Egypt. J. Bot. Vol. 60, No. 2. pp. 405-421 (2020)

Egyptian Journal of Botany

http://ejbo.journals.ekb.eg/

Isolation and Molecular Identification of Some Food Borne
Pathogens from Raw and Processed Meats: In vitro Synergistic
Probability of Lactobacillus CFS and Antibiotic

Mona M. Abou El Nour?, Ebtehag A.E. Sakr

Botany Department, Faculty of Girls for Science, Education and Art, Ain Shams
University, Cairo, Egypt.

CrossMark

ICROBIAL food safety is an important health concern; isolation of food-borne

pathogens from available meat products is a bad indicator of poor hygienic practices.
A Total of 200 samples of meats comprise beef burger, sausage, raw chicken and raw red
meat (50 of each) were examined for hygienic quality by detecting the presence of potential
bacterial food-borne pathogens. The highest frequency was recorded for E. coli (48.25%) and
Salmonella sp. (26.25%) for the different meat samples, at the same time chicken meat was the
most contaminated type. Isolates were identified by conventional bacteriological methods and
confirmed by polymerase chain reaction using specific 16S rRNA primer pairs. B. cereus was
identified by targeting the presence of enterotoxin nke 4 and B genes. Checking for the presence
of shiga-toxin gene in E. coli O517 showed positive result. All confirmed isolates were tested for
multidrug resistance characterization and found to be highly resistant to almost of the studied
antibiotics. The most resistant strain was B. cereus (75%) and the less efficient antibiotics were
ampicillin and Sulfamethaxole/trimethoprim. Lactobacillus acidophilus cell free supernatant
(CFS) showed efficient activity to inhibit the growth of all resistant isolates. Synergistic activity
was detected when both agents (ampicillin & CFR) were used in combination against S. aureus
and P. aeruginosa.
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Introduction

Although nearly all foods contain adequate
nutrients to support microbial growth but actually
foods are complex medium that predicting how
fast microorganisms will grow in any given
food is difficult. In particular meat and meat
products are good source of minerals, proteins
and fatty acids, which offer a rich media for
contamination (Komba et al., 2012). The presence
of pathogenic strains in any food product give
high indication for the non hygienic conditions
in which these foods are prepared or stored
(Cuny, 2010). Contamination can takes place
at several stages along food chain production
including processing, distribution, preparation,
handling and marketing (Petersen & James,
1998). Regarding safety concept, poultry meat

considered first or second food associated with
bacteria causing human diseases, Salmonella spp.,
Staphylococcus aureus, and rarely by Bacillus
cereus are the most common diseases associated
with consumption of contaminated poultry (Sams,
2001). Poultry slaughtering process in Egypt is
commonly practiced in shops under poor hygienic
and uncontrolled conditions in which possible
contamination by pathogens may originate from
the birds itself and from environmental factors as
water, knives, tools, clothes, hands and air (Gill
& Badoni, 2005). Meat, like any food, can cause
certain diseases; meat is often contaminated from
external sources during insanitary slaughtering
places, bleeding, handling and transportation
(Bhandare et al., 2007). Escherichia coli is
commonly used as representative indicator, its
presence in food generally indicated direct or
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indirect fecal contamination (Abbassi-Ghozzi et
al., 2011). Some strains are considered pathogenic
or toxogenic as Shiga toxin-producing E. coli
(STEC) which are genetically encoded by stx1
and stx2 genes. Escherichia coli O157 originating
mainly from the intestinal tract during animal
slaughter (Ikeme, 1990). Processed beef products
such as minced meat, sausage, and burger are quick
prepared meat meals that commonly contaminated
with B. cereus which is one of the most dangerous
food poisoning pathogen. Two types of food
poisoning, emetic and diarrheal syndromes
were induced by B. cereus group (Drobniewski,
1993). These syndromes are mainly the result
of production of several enterotoxins: hemolytic
enterotoxin (hblA, hblB, hblC, and hblD), Non-
hemolytic (nheA, nheB, and nheC) and Cytotoxin
K (ytK) (Pfrunder et al., 2016). Accordingly in the
absence of sanitary conditions, raw meat products
are responsible for a significant number of human
food pathogens.

A new approach for identifying bacteria was
developed in 1980; it was found that phylogenetic
correlation of bacteria could be determined by
matching a stable part of the genetic-code (Woese
et al., 1985). The genes that code for the 5S, 16S
and 23S rRNA and the spaces between them
were the applicants of this stable part. The most
common part of DNA used now for taxonomic
characters of bacteria is the 16S rRNA gene
(Harmsen & Karch, 2004). Therefore Polymerase
chain reaction (PCR) technique was considered
as a simple and rapid method that has been
successfully used for many food-borne pathogens
identification (Ferretti et al., 2001)

Increased resistance among pathogens to
commercial antibiotics due to the excessive and
uncontrolled utilization of drugs led to many
clinical problems throughout the world (Helmy
et al., 2017) and the prevalence of pathogenic and
nonpathogenic bacteria in different food animals,
meat and meat products have an intensive role in
the development and spread of new drug resistant
strains (Farzana et al., 2009). The potential risk of
antibiotic resistance in food-borne bacteria is of a
great concern for public health. Reda et al. (2018)
isolated S. aureus from 20 food samples (raw meat,
raw poultry meat, raw milk, beef and cheese) and
found that all are multi-drug resistant and 70%
of them are resistant to ampicillin, similar results
were confirmed by Atef et al. (2017). In addition
they identified the presence of enterotoxin genes
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using PCR assay. A good correlation between
antibiotic resistance feature of pathogenic bacteria
and the ability of biofilm formation was confirmed
by Allam et al. (2019). Therefore, regarding the
continuous emergence of multidrug resistant
pathogens, a severe concern in looking for
alternatives natural antibacterial agents with new
modes of action has been increased.

Lactic acid bacteria are group of beneficial
organisms that can potentially inhibit the growth
of many food-borne pathogens by producing
different potential metabolites (Verdenelli et al.,
2009). The activity of lactic acid in combination
with phenyllatic acids against three bread spoilage
moulds was studied by Abouzeid (2011) and
showed synergistic effect against the growth of
two of them. Regarding the undesirable side effects
of uncontrolled consumption of antibiotics, the
LAB are natural organisms and their metabolites
such as nisin, organic acids and bacteriocin are
generally regarded as safe (Beristain-Bauza et
al., 2016). Therefore one such solution to deal
with drug resistance problem is the synergistic
combination of antibiotic and effective probiotic
which may offer higher antimicrobial activity
with a reduced dose of the antibiotic and further
prevent adverse side effects (Truusalu et al., 2008).
Many authors (Brumfitt et al., 2002; Biswas et
al., 2017) reported the synergetic combination of
potential LAB strains or their supernatant with
commercially available antibiotics. As the level
of contamination of meat and its products with
different food-borne pathogens represents serious
problems for consumers, so the present study was
done to examine the prevalence of food-borne
pathogens definitely Salmonella sp., E. coli, S.
aureus, B. cereus and P. aeruginosa in raw and
processed meats. Resistance to antibiotics was
evaluated in order to examine the inhibition effect
of Lac. acidophillus cell free supernatant on these
multidrug resistant strains. Synergistic probability
of antibiotic and CFS combination was also
investigated.

Materials and Methods

Collection of samples

Samples used in this study comprise two
raw fresh meats (red and poultry meat) and two
processed meat (beef burger and sausage) were
collected from butchers, chicken slaughterhouses,
and retail markets Giza province, Egypt. Fifty
samples were aseptically taken from each type of
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meat; enclosed separately in sterile plastic bags
and transported in ice-box to the laboratory and
processed as soon as possible for detection and
evaluation the presence of food born pathogenic
bacteria.

Isolation and characterization of food borne
pathogens

Samples preparation

For pre-enrichment, the meat samples were
aseptically cut into smaller pieces with sterile
knife and twenty five grams of each meat type was
blended in 225ml of 1% sterile buffered peptone
water (BPW) to obtain 1:10 (10™') initial dilution.
The homogenates were incubated aerobically at
37°C for 12-24hrs for primary enrichment.

Bacteriological isolation

Samples were cultured on selective agar
medium for detection and isolation of the
following pathogens. All obtained isolates were
first identified by colony morphology and Gram
staining then further identified biochemically by
different bacteriological analysis and confirmed
for 16S rRNA by PCR assay.

Media used for isolation of pathogenic bacteria

Salmonella sp.

One ml of each of the primary enriched BPW
was added to 9ml of sterile tetrathionate broth
for selective enrichment and incubated at 37°C
for 24hrs. 0.1ml from each enriched sample was
surface plated on Xylose Lysine Deoxycholate
(XLD) agar (Oxoid, Basingstoke, UK (and
incubated at 37°C for 18-24hrs. Colonies that
appeared pink to red with black centers on XLD
agar were considered as Salmonella sp.

Escherichia coli

The primary enriched samples were further
inoculated into sorbitol MacConkey broth for
24hrs at 37°C for secondary selective enrichment
after which it was streaked onto Eosin Methylene
Blue (EMB) agar (Oxoid, Basingstoke, UK),
plates were incubated for 24hrs at 37°C, typical
colonies of E. coli appear to be green metallic
shine on EMB media.

Staphylococcus aureus

One ml of each of the primary enriched BPW
was added to 9 ml nutrient broth for secondary
enrichment and incubated at 37°C for 24hrs after
that 0.1ml from each enriched sample was streaked
on Mannitol Salt Agar (MSA) differential media

for S. aureus. Plates were incubated at 37°C and
examined after 24hrs. Mannitol is fermented by
S. aureus indicated by golden yellow colonies on
MSA medium (Finegold & Martin, 1982).

Bacillus cereus

Samples were enriched in the Tryptic Soy broth
for 20hrs at 35°C, 0.1ml of the 20hrs enriched
cultures were streaked on Bacillus cereus selective
media Mannitol Egg Yolk Polymyxin (MYP) agar.
Plates were incubated for 24hrs at 30°C. Colonies
will appear rough, dry and pink-orange in color
surrounded by a zone of dense white precipitate
indicating lecithinase production.

Pseudomonas aeruginosa

Cetrimide-nalidixic acid agar (CAN) was used
for isolation of Pseudomonas aeruginosa, 0.1ml
of each sample was spread on the media and
incubated for 18hrs at 37°C. Plates were examined
by daylight for the detection of the yellow-green
growth characteristic of P. aeruginosa (Goto &
Enomoto, 1970).

Biochemical characterization

All obtained isolates were subjected to
biochemical characterization as described by
Sneath et al. (2009) of determinative bacteriology
for identification. Characterization of the isolates
was done by performing specific tests including
microscopic examination as Gram stain, cell
shape, motility and sporulation also biochemical
assays namely, O, requirements, nitrate reduction
coagulase, oxidase, catalase, urease, gelatin, starch
and casein analysis, H,S production, haemolytic
activity on blood agar, indole production, methyl
red, Voges-Proskauer, citrate utilization and sugar
fermentation.

Molecular characterization of isolates using 16S
rRNA gene

All the isolated pathogens in this study were
further confirmed by PCR using the species specific
primer pairs of 16S rRNA, the primer pairs were
used for amplification of signature sequences in
16S rDNA variable regions 2 and 8 (V2 and V8)
in each isolate (Table 1) and thus create a PCR
amplicon with a certain molecular weight that
can be recognized by gel electrophoresis. The
biochemical approved strains were streaked on
tryptic soy agar medium and incubated at 37°C for
24hrs; a single colony of each strain was grown in
Luria-Bertani (LB) broth medium and incubated
at 37°C for 18-24hrs. Bacterial genomic DNA
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was extracted according to Kit (Qiagen, German)
manufacturer’s instructions and used as DNA
template. The DNA quantity and purity were
measured spectrophotometrically at A260 and
A280, as well as visualization on 1% agarose gel.
The PCR amplification was done using reaction
mixture (25ul) set as follows: Sul of DNA
template, 0.5ul of each primer, and 19ul of Taq
PCR Master Mix polymerase (Qiagen, German),
PCR amplification was carried out under the
following conditions: initial denaturation 94°C
for 5min followed by 35 cycles of denaturation
at 94°C for lmin, annealing 55°C for Imin and
elongation at 72°C for Imin and final extension at
72°C for 7min. Molecular identification targeting
gene producing enterotoxin A and B for Bacillus
cereus and shiga toxin gene for E. coli were
also performed using PCR technique previously
described (Table 2).

Antibiotic sensitivity test

All the isolated pathogenic strains were
evaluated for their sensitivity to antibiotics using
16 commercial antibiotic discs (x«g) from different
groups. namely ampicillin (10), cefuroxime
sodium (30), ceftriaxone (30), amikacin
(30), chloramphenicol (30), Cefaclor (30),
Aztroname (30), Vancomycin (10), Gentamycin
(10), Erythromycin (15), Ciprofloxacin (5),
Levofloxacin (5) Norfloxacin (30), Cefoxitin
(30), Piperacillin (100) and Sulfamethaxole/
trimethoprim (25). The antibiotic susceptibility
was carried out by disc diffusion assay on Mueller-

Hinton agar. Standard bacterial suspensions of the
pathogens were prepared equivalent to 0.50.D
(McFarland standards) the suspension was spread
on the surface of Mueller—Hinton agar media using
a sterile cotton swab. The tested antibiotic discs
were arranged on the surface of inoculated plates
and incubated aerobically at 37°C for 18-24hrs,
after which the zone diameters were measured
(mm) and compared with the standard measures
given by Clinical and Laboratory Standards
Institute (CLSI, 2017) as sensitive (S) or resistant
(R). Resistance of Lactobacillus acidophilus La-5
to all tested antibiotics was also evaluated.

Tested lactic acid bacteria.

Lactic acid bacterial culture of Lactobacillus
acidophilus La-5 (Chr. Hansen’s Lab., Denmark)
was assayed for its Cell Free Supernatant (CFS)
ability to inhibit growth of the identified pathogens
by agar well diffusion method (Devi Avaiyarasi et
al., 2016). Lact. acidophilus La-5 was cultivated
and maintained on deMan Rogosa Sharpe (MRS)
media.

Preparation of Lactobacillus acidophilus CFS

Lact. acidophilus La-5 was inoculated in MRS
broth medium and incubated at 37°C for 48hrs. The
bacterial suspension was centrifuged at 8000rpm
for 20min. the pellet was throw away and the cell-
free supernatant was obtained by filter-sterilized
through a 0.2um-pore-size Whatman membrane
filter (Sigma, USA) and used freshly (Marques et
al., 2017).

TABLE 1. Primer sequences of 16S rRNA genes for bacterial pathogens confirmation.

. . . s o~ Amplicon

Pathogenic strain Primer sequence (5’ - 3¢) size (bp) Reference
16S-Sal F.GTGTTGTGGTTAATAACCGCAGCA .

Salmonella sp. 168-CCR R.TGTTBGMTCCCCACGCTTTCG 324 Lin et al. (2004)

. PA-SS F.GGGGGATCTTCGGACCTCA .

P. aeruginosa PA-SS R TCCTTAGAGTGCCCACCCG 956 Altaai et al. (2014)
F.GTAGGTGGCAAGCGTTATCC

S. aureus R.CGCACATCAGCGTCAG 228 Karmakar et al. (2016)

. F. GTTTGATCCTGGCTCA
E. coli 0157 R TACCAGGGTATCTAATCC 300 Magray et al. (2011) .
TABLE 2. Primer sequences of enterotoxin primers of B. cereus and E. coli 0157 .
Pathogenic strain Target Primer sequences (5’ and 3¢) Amplified Reference
gene segment (bp)

Bacillus cereus nhe Aand NA2F AAG CIG CTC TTC GIATTC 766 Ehling-Schulz

(Enterotoxin gene) nhe B NB1 R ITI GTT GAA ATA AGC TGT GG et al. (2006)

E. coli O157 ST F. ATTTTTMTTTCTGTATTRTCTT 190 Aranda et al.

(Shiga toxin gene) R. CACCCGGTACARGCAGGATT (2004)
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Assessment the antibacterial activity of Lact.
acidophilus against the pathogenic strains

a-Qualitative method

Assessment of Lact. acidophilus activity
was done using well diffusion assay, 30ul of the
aliquot CFS was placed in 7mm diameter wells
in Muller Hinton (MH) agar plates previously
seeded with the pathogenic strains. Plates were
left for solidification and then incubated at
37°C for 24hrs. Lactobacillus-free broth was
used as control, inhibition zones diameters were
measured in mm (Sharma et al., 2017).

b-Quantitative method (turbidity)

Equal volumes of CFS of Lactobacillus and
was mixed with bacterial suspensions of the
pathogens equivalent to 0.50.D (McFarland
standards) in MH broth. The optical densities of
culture media were measured at 0, 2, 4, 6, 12,
and 24hrs after incubation at 580nm (Akujobi
& Njoku, 2010). Percentage inhibition= 1- (OD
test/OD control) x 100

Resistance of Lact. acidophilus to bile salt

The ability of Lactobacillus to endure bile salt
was examined by determine the optimal growth
after incubating (37°C) the Lactobacillus in MRS
broth tubes containing different concentrations of
bile salt (0-3%). Bacterial growth was observed
by measuring absorbance at 600nm at different
time intervals (0-24hrs). Bile salt-free MRS broth
was used as control (Frangois et al., 2012).
Determination of  minimum inhibitory
concentrations

The minimum inhibitory concentrations
(MICs) of the less efficient antibiotic for all
the identified strains were determined as well
as the MIC of the cell free supernatant of the
investigated Lact. acidophilus. Determination
was done using broth micro-dilution assay in 96
wells polystyrene microtitre plate according to
CLSI (2003) and CLSI, (2006). The antibiotic
was dissolved for maximum concentration of
Img/ml in sterile distilled water; and 4mg of
freeze-dried CFS in 1ml sterile distilled water as
stock solutions. The antibiotic and the CFS were
subjected to two-fold dilution series with Mueller-
Hinton Broth and LB medium, respectively
to obtain concentrations ranging from 2048 to
4pg/ml. Microtitre plate wells containing 90ul
of bacterial suspensions (10°CFU/ml) and 10pul
of each dilution of antibiotic and or CFS were
incubated at 37°C for 24hrs. CFS and antibiotic

free broth wells were used as control. The lowest
concentration (highest dilution) that completely
inhibited microbial growth as determined by
optical density measurements at 600nm was
considered the MIC value.

Synergistic evaluation of CFS and the tested
antibiotic

Checkerboard assay was designed to evaluate
the antimicrobial effect of combined antibiotic
and CFS using 96-well micro-titre tray. Two- fold
serial dilutions of the antibiotic and the CFS were
prepared with concentrations ranging from 4 to
2*MIC of each anti-agent. 25pl of each dilution of
the antibiotic were added to the wells in vertical
orientation and 25ul of each dilution of CFS were
added to the wells in horizontal orientation so
that the plate contained various concentrations of
combinations of the two compounds. 50ul (10°
CFU/ ml) of bacterial suspension was added to
each well, wells without antibacterial agents
were used as positive control, and the plate was
incubated at 37°C for 24hrs. The Fractional
Inhibitory Concentration (FIC) is the lowest
concentration of anti-agents in combination
permitting no visible growth of the test organism
(Vidaillac et al., 2007). The FIC value for each
agent was calculated using the formula:

MIC of antibioticin combination

FIC antibiotic = MIC of antibiotic alone

MIC supernatant in combination

FIC tant =
Supernatan MIC supernatant alone

The interaction between the antibiotic and
the supernatant was assessed in terms of the FIC
index calculated using the following formula:

FIC index = FIC antibiotic + FIC supernatant

The interaction was defined as synergistic if
the FIC index was < 0.5, partial synergy if the
FIC index was > 0.5 and less than or equal 1.0,
and antagonistic if the FIC index was > 1.0.

Statistical analyses

Means and standard deviation of the studied
parameters were calculated. The data was
statistically treated using two-way analysis of
variance (univariate). The means were compared
by least significant difference at P<0.05. The
statistical analysis was processed using SPSS
version 16 (20006).
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Results

Prevalence of pathogens in studied meat samples

Raw and processed meats are a good medium
with sufficient nutrients for microbial growth.
Routine isolation and identification of the desired
pathogens were done first based on cultural
characteristics and biochemical characterization for
each strain. The prevalence of isolated pathogens
from the investigated food samples is summarized
in Table 3. The results illustrated that all collected
food meat samples were variably contaminated
with bacterial pathogens, the higher level of
contamination was found in chicken meat (32.8%)
and red meat (31%) while obviously sausage is the
least contaminated one. High prevalence percent
of E. coli (48.25%) was detected when compared
to other investigated isolates with remarkable
frequency in chicken meat (80%), in addition the
high frequency of Salmonella (41%) was detected
in chicken meat also.

Biochemical characterization of the isolated
pathogens

The bacterial strains were identified first by
isolation on selective media of each strain, colonies
appeared red with black center, green metallic
shine, golden yellow, pink-orange surrounded
by a zone of dense white precipitate and yellow-
green were characterized for Salmonella sp., E.
coli, S. aureus, B. cereus and P. aeruginosa in
respective order on their specific media. Then
after, the identified colonies were further subjected
to recommended Bergey’s manual bacteriological
determination, results of all studied tests are
recorded in Table 4.

Molecular confirmation of biochemically tested
isolates

Biochemically confirmed isolates were further
subjected to molecular characterization by PCR
species specific primer pairs, the PCR amplicon
with a certain molecular weight was identified by
molecular weight comparison with the marker of a
100-bp DNA ladder and illustrated the existence of

16S rRNA at 956bp for P. aureginosa, at 324bp for
Salmonella sp., (Fig. 1), at 228bp for S. aureus and
at 300bp for E. coli 0157 (Fig. 2). While B. cereus
isolate was confirmed by the existence of desirable
nhe A and nhe B enterotixin gene at 766bp specific
band (Fig. 1). In addition, PCR amplicon detected
the presence of shiga toxin gene in E. coli O517
isolate at specific band of 190bp size (Fig. 3).

Antibiotic sensitivity determination

All identified isolates examined for drug
resistance pattern by disc diffusion technique
showed high levels of resistance against almost
all antibiotics used (Table 5). Moreover, all
examined strains showed resistance (100%)
against Ampicillin  (B-lactam  group) and
Sulfamethaxole/ trimethoprim (sulfa drug group),
while all are sensitive (100%) against Vancomycin
(Glycopeptides group), Amikacin, Gentamycin
(Aminoglycosides group) and Norfloxacin
(Quinolones & fluoroquinolones group). B.
cereus was tolerant to high number (75%) of the
antibiotics tested and P. aureginosa was tolerant to
19% only of the tested antibiotics. The Resistance
pattern of the lactic acid bacterial strain used (Lac.
acidophilus La5) was also investigated and clear
resistance (81%) to antibiotics tested was found.

Antimicrobial potency of Lac. acidophilus
La5 cell free supernatant against all identified
food borne strains was performed using agar well
diffusion method which illustrated remarkable
effect varied among strains with zone of inhibition
in the range of 22 to 31mm (Fig. 4). The CFS
of Lac. acidophilus which containing different
natural metabolites showed a potent inhibitory
effect even against the highly drug resistant
Bacillus cereus. Notably, both Gram-positive and
Gram-negative bacteria were inhibited by the
examined CFS. Furthermore, Percent inhibition of
the CFS was also investigated along different time
intervals (Fig. 5), results illustrated high percent
inhibition and efficient activity starting from 12hrs
incubation.

TABLE 3. Prevalence of pathogenic isolates in collected meat samples.

Type of meat Prevalence of isolated pathogens (%) Total
(50 sample/each) Salmonella sp. E. coli S. aureus B. cereus P, aerogenosa %
Red meat 38 54 21 22 20 31
chicken meat 41 80 13 10 20 32.8
Beef burger 17 47 22 28 14 25.6
sausage 9 12 18 4 8 10.2
Total % 26.25 48.25 18.5 16 15.5
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TABLE 4. Morphological and biochemical identification of pathogenic isolates.

Strain Staphylococcus Pseudomonas
Salmonella sp. Escherichia coli PRy Bacillus cereus , )
aureus aeruginosa
Tested parameter
. Convex Convex circular  Flat circular
Colony Smooth, convex Slightly convex . . . . .
. . . . yellowish with entire edge  with entire edge
characteristics circular with circular creamy ) . . .
. . . . circular with and creamy in and creamy in
on nutrient agar entire edge with entire edge .
entire edge color color
Gram stain - - + + )
. Straight lon .
Mono pattern Cocci in grape £ & Straight short
Cell shape Short rods . rods, arranged
Rods like clusters . . rods
in pairs
Motility + + - + +
Sporulation i - - + -
. Facultative Facultative Facultative facultative
O, requirements Aerobe
2 anaerobe anaerobe anaerobe anaerobe
Nitrate reduction + + + + +
Coagulase test + - + - -
Oxidase production - - - - +
Catalase production + + + + +
Urease test - - + - +
Gelatin hydrolysis - - + + +
Starch hydrolysis - - - + -
Casein hydrolysis - - - + +
H,S production + - - + -
Haemolytic activity + + + + +
Indole formation - + - - -
Methyl red test + + + - -
Voges-Proskauer i ) N N i
test
Citrate utilization + - + + -
Fermentation of
Manitol + + + - +
Sucrose - + + + -
Lactose - + + - -
Glucose + + + -
Sorbitol + - - -

Fig. 1. Agarose gel electrophoresis showing amplified PCR products with 956bp segment 16S rRNA of P.
aeruginosa (Lane 1) 324bp segment 16S rRNA of Salmonella sp. (Lane 2) and 766bp segment nhe A and
nhe B enterotixin of B. cereus (Lane 3) [Lane M: 100bp DNA Ladder].
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Fig. 2. Agarose gel electrophoresis showing amplified PCR products for 16S rRNA (A) for S. aureus at 228bp, (B)
for E. coli O517 at 300bp. Lane M: 100 bp DNA Ladder.

Fig. 3. Amplified PCR product of positive ST gene
of E. coli at 190bp (Lane 1) [Lane M, 100bp
ladder].

Resistance of Lac. acidophilus to bile salt

The Lac. acidophilus strain used in this
study was examined for its bile salt tolerance
capability, bile salt concentrations ranging

Egypt. J. Bot. 60, No. 2 (2020)

from 0.2 to 3% were examined, while 0%
was considered as control. Results in Table 6
illustrate that bacterial growth did not inhibited
completely even at high concentration of 2%
and start to be reduced at 3% bile salt but with
no significant difference.

Determination of MICs for the most efficient
antibiotic

All identified isolates were found to be
resistant to the antibiotic ampicillin which
belong to B-lactam group as shown from the
previous sensitivity test, therefore it was chosen
for MIC determination and further subjected to
synergistic evaluation in combination with CFS
of Lac. acidophilus. The MIC of the CFS was
determined as well against all identified strains.
The MICs values of ampicillin were found in the
range of 1024 -128ug/ml (Table 7), while those
of CFS were in the range of 512-64ug/ml (Table
8). Staphyloccicus. aureus and Pseudomonas
auregenosa were found to be the most resistant
strains as indicated by the high MIC value
recorded (1024pg/ml). Furthermore, the result in
the table illustrate that the highest antimicrobial
activity of CFS was obtained against Bacillus
cereus and Pseudomonas auregenosa as evident
by the low MICs (64pg/ml) obtained and proved
by the wide inhibition zones (29 & 28mm) in
agar plates.
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TABLE 5. Antibiotic sensitivity pattern of tested srains by disc-diffusion assay supernatant bioactivity antimicrobial .

Mode of Antibiotics erouns Antibiotics Salmonela E.coli . B. P Lac.
action group sp. 0157 aureus cereus aureg acidophilus.
o Ampicillin (10) R R R R R R
Penicillins | .
Piperacillin(100) R R R R S S
Ceftriaxone(30) R R R R S R
. Cefoxitin(30) R S R R S R
Inhibitor of ~ P-lactam  Cephalos- Cefuroxi
cell wall orins cluroxime
P sodium (30) R R R R S R
Cefaclor(30) S R S R S R
Monobactam Aztroname (30) R R R R S R
Glycopeptides Vancomycin(10) S S S S S R
. . Gentamycin(10) S S S S S R
Aminoglycosides o
Inhibitor of Amikacin(30) S S S S S S
protein Macrolids Erythromycin(15) S R S R R R
synthesis .
Phenicols Chloramphenicol S S S R S R
(30)
Inhibitors of ) Ciprofloxacin(5) R S R R S S
nucleic acid Qumolp nes& Levofloxacin(5) R S R R
hesi fluoroquinolones )
synthesis Norfloxacin(30) S S S R
Anti- Sulfamethaxole/
metabolites Sulfa drug trimethoprim(25) R R R R R R
Resistance % 56 50 50 75 19 81
40
g 30
g
E
R 20
g ) j i i i E
0 4
Oe\V co\‘ e"e“ \“05g
i *
¥ Strains

Fig. 4. Antimicrobial activity of Lac. acidophilus CFS against bacterial strains.
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Fig. 5. Percent inhibition of Lac. acidophilus CFS against bacterial strains at different time interval.
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TABLE 6 . Effect of bile salt concentration on percent survival of Lac. acidophilus at different incubation time.

Bile salt conc. Times/hrs Overall
(%) 0 2 4 6 24 mean
Zero (control ) 100+0.00 100+0.00 100+0.00 100+0.00 100+0.00 100+0.00
0.2 100+0.00 100.21+1.82 94.67+0.58 90.50£2.44 89.22+0.29 94.92+4.90
0.3 100.00+0.00 97.38+2.60 89.16+1.88 79.98+2.11 80.78+0.08 89.46+8.65
0.4 100.00+0.00 64.58+1.45 55.39+0.36 46.37+1.25 61.73+£0.17 65.61+£18.95
0.6 100.00+0.00 56.83+0.81 49.80+0.46 43.69+1.18 47.49+0.11 59.56+21.40
0.8 100.00+0.00 51.80£1.35 44.54+0.95 43.28+1.32 44.10+0.17 56.74+22.62
1 100.00+0.00 37.38+0.70 33.26+0.08 27.07+0.77 32.33+0.18 46.01+£28.15
2 100.00+0.00 29.45+0.27 23.72+0.19 25.66+0.44 12.61£0.17 38.29+32.46
3 100.00+0.00 21.08+0.19 17.70+0.72 8.81+0.15 6.60+0.23 30.84+36.23
Overall mean 100.00+0.00 62.08429.70  56.47+£29.86  51.71430.26  52.76+31.67

For Bile salt — 1.45
For time — 0.55
For Bile salt *time — 1.68

LSD at 0.05

TABLE 7. Identified MICs of ampicillin for the
investigated pathogenic meat products.

Bacterial strains MIC (pg/ml)

Salmonella sp. 128
E. coli O157 512
S. aureus 1024
B. cereus 256

P. auregenosa 1024

TABLE 8. Identified MICs of CFS for the investigated
pathogenic meat products.

Bacterial strains MIC (ng/ml)

Salmonella sp. 128
E. coli O517 512
S. aureus 512
B. cereus 64
P. auregenosa 64

Evaluation of synergistic effect of antibiotic and
CFS

The use of double combinations of antibiotic
drugs with positive in vivo natural antimicrobial
agents is usually of an interesting importance.
Results in Tables 9 and 10 demonstrate that
the MICs of the individual antiagents were
comparatively high. The checkerboard broth
microdilution method used for the combined
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evaluation of the antibiotic ampicillin and the
CFS showed a marked reduction in the MIC
against S. aureus from 1024 to 256pg/ml for
ampicillin and from 512 to 128ug/ml for the
CFS. While it was reduced for P. auregenosa
from 1024 to 128ug/ml for ampicillin and from
64 to 16pg/ml for the CFS.

Fractional inhibitory concentration for S.
aureus were:

FIC antibiotic = 256 =0.25
anti 101:1(:—1024 =0.

128

FIC tant = —— = 0.25
superna an 512

FICindex = 0.25 + 0.25 = 0.5

Fractional inhibitory concentration for P.
auregenosa were:

FIC antibiotic = 128 =0.125
anti lOlC—m— .

FIC = 16 =0.25
supernatant = — = 0.
FICindex = 0.125 4+ 0.25 = 0.375

Since the interaction was considered as
synergistic if the FIC index is < 0.5 therefore
synergistic effect was verified by this
combinations in which synergism is more
efficient against P. auregenosa.
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TABLE 9 . Combined effect of ampicillin antibiotic and cell free supernatant against S. aureus.

Ampicillin dilution (pg/ml)
4 8 16 32 64 128 256 512 1024 2048
— 4 +ve +ve tve tve tve +ve tve +ve -ve -ve
g,, 8 +ve +ve +ve +ve  +ve +ve +ve +ve -ve -ve
>
£ 16 +ve +ve +ve +ve  +ve +ve +ve +ve -ve -ve
% 32 +ve +ve +ve +ve  +ve +ve +ve +ve -ve -ve
4 64 +ve +ve +ve +ve +ve  +ve +ve  +ve -ve -ve
- 128 +ve +ve +ve +ve  +ve +ve -ve -ve -ve -ve
256 +ve +ve +ve +ve +ve +ve -ve -ve -ve -ve
512 +ve +ve +ve +ve +ve +ve -ve -ve -ve -ve
1024 +ve +ve +ve +ve  +ve +ve -ve -ve -ve -ve
TABLE 10 . Combined effect of ampicillin antibiotic and cell free supernatantagainst P. auregenosa.
Ampicillin dilution (ng/ml)
= 4 8 16 32 64 128 256 512 1024 2048
g” 4 +ve +ve +ve  +ve +ve +ve +ve +ve -ve -ve
E 8 +ve +ve +ve +ve +ve +ve +ve +tve -ve -ve
E 16 +ve +ve +ve  +ve +ve -ve -ve -ve -ve -ve
Z 32 +ve +ve +ve  +ve +ve -ve -ve -ve -ve -ve
© 64 +ve +ve +ve  +ve +ve -ve -ve -ve -ve -ve
128 +ve +ve +ve  +ve +ve -ve -ve -ve -ve -ve
Discussion Further reported results by Shahat et al. (2019)

Foods, by their nature considered suitable
substrates for the growth and metabolism of all
microorganisms, especially meats are ideal media
for growth of different organisms including those
food-borne pathogens. Results of this study proved
thatall collected retailed meat samples were highly
contaminated with different types of pathogens
with high frequency for E. coli and Salmonella
sp.; they were all found to be multi drug resistant.
These results are in good accordance with results
obtained by Saud et al. (2019). Our results are
also in agreement with Moawad et al. (2017)
who reported high incidence of S. enterica and
E. coli as food borne pathogens found in poultry
and beef meat in Egypt. In addition they recorded
variable resistance of pathogens to antimicrobial
agents with complete resistance to ampicillin and
trimethoprim/ sulphamethoxazole in accordance
with many other studies (Ahmed & Shimamoto,
2014; Bantawa et al., 2018), while most isolates
are sensitive to chloramphenicol and enrofloxacin.

demonstrated one hundred percent resistance of
P. aeruginosa to ampicillin and sulphamethazone
while higher sensitivity was detected against
ciprofloxacin and norfloxacin which is in line with
present results. Gill & McGinnis (2000) suggested
that each step in the long chain of slaughtering and
transportation of raw meat causes a potential risk
of microbial contamination to the raw meat sold at
retail outlets. It has been suggested that more than
one factor may contributes to the existence of food
borne pathogen contamination, contamination
may be bring into food by workers indirectly
by sneezing coughing or somewhat skin injury
or indirectly through cloths, working surfaces,
boxes, knives and equipment in general (Bhandare
etal., 2007). The highest contamination rates may
be related to the raw nature chicken and red meat,
while the lowest contamination rate of sausage
and beef burger can be explained that these two
products considered half-processed meat and were
subjected to heat treatment during manufacture,
besides the addition of chemical preservatives,
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additives and spices during processing (Waters et
al., 2011).

Polymerase chain reaction (PCR) is a very
efficiently used in rapid detection of food-
borne pathogens and has become a vital tool in
molecular problems-solving (Pinto et al., 2005).
Biochemically identified isolates of the current
work were successfully confirmed by PCR
technique using species specific primers 16S
rRNA, these results were supported by Lin et al.
(2004) for Salmonella sp., Altaai et al. (2014) for
P aerogenosa, Shahat et al. (2019) for S. aureus
and Magray et al. (2011) for E. coli. PCR is also a
rapid technique for the verification of toxigenic B.
cereus in food; in the current study the enterotoxin
encoding genes nhe A and nhe B was assessed
using specific primer set that previously agreed
by Ehling-Schulz et al. (2006). PCR assay also
detected the presence of Shiga toxin-producing
gene in accordance with Aranda et al. (2004).

The antibiotic resistance of pathogens is one
of the main problems resulting mainly from
the inappropriate prescription and utilization
of antibiotic drugs (Oli et al., 2017). Since
all isolated pathogens of the present study
showed high resistance to different classes of
antibiotics therefore ampicillin was chosen
for MIC determination against all investigated
isolates. According to Reddy et al. (2017)
isolates can be considered as MDR they are
resistant to antibiotics belonging to the three
different classe (aminoglycosides, quinolone
and, cephalosporins). Staphyloccicus aureus
and Pseudomonas auregenosa were the most
resistance with high MIC values; accordingly
ampicillin  was examined for synergism
possibility with cell free supernatant of tested
Lactobacillus. Resistance towards different
antibiotic drugs amongst pathogens including
food-borne pathogens is a global problem. Lactic
acid bacteria are widely used as probiotics and
their metabolites such as acid, hydrogen peroxide,
and bacteriocin are generally considered as
safe and can inhibit many patho genic bacteria
and fungi (Beristain-Bauza, 2016). Potential
inhibitory effect was performed by the studied
Lac. acidophilus against all pathogenic isolates,
the present results were in good accordance with
those obtained by Al-Madboly & Abdullah (2015)
who recorded high inhibition zone diameters (36 to
44mm) by different LAB strains against resistant
S.aureus , 35 to 37mm against £.coli and 28mm
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against S. typhi. Results were also correspond to
the findings of Bajpai et al. (2016a) who observed
inhibition zone diameters ranging from16.5—
20.4mm and MIC values from 250-500pg/
ml. Cox et al. (2001) explained that leakage of
different important electrolytes such as potassium
ions, which contribute in different cell membrane
functions can cause bacterial cell membrane
disruption, thus induce cell death. In this respect
Bajpai et al. (2016b) observed that inhibitory
effects of CFS of LAB were confirmed to cause
potassium ion efflux. The same authors have
been reported inhibitory effect of CFS or LAB on
nucleic acid liberation from bacterial pathogens
which might give good indicator of membrane
damage. Since effective probiotics should
introduce their antimicrobial actions mainly to
the pathogens in the gastrointestinal (GI) system
(Samot & Badet, 2013) therefore the degree of
bile salt tolerance which is the most important
stress factor in the GI tract was examined for
the test Lac. acidophillus and illustrated visible
growth at bile salt concentrations of 0.2 to 3%.
In consistent, Al-Madboly & Abdullah (2015)
reported that different bile concentration did not
inhibit the bacterial growth completely and that
high counts of bacteria were obtained even at a
concentration of 2%. They suggested a stress
adaptation mechanism which could explain the
increased growth. Another cause that may explain
the bile resistance is the bile salt hydrolase (BSH)
activity which is observed in some strains, thereby
decreasing its bactericidal effect, and this may
explain the sensitivity of some strains that do not
have BSH activity (Suskovic et al., 2001).

The LAB can produce a wide range of
inhibitory compounds including bacteriocins,
organic acids, ethanol, diacetyl, carbon dioxide,
and hydrogen peroxide (Liao & Nyachoti, 2017).
Ricke (2003) clarified that organic acids can
reduce the intracellular pH which slows down
the active transport of internal protons leading
to excess ATP consumption resulting to cellular
energy depletion. Surendran Nair et al. (2017) and
Zhitnitsky et al. (2017) explained that the main
targets of organic acids are the bacterial cell wall
and cytoplasmic membrane of pathogens ending
with their disturbance and death. Mitchell et al.
(2015) deduced that hydrogen peroxide can act
against non catalase producers pathogenic bacteria
by enhancing toxic oxidation through superoxide
anion chain reaction. LAB-bacteriocins are
considered now as new field of antibiotics with
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potent in vitro and in vivo activities (Seddik et
al., 2017). Moreover, Combinations of LAB-
bacteriocins and antibiotics are arrising as new
therapeutic ~ alternatives for food-producing
animals (Naghmouchi et al., 2013; Al Atya
et al., 2016). The use of dual combinations
of antimicrobial agents with positive in vitro
interactions has become an important concern to
potentiate the therapeutic action of antibiotics. In
the present study the combination of ampicillin
with CFS showed synergistic activity when tested
against Staphyloccicus aureus and Pseudomonas
auregenosa. Adwan & Mhanna (2008) suggested
that the additive effect of antimicrobial agent in
combination with antibiotics may takes place as a
result of double attack of both agents to different
target sites of the cell. Nowadays, many natural
antimicrobial agents were analyzed for their
action as resistance-modifying agents and are
expected to adjust or inhibit bacterial resistance or
increasing the efficiency of antibiotics to destroy
resistant bacteria (Abreu et al., 2013).

Conclusion

It is worth mentioning that all collected meat
samples were contaminated with MDR isolates
which confirm that slaughtering places show
bad hygienic conditions, furthermore meats
were purchased in open-air area without
adequate control which contributes greatly to the
development of resistance in the bacterial flora.
These may highlight the need of strict control by
the Ministry of Health. In addition it is expected
that the use of effective combinations (synergistic)
may avoid the increasing resistant development of
pathogens that occur during antibiotic treatments
and or reduce the antibiotic doses and side effects.
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