional PCR platform make it possess 
great popularization and application value in the field of 
food inspection.
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