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ABSTRACT

Background: Enterococci, known for their importance effect, these bacteria are
commonly found in food, environment, as well as the animal and human digestive systems.
Nanoparticles (NPs) are increasingly used to target bacteria as an alternative to antibiotics.
Probiotic bacteria were increase used as antimicrobial effect so this study were aimed to
use the probiotic nanoparticle from strains of Enterococcus faecium as antibacterial and
antibiofilm. Methods: Enterococcus were isolated from dairy product after biochemical
characterization and vitek identification the isolate includes Enterococcus faecium. The
isolate underwent for probiotic production and examined as antibacterial effect against
E.coli, pseudomonas aeruginosa, staphylococcus, and result declared the inhibitory effect
against these bacteria. Results: The silver nanoparticles, or AgNPs, such as their optical,
electrical, and antibacterial properties. AgNPs have significant antimicrobial activity,
prevent resistance from developing, and have a broad synergistic effect when paired with
other medications, making them viable candidates in the current antibiotic crisis, which is
characterized by a rise in antimicrobial resistance (AMR) and a decline in newly made
medications so the result declared their inhibitory effect against klebsiella and
Enterococcus. Conclusion: Antibiofilm, on the other hand, were tested against both gram-
positive and gram-negative bacteria, and result show more effect against Gram positive
than Gram negative bacteria.

Introduction

Probiotic bacteria provide several health

Probiotics, which contain live bacteria
and are marketed as food, drugs, or nutritional
supplements, have drawn the attention of both
scientists and consumers in recent years. The
public's renewed interest in living healthier lives and
physicians' acceptance of complementary therapies
have brought attention back to the role of human
microbiota in illness prevention and treatment [1].
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benefits, such as the capacity to interact with the
immune system, alter the host's gut microbiota
momentarily, and directly or indirectly affect the
autochthonous microflora. Numerous in vitro and in
vivo investigations using both conventional and
molecular biologic methods [2].

The gastrointestinal system's numerous
spaces are home to colonies of microorganisms. The
majority of important bacterial communities are
found in the colon, where a true symbiotic
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interaction with the host is crucial for general health
and wellbeing [3].

The effects of certain probiotic strains on
health have recently been thoroughly studied. The
efficacy of several probiotics to lessen rotavirus
diarrhea and decrease the symptoms of lactose
allergy is now well acknowledged. There is a lot of
promise in several areas, such allergies treatment
and prevention [4].

Supplements containing probiotics may
change the gut microbiota's composition and
provide a practical means of increasing the gut and
systemic immune response, which has been shown
to be beneficial by reducing the risk of infection in
vulnerable groups. [5;6]. Probiotics are live bacteria
that have beneficial medicinal effects [7].

Probiotics are live microbial feed additives
that colonize animal intestines, competing with
harmful bacteria for nutrition and space while
generating antimicrobial compounds to prevent their
growth[8]. The predominant intestinal flora in
humans and most animals' intestines is
Enterococcus[9]. Several Enterococcus species
have been utilized as probiotics in various nations
due to their great capacity to produce bacteriocins
[10].

According to [11] Bacteriocins are tiny,
ribosomally generated, extracellularly released
bacterial peptides or protein molecules that can kill
some closely related bacteria. Ribosomal proteins
(RPs), in addition to bacteriocin, has antibacterial
qualities [12].

Enterococcus faecium, has been identified
from a variety of sources, including dairy products,
shrimp, and the gastrointestinal systems of
mammals [13]. Among its many biological traits are
the ability to withstand environments with high bile
salt concentrations and strong acids as well as the
ability to stop the formation of harmful
microorganisms[14].

On the other hand, nanotechnology enables
new dietary supplements for particular medicinal
applications. Microencapsulating probiotic bacteria
in chitosan and Na-alginate nanoparticles improved
their capacity to survive and operate in
gastrointestinal settings while also increasing their
tolerance to gastric conditions (pH 2.0) [15].

Antibiotics, both natural and synthetic, can
be become ineffective by bacteria through a variety
of methods, requiring to the creation of novel
treatments. However, because creating a novel

antibiotic is costly and difficult, only a small number
of new antibiotics have been marketed recently[16].
Microbial biofilms are of grave health concern
worldwide owing to their ability to be resistant to
antibiotics, resist host immune response, and combat
extreme environmental stress, and their association
with persistent infections [17]. This study was aimed
to examine the effect of nanobacterial probiotics
against different bacterial infections.

Methods:

In the city of Baghdad, numerous samples
of regional dairy products were collected.

After being homogenized and diluted in
peptone water, product samples were inoculated on
the top of chocolate agar and blood agar at 37 °C for
24 hours each, in anaerobic and aerobic
environments. Colonies were subjected to the
catalase reaction and Gram staining and catalase
reaction. Biochemical tests, such as Gram stain,
catalase, citrate, generation of H2S and indole, and
the isolates' motility, were used to identify the
bacterial strains, and VP (Voges Proskauer)[18].

The strain was grown for 24 to 72 hours
at 37C in de Man Rogosa and Sharpe (MRS)
medium in order to produce probiotics. Following
the culture process, the cell-free supernatant (CFS)
was obtained by centrifugation and subsequently
passed through a 0.22 um syringe filter to exclude
any remaining cells. To quantify the antimicrobial
activity, bacterial colony was serially diluted, and
10 pL of each dilution was added to the wells. The
highest dilution showing inhibition of the indicator
strain. Thus, the arbitrary unit (AU) of antimicrobial
activity per milliliter was defined as [19]. Lastly, the
clear zones surrounding the wells that contained
bacterial growth were used to analyze the antibiotic
activity. The clear zones were measured in
millimeters and classified as inhibitory zones.

AgNP Synthesis; Making a Silver Nitrate
(AgNO3) Solution Extracts from the bacterial
production of Enterococcus faecium were added to
a 1 mmol/L AgNPs solution and left to incubate for
48 hours. A 1 mM solution was created by
dissolving 16.98 g of silver nitrate (AgNO3) in 100
ml of de-ionized distilled water (DW) and adding 1
ml of the obtained AgNO3 to 1000 ml of DW.
AgNo3 solution storage. The Enterococcus faecium
isolate was cultured for three days at 36°C in the
laboratory using appropriate fermentation media.
Biomass Enterococcus faecium culture washed by
centrifugation for 20 minutes at 4500 rpm. One
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milliliter of supernatant was utilized to create silver
bio nanoparticles, and the biomass was disposed of.
A milliliter of the 99 milliliters of AgNO3 solution
(1 mM) were mixed with the previous supernatant.
By adding enough NaOH, the pH was brought down
to 8. Next, for three days at 35°C in the dark, all of
the flasks were kept in a shaking water bath at 150
rpm. The emergence of a pale yellowish-brown hue
served as an indicator for the generation of Ag bio-
NPs. using a spray drier, the Ag bioNPs solution was
dried. In order to facilitate further characterization,
the dried molecules were finally gathered and
conserved (figure 1) [20;21] .

According to [22;23] the most popular
technique for evaluating the antibacterial efficacy of
probiotic nanoparticles was the agar well diffusion
experiment.

The influence of Enrococcus faisium
extract on each representative strain's ability to build
biofilms. The strains that were examined were
produced as a cell suspension, and 100 pL of this
was put into each 96-well plate. Positive controls in
the form of PBS and extract-free media were
employed, along with a blank control. The
supernatants were disposed of after a 24-hour
incubation period at 37 °C and were then PBS-
washed three times. The formation of biofilms was
measured. Utilizing the formula [1 — (A570 of the
test/A570 of the non-treated control)] x 100.

Result and Discussion:

Numerous bacterial species, including
Clostridium  butyricum, Escherichia  coli,
Lactococcus lactis, Pediococcus mesenteroides,
Enterococcus faecium, Streptococcus thermophilus,
Bacillus subtilis, Bacillus coagulans, and Bacillus
subtilis, were classified as probiotics[24].

By using biochemical identification, the
bacterial isolates were further determined to be
Enterococcus faecium such as Gram-positive,
catalase and oxidase negative, then demonstrated by
the Vitek procedure figure (2).

After Lactobacillus and Streptococcus,
Enterococcus was the third-largest genus [25].
Enterococcus has been found in dairy products,
meat, and unleavened vegetables [26; 27; 28].
Enterococcus can be added purposefully or found in
fermented foods. It can be used to treat animal or
human gastroenteritis and to improve the balance of
microorganisms in the gut[28;29; 30].

This study looked at the antibacterial
properties of Enterococcus faecium probiotics

against a variety of bacteria, including Klebsiella
pneumonia, Enterococcus fecalis, Pseudomonas
aeruginosa, Actinobacter, Escherichia coli. The
bacterial probiotic exhibits varying inhibitory
effects against multiple microorganisms at different
concentrations (table 1) when tested using the well
diffusion method.

According to [31,32;33] declared that
because it contains product against bacteria
properties (bacteriocins, fatty acids, and water love
biosurfactants) in addition to other potential
antimicrobial effects like tryptophan, polyamine,
and glutathione metabolites. This is the reason
behind the probiotic isolate's antimicrobial effect
against various bacterial strains.

Synthesis of silver nanoparticles AgNPs:
Extract of streptococcus faecalis was used as a
reducing agent in conjunction the biological
reduction method of the synthesis process. First clue
is the development of the yellow hue, which is
indicative of the production of silver nanoparticles,
as seen in Figure (3). biological reduction is one of
the most widely used processes for creating AgNPs
because of its simplicity, affordability, and high
yield [34].

Transmission Electron Microscope (TEM)
analysis: The typical TEM pictures of AgNPs
generated using the Green synthesis of nanoparticles
method are shown in Figure (4). The TEM images
demonstrated the spherical form and sizes of
AgNPs, which were 20 nm and10 nm. According to
the analysis, the technique can be used to prepare
silver nanoparticles with spherical or semi-spherical
shapes and a range of sizes depending on the
material concentrations used. These particles can
overlap to become larger and even microscopic
when used with water-polarized electrodes[35].

Spectroscopic  Characterization  (UV-
analysis: Sharp excitation peaks, indicative of
nanoparticles energy levels arising from are visible
in the UV absorption spectra of AgNPs at 400nm.
These intriguing peaks' location and intensity can
reveal details about the size, size distribution, and
crystallinity of AgNPs Figure (5) [35].

Result (table 2) declared that the
nanoparticle probiotic had inhibitory activity against
Klebsiella pneumonia, Enterococcus fecalis,
Pseudomonas aeruginosa, Actinobacter,
Escherichia coli with different concentration with
high effect at concentration 100 mg as shown in
figure (6).
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Bacteriocins, a type of antibacterial
peptide, may be the primary cause of the inhibitory
activity. According to studies by [36] and the
supernatant of E. faecium strains showed inhibitory
action against L. monocytogenes, according to [36].

According to the biofilm results, probiotic
nanoparticles exhibited a primary influence on gram
positive and gram negative bacteria, with a greater

effect on gram positive bacteria as shown in
figure(7)table(3).

The outcomes demonstrated that both
gram-positive and gram-negative bacteria might be
inhibited by this probiotic. It's important to note that
a large number of enterococci are capable of
producing bacteriocins, which have anti-gram-
positive and anti-gram-negative bacterial activity

Table 1, Inhibtion zone of different concentration of

[37,38].

robiotic agaist different bacterial strain.

Bacterial spp. Conc.25pg/ml Cons:50 pg/ml Conc:100ug/ml
Klebsiella pneumonia 10mm 16mm 18mm
Enterococcus fecalis 9mm 15mm 18mm
Pseudomonas aeruginosa 8mm 13mm 17mm
Actinobacter. 7mm 10mm 14mm
Escherichia coli 8mm 15mm 17mm

Table 2. Antibacterial activity of AgNPs against pathogenic strain (inhibition zone diameter in (mm).

Bacterial strain Inhibition zone  (Inhibition zone Inhibition zone Inhibition zone  [Control+

(mm) (mm) (mm) (mm)

by (25 by (50 pgmL™? by (70 pgmL™ by (100 pgmL™

ugmL~* AgNP)  |AgNP) AgNP) AgNP)
Klebsiella pneumonia 12 18.8 24.2 31.2 0
Enterococcus fecalis 11.1 25.9 36 37.6 0
Pseudomonas aeruginosa |12 24 22 33.5 0
IActinobacter 13 25 22 23.5 0
Escherichia coli 14 22 22 34.6 0

Table 3. Anti-biofilm effect of AgNPs (MIC) (50 and 25 pg. mL™Y) against biofilm forming by pathogenic

bacteria strains using microtiter plate 96 wells.

Treatment Bacteria strain

AgNPs (50 pg.mL™1)

AgNPs (25
pg.mL™)

Without AgNPs

Kleibsiella pneumoniae

None (100%)

None (33%)

Strong (100%)(

Enterococcus faecalis

Weak (100%)

Weak (100%)

Strong (100%)

Pseudomonas aeruginosa

None (100%)

None (33%)

Strong (100%)(

Actinobacter

None (100%)

None (33%)

Strong (100%)(

Escherichia coli

Weak (100%)

Weak (100%)

Strong (100%)

Figure 1: Stages of synthesis of nano silver by reducing silver with the bacterial extract of bacteria.
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Figure 2. Vitek test for bacterial identification.
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Figure 6. Antibiotic sensitivity of different concentration of probiotic nanoparticle.
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