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Even though a wide variety of antimicrobial medications have been discovered and developed, multidrug re-
sistance still poses a severe threat to public health and is continuously increasing mortality. Recently, a lot of
research has focused on developing solutions to these problems. In this paper, we demonstrated how various
antibiotics can be combined with antimicrobial substances like LAB and plant extracts to provide synergistic ef-
fects if each therapy concentrates on a different target or signalling pathway and acts via a different mechanism.
MDR bacteria were isolated from chicken organs using standard methods, and they were confirmed using 16S
RNA. In Al-Sharkia Governorate, Egypt, 100 different samples of chicken organs (including the breast, drumstick,
liver, wings, skin, intestine, pins, giblets, heart, and legs) were taken at random from six different sites. Bacillus
was the associated pathogenic bacteria obtained from the isolated chicken organs and was confirmed using
molecular, biochemical, and microbiological techniques. The most efficient extracts that proved to have bacte-
riostatic and bactericidal properties against the highly resistant strains of pathogenic bacteria were found to be
the LactoBacillus plantarum EMCC1027. The LAB applied in the study has excellent antibacterial properties and
can be used as a safe substitute for antibiotics to inhibit the growth of the food-borne pathogens.
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Introduction

One of the top global public health challenges is the prevention and
management of multidrug-resistant organisms (MDROs), particularly in
nations with inadequate health resources. (Byarugaba, 2004; Levy and
Marshall, 2004; Mir and Zaidi, 2009). MDR organisms in the pollution
might potentially worsen the existing serious threat of antimicrobial re-
sistance (AMR), which is predicted to result in an annual 10 million mor-
tality rate (Wassenaar, 2005; Vishnuraj et al,, 2016; Mund et al.,, 2017; Lee
et al., 2020)

The ability of a bacterium to resist the inhibitory or destructive effects
of an antimicrobial to which it was not previously resistant is known as
antibiotic resistance (Dehbanipour et al, 2016; Motse et al,, 2019; WHO,
2019). This adaptive process is mostly brought on by the bacterial enzy-
matic degradation of antibiotics, the alteration of the antibiotic target,
antibiotic overuse, and the change in membrane permeability, and alter-
native metabolic pathways (Arsene et al., 2022)

MDR species can be found in people, animals, plants, food, wa-
ter, soil, and air, in addition to hospitals and other healthcare facilities
(Nagaraj and Kwang-Hyun, 2022). Foodborne disease, which is on the rise
globally and is especially prevalent in people who eat meals away from
home because of the uncontrolled hygienic preparation of these types
of food, was defined by the WHO as an infectious or toxic disease that is
contracted through the consumption of contaminated food (Noori and
Alwan, 2016)

In order to combat antibiotic resistance, it is necessary to look for
alternative, effective antimicrobial drugs and more focused treatment
methods. Using various antimicrobial drugs in combination to provide
synergistic effects is a different way that is currently being used or is un-
dergoing testing (Kaur, 2016). Combination therapy is a desirable and

optional treatment since it lowers the probability of developing cross-re-
sistance and provides possible adjuvant targets for distinct signalling
pathways (Bozic et al,, 2013).

The use of probiotics as alternative biological antimicrobial agents is
effective in reducing the number of pathogenic bacteria that are resistant
to common antibiotics. Probiotics are living microorganisms that, when
consumed in sufficient amounts, have a positive impact on the health of
the host (Hill et al., 2014).

The most popular probiotics are Lactobacilli bacteria, which are re-
garded as beneficial gut microflora (Shokryazdan et al,, 2014). They are
gram-positive, non-spore-forming bacteria found mainly in dairy prod-
ucts (Rabiul et al, 2020).The synthesis of antimicrobial compounds by
Lactobacilli, including lactic acid, hydrogen peroxide, and bacteriocin, is
what gives them their preserving properties. In the food business, bac-
teriocins are primarily employed to stop food spoilage and food-borne
illnesses. Bacteriocins are widely regarded as safe for usage and have
a number of desirable properties, including nontoxicity, inactivation by
digestive tract-related proteases, genetic engineering, and being used as
natural food preservatives (Galvez et al,, 2007; Perez et al., 2014; Usman
et al., 2022).The combination’s synergism lowers the minimum inhibitory
concentrations (MICs) of these drugs, as well as its financial burden and
sensory impact (Reda et al,, 2017). So, the aim of this study was to explore
the antibacterial capabilities of probiotics combined with traditional anti-
biotics to treat a variety of multiresistant pathogenic bacteria.

Materials and methods
Collection of samples

In Al-Sharkia, 100 (one hundred) different chicken samples were ran-
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domly selected from six different places. Chicken organs (breast, drum-
stick, liver, wings, skin, intestinal, pins, giblets, heart, and legs) were col-
lected from different locations in Al-Sharkia governorate collected from
supermarkets and retail markets during the period from November 8,
2021, until May 24, 2022.

Chicken samples weighing 100 g were obtained and placed in sterile,
dry, and clean polythene bags before being delivered to the lab for mi-
crobiological analysis.

Sample culturing

The samples were aseptically cut into tiny, thin pieces using a sterile
knife. The analytical components were homogenized in different sterile
plastic bags before being combined with 250 mL of distilled water to
create the stock. In the serial dilution experiment, each produced sample
was serially diluted up to fivefold (10-5) using 1 mL of stock homogenate
and 9 mL of sterile distilled water. This was carried out to obtain a sepa-
rate colony. Pre-serially diluted samples (0.1 mL) were applied using the
spread plate method on pre-made solidified nutrient agar plates. The
mixture was given five (5) minutes to set completely before inoculation;
plates were placed in an incubator at 37°C for 24 hours (Oluwatobi et al,
2021).

Antibiotic susceptibility test by disc diffusion method

The isolates were tested for antibiotic sensitivity using Kirby Bauer's
disc diffusion method on nutrient Agar (NA) using easily available com-
mercial antibiotic discs. A sterile cotton brush soaked in bacteria sus-
pension was used to do a grass culture on the surface of a NA plate.
Antibiotic discs that were easily found on the market were applied to the
surfaces of the cultured plates. The plates were incubated at 37°C for
16-18 hours. Each antimicrobial drug's zones of inhibition were assessed
after incubation, and the results were compared to the NCCLS chart (Olu-
watobi et al., 2021).

Determination of Minimum Inhibitory Concentrations (MIC) and Minimum
Bactericidal Concentration (MBC)

The MIC is the lowest concentration of an antibacterial agent that
completely stops bacterial growth. The MIC of the different extracts was
determined using the broth microdilution technique. In a nutshell, a 96-
well U-bottom microplate was filled with 100 pL of bacterial culture in
the first row (columns 1-10) (Manga et al,, 2021; Konstantinovitch et al.,
2022).

Each antibiotic dilution was added to them in 100 uL. Then, as a
negative control, 100 pL of sterile broth devoid of culture was added to
the well of column 11. Then column 12's well received a 100 pL positive
control of bacterial culture. The plates were then covered and incubated
for 24 hours at 37°C. After incubation, MIC was regarded as the lowest
concentration of the tested substance that prevented the bacteria from
growing in an obvious way. MBCs were identified by subculturing the
wells on plates devoid of growth (with concentrations >MIC). Agar plates
that had been inoculated were incubated for 24 hours at 37°C. MBC was
regarded as the lowest dose that prevented bacterial growth on agar
(Mbarga et al., 2022).

Antimicrobial activity of Lactic Acid bacteria against indicator bacteria
Activation of Lactic acid strains

Four strains are used: LactoBacillus acidophilus, LactoBacillus planta-
rum, LactoBacillus helveticus, and LactoBacillus rhamnosus, were acquired

from Cairo MIRCEN (Microbiological Resource Centre), Faculty of Agri-
culture, Ain Shams University, Cairo, Egypt. At 37°C for 24 hours, Biolife

Italy’s MRS broth (De Man et al., 1960) was used to activate all strains.
Primary Screening

The initial screening was done to determine how antimicrobial chem-
icals worked together. An agar well diffusion antimicrobial experiment
was used to test the antibacterial activity of Lactic acid bacteria (Balouiri
et al, 2016). In order to create active cultures, the pathogenic indicator
bacterial strains were injected into a test tube containing 5 mL of nutri-
ent broth and incubated at 37°C for 24 hours while being shaken at 180
rpm. Using sterile cotton swabs or a sterilized glass spreader, the whole
surfaces of each nutrient agar plate were swabbed with the indicator bac-
teria (Lelise et al, 2014). Further characterization was done on the LAB
isolates that exhibited the greatest zone of inhibition against indicator
bacteria. These isolates were sub-cultured on MRS agar and preserved in
a 15% tryptic soy broth glycerol solution for use in subsequent screening
procedures, such as the extraction and characterization of antibacterial
compounds (Girma and Aemiro, 2022).

Secondary screening
Preparation of cell-free supernatant

The procedures used to create the cell-free supernatants (CFSs) were
somewhat modified from those used by Assefa (2022). LAB isolates were
put into 5 mL of nutrient broth and incubated for 24 hours at 37°C. To ob-
tain the supernatant, the broth culture was centrifuged at 10,000 rpm at
4°C for 20 minutes. Next, 1 M NaOH was used to adjust the supernatant'’s
pH to 7 in order to remove the inhibitory effects of organic acid. Accord-
ing to the procedure adopted by Al-Allaf et al. (2009), the antimicrobial
activity of CFS was tested.

Combination between the antibacterial activity of antibiotics and probiotic
by disc diffusion method

Synergistic bacterial testing

Several antibiotics were alternately mixed with probiotics to test their
synergistic antibacterial activity. This was done using the disc diffusion
method, excluding at this point two antimicrobial agents—the selected
antibiotic (at the MIC value) and LAB CSF, which were coated on sterile
filter paper discs.

An antibiotic was combined and applied to the inoculated agar
plates. The CSF from the LAB discs was added after doing this. The anti-
microbial medication combination’s zones of inhibition were estimated
during an overnight incubation in accordance with the following descrip-
tion: Zones of combination treatment were classified as synergistic if they
were greater than the zones of antibiotic, no effect if they were equal to
the zones of antibiotic, and antagonistic if they were less than the zones
of antibiotic (Shahabe et al., 2021).

Molecular identification

The active isolates were molecularly verified, by utilizing a forward
primer for the 16S rRNA gene PCR (5'- AGAGTTTGATCMTGGCTCAG-3')
and reverse primer (5'- TACGGYTACCTTGTTACGACTT-3') (Lagacé et al.,
2004). Using 1.2% agarose gel electrophoresis, the amplicons’ sizes were
verified (Applichem, Germany, GmbH). 0.5 mg/ml ethidium bromide was
used to stain (Sigma-Aldrich, MO, USA) and the identities were confirmed
by automated DNA sequencing on an Applied Biosystems 3130 in both
forward and reverse modes. (ABI, 3130, USA) employing a Bigdye Termi-
nator ready for action V3.1 cycle sequencing kit (Perkin-Elmer/Applied
Biosystems, Foster City, CA; Cat. No. 4336817). Using the Basic Local
Alignment Search Tool (BLAST) available on the National Centre for Bio-
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technology Information (NCBI) website (www.ncbi.nlm.nih.gov), the DNA
sequences were compared to the GenBank sequences. MEGA11 was used
to analyze nucleotide sequences (www.megasoftware.net).

bacteria treated by Ciprofloxacin and Tetracycline (p<0.05; Table 2).
There were significant differences (p<0.05) between inhibition zone

diameters of selected MDR bacteria with all probiotic treatment, includ-

ing LactoBacillus plantarum (p>0.05). The largest inhibition zone diame-

Results ter was observed with W6 isolated bacteria treated by probiotic (p<0.05;
Figure 2).

The results of the distribution percentage and number of bacteria
isolated from each chicken organ indicated that the most isolated bacte-
ria were collected from the breast (19.6%) and drumstick (16.1%). How-

254 p-value<0.001

ever, the minimum isolated were presented in the skin (3.6%) and legs
(4.5%). The other sources of isolated samples showed an oscillatory dis- = 20+
tribution (p<0.001; Figure 1). E:: 15

The chosen isolates’ antibiotic susceptibility to 10 antibiotics from _‘g‘
various categories revealed that the susceptibility of all isolated bacte- .E 104
ria against all studied antibiotic drugs showed significant differences 8 5
(p<0.05). In the same context, the isolated bacteria were more resistant to
Amoxicillin, Cefepime, Cefuroxime, Cefatraixone, and Cefatoxime, while s S F P @ o S
they were more susceptible to Ciprofloxacin, Cotrimoxazole, Vancomycin, < ,‘o"'“\ - & ol \09‘\ << C;'O\e RET N
and Tetracycline (p<0.05; Table 1). < tl

Results of minimum inhibitory (MIC) and minimum bactericidal Sources

(MBC) concentrations (ug/ml) for drug choice against selected bacterial
isolates clearly indicated that there was a significant difference (p<0.05)
between isolated bacteria from DM3, FL8, and W6 with all studied drugs.
Maximum values of MIC and MBC were recorded for FL8 and W6 isolated
bacteria treated by Ciprofloxacin and Tetracycline and for DM3 and FL8
isolated bacteria treated by Amoxicillin and Ceftriaxone, respectively. Re-
garding MBC results, the maximum values were observed for W6 isolated

Fig. 1. Distribution percentage and number of bacteria isolated from each chick-
en organ.

The antibacterial effects of the treatment by Lactobacillus plantarum
EMCC1027 at different incubation periods showed significant effects on
the inhibition zone diameter of MDR bacteria maximized during the third
and fifth days post treatment (p<0.05; Figure 3).

Table 1. Susceptibility test of different antibiotic drugs against selected bacterial isolates.

Susceptible (S) Intermediate (I) Resistant (R)
Antibiotics p-value
No. % No. % No. %

Ciprofloxacin (CIP) 11 57.9 5 26.3 3 15.8 0.00
Amoxicillin (AX) 4 21.1 0 0 15 78.9 <0.0001
Cefepime (FEP) 5 26.3 3 15.8 11 57.9 0.00
Cotrimoxazole (SXT) 10 52.6 1 53 8 42.1 0.01
Cefuroxime (CXM) 1 53 1 53 17 89.4 <0.0001
Vancomycin (VA) 13 68.4 3 15.8 3 15.8 0.00
Tetracycline (TE) 13 68.4 1 5.3 5 26.3 <0.0001
Gentamicin (CN) 6 31.6 3 15.8 10 52.6 0.05
ceftriaxone (CRO) 10.5 1 5.3 16 84.2 <0.0001
Cefatoxime (CTX) 5 26.3 2 10.5 12 63.2 0.00
Table 2. Minimum inhibitory (MIC) and minimum bactericidal (MBC) concentrations (pg/ml) for drugs choice against selected bacterial isolates.
Bacterial Ciprofloxacin (CIP) Amoxicillin (AX) Tetracycline (TE) Ceftriaxone (CRO)
isolates code MIC MBC MIC MBC MIC MBC MIC MBC

ng/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml
DM 3 7.8° 15.6° 2500 500° 15.6° 31.2¢ 125° 250°
FL 8 62.5° 125° 125° 250° 62.5° 125° 250° 500°
W6 62.5° 1252 125° 250° 62.5° 250° 125° 250°
p-value 0.00 <0.0001 0.00 0.00 0.00 <0.0001 <0.0001 <0.0001
a®Means in the same column with different superscript letter following them are significantly different (p < 0.05)
Table 3. Combination effect of selected antibiotic and Lactobacillus plantarum
Bacterial iso- Antibiotics alone (MIC) LactoBacillus Combination clove extract with Lactobacillus plantarum
laesCode 'cpo AX  TE  CIP planctarium —cRoy Effect  AX  effect  TE  effect  CIP  effect
DM 3 18 10 6 19 23 20 S 10 N 10 S 13 A
FL 8 21 9 7 7 18 24 S 12 S 12 S 12 S
W6 15 20 7 13 20 15 N 18 A 18 S 11 A
p-value 0.04 <0.001 0.68 <0.001 0.18 0.00 0.00 0.00 0.15

S: Synergism; A: Antagonism; N: No effect
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Fig. 2. Antibacterial activity of LactoBacillus acidophilus EMCC1324, LactoBacillus plan-
tarum EMCCI1027, LactoBacillus helveticus EMCC1654, and LactoBacillus rhamnosus
EMCC1105 on selected MDR bacteria.
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Fig. 3. Antibacterial effects of Lactobacillus plantarum EMCC1027 at different incubation
periods against MDR bacteria. *p<0.0.

Fig. 4. Agarose gel electrophoresis for the amplified products of 16S RNA gene of Bacillus
species (GenBank accession 0Q557492).

The combination of antibiotics and Lactobacillus plantarum
EMCC1027 bacteria against selected MDR bacteria had significant ef-
fects on the inhibition zone diameter except for the effects of tetracycline
and probiotic alone, and the combination of ciprofloxacin and probiotic
showed non-significant effects (p>0.05). The inhibition zone diameter

minimized for DM3, FL8 and W6 isolated bacteria treated by tetracycline
with non-significant differences (p>0.05; Table 3).

16S rRNA analysis for one type of bacteria using molecular tech-
niques is one of the modern tools for the classification and identification
of bacteria. After studying the morphology and physiology characters,
molecular methods are applied for better taxonomical data. The name of
the bacteria is Bacillus firmicutes.
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Fig. 5. Bacillus firmicutes strain MCCC 1A04098 16S ribosomal RNA, partial
sequence. Gen bank number OQ557492.

The strain displayed a taxonomic correlation with the isolated strain
based on the comparative analysis of the isolate Bacillus with the se-
quencing of the closest type species obtained by the NCBI BLAST method
based on the trimmed and merged 16s rRNA sequencing analysed using
gene bank nucleotide blast alignment tools. DNA sequencing of 1485 bp
amplicons of the 16S rRNA gene confirmed the identification of Bacillus
sp. (GenBank accession 0Q557492).

Discussion

The goal of the current investigation was to identify the types and
distribution of bacterial pathogens. The results in Table 1 indicate that
breast has a high proportion of Bacillus occurrence; according to Public
Health England (2009), the acceptable amount of Bacillus group bacteria
in food is less than 103 cfu/g or ml. Food poisoning, however, may be
brought on by dosages as low as 103 B. cereus cfu/g or m1 of food sam-
ple (Gilbert and Kramer, 1986; Stenfors et al., 2008) a pathogen that is
common and can be found in several cuisines.

Minimum inhibitory (MIC) and minimum bactericidal (MBC) concen-
trations (ug/ml) chose drugs against selected bacterial isolates. In this
study, commercially available and commonly used 10 antibiotics such as
Amoxicillin, Gentamicin, Cefepime, Cotrimoxazole, Cefuroxime, Cefatraix-
one, and Cefatoxime, while they were more susceptible to Ciprofloxacin,
Vancomycin and Tetracycline (Sigma, Saint Louis, MO, USA), were select-
ed for antibacterial susceptibility testing. Antibiotics with a broad spec-
trum called gentamicin prevent the creation of new proteins. Overall disc
diffusion assay findings showed that all isolated microorganisms were
sensitive to Ofloxacin and Gentamicin but resistant to Amoxicillin and
Cefotaxime, which was statistically significant (p <0.05) (Kiyomizu et al,
2009).

The MIC profiles indicate that the majority of the antimicrobial agents
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Fig. 6. Phytogenetic tree of Bacillus firmicutes (GenBank accession OQ557492.

estimated in the study only exhibited mild levels of resistance. However,
a considerable level of resistance to all examined medications except Ci-
profloxacin was detected.

Antibacterial effects of different plant extracts against selected most
resistant bacterial isolates. During phytochemical screening, a variety of
secondary metabolites, including alkaloids, polyphenols, flavonoids, an-
thraguinones, coumarins, saponins, tannins, triterpenes, and steroids,
were found. Many compounds are active against harmful microorganisms
(Jennifer, 2001; Erfan and Marouf, 2019).

The conventional agar disc diffusion technique was used to assess
the methanolic extracts of the aforementioned plants’ antibacterial prop-
erties. Antibacterial activity of LactoBacillus acidophilus EMCC1324, Lac-
toBacillus plantarum EMCC1027, LactoBacillus helveticus EMCC1654, and
LactoBacillus rhamnosus EMCC1105 on selected MDR bacteria.

The ability of LactoBacillus acidophilus and LactoBacillus rhamnosus
to create beneficial substances during milk fermentation was found to
have the greatest impact in a study by Griffiths et al. The efficient pro-
teolytic system of LactoBacillus plantarum and LactoBacillus rhamnosus,
which appears to be the most effective among LAB and has a significant
impact on the generation of bioactive peptide , is what gives these bac-
teria their economic significance. LactoBacillus helveticus: the proteolytic
system (Griffiths and Tellez, 2013).

The probiotic capabilities of LactoBacillus plantarum and LactoBa-
cillus rhamnosus from pharmaceutical sachets revealed growth inhibi-
tory capability against gram-positive as well as gram-negative bacterial
strains, according to Monteagudo-Mera et al. (2012).

Conclusion

This study demonstrated that LactoBacillus plantarum EMCC1027
had excellent antimicrobial properties and can be used safely to replace
antibiotics in inhibiting the growth of the food-borne pathogens.
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