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Identification of Avian-Derived Ingredients in Livestock and Poultry

Meat by PCR Technology

Jingxin ZHANG, Yushi GAO " , Xiujun TANG, Yanfeng FAN, Mengjun TANG, Dawei CHEN, Qinglian GE, Rong GU
Institute of Poultry, Chinese Academy of Agricultural Sciences, Yangzhou 225125, China

Abstract In order to establish a quick and specific method which could identify the avian-derived ingredients, this study used 16S rRNA gene

sequence as target site, and designed the specific primers of chicken, pigeon meat and quail meat. The DNA of common livestock and poultry

meat (including mutton, beef, pork, rabbit meat, pigeon meat, quail meat, chicken, duck and goose) was used as template. Though PCR

amplification and specific detection, a quick determination method was established to identify the avian-derived ingredients. The results showed

that the selected primers could identify the ingredients of animal origin effectively and quickly. The method was convenient and concise, and

could detect the chicken-derived, pigeon-derived, quail-derived ingredients in livestock and poultry food quickly and accurately.
Key words Avian-derived ingredients, 16S rRNA gene, PCR, Identification

1 Introduction

Fake meat or meat adulteration has led to a serious violation of the
legitimate rights and interests of consumers, and has directly affect-
ed the health of consumers, posing an important challenge to the
current food quality control. Therefore, it is particularly important
to test whether there is adulteration in the raw meat for food adulter-
ation, and the key point is to quickly and accurately identify the
source of meat ingredients'’. PCR technology has characteristics of
strong specificity, high sensitivity, easy operation and high efficien-
cy, so it has become one of the most commonly used methods to
identify the meat products™ . Currently, because of its unique ad-
vantages, PCR technology has been widely used in the domestic and
international study of adulterated meat, and there have been innova-
tive results” /. In terms of target gene selection, the animal’s mi-
tochondrial genome DNA sequence has high degree species-specific-
ity, and it is the primary target site for designing qualitative detec-
tion of meat ingredients, including cytochrome b (Cyt b) gene, 12S
rRNA, 16S rRNA, D-Loop gene etc. 198 " In the West, there was
once detection on nearly a thousand meat products, and the results
showed that the mark of nearly 20% of the products was not exactly
in line with the varieties'”. Therefore, it is necessary to establish
rapid and accurate detection method, study the animal-derived food
safety testing technology, and identify the animal-derived ingredi-
ents in foods, which is conducive to safeguarding the interests of
consumers. The technology based on polymerase chain reaction
(PCR) has gradually become the core method to identify meat
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types. According to the difference in site for gene sequence of dif-
ferent species, many scholars designed specific primers and used
PCR reaction to achieve exponential amplification of characteristic
gene fragments in food, and then identified the possible sources of
species in food by electrophoresis. Based on mitochondrial 12S
rRNA gene, Girish et al. (2005) (%) ysed PCR-RFLP to successfully
identify beef, buffalo meat, sheep meat and goat meat. Based on
mitochondrial 125 rRNA and 16S rRNA gene, Ghovvati et al.
(2009 )™ used multiplex PCR technique to identify ruminants,
poultry and pigs. Soares et al. (2010)"'used double PCR to suc-
cessfully detect poultry meat in pork. Chen Wenbing et al.
(2005)"" used single PCR and double PCR to identify the pork,
beef, mutton, chicken and other meat ingredients in food. With
yak, cattle, buffalo as research materials, Chen Dong et al.
(2008) "' found three specific enzyme cutting sites in the universal
primer amplified fragment area of bovine mitochondrial 12SrRNA
gene, which could be used for identification of bovine species
sources of mixed fresh beef products. Based on the difference in site
of animal mitochondrial cytochrome b gene, He Weiling et al.
(2012) " designed two groups of five multiplex PCR primers of dif-
ferent length, established and optimized multiplex PCR reaction sys-
tem, and used electrophoresis to amplify the differences in the mo-
lecular weight so as to realize rapid identification of four kinds of
meat (pork, beef, mutton and chicken). With swine mitochondrial
12S rRNA gene sequence as the target site, Wang Ying et al.
(2013 )" designed primers and probes, conducted fluorescence
quantitative PCR amplification, and established pig-derived ingredi-
ent detection method. In this study, with 16S TRNA gene sequence
as the target gene, we performed the gene sequence alignment, and
designed specific primers of chicken, pigeon and quail. With DNA
of mutton, beef, pork, rabbit, pigeon, quail, chicken, duck and
goose as template, we established the rapid detection method to

identify chicken, pigeon and quail by PCR technology.
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2 Materials and methods
2.1 Materials

ton, beef, pork, rabbit, pigeon, quail, chicken, duck and goose

With the commercially available qualified mut-

as materials, each animal sample was thoroughly minced, mixed,
and stored at —20°C for later use.

2.2 Methods

2.2.1
extraction kit ( Beijing Tiangen Biotech Co., Ltd. ) was used to
extract total DNA. The total DNA sample extracted was dissolved
in 100 ul TE eluent, and stored at —20°C.

2.2.2 Primer design and synthesis. According to 16S rDNA se-

quence, the Primer PremierS. 0 software was used to select specif-

DNA extraction. The centrifugal column genomic DNA

ic primer pairs for different species, and they were synthesized by
Sangon Biotech (Shanghai) Co. , Ltd. The right amount of primer
was taken, dissolved in ultrapure water after autoclaving, and
made into 10 umol/L stock solution. Primer sequence, Tm value

and amplified fragment size can be shown in Table 1.

Table 1 Primer sequence, Tm value and PCR product size

Meat Primer sequence(5'-3") Tm value/°C Size//bp

Chicken F: TCTAGCCCGACAAACTC 62 444bp
R: CGTTCTCAAGGTTGACAAAG

Pigeon F: ATGAAATAACAATGAACTAAGCC 60 600bp
R: TTGTAGTGTGAGTATTAGGTGC

Quail F: CCAACCAACAAATCTTC 60 767bp
R: TGGGCTAACAGATCATAGAC

2.2.3 PCR amplification and detection. PCR amplification sys-
tem (25 pL): 12.5 ul of 2 x Tag Master Mix ( Nanjing Boerdi
Biotech Co. , Ltd. ), 0.5 pL of 10 pmol/L primer, 1 pL of tem-

M M

500 bp
300 bp

750 bp
500 bp

Chicken
M:DL 2000 DNA marker
Fig. 1 PCR products
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Chicken primer
1. blank; 2. positive control; 3. mutton; 4. beef; 5. pork; 6. rabbit; 7. pigeon; 8. quail; 9. chicken; 10. duck; 11. goose; 12. DL 2000 DNA marker
Fig. 2 PCR amplification results

Pigeon primer

3.2 Specificity of the primer With DNA of mutton, beef,

pork, rabbit, pigeon, quail, chicken, duck and goose as tem-

Pigeon

plate, 10.5 pL of sterile water. Reaction program: 95°C 5 min,
(95°C 30 s, 60 —62°C 30 s, 72°C 60 s) 28 cycles, 72°C 4 min.
After completion of the reaction, the PCR product was taken out,
and 1.5% low melting point agarose (Promega Corporation) gel
electrophoresis was used for PCR product detection.

2.2.4 PCR product sequencing. After electrophoresis, the PCR
products were recovered and purified and sent to Invitrogen
Trading (Shanghai) Co., Ltd. for sequencing, and the bidirec-
tional sequencing was used for alignment and verification. The se-
quencing results were compared with the known sequences listed

in GenBank.

3 Results and analysis
3.1 PCR test results of different animals
primers were designed for each animal separately, and through opti-

Three pairs of

mization of reaction conditions, the same primer was used for PCR
amplification of the nine animals selected. Finally, specific primers
were selected from each animal for 1.5% agarose gel electrophoresis
(Fig. 1). The PCR products were recovered, purified and se-
quenced, and the sequencing results were compared with the known
sequences listed in GenBank. The results showed that the homology
was more than 99% between chicken sequencing results and the
published sequences ( GenBank accession No. of AB086102. 1,
GU261713. 1, GU261678. 1), between pigeon sequencing results
and the published sequences (GenBank accession No. of X87858.
1, KP258178. 1), between quail sequencing results and the pub-
lished sequences ( GenBank accession No. of AF302070. 1,
ABO073301. 1), basically in line with expectation. They were identi-
fied as chicken, pigeon and quail ingredients, respectively.

Quail

95564717 1B 1eITE- 1]

1000 bp
750 bp
500 bp

1000 bp
d 750 bp

Quail primer

plate, we studied the specificity of chicken, pigeon and quail
primers, respectively (Fig. 2). The positive control in Fig. 2 in-
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cluded chicken, pigeon and quail. Using the chicken primer, only
chicken DNA template could be amplified into 444 bp target band;
using the pigeon primer, only pigeon DNA template could be am-
plified into 600 bp target band; using the quail primer, only quail
DNA template could be amplified into 767 bp target band.

4 Discussions

In this study, the specific primers of different species were de-
signed according to the site difference in 16s RNA sequence of
chicken, pigeon and quail mitochondrial genome, for PCR amplifi-
cation and detection. After repeated tests, a quick and accurate
chicken, pigeon and quail PCR identification method was estab-
lished, with less sample consumption, simple reaction system and
low cost. In the next step, we will carry out the 16s RNA sequence
RTFQ PCR technology, further develop different methods for anal-
ysis of animal-derived ingredients in foods, explore new ways for
meat quality and safety control, provide technical support to pro-
tect the interests of consumers, and provide technical supervision
to ensure healthy development of the meat industry.
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