European Food Research and Technology (2021) 247:2183-2192
https://doi.org/10.1007/500217-021-03778-y

ORIGINAL PAPER

=

Check for
updates

PCR-RFLP and species-specific PCR efficiency for the identification
of adulteries in meat and meat products

Héla Gargouri' - Nizar Moalla? - Hassen Hadj Kacem?

Received: 17 February 2021 / Revised: 9 May 2021 / Accepted: 15 May 2021 / Published online: 26 May 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract

The traceability of meat origin has become a necessity to safeguard consumer’s confidence in commercial meat products. Our
study recommends a meat species detection using qualitative approach based on PCR-RFLP and species-specific primers
PCR. Here, we targeted a 359 bp fragment of the mitochondrial cytochrome b gene amplified by PCR using universal primers
followed by three enzymatic digestions. Seven animal species including dromedary, rabbit, goat, turkey, rat, donkey and pork,
have been efficiently detected in pure and mixed samples. The combination of PCR-RFLP and triplex PCR assays offers,
in addition, the identification of chicken, dog and cat species in meat. In conclusion, by the mean of PCR-based techniques
using universal primers followed by enzymatic digestion and multiplex primer-specific approach, we developed an extensible
protocol by which we identified 10 animal species that could be integrated in meat analysis daily routine.
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Abbreviations

DNA Deoxyribonucleic acid

mtDNA Mitochondrial deoxyribonucleic acid

MSA Multiple sequence alignment

PCR Polymerase chain reaction

PCR-RFLP Restriction fragment length polymorphism
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PCR-SSCP  Single-strand conformation polymorphism
polymerase chain reaction

EDTA Ethylenediaminetetraacetic acid

D-loop Displacement loop

MgCl, Magnesium chloride

dNTP Deoxynucleotide

DMSO Dimethyl sulfoxide

Cytb Cytochrome b

CaSSR Cat species-specific region
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Introduction

Meat adulteration, with other meat of inexpensive or objec-
tionable species, has become a frequent practice in both
developing and developed countries [1-3]. Beyond posing
a health risk to people including metabolic disorders, espe-
cially for dyslipidemia patients [4] or allergies, which mainly
affected atopic persons [5], meat impurities may lead to reli-
gious apprehensions and financial gain [6-8]. For instance,
in 2013, the horse meat scandal in Europe has aroused global
attention of meat adulteration [9]. In fact, adulterated horse
meat [10, 11] and halal beef burgers adulterated with pork
were discovered in some European countries. Similarly, in
the same year, 37% of horse DNA and 85% of pork DNA
were found by Irish authorities in beef burgers, ground
beef products and sausages [12]. Comparable phenomena
have been widely reported in many places in China, such as
wholesale markets, village fairs and even some supermarkets
[13]. Recently, in 2017 and 2019, based on social media and
electronic newspapers, undeclared donkey and cat meat were
used as a raw material for making cooked sausage ‘Sausage
and "Chawarma" in Tunisia (supplementary Material S4).
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The drastic consequences on the meat industry high-
lighted the urgent necessity to control the products qual-
ity and to point out the complexity of both supply and pro-
cessing circuits. Due to the expansion of this problem, the
authentic testing meat and meat products, is deemed crucial
to avoid unfair market competition and to protect consum-
ers from fraudulent practices of meat adulteration [14, 15].
The adoption of authentication methods by the food meat-
control laboratories is becoming a priority issue. However,
in some developing countries, the number of food tests is
still insignificant although a variety of processed and tradi-
tion meat products are widely consumed (e.g. “Sausage”,
“merguez”, “kebab”, “kofta” and “hamburgers”, etc.). Little
attention has been paid to provide an easy, fast, reproduc-
ible and low-cost molecular test, which could be conducted
in basic laboratory. In the meat industry, there is a need to
implement such protocol for food authentication to encour-
age analysis of processed meat in daily routines [16]. In this
line, technologies for identifying meat contamination have
been investigated and key approaches for accurately detect-
ing have been developed. Several investigated techniques,
primarily relying on protein and DNA analysis, have been
proposed to identify meat species in composite mixtures
so far [4]. Based on DNA and protein, numerous assays
have been widely used for the identification of meat spe-
cies [17, 18]. Compared to protein, DNA is a remarkably
stable molecule, which can be extracted from many different
types of samples [19]. Indeed, techniques using DNA as a
template are cutting-edge tools to check the corruption and
the authenticity of the products [20]. Mitochondrial DNA
(mtDNA) is often favored as a genetic marker over nuclear
DNA for species identification. In fact, the recognition of
mtDNA is easier in highly processed and degraded tissue as
its stability is higher than the genomic DNA [21]. Moreover,
the mtDNA is distributed in all the tissues with multiple
copies per cell. Thus, its sequences are preferential for DNA
barcoding in goat, sheep, deer, buffalo, cattle, yak, pig, and
camel species identification [22].

On the other hand, multiple methods based on polymerase
chain reaction (PCR) have been proposed to identify the dif-
ferent species composing the meat products ranging from
DNA hybridization to detect chicken, turkey, pork, horse,
sheep and beef [23], conventional polymerase chain reaction
(PCR) to reveal the presence of pork, horse, beef, chicken,
turkey and goat [24], species-specific PCR, multiplex PCR
to identify beef and sheep [25, 26], Droplet digital PCR to
detect the contaminant pork, horse and chicken species [27],
PCR-RFLP to detect cattle, sheep, pork, chicken, donkey
and horse [28], PCR-SSCP to identify pork [29, 30] to PCR
sequencing [29-31].

In recent years, universal primer and species-specific
primers PCRs have been used and further developed for ani-
mal species identification. This choice is due to their high
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specificity and sensitivity, as well as rapid processing time
and low cost [16, 32].

Based on the last assumptions, this study aimed to set up
a primary test for the identification of ten animal species
based on mitochondrial D-loop [33] and cytochrome b gene
[34]. This can be achieved through the use of a PCR-RFLP
and a species-specific PCR as potential screening test meth-
ods to promote their adoption as a routine procedure.

Materials and methods
Biological samples collection
Fresh blood samples

Fifty-six animals’ peripheral blood was collected from dog,
cat, chicken, goat, dromedary, rat, pig, rabbit, donkey, and
turkey species from 2013 till 2015. Characteristics of all
included DNA samples are detailed in supplementary mate-
rials (Table S1).

Fresh and processed meat samples

Samples from six commercialized turkey ‘Sausage brands
were purchased from local suppliers Sfax-Tunisia (N:
34.4426°, E: 10.4537°) and stored at — 20 °C. The manu-
facture and expiry dates as well as the batch numbers were
recorded for each sample. Authentic fresh meat samples
from chickens and turkey were collected as mentioned in
Table S1. To obtain a homogeneous paste, 50 mg of raw and
processed meat samples were blended using a vibromill MM
400 (Retsch, France).

DNA extraction

DNA was extracted from blood collected in EDTA-contain-
ing vacutainer (BD, USA) and from raw and processed meat
using, respectively, a modified phenol-chloroform protocol
as described by Kawazaki [35] and the phenol—chloroform
protocol adopted by Gargouri and HadjKacem [16].

PCR optimization for animal species DNA amplification

Universal primer and species-specific primers specificity

In silico study mtDNA sequences of 45 species were
selected from the RefSeq database of the NCBI Website
(Table S2) and for the multiple sequence alignment (MSA),
Clustal W (http:/www.ebi.ac.uk/clustalw/) was used.
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In vitro study For PCR amplification, three species-specific
and one universal pairs of primers designed by Abdulmaw-
jood et al. [36], Mane et al. [33] and Kocher et al. [34] for
the mitochondrial cytochrome b and D-loop (Table 1) were
used. Species-specific primers were tested for inter and
intraspecific discrimination.

PCR amplifications were carried out using the same pro-
tocol and the same reagents. All reactions were conducted
using DNA extracted from blood in a final volume of 50 ul
containing 200 ng of genomic DNA, 2 mmol/l MgCl,,
0.2 mmol/l dNTP, 0.10 umol/I of each primer, 1 X reaction
buffer (Thermoscientific, Waltham, USA), and 1 U of Taq
DNA polymerase (Thermoscientific, Waltham, Massachu-
setts, USA) [16]. PCR was conducted for 38 cycles follow-
ing the conditions of 94 °C for 30 s, 60 °C for 30 s and
72 °C extension for 30 s, with an initial denaturation step at
94 °C for 4 min. Whether using universal or species-specific
primers, the first operation was a PCR amplification handled
with an individual DNA sample [16]. The second step was
carrying out a PCR amplification using different mixtures
of animal DNA samples in the same proportion (Table S3).

Multiplex PCR amplification using species-specific primers

DNA amplifications were performed in a final volume
of 50 ul containing 200 ng of DNA, 4 mmol/l MgCl,,
0.4 mmol/l dNTP, 0.2 umol/l of each primer, 4 U Gotaq
polymerase (Promega), reaction buffer 10X and 1 ul DMSO.
The PCRs amplifications were conducted with the follow-
ing cycling conditions: an initial denaturation step at 95 °C
for 5 min, 40 cycles of denaturation at 95 °C for 45 s, anneal-

City, CA, USA) according to the manufacturer’s instructions
(ABI 3100-4 Genetic Analyser, Applied Biosystems). The
electropherograms were analyzed by the BioEdit software
(Ibis Biosciences, Carlsbad, CA, USA).

Restriction fragment length polymorphism (RFLP) analysis

PCR products of the 359 bp cytochrome b gene from differ-
ent animal DNA were sequenced. Amplicons and RefSeq
sequences restriction maps were established and compared
using NEBcutter web server (data not shown). The relevant
restriction profiles were selected according to the following
conditions; 1-minimize the number of enzymes and diges-
tion reactions, 2- avoid the sites of heteroplasmy and 3-iden-
tification of a specific profile for each species considering all
selected enzymes. Under the above conditions, three restric-
tion enzymes were selected— Sspl, Taal and BsmAI (Fer-
mentas, EU) (Table 2). The PCR-RFLP was first performed
with an individual DNA sample and then using different
mixtures of animal DNA samples at the same proportion
(Table S3). Fragments amplified from 10 animal species
were digested with the three selected restriction enzymes
as recommended by the supplier for optimal reaction condi-
tions. Digestion reactions were incubated overnight at 37 °C.

Table 2 Restriction fragment length polymorphism (PCR-RFLP) of
359 bp fragments of the cytochrome b gene from ten Tunisian animal
species

Species BsmAI Taal Sspl

ing at 58 °C for 30 s and extension at 72 °C for 45 s. A final Dromedary ?59 5 298+61 35912204139
extension step at 72 °C for 5 min was added. Goat 97+16 359 359
Rabbit 359 359 259+ 100
PCR products purification and sequencing Chicken 339 359 339
Turkey 359 158 +201 359
PCR products were purified with enzymatic treatment using Dog 339272+ 87 359 ) | 359/§ZO+ 139
10 U of Exonuclease I (Thermoscientific, EU) and then Cat . 3159 162272 339/298+6 359/2§9+ 00
sequenced by automated DNA sequencing analysis with Donkey (197+162)/272+87) 359 359220 +139
. . . . Rat 197+162 359 220+ 139
fluorescence-labeledideoxy terminators (Big Dye Termina- Pork 259 259 2204 139
tor V3.1 Cycle Sequencing Kits, Applied Biosystems, Foster or *
Table 1 Primer sequences of the universal and species-specific primers
Species Primers sequences Amplicon (bp) Gene region References
Cat CaSSR-F: CTCATTCATCGATCTACCCA 672 Cytochrome b [36]
CaSSR-R:GTGAGTGTTAAAACTAGTACTAGAAGA
Dog DoSSR-F: GGAGTATGCTTGATTCTACAG 808 Cytochrome b [36]
DoSSR-R: AGAAGTGGAATGAATGCC
Chicken D-loop-F: CTCCCCATAGACAGCTCCAAAC 442 D-loop [33]
D-loop-R: CCCCAAAAAGAGAAGGAACCAA
Universal primers CYT bl F: CCATCCAACATTCAGCATGATGAAA 358 Cytochrome b [34]

CYT b2 R: GCCCCTCAGAATGATATTTGTCCTCA
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The digestion products were then loaded on 3% Agarose gel
with a suitable DNA ladder (Catalog Number: 15,628,019;
ThermoFisher Scientific).

Synthesis mixture preparation

Experimental synthesis mixtures were prepared using the
same DNA mixture proportion. Species’ compositions of
each mixture are mentioned in Table S3. M1, M2 and M3
were amplified by PCR using universal primers and digested
with BsmAl, Sspl, and Taal, respectively. M1, M2, M3 and
M4 were also prepared and amplified by species-specific
primers PCR using D-loop, CaSSR and DoSSR pair of spe-
cific primers. The amount of DNA extracted from blood and
used in both PCR-RFLP and in triplex PCR was 30 ng of

Experimental procedure assessment on standard
commercial samples

To identify the animal species in processed meat (Fig. 1),
DNA was extracted first from turkey Sausage using the
phenol—chloroform protocol, as described by Gargouri and
HadjKacem [16]. Then, the extracted DNA was ampli-
fied using a universal and species-specific set of primers.
The digestion of the 359 bp PCR fragment was done with
a single digest enzyme according to the manufacturer’s
instructions. PCR triplex was also carried out using the
three species-specific primers. PCR products were puri-
fied, and both cytochrome b and D-loop fragments were
directly sequenced as previously mentioned.

each DNA sample.

Reported as Universal primer

Multiple Alignement of the Forward sequence

equus.asinus
equus.caballus
Canis.Lupus.familiaries
Canis.lupus.lupus
Canis.lupus.laniger
Canis.lupus.chanco
Canis.Latrans
Vulpesvulpes
Oryctolagus.cuniculus
Feliz.catus

Sus.Scrofa
Sus.scrofa.taiwanensis
Sus.scrofa.Domestica
Gazella Cuvieri
Gazella Leptoceros
Gazella Bennetti
Gazella Subgutturosais
Gazella Gazella
Gazella erlangeri
Gazella Spekei

Gazella Dorcas

Capra hircus

Capra falconeri

Capra caucasica

Capra pyrenaica

Capra ibex

Capra nubiana

Capra sibiricas

Ovies aries
Bos.primigenuis
Bos.indicus

Camelus. ferus
Camelus.bactrianus
Camelus.dromedaruis
Mus.musculus.castaneus
Mus.domesticus
Rattus.exulans
Rattus.rattus
Rattus.norvegicus
Rattus.norvegicus wistar
Cavia porcellus
Trichosurus.vulpecula
Gallus.gallus
meleagris.gallopavo
Struthio

Fig. 1 Multiple Alignment of 24 mitochondrial genomes from 24 animals’ species. Analysis indicates a similar forward and reverse sequence

between all animals’ species
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CCCTCAAACATTTCATCATGATGAAA
CCCTCAAACATTTCATCATGATGAAA
CCGTCTAACATCTCTGCTTGATGGAA
CCGTCTAACATCTCTGCTTGATGGAA
CCATCTAACATCTCCGCTTGATGAAA
CCATCTAACATCTCCGCTTGATGARA
CCATCTAACATCTCTGCTTGATGGAA
CCATCAAATATTTCTGCCTGATGGAA
CCATCAAACATCTCTGCCTGATGAAA
CCATCTAACATCTCAGCATGATGAAA
CCCTCAAACATCTCATCATGATGAAA
CCCTCAAACATCTCATCATGATGAAA
CCCTCAAACATCTCATCATGATGAAA
CCATCARATATCTCATCATGATGARA
CCATCAAATATCTCATCATGATGAAA
CCATCAAATATCTCATCATGATGAAA
CCATCAAATATCTCATCGTGATGAAA
CCATCGAATATCTCATCATGATGGAA
CCATCAAATATCTCATCATGATGGAA
CCATCAAATATCTCATCATGATGGAA
CCATCAAATATCTCATCATGATGGAA
CCATCAAACATCTCATCATGATGAAA
CCATCAAATATCTCATCATGATGAAA
CCATCAAATATCTCATCATGATGAAA
CCACCAAACATCTCATCATGATGAAA
CCACCAAATATCTCATCATGATGAAA
CCACCTAACATCTCATCATGATGAAA
CCATCAAACATCTCATCATGATGAAA
CCATCAAATATTTCATCATGATGAAA
CCATCAAACATTTCATCATGATGAAA
CCATCAAACATTTCATCATGATGGAA
CCCTCCAATATCTCATCATGATGAAA
CCCTCCRATATCTCATCATGATGAAA
CCCTCCAATATTTCATCATGATGAAA
CCATCCAACATTTCATCATGATGAAA
CCATCCAACATTTCATCATGATGAAA
CCATCCAACATCTCATCATGATGAAA
CCATCCAACATCTCATCATGATGAAA
CCATCTAACATCTCATCATGATGAAA
CCATCTAACATCTCATCATGATGAAA
CCATCCAGCATTTCAACGTGATGAAA
CCATCCAACATCTCTGCCTGATGAAA
CCATCCAACATCTCTGCTTGATGAAA
CCATCCAACATCTCCGCTTGATGAAA
CCCTCARACATCTCTGCTTGATGAAA

Multiple Alignement of the Reverse sequence

equus.asinus
equus.caballus
Canis.Lupus.familiaries
Canis.lupus.lupus
Canis.lupus.laniger
Canis.lupus.chanco
Canis.Latrans
Vulpesvulpes
Oryctolagus.cuniculus
Feliz.catus

Sus.Scrofa
Sus.scrofa.taiwanensis
Sus.scrofa.Domestica
Gazella Cuvieri
Gazella Leptoceros
Gazella Bennetti
Gazella Subgutturosais
Gazella Gazella
Gazella erlangeri
Gazella Spekei

Gazella Dorcas

Capra hircus

Capra falconeri

Capra caucasica

Capra pyrenaica

Capra ibex

Capra nubiana

Capra sibiricas

Ovies aries
Bos.primigenuis
Bos.indicus

Camelus. ferus
Camelus.bactrianus
Camelus.dromedaruis
Mus .musculus.castaneus
Mus.domesticus
Rattus.exulans
Rattus.rattus
Rattus.norvegicus
Rattus.norvegicus wistar
Cavia porcellus
Trichosurus.vulpecula
Gallus.gallus
meleagris.gallopavo
Struthio

TGAGGACAAATATCCTTCTGAGGAGC
TGAGGCCAAATATCCTTTTGAGGAGC
TGAGGACAAATATCATTTTGAGGAGC
TGAGGACAAATATCATTTTGAGGGGC
TGAGGACAAATATCATTTTGAGGGGC
TGAGGACAAATATCATTTTGAGGGGC
TGAGGACAAATATCATTTTGAGGAGC
TGAGGACAAATATCATTCTGAGGGGC
TGAGGACAAATATCATTTTGGGGAGC
TGAGGCCAAATGTCCTTCTGAGGAGC
TGAGGACAAATATCATTCTGAGGAGC
TGAGGACAAATATCATTCTGAGGAGC
TGAGGACAAATATCATTCTGAGGAGC
TGAGGACAAATATCCTTTTGAGGAGC
TGAGGACAAATATCCTTTTGAGGAGC
TGAGGACAAATATCCTTTTGAGGAGC
TGAGGACAAATATCTTTTTGAGGAGC
TGAGGACAAATATCTTTCTGAGGAGC
TGAGGACAAATATCTTTCTGAGGAGC
TGAGGACAAATATCTTTTTGAGGAGC
TGAGGACAAATATCTTTCTGAGGAGC
TGAGGACAAATATCATTTTGAGGGGC
TGAGGACAAATATCATTCTGAGGGGC
TGAGGACAAATATCATTCTGAGGGGC
TGAGGACAAATATCATTCTGAGGGGC
TGAGGACAAATATCATTCTGAGGGGC
TGAGGACAGATATCATTCTGAGGGGC
TGAGGACAGATGTCATTCTGAGGGGC
TGAGGACAAATATCATTCTGAGGAGC
TGAGGACAAATATCATTCTGAGGAGC
TGAGGACAAATATCATTCTGAGGAGC
TGAGGACAGATATCATTCTGAGGAGC
TGAGGACAGATATCATTCTGGGGAGC
TGAGGACAGATATCATTCTGAGGAGC
TGAGGACAAATATCATTCTGAGGCGC
TGAGGACAAATATCATTCTGAGGTGC
TGAGGACAGATATCATTCTGAGGAGC
TGAGGACAAATATCATTCTGAGGGGC
TGAGGACAAATATCATTCTGAGGAGC
TGAGGACAAATATCATTCTGAGGAGC
TGGGGTCAAATATCCTTTTGAGGTGC
TGAGGACAAATATCATTCTGAGGAGC
TGGGGCCAAATATCATTCTGAGGGGC
TGGGGACAAATATCATTCTGAGGGGC
TGAGGACAAATATCATTCTGGGGCGC
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Results
Universal and species-specific primers specificity

Multiple sequence alignments were investigated to con-
firm the primer pairs’ specificities. A universal primer and
three sets of chicken, cat, and dog species-specific primers
were selected from the literature (Table 1) and tested in
silico and in vitro using DNA extracted from fresh blood
to check its specificity/sensitivity for the detection of ani-
mal species.

In silico study

CYT bl and CYT b2 pair of primers, amplifying the 359 bp
region of the mitochondrial cytochrome b gene, were
screened for their specificity. The results of the MSA of
the CYT b target regions using 24 mitochondrial genomes
showed the presence of highly conserved sequences flanking
the discrimination variable region (Fig. 1 and supplementary
data Table S2). Our findings were coherent with several pre-
vious reports defining CYT bl and CYT b2 sequences as a
PCR universal primer [37—41].

The specificity of the CaSSR, DoSSR and D-loop pairs
of primers corresponding to the three species of interest
(chicken, cat, and dog) was investigated. These pairs of
primers cover the 442 bp D-loop, the 672 bp and the 808 bp
cytochrome b regions. The MSA of the mentioned regions
using 45 different animal species sequences was exclusively
matched with the chicken, the cat and the dog, respectively.

In vitro study

To assess the specificities of the CaSSR, DoSSR and D-loop
species-specific primers, individual PCRs were performed
using mitochondrial DNAs of Tunisian animal including
dog, cat, goat, chicken, turkey, rabbit, rat, camel, donkey,
and pork. As shown in Fig. 3, the expected specific ampli-
cons are obtained only with cat, dog and chicken DNA tem-
plate. Additionally, no cross-reactivities have been observed
with all remaining animal DNA. Afterwards, the generated
PCR amplicons were purified and sequenced. Blast analysis
indicated that the sizes and sequences of all the PCR prod-
ucts correspond exactly to the expected amplicons (Fig. 3).

A specific 672 bp amplicon was generated and sequenced
using the DNA of a Tunisian cat as a template (Fig. 3a). The
sequence alignment showed 100% of identity with sequences
of cats from different origins; Portugal (NCBI/Nucleotide
accession number: EF689045), Mexico (NCBI/Nucleotide
accession number: FJ160761) and the USA (NCBI/Nucleo-
tide accession number: KP202275)).

DoSSR, the second used pair of primers, was reported
to be the dog mitochondrial genome-specific amplifying
808 bp fragment (Fig. 3b). The sequence alignment revealed
a 100% identity between the UK dog (NCBI/Nucleotide
accession number: KU291088, KU291086), the Tunisian
dog, and the Spain wolf (NCBI/Nucleotide accession num-
ber: KU696399).

The D-loop set of primers, previously designed by
Mane et al. [33], was also tested to detect chicken meat.
As expected, a fragment of 442 bp from D-loop region was
generated using Tunisian chicken DNA.

DNA amplification and PCR-RFLP analysis

The PCR-RFLP technique has been widely applied as a
valuable DNA fingerprint analysis for the identification of
animal species, especially in food products [42—44]. This
method is based on the digestion of the Cyt b region on
specific recognition sites using specific restriction endonu-
cleases (RE).

Universal primers were used to amplify the cytochrome
gene region of 359 bp of the ten investigated species. Then,
three different restriction enzymes (BsmAl, Taal, and Sspl)
were selected from the restriction map to distinguish the
different species.

The in silico digestion results of the amplicons (Table 2)
and the agarose gel electrophoresis profile (Fig. 2) demon-
strated that all PCR products were digested at least by one
restriction enzyme and, thereby, gave rise to a unique pattern
for all animal species, except the chicken amplicon. Thus,
PCR-RFLP analysis was not suitable to identify chicken
DNA, due to the absence of a restriction site of the applied
RE. In addition, the presence of intact fragments (359 bp)
in the restriction products using cat and dog mtDNA, sug-
gested a mitochondrial heteroplasmy confirmed by direct
sequencing.

Triplex PCR amplification analysis using
species-specific primers

As previously mentioned, the PCR-RFLP was not a suitable
technique for the identification of DNA extracted from meat
products, due to the possibility of the presence of more than
one DNA species in the sample. The PCR-RFLP method
was combined with a triplex PCR using species-specific
primers. Two targeted mtDNA regions are simultaneously
amplified— D-loop and cytochrome b. Figure 3f showed
that three specific fragments, corresponding to the expected
sizes of 442 bp, 674 bp, and 808 bp, were generated. As a
consequence, it was concluded that Triplex PCR might allow
the identification and differentiation of three animal species.
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Fig.2 Agarose gel electrophoresis of amplified cytochrome b gene
following digestion with Taal (a), BsmAI (b), Sspl (c). a Lane 1:
turkey, Lane 2: dromedary, L: 100 bp Dna ladder (Catalog Number:
15,628,019; thermoFisher Scientific). b Lane 1: goat, Lane 2: don-

1 23 456 7 89101112 L

442 pb

674 pb
N

808 pb

Fig.3 PCR amplification results for chicken, cat and dog DNA using
a specific primer. a Determination of the specificity of the chicken
specific primer Lane 2: Chicken DNA, Lanes 3-12 represent goat,
rabbit, dog, cat, donkey, rat, turkey, pork, and dromedary DNA. b
Determination of the specificity of the cat specific primer Lane 2: cat
DNA, Lanes 3-12 represent goat, rabbit, dog, chicken, donkey, rat,
turkey, pork, and dromedary DNA. ¢ Determination of the specific-
ity of the dog specific primer Lane 2: dog DNA, Lanes 3—12 repre-
sent goat, rabbit, cat, chicken, donkey, rat, turkey, pork, and drom-
edary DNA. d Analysis of the chicken DNA race. Lane 2-5: arbor
acres + meat, Novogen White and Ross Cogs, arbor acros+blood d.

DNA mixtures analysis
The combination of PCR-RFLP and triplex PCR assays

was sufficient to distinguish separately all included spe-
cies in our investigation. These assays were further tested
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808 pb

key, Lane 3: rat, L: 100 bp Dna ladder (Catalog Number: 15,628,019;
thermoFisher Scientific). ¢ Lane 1: rabbit, Lane 2: rat, Lane 3: pork,
L: 100 bp Dna ladder (Catalog Number: 15,628,019; thermoFisher
Scientific)

12 3 451L 6 7 891011

674 pb
442pb

f

Analysis of the cat DNA race. Lane 7-11: different DNA cat samples.
e. Analysis of the dog DNA race. Lane 2- 10: American Pitt Bull Ter-
rier, German Shepherd dog, Rottweiler, Braque, Poodle Dog, Labra-
dor Retriever, Bichon Frise, and Stafford shire Bull Terrier. f Triplex
PCR amplification of the fragments corresponding to chicken, cat and
dog species. Lane 2, 4, 6: Separate PCR with specific primer Lane 2:
Chicken, Lane 4: Cat, Lane 6: Dog. Lane 8-9: Triplex PCR by com-
bining the 3 specific primers. Lane 1 and 12: negative control Lane
L: 100 bp Dna ladder (Catalog Number: 15,628,019; thermoFisher
Scientific)

to screen all ten targeted animal species in different DNA
mixtures (Supplementary data Table S3).

The PCR-RFLP was coupled with a single digestion
using each of the three restriction endonucleases (BsmAl,
Taal and Sspl) separately. PCR-RFLP analysis was applied
to mixed ratios of the seven animal species as listed in
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Table S3 (Supplementary data). Thus, 30 ng of DNA was
sufficient for the identification of the different animal species
applying PCR amplification and restriction enzyme diges-
tion on mixed samples.

The electrophoretic DNA pattern, presented in Fig. 4,
revealed the presence of different amplicon fragments for
every single species with the absence of any cross-reaction.
Furthermore, the multiplex PCR assay was successful in
detecting the amplicons of the cat, dog, and chicken in
the reaction. Hence, this assay enabled us to differentiate
between the three mentioned animal species and the other
ones using four different reaction mixtures, as mentioned in
Table S3 (Supplementary data).

Processed meat analysis

The effectiveness and the sensibility of the DNA identifi-
cation technique developed in the present study have been
evaluated for the identification of animal species in turkey
Sausage products. To obtain the characteristic of restriction
profiles, the 359 pb Cyt b region was digested by restriction
endonucleases. As shown in Fig. 4c, the quantity of DNA
isolated from turkey sausage was sufficient for the amplifi-
cation by PCR reaction. In addition, the PCR-RFLP results
demonstrated two fragments of length 158 and 201 bp
(Fig. 4c, lane 1), which resulted from Taal digestion of the
PCR products of Cyt b regions. However, no BsmAI nor
Sspl restriction sites were found in the DNA extracted from
turkey Sausage (Fig. 4c, lane 2 and 3). Furthermore, the
results from multiplex PCR analysis showed the presence

Fig.4 Agarose gel electrophoresis. a of the amplified fragment of the
cytochrome b gene in mixture M1 composed of DNA of dog, donkey,
rat and goat after digestion with BsmAI (L1) in mixture M2 composed
of DNA of rabbit, dog and cat, donkey, rat, pig after digestion with
SSPI (L2) in mixture M3 composed of DNA of dromedary, turkey
and cat after digestion with Taal (L3) L: 100 bp DNA Ladder (Invit-
rogen 100 bp DNA ladder, ref: 15,628,019; thermoFisher Scientific).
b of the product amplified by PCR of the mixture M1 composed by
the DNA of chicken, cat and dog using the specific primers of cat,
dog and chicken. L1: negative control, L2: the DNA mixture M2

of a specific chicken 442 bp band Fig. 4c, lane 5. To con-
firm this finding, all the electrophoretic bands were isolated
and sequenced. Sequencing results confirmed that the turkey
Sausage contained both turkey and undeclared chicken meat.

Discussion

Species identification of animals in meat products is an out-
standing topic claimed for economic, religious, and pub-
lic health purposes. It is an important issue to prevent and
detect frauds. Most typical approaches used to identify meat
have relied upon the identification of species DNA. There-
fore, highly sensitive and modern methods based on DNA
sequencing were described in the literature, particularly the
Next-Generation Sequencing (NGS) technique. NGS is a
non-target technique applied for meat species identification
[45, 46]. It is a fast and high-throughput technology and
could operate multiple sequencing samples in a single run.

However, due to its relatively high costs, PCR and its
derived methods have been commonly applied for meat
authentication [16, 32]. Among these methods, PCR-RFLP
is recognized as a highly discriminatory, reliable, and repro-
ducible method. PCR-RFLP of a mitochondrial cytochrome
b segment has been reported by Maede et al. [47]. Indeed,
PCR-RFLP amplification techniques targeting Cyt b gene
(359 pb) could be applied as a quick recognizing approach
for suspect raw and processed meat.

The discrimination pattern of the 359 bp Cyt b gene
has been reported in the literature. Bellagamba et al. [44]

p—
—=
==
pr—
P——
—

composed by dog, donkey, rat, goat, L3: the DNA mixture M3 com-
posed by rabbit, dog, cat, donkey, rat, pig, L4: the DNA mixture M4
composed by dromedary, turkey, cat, L: 100 bp DNA Ladder (cata-
log number: GM343/GM344; BioBasicInc). ¢ Tunisian turkey Sau-
sage amplified by cytochrome b pairs of primers after digestion with
Taal (L1), with SSPI (L2), with BsmAI (L3), negative control (L4),
Tunisian turkey Sausage amplified with specific primers of chicken,
cat and dog (L5), L: 100 bp DNA Ladder (catalog number: GM343/
GM344; BioBasiclnc)
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stated the use of the PCR—RFLP products of Cyt b for the
identification of species in meat and animal feed stuffs.
Bravi et al. [48] amplified a fragment of Cyt b to identify
meat of cattle, horse, donkey, pig, sheep, dog, cat, rabbit,
chicken, and human using universal primers and three
restriction enzymes (Alul, Haelll, and HinfT). Addition-
ally, the amplification of Cyt b gene (359 bp) followed
by its digestion with Taa I was carried out to differenti-
ate between cattle and buffalo meats [49]. Abdel-Rahman
et al. [39, 50] and Doosti et al. [28] reported the ability
to discriminate between donkey and horse species meat
using a single restriction enzyme (Alul). Ahmad et al.
[51] reported in their study the identification of buffalo,
cow, sheep, goat and chicken species with two restric-
tion enzymes (7Tas! and HinfI). In the present study,
the PCR-RFLP amplification of the 359 bp Cyt b and
its digestion using BsmAl, Taal, and Sspl, restriction
enzymes were developed for simultaneous identification
of seven species including donkey, pork, rat, turkey, drom-
edary, rabbit, and goat, reducing so the running cost of
the experiment and simplifying digestion protocols using
restriction enzymes working at the same conditions. The
selected enzymes have no restriction site on the generated
fragment using chicken DNA. In addition, intact copies
have been obtained using cat and dog DNA with Taal/
Sspl and BsmAlI/Sspl digestions, respectively (Table 2).
Therefore, to cover all included species in our work and to
reach the identification of 10 different species, a species-
specific primer mixture targeting cytochrome b (CaSSR
and DoSSR primers) and D-loop regions of mitochondrial
DNA was used for the identification of the cat, dog, and
chicken DNAs in meat products. The sensitivity of PCR
reaction using D-loop primers was tested previously on
turkey Sausage DNA mixed with 1, 2, 5 or 10% of chicken
DNA [16]. Direct sequencing confirmed that these sets of
primers presented no cross-reaction with other species.

This assay was also successfully applied for turkey
Sausage authentication [52, 53]. Contrary to their labe-
ling, triplex PCR-assay data revealed the presence of
chicken DNA in turkey Sausage samples. This finding
clearly indicates the presence of fraudulent substitution
of turkey meat by chicken products.

Regarding the overall results of species detection,
several inconsistencies with labeling can be pointed out,
namely the presence of undeclared chicken meats. The
triplex PCR results confirmed also the absence of dog
and cat meat.

Consequently, the combination of PCR-RFLP and tri-
plex-PCR assays was successfully developed as a suitable,
quick and reliable strategy for detection of adulteration
and identification of 10 animal species in daily routine.

@ Springer

Conclusion

The PCR-based methods with specific and predefined prim-
ers/probes showed during the last 30 years acceptable effi-
ciencies to characterize animal and plant species in food.
However, they displayed limited power with unknown food
composition. Nevertheless, using universal fragments, PCR
amplification followed by indirect (RFLP) or direct sequenc-
ing (Sanger) could reach higher efficiencies and the reduc-
tion of the running time and cost with the possibility of iden-
tification of fraudulently added species. The validation of the
authentication power of species of several small universal
genomic regions could be the rapid way to the extensive use
of the parallel DNA sequencing (amplicon-based NGS) in
food control.
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