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A quantitative polymerase chain reaction assay for the
detection of equine (horse and donkey)-originated meat
in processed bovine meat products
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Abstract
Meat is one of the most important basic foodstuffs in human nutrition. Nowadays, adulteration and authenticity
are common problems for meat products. Identification of meat species is important in terms of consumer
protection and prevention of adulteration. There are different methods to determine adulteration of meat and
meat products. These methods are histological controls, serological tests, and quantitative polymerase chain
reaction. In this study, species identification and quantification analysis of meat and meat products were
done by using horse-, donkey-, and bovine-specific primers with quantitative polymerase chain reaction
method. Triple meat mixtures containing horse and donkey meat ranging from 0.1 to 50% levels were pre-
pared within a bovine mixture for using species identification and quantification analysis. The method speci-
ficity was confirmed by melting curve analysis. In conclusion, quantitative polymerase chain reaction is an
easy, rapid, and reliable method for meat species identification, and with this study an applicable method was
developed for the detection and quantification of equine-originated meat in bovine meat products.
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INTRODUCTION

Nowadays, the most common problems in meat indus-
try are adulteration and originality. Pork, horse, and
donkey meats can be mixed with the bovine and sheep
meats because of their organic similarity. When the
meat species that have similar pigmentation are used
in processed meat products, consumer cannot detect
them by organoleptic evaluation. For this reason, iden-
tification of meat species in processed meat products
such as soujouk, salami, sausage, and meatball has
become important.

Some methods have been developed based on pro-
tein and DNA analysis to detect meat species. Protein-

based methods such as isoelectric focusing (King, 1984;
Skarpeid et al., 1998) and enzyme-linked immunosorb-
ent assay (Chen and Hsieh, 2000) have high sensitivity
for unprocessed meats but not for processed meats.
Researchers cannot take same results due to protein
degradation under high pressure, temperature, and pro-
cess technology conditions. Thus, protein-based meth-
ods are not commonly used to detect meat species for
processed meat products. When compared to proteins,
DNA molecule can withstand high temperature and
pressure.
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In recent years, the usage of DNA-based methods
has become crucial. Species-specific primers used in
polymerase chain reaction (PCR) are simple, rapid, spe-
cific, and sensitive analysis for the identification of meat
species. Techniques based on PCR include mitochon-
drial 12 S rRNA restriction fragment length poly-
morphism (Girish et al., 2007), specific PCR (Mane
et al., 2009; Rodriguez et al., 2003), randomly amplified
polymorphic DNA fingerprint (Calvo et al., 2001; Saez
et al., 2004), and actin gene-related PCR (Hopwood
et al., 1999). There are lots of studies to identify meat
species of unprocessed and processed meats in litera-
ture. The meat species can be detected in the binary
meat mixtures by using conventional PCR (Kesmen
et al., 2007, 2010). Although conventional PCR
method is reliable and sensitive method for identifica-
tion of meat species, it cannot be used for the quanti-
fication analysis in meat mixtures. Thus, quantitative
PCR (q-PCR) method can be used for both detection
and quantification of species and it has been used com-
monly (Dooley et al., 2004; Eugster et al., 2008;
Fajardo et al., 2008; Soares et al., 2013). q-PCR tech-
nique allows obtaining result without post-PCR detec-
tion step. Amplification of target gene is followed by an
increased fluorescence signal coming from fluorescent
dye or fluorescence-labeled probe. Probe-based systems
are more accurate and reliable for detection and quan-
tification but they are very expensive systems
(Chisholm et al., 2005; Dooley et al., 2004; Kesmen
et al., 2009, 2012; Laube et al., 2003).

Fluorescent dyes such as SYBR Green I and
EvaGreen are also employed for q-PCR method due
to the high cost associated with probe-based q-PCR.
These dyes are essentially nonfluorescent by themselves,
but become highly fluorescent upon binding to double-
stranded DNA. The primary disadvantage of these dyes
is that they detect accumulation of both specific- and
non-specific PCR products. In order to overcome this
problem, melting curve analysis is used after q-PCR. In
the literature there are many studies employing SYBR
Green I to determine the meat species both in the pro-
cessed and unprocessed meat products (Fajardo et al.,
2008; Lopez-Andreo et al., 2006; Soares et al., 2013).
Recently in q-PCR, EvaGreen has been used as an
intercalating dye, which is more stable and sensitive
than SYBR Green I (Chen et al., 2009; Santos et al.,
2012). EvaGreen can be used at higher concentrations
without causing PCR inhibition and resulting in better
fluorescence signal and higher sensitivity in the assay.
Santos et al. (2012) reported that q-PCR with
EvaGreen dye identifies hare meat DNA at the level
of 1 pg compared to 10 pg detection limit in conven-
tional PCR.

The aim of the present study was to develop simple,
rapid, cheap, and reliable q-PCR method for

identifying and quantifying equine-originated meat spe-
cies (horse, donkey) in processed bovine products.

MATERIALS AND METHODS

Raw meat and processed meat samples

In this study, bovine meat was obtained from local
breeder, horse meat from Ankara Directorate of
Provincial Agriculture Control, and donkey meat
from a farm in Bala, Ankara. The samples were
stored at �20 �C until the analysis was performed.
Chicken, sheep, goat, pork, and corn DNAs were
used as negative controls to check primer specificity
of bovine, horse, and donkey meats. Twenty-one pro-
cessed bovine meat samples such as soujouk, sausage,
meatball, and doner were collected from local markets
in Antalya. In addition, 12 horse- and/or donkey-
positive samples were obtained from an accredited
laboratory in Antalya.

DNA isolation

Genomic DNA was isolated from individual samples
using the DNeasy Blood & Tissue Kit (Qiagen,
Germany) according to the manufacturer’s instruc-
tions. The concentration of DNA in the sample was
determined by using Qubit fluorometer. Intactness of
DNA samples was verified by agarose gel electrophor-
esis. Agarose gel (1%) was run under 120V for 40min
and then visualized under UV light by Vilber Lourmat
EBox-VX2 (France) gel imaging system. Isolated DNA
samples were stored at �20 �C until used for the PCR
reactions.

Preparation of reference DNA and meat
mixtures

Binary DNA mixtures were prepared by mixing horse
and donkey genomic DNAs separately with bovine
genomic DNA at six different levels (0.1, 0.5, 1, 5, 10,
and 25% v/v). First, genomic DNAs were isolated from
bovine, horse, and donkey tissues independently and
then all DNA concentrations were adjusted by dilution
to 5 ng/ml with nuclease-free water. DNA isolated from
donkey and horse was mixed with DNA isolated from
bovine to obtain two sets of binary DNA mixture con-
taining 0.1, 0.5, 1, 5, 10, and 25% v/v horse or donkey
DNA with a final concentration of 5 ng/�l. These DNA
series were used as reference DNA mixture in q-PCR
analysis.

Two independent binary meat mixtures (horse in
bovine and donkey in bovine) were prepared using
raw meats from the target species. For each meat mix-
ture, six different mixtures containing 0.1, 0.5, 1, 5, 10,
and 25% (w/w) of the target species in bovine meat
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were prepared to a final weight of 50 g. These binary
meat mixtures were homogenized with a grinder
(Retsch GM200, Germany) and then DNA was
extracted to calculate reaction efficiencies of each
primer set.

Triple meat mixtures (horse, donkey, and bovine)
were prepared for using validation experiments of
method and construction of quantification curves.
Equal amounts of donkey and horse meats in bovine
meat were mixed in different percentages (50, 25, 10, 5,
2.5, 1, 0.1% (w/w) donkey or horse meat).

Selection of target gene and primers

A target gene for horse, donkey, and bovine mitochon-
drial cytochrome b (cytb) gene was selected. And as a
positive amplification control for PCR, the conserved
region of nuclear 18S rRNA fragment which can be
amplified in all eukaryotes was preferred. Species-
specific primers were adapted from literature and are
given in Table 1. Primer sequences were validated by
NCBI BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi)
data bank to ensure specificity for the target species
and gene.

Conventional PCR for specificity test of
specific primers

Mitochondrial cytb gene of bovine, horse, and donkey
DNAs was amplified with conventional PCR by using
the specific primers given in Table 1. In this way, cross-
reactivity of the specific primers was tested. The PCR
mixture was prepared by using HotStarTaq Master
Mix (Qiagen, Germany). The PCR mixture for each
sample was prepared as follows: 2.5 U HotStarTaq
DNA polymerase, 1X PCR buffer, 200M dNTP mix-
ture, 0.2M forward and reverse primers, and 5 ng DNA
template in a 25 ml PCR volume. The PCR conditions
consisted of an activation step at 95 �C for 15min,

followed by 35 cycles of melting at 94 �C for 1min,
annealing at 65 �C for 1min, and extension at 72 �C
for 1min. A final extension step at 72 �C for 10min
terminates the process. The PCR products were ana-
lyzed electrophoretically on an ethidium bromide-
stained 3% agarose gel.

q-PCR

The q-PCR analysis was performed according to
EpiTect HRM PCR kit (Qiagen, Germany) protocol.
The 25 ml PCR mixture contained 1X EpiTect HRM
Master Mix, 0.75M forward and reverse primers, and
5 ng template DNA. All reactions were prepared as
triplicate and analyzed with RotorGene Q 5plex
HRM (Qiagen, Germany). Thermal cycling protocol
of 95 �C for 10min followed by 45 cycles of 95 �C for
10 s, 65 �C for 30 s, and 72 �C for 10 s was applied. And
then for melting curve analysis temperature was raised
from 70 to 99 �C with 0.1 �C temperature increase in
every 2 s. Results were analyzed by using software of
RotorGene Q 5plex HRM machine (version 2.0.3).

RESULTS AND DISCUSSIONS

Genomic DNAs were isolated from bovine, horse,
donkey, pork, and chicken meats and then concentra-
tion of extractions was measured. Confirmation of
quality and quantity of extracted DNAs was achieved
with 1% agarose gel electrophoresis by loading 1 ml of
DNA in each well and capturing gel images. DNAs
were extracted from all samples with the same efficiency
and no degradation was observed in all samples.
Concentration values of DNAs and agarose gel band
results were consistent when compared to each other.

In order to detect cross-reactions, mitochondrial
cytb fragments were amplified with each set of primers
in bovine, horse, and donkey DNAs separately by con-
ventional PCR. A mixture of DNA samples from

Table 1. Sequences and amplicon size of primers used in this study

Primers Sequence (50–30)
Amplicon
size (bp) Reference

BCytb-F (Bovine) CCCGATTCTTCGCTTTCCAT 119 Tanabe et al. (2007)

BCytb-R (Bovine) CTACGTCTGAGGAAATTCCTGTTG

HCytb-F (Horse) CCA GAA TGG TAC TTC CTG TTT GC 85 Köppel et al. (2009)

HCytb-R (Horse) TAG AGA GGA TTA GGG CTA ATA CGC

DCytb-F (Donkey) GGTGTATTAGCCCTTATCCTTTCCATCT 80 This study

DCytb-R (Donkey) CATGTTAGTGTTAGTAAGTCTGCTACTAAGAGTCAGAAC

18S rRNA-F TGGTGCCAGCAGCCGC 77 Pegels et al. (2012)

18S rRNA-R TCCAACTACGAGCTTTTTAACTGCA
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chicken, sheep, goat, pork, and corn was used as nega-
tive control to check cross-reactivity with nontarget
species. An endogenous control 18S rRNA gene
region in all samples was amplified with relevant pri-
mers to confirm the PCR-amplifiable DNA content of
each reaction. As a result of this experiment, no cross-
reaction was observed in any case and primers gener-
ated species-specific fragments of 119, 84, and 80 bp for
bovine, horse, and donkey, respectively (Figure 1).

The q-PCR amplification efficiency and sensitivity of
primers were evaluated by obtaining standard curve for
each primer set with DNA dilution series of the bovine,
horse, and donkey (Table 1). DNA extract of each spe-
cies was fourfold serially diluted with nuclease-free
water at six different levels (1:1, 1:4, 1:16, 1:64, 1:256,
and 1:1024). All q-PCR reactions were run in triplicate.
q-PCR standard curves were generated by plotting Ct
values versus logarithm of DNA concentrations. The
following equation was used to calculate the reaction
efficiency

E ¼ 10�1=slope � 1
� �

� 100

Theoretically slope must be �3.32 for 100% reaction
efficiency. We continue q-PCR reactions with the pri-
mers that provide the following three parameters:

1. Slope of standard curve must be in the range of
�3.6�M��3.1

2. Reaction efficiency must be between 90 and 110%
3. R2

� 0.98

Furthermore, optimum DNA concentration for q-
PCR was defined. We continue experiments with
DNA concentration corresponding to middle of linear
range of the standard curve. Linear correlation was
obtained for bovine DNA concentrations (reaction effi-
ciency 103%, slope �3.25, and R2 0.99) (Figure 2).
Similar results were obtained for horse, donkey, and
18S rRNA primers. PCR products were applied in
3% agarose gel electrophoresis to check whether there
is nonspecific binding of primers or not. Nonspecific
amplification was not observed in any PCR.

The reaction efficiencies of primer sets were checked
first with DNA dilution series and then with binary
meat mixtures containing known amounts of horse
and donkey meats in bovine meat (Figure 3). They
were amplified with horse- and donkey-specific primers
in q-PCR.

Construction of quantification curve is essential to
normalize q-PCR results for obtaining reliable results.
In this way, differences arising from changes in DNA
extraction and amplification efficiency are controlled.
The 18S rRNA was used as an internal control in
order to find out whether amplification variations
result from target species content or other factors like
DNA degradation, amount and quality of the DNA
extracted from samples. In order to control target
gene amplification, variations that might have resulted
from processing treatments of internal control are used.
Quantification curves were constructed by plotting Ct
values against the logarithm of horse or donkey meat
percentages in triple validation mixtures where the fol-
lowing equation was used

�Ct ¼ Cthorse=donkey � Ctuniversal

Cthorse/donkey and Ctuniversal were obtained Ct values
from q-PCR amplification of triple validation mixture
DNAs with species-specific and universal 18S rRNA
primers, respectively. As can be seen from the quanti-
fication curves (Figure 4(a) and (b)), this approach
allows the estimation of added horse or donkey meat
at concentrations of 0.1–50% that covers a linear
dynamic range with a high correlation coefficient
(R2
¼ 0.999 for horse, R2

¼ 0.995 for donkey).
Limit of detection (LOD) and limit of quantification

(LOQ) are defined as the lowest amount of analyte in a

1

11 12 13 14 15 M 16 17 18 19 20 M

2 3 4 5 M

A B

300 bp
200 bp
150 bp
100 bp
50 bp

300 bp
200 bp
150 bp
100 bp
50 bpC D

6 7 8 9 10 M

Figure 1. The result of primer. A—PCR specificity of spe-
cific bovines primers: 1: bovine DNA, 2: horse DNA, 3:
donkey DNA, 4: negative control, 5: no template control.
B—PCR specificity of specific horse primers: 6: bovine
DNA, 7: horse DNA, 8: donkey DNA, 9: negative control,
10: no template control. C—PCR specificity of specific
donkey primers: 11: bovine DNA, 12: horse DNA, 13:
donkey DNA, 14: negative control, 15: no template control.
D—PCR specificity of 18S rRNA primers: 16: bovine DNA,
17: horse DNA, 18: donkey DNA, 19: negative control, 20:
no template control. M: ultralow range DNA marker.
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sample that can be reliably distinguished from zero and
the lowest concentration of analyte that can be deter-
mined with an acceptable repeatability and trueness,
respectively. The LOQ values were calculated from
the slope of quantification curve and standard devi-
ation of the all samples according to linear regression
model (Shrivastava and Gupta, 2015). Subsequent
melting curve analysis also showed that target cytb
fragment was amplified specifically for each species
(data not shown). The LOD and LOQ values were
determined as 0.5 and 1.4% for donkeys, respectively.

While LOD was found as 0.2% for horse species, LOQ
was found as 0.6%.

Quantification estimation was done by extrapolating
Ct values obtained from analysis of triple validation
mixtures with species-specific and universal 18S rRNA
primers on quantification curves given in Figure 4.
Coefficient of variation of each reaction was calculated
from the standard deviation of triplicates. Besides,
accuracy of method was determined from deviation
between the predicted and true values. Tables 2 and 3
show the predicted and true values of horse and donkey
meat percentage of triple validation mixtures, respect-
ively. The coefficient of variations of each reaction of
both horse and donkey primers with triple validation
mixtures were calculated as lower than 25% which indi-
cates that the dynamic linear area of method is in the
range of 0.1–50%.

Genomic DNAs were isolated from different pro-
cessed meat market samples. DNA concentrations
were measured and visualized in 1% agarose gel elec-
trophoresis. According to the results there is a
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correlation between gel image and measured concentra-
tion of DNAs. Genomic DNAs were successfully
extracted from the processed meats for q-PCR experi-
ments. The q-PCR was performed for 33 samples
selected from different product groups such as soujouk,
sausage, meatball, kebab, lahmacun, salami, pizza

types food (pide and lahmacun), and doner. Twelve
of these samples were already tested by accredited
laboratory and reported positive for donkey and/or
horse meat. Neither horse- nor donkey species-specific
amplification was observed in 21 of the market samples.
Quantification analysis of 12 samples known to be
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Figure 4. Quantification curves for the estimation of adulteration level of bovine meat with horse meat (a) and donkey
meat (b).
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positive was performed by amplifying DNA with horse,
donkey, and 18S rRNA primers and obtained results
given in Table 4 were consistent with the results of the
accredited laboratory. As expected, horse-positive sam-
ples gave reaction with horse primers and donkey-posi-
tive samples were amplified with donkey-specific
primers. The false-positive or false-negative reactions
were not observed according to the results of q-PCR.
As seen in Table 4, at least 10.64% and at most 65.77%
of horse meat were detected in the horse-positive sam-
ples. In donkey-positive samples, donkey meat ratio
was detected as 11 and 28.72%. Similarly, both horse-
and donkey-positive samples were quantitatively ana-
lyzed by using this method even at lower ratios. These
results were in the range of dynamic linear area of
method.

The q-PCR has been a widely used technique on
species identification in recent years. The selection of
target gene and primers is important for sensitivity and
specificity of q-PCR. Generally, mitochondrial genes
are preferred due to their higher mutation rate and
number of copies in each cell (Girish et al., 2005). In
the present work, mitochondrial cytb gene was ampli-
fied as a target gene and 18S rRNA was used as an
internal control gene. Primers showed higher specificity
for target gene and species. Isolated DNAs were used
successfully for identification of each species being
tested. Differentiation of horse and donkey meat is dif-
ficult because they have a high sequence homology and
they are closely related species. However, we did not
observe any cross-reaction between horse and donkey
primers. Similarly, there are reports in the literature

Table 4. Quantification results of market samples

q-PCR results

Horse primers Donkey primers

Sample no. Type of food Horse/donkeya �CT Amount % �CT Amount %

1 Lahmacun þ I � 0.58 25.01 ND ND

2 Meatball þ I � 1.8 10.64 ND ND

3 Doner þ I � �0.3 46.33 ND ND

4 Kebab þ I � �0.8 65.77 ND ND

5 Lahmacun � I þ ND ND �0.4 16.25

6 Soujouk � I þ ND ND �1.3 28.72

7 Kebab � I þ ND ND 0.2 l l.11

8 Lahmacun � I þ ND ND 0.1 11.84

9 Salami þ I þ 5.2 0.98 l.6 4.58

10 Soujouk þ I þ 5.4 0.85 0.6 8.62

11 Sausage þ I þ 4 2.28 2 3.55

12 Pide þ I þ 4.8 1.30 1.7 4.30

CT: cycle threshold; ND: not detected; q-PCR: quantitative polymerase chain reaction.
aQualitative analysis results of the samples by an accredited laboratory.

Table 2. Validation results of q-PCR for detection of horse
meat

Samples

Horse meat %

SD CV (%)Actual Mean predicteda

1 0.1 0.10 0.03 29

2 0.5 1.01 0.10 9

3 1 2.5 0.28 11

4 5 5.6 0.40 7

5 10 8.9 0.23 3

6 25 25.6 0.10 0.4

7 50 51.0 3.96 8

CV: coefficient of variation; SD: standard deviation.
aAverage of triplicate reaction results.

Table 3. Validation results of q-PCR for detection of
donkey meat

Samples

Donkey meat %

SD CV (%)Actual Mean predicteda

1 0.1 0.12 0.03 24

2 1 0.94 0.10 10

3 2.5 2.1 0.28 13

4 5 4.5 0.40 9

5 10 9.2 0.23 2.5

6 25 26.2 0.10 0.4

7 50 61.1 3.96 6.5

CV: coefficient of variation; SD: standard deviation.
aAverage of triplicate reaction results.
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that horse and donkey meats could be differentiated in
different materials (Chisholm et al., 2005; Kesmen
et al., 2009, 2007).

Identification of adulteration is very important for
the protection of consumers’ rights. However, not only
the identification of the origin of meat in meat products
but also quantification of the foreign meat is very
important. In this study, designed q-PCR method
allows both identification and quantification of species
in meat mixtures. The detection limit of q-PCR method
was found as 0.5% for donkey and 0.2% for horse
meat. In addition, the quantification limit of this
method was determined as 1.4 and 0.6% for donkey
and horse species, respectively. This technique can
be used to understand whether the presence of
horse or donkey meat comes from contamination or
adulteration.

The q-PCR method developed with EvaGreen dye
has advantages such as high sensitivity, specificity, and
high accuracy. This method was developed as a simplex
assay but it can be improved and modified to a multi-
plex assay where many species can be detected in one
PCR at the same time.

CONCLUSION

In the present study, a new q-PCR method to identify
and quantify equine (horse and donkey) origin of meat
in processed bovine meat products was proposed. For
this aim, new generation EvaGreen dye was used to
obtain more specific and accurate results of q-PCR
method. The developed method is a simple and cheap
technique for identification and quantification of
equine (horse and donkey) originated meat. This tech-
nique does not need any post-PCR treatment and the
use of expensive TaqMan probes. In this study,
EvaGreen q-PCR assay has a detection and quantifica-
tion capacity in the linear dynamic range of 0.1–50%
for horse and donkey meat. As a conclusion, proposed
EvaGreen q-PCR is a highly specific and sensitive
method for identification and quantification of
equine-originated meat.
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