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Abstract To discriminate economically motivated adul-

teration in poultry meats and products, species-specific

oligonucleotide primer sets for multiplex polymerase chain

reaction (PCR) of four poultry meats were newly designed.

Sequences for species-specific primers were generated

based on the nucleotide variation in mitochondria cy-

tochrome b gene through sequence comparisons. The sizes

of species-specific PCR products for turkey, ostrich,

chicken, and duck were 217, 330, 516, and 820 bp,

respectively. By adjusting PCR conditions and the con-

centrations of primers, a simultaneous discrimination of

four poultry meats was successfully performed. The limits

of detection of both single and multiplex PCR for turkey

were 0.05 and 0.005 ng for other species, respectively. The

developed multiplex PCR method was successfully applied

to identify the target species in 34 of poultry meat products

and thus was considered to be a useful tool for monitoring

poultry meat products.

Keywords Food authentication � Monitoring � Multiplex

polymerase chain reaction � Poultry � Species specific

Introduction

The substitution of meat species is quite frequent, due to

both unintentional contamination and intentional replace-

ment for economic reasons. An efficient identification of the

animal species used in meat products helps in food inspec-

tion. Poultry is the most consumed meat around the world,

and its consumption has been rapidly increasing in the past

decade (www.earth-policy.org/data_center/c24). Efficient

detection methods that detect poultry species simultane-

ously should be available for food control agencies to

supervise lawful labeling in poultry meat production.

Recently, molecular genetic approaches for meat species

identification have gained full attention because of their high

sensitivity and specificity, as well as rapid processing time

and low cost (Fajardo et al. 2010). Polymerase chain reac-

tion (PCR) is the most well-developed molecular technique

currently available and is applied to detect the presence of

species in a meat product. The sizes of amplified DNA

fragments are verified by agarose gel electrophoresis (Fa-

jardo et al. 2010). Species-specific oligonucleotide pairs

were designed and used to develop single PCR (Haunshi

et al. 2009; Amaral et al. 2015), multiplex PCR (Dalmasso

et al. 2004; Ghovvati et al. 2009; Kitpipit et al. 2014; Xu

et al. 2014), and real-time PCR detection methods to

authenticate meat and meat products. PCR using species-
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specific primers, which are complementary to the DNA of a

specific species, enables the verification of animal species by

the size of the PCR products. Multiplex PCR is useful for the

simultaneous identification of multiple animal species

because it is highly repeatable, efficient, and reliable in

addition to being time and cost efficient (Dalmasso et al.

2004; Fajardo et al. 2010).

An appropriate selection of genetic markers is critical for

the development of a PCR detection method. The use of

mitochondrial DNA sequences increases PCR amplification

sensitivity because there are several copies of mitochondrial

DNA per cell (Fajardo et al. 2010). Since mitochondrial

genes have evolved much faster than nuclear genes, they

contain more sequence diversity facilitating the identifica-

tion of phylogenetically related species (Girish et al. 2005).

Among mitochondrial genes, the cytochrome b (cytb) gene

(Stamoulis et al. 2010; Amaral et al. 2015), the 12S rRNA

subunit (Dalmasso et al. 2004; Ghovvati et al. 2009; Sta-

moulis et al. 2010), the 16S rRNA subunit (Dalmasso et al.

2004; Ghovvati et al. 2009; Xu et al. 2014), and the dis-

placement loop region (Haunshi et al. 2009) are the most

commonly used target genes in the development of PCR

methods for meat authentication (Fajardo et al. 2010).

The aim of this study was to develop a simultaneous

identification method of raw meat from turkey, ostrich,

chicken, and duck through the optimization of multiplex PCR

assay on mitochondrial cytb genes. Both single and multiplex

PCR analyses were performed to evaluate the specificity and

sensitivityof the designedprimer sets anddevelopeddetection

method. The assay was applied to 34 samples of commercial

poultry meat products, including both food and feed, to

examine the possibility of intentional fraud or unintentional

admixture among products in the market.

Materials and methods

Samples

Poultry meat samples including turkey (Meleagris gal-

lopavo), ostrich (Struthio camelus), chicken (Gallus gal-

lus), and duck (Anas platyrhynchos) were purchased from

either local markets (chicken and duck) or poultry farms

(turkey and ostrich) in October 2013. Poultry meat prod-

ucts including pet foods, smoked meat, and canned meat

were purchased from a super market in October 2014.

Samples were stored at -20 �C until use. All samples were

finely ground in liquid nitrogen using a mortar and pestle

with 0.03 g of each used for DNA extraction.

DNA extraction

DNeasy Blood and Tissue Kit (Qiagen, Germany) was used

to extract DNA from samples according to the manufac-

turer’s instructions except that the final elution volume was

reduced to 50 lL. The purity of the extracted DNA was

confirmed by the ratio of the absorbance at 260 over

280 nm. The DNA was quantified by Maestronano spec-

trophotometer (Maestrogen, USA), while the quality of the

extracted DNA was confirmed on a 1 % agarose gel by

electrophoresis at 100 V for 18 min with ethidium bromide

(0.25 ng/mL, Sigma, USA). The DNA was visualized

under UV light, and a digital image was obtained using a

nucleic acid bioimaging instrument (NEO Science, Korea).

The range of ratios of absorbance at 260 over 280 nm of

extracted DNA from raw meat samples was 1.9–2.1, and

the concentrations of DNA were diluted to 50 ng of DNA,

a quantity enough for PCR amplification.

Primer design and PCR amplification

Species-specific primers were newly designed from regions

of mitochondrial cytb genes using the Primer Designer

Program (Version 3.0; Scientific and Educational Software,

USA). The sequences of oligonucleotides are listed in

Table 1. The mitochondrial cytb gene sequences from the

four poultry species were obtained from the National

Center for Biotechnology Information (NCBI) Genbank

database. The nucleotide sequences were submitted to

BLAST, a basic local alignment search tool (http://blast.

ncbi.nlm.nih.gov/Blast.cgi). Primer specificity was asses-

sed using Primer-BLAST tool in the Genbank (http://blast.

ncbi.nlm.nih.gov/Blast.cgi). Oligonucleotides including the

common forward primer (For) and four species-specific

reverse primers (Table 1) were synthesized by Bionics

Company (Bionics, Korea).

Table 1 Oligonucleotide sequences used as primers and sizes of PCR products for the species-specific identification of turkey, ostrich, chicken,

and duck

Primer names Sequences (50 ? 30) Target poultries Amplicon sizes (bp)

For CAA CAA CTC ACT AAT CGA CCT All N/A

Tur GCC ATT CGC ATG GAG GTT ATG Turkey 217

Ost ATT AAT GTT AGT AGG AGG ATA ACG C Ostrich 330

Chi GGG AGG AGG AAG TGT AAA GC Chicken 516

Duc TTT GTT TGG GAT TGA CCG CA Duck 820

888 J Korean Soc Appl Biol Chem (2015) 58(6):887–893

123

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi


The concentration of each primer was 10 pmol/lL. For a
single PCR reaction, 10 pmol of each primer was used. PCR

amplifications were performed in a final volume of 25 lL,
containing 1 unit of Ampli Gold Taq DNA polymerase

(Applied Biosystems, USA), 2.5 lL of 109 buffer (Applied

Biosystems), 200 lM of dNTP (Applied Biosystems),

1.5 mM MgCl2, and 50 ng of each template DNA. Ampli-

fications were run using a Thermal Cycler Gene Atlas

(Astec, Japan) as follows: pre-denaturation step at 94 �C for

5 min, followed by 30 cycles of 94 �C for 30 s, 61 �C for

30 s, and 72 �C for 45 s, and final extension at 72 �C for

7 min. The PCR products were then stored at 4 �C. PCR
products were visualized, and their sizes were confirmed

with a 100 bp DNA ladder (Bioneer, Korea) on a 3 %

agarose gel (SeaKem, USA) at 100 V for 18 min with

ethidium bromide (0.25 ng/mL, Sigma,) staining.

PCR mixtures and PCR reaction conditions for the

multiplex PCR were similar as above except that the pri-

mers were mixed in a ratio of 2:2:0.3:1.5:1 for For:-

Tur:Ost:Chi:Duc. Final concentrations of each primer in

the final volume (25 lL) of PCR mixture for multiplex

PCR were 20, 20, 3, 15, and 10 pmol for For, Tur, Ost, Chi,

and Duc, respectively. PCR products were visualized by

electrophoresis on a 3 % agarose gel (SeaKem, USA) at

100 V for 50 min with ethidium bromide (0.25 ng/mL,

Sigma) staining. The amplified DNA fragments were

confirmed on an Agilent 2100 bioanalyzer (Agilent Tech-

nologies, USA) with the DNA 1000 Lab Chip kit (Agilent

Technologies). The negative control without the template

DNA was also run through the whole study.

Sensitivity and specificity of PCR method

The limit of detection (LOD) of both single and multiplex

PCR methods was examined to check the sensitivity. Serial

dilutions of mixed template DNA ranging from 50 to

0.0005 ng were prepared and tested with each primer set to

calculate the sensitivity. Each primer set was tested with all

four species to validate the primer specificity. A PCR

mixture of the four primer sets was tested with a mixture of

the four species in the case of multiplex PCR. A non-

template control was included in all reactions.

Monitoring of processed poultry meat products

using multiplex PCR

PCR conditions for meat products were the same. Existence

of each poultry meat in the processed meat products was

confirmed by the existence of correct sizes of PCR products

for the specific species. Results from monitoring were

compared against the information on the product labels.

Fig. 1 Specificity of the single

PCR analysis of four poultry

meat samples. Lanes: M, 100 bp

DNA ladder marker; 1, turkey

(217 bp); 2, ostrich (330 bp); 3,

chicken (516 bp); 4, duck

(820 bp); and 5, non-template

control
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Results and discussion

Single PCR specificity and sensitivity

Single PCR reactions were carried out on DNA extracted

from raw poultry meat samples to verify the specificity of

the primers. The sizes of PCR products were 217, 330, 516,

and 820 bp, each from the corresponding species: turkey,

ostrich, chicken, and duck, respectively (Fig. 1). The

primer sets were able to produce DNA fragments for only

the targeted poultry species. Each set of primers was tested

in single PCR with non-target species as the negative

control, and there was no cross-contamination (Fig. 2).

Positive amplifications were obtained for all four primer

sets (Fig. 2). It was observed that the designed primers

were specific to the poultry species for which they were

designed. The detection limits for single PCR were 0.05 ng

for turkey and 0.0005 ng for the others (Fig. 2).

Fig. 2 Sensitivity of the single PCR analysis of four poultry meat

samples, respectively (turkey, 217 bp; ostrich, 330 bp; chicken,

516 bp; duck, 820 bp). The sensitivity of the PCR method was

determined by diluting 10-folds of 50 ng of each template DNA

[(A) agarose gel electrophoresis; (B) bioanalyzer]. Lanes in (A): M,

100 bp DNA ladder marker; 1, 50 ng; 2, 5 ng; 3, 0.5 ng; 4, 0.05 ng;

5, 0.005 ng; 6, 0.0005 ng; and 7, non-template control. Peaks in (B):
M, 100 bp DNA ladder marker; T, turkey; O, ostrich; C, chicken; and

D, duck
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Multiplex PCR specificity and sensitivity

The primer sets (Table 1) retained the same specificity in

multiplex PCR as the specificity in single PCR (Fig. 3).

The electrophoresis pattern clearly shows the absence of

cross-contamination. Positive results were obtained for all

species, so there was no false-negative reaction. The LOD

in multiplex PCR was 0.05 ng for turkey and 0.005 ng for

the others (Fig. 4). Chicken and ostrich meats were

simultaneously detected with pork, horse, and beef meats

using direct-multiplex PCR method reported by Kitpipit

et al. (2014). The LOD was measured in DNA concentra-

tion, which was more accurate, in this study compared to

the mitochondrial DNA that was used in a study by Kitpipit

et al. (2014). Multiplex PCR did not compromise the

sensitivity of species-specific PCR reaction. Thus, moni-

toring of processed poultry meat products would be pos-

sible using this multiplex PCR detection method.

Monitoring of processed poultry meat products

using multiplex PCR

The applicability of the multiplex PCR method was tested

with 23 poultry meat products, including a smoked turkey,

a smoked chicken, 4 smoked duck products, a canned

chicken breast, a turkey jerky, 2 duck jerkies, 4 chicken

jerkies, 3 chicken nuggets, a grilled short rib patty, a

hamburger patty, a sausage, and 3 pressed ham products, as

well as 11 pet foods including 3 chicken meat pet foods, 2

duck meat pet foods, 5 turkey meat pet foods, and a duck

and chicken meat pet food (Table 2). PCR results were

consistent and reproducible across the different types of

samples monitored in this study and agreed with the indi-

cation on product labels. The sizes of PCR product from

the meat products were identical to those from the raw

Fig. 3 Specificity of the multiplex PCR analysis of four poultry meat

samples. Lanes: M, 100 bp DNA ladder marker; 1, positive control

(mixture of 4 templates); 2, turkey (217 bp); 3, ostrich (330 bp); 4,

chicken (516 bp); 5, duck (820 bp); and 6, non-template control

Fig. 4 Sensitivity of the multiplex PCR analysis of four poultry meat

samples (turkey, 217 bp; ostrich, 330 bp; chicken, 516 bp; duck,

820 bp). The sensitivity of the PCR method was determined by

diluting 10-folds of 50 ng of each template DNA [(A) agarose gel

electrophoresis; (B) bioanalyzer]. Lanes in (A): M, 100 bp DNA

ladder marker; 1, 50 ng; 2, 5 ng; 3, 0.5 ng; 4, 0.05 ng; 5, 0.005 ng; 6,

0.0005 ng; and 7, non-template control. Peaks in (B): M, 100 bp

DNA ladder marker; T, turkey; O, ostrich; C, chicken; and D, duck
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poultry meat samples (data not shown). Meyer et al. (1993)

reported that the average size of DNA fragments following

heat and pressure processing was approximately 300 bp.

The required amplicon sizes for gel visualization were

usually over 130 bp (Bottero et al. 2003). The sizes of PCR

products for ostrich, chicken, and duck in this study were

larger than the reported average size of 300 bp (Meyer

et al. 1993), but the method developed in this study was

able to detect poultry species in processed poultry meat

product with high specificities. There were samples that

contained pork (samples 17, 18, 20, 25, 26), beef (sample

17), or lamb (sample 33), but none of them were cross-

reacted with the primers used for the developed multiplex

PCR. Girish et al. (2004) reported that the mitochondrial

DNA was relatively stable during the heat treatment and

thus gave a higher possibility of PCR detection of DNA

fragment in processed meat products. Rastogi et al. (2007)

stated that mitochondrial DNA markers would be more

efficient than nuclear markers in species identification and

authentication purpose. All of the 34 meat product samples

and pet foods that declared the presence of specific meat

showed positive results for those species.

In conclusion, four poultry species were identifiable on a

practical basis using multiplex PCR technique. The

developed method was relatively quick, accurate, and

sensitive for the poultry species identification. It provided a

Table 2 Application of the

developed multiplex PCR

detection method on

commercial poultry meat

products

Sample no. Turkey Ostrich Chicken Duck

Label PCR Label PCR Label PCR Label PCR

1 – – – – ? ? – –

2 – – – – ? ? – –

3 – – – – ? ? – –

4 – – – – – – ? ?

5 – – – – – – ? ?

6 ? ? – – – – – –

7 ? ? – – – – – –

8 ? ? – – – – – –

9 ? ? – – – – – –

10 – – – – ? ? – –

11 – – – – ? ? – –

12 – – – – – – ? ?

13 ? ? – – – – – –

14 – – – – – – ? ?

15 – – – – – – ? ?

16 – – – – ? ? – –

17 – – – – ? ? – –

18 – – – – ? ? – –

19 – – – – ? ? – –

20 – – – – ? ? – –

21 – – – – ? ? – –

22 – – – – ? ? – –

23 – – – – ? ? – –

24 – – – – ? ? – –

25 – – – – ? ? – –

26 – – – – ? ? – –

27 – – – – ? ? – –

28 – – – – ? ? – –

29 ? ? – – – – – –

30 – – – – – – ? ?

31 – – – – – – ? ?

32 – – – – – – ? ?

33 ? ? – – ? ? – –

34 – – – – ? ? ? ?
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very low detection limit (LOD of 0.05–0.005 ng) for raw

poultry meat samples. This test method could be useful for

a rapid analysis of raw poultry meats and poultry meat

products available for use to researches and quality control

in food inspection agencies.
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