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Introduction
Food fraud is a hot topic nowadays and is growing with 

each passing day. Developing countries highly suffer from 
the problem. Different types of food are adulterated across 
the world e.g. spices, cereals, fruits, milk, oil, ghee, bakery 
products, vegetables, honey, ϐish, honey, rice, and especially 
meat [1-3]. Meat is a vital part of human nutrition as it is rich 
in protein and other important components needed for the 
human body. Due to ever increasing demand for meat and 
decreasing meat availability rate of meat adulteration and 
substitution has been raised. Adulteration of meat has serious 
issues related to health, religion, ethics, and [4-6]. Pakistan is a 
Muslim-majority country that follows dietary rules according 
to Islam. Meat adulteration is a serious issue majorly affecting 
Muslims. Muslims eat halal meat only and meat from haram 
organisms e.g. pig, dog, donkey, cat, etc. is prohibited in 
Islam [7]. These organisms also are potential carriers of 
different zoonotic diseases [8]. This issue has created a red 
alert for Muslims and authenticity and identiϐication of food 
ingredients become necessary before food consumption [9]. 

Meat when sold fresh can be identiϐied and differentiated 
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Meat species identifi cation has become essential with the increasing events of frauds like 
the illegal slaughter of cows, meat adulteration, and substitution. Food scam directly infl uences 
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are used for identifi cation purposes. The mitochondrial gene cytochrome b has been used in this 
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extracted by the phenol-chloroform method. Ratios were made from 1-10 and extracted DNA 
was subjected to PCR to amplify the target fragment of the cyt b gene. Primers were sensitive to 
identifying species origin in all meat ratios. Multiplex PCR was designed to identify both species 
and the results were analyzed by gel electrophoresis. Fragment size of 309bp for cow and 475bp 
for donkey was observed.

Results of the current study conclude that PCR assays, including multiplex PCR, is effi  cient 
and has a high sensitivity for even small amount of meat. It is concluded that multiplex PCR is 
useful and reliable for adulterated meat detection.

easily, however, cooked, processed, and minced meat cannot 
be differentiated in the ϐinal product so the rate of adulteration 
is also high [10]. Cases of meat adulteration are increasing 
with time and it is now necessary to solve this problem and 
protect consumers and producers from falling into this trap 
of meat adulteration. As Pakistan is a Muslim country, its 
citizens also need certiϐication of the product they consume. 
The components utilized in food cannot be distinguished & 
discriminated by simple visual inspection, hence sophisticated 
molecular procedures are needed [11,12].

Different methods and analytical research have been done 
to identify meat origin and to investigate food adulteration. 
Methods to detect meat adulteration are often based on 
physical, chemical, biological, and other factors. Often for food 
detection, two types of methods are used (a) protein-based 
and (b) DNA-based [13,14].

Protein-based methods include electrophoretic assay, 
sodium lauryl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) [14,15], immunological techniques [16], 
immunosorbent assay [17,18], chromatographic techniques 
[19] and mass spectrometry techniques. While DNA-based 
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techniques include polymerase chain reaction (PCR) and real-
time PCR (RT-PCR) [16].

Despite various advantages, protein analysis has certain 
limitations. Although protein-based methods are effective in 
fresh meat analysis protein denatures easily by salts, heat, and 
pressure and thus has low effectiveness in highly processed 
food [10]. Thermally treated products have denatured protein 
which causes hindrances in protein analysis. Immunoassay 
analysis is based on antibodies against different proteins 
while cross-reaction occurs among different species  [9]. 
These limitations lead us toward DNA analysis. DNA is a stable 
molecule and is abundantly present as compared to proteins. 
DNA is identically present in each cell of the organism, so any 
part of the organism can be used as a source. These properties 
make DNA a good source for different identiϐication processes. 
The degeneracy of DNA is a plus point for the identiϐication 
and discrimination of species by DNA analysis [12].

DNA-based techniques include polymerase chain reaction 
(PCR) and DNA hybridization. DNA hybridization is a process 
of hybridization of labeled DNA probes with DNA of the source 
linked covalently to a membrane. This is identiϐied by different 
detection techniques such as DNA microarray and real-time 
PCR [20,21]. 

PCR is preferable over other techniques because of its 
certain properties i.e. speciϐic, sensitive, less time-consuming, 
and easily employed compared to other techniques [22]. 
There are 2 types of DNA targets used in PCR chromosomal 
DNA and mitochondrial DNA. These both are present inside 
the cell. Mitochondrial DNA (mt-DNA) is in majority as 
compared to chromosomal DNA and mostly specie speciϐic 
identiϐication methods are concerned with it as it contains 
marker genes that help in the identiϐication of organisms  [23]. 
Mt DNA is abundant and has a high copy number in contrast 
to nuclear DNA because each mitochondrion has 2-10 Mt DNA 
present in it. Mitochondrion presence in each cell is ample 
almost 1000 mitochondrion per cell therefore it is very useful 
for processed meat analysis and short sample size [23,24]. 
Its evolution rate is also high which helps in distinguishing 
closely related organisms also [24,25]. Cytochrome b gene 
is a mitochondrial gene used as a marker for identiϐication 
purposes [26]. Its interspeciϐic and intraspeciϐic variations 
help in the identiϐication of the organism and also discriminate 
closely related organisms [27].

Our study has been undertaken for the identiϐication of 
raw meat using the mitochondrial gene i.e. cyt b gene. This is 
due to the increase in meat fraud in Pakistan.

Materials and methods
In the current study, we collected the Cow meat sample 

from an authentic slaughterhouse while donkey meat was 
collected from the University of Veterinary & Animal sciences 
UVAS Lahore. Meat samples were stored at -20 °C till further 
processing.

DNA extraction

Genomic including mitochondrial was isolated from meat 
samples by using the CTAB method with slight modiϐication. 
Meat samples from both species with various binary ratios 
(1:0, 1:1,1:2, 1:4, 1:6, 1:8,1:10, 1:50, and 1:100) were 
minced and used as starting material for DNA isolation. 
Approximately 250 mg of minced meat was transferred to the 
micro-centrifuge tube. The lysis buffer (400 μl) lysis buffer 
and protein K (10 μl) was added to the tube and incubated 
at 56 °C overnight. Phenol Chloroform and isoamyl alcohol 
(PCI) with a 25:24:1 ratio were added to the tube and brieϐly 
vortexed followed by centrifugation at 1000rpm for ϐive min. 
The upper layer containing the aqueous phase was transferred 
to the new tube. Pre-chilled ethanol was added and the tube 
was kept at -20 °C for 15 minutes. The tube was centrifuged 
and the DNA pellet was washed with 70% ethanol two times. 
The DNA pellet was dissolved in IX TE buffer. The quality of 
DNA was evaluated by 1% Agarose gel electrophoresis and 
the concentration of DA was estimated photometrically. DNA 
samples were stored at -20 oC till further processed.

Specie-speciϐic primers of the mitochondrial cyt b gene 
were designed for DNA ampliϐication by using Primer3. Two 
different speciϐic primer pairs were designed (Table 1). 
Features and speciϐicity of designed primers were checked 
by Primer-BLAST NCBI. The synthesized primers were 
lyophilized to 100 pmole in IX TE buffer. 

The targeted region of both species was ampliϐied by PCR. 
The primer’s optimum annealing temperature was done by 
using gradient PCR and it was noted that both sets of primers 
were best annealed at 60 oC. For ampliϐication, 07 μL PCR 
Master mix (2X) (Thermo Fisher Scientiϐic) containing Taq 
DNA polymerase (0.05 U/μL), 4 mM MgCl2, 0.4 mM of each 
dNTP and reaction buffer, 1.0 μL each of forward and reverse 
primer, forward and reverse primers with 10 pmole, genomic 
DNA (50 ng) were into the PCR tube and total volume was 
adjusted to 15 μL with nuclease-free water. The temperature 
conditions; initial denaturation at 95 °C for 5min followed by 
30 cycles of 95 °C for 0:45s, 60 °C for 0:45s, 72 °C for 1 min, 
and ϐinal extension for 10 min at 72 °C and inϐinite at 8 °C 
(Figure 1). 

The ampliϐied products were evaluated by using 2% 
agarose gel electrophoreses.

Multiplex PCR was designed for both species cow and 
donkey in a single tube containing the accurate amount of 
primers and DNA. Multiplex PCR was applied on different 

Table 1: Primer sequences of Cytochrome b gene.
Organism 

Names Primers Sequences No of 
Bases.

Product 
length 

COW
F1 TACTATTCGCACCCGACCTC 20

309bp 
R1 GGTGTTCGACTGGTTGTCCT 20

DONKEY
F2 ATCAGCAATCCCCTACATCG 20

475bp
R2 GTGTAGGGTGGGGATGAGT 19
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with the Hot-start master mixture buffer and Taq polymerase 
of ThermoFisher USA. Donkey and cow ratios were ampliϐied 
separately with individual primers respectively. The 
ampliϐication of the targeted mitochondrial cyt b gene from 
the cow meat sample represents the PCR band of 309 bp 
(Figures 3,4).

Multiplex PCR

Multiplex PCR for the targeted cyt b gene was subjected 
to different binary ratios of cow and donkey to detect the 
sensitivity level of PCR. Multiplex PCR successfully detected 
both species in the meat mixture. In all 1-10 ratios of both 
species, results were positive. 

binary ratios to check the sensitivity level land detection limit. 
The aim was to identify both organisms in a single reaction. 
This is helpful for the detection of meat adulteration in the 
meat mixture. 

Results
Genomic DNA extraction

DNA was extracted from both cow and donkey with meat 
ratios including; 1:0, 1:1,1:2, 1:4, 1:6, 1:8,1:10, 1:50, and 1:100. 
DNA was also extracted separately from both species for the 
evaluation of the sensitivity level. The isolated DNA from both 
species was evaluated by Agarose gel electrophoresis. DNA 
isolated from the species-speciϐic meat sample is visualized as 
intact DNA bands (Figure 2A) while DNA extracted from the 
mixed meat samples of both species with the binary ratio is 
shown in the smear as well as the intact band (Figure 2B). 

Amplifi ed product gel estimation

DNA ampliϐication through PCR was optimized to get the 
best bands of the desired products. Different conditions were 
changed i.e. annealing temperature, the concentration of Taq 
polymerase, primers concentration, and the master mixture 
was changed. The best results were obtained at 60 oC along 

 

Figure 2: Isolated DNA visualization on Agarose gel. Figure A illustrate the DNA 
extracted from both species. Sample C1-C5 represents the DNA isolated from cow 
meat while D1-D4 represents the sample from donkey meat. Figure B represents 
the DNA isolated from minced meat samples with binary ratios of both species. 
Lane 1-4 represents Cow: Donkey mixed DNA sample with 1:5, 1:10, 1:10, and 
1:0 ratio. Lane 5-9 represents Donkey: Cow mixed DNA sample with 1:0, 1:5, 1:10, 
1:50, and 1:100 ratio.

Figure 3: PCR product of mitochondrial cyt b gene of cow meat ratios. Checking 
sensitivity of cow primers in the binary ratio of cow: donkey. Lane 1 contains a 100bp 
standard ladder and lane 2-10 represents PCR products of samples having the ratio 
1:0, 1:1,1:2, 1:4, 1:6, 1:8,1:10, 1:50, and 1:100 of Cow: Donkey respectively.

Figure 4: PCR amplifi ed product of cyt b gene of the donkey and diff erent donkey: 
cow ratios. Lane 1 has a 100bp standard ladder, lane 2 has donkey lanes 3-11 
represent DNA bands of a mixed donkey: cow samples with 1:0, 1:1,1:2, 1:4, 1:6, 
1:8,1:10, 1:50, and 1:100 ratio respectively.

Figure 5: Multiplex PCR for the targeted cyt b amplifi cation of cow and donkey. DNA 
bands of 309 and 475 were obtained from the cow and donkey samples respectively.

Figure 1: Graphical representation of PCR cycling condition.
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It is concluded that this study was helpful in the 
identiϐication of meat adulteration in meat mixtures by simple 
and multiplex PCR. Even a small amount of DNA was detected 
by PCR and it takes less time and shows authentic results. The 
results of this study are positive.

This was a small-scale study based on a small amount of 
sample. Results can ϐluctuate based on a commercial level, 
so this should also be checked on a large scale with a large 
number of samples.
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