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ABSTRACT
The partial sequence (402 bp) of cytochrome b gene has been proved to be of value in the identification of animal species
from unknown samples. In this study, the analysis of 402 bp sequences was used to confirm the materials of 87
processed meat products. There were 11 samples that did not conform to the original indicated materials. The inconsistent ratio was about 12.6 %. There were 9 and 10 haplotypes of 32 beef samples and 55 pork samples respectively. The
genetic distances between intraspecies ranged 0.00 to 1.77 (pig), and 0.00 to 2.29 (cow). The genetic distances between
interspecies (pig and cow) ranged 19.11 to 21.90. In this study, we have illustrated the value of a simple DNA test to
identify the animal species used in processed meats and investigate the situation about the fraudulent misdescription of
food contents on product labels in Taiwan markets. This system could also be used in the speciation of other biological
products.
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Introduction
Consumers rarely have a problem identifying fresh
meat when bought at markets or in shops. The particular color and shape of beef can be distinguished from
pork or poultry when the meat is fresh. Processed meat,
such as sausage, jerky, and canned foods, poses more
of a problem as the product cannot be identified by bare
eyes. In such cases where the meat is thought to be
unrepresentative of the advertised product, a dispute
between the consumer and the seller may arise.
In this study, a DNA test was used to screen random
samples of processed meat products bought from supermarkets in Taiwan. Some techniques for DNA testing
have been developed to identify the species in meat
* Corresponding author, e-mail: jimlee@ntumc.org

products, such as CAPS (cleavable amplified polymorphic sequences) [1], Southern blotting by using species-specific satellite DNA as probes [2], RAPD (random
amplification of polymorphic DNA) fingerprinting [3, 4],
multiplex PCR [5, 6], quantitative intra-short interspersed
element PCR [7] and sequencing the specific gene such
as the mitochondrial 12S rRNA [8]. Processed meats are
likely to contain degraded DNA, therefore mitochondrial DNA (mtDNA) was considered more suitable than
nuclear DNA for this analysis. The cytochrome b gene
on the mitochondria has been used successfully in species identification [9, 10, 11] and in taxonomic and phylogenetic studies [12, 13, 14]. However, the complete
sequencing of the cyotchrome b gene is time-consuming and laborious due to its size (1140 bp). Additionally
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this large fragment is frequently not amplified from
powdered samples or processed products, which may
be of a highly degraded nature. The partial sequence
(402 bp) of cytochrome b gene was evaluated and proved
to be usable for animal identification recently [11]. In
this study, the analysis of 402 bp sequences was used
to confirm the identity of meat substances from 87 processed meat products. Genetic distances between intraspecies or inter-species were evaluated by GCG computer programs.

Materials and methods
Sample sources and DNA extraction
The meat samples of 87 processed products, numbered from A1 to A87, were collected from markets in
Taiwan. These samples were labeled as the products of
pork (44 samples) or beef (43 samples). DNA was extracted from 25 mg of each sample with QIAamp DNA
Mini Kit (QIAGENE) and quantified with ultra-violet
detection by spectrophotometer.
PCR amplifications and sequencing of PCR products
The universal primers for PCR amplification were
L14724 and H15149, as described by Kocher et al. [9]
and Irwin et al. [10]. Numbering of these primers was
according to the human mtDNA sequences [15]. The
sequences of L14724 and H15149 were 5'CGAAGCTTGATATGAAAAACCATCGTTG-3' and 5'AAACTGCAGCCCCTCAGAATGATATTTGTCCTCA-3'
respectively. PCR amplification was performed in a 50
l of reaction mixture, which contained 10 ng genomic
DNA, reaction buffer (10 mM Tris-HCl, pH 8.3, 2.5 mM
MgCl2, 50 mM KCl, 0.1 % (w/v) gelatin), 2.5 unit of VioTaq
DNA polymerase (Viogene, USA) and 0.15 M each of
primers. Amplification was conducted in a 480 PerkinElmer thermal cycler with the following conditions: initial denaturation at 95 for 10 min followed by 35 cycles
of 95 for 45 sec, 50 for 45 sec and 72 for 90 sec, then
72 for 10 min for further extension. Cycle sequencing
of PCR products was also conducted in a 480 PerkinElmer thermal cycler with the following conditions: 25
cycles of 95 for 45 sec, 50 for 15 sec and 72 for 4
min. Sequencing was performed using the primers L14724

or H15149 and the BigDye TM Terminator Kit (ABI
PRISMTM BigDyeTM Terminator Cycle Sequencing Ready
Reaction Kit). The cycle sequencing products were
separated by 5 % denatured Long Ranger TM gel (FMC
BioProducts, Rockland, Maine, USA) and detected using a PE Applied Biosystems 373A DNA sequencer.
Analysis of genetic distances
Sequences were aligned using the PileUp program
of GCG computer package (Wisconsin Package Version
10.3, Accelrys Inc, San Diego, CA), and the genetic distances were generated by Kimura's 2-parameter model
of Genetic distances program.

Results and discussion
The size of PCR products, using the primers L14724
and H15149, was 486 bp. This size was confirmed by
DNA sequence analysis. Of the 486 bp, the cytochrome
b gene comprised 402 bp. All of the sequences were
compared with the sequences registered in GenBank and
EMBL by GCG computer package. The most similar species and similarity of each sample are shown in Table 1.
In 87 samples, there were 11 samples (A14, A15, A18,
A32, A45, A50, A57, A63, A64, A65 and A78) which did
not conform to the original indicated material. The ratio
of inconsistent samples to whole samples was therefore
approximately 12.6 %. All the inconsistent samples were
advertised as being beef but were found to be more
closely related to pork, and the similarities of all these
products with pig were higher than 99.5 %. The sequence
similarities of other consistent samples with the original indicated materials were all higher than 98 %, and
the sequence diversity (variations per 100 bases) was
less than 3 %. Our previous study showed that the percentage range of sequence diversity in the same species was from 0.25 to 2.74 % (less than 3 %), and that
between the different species was from 5.97 to 34.83 %
[11].
There were 9 haplotypes found within the 32 beef
samples and 10 haplotypes found within the 55 pork
samples. The sequences of all these haplotypes were
aligned by the PileUp program of the GCG computer
package, and the consensus sequences were deduced
by Pretty program.
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product labels is a widespread problem, particularly with
high added-value products. It could become a criminal
problem especially when the materials were from the
conservation animals. Some of the techniques and molecular markers have been successfully applied for detection of food contents. At least, these items include the
speciation of meats, fish and fruit in processed food
products [16]. We have illustrated the value of a simple
DNA test to identify the animal species used in processed meats and investigate the situation about the
fraudulent misdescription of food contents on product
labels in Taiwan markets. The information from this test
could support the law enforcement to decrease the
fraudulent misdescription situation. This system could
also be used in the speciation of other biological
products.
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Table 1 The results of the most similar species and similarity of 87 samples searched in GenBank and EMBL databases.
Samples in bold indicate inconsistent results observed
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Table 1 The results of the most similar species and similarity of 87 samples searched in GenBank and EMBL databases.
Samples in bold indicate inconsistent results observed (continued)

Note Representative of each number was showed in the text.

Table2 Genetic distances of samples in this study
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