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ABSTRACT

The study was carried out on 120 random samples of meat products viz: Minced meat; beef kofta;
sausage and beef burger (30 for each) collected from different supermarkets at Kaliobia
Governorate to determine their contamination with certain bacteria, specially S. aureus and MRSA.
The bacteriological examination of examined meat samples revealed that, the mean value of S.
aureus counts in minced meat beef kofta, sausage and beef burger samples were 1.58x10%+0.10
x10?; 1.41x10% £0.09%10%; 1 0.95x10%+0.16x10% and 0.83x10%+0.22x10% respectively. A total of
70 (58.3%) isolates of Staphylococcus species were recovered, includes 24 S. aureus (20.0%). The
isolated S. aureus were highly resistant for methicillin and oxacillin. Meanwhile, they were highly
sensitive to norfloxacin. Moreover, the PCR results cleared that, the mecA gene was amplified in 6
out of 8 studied S. aureus strains.
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1. INTRODUCTION
Meat products are the most palatable It has two aggravating characteristics, toxin
highly nutritious foods for human being, as production and antimicrobial resistance and
they are important sources for protein, fat, the isolates from meat and its products
essential amino acids, minerals, vitamins and showed proteolytic and lipolytic activity
other nutrients (Zafar et al., 2016). Poor at+20 °C, causing meat spoilage (Gundogan
hygienic practices in food processing plants and Devren, 2010). This pathogen is
may result in the contamination of meat considered an excellent indicator of thermal
products with pathogens leading to their processing inefficiency, inadequate hygienic
spoilage, economic losses, foodborne conditions during food production /
infections in human and health risk (Yang et preparation or inadequate cooling after food
al., 2011). preparation (Sasidharan et al., 2011).
Staphylococcus aureus is the most Methicillin-resistant S. aureus (MRSA) is
pathogenic species and it is considered the known to be one of the most prevalent
third-most important cause of food-borne nosocomial pathogens throughout the world
disease in the world (Normanno et al., 2007). causing a wide range of food poisoning,
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pneumonia, post-operative wound infections
and nosocomial infections (Khosravi et al.,
2017). In recent years, MRSA has been
identified in domestic animals and animal-
derived food products worldwide (Hanson et
al., 2011).

Of the wvarious surveyed food
products, meat and its products are widely
known to be an important reservoir and main
source of MRSA in humans (Jackson et al.,
2013 and Contreras et al., 2015).
Staphylococci  produce disease when the
bacteria contaminate food, they produce some
enzymes which are implicated with
Staphylococcus invasiveness and extracellular
substances some of them are heat stable
enterotoxins that renders the food dangerous
even though it appears normal and extensive
cooking can Kkill the bacteria but the toxins
may not be destroyed because most of them
are gene based i.e. they can be carried on the
plasmid (Prescott et al., 2005). The
enterotoxins that can cause food poisoning are
produced by about one-third of coagulase
positive S. aureus strains and growth of
enterotoxigenic strains of S. aureus to
population of at least 10° cfu/g of food is
generally considered necessary for production
of sufficient amount of enterotoxins to induce
food intoxication (Park et al., 1994). The
Staphylococcal  enterotoxins  (SEs) are
responsible for the symptoms that associated
with  Staphylococcal food  poisoning
(Llewelyn and Cohen, 2002). The disease is
characterized by symptoms including nausea,
vomiting, abdominal cramps and diarrhea
lasting from 1 to 2 days and usually the
complete recovery occurs within 1-3 days
(Shijia et al,. 2016). As the level of
contamination of beef and its products with
Staphylococci constitute serious problems for
consumers. Therefore, the study was
performed for determination the prevalence of
Staphylococci with special reference to S.
aureus and MRSA Dbeside evaluation the
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safety of common meat products (minced
meat; beef kofta; sausage and beef burger)
sold in supermarkets at Kaliobia Governorate.

2. MATERIALS AND METHODS

2.1. Samples collection

A total of 120 random samples of minced
meat; beef kofta; sausage and beef burger (30
for each), were purchased from different
supermarkets at Kaliobia Governorate, for
bacteriological examination to evaluate the
bacterial quality and the hygienic health
hazard of them with Staphylococci.

2.2. Bacteriological examination

1. Preparation of samples (APHA, 2001)

2. Determination of Aerobic Plate Count
(APC)/ g, using the standard plate count
following (FDA, 2001).

3. Determination of Staphylococcus and S.
aureus counts (FDA, 2001)

4. Isolation and identification of suspected S.
aureus:

Isolation of S. aureus using Baird-Parker agar
plates. Suspected colonies were picked up
onto slants of nutrient agar for further
purification then identified morphologically
by Gram-stain; biochemically and coagulase
activities according to Quinn et al. (2002).

5. In-Vitro anti-microbial sensitivity test:

The isolated S. aureus strains were subjected
to the sensitivity test against different
antibiotics, using the disc and agar diffusion
method (Koneman et al., 1997).

6. Molecular detection of methicillin-resistant
S. aureus (MRSA):

Methicillin  resistant gene  (mecA)
detection using polymerase chain reaction
(PCR) in 8 random isolated S. aureus
(two isolates from each sample), that
showed antibiotic resistant by disk
diffusion method to the same studied
strains, following QIAamp® DNA Mini
Kit instructions (Catalogue no. 51304),
Emerald Amp GT PCR mastermix
(Takara) with Code No. RR310A, 1.5%
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agarose gel electrophoreses (Sambrook et
al., 1989) using the Primers sequence,
target genes amplicons sizes and cycling
conditions showed in Table (1).

3. RESULTS

The results of  bacteriological
examination of meat products (minced meat;
beef kofta; sausage and beef burger) are
presented in Tables (2-6) and Figures (1-2).

The data shown in (Table, 2. 3. 4.)
revealed that, The bacteriological examination
of examined meat products (minced meat;
beef kofta; sausage and beef burger) samples
revealed that, the mean value of APC,
Staphylococcus and S. aureus counts in
minced meat samples were 8.02x10 “+0. 19
x10% 2.92x10%+0.18 x10? and 1.58x10%+0.10
x10? respectively; for beef kofta samples
were7.59x10% +0.18x10% 2.95%10%+0.18x102
and 1.41x10%2 +0.09x102, respectively; for
sausage samples were5.93x10* +0. 18 x10%
1.98x10? #0.11 x10% and 0.95x10%+0.16x10?,
respectively and for beef burger samples were
4.92x10* +0. 19 x10% 1.87x10? +0.12x10?
and 0.83x10%+0.22x10% respectively.

The obtained results in Table (5)
revealed that, a total of 70 (58.3%) isolates of
Staphylococcus species were recovered from

Table (1): Primer sequence and target gene.

Data obtained were analyzed according to
Snedecor and Cochran (1969) using the
computer software program (SPSS,
2001).
120 samples, includes 24 S. aureus (20.0%);
43 S. epidermidis(35.8%) and 3 S.
chromogenes (2.5%) . S. aureus were isolated
from 24 samples; represented as 8 (26.7%)
from minced meat followed by 7 (23.3%)
from beef kofta; 6 (20.0%) from sausage and
3 (10.0%) from beef burger.

The results of Coagulase activities of
isolated Staphylococcus species strains

Table, 6 cleared that, out of 70
isolated Staphylococcus species strains, 24
strains were coagulase positive and all of
them were S. aureus strains.
The isolated S. aureus were highly resistant
for methicillin and oxacillin followed by
nalidixic acid; cefotaxime; ampicillin and
amoxicillin.  Meanwhile, they were highly
sensitive  to  norfloxacin  followed by
lomefloxacin; gentamycin and
ciprofloxacin.(Fig.1). Moreover, the PCR
results cleared that, the mecA gene was
amplified in 6 out of 8 studied S. aureus
strains (Fig. 2).

Target gene Primer sequence Amplified Reference
(5'-3) segment
mecA GTA GAA ATG ACT GAA 310 bp. McClure et al.,
CGTCCGATAA 2006
CCA ATT CCACATTGT

TTCGGT CTAA
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Table (2): Aerobic plate counts /g. (APC) in the examined samples of meat products (n=30 for each

sample)
Samples Min. Max. Mean £SEM**
Beef Burger 2.5x10* 6.6x10* 4.92x10%+0. 19 x10%
Beef Kofta 4.4x10% 9.1x10* 7.59x10* +£0.18x10%
Minced Meat 4.9x10* 9.8x10* 8.02x104+0. 19 x10%
Sausage 3. 8x10* 7.9x10* 5.93x10%+0. 18 x10%*

* Percentage in relation to total number of samples in each row.

Table (3): Staphylococci counts/g. in the examined samples of meat products (n=30)

Samples Positive Min. Max. Mean £SEM
No. %*
Beef Burger 14 467  1.2x10? 2.5x10? 1.87x10%2+0.12 x10%
Beef Kofta 19 633  2.2x10? 4.6x10? 2.95x10%+0.18x10%
Minced Meat 20 66.7 1.6x10? 4.8x10? 2.92x102+0.18 x10%
Sausage 17  56.7  1.2x10? 2.9x10? 1.98x10%2+0.11 x10%

* Percentage in relation to total number of samples in each row (30).

Table (4): S. aureus counts/g. in the examined samples of meat products (n=30).

Positive

Samples Min. Max. Mean £SEM
No. %~
Beef Burger 3 10.0 0.4x10°  1.1x10° 0.83x10%+0.22x10?
BeefKofta 7 233 11x102  1.7x10 1.41x102 £0.09x10%
Minced 267 12x107  2.0x107 1.58x10%0.10 x10%
Meat
Sausage 6 200 0.4x102  1.4x10 0.95x10%0.16x10%

* Percentage in relation to total number of samples in each row.

Table (5): Incidence of Staphylococcus species strains isolated from examined samples

Staphylococcus species

Samples S. aureus S. epidermidis  S. chromogenes Total
NO. % NO. % NO. % NO. %
Beef Burger 3 10.0 11 36.7 0 0.0 14 46.7
Beef Kofta 7 23.3 10 33.3 2 6.7 19 63.3
Minced Meat 8 26.7 11 36.7 1 3.3 20 66.7
Sausage 6 20.0 11 36.7 0 0.0 17 56.7
Total (120) 24 20.0 43 35.8 3 25 70 58.3

Percentage in relation to total number of samples in each row (30 for each sample &120 for total).
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Table (6): Coagulase activities of isolated Staphylococcus species from examined samples of meat
products (n=for each sample)

coagulase coagulase
Staphylococcus g g

. positive S. negative
strains . A
aureus strains strains

Samples NO. %* NO. %*

Beef Burger 3 10.0 11 36.7

Beef Kofta 7 23.3 12 400

Minced Meat 8 26.7 12 40.0

Sausage 6 20.0 11 36.7

Total 24 200 46 383

*Percentage in relation to total number of each sample in each row (30 for each sample &120 for

total).
‘ s E TSRS EEFEEYXEER )
3333 32 2 4 705 25 20.816.7
. 667 7 87 28 5 : | . |

50 542583 75 78
542583625667 ‘

375 ' 716 7.3
16. 7 12 5
12.512. 5 125 g3 49

é’\(\ (.}Q (.}Q

L L
& 06‘@6‘ o"‘

» Resistant ™ Intermediate ™ Sensitive

Fig. (1): In-Vitro anti-microbial Sensitivity test for isolated S. aureus strains
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mecA gene

Fig. (2): Methicillin resistant (mecA) gene

Lane L: 100-600 bp DNA Ladder.

Neg.: Negative control (Listeria reference: NCINB50007)

Pos.: Positive control (S. aureus reference: ATCC25923 at 310 bp).

Lane 1; 2; 4; 5; 7&8: S. aureus (Positive).
z. DISCUSSION

Meat products are common vehicle of food
borne illness, Staphylococci mainly S. aureus
and MRSA are the most important causes of
outbreaks and the presence of these organisms
has relevant public health implications
(Bunnoeng et al., 2013). Therefore, this study
was conducted to throw light over the
prevalence of Staphylococci with special
reference to S. aureus and MRSA in common
meat products (minced meat; beef kofta;
sausage and beef burger) sold in supermarkets
in  Kaliobia Governorate  beside the
phenotypic characterization of the isolated S.
aureus strains and genotypic detection of
mecA virulence gene in them.

4.1. Total aerobic bacterial count (APC)

The total aerobic bacterial count is
important for evaluation of sanitary condition
of beef and meat products and can be used as
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Lane 3&6: S. aureus (Negative).

indicator of bad hygiene during food
processing and bad storage conditions that
can lead to toxins production and pathogens
proliferation (Zweifel et al., 2005). As all
examined samples of minced meat; beef kofta
and sausage were lower than 10® and all beef
burger samples were less than 10°, so all of
them were accepted following E.S. (2005).
Moreover, the statistical results revealed that,
minced meat and beef kofta samples showed a
significant (P<0.05) increase of APC when
compared with sausage and beef burger
samples. Meanwhile, there were no
significant difference (P>0.05) of APC
between minced meat and beef kofta samples.
Moreover, sausage samples showed a
significant (P<0.05) increase of APC when
compared with beef burger samples. Nearly
similar counts were recorded by Hamed et al.
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(2015). Meanwhile, the results disagreed
with those of  Abd El-Aziz- wafaa (2015)
who recorded higher counts. Also, disagreed
with Mousa et al. (2014) who obtained lower
counts.

4.2. Total Staphylococcus count:

Staphylococci were a part of normal
flora of animal and man, because their
ubiquitous occurrence in nature, they were
found in various raw foods, at the mean time
foodborne illness from  Staphylococcus
enterotoxins remains a major problem
worldwide (Normanno et al., 2007). The
obtained results in (Table,2) of total
Staphylococcus count came in agreement with
those reported by Gibriel et al. (2007).
Meanwhile, the results disagree with Abd El-
Aziz- wafaa (2015) who recorded higher
counts.

Moreover, the statistical results
revealed that, minced meat and beef kofta
samples showed a significant (P<0.05)

increase of Staphylococci counts when
compared with other ones. Moreover, there
were no significant difference (P>0.05) of
Staphylococci counts between minced meat
and beef kofta samples and between sausage
and beef burger samples. This may be due to
the combination of the low quality of beef
carcass used; spreading of bacteria in meat by
grinding; poor manufacturing processes;
inadequate cleaning and disinfection of both
equipment; inadequate refrigerating and
surfaces or poor personal hygiene and use of
untrained personnel. These results came in
accordance with that obtained by Maarouf
and Nassif-Marionette (2008) and Abd El-
Salam-Azza et al. (2014).

4.3. Total Staphylococcus aureus count

The presence of S. aureus in foods
commonly indicates direct contamination
from worker’s hands with abrasion and
wounds or inadequately cleaned equipment
resulting in S. aureus intoxication.
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Accordingly, the total S. aureus count can be
taken as an index of sanitary conditions under
which the meat and its products are
manufactured and handled (potter, 2001). The
statistical results revealed that, minced meat
and beef kofta samples showed a significant
(P<0.05) increase of S. aureus counts when
compared with other ones. Moreover, there
were no significant difference (P>0.05) of S.
aureus counts between minced meat and beef
kofta samples and between sausage and beef
burger samples. In addition, all samples were
accepted (Table. 3), as the permissible limit
for Total Staphylococcus aureus count must
be not exceed 107 according to E.S. (2005).

Nearly similar counts were recorded by
Gibriel et al. (2007). Meanwhile, the results
disagreed with those of El- Daly et al. (2014)
who reported higher S. aureus counts in
examined samples.

4.4. lsolation and
Staphylococci species

identification  of

The results were nearly similar to El-
Daly et al. (2014) and El-Rais-Eman (2018).
Meanwhile, these results disagreed with those
of Jackson et al. (2013) and Contreras et al.
(2015) who isolated S. aureus from meat
products with high incidence. Also, disagreed
with those recorded by Kalantari et al. (2012)
who failed to isolate S. aureus from beef
burger and beef sausage samples.
Moreover, The results of Coagulase activities
of isolated Staphylococcus species strains
came in accordance with those obtained by
Maarouf and Nassif-Marionette (2008);
Hamed et al. (2015) and El-Rais-Eman(2018).
The presence of S. aureus in meat and its
products indicates poor hygiene of meat
handlers as well as lack of sterilization of
utensils and they grow without pronounced
change in odour or taste in the products and
producing heat stable enterotoxins which lead
to food poisoning with severe diarrhoea and
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gastroenteritis among consumers (Plaatjies et
al., 2004).

The widespread use of antibiotics has
undoubtedly accelerated the virulence of S.
aureus, by acquiring multiple resistance
genes, has become able to survive almost all
antibiotic families (Stefani and Goglio, 2010).
The in- vitro sensitivity tests for the isolated
S. aureus (Fig. ,1) showed that, the isolated S.
aureus were highly resistant for methicillin
and oxacillin (75.0% for each) followed by
nalidixic acid (66.7%); cefotaxime (62.5%) ;
ampicillin (58.3%) and amoxicillin (54.2%).
Meanwhile, they were highly sensitive to
norfloxacin (83.3%) followed by
lomefloxacin (79.2%); gentamycin (70.8%)
and ciprofloxacin (66.7%). Moreover, they
were intermediate sensitive to Trimethoprim /
Sulphamethoxazol (58.3%); erythromycin
(54.2%); neomycin (50.0%) and streptomycin
(45.8%). These results agreed with those
reported by EI-Rais-Eman(2018). The
resistance to methicillin occurred mainly due
to the presence of mecA gene on S. aureus
chromosome that responsible for the
production of Penicillin binding protein
PBP2a. (Ito et al., 2004).In addition, the
results proved that multiple antibiotic
resistances are widely spread among isolated
strains of S. aureus and decided the fact of
Shalini and Rameshwar (2005) that the food
chain can be considered as the main route of
transmission of antibiotic resistant bacteria
between the animal and human populations.
Moreover, a strong correlation between
methicillin resistance and co-resistance to
non-B- lactam antibiotics has been reported
(Otalu et al., 2011).

Regarding to the PCR results for detection of
methicillin-resistant S. aureus (MRSA)
strains, (Fig., 2) showed that, the mecA gene
was amplified in 6 out of 8 studied S. aureus
strains (75.0%) giving product of 310 bp.
Similar detection of mecA gene in S. aureus
strains (MRSA) were recorded by Bunnoeng
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et al. (2013); Contreras et al. (2015);
Khosravi et al. (2017) and El-Rais-
Eman(2018). Meanwhile, Abdalrahman et al.
(2015) failed to detect mecA gene in S. aureus
strains and said that, this might be due to over
production of [B-lactamase enzymes or the
presence of a variant mecA gene that does not
amplify with the available PCR primers.

Finally,  the  recorded  results
demonstrates that, S. aureus and MRSA
strains are commonly found in common meat
products sold in markets in Kaliobia
Governorate. Presence of MRSA in meat
products may pose a potential threat to human
health.
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