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Abstract – This study aimed to develop a 

rapid and simple method for identification 

of the origin species used in commercial 

sausages production by amplification 

patterns for mitochondrial DNA (mtDNA). 

Commercial sausages were purchased from 

retail markets and subjected to mtDNA 

analysis. To optimize the polymerase chain 

reaction (PCR) conditions, gradient PCR 

reactions were carried out to determine the 

primer annealing temperatures, and real-

time PCR was done to check the minimal 

amount of DNA and to examine the cross-

reaction. PCR products were observed on 

the gels suggesting that DNA molecules 

may be useful in the identification of the 

meat source in processed sausages. A 

similarity search of the DNA sequences 

showed that they were from pig, chicken, 

and fish, as described on the product labels. 

The real-time PCR results showed that the 

PCR products were observed above 10 fg 

(0.01 pg)/µl concentrations in pig, chicken, 

and processed fish meat DNA. No 

significant amplification was found in cross 

species. This PCR-based molecular method 

using mtDNA markers may provide useful 

information for food safety and traceability 

purposes by supplying molecular evidence 

for detecting and identifying the meat 

sources used in sausage production. 
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I. INTRODUCTION 

 

Information on the species used in processed foods 

is very important to consumers. To supply credible 

evidence for food safety and traceability, meat 

product labels should contain information on all 

the components in the product, including the meat 

source. Recently, DNA is considered to be the 

most appropriate molecule for species 

identification in foods. DNA is relatively stable at 

high temperatures. Therefore, DNA can be 

analysed not only in fresh and frozen foods, but 

also in processed, degraded, or mixed conditions 

[1-3].  

DNA-based methods have been developed for 

identifying mammalian species, and include PCR-

RFLP (restriction fragment length polymorphism), 

species-specific PCR, probe hybridization, 

microarrays, and DNA sequencing [4-9]. The 

mtDNA sequence diversity of species is sufficient 

to discriminate between all species identified thus 

far [10-12].  

DNA markers are considered powerful tools for 

determining the presence of source species after 

chemical and/or physical processing in industrial 

production and for supplying information on each 

species used in meat processing and production. 

The DNA technique is particularly useful for 

identifying the species in processed meat, which 

can often contain unidentifiable meat products 

from different species [13-16]. The illegal use of 

foreign meat sources and mislabelling of products 

have led to very serious social problems and 

decreased the consumer’s choice of processed 

meat products. This study aimed to develop an 

mtDNA marker system using sequencing analysis, 
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origin-specific PCR (OS-PCR), and real-time 

PCR, and examine their potential to identify the 

source species used in the production of 

commercial sausages in Korea. 

 

II. MATERIALS AND METHODS 

 

A. Samples and DNA isolation 

Forty commercial sausages (thirty-two of cooked 

emulsion type and eight of smoked type) were 

purchased from retail markets in Gyeonggi-do and 

Jeju-do, South Korea. Certified genomic DNA 

samples of species of pig, chicken, cattle, and 

horse were kindly provided by researchers at the 

National Institute of Animal Science, South Korea. 

DNA was extracted from sausage samples using 

standard technique [17], with a slight 

modification. To prevent human contamination 

during the DNA preparation, three different 

experimenters participated in the DNA isolation 

and carried out the experiments in three different 

laboratories. 

 

B. Conventional PCR and real-time PCR 

To amplify the mtDNA fragments, universal 

primers and origin-specific primers were designed 

using mitochondrial genome sequences 

(DQ356938 from Atlantic cod, NC_000845 from 

domestic pig, and AP003317 from chicken). 

Information on the primers and standard sequences 

is shown in Table 1.  

 
Table 1. Primer information used in this study 

Species Primer name Nucleotide sequence (5'->3') 

Pig 

Chicken 

Fish meat 

3sp_COI_F ATYACTATACTACTRACAGACCG 

3sp_COI_R 

 

AAKGGTTCTTTTTTACCTGAATAGTA 

 

Pig Pig_CYTB_F  CAACAACGCATTCATTGACC 

 
Pig_CYTB_R AATATGGATGCTCCGTTTGC 

Chicken Gal_CYTB_F  TCTATTCGCCTATGCCATCC 

 
Gal_CYTB_R TACTGGTTGGCTTCCGATTC 

Fish meat Fish_mtF  TCTTACCGGGGTTGGAACTTTA 

  Fish_mtR AGGGGGATTAGATGAAGGGCTA 
 

In order to determine the optimal annealing 

temperature of each primer pair, gradient PCR was 

carried out using Mastercycler Gradient 

(Eppendorf, Germany). The DNA concentration 

for PCR amplification was also checked by serial 

dilution samples from the 100 ng (1x10
-7 

g)/µl to 

10 ag (1x10
-17 

g)/µl of genomic DNA solutions by 

real-time PCR using Rotor-Gene Q (Qiagen, USA) 

with Rotor-Gene SYBR Green PCR Kit (Qiagen, 

USA) followed by manufacturer’s guide. Cross-

reaction test was conducted by conventional PCR, 

gradient PCR, and real-time PCR for other species 

(horse, cattle, sheep, turkey, duck, quail, and 

pheasant). The PCR reaction was carried out in 20 

l volumes with Maxime i-Star Taq Premix 

(Intron Biotechnology, South Korea). PCR 

amplification was performed under the following 

conditions: an initial 2 min denaturation at 94° C, 

followed by 35 cycles of 30 sec at 94° C, 30 sec at 

62° C, and 30 sec at 72° C. 

 

C. DNA sequencing and data analysis 

The purified PCR product amplified using a pair 

of universal primers was inserted into a plasmid 

vector using the TOPO
TM

 TA Cloning Kit 

(Invitrogen, USA) according to the manufacturer’s 

instructions. Fifteen colonies were chosen from 

each transformation reaction plate, and plasmid 

DNA was purified using the QIAprep Spin 

Miniprep Kit (Qiagen, USA). Nucleotide 

sequencing was carried out using the DYEnamic 

ET Dye Terminator Kit (Amersham Biosciences, 

USA). Clustal W was used for multiple alignments 

of the obtained sequences and DnaSP was used to 

determine the nucleotide diversity. A BLAST 

search of the NCBI’s nucleotide database was 

conducted, and the results were compared with the 

unique COI sequences. 

 

III. RESULTS AND DISCUSSION 

 

To identify the meat sources used for the 

processed meat products, we examined the PCR-

mediated molecular identification using universal 

primers and OS primer sets. PCR products, 

approximately 190-bp length, were found on the 

agarose gels from all the sausage DNA samples 

when amplifying with a universal primer set.  

Figure 1 shows the PCR amplification patterns 

using universal primer set (Figure  1(A)) and OS 

primer sets (Figure 1(B)-(D)). PCR products were 

observed in all sausage DNA samples in PCR 

assay using a pair of universal primers (Figure 

1(A)). The pig-specific PCR reaction produced 

228-bp PCR bands on the gels only from the pig 

DNA samples but not from those of chicken DNA 

and fish meat DNA (Figure 2(B)). In addition, the 

chicken- and fish meat-specific PCR reactions also 

produced the origin-specific amplicons (208-bp in 
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chicken and 150-bp in fish), respectively (Figure 

1(C) and 1(D)).  

 
 

Figure 1. PCR amplification patterns. (A) an universal 

primer set 3sp_COI_F and 3sp_COI_R; (B) pig-specific 

Pig_CYTB_F and CYTB_R; (C) chicken specific 

Gal_CYTB_F and Gal_CYTB_R; (D) fish-specific 

Fish_mtF and Fish_mtR. + and − indicate the presence 

and absence of the meat on the labels, respectively. M1 

and M2 are 50-bp and 100-bp ladder, respectively. 

 

 
 

Figure 2. Multiple sequence alignments for COI 

sequences determined in this study. Majority of pigs 

have two types of DNA sequences (Pig01 and Pig02), 

but most chickens showed an identical sequence 

(chicken). Two types of fish meat sources were found 

from cod and pollock. The underlined sequences 

indicate the sequences of the universal primer set. 

 
The DNA sequencing results revealed no variation 

in the size of the PCR products amplified from the 

sausage DNA. The sequence identities of our COI 

sequences were very similar (98.1-100%) to those 

deposited in the NCBI’s database. Figure 2 shows 

the multiple sequence alignments for the COI 

sequences of pig, chicken, cod, and pollock mostly 

found in the sausage DNA. 

Specificity was evaluated by real-time PCR 

reactions, including DNA from pig, chicken, 

horse, cattle, sheep, turkey, duck and pheasant, 

processed fish meat and water (negative control). 

All cross-test reactions were amplified over a Ct 

value of 35 or had no detectable signals, 

indicating no PCR products were produced. 

Significant amplification signals were just 

observed from reactions with pig, chicken, and 

processed fish meat, while no amplification 

signals were detected with DNA from cattle, 

horse, sheep, goat, cattle, duck, and pheasant. 

Therefore, the newly developed OS primers had 

good specificity for pig, chicken, and fish meats. 

Sensitivity of OS primers was also evaluated by 

real-time PCR (Figure 3).  

 
 

Figure 3. Real-time PCR amplification patterns of pig, 

chicken, and fish meat. (A–C) show amplification 

patterns for serial dilutions of pig (A), chicken (B), 

and fish meat (C). (D–F) show the standard curves 

for (A–C). 

 
Table 2. Ct values according to the DNA 

concentrations obtained by real-time PCR 

DNA conc. (/ul) Pig Chicken Fish meat 

100 ng 8.3 9.1 14.7 

10 ng 11.1 12.8 17.4 

1 ng 14.4 14.7 20.2 

100 pg 17.9 18.0 21.9 

10 pg 20.6 21.1 24.8 

1 pg 23.4 24.3 27.6 

100 fg 26.2 27.1 30.5 
 

When the DNA amount of pig, chicken, and 

processed fish meat was 1 pg, the Ct values for 

each species were about 23.4, 24.3, and 27.6, 

respectively (Table 2). DNA samples from the 

three target meat sources (pig, chicken, and 

processed fish meat) were 10-fold serially 

diluted from 100 ng/µl to 10 ag/µl and used as 

templates for real-time PCR to construct 

standard curves. The significant amplification 

signals could be observed above 10 fg/µl (0.01 

pg/µl) concentrations in pig, chicken, and fish 

meat. Sausage DNA samples containing 

different percentages of pig, chicken, and fish 

were tested by the real-time PCR system. All 

meat mixtures yielded positive results in the 

real-time PCR, showing the same results from 

conventional OS-PCR reactions (Table 3).  
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Table 3. Species identification of pig, chicken and fish 

meat by DNA sequencing and PCR assays 

Species 
No. of 

records 

DNA 

sequencing 

OS-

PCR 

Real-time 

PCR 

Pig 38 38 38 38 

Chicken 13 13 13 13 

Fish* 6 8 8 8 
* Fish-derived PCR amplicons were found in eight sausage 

DNA samples, of which six samples listed meat on the labels. 
 

As shown in Figure 3, the standard curves 

showed a linear correlation between Ct values 

and log-DNA concentrations. The correlation 

coefficients (R
2
) were 0.99970 (pig-specific 

primer set), 0.99939 (chicken-specific primer 

set), and 0.99827 (fish-specific primer set) 

(Figure 3(D)-(F)), indicating significant linear 

relationships. Amplification efficiencies all 

exceeded 90%. Moreover, further 

electrophoresis analysis of real-time PCR 

products showed that there was no PCR product 

unexpected found from the sausage DNA 

samples (Figure 4), and from artificial mixed 

DNA solutions of different species sources. 
 

 
Figure 4. Analysis for real-time PCR products. (A) 

pig; (B) chicken; (C) fish meat. M is 100-bp ladder. 

Numbers on top of the lanes indicate DNA 

concentrations in 1 μl solution used for PCR 

amplification. 

 

Table 4 presents the species information listed on 

the sausage product labels and those identified by 

the similarity comparison of the COI sequences in 

this study. The sausage labels listed three different 

animal sources: pig, chicken, and fish meat. The 

information on the source animal on the product 

label of most of the sausages matched the source 

identified with the molecular data. The DNA 

sequencing results revealed no DNA from foreign 

mammalian species. In two DNA samples, the 

COI sequences corresponded to that of an 

unlabelled animal species. It is likely that the 

unlisted species was introduced unintentionally by 

cross-contamination during the sausage 

production. The unlabelled product was identified 

as a fish (Atlantic cod) by DNA sequencing.  

Table 4. List of species found in sausage labels and 

those in this study 

 
*, SS24 and SS29 have no fish meat on the labels, but we 

found the fish-derived DNA in this study. 
 

From the conventional OS-PCR and real-time 

PCR assays, we obtained molecular data similar to 

those from DNA sequencing and the records on 

the labels of the commercial sausages. PCR 

products derived from pigs and chickens were 

detected in 38 and 13 sausage DNA samples, 

respectively, which indicated the use of each 

animal source in the sausage production. We 

found PCR products derived from fish meat in 

eight sausage DNA samples. Six sausage samples 

listed the inclusion of fish on their labels. The 

other two did not contain any information on the 

inclusion of fish in the sausage production. 

However, the PCR bands from the fish-specific 

PCR assay confirmed the existence of fish-derived 

DNA in the sausages. Further analyses of DNA 

sequencing and a BLAST search showed 100% 

sequence identities to the sequences previously 

reported from Atlantic cod. As the presence of the 

PCR products points to the presence of DNA, we 

concluded that these two sausage samples 

contained fish-derived DNA molecules.  
 

IV. CONCLUSION 

 

Species information in processed meats and 

processed foods is increasingly important for 

consumers around the world who wish to know the 

species of origin in processed meat products. Food 

Pig Chicken Fish meat Pig Chicken Fish meat Pig Chicken Fish meat Pig Chicken Fish meat

SS01 + - - + - - + - - + - -

SS02 + - - + - - + - - + - -

SS03 + - - + - - + - - + - -

SS04 + - - + - - + - - + - -

SS05 + - + + - + + - + + - +

SS06 + - - + - - + - - + - -

SS07 + - - + - - + - - + - -

SS08 + - + + - + + - + + - +

SS09 + - - + - - + - - + - -

SS10 + - - + - - + - - + - -

SS11 + - - + - - + - - + - -

SS12 + + - + + - + + - + + -

SS13 + + - + + - + + - + + -

SS14 + - - + - - + - - + - -

SS15 + + - + + - + + - + + -

SS16 + - + + - + + - + + - +

SS17 + + - + + - + + - + + -

SS18 + + - + + - + + - + + -

SS19 + - - + - - + - - + - -

SS20 + + - + + - + + - + + -

SS21 + + - + + - + + - + + -

SS22 + - - + - - + - - + - -

SS23 + - - + - - + - - + - -

SS24 + - - + - + + - + + - +

SS25 + + - + + - + + - + + -

SS26 - - + - - + - - + - - +

SS27 + + - + + - + + - + + -

SS28 + - - + - - + - - + - -

SS29 + + - + + + + + + + + +

SS30 + + - + + - + + - + + -

SS31 + - - + - - + - - + - -

SS32 + - - + - - + - - + - -

SS33 + - - + - - + - - + - -

SS34 - - + - - + - - + - - +

SS35 + - - + - - + - - + - -

SS36 + + - + + - + + - + + -

SS37 + - + + - + + - + + - +

SS38 + - - + - - + - - + - -

SS39 + + - + + - + + - + + -

SS40 + - - + - - + - - + - -

Sample no.
Label species DNA sequencing OS-PCR Real-time PCR
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manufacturers should record the meat origin on 

their labels of processed foods. For religion 

purposes, meat species identification is especially 

important for Muslim and Hindu religious Halal 

authentication. Many molecular methods have 

been developed to better perform this task, 

including DNA extracted from various sample 

sources. In this study, we obtained good results 

with regard to the molecular identification of the 

species of origin in commercial sausages using a 

two-step approach based on universal and OS-

PCR primers in conventional PCR and real-time 

PCR. Both the PCR results confirmed the DNA of 

the source animal and the species of origin in 

commercial sausages. We detected meat sources 

from animals not listed on the product labels in 

two samples. In addition, we could determine the 

minimal amounts of above 0.01 gp/ul 

concentrations by real-time PCR analysis for 

sausage DNA. Consequently, we have developed a 

specific and sensitive molecular technique for 

detection and identification of meat components in 

processed food as well as raw meats. This PCR-

based molecular method could be offered rapid 

and precise information on the origins of source 

animals used in the production of commercial 

sausages. These results suggest that this method 

may play an important role in quality control of 

meat products as providing the scientific evidence 

of the source species. 
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