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Abstract: Meat adulteration with different species has become a considerable
problem worldwide. It means that meat products contain undeclared meat
species; so, the meat ingredients are not consistent with the label. It has direct
impact on public health, religious faith, fair-trades and food safety standers.
This study focused on species adulteration detection in meat products by
applying accurate, slandered and fast techniques. Polymerase Chain Reaction
(PCR) technique and Raw Meat FlowThrough™ Test were performed as fast
techniques. Thirty samples of beef meat products (10 each of hawawshi,
sausage and burger) were subjected to analysis by PCR technique using specific
primers sets for equine, chicken and pig species on samples’ Deoxyribonucleic
Acid (DNA). The adulteration rates with equine were 10%, 10% and 30% in
hawawshi, sausage and beef burger samples, respectively. The adulteration
rates with chicken were 80%, 50% and 100% in hawawshi, sausages and beef
burger samples, respectively. While none of the examined samples was
contaminated with pork. Results showed that 80% of all examined samples
contained undeclared meat species. Out of the adulterated samples examined by
PCR technique, eight samples were reanalyzed by the onsite Raw Meat
FlowThrough™ Test which had taken only about 12 minutes to be performed.
It was an on-site test for qualitative determination of species by visual
inspection. The results confirmed those obtained by PCR technique by 100% in
case of detection of poultry species. While in case of detection of adulteration
by equine species, the FlowThrough™ Test gave negative results which
indicated that it had the ability to detect horse specie only but could not
detect other equine species as donkey and mule. This study suggests that
these methods of detection can be applied by quality control laboratories
and inspection services for fast and rapid determination of adulteration
with poultry products in different meat products, but the FlowThrough™
Test is horse specific inside the equine species and this could be limitation
to the test needs to improve it or beneficial points to differentiate between
horse and donkey meat adulation combining with other methods.
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Introduction

Meat species adulteration is a problem which violates
food labeling laws, constitutes economic fraud and raises
ethical, religious and food safety concern. It may occur
by substitution of low-priced or even banned meat
species for that high-priced one. Many meat products
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nowadays may contain several species in different
proportions mixed together and undetectable by the
naked eye or by eating (Zarringhabaie et al., 2011). The
Islamic law prohibits Muslims from eating pork and
ingredients derived from them, in addition to horse and
donkey meat which is Makrooh for Muslims, so the
presence of equine meat or pork in products is
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unacceptable by the Muslim consumers, even though
contamination is unintentional and incidental level.
Additionally, these animals could be obtained without
any offered prices and hence there is a significant chance
of mixing them in halal foods (Rahman et al., 2014). In
some cases, misleading labels may be harmful for
individuals who have food allergies and the consumption
of meat and meat products may create health concerns
(Wang et al., 2004). By regard to the above facts and
the high demand for more transparency in food
industry, detection of meat species by fast and accurate
methods should routinely be carried out for the quality
control as well as a public task to secure the food safety all
over the world (Unajak et al., 2011). Most analytical
methods utilized to date for meat authentication have
relied on the detection of species-specific proteins or DNA
(Ballin et al., 2009). The Polymerase Chain Reaction
(PCR) method deserves special attention because it is
characterized by high sensitivity and specificity as well as
relatively short period of time necessary to perform the
analysis (Yosef et al., 2014; Ilhak and Giran, 2014).
While the Raw Meat FlowThrough™ Test (RMFT) was
used for on-site qualitative detection of species
adulteration in uncooked meat products with a limit of
detection of 1%. It was simple and quick to be
performed and require no additional equipment.

Materials and Methods

Conventional Polymerase Chain Reaction (PCR)
Technique

Collection of Samples: A total of 30 beef meat
products (10 each of hawawshi “its consist of breed and
beef meat inside”, sausage ‘“contain beef meat” and
burger “beef meat”) were randomly collected from local
and high different fast food restaurants and supermarkets
located in Ismailia city.

DNA Extraction: According to the manufacturer’s
instruction provided by The QIAamp DNA Mini Kit
(Catalogue n0.51304, Qiagen, Germany).).

Table 1: Oligonucleotide primers

PCR Amplification

Oligonucleotide primers (Midland Certified
Reagent Company oilgos, USA): Their Specific
species, sequences, amplified products and references
are shown in Table 1.

PCR Master Mix: Prepared according to Emerald
Amp GT PCR master mix Takara, Code No. RR310A,
Takara, Japan).

The cycling conditions: The temperature and time
conditions of the primers during PCR are shown in Table
2. To visualize the PCR products, we used gel pilot 100
pb ladder (Qiagen, USA) according to manufacture
instructions and run on agarose gel for electrophoresis
(Sambrook et al., 1989).

Raw Meat FlowThrough™ Test (RMFT)

Catalogue Numbers: Horse (Orange) R6051,
Poultry (Blue) R6058. Components: Each single test
contained 1 piece of Push-cap tube with yellow
Extraction Solution, Sample scoop (0.5cc), Separation
disc, Self-measuring pipette, Screw-cap tube containing
Diluent Liquid, RMFT wunit in foil pouch with
desiccant, Cotton bud and Pink “highlighted black”
Colour Reagent in colored cap tube.

Preparation of the samples: eight samples (2
hawawshi, 2 sausage and 4 burgers) were chosen from
the previously proved adulterated samples by chicken
and equine species to be retested with the Meat
FlowThrough™ Test. Chicken and horse meats were
used as positive control samples. The chosen samples
were finely minced to a smooth, homogenous paste.

Procedure: It had taken typically 12 minutes to be
performed. Species-specific proteins were extracted from
a homogenous sample with the yellow solution. The
extract was then diluted and added to the test unit so that
the proteins bound to a Test spot (T) on the left-hand
side of the test area (Fig. 1). Binding of these proteins
was indicated after the addition of a Colour Reagent,
which formed a pink spot at ‘T’. A pink Control (C) spot
also had appeared on the right-hand side of the test area
to indicate the test had worked properly.

Specific species Primer Sequence 5'-3' Amplified product  Reference
Donkey and Horse  TTCTGCTCTGGGTGTGCTACTT 221 bp (Doosti et al., 2014)
CTACTTCAGCCAGATCAGGC
Chicken GGGACACCCTCCCCCTTAATGACA 266 bp
GGAGGGCTGGAAGAAGGAGTG
Pig CTACATAAGAATATCACCCAC 290 bp (Tasara et al., 2005)
ACATTGTGGGATCTTCTAGGT
Table 2: PCR cycling conditions
Primary Secondary No. of Final
Gene denaturation denaturation Annealing Extension cycles extension
Donkey and horse  94°C 5 min. 94°C 30 sec. 52°C 30 sec. 72°C 30 sec. 35 72°C 7 min.
Chicken 94°C 5 min. 94°C 30 sec. 60°C 30 sec. 72°C 30 sec. 35 72°C 7 min.
Pig 94°C 5 min. 94°C 30 sec. 52°C 40 sec. 72°C 40 sec. 35 72°C 10 min.
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Fig. 1: Raw Meat FlowThroughTM Test (RMFT) using steps

Results and Discussion

Processed meat products are susceptible targets for
fraudulent labeling due to the economic profit that
results from selling cheaper meats as partial or total
replacements for high-value ones (Mafra et al., 2008).
PCR analysis of species-specific mitochondrial DNA
sequences is the most common method currently used
for identification of meat species in meat (Ahmed et al.,
2007; Rahman et al., 2014). PCR identification of
species gives a series of advantages due to its present in
thousands of copies per cell (Montiel-Sosa et al., 2000).
Using of target DNA was successfully identified for each
species tested as illustrated in Fig. 2 which showed the
electrophoretic gel photos of the examined samples.
Amplification was not affected by additives or
processing, also the presence of DNA from the other
species did not affect the detection of target DNA’s,
similar observation was concluded by (Kesmen et al.,
2007). According to negative controls, no environmental
contamination was detected. The results presented in
Table 3 showed that the adulteration rates for hawawshi,
sausages and beef burger with equine were 10%, 10%
and 30% respectively, while their adulteration rates with
chicken meat were 80%, 50% and 100%, respectively.
While none of the samples were adulterated with pig.
The general incidence of adulteration of hawawshi,
sausages and beef burger samples were 80%, 60% and
100%, respectively with 80% of total examined samples
were contained undeclared species as presented in Table
4. The founded results were higher than that obtained by
(Hussien, 2011) who found the adulteration rates of
hawawshi with chicken and donkey were 65% and 5%
respectively. (Zahran and Hagag, 2015) indicated that
5% of examined sausage samples were contaminated
with donkey meat, Also (Ahmed et al., 2011) showed
that the adulteration rate of sausage with donkey was 8%
and for beef burger with chicken and donkey were 69%
and 7.7%, respectively. Additionally, (Doosti et al.,
2014) found that the adulteration rates of sausage and
burger samples with donkey were 7.35% and 3.63%,
respectively. Also the results were more than that
obtained by (Cawthorn et al., 2013) who reported that
chicken was identified as an undeclared species in 39%
and 40% of sausage and burger samples respectively. In
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addition to (Ghovvati et al., 2009) who reported that
40% of sausages samples were contaminated with
poultry residuals. Additionally, (Mehdizadeh et al.,
2014) showed that 94.4% of burger samples were
contained undeclared chicken meat. % indicated that
23.3% of samples were containing poultry meat and
2% of the samples generated equine fragment. On the
other hand, the results were lower than that found by
(Ahmed et al., 2011) who showed that the adulteration
rates for sausages with pork and chicken were 41.7% and
66.7%, respectively and the adulteration rates for beef
burger with pork was 23%. In addition to (Hussien,
2011) who found that the adulteration rate of sausage
with chicken and pork were 70% and 45% respectively
and reported that 50% of the examined hawawshi
samples were contaminated with pork. Also the results
were lower than found by (Joseph et al., 2006) who
examined sausage samples and detected adulteration rate
of 44% with pork. Also (Cawthorn et al., 2013) reported
that pork was detected in 52% of the examined sausage
samples and in 30% of the examined beef burger
samples. (Doosti et al., 2014) who reported that the
adulteration rate with pork 1.81%. But the results were
agreed with (Hussien, 2011) who found that 10% of
sausage samples were adulterated with donkey. Also the
results were agreed with (Ghovvati et al., 2009;
Doosti et al., 2014) who found that no sausage samples
contained pork. Certainty of no beef meat products
adulterated with pork was a good result as base of
Muslims consumer safety warranty. The absence of pork
adulteration as appeared in this study maybe associated
with the Egyptian government new regulation to restrict
and prevent pig rearing in Egypt since the swine
influenza crisis on 2015-2016 and this may be explain
why there is no pork adulteration right now and
previously was with high percentage(Gaafar, 2017). The
presence of multiple undeclared species in meat products
are likely indications of intentional adulteration. Low
priced or lower valued meat species may substitute
higher valued ones (Zahran and Hagag, 2015). These
meat products which contain less desirable species may
cause health risk and species identification is becoming a
common and important practice (Ali, 2011; Mahmod,
2008). Apart from the potential, an explanation for the
high incidence of chicken undeclared species in the
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examined products could have been due to the lower
price of chicken meat compared with beef. Chicken
waste products, called trimmings such as fat connective
tissue, cartilage and even pieces of bone may be mixed
with meat and used as adulterants. These waste products
have lower nutritional value rather than meat (Gaafar,
2017). In addition to increased rate of adulteration with
chicken mean, this may be associated with the poultry
pathogen epidemiological situation in Egypt in the
recent five years and emerging of new pathogens or
new variant from old endemic pathogens which
associated with increase mortalities in poultry farms
either due to viral pathogen like infectious bronchitis,
avian influenza, Newcastle virus (Ayoub et al., 2019;
Diab et al., 2019; Elhady et al., 2018; Fawzy et al., 2019;
Sedeik et al., 2018; Sultan et al., 2019a; 2019b) or
bacterial pathogen like Pasteurella, E. coli and clostridium
or parasite like coccidia (Eid et al., 2016; 2019; Elfeil et al.,
2012; Enany et al., 2018)., They may also be
contaminated with food borne pathogens. Therefore, the
probable presence of these pathogens due to insufficient
cooking temperature in final products poses a potential
health risk for consumers (Mehdizadeh et al., 2014). The
popularity of poultry meat also increases the chance of

mixing mechanically deboned poultry tissue with
ground or comminuted mammalian products The
regulations to protect the public health against
adulteration strictly prohibit the inedible and lower
quality meat either to be directly launched or to be
processed in the food chain (Bowling et al., 2007). One
possible reason of high adulteration rate occurred in
processed meat products is accidental contamination
resulting from improper handling or processing
(Hsieh et al., 1996; Ayaz et al., 2006).

Some testing characteristics like becoming fast,
accurate, sensitive, selective, user friendly are
commonly requested for acceptance of a new analytical
method (Ilhak and Arslan, 2007). By application of
the raw meat Flowthrough™ test (RMFT) which was
used for on-site detection of raw meat species
adulteration, the results were appeared within 12 min.
It was found that RMFT is a qualitative analysis,
sensitive, highly specific (no known ‘false’ positives)
and easy to use. Their reliable results provide evidence
for effective decision making. The principle of this
test depends on utilizing highly purified antibodies to
detect  species-specific animal serum protein
(albumin), which is found at high levels in raw meat.

Table 3: Incidence of adulteration of Examined meat product samples by different species of meat detected by conventional PCR

technique

Examined meat products

Hawawshi Sausage Beef Burger Total

No. % No. % No. % No. %
Equine 1 10 1 10 3 30 5 16.6
Chicken 8 80 5 50 10 100 23 76.6
pig 0 0 0 0 0 0 0 0.0

Table 4: General incidence of adulteration of different examined meat product samples detected by conventional PCR technique

Examined meat products

Hawawshi Sausage Beef Burger Total
No. of examined samples 10 10 10 30
No. of adulterated samples 8 6 10 24
% of adulteration 80 60 100 80

Table 5: Incidence of adulteration of meat product samples by equine and chicken species detected by raw meat FlowThrough™ test

Sample Description of the Test Control Detected/not
ID code sample spot spot detected
Chicken species detection C1 Control chicken meat v v Detected
1 Hawawshi sample v v Detected
2 Sausage sample v 4 Detected
3 Burger sample v v Detected
4 Burger sample v v Detected
C2 Control horse meat 4 4 Detected
Equine species detection 5 Hawawshi sample - v Not detected
6 Sausage sample - v Not detected
7 Burger sample - v Not detected
8 Burger sample - v Not detected
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©

Fig. 2: PCR results of the examined samples for different meat species; (a) Equine species; The examined samples for different
species of meat detected by conventional PCR technique where, lane L: ladder, lane P: positive, lane N: negative, lane 1 to
10: hawawshi samples, lane 11 to 20: sausage samples, lane 21 to 30: burger samples; (b) Chicken Species; The examined
samples for different species of meat detected by conventional PCR technique where, lane L: Ladder, lane P: Positive, lane N:
Negative, lane 1 to 10: hawawshi samples, lane 11 to 20: sausage samples, lane 21 to 30: burger samples; (c) Pig Species;
The examined samples for different species of meat detected by conventional PCR technique where, lane L: ladder, lane P:
positive, lane N: negative, lane 1 to 10: hawawshi samples, lane 11 to 20: sausage samples, lane 21 to 30: burger samples
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Fig. 3: Incidence of adulteration of meat product samples by equine and chicken species detected by Raw Meat Flowthrough™ Test

The results presented in Table 5 and Fig. 3 showed that
all the samples which were found to be adulterated with
chicken by the PCR technique had given positive
results which confirmed that they contained poultry
meat. While all the samples which were found to be
adulterated with equine meat by the PCR technique had
given negative results which showed that they
contained no horse meat, but this means that the test
had not the ability to detect all the equine species and
work on horse specie only not included donkey and
mule and thus, could be beneficial tool to differentiate
between the equine species adulterations and promising
opportunity to the developers to develop a new tools
for equine as a general species and another one
specified for donkeys and mules. Increased precision of
the methods used will allow increased trust in the
safety of the products in international trade and will
provide reliable evidence for the probable court cases
(Kesmen et al., 2010).

Conclusion

The outcome of this study showed that regular
controls for adulteration in meat products should be
frequently and intensively done due to demonstrating
the presence of undeclared meat in products. The PCR
technique and RMFT test potentially powerful and
reliable techniques for detection of adulteration with
different meat species in meat products and they could
be useful and applied by researchers and quality
control laboratories for verification and control of
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industrial meat products, to verify the origin of the
raw materials. Therefore, they can be suggested as
useful laboratory tools for species identification,
especially for meat traceability and Halal
authentication. Furthermore, these studies are
important in other respects such as regaining
consumer confidence, reduction of losses due to unfair
competition and production deficiencies and
increasing the contribution of the sector to the
national economy. But the FlowThrough™ Test had a
defect in case of detection of adulteration by equine
species, as it can detect horse specie adulteration only
but could not detect other equine species as donkey
and mule, which consider beneficial in specification
the types of adulteration within the equine species.
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