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ABSTRACT

Lactiplantibacillus plantarum, one of lactic acid bacteria (LAB), is found in various foods,
including dairy products, meat, and vegetables, and most of these bacteria offer beneficial
effects to humans and animals as potential probiotics with broad-spectrum antimicrobial
activities. The aim of this study was evaluating the antibacterial efficacy of L. plantarum
against some foodborne bacteria isolated from dairy products. This research involved 34
dairy products, including local and imported milk, cheese, and yogurt sold locally in Baghdad
province, Iraq, during May 2022. For the isolation of L. plantarum, a special medium called
MRS (de Man Rogosa and Sharpe) was applied. Colonies were purified and identified by
routine bacteriological methods, Vitek2 system, and confirmed by the polymerase chain
reaction (PCR) targeting the 16S rRNA gene followed by the amplicon sequencing. Other
aerobic bacteria contaminating dairy products were also isolated onto sterile selective
media specific for each microorganism, and the isolates were identified by routine
diagnostics tests followed by verification with Vitek2 system. Then, the culture supernatant
of L. plantarum was tested for its antagonistic activity toward foodborne bacteria by the use
of agar well diffusion assay. The findings showed the isolation of 2 L. plantarum, 3
Pseudomonas aeruginosa, 4 Escherichia coli, one isolate of Bacillus subtilis, and another
Staphylococcus hominis. The filtered supernatant of L. plantarum was significantly efficient
in inhibiting the growth of the above bacteria. Each of E. coli and B. subtilis revealed zones of
inhibition of 36 and 38 mm in diameter, respectively, while P. aeruginosa and S. hominis had
inhibition zones diameters of 27 and 29 mm, respectively. This suggests that the L.
plantarum supernatant possesses a broad-spectrum activity against foodborne bacteria. To
conclude, locally made dairy products can hold different contaminating bacteria, which can
be eliminated by using probiotics, such as L. plantarum, to avoid foodborne diseases onset.

Keywordsl favipiravir, amlodipine, pharmacokinetics, aldehyde oxidase, hypertension

(2). Lactiplantibacillus plantarum is the most diverse LAB

INTRODUCTION

Lactic acid bacteria (LAB) are anaerobic to
aerotolerant homo-fermentative bacteria that
produce L-lactic acid and belong to the Gram-positive
category of bacteria (1). An example of LAB is Lactobacillus
plantarum, which was reclassified by Zheng and colleagues
in 2020 into the newly proposed genus Lactiplantibacillus
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species, belonging to the heterofermentative group and
producing both L- and D-lactic acid. It has been widely
employed as a probiotic microorganism in the food
industry (3-5).

According to the World Health Organization (WHO) and
the International Scientific Association of Probiotics and
Prebiotics (ISAPP), probiotics are live microorganisms that
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can provide health benefits to their host when supplied in
sufficient amounts (106-108 CFU/mL) (6). In addition to the
health advantages, probiotics are also safe and cost-
effective (7). They can serve as effective alternatives to
traditional antibiotics, with many possible biomedical
applications (5). They are also useful for achieving products
with extended shelf life and harmless properties due to
their ability to prevent or delay the growth of
contaminating microorganisms (8).

During the fermentation process of some foods, LAB can
be produced and isolated from numerous natural sources
(9). These bacteria produce different types of inhibitory
compounds, including metabolic end products, hydrogen
peroxide, antimicrobial peptides with antibiotic activity
(e.g., bacteriocins), and many organic acids (10). The
antimicrobials produced by these bacteria are rather
diverse and are divided into two major chemical classes:
proteinaceous and non-proteinaceous materials (5). L.
plantarum strains, in particular, have been shown to
produce many enzyme systems (including lactase
dehydrogenase, a-glucosidase, B-glucosidase, a-amylase,
enolase, esterase, lipase, and phosphoketolase) and
bioactive substances (such as dipeptides, bacteriocins, and
other preservatives). Because of their significant effects
against foodborne pathogens, the qualities of L. plantarum
strains as probiotics can increase the shelf life and safety of
fermented foods (3). The antimicrobial activity of L.
plantarum toward opponent microorganisms has been
shown to be facilitated by its production of a bacteriocin-
like compound called plantaricin (11). Plantaricins of L.
plantarum spp. are characterized by their small size, heat
stability, potency, activity at very low concentrations, and
their ability to exert their bactericidal influence via
membrane permeability, formation of pores, followed by
cytoplasmic compounds leak (5). Plantaricin has shown
broad-spectrum action against Gram-negative bacteria,
such as Escherichia coli, as well as Gram-positive bacteria,
such as methicillin-resistant Staphylococcus aureus (MRSA)
(4, 11) and Listeria monocytogenes (12).

Antibiotic resistance among microorganisms linked
with foodborne illness has become a serious therapeutic
challenge for many clinicians (13). With the increasing
concern over the distribution of multidrug-resistant
microorganisms and the possibility of existing medications
becoming ineffective, it is essential to obtain alternative
strategies, such as the use of probiotics (10). Therefore, the
purpose of this study was to investigate the influence of L.
plantarum from dairy products as a probiotic on the growth
inhibition of other foodborne bacteria that contaminate
dairy products.

MATERIALS AND METHODS
Ethics

The local Committee for Animal Care and Use at the
College of Veterinary Medicine, University of Baghdad,
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Baghdad, Iraq reviewed and approved all procedures
involved in the current study.

Sample Collection

This study involved the random collection of 34 samples
of dairy products, including local and imported milk,
cheese, and yogurt using sterile containers from different
supermarkets in Baghdad, Iraq, throughout May 2022.
Within a few hours, the samples were transported via ice
box to the Department of Microbiology, College of
Veterinary Medicine, University of Baghdad, and stored in
the refrigerator until evaluation (8).

Aerobic Bacteria Isolation and Identification

Aerobic bacteria were isolated from the dairy samples
mentioned above, 1 g or 1 mL of each sample was serially
diluted 10-fold in phosphate-buffered saline (PBS) as
described by Harrigan and MacCance (1976) (14). Then, 1
mL from each dilution was poured on the surface of a solid
medium selective for each suspected microorganism using
the pour plate method, then the plates were incubated at 37
°C overnight. The isolates were maintained on Brain Heart
Infusion agar (BH], Eiken, Japan) slants (8). Afterward, the
isolates identification was done by microscopic
examination with the aid of biochemical tests (Oxidase,
Catalase, Urease, Motility, Gelatinase, Indole, Methyl red,
Voges-Proskauer, and Arginine Hydrolysis), followed by
further confirmation with the Vitek2 system (bioMérieux,
France). Before doing Vitek, the suspected bacterium was
inoculated on MacConkey’s agar then incubated at 37 °C for
24 to 48 h. After that, the bacterial suspension was made,
and its turbidity was adjusted to a McFarland standard tube
0.5 (15).

Lactic Acid Bacteria Isolation and Identification

One gram or 1 mL of each dairy sample was diluted into
10-fold serial dilutions using PBS as described above. Then,
the microorganisms were isolated by taking 1 mL from each
dilution to be poured onto MRS (de Man Rogosa and
Sharpe; Difco, USA) agar medium using the pour plate
method. The plates were then anaerobically incubated in a
jar at 30 °C for 48-72 h. Pure colonies were selected and
stored in Brain Heart Infusion broth (8.5 mL) overlaid with
sterile glycerol (1.5 mL) to be stored at -20 °C. For
diagnosis, the pure colonies were first examined for lactic
acid bacteria (LAB) by microscopic examination of the
Gram’s stained smears (8). All Gram-positive isolates were
identified phenotypically based on the tests: Oxidase,
Catalase, Urease, Motility, Indole, Gelatinase, Methyl red,
Voges-Proskauer, Arginine Hydrolysis, and Carbohydrate
Fermentations (16). Gas production by the suspected LAB
was determined by the carbohydrate fermentation broth in
presence of an inverted Durham tube, in which 5 g of either
glucose, mannose, sucrose, maltose, or fructose was added
to the fermentation medium. Subsequently, the suspected
findings were confirmed with the Vitek2 system, as
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illustrated above, and the ANC card specific for the Gram-
positive bacterial species was used.

Molecular Detection of L. plantarum

DNA extraction

L. plantarum genomic DNA was isolated from its culture
by ABIO pure™ Total DNA Extraction Kit (ABIOpure, USA).
In short, 1 mL of overnight culture was spun at 13000 rpm
for 2 min, and the supernatant was discarded. The cell
sediment was then mixed with 100 pL of nuclease-free
water and 100 pL of lysozyme solution and vortexed. The
tube contents were incubated in a water bath at 37 °C for
30 min, followed by spinning at 13000 rpm for 2 min, with
discarding the supernatant. Proteinase K (20 pL; 20
mg/mL) and Buffer BL (200 uL) were added to each sample
and vigorously mixed before incubating at 56 °C for 30 min.
Additional lysis was done by incubating the tube contents
for 30 min at 70 °C inside the water bath. Then, 200 pL of
Absolute ethanol was mixed thoroughly with the samples
by vortexing. All of the sample mixes were carefully
transferred to the mini-column and spun at >8000 rpm for
1 min before the collecting tube was replaced. Later, Buffer
BW (600 pL) was introduced to the mini-column, which
was spun for 1 min at >8000 rpm before the collecting tube
was removed. After adding buffer TW (700 pL) and
spinning for 1 min at >8000 rpm, the flowthrough was
discarded and the mini-column was re-inserted into the
collecting tube. To remove wash buffer, the mini-column
was spun for 1 min at high speed (>13000 x g), after which
it was placed in a new 1.5 mL tube. Finally, 100 pL of Buffer
AE was added and incubated for 1 min at ambient
temperature before spinning for 5 min at 5000 rpm. The
final DNA extract was stored at -20 °C until it was used.

Polymerase chain reaction

L. plantarum molecular identification was carried out
using Thermal cycler (Biosystems™ ProFlex™ PCR System,
Fisher Scientific, USA) and universal primers (Macrogen,
Korea) to amplify the isolates' 165 rRNA gene. As a stock
solution, the lyophilized primers were dissolved in
nuclease-free water to a concentration of 100 pmol/uL,
from which the working concentration of 10 pmol/uL was
prepared. The nucleotides sequences of these primers
were: 27F (5-AGAGTTTGATCCTGGCTCAG-3’) and 1492R
(5-TACGGTTACCTTGTTACGACTT-3") that amplified a
region of approximately 1500 bp. The PCR reaction used 25
uL of GoTaq® Green Master Mix, 1 pL of Forward primer at
10 pmols/uL, 1 uL of Reverse primer at 10 pmols/uL, 1.5 pL
of DNA template, and 9 pL of nuclease-free water.

The PCR program was set to include initial denaturation
at 95 °C for 5 min, followed by 30 cycles of denaturation at
95 °C for 30 sec, annealing for 30 sec at 60 °C, and
elongation for 1 min at 72 °C. The last elongation phase was
performed at 72 °C for 7 min, followed by a 10-min hold
step at 10 °C. Finally, electrophoresis was performed at 70
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volts for 1 h on a 1% agarose gel stained with Ethidium
Bromide (0.5 g/mL, Thermo Fisher Scientific, USA).

DNA sequencing and bioinformatic analysis

The Sanger sequencing technique was used to sequence
the 16S rRNA gene of L. plantarum that had been amplified
by PCR using an automated DNA sequencer (ABI3730XL,
Macrogen Corporation, Korea). Briefly, 20 pL from each
PCR amplicon along with 50 pL of the Forward primer were
sent to the above Company to determine the 16S rRNA
nucleotide sequences. Following obtaining the sequence
through the e-mail, the Basic Local Alignment Search Tool
(BLAST), which exists freely online at the website of
National Center for Biotechnology Information (NCBI)
(http://www.ncbi.nlm.nih.gov), was used to conduct a
homology search along with the BioEdit program. Then, the
local isolates' nucleotide sequences were submitted to
GenBank/NCBI for registration in their online databases
under a specific accession number.

Assessment of the Antibacterial Activity

The agar well diffusion test was used to assess the
antibacterial activity of an L. plantarum (crude plantaricins)
isolate against some foodborne bacterial isolates, including
Pseudomonas aeruginosa, Escherichia coli, Bacillus subtilis,
and Staphylococcus hominis. Firstly, L. plantarum was
cultivated in 25 mL of BHI broth anaerobically with shaking
at 30 °C for 18 h. The cells were then pelleted by spinning
for 15 min at 8,000 rpm at 4 °C, and the supernatant was
filtered through a 0.22-pum Millipore filter. The crude
plantaricin was made from the cell-free supernatant, and its
pH was adjusted to 7.0+0.2. Before testing the antimicrobial
activity, each foodborne isolate was grown overnight in a
nutrient broth.

The inhibitory activity of the crude plantaricin against
the other foodborne bacteria was assayed on Mueller-
Hinton agar by employing Benavides and his colleagues
(17) method of agar well diffusion. Briefly, plates of
Mueller-Hinton agar were inoculated with 1.5x108 CFU/
mL, which is equivalent to 0.5 McFarland standards tube, in
250 uL of either isolate of the foodborne bacteria. A 6 mm
well already made in the center of each agar plate was filled
with 150 upL of crude plantaricin (cell-free culture
supernatant). Afterward, the plates were placed in an
incubator of 30 °C for 24 to 48 h, and the antibacterial
activity was measured by estimating the diameter of the
inhibitory zone around the wells. Inhibition halos more
than 15 mm in diameter showed considerable inhibitory
action. Three separate tests were conducted.

RESULTS

Isolation and Identification of Aerobic Bacteria

Among the 34 milk and milk product samples, nine
bacterial isolates were obtained, including 3 (8.82%)
isolates of Pseudomonas aeruginosa, 4 (11.76%) Escherichia
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coli, one isolate (2.94%) of Bacillus subtilis, and another one
(2.94%) for Staphylococcus hominis (Table 1, Figure 1).

Table 1. Numbers and percentages of the aerobic bacterial isolates from
dairy products

Positive samples

Bacterial isolates No. samples No. %

Pseudomonas aeruginosa 3 8.820
Escherichia coli 34 4 11.76
Bacillus subtilis 1 2.940
Staphylococcus hominis 1 2.940

Figure 1. Colonial morphology of the isolated aerobic bacteria on selective
agar media. (A) E. coli on MacConkey’s agar, (B) P. aeruginosa on
Cetrimide’s agar, (C) B. subtilis on Nutrient’s agar , (D) S. hominis on
Tryptic Soy

Isolation and Identification of L. plantarum

Out of the 34 samples of milk and milk products, only
two isolates (5.88%) were identified as L. plantarum. The
identification of Lactobacillus was performed based on a
combination of phenotypic, cultural, and biochemical tests
(Figure 2). Microscopic examination of the Gram-stained
smears revealed Gram-positive, elongated, rod-like bacilli
with rounded ends that were non-spore-forming and
arranged singly, in pairs, or short chains. Regarding cultural
characteristics, the isolates were facultative anaerobes but
grew better under microaerophilic conditions. Colonies on
MRS agar were white to pale, round in shape, soft, and
convex with an entire margin (Figure 2). They were non-
hemolytic on the blood agar and chocolate agar.
Biochemical tests showed that the isolates were negative
for oxidase, Furthermore, L. plantarum was non-motile and
produced acid/acid in Kligler iron agar (KIA), along with its
ability to ferment carbohydrates, including glucose,
mannose, sucrose, maltose, and fructose. The identification
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of L. plantarum was further confirmed using the Vitek 2
system, where it was detected with a probability of 89%
(Figure 3).

Citrate

utilization

Figure 2. Lactiplantibacillus plantarum grown on (A) MRS agar and (B)
different biochemical tests: Citrate, Maltose, Mannose, Sucrose, Fructose,
Glucose, Arginine, Urease, Motility, MR, VP, Gelatinase, Indole, and slide
catalase.

P B

bioMérieux Customer: Laboratory Report
System #: Printed by: Labadmin
Patient Name: Doaa Adel Patient ID:
Isolate: RESEARCH-1 (Qualified)
Card Type: ANC Bar Code: 2441978503652074 Tesdl.ing Instrument: 00000B4E24D0 (1372)

abadmin)

Setup Laboratory
Bionumber: 3017711030641
Organism Quantity:

Selected Organism: Lactobacillus plantarum

Comments:

hm Number: 2441978503 ires: Apr 27, 2023 13:00 CDT
[Analysis Time:  633hours |Completed: _ May 21,2022 13:51 CDT

| Card: ANC
Status: __ Final
|Organism Origin ___|VITEK 2

89 % Probability
Selected Organism | g mber: 3017711030641

Analysis Organisms and Tests to Separate:

Lactobacillus plantarum
Confidence: Acceptable identification

Analysis Messages:

Contraindicating Typical Biopattern(s)
Lactobacillus plantarum PheA(99).TyrA(88),JARA(7) dXYL(4),

Biochemical Details
4 JacAaL [+ Js Trewd [ 6 [eLim 8 [ProA |- [10 [pyra
n Jecer [+ 13 [tya |- [1s [appa + [20 JamNE [+ [22 [amaL [+
28 |SAC + |30 |ARB + |33 _[NAG i |+ |36 |URE - 37 _|BGURi |- |
39 |BGALi [(+) |41 |AARA |- 142 [AGALi |- (-) _[44 |ARG - 145 |PVATE |- |
51 [MTE + |53 [ESC + [54 |BJFUC |- i_|- [56 |AMANi |- |57 IAIFUC -
59 |PHOS |- |60 |IARA + |61 [dRIB2 - F AARAF |- |64 [dXYL |+
GraM [+ | [moren |- AERO |2
IS =l

Figure 3. The Vitek2 system reading of L. plantarum



IraqiJ. Vet. Med. 2023, Vol. 47(1):44-51

Molecular Identification of the Isolates

For the molecular diagnosis, the DNA was successfully
extracted from the 11 isolates of this study with a purity
ranged 1.6-1.8. Then, all of the isolates were diagnosed by
amplifying the 165 rRNA gene as represented by bands of
roughly 1500 bp seen on the agarose gel (Figure 4),
followed by nucleotide sequencing. The BLAST analysis
revealed the presence of homology between the 16S rRNA
gene of the local DI1 strain (0Q673824) of this study with
that of Lactiplantibacillus plantarum deposited on the NCBI
website.

Figure 4. Agarose gel of 1% reveals bands of the expected size of roughly
1500 bp of the 16S rRNA gene amplified by the PCR assay and
electrophoresed at 70V for 1 h

Antibacterial Activity of L. plantarum

The L. plantarum cell-free supernatant formed large
inhibition circles against all of the tested foodborne
bacteria, both the Gram-positive and the Gram-negative
isolates. That supernatant produced strong growth
inhibition halos against B. subtilis (38 mm) followed by E.
coli (36 mm) (Figure 5). Regarding P. aeruginosa and S.
hominis, the zones of inhibition were 27 mm and 29 mm,
respectively (Figure 5).

P- Y A 5
EELURE A VIPN

Figure 5. Antibacterial activity of L. plantarum cell-free supernatant
against some foodborne bacteria

QASIMETAL

48

DISCUSSION

Recently, probiotic bacteria have obtained large interest
as medicinal agents for treating different diseases and
controlling pathogens (4, 18). It is well-known that most
bacteria have acquired antibiotic resistance; thus,
providing alternative therapies, for instance probiotics,
may solve this problem (13). Probiotics can replace
antibiotics, reduce new outbreaks of microbial resistance,
and enhance responses to production diseases frequently
treated with antibiotics or chemicals (18). Among
probiotics is L. plantarum, which is recognized as safe with
strong probiotic properties (5). Many investigations have
been conducted to isolate and characterize lactic acid
bacteria (LAB) from diverse sources with evaluating their
antimicrobial activities towards other pathogens (19, 20).
In this study, however, isolation and identification of L.
plantarum and other contaminants from dairy products and
investigation of its bacteriocins in supernatant against
some foodborne bacteria have been given more attention.
This would be important as a preservation method,
particularly for locally-made dairy products.

The cow’s raw milk and its products are good materials
for the isolation of LAB, which possess probiotic properties
and can produce novel bacteriocins (20). In the present
research, L. plantarum was obtained from 2 out of 34 dairy
products, and de Man Rogosa Sharpe (MRS) medium
successfully isolated these bacteria. In addition, the related
biochemical tests and the Vitek2 system were useful for
bacterial detection. The definite confirmation of the isolates
depending on the PCR amplification of the 16S rRNA gene
followed by its sequencing also succeeded in their
diagnosis. This is partially consistent with the results of
other researchers (21-23). In the same context, numerous
researchers cultivated LAB from different sources,
including dairy products, e.g., the study of Oldak et al.
(2017) (24) where L. plantarum was isolated from cheese
and its antibacterial activity was reported against
pathogenic microorganisms. Similarly, L. plantarum was
shown to produce bacteriocin antagonistic to Gram-
negative and Gram-positive bacteria after being isolated
from traditionally fermented dairy products (25). Strains
with probiotic features have also been obtained from
diverse niches that are dairy-related, for instance, camel
milk (26), whey, and cheese of cow’s or ewe’s raw milk (24,
27,28).

The antibacterial activity of L. plantarum supernatant
containing crude bacteriocins was assessed in the current
research against four foodborne bacteria. Bacteriocins
produced by LAB can be formed in completely purified
products, partially purified, or the supernatant (29). The
supernatant prepared in the present study has a broad-
spectrum efficacy antagonistic to Gram-positive and Gram-
negative isolates. The inhibition zones were 38 mm, 36 mm,
29 mm, and 27 mm against each of B. subtilis, E. coli, S.
hominis, and P. aeruginosa, respectively. Such broad-
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spectrum antagonistic activity of L. plantarum plantaricin
was reported by other researchers, such as Jandaik et al.
(2013) (30) and Chaalel et al. (2015) (31) who observed a
significant inhibitory effect of bacteriocin produced by
Lactobacillus spp. against E. coli. Furthermore, L. plantarum
showed a full inhibitory effect on P. aeruginosa growth (13,
32). Bacteriocins generated by LAB have also been proven
to inhibit the development of harmful microbes as well as
the bacteria implicated in decomposition, e.g., Bacillus
cereus among others (33). Similarly, preliminary
experiments performed by De Giani et al. (2019) (11)
revealed that L. plantarum cell-free supernatant (CFS) had
antagonistic consequences on S. aureus and E. coli growth.
Other studies have reported that L. plantarum isolated from
infants’ feces showed growth inhibition to foodborne
bacteria, including B. cereus and E. coli among others (34,
35).

This inhibitory activity of the L. plantarum supernatant
used in this study against other microorganisms has been
attributed to the release of broad-spectrum antibacterial
agents, for instance bacteriocin-like compounds, H202, and
extracellular organic acids (36). The organic acids created
by L. plantarum strains involve lactic acid, the major one, as
well as propionic acid, formic acid, acetic acid, succinic acid,
and phenyl lactic acid (3). It has been demonstrated that the
antibacterial action of L. plantarum is typically dependent
on the production and release of several organic acids,
primarily lactic and acetic acids, followed by citric, tartaric,
succinic, malic, and oxalic acids (4). Nevertheless, culture
conditions, such as density and ingredients of the medium,
the species and strain used (4, 9), the medium pH, as well
as time and temperature of incubation also have high
impacts on the growth inhibitory activity of probiotic
bacteria (37, 38).

The optimum pH for perfect bactericidal activity of
bacteriocin was indicated by Sankar et al. (2012) (39) to be
pH 7, which was used in this study. Thus, the results here
suggest that the cell-free supernatant might have
bactericidal effects on the tested food-contaminating
bacteria. This suggestion was also stated by Hernandez et
al. (2005) (40), who found that the mode of action of
plantaricins was through inducing of pore formation in the
membrane of target cells causing intracellular ATP
disruption, leakage of proton motive force, depletion of
intracellular  substances, and finally cell death.
Nevertheless, plantaricin has also revealed bacteriostatic
effects in many studies (40-42). Plantaricins have been
shown to bind to specific sites on the cell membrane and
influence its integrity and function, leading to a
bacteriostatic influence on some species of bacteria and
bactericidal impact on others (43).

To summarize, the preliminary inhibition findings of L.
plantarum supernatant against some food-borne bacteria
observed in this study are promising as the results
indicated that the cell-free supernatant could be utilized as
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a possible food supplement that is safe, cheap, and effective,
and this method might be used as a control strategy for
these bacterial species contaminating foods, which in turn
might cause food poisoning or other food-related diseases.
However, this study has some limitations, such as a few
bacterial species tested whose pathogenicity and
antimicrobial resistance were not examined. Adding to the
absence of in vivo experiments, the precise antimicrobial
mechanism of action of the L. plantarum supernatant at the
molecular level needs to be further illustrated.

In conclusion, the current results demonstrate that L.
plantarum obtained from dairy products possesses a
potential antagonistic effect against Gram-positive and
Gram-negative foodborne bacteria responsible for human
and animal diseases. The L. plantarum supernatant had
significant effects on preventing each of P. aeruginosa, E.
coli, B. subtilis, as well as S. hominis growth by producing
certain antimicrobial substances. Thus, the probiotics field
will bring uncountable modifications in this study area
resulting in consumer health due to producing foods of
higher quality.
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