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ABSTRACT
Background: Minced meat is a valuable source of nutrients, but it is vulnerable to contamination by microorganisms 
commonly present in the environment. In addition, there is a risk of adulteration with cheaper meat sources, which can 
be harmful to consumers. 
Aim: It is crucial to identify meat adulteration with distinct microbiological analysis for legal, economic, religious, 
and public health purposes. 
Methods: A total of 100 minced meat samples were collected from several markets in Sharkia Governorate, Egypt. 
These samples were then subjected to bacteriological testing and an advanced multiplex PCR method. This method 
enables the detection of bovine, equine, porcine, and dog species in meat samples with just one step.
Results: The adulterated samples had a higher total bacterial count and pH values compared to pure bovine meat. 
These differences in bacterial count and pH values were statistically significant, with p-values of 0.843 (log10) and 
0.233, respectively. The frequency of Escherichia coli occurrence was 13%, and the O111 serotype was predominant 
in the adulterated samples. Listeria monocytogenes and Staphylococcus aureus were isolated with prevalence rates 
of 3% and 29%, respectively. Besides, the SYBR-green multiplex real-time PCR assay used in this study detected 
adulteration with dog, equine, and porcine meats in the examined samples at rates of 9%, 5%, and 4%, respectively. 
Conclusion: This method provides a sensitive and specific approach to detect issues related to well-being and safety.
Keywords: Bacteriological examination, Meat adulteration, Multiplex PCR assay, pH values.

Introduction
Meat is a nutritious food for humans due to its high 
protein content, essential amino acids, vitamins, fats, 
minerals, and other nutrients. On the other hand, it might 
also offer the perfect conditions for the development of 
different species. This is because it has a high moisture 
content, minerals, nitrogenous substances, and a trace 
amount of fermentable carbohydrates, such as glycogen. 
In addition, meat’s pH encourages the majority of 
bacteria to grow and reproduce (Alahakoon et al., 2015; 
El-Demerdash et al., 2023b). Raw meat and minced 
meat can contain Escherichia coli (E. coli), Listeria 
monocytogenes (L. monocytogenes), and Staphylococcus 
aureus (S. aureus), which pose significant health 

risks to individuals who consume contaminated food. 
These bacteria have the ability to cause a wide range 
of illnesses, varying from mild discomfort to severe 
and even life-threatening complications (Osman et al., 
2017; El-Demerdash and Raslan, 2019; Essawi et al., 
2020; Dawwam et al., 2022; Ali et al., 2023). 
Escherichia coli is a significant member of the 
Enterobacteriaceae family and has been linked to food 
poisoning cases involving creamed fish, undercooked 
or poorly cooked meat, and poultry. Beef appears to 
be the main food source for this organism’s infection. 
Entero-hemorrhagic E. coli (EHEC) has been linked to 
infant and young children’s diarrhea outbreaks. Acute 
and severe abdominal discomfort, watery diarrhea, and 
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later bloody diarrhea are the typical signs of an EHEC 
infection (Lee et al., 2009). 
Listeria monocytogenes is a foodborne pathogen that 
can cause listeriosis, a dangerous disease primarily 
affecting immunocompromised individuals, neonates, 
and pregnant women. Symptoms of listeriosis include 
fever, aches in the muscles, headaches, a stiff neck, 
disorientation, and convulsions. If contracted during 
pregnancy, listeriosis may lead to miscarriage, stillbirth, 
or infection in the newborn child (Ryser and Marth, 
2007; Tarazi et al., 2021).
In addition, minced meat can provide a favorable 
environment for the growth of S. aureus bacteria. Food 
poisoning caused by S. aureus typically manifests as 
symptoms such as diarrhea, vomiting, nausea, cramping 
in the abdomen, fever, and headache that usually occur 
three to 6 hours after consuming contaminated food. 
In severe cases, S. aureus food poisoning can lead to 
dehydration, electrolyte imbalance, and even death 
(Le Loir et al., 2003; Bhargava et al., 2011; Hegab et 
al., 2020). As a result, due to improper handling and 
insufficient control measures against these pathogens, 
raw meat poses a serious risk to human health.
The adulteration of meat species, which not only 
threatens public health but also aids in the spread of 
harmful foodborne pathogens, is another serious problem 
that meat consumers must contend with. Manufacturers 
sometimes substitute cheaper alternatives for the primary 
meat ingredients to further their economic goals. These 
practices have adverse effects on customers, violate 
social and religious norms, and pose health hazards 
(Spink et al., 2019). In addition, some people refrain 
from consuming pork and horse meat for moral, spiritual, 
or humanitarian reasons. As a consequence, according 
to Haunshi et al. (2009), these consumer groups seek 
methods to identify various forms of meat (including 
mouse, pork, chicken, and horse) in food products or 
staff.
A common method for determining meat species is 
DNA analysis. Because DNA is more stable than 
proteins, it is appreciated for identifying species. Due to 
its simplicity, speed, and specificity, polymerase chain 
reaction (PCR) applications have been widely used 
(Kesmen et al., 2007; El-Demerdash et al., 2023a). 
According to several studies (Abuelnaga et al., 2020; 
Shalaby et al., 2021; Megahed et al., 2023), multiplex 
PCR is a powerful approach that can simultaneously 
amplify several templates, lower the detection rate, and 
get beyond the restrictions of a single PCR that only 
targets one type of meat at a time.
For the purpose of avoiding health and safety hazards, 
the study’s goal was to ascertain the microbial burden 
and identify the main pathogens in minced meat samples. 
In addition, the study sought to evaluate an advanced 
SYBR-green multiplex real-time PCR test as a sensitive 
and accurate method for detecting adulteration in 
minced meat across different marketplaces in Sharkia, 
Egypt. 

Material and Methods
Samples collection
A total of 100 fresh and frozen minced meat samples (50 
each) were purchased from various markets in Sharkia 
Governorate, Egypt, from January 2023 to April 2023. All 
samples were collected as soon as possible, transferred to 
an icebox container, handled aseptically, and immediately 
transported to the laboratory for further examination. 
pH measurements
In a blender, 10 ml of neutralized distilled water was 
added to approximately 10 g of sample. After 10 minutes 
of constant shaking, the homogenate was allowed to 
stand at room temperature. A Bye model 6020 electrical 
pH meter (Bye, USA) was used to calculate the pH 
value in accordance with Pearson (1984).
Microbiological examination
Samples preparation
Following Da Silva et al. (2018), 10 g of each sample 
were taken and put into a sterile plastic bag. To create a 
dilution of 1/10, 90 ml of 0.1% sterile buffered peptone 
water (Oxoid CM9) was aseptically added. The mixture 
was made in a blender at a high speed of not less than 
2,000 rpm for no longer than 2.5 minutes. Before 
applying the following technique, the contents of the 
jar were mixed by shaking. 
To produce a dilution of 10−2, 1 ml of the initial 
suspension (10−1) was aseptically transferred along with 
9 ml of sterile peptone water (0.1%), into a sterile test 
tube. Additional 10-fold decimal dilutions were prepared 
from this dilution up to an acceptable countable dilution. 
Total bacterial count
The conventional plate count method (ISO 18593, 2018) 
for total bacterial counts (log CFU/cm2) by agar plating 
was used. Dilutions were properly mixed before being 
pipetted in 0.1 ml portions onto the plate count agar solid 
media surfaces in pre-labeled Petri dishes. A glass rod 
that had been bent was used to disseminate the inoculum 
throughout the entire surface after it had been sterilized 
by being dipped in 95% ethanol and then swiftly flamed 
to burn off the ethanol. The plates were then turned over 
and left to sit for 24 hours at 37℃. A new spreader was 
used for each dilution (at low dilutions) to avoid any 
adverse effects from product residue carrying during 
the flame-sterilization procedure. To ensure effective 
inoculum absorption, the agar surface was freshly made. 
All colonies in plates containing 25–250 colonies were 
enumerated and the findings were recorded. The colony 
counts obtained were averaged and multiplied by 10 
and then by the suitable dilution factor (10−1–10−6). The 
outcomes were revealed to calculate the log number 
of colonies. If plates did not have between 25 and 250 
colonies, the dilution count was documented, along with 
the number of colonies discovered.
Isolation and identification of three major pathogens 
(E. coli, L. monocytogenes, and S. aureus) 
All of the collected samples were subjected to microbial 
isolation and identification following the method 
explained by Quinn et al. (2011) and ISO 18593 (2018). 
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The E. coli confirmed isolates were serotyped using 
known antisera (Sifin) as described by Lee et al. (2009) 
in the Serology Unit, Animal Health Research Institute, 
Dokki, Egypt. 
Molecular assay
Validation of PCR
The PCR primers used in this study were originally 
designed for single-conventional PCR techniques. Their 
specificity and sensitivity were previously confirmed 
(Hamouda and Abdelrahim, 2022). These primers were 
further tested for multiplex real-time applications in the 
Biotechnology Unit, Animal Health Research Institute, 
Zagazig Branch, Egypt. Willowfort (UK) supplied the 
primers which are listed in Table 1. 
Genomic DNA extraction 
Following the manufacturer’s instructions for the 
QIAamp DNA Mini kits (Qiagen, Germany, GmbH, 
Catalogue No. 51304), DNA was extracted from each 
blinded sample.
SYBR-green multiplex real-time PCR assay
The amplifications were carried out using a Step 
OnePlusTM apparatus from Applied Biosystems (Foster 
City, California, United States). Fifteen μl of master 
mix (iQTM SYBR Green Supermix; Bio-Rad, USA) 
was mixed with 5 μl of the extracted DNA. 10 μl of 
iQTM SYBR green supermix, 1 μl of forward and 
reverse primers, and 3 μl of deionized water made 
up the master mix. The thermal profile consisted of 5 
minutes of activation at 95℃, 40 cycles of denaturation 
at 95℃ for 15 seconds, 30 seconds of 60℃ annealing, 
and 30 seconds of extension at 55℃. After evaluating 
the SYBR green fluorescence intensity and melting 
curve studies, a threshold cycle (Ct) less than 35 
and a particular melting temperature (Tm) showed a 
successful result.
Statistical analysis
MS Excel, developed by Microsoft Corporation in 
Redmond, WA, USA, was utilized to modify the data. 
The Levene and Shapiro–Wilk tests were employed 
to ascertain the consistency and normalcy of variance 
(Razali and Wah, 2011). Significant variances among 
the adulterated and normal samples for total bacterial 
count and pH were examined using a t-test (Proc 
T-test; Stokes et al., 2012). In addition, the significant 
differences between the different sources of adulterated 
samples were tested using a one-way ANOVA (PROC 

ANOVA) with a significance level set at α = 0.05. 
Results were expressed as means ± SE. If a significant 
effect was found, Tukey’s test was used to compare 
the means in pairs. The GraphPad Prism software 5.0 
(GraphPad, USA) was used to create the figures. The 
p-value, which indicates statistical significance, was 
found to be less than 0.05.
Ethical approval
Not needed for this study.

Results
Figure 1 shows SYBR green real-time PCR 
amplification plots for porcine, dog, and equine 
meat samples examined to detect the percentage of 
adulteration. The plots display the fluorescence signal 
over time for each sample. A higher fluorescence signal 
indicates a greater presence of DNA.
Based on these plots, the total adulteration percentage 
is 18% (n = 18/100). The dog sample exhibits the 
strongest fluorescence signal, suggesting that it contains 
the highest amount of dog DNA. The equine sample 
displays a weaker fluorescence signal, indicating a 
lower amount of dog DNA. The porcine sample has the 
weakest fluorescence signal, indicating that it contains 
the least amount of DNA. Regarding the distribution of 
adulterated samples, 50% of the studied samples were 
sourced from dogs followed by 27.7% from porcine 
and 22.2% from equine (Fig. 2).
The present results indicate that the adulterated 
samples have higher total bacterial count and pH 
values compared to the normal (pure bovine) samples. 
The variances in bacterial count and pH values are 
statistically significant, with p-values of 0.843 (log10) 
and 0.233, respectively (p-values = 0.0227 and 0.0489; 
Fig. 3A and B). 
Interestingly, there are significant differences in total 
bacterial count between the samples from dogs and 
equine compared to those from porcine (p < 0.05; Fig. 
4A). In contrast, no significant differences are observed 
for pH values among the three studied sources (p > 
0.05; Fig. 4B).
Table 2 displays the positive prevalence of various 
serovars of E. coli in adulterated and normal meat 
samples. The most frequently occurring serovars in 
adulterated meat samples were O127, O111, and O26. 

Table 1. Oligonucleotide primers and target genes used in this study.

Host Target genes Primer sequence (5’-3’) Reference

Porcine 12S Rrna-tRNA 
Val

F: CTACATAAGAATATCACCCAC
Tasara et al. (2005)

R: ACATTGTGGGATCTTCTAGGT

Equine mtDNA
F: CCC TCA AAC ATT TCATCATGATGA AA

Maede (2006)
R: GCT CCT CAA AGG GAT ATT TGGCCT CA

Dog cytB
F: GGAGTATGCTTGATTCTACAG

Abdel-Rahman et al. (2009)
R: AGAAGTGGAATGAATGCC
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Table 3 provides data on the incidence of S. aureus 
and L. monocytogenes isolates in the minced meat 
samples that were examined. The table shows that 
3% of the minced meat samples were positive for 
L. monocytogenes, while 29% tested positive for S. 
aureus.
The results also reveal that the prevalence of E. coli, 
L. monocytogenes, and S. aureus in adulterated meat 
samples was higher compared to normal meat samples. 
This indicates that adulterated meat samples are more 
prone to containing these pathogens than normal meat 
samples.

Discussion
The prevalence of adulterated minced meat samples 
varies depending on the country or region being studied. 
However, several studies have reported significant 
rates of adulteration in minced meat samples. For 
instance, a study conducted in Egypt discovered that 
6% of beef minced meat samples were adulterated with 
either chicken or pork (Abuelnaga et al., 2021). In other 
wise, a study in India found that 11% of minced meat 
samples contained nonmeat ingredients, such as soy 
protein and starch (Moirangthem et al., 2022).

Fig. 1. Porcine, dog, and equine SYBR green real-time PCR amplification plots; control positive 
is represented by the upper curve, and control negative is represented by the lower linear curve. 
Positive control is parallel to all rest curves.

Fig. 2. Distribution of adulterated samples (%) between the 
different sources.
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Table 2. Incidence of E. coli isolates and their serovars isolated from minced meat samples.

Samples type No. of 
samples

Positive 
prevalence 
(%)

Serovars 
O127

(ETEC)

O111

(EHEC)

O159

(EIEC)

O146

(EPEC)

O26

(EPEC)
Adulterated (+ve) 18 9 (9) 2 (2) 4 (4) 0 0 3 (3)
Normal (-ve) 82 4 (4) 0 0 2 (2) 2 (2) 0
Total 100 13 (13) 2 (2) 4 (4) 2 (2) 2 (2) 3 (3)

ETEC: Enterotoxigenic E. coli, EHEC: Enterohaemorrhagic E. coli, EIEC: Enteroinvasinve E. coli, and EPEC: Enteropathoenic 
E. coli.

Fig. 3. Total bacterial count and pH values in adulterated (+ve) and normal samples (-ve).

Fig. 4. Total bacterial count and pH values in different sources of adulterated samples.
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Adulterated minced meat can pose various risks to 
consumers. One concern is that consumers may be 
deceived about the actual content of the minced meat 
if it is mixed with cheaper meats like chicken or pork. 
Furthermore, adulterated minced meat may contain 
harmful bacteria or other contaminants (Han et al., 
2020).
There are several reasons why minced meat may be 
adulterated. One motive is to lower production costs. 
Adulterators may add cheaper meats or nonmeat 
ingredients to minced meat to reduce expenses. Another 
reason is to deceive consumers. Adulterators may sell 
adulterated minced meat as a more expensive meat 
variety, such as beef (Setiadi et al., 2022).
This work presents the development and application of 
an advanced multiplex PCR assay for the simultaneous 
detection of dog, porcine, equine, and bovine species in 
minced meat. In addition, this study validates the lack 
of any contaminant pathogens in the examined samples.
This investigation recorded the occurrence of 
adulteration in 18% of the examined samples, with 
9% containing dog meat, 5% equine meat, and 4% 
porcine meat. Five samples of minced beef that were 
tested by Margawat and Ridwan (2011) were found 
to be contaminated with pork flesh. According to the 
researchers, variations in the time and temperature 
settings for each PCR step, as well as variations in the 
concentration of reaction chemicals may be to blame 
for the inconsistencies in PCR results. Sakalar and 
Abasiyanik (2011) conducted another investigation 
that found that 40% of commercially labeled meat 
products contained meat species that were not listed 
on the labels. In addition, Ha et al. (2017) detected 
three samples that tested positive for pork out of 35 
processed meat products in Korea, while Ghovvati et 
al. (2009) found no traces of porcine residuals in any of 
the meat they examined.
Of interest, the results suggest that adulterated minced 
meat samples are more likely to be contaminated with 
bacteria compared to normal samples. In addition, the 
type of adulterant used can also impact the bacterial 
count of the sample due to several factors. First, 
adulterants can alter the nutritional composition of 
meat, which in turn affects the growth of bacteria. 
Second, the moisture content of each type of meat plays 
a crucial role in bacterial growth. Adulterants that alter 
the moisture content can have a significant impact on 
the bacterial count. Finally, adulterants can affect the 
storage conditions of meat, indirectly influencing the 
bacterial count (Momtaz et al., 2023). For instance, 

samples adulterated with dog or equine meat have 
higher bacterial counts than samples adulterated with 
porcine meat.
Furthermore, the higher pH values found in adulterated 
minced meat samples may be due to the addition of 
alkaline substances, such as baking soda or sodium 
bicarbonate. These substances can be added to 
adulterate minced meat to improve its appearance and 
extend its shelf life. However, they can also create an 
environment that is more favorable to the growth of 
bacteria. This highlights the potential risks associated 
with consuming adulterated minced meat as these 
samples may be contaminated with harmful bacteria 
that can cause food poisoning (Saleem et al., 2022).
The findings obtained showed that 13% of the examined 
minced meat samples had E. coli and the incidence ratio 
was higher in adulterated samples compared to normal 
ones. This is concerning because E. coli can cause food 
poisoning, which can lead to a range of symptoms, 
including diarrhea, vomiting, and cramps. In some 
cases, food poisoning from E. coli can be severe and 
even life-threatening.
There are a number of reasons why adulterated minced 
meat samples may be more likely to be contaminated 
with E. coli. One reason is that adulterated meat may 
come from animals that are not healthy or that have been 
slaughtered in unsanitary conditions. Another reason 
is that adulterated meat may be handled or processed 
in a way that increases the risk of contamination with 
bacteria (Sharif et al., 2018).
It is important to note that not all E. coli isolates are 
harmful. In fact, most strains are harmless and play a 
crucial role in maintaining a healthy digestive system 
and gut health. These strains aid in the breakdown 
of food and the production of essential vitamins and 
nutrients that our bodies require (Martinson and Walk, 
2020). However, some strains and serovars can produce 
toxins that can cause food poisoning (Rey et al., 2003). 
The obtained enterotoxigenic E. coli (O127), which 
produces heat-labile enterotoxin (LT) and heat-stable 
enterotoxin (ST), is believed to be a significant cause 
of diarrheal diseases in adults and infants, especially 
in tropical regions with inadequate hygiene. According 
to Karmali (1989), these strains are the main reason 
why travelers’ diarrhea occurs in many nations. This 
aligns with the finding of Mellor et al. (2016), who also 
reported a 2% prevalence rate for O127, a particularly 
dangerous serovar of E. coli that can lead to severe 
food poisoning, including hemolytic uremic syndrome, 
which can be fatal (Goldwater, 2007).

Table 3. Occurrence rate of S. aureus and L. monocytogenes isolates in examined minced meat samples.

Type of meat samples Positive L. monocytogenes prevalence (%) Positive S. aureus prevalence (%)
Adulterated (+ve) 3 (3) 23 (23)
Normal (-ve) 0 (0) 6 (6)
Total 3 (3) 29 (29)
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Enterohaemorrhagic (O 111) was found in a ratio of 
4%. It may be transmitted to human reservoirs either 
via the ingestion of contaminated food or water or by 
contact with STEC-positive animals (Shiga toxigenic 
E. coli) or with their environment (Miko et al., 2009). 
Enteroinvasive (O159) was found in a ratio of 2% and 
Enteropathogenic (O146 and O26) was detected in a 
ratio of 5%. Infantile diarrhea is most frequently caused 
by EPEC, which typically leads to symptoms appearing 
within 12–36 hours. These symptoms include fever, 
nausea, vomiting, and watery diarrhea which may 
contain mucus but usually does not result in significant 
blood (Cabrera-Sosa and Ochoa, 2020). These findings 
are consistent with the serological results reported 
by Abuelnaga et al. (2021) and El-Demerdash et al. 
(2018). 
Overall and unfortunately, the serovars obtained 
are pathogenic and pose great hazards to public 
health. Furthermore, the presence of predominantly 
toxigenic Gram-positive bacteria (S. aureus and 
L. monocytogenes) in adulterated meat with these 
precents, as opposed to bovine meat, suggests potential 
contamination and improper handling practices during 
the adulteration process (Bintsis, 2017). Typically, 
these pathogens are not found in bovine meat during 
handling. These pathogens present a significant health 
risk to consumers, as they can cause a range of foodborne 
illnesses, varying in severity. Staphylococcus aureus 
can lead to skin infections, pneumonia, and bacteremia, 
while L. monocytogenes can result in meningitis, 
listeriosis, and complications during pregnancy (Ali 
and Alsayeqh, 2022).
Therefore, consumers should be aware of the risks 
associated with consuming adulterated minced meat. 
They can mitigate these risks by purchasing from 
reputable suppliers, ensuring that minced meat is 
cooked thoroughly, and avoiding cross-contamination 
by keeping minced meat separate from other foods 
during preparation and cooking.

Conclusion
The recent study’s findings on microbial contamination 
highlight the necessity of establishing food safety 
standards in situ. Advanced multiplex PCR has 
been determined to be crucial and should be widely 
employed to identify adulteration in animal-derived 
products and meat. To develop a program that educates 
citizens about the religious and cultural aspects of 
the food they consume, governments should establish 
stronger regulations through various religious, political, 
educational, and scientific organizations. To effectively 
detect meat adulteration, food control laboratories 
should utilize this technique to guarantee prompt and 
precise outcomes.
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