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School of Science, Business Management School, Sri Lanka

ABSTRACT

Probiotics are living microorganisms
having more beneficial effects on human
health when ingested in adequate amounts.
Consequently, probiotics are being
applied in the food industry where
Lactobacillus species are widely used.
Hence, this study was aimed to identify
Lactobacillus in five cheddar cheese
samples, synthesis of silver nanoparticles
(AgNPs) using Lactobacillus and to
analyze antibacterial properties of
synthesized AgNPs. Five samples were
cultured on MRS agar. Lactobacillus was
identified by colony morphology and
biochemical assays. AgNPs  were
synthesized using identified Lactobacillus.
The absorbance of synthesized AgNPs
was measured by UV-Visible
spectroscopy and the size of the
nanoparticles was evaluated by scanning
electron microscope (SEM). Antibacterial
activity of synthesized AgNPs and
isolated Lactobacillus cell-free suspension
was evaluated by well diffusion assay. All
biochemical assays confirmed the
presence of Lactobacillus in four-cheese
samples (gram-positive bacilli, catalase-
negative, non-acid fast, and non-spore-
forming bacteria). UV-Visible spectra
showed multiple absorbance peaks at a
range of 390-450nm confirming the
formation of AgNPs. The SEM analysis
indicated well-dispersed agglomerates of
spherical shape AgNPs with size range
from 50-100nm and the presence of
Lactobacillus. A significant difference (P-
value < 0.05) was observed in the

antibacterial activity of AgNPs and
Lactobacillus cell-free suspension against
Staphylococcus aureus and Escherichia
coli. Furthermore, cell-free suspension
showed a significantly high inhibitory
effect on Staphylococcus aureus while
AgNPs showed a high inhibitory effect
against Escherichia coli (P-value < 0.05).
Thus, biosynthesized AgNPs serve as a
remarkable antibacterial agent to treat
infectious diseases caused by multidrug-
resistance pathogens which have become a
global crisis and will result in great
potential in nanomedical applications.

Keywords: Probiotics, Cheese,
Lactobacillus, AgNPs,  Antibacterial
activity

INTRODUCTION

Introduction to probiotics

Probiotics are living microorganisms
confer positive health effects, on the host
when ingested in adequate amounts
(Somashekaraiah et al., 2019). Probiotics
have been significantly associated with the
immune, digestive, and respiratory
system. Furthermore, they modulate
immune and digestion function and
maintain proper balance in the gut

microbiome consequently  prevent
gastrointestinal ~ disorders including
diarrheal diseases, necrotizing
enterocolitis, lactose intolerance

(Patrignani et al., 2019). Many types of
bacteria are considered to have probiotic
properties. However, Lactic acid bacteria
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(LAB) and Bifidobacteria are the most
common groups (Mulaw et al., 2019).

Lactobacillus as probiotic bacteria
and their significance in host health

Lactobacillus is a gram-positive, rod-
shaped, non-spore-forming, catalase-
negative bacteria, capable of producing
lactic acid as the primary end product of
carbohydrate fermentation (Chakraborty
and Bhowal, 2015). Lactobacillus
naturally dominates the human vaginal
microbiota, skin, gastrointestinal tract, and
oral cavity (Pan et al., 2020).

The  antibacterial activity  of
Lactobacillus  contributes to  many
beneficial effects on human health.
Currently, several  studies  have
demonstrated that Lactobacillus exhibit
antibacterial ~ activity via different
mechanisms. Tebyanian et al., (2017)
reported that Lactobacilli  produce
antagonistic  substances that inhibit
pathogenic microorganisms such as
Escherichia coli, Shigella dysenteriae,
Salmonella paratyphi A and
Staphylococcus aureus. Results of a study
carried out by Shokryazdan et al., (2014)
showed that production of lactic and acetic
acids contributes towards the antibacterial
activity of Lactobacillus. Furthermore,
Lactobacillus mediates  antibacterial
activity by producing, bacteriocin, H202,
CO2 and also acts as an epithelial barrier
to prevent pathogen adhesions to the
mucosa by maintaining tight junctions and
inducing mucin secretion (Chen et al.,
2019). Lactobacillus modulates the
immune system by stimulating the
production of cytokines, immune cells,
and antibodies resulting in signaling
pathways (Hemarajata and Versalovic,
2013).

Probiotics have been applied widely in
fresh milk and fermented food products
including dairy products, pickles, olives,
and kefir (Rezac et al, 2018).
Lactobacillus is the commonly used
probiotic in the food industry due to its

tremendous health benefits to the
consumer (Dincer, 2019).

Significance of probiotic cheddar
cheese and Lactobacillus

Probiotic cheddar cheese is a processed
product with viable probiotic bacteria in
an appropriate matrix with adequate
concentration (Stefanovic et al., 2019).
Cheddar cheese is offered as a good
probiotic carrier due to its physical and
chemical properties (high pH, high-fat
content, dense matrix, high buffering
capacity, harder consistency) compared to
other dairy products (Ganesan et al.,
2015). These characteristics stipulate the
survival of probiotics during cheese
production as well as during passage
through  the  gastrointestinal  tract
facilitating a more favorable environment
for probiotics (Castro et al., 2015).
Makelainen et al., (2010) indicated that
probiotic  cheese  which  contains
Lactobacillus able to modulate intestinal
microbiota, enhance the phagocytosis
process, and stimulate innate immunity
causing health benefits to the consumer.

Nanoparticle synthesis,
characterization, and applications

As a consequence of massive
development in nanotechnology, the
utilization of nanomaterials has been
raised among the global population. The
innovative applications of nanotechnology
expanded in different fields such as
biotechnology,  biomedical  science,
pharmaceutical, food, and agriculture
(Mobasser and Firoozi, 2016). Different
approaches have been developed to
synthesize  nanoparticles including
physical, chemical, and biological
methods (Satyanarayana, 2018). Though
physical and chemical methods being used
for decades, currently researchers are
moving towards biological methods owing
to its favorable advantages (Mandava,
2017). Comparatively, Biological
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methods are more ecofriendly, simple,
non-hazardous, cost-effective, and high
yieldable (Ajmal et al., 2019).

Biosynthesis of nanoparticles is
considered eco-friendlier due to the
minimal generation of waste with subdued
toxic effects on the environment.
Furthermore, it is reported that
biosynthesis is more beneficial over other
methods since biological bases facilitate
nanoparticles to be biocompatible with
living beings. Therefore, it reduces the risk
of medical applications (Das et al., 2017).
The antibacterial property of nanoparticles
is one of the fundamental medical
applications. Gudikandula and Maringanti
(2016) revealed that biosynthesized
nanoparticles have more effect on
antibacterial  activity compared to
chemical synthesis.

Lactobacillus mediated silver
nanoparticles synthesis and
antibacterial activity

Among metallic nanoparticles, AgNPs
are one of the fascinating nanomaterials
used in the medical industry due to their
functional properties (Zhang et al., 2016).
Moreover, Phull and colleagues (2016)
indicated that AgNPs had high
antioxidant, antibacterial, antifungal, and
cytotoxic activities against pathogenic
microorganisms. The antibacterial activity
of AgNPs mediated by various
mechanisms such as damaging to the
bacterial cell membrane and interact with
biomolecules, inhibit DNA replication and
transcription ultimately leads to cell death.

Following research studies
demonstrated that Probiotic Lactobacillus
are important candidates for the
biosynthesis of AgNPs.  Thus, they
mediate the bio-reduction process in
which metal ions in metal salts accept
electrons from NADH dependent bacterial
enzyme that enhances the formation of
metallic nanoparticle (Sani, Aminu, and
Mukhtar, 2017) and also Lactobacillus
secrete nitrate reductase enzyme which is

responsible for the reduction of Ag+ to
AgNPs  (Rajesh, Dharanishanthi and
Kanna, 2014). Garmasheva et al., (2016)
demonstrated that AgNPs synthesized via
Lactobacillus  strains have  greater
antibacterial activity against pathogenic
bacteria and Lactobacillus afforded
ameliorative function to obtain a high
quantity of AgNPs.

Significance of the project

Consumers are more concerned about
probiotic foods due to its health benefits.
Therefore, it is required to identify
probiotics in food products to protect
consumer’s freedom of choice and to
maintain the quality of the food. Research
studies have indicated biosynthesized
AgNPs using Lactobacillus have high
antagonistic effects against pathogenic
bacteria. Therefore, this study aims to
identify Lactobacillus in commercially
available cheddar cheese samples and
evaluate the antibacterial activity of
Lactobacillus cell-free suspension and
AgNPs  synthesized by isolated
Lactobacillus.

METHODOLOGY

Sample collection and preparation

Five cheddar cheese from five different
brands were purchased from the local
market. These samples were labeled as S1
to S5. 5g of each sample was
homogenized. All the techniques were
carried out under aseptic conditions.

Culturing and isolation of
Lactobacillus on MRS agar

The homogenized sample was cultured
on MRS agar using the quadrant streaking
method and was incubated at 370 C for 48
hours.

Identification of Lactobacillus by
biochemical assays
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Identification of Lactobacillus by
gram staining

Bacterial smear was prepared by mixing
a colony taken from the sample with a
drop of water on a glass slide and was heat
fixed. The slide was flooded with crystal
violet for one minute and Gram’s iodine
was added. Then, the decolorizer was
added and left for 15 seconds. Then the
slide was flooded with safranin. Every
staining step was followed by rinsing with
distilled water. The slide was air-dried and
smear was observed under microscope at
100X magnification.

Identification of Lactobacillus by
Catalase test

A drop of hydrogen peroxide (H202)
was mixed with a small amount of bacteria
on a glass slide. It was checked for the
formation of air-bubbles.

Identification of Lactobacillus by
Acid-fast staining

Bacterial smear was prepared on a glass
slide and was heat fixed. Carbol fuchsin
was added and the heat was provided by a
candle. Smear was flooded with 20%
H2S04 till the red smear change into
yellow. 90% of alcohol was added and
washed after 2 minutes. Smear was stained
with methylene blue for 1 — 2 minutes.
Every staining step was followed by
rinsing with distilled water. The slide was
air-dried. Smear was observed under
microscope at 100X magnification.

Identification of Lactobacillus by
Endospore staining

Bacterial smear was prepared on a glass
slide and heat-fixed. A piece of filter paper
was placed over the smear and stained
with a drop of malachite green. The slides
were placed staining rack that was kept
over water bath. After 5 minutes, the filter
paper was removed. Slides were allowed
to cool and rinsed with distilled water.

Smear was stained with safranin for 2
minutes and air-dried. Smear was
observed under the microscope under
microscope at 100X magnification.

Subculture of identified
Lactobacillus

The identified Lactobacillus was
subcultured in MRS broth and incubated at
370C for 48 hours.

Synthesis of AgNPs by Lactobacillus

Subcultures incubated for 24 hours at
370C were centrifuged at 4000 rpm for 5
minutes. The bacterial pellet was
dissolved in 900 uL of autoclaved distilled
water. 9mL from the 1mM silver nitrate
(AgNO3) was added to prepared 1mL of
the bacterial suspension. The solution was
exposed to sunlight for 24 hours (Modified
from Garmasheva et al., 2016).

Quantification of synthesized AgNPs.

Synthesized AgNPs were quantified by
spectrophotometer at a range of
wavelengths of 330 - 610 nm.

Scanning electron microscopy analysis
of synthesized AgNPs

Synthesized AgNPs were analyzed
under SEM.

Determination of antibacterial activity
against  Staphylococcus aureus and
Escherichia coli by well diffusion method

An inoculum of each bacterial culture to
be tested was spread on respective Muller
Hinton’s Agar (MHA). Subsequently, four
wells were punched in the agar medium
and filled with 50pL of autoclaved
distilled  water  (negative  control),
gentamycin (positive control),
Lactobacillus cell-free suspension, and
AgNPs for respective well. Triplicates
were performed for each sample. Plates
were incubated for 24 hours at 370C and
the diameter of the inhibition zones was
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measured (Modified from Garmasheva et
al., 2016).

DATA ANALYSIS

The inhibition zones were compared
using SPSS software through one-way
ANOVA (P-value<0.05).

RESULTS

Isolation of Lactobacillus in MRS

agar

Morphological characteristics of the
isolated bacterial cultures from cheddar
cheese samples, after 24 hours incubation
are shown in Figure 1.

Figure 1. Colony morphology of
isolated bacteria culture samples (Sample
1-5).

Creamy white colour, small and large,
circular, mucoid, translucent colonies with
entire margins were observed for all five
samples.

Identification of Lactobacillus by
performing biochemical assays

Gram staining

Gram staining of selected colonies,
cultured in MRS agar shown in Figure 2.

Figure 2. Microscopic view of gram
staining for suspected colonies from

isolated bacterial cultures (S1-S5) under
100X magnification.

All five samples (Samples 1-5) were
appeared in purple, revealing the presence
of gram-positive bacteria. Samples 1,2,3
and 5: rod-shaped bacilli, Sample 4:
circular clusters (cocci) were observed.

Catalase test

Catalase test performed on previously
used colonies for the gram staining (Figure
3).
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Figure 3. Results of the catalase test for
the previously used colonies from each
sample. NC: negative control.

Negative results (no air bubble
formation) were observed for samples
1,2,3 and 5 representing the presence of
catalase-negative bacteria. The positive
result (air bubble formation) was observed
for sample 4 indicating catalase-positive
bacteria.

Acid-fast staining

Figure 4 illustrates the acid-fast staining
images

Figure 4. Acid-fast staining image
under 100X magnification

All four samples (Sample 1,2,3 and 5)
appeared in blue, indicating acid-fast
negative bacteria.

Endospore staining

Endospore staining was performed on
previously used colonies (Figure 5).

Figure 5. Endospore staining images of
Lactobacillus.

All four samples (Samples 1,2,3, and 5)
were observed in reddish-pink colour
representing non-spore-forming
vegetative bacteria.

According to the results obtained from
the above biochemical assays, the tested
bacteria may be Lactobacillus.

Subculture of colonies to MRS broth

Subcultured MRS broth incubated for
48 hours at 37° C (Figure 6).
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Figure 6. Subculture image of Samples
1,23and 5

Precipitation was observed for all
samples (Samples 1,2,3 and 5).

Identification of Lactobacillus by
SEM

Figure 7 indicates SEM images of
Lactobacillus for samples 2 and 3.

Figure 7. SEM image of Lactobacillus
for Samples 2 and 3. Sample 2: 10.0k SE
magnification and 5 pm scale. Sample 3:
15.0k SE magnification and 3 pm scale.

Sample 2 indicated rods with both short
and long forms while Sample 3 indicated
Regular short rods in fissured surfaces.

Synthesis of AgNPs via Lactobacillus
Visible observations of nanoparticles
synthesis

The formation of AgNPs was
preliminarily observed by the colour

change of the solution (Figure 8).

B ! B ( T
: | '
The colour changed from milky white
colour to dark brown indicating the
formation of AgNPs.

Absorbance curves for synthesized
silver nanoparticles.

Figure 9 shows the absorbance graphs
of AgNPs for all four samples

Sample 1
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Figure 9. The UV visible absorbance
spectra  (330-610)nm  of  AgNPs
synthesized using Lactobacillus.

The absorption peaks were obtained in
the visible range at a range of 410-440 nm
indicating the absorption peak range of
AgNPs.
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The SEM analysis for detection of silver S1 indicated a synergistic effect. No

nanoparticles inhibition zones were observed for
negative control. Only samples 2 and 3
Figure 10 shows SEM images of showed inhibition zones for cell-free
synthesized AgNPs. suspension. All four samples showed an
inhibition zone for AgNPs and positive

control.

Table 1. Mean of inhibition zones of
Escherichia coli

Sam | Positive | AgNPs | Cell-free Negativ
ple control (mm) | suspensio | e
(mm) n (mm) control
Figure 10. SEM images of synthesized (mm)
AgNPs at a magnification of 100k SE (S2) S1(33.00 #|11.00 +| 0.00 -
and 60.0k SE (S3). 6.24 2.64
S2 3200 +|17.00 + | 10.00 -
The SEM analysis indicated most of the 4.58 3.60 +1.73
synthesized AgNPs were well dispersed, S3 (3400 + 2000 +| 1000 + -
spherical shaped with 50- 100 nm in size. 4.35 1.00 1.00
S5 32.00 +|19.00 | 0.00 -
Determination of the antibacterial 2.64 3.60

activity of synthesized AgNPs and
isolated Lactobacillus cell-free suspension

by well diffusion method Comparatively, AgNPs showed larger

inhibition zones for Escherichia coli than

N cell-free suspension for all four samples.
Agar well diffusion plates of

Escherichia coli (Figure 11).

Agar well diffusion plates of
Staphylococcus aureus (Figure 12).
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Figure 12. Antibacterial effect of cell-
free suspension and synthesized AgNPs
on the Staphylococcus aureus. C:
autoclaved distilled water, P: gentamycin,
Ag: synthesized silver nanoparticles, L:
Lactobacillus cell-free suspension

All  the samples were indicated
inhibition zones for positive control,
AgNPs, and cell free-suspension except
sample 5 for AgNPs. Inhibition zones
were not observed for negative control.

Table 2. Mean values of inhibition zone
for Staphylococcus aureus

ANOVA

Source of Variation S5 df MS F P-value  Ferit
Between Groups 216 1 216 12.1121 0.02535 7.70865
Within Groups 71.3333 4 17.8333

Total 287.333 5

Figure 13. ANOVA results of the
antibacterial activity of AgNPs and
Lactobacillus against Escherichia coli.
(Significance level = 0.05).

P-value < 0.05, indicating a significant
difference between cell-free suspension
and AgNPs against Escherichia coli.

ANOVA results for Staphylococcus

Sample | Positi | AgNPs | Cell- Negati aureus (Figure 14)
ve free ve ANOVA
Source of Variation ss df Ms F P-value Farit
Contro (mm) SUSpenS ContrOI Between Groups 170.667 1 170.667 8.06299 0.04689 7.708647422
| ion (mm) Within Groups 84,6667 4 21.1667
(mm) (mm) Total 255.333 5
Sl 30.00 | 12.00 | 21.00 + -
£6.24 | £2.64 | 4.00 Figure 14. ANOVA results of
antibacterial activity of AgNPs and
sS2 33.00 | 10.00 | 18.00 + - Lactobacillus against  Staphylococcus
+3.00 | +1.73 | 1.00 aureus. (Significance level = 0.05).
P-value <0.05 indicating a significant
S3 27.00 | 12.00 | 19.00 + - difference between cell-free suspension
+458 | +1.00 | 2.64 and AgNPs against Staphylococcus
aureus.
S5 31.00 | 0.00 17.00 + - ANOVA results of cell-free suspension
+ 264 1.00 antibacterial activity against
Staphylococcus aureus and Escherichia
coli (Figure 15)
Compared to  AgNPs, cell-free

suspension indicated higher inhibition
zones against Staphylococcus aureus for
all four samples.

Statistical analysis using one — way
ANOVA

ANOVA results for Escherichia coli.
(Figure 13)

ANOVA

Source of Variation SS MS F P-value

af

Fcrit

192.667
68.6667

Between Groups

Within Groups 4 17.1667

Total 261.333 5

1 192667 11.2233 0.02857 7.70865

Figure 15. Statistical analysis of cell-
free suspension antibacterial activity
against  Staphylococcus aureus and
Escherichia coli (Significance level
0.05).
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P-value <0.05 indicating a significant
difference, in the inhibitory effect of cell-
free suspension against Staphylococcus
aureus than Escherichia coli.

ANOVA results of AgNPs antibacterial
activity against Staphylococcus aureus
and Escherichia coli (Figure 16).

ANOVA

Source of Variation SS df Ms F P-value  Fcrit
Between Groups 192.667 1 192.667 8.82443 0.04112 7.70865
Within Groups 87.3333 4 21.8333
Total 280 5

Figure 16. Statistical analysis of AgNPs
antibacterial activity against
Staphylococcus aureus and Escherichia
coli (Significance level = 0.05).

P-value < 0.05 indicating a significant
difference, in the inhibitory effect of
AgNPs against Escherichia.coli than
Staphylococcus aureus.

DISCUSSION

Currently, probiotic foods are the most
frequently used functional foods due to the
potential health benefits beyond the
inherent basic nutritional effects. Dairy
products are a good source of probiotic
foods and Lactobacillus species are
prominent microorganisms containing
probiotic properties. Research studies
have indicated that biosynthesized AgNPs
using Lactobacillus have high antagonistic
effects against pathogenic bacteria and this
antibacterial ~ activity  of  AgNPs
significantly applies to treat infectious
diseases (Matei et al., 2020). Therefore,
this study focused to identify
Lactobacillus in cheddar cheese and to
evaluate the antibacterial activity of
AgNPs synthesized by Lactobacillus.

Colony morphology and phenotypic
observation indicated creamy white
colour, circular, mucoid, translucent
colonies with entire margins (Figure 1). A

study carried out by Padmavathi et al.,
(2018) demonstrated similar results for
Lactobacillus colony morphology isolated
from dairy products. According to the
results of gram staining, four samples
(Samples 1, 2, 3, and 5) were obtained as
gram-positive bacillus in purple, long and
short rods that might be Lactobacillus
(Figure 2). These findings were consistent
with the results of Sulmiyati et al., (2018).
Gram-positive bacteria contain a thick
peptidoglycan layer that retains crystal
violet-iodine complex. Therefore gram-
positive bacteria appear in purple (Toole,
2016).

Samples obtained as gram-positive
bacilli were negative for the catalase test
due to the absence of air bubble formation
(Figure 3) which aligned with the study
performed by Abiona and Adegoke,
(2017) showed Lactobacillus as a catalase-
negative bacteria.  Nevertheless, sample
4 was indicated gram-positive cocci in
clusters or singles (Figure 2). Air bubbles
were observed in the catalase test,
indicating a catalase-positive bacteria
(Figure 3) suggesting that Lactobacillus is
not present in sample 4.

Among the five samples, only gram-
positive, rod-shaped catalase-negative
bacteria were selected for further
investigation.

Results of the acid-fast staining
indicated, blue colour acid-fast negative
bacteria (Figure 4). Similary, Goldstein,
Tyrrell and Citron (2015) reported
Lactobacillus as a non-acid fast bacteria.
Acid-fast negative bacteria lack lipoidal
mycolic acid in the cell wall. Once it
stained with methylene blue, appeared in
blue (Miller, Harrington, and Procop,
2015).

Endospore staining resulted in reddish-
pink indicating vegetative (non-spore
forming) bacteria (Figure 5). Similarly,
Mulaw et al., (2019), also have indicated
the microscopic view of Lactobacillus
without endospores. Vegetative bacteria
do not retain malachite green due to lack
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of spores. When non-vegetative cells stain
with safranin, they appeared in pink
(Oktari et al., 2017).

The presence of Lactobacillus was
further confirmed by SEM for samples 2
and 3 (Figure 7). Regular rods with short
and long forms were observed for isolated
Lactobacillus which similar agreement
with the results of Kang et al., (2019).

The colour of synthesized AgNPs was
changed from white to brown after
exposure to sunlight (Figure 8) where this
result was compatible with the results
obtained by, Sani, Aminu, and Mukhtar,
(2017). Kumar et al., (2016) reported that
colour change occurs due to the excitation
of surface plasmon resonance vibrations in
AgNPs with the reduction of Ag+ to Ag.
Furthermore, Lactobacillus act as a
reducing and capping agent. (Dakhil,
2017).

According to Figure 9, the absorbance
spectrum of AgNPs showed multiple
peaks at different absorbance values.
Dhoondia and Chakraborty (2012),
reported that the absorbance of AgNPs
was maximum at 430nm. Among these
multiple peaks, a peak was obtained at
430nm in Samples 2, 3, and 5 indicating
the presence of AgNPs. Sample 1 obtained
a peak at 410nm (Figure 9) which aligned
with the results of Dakhil, (2017).
However, Singh et al., (2017) have
obtained the absorption spectrum of
AgNPs with a wide range of peaks, which
lies between the 400-500nm range. Peak
located at a range of 400nm indicated that
particles are well distributed without much
aggregation (Jaffat, Aldujaili, and Hassan,
2010). This fact has been proven by SEM
analysis of synthesized AgNPs (Figure 10)
where it indicated AgNPs with spherical-
shaped and well-dispersed characteristics
and 50-100nm in  size.  Similar
characteristics were obtained by Femi-
Adepoju et al, (2019) from
biosynthesized AgNPs.

The antibacterial activity of synthesized
AgNPs and Lactobacillus cell-free
suspension against Staphylococcus aureus
and Escherichia coli was evaluated by the
well diffusion method. The cell-free
suspension contains metabolites produced
by Lactobacillus and some of these
metabolites are responsible for the
antibacterial effect. Figure 11 indicated
clear zones around AgNPs and cell-free
suspension, suggesting that AgNPs and
cell-free suspension able to inhibit the
growth of Escherichia coli. Maruthai et al.,
(2017) confirmed that AgNPs capable of
inhibiting Escherichia coli. The inhibitory
effect of Lactobacillus metabolites against
Escherichia coli was not observed for
samples 1 and 5 (Figure 11). This could be
due to the presence of different species or
strains of Lactobacillus in four samples
such as Lactobacillus plantarum and
Lactobacillus pentosus which are unable
to inhibit Escherichia coli (Ren et al.,
2018). Sample 1 indicated a synergistic
effect between positive control and
Lactobacillus cell-free suspension.

According to Table 1, AgNPs showed
higher zones of inhibition (antibacterial
activity) against Escherichia coli than cell-
free suspension for all four samples and
one-way ANOVA analysis (Figure 13) has
further  confirmed the  significant
difference in antibacterial activity (p-value
<0.05) of AgNPs and Lactobacillus
metabolites against Escherichia coli.

As shown in Figure 12 clear zones
around cell-free suspension and AgNPs
have observed in Staphylococcus aureus,
suggesting that Lactobacillus metabolites
and AgNPs inhibit the growth of
Staphylococcus aureus. Khalil, Allam, and
El-Mahallawy (2019) showed that
Lactobacillus  contains  antagonistic
metabolites that inhibit the growth of
Staphylococcus aureus. Qais et al., (2019)
confirmed that biosynthesized AgNPs has
an inhibitory effect against
Staphylococcus aureus.
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In line with diameter values (Table 2),
cell-free  suspension indicated higher
zones of inhibition (antibacterial effect)
against  Staphylococcus aureus than
AgNPs for all four samples, and one-way
ANOVA analysis (Figure 14) has further
confirmed a significant difference in
antibacterial activity (p-value <0.05) of
AgNPs and Lactobacillus metabolites
against Staphylococcus aureus.

In this study, the antibacterial effect of
Lactobacillus metabolites against
Staphylococcus aureus was greater than
that on Escherichia coli (Figure 11 and
Figure 12). The one-way ANOVA (Figure
15) further confirmed that there is a
significant  difference  between the
antibacterial activity of Lactobacillus
metabolites against Escherichia coli and
Staphylococcus aureus (p-value <0.05).
Tebyanian et al., (2017) and Zhu et al.,
(2018) demonstrated that there is a
significant difference in antibacterial
activity of  Lactobacillus  against
Escherichia coli and Staphylococcus
aureus due to the presence of lipoteichoic
acids in gram-positive bacteria which
interact with bacteriocin produced by
Lactobacillus. Less interaction occurs
between metabolites of Lactobacillus and
Escherichia coli due to the absence of
lipoteichoic acids (Peh, Pyar, Liong and
2013). Furthermore, Ayantola and
Oladunmoye (2016) reported that the
effectiveness of the antibacterial activity
of Lactobacillus depends on the amount of
inhibitory compounds production (e.g.
lactic acid, bacteriocins, H202). With
reference to  Khalil, Fadihl, and Ali
(2017), Lactobacillus isolated from yogurt
was showed a bacteriostatic effect on
Escherichia coli and a bacteriocidal effect
on Staphylococcus aureus.

The AgNPs showed larger inhibition
zones against Escherichia coli than
Staphylococcus aureus in all four samples.
The maximum inhibition zone in
Escherichia coli was 20mm and 10mm
was Staphylococcus aureus (Table 1 and

Table 2). These results were further
confirmed by the ANOVA table (Figure
16), indicating a significant difference
between the antibacterial activity of
AgNPs against Escherichia coli and
Staphylococcus aureus (P-value <0.05).
Al-Shargi et al., (2019) confirmed the
significant  (P<0.05) difference in
antibacterial activity of AgNPs against
Escherichia coli and Staphylococcus
aureus by using one-way ANOVA
analysis.

According to Soo-Hwan et al., (2011),
AgNPs treated Escherichia coli showed
more protein leakage, rapid inactivation of
lactate dehydrogenase, high bactericidal
activities in growth curves than
Staphylococcus aureus.

In addition, Loo et al., (2018), reported
that AgNPs has more antibacterial effect
on gram-negative bacteria such as
Escherichia coli. Qasim et al., (2018) and
Al-Sharqi et al., (2019), suggested that it
might be due to structural variations in cell
walls as Gram-negative bacteria contain a
thin, negatively charged
lipopolysaccharide layer which is more
susceptible to attract with positive charges
in AgNPs facilitating a greater
antibacterial  activity.  Gram-positive
bacteria are less vulnerable to adhesion of
Ag ions and antibacterial activity due to
the highly cross-linked rigid
peptidoglycan layer. AgNPs attach to the
negatively charged cell wall, deteriorate
cell membrane, interfering with cellular
functions including permeability, electron
transport, osmoregulation, and respiration.
AgNPs interact with DNA, the thiol group
of L-cysteine protein, and other cell
components causing enzymatic
dysfunction. AgNPs induce oxidative
stress, subsequently damaging proteins
and DNA (Almalah, Alzahrani and
Abdelkader, 2019).

Mirzajani, et al., (2011) evaluated,
inhibition mechanisms of AgNPs against
Staphylococcus aureus by damaging cell
wall and accumulate in the cell membrane
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of Staphylococcus aureus, resulting in the
release of cellular components into the
surrounding  environment. The high
concentration of AgNPs results in the
release of muramic acid (MA) into the
medium, which could be contributed to
cell wall distraction and cell death.
Furthermore, Li et al., (2010) showed that
AgNPs are able to reduce the enzymatic
activity of respiratory chain
dehydrogenase and change the expression
abundance of some proteins present in the
Staphylococcus aureus.

CONCLUSION

In conclusion, Lactobacillus was
identified in four cheddar cheese samples
and this study demonstrated that
Lactobacillus isolated from these samples
were able to synthesis AgNPs.
Synthesized AgNPs and Lactobacillus
cell-free suspension indicated promising
antibacterial activity against Escherichia
coli and Staphylococcus aureus that
causes infectious conditions. Therefore,
the antibacterial property of AgNPs can be
effectively applied to treat multidrug-
resistant  pathogenic  microorganisms.
Furthermore, Knowledge gained from this
analysis can be effectively used to treat
certain diseases caused by drug-resistant
pathogens instead of using antibiotics and
other medications.

ACKNOWLEDGMENT

| extend special gratitude to my
supervisor, Ms. Punsisi Weerasooriya
whose support has been invaluable
throughout the research and for her
endless efforts, advice, and help to
complete this research project
successfully. | would like to express my
sincere gratitude to the management and
the academic staff of Business
Management School, School of Science
(BMS) for providing me this great
opportunity to conduct my research at

BMS, using the resources available in the
laboratories and also this research project
was funded by BMS. A special thanks to
the laboratory staff of the BMS, Mr.
Ominda Perera, Himashi Gurudeniya, and
Shenali Perera for their kind helping hands
given in making the lab arrangements and
valuable guidance. Furthermore, I wish to
express my sincere gratitude to the staff of
the Sri Lanka Institute of Nanotechnology
(SLINTEC), for allowing me to perform
my scanning electron microscopy (SEM)
analysis at SLINTEC. | sincerely thank all
my dearest lecturers for their guidance and
to my parents and friends for supporting
me to complete the research.

REFERENCE

Abiona, S.O. and Adegoke, G.O. (2017),
“Molecular  Characteristics  of
Probiotics Lactic Acid Bacteria
Isolated from Soursop, Cowmilk,
Goatmilk Yoghurts and Cheese”,
Journal of Food Biotechnology
research, 1(1), pp. 1-7.

Ajmal, N., Saraswat, K., Bakht, M., Riadi, Y.,
Ahsan, M. and Noushad, M., (2019),
“Cost-effective  and eco-friendly
synthesis of titanium dioxide (TiO2)
nanoparticles using fruit’s peel agro-
waste extracts: characterization, in
vitro  antibacterial, antioxidant
activities”’, Green Chemistry Letters
and Reviews, 12(3), pp. 244-254.

Almalah, H., A Alzahrani, H. and S
Abdelkader, H., (2019), “Green
Synthesis of Silver Nanoparticles
using Cinnamomum Zylinicum and
their Synergistic Effect against
Multi-Drug  Resistance Bacteria.
Journal of Nanotechnology
Research”, 01(02).

Al-Mariri, A., Younes, A.A., Sharabi, N.E.
(2019), “Employment of fourier
transform infrared (ftir)
spectroscopy as a method for the
rapid identification of lactobacilli
from Syrian white cheese”, Journal
of Bio Innovation, 8(4), pp. 484-495.

Al-Shargi, A., Apun, K. Vincent, M.,
Kanakaraju, D. and Bilung, L.

ISSN 2659-2193 | Volume: 06 | Issue: 04 | 31-12-2020



(2019)°  “Enhancement of the
Antibacterial Efficiency of Silver
Nanoparticles  against ~ Gram-
Positive and Gram-Negative
Bacteria Using Blue Laser Light”,
International Journal of
Photoenergy, pp.1-12.

Ayantola, K. and Oladunmoye, M., (2016),
“Antibacterial Activity of
Lactobacillus Species Isolated from
Poultry Waste (Droppings) Against

Poultry  Pathogens”, Current
Research in Poultry Science, 6(1) pp.
7-12.

Castro, J., Tornadijo, M., Fresno, J. and
Sandoval, H., (2015), “Biocheese: A
Food Probiotic Carrier”, BioMed
Research International, pp.1-11.

Chakraborty, A. and Bhowal, J. (2015),
“Isolation, Identification and
Analysis of Probiotic Properties of
Lactobacillus Spp. from Selected
Regional Dairy Product”,
International Journal of Current
Microbiology and Applied Sciences,
4(6), pp. 621-628.

Chen, C,, Lai, C., Huang, H., Huang, W., Toh,
H., Weng, T., Chuang, Y., Lu, Y. and
Tang, H., (2019), “Antimicrobial
Activity of Lactobacillus Species
Against Carbapenem-Resistant
Enterobacteriaceae”, Frontiers in
Microbiology, 10.

Dakhil, A., (2017), “Biosynthesis of silver
nanoparticle (AgNPs) using
Lactobacillus and their effects on
oxidative stress biomarkers in rats”,
Journal of King Saud University -
Science, 29(4), pp.462-467.

Das, A., Kumar, R. and Goutam, S., (2016),
“Sunlight  Irradiation  Induced
Synthesis of Silver Nanoparticles
using Glycolipid Bio-surfactant and
Exploring the Antibacterial
Activity”, Journal of Bioengineering
& Biomedical Science, 06(05).

Dhoondia, Z. and Chakraborty, H., (2012),
“Lactobacillus Mediated Synthesis
of Silver Oxide Nanoparticles’,
Nanomaterials and Nanotechnology,
2, p.15.

Dincer, E. and Kivanc, M., (2020),
“Characterization of Lactobacillus
plantarum strains isolated from

Turkish pastirma and possibility to
use of food industry”, Food Science
and Technology, 40(2), pp.498-507.

Dorr, T., Moynihan, P. and Mayer, C., (2019),
“Editorial: Bacterial Cell Wall
Structure and Dynamics”, Frontiers
in Microbiology, 10.

Femi-Adepoju, A., Dada, A., Otun, K,
Adepoju, A. and Fatoba, O., (2019),
“Green  synthesis  of  silver
nanoparticles using terrestrial fern
(Gleichenia Pectinata (Willd.) C.
Presl.): characterization and
antimicrobial  studies”, Heliyon,
5(4), p.e01543.

Ganesan, B., Weimer, B., Pinzon, J., Dao
Kong, N., Rompato, G., Brothersen,
C. and McMahon, D., (2015),
“Probiotic  bacteria survive in
Cheddar cheese and  modify
populations of other lactic acid
bacteria”, Journal of Applied
Microbiology,116(6), pp.1642-1656.

Garmasheva, |., Kovalenko, N., Voychuk, S.,
Ostapchuk, A., Livins’ka, O. and
Oleschenko, L., (2016),
“Lactobacillus  species mediated
synthesis of silver nanoparticles and
their antibacterial activity against
opportunistic pathogens in vitro”,
Biolmpacts, 6(4), pp.219-223.

Goldstein, E., Tyrrell, K. and Citron, D.,
(2015),  “Lactobacillus  Species:
Taxonomic Complexity and
Controversial Susceptibilities”,
Clinical Infectious Diseases, pp.S98-
$107.

Gudikandula, K. and Maringanti, S.C. (2016),
“Synthesis of silver nanoparticles by
chemical and biological methods and
their  antimicrobial  properties”.
Journal of Experimental
Nanoscience, 11(9), pp. 714-721.

Hemarajata, P. and Versalovic, J., (2013),
“Effects of probiotics on gut
microbiota: mechanisms of intestinal

immunomodulation and
neuromodulation”, Therapeutic
Advances in Gastroenterology, 6(1),
pp. 39-51.

Jaffat, H.S., Aldujaili, N.H. and Hassan, A.J.A.
(2017), “Antimicrobial activity of
silver nanoparticles biosynthesized
by Lactobacillus mixtures”,

ISSN 2659-2193 | Volume: 06 | Issue: 04 | 31-12-2020



Research Journal of
Pharmaceutical, Biological and
Chemical Sciences, 8(1), pp. 1911-
1924.

Kang, C., Han, S., Kim, J., Kim, Y., Jeong, Y.,
Park, H. and Paek, N., (2019),
“Inhibition  of  Nitric  Oxide
Production, Oxidative Stress
Prevention, and Probiotic Activity of
Lactic Acid Bacteria Isolated from
the Human Vagina and Fermented
Food”,  Microorganisms,  7(4),
p.109.

Kang, M., Lim, H., Oh, J., Lim, Y., Wuertz-
Kozak, K., Harro, J., Shirtliff, M. and
Achermann, Y., (2017),
“Antimicrobial activity of
Lactobacillus salivarius and
Lactobacillus fermentum against
Staphylococcus aureus. Pathogens
and Disease”, 75(2).

Kanmani, P. and Lim, S., (2013), “Synthesis
and characterization of pullulan-
mediated silver nanoparticles and its

antimicrobial activities”,
Carbohydrate Polymers, 97(2), pp.
421-428.

Khalil, M., G. Allam, N. and S. El-Mahallawy,
D. (2019), “Efficacy of Lactobacillus
ssp. in inhibiting the biofilm skin
infections induced by
Staphylococcus aureus pathogen”,
Biomedical Research, 30(3).

Kumar, K.K., Mahalakshmi, S., Harikrishna,
N. and Reddy, G. (2016),
“Production, characterization and
antimicrobial activity of silver

nanoparticles produced by
Lactobacillus”, amylophilus gve6,
European Journal of

Pharmaceutical and Medical
Research, 3(7), p. 236-242.

Li, W., Xie, X., Shi, Q., Duan, S., Ouyang, Y.
and Chen, Y., (2010), “Antibacterial
effect of silver nanoparticles on
Staphylococcus aureus”, BioMetals,
24(1), p.135-141.

Loo, Y., Rukayadi, Y., Nor-Khaizura, M., Kuan,
C., Chieng, B., Nishibuchi, M. and
Radu, S., (2018), “In Vitro
Antimicrobial Activity of Green
Synthesized Silver Nanoparticles
Against  Selected Gram-negative

Foodborne Pathogens”, Frontiers in
Microbiology, 9.

Makelainen, H., lbrahim, F., Forssten, S.,
Jorgensen, P. and Ouwehand, A.,
(2010), “Probiotic cheese”,
Nutrafoods, 9(3), pp.15-19.

Mandava, K., (2017), “Biological and Non-
biological Synthesis of Metallic
Nanoparticles: Scope for Current
Pharmaceutical Research”, Indian
Journal of Pharmaceutical Sciences,
79(4).

Maruthai, K., Vallayyachari, K., Ravibalan, T.,
Philip, S.A.,, Samrot, AV. and
Muthuraj, M. (2017), “Antibacterial
activity of the Silver Nanoparticles
against  Escherichia coli and
Enterobacter sp”, Prog Biosci
Bioeng, 1(1): 29-35.

Matei, A., Matei, S., Matei, G., Cogalniceanu,
G. and Cornea, C. (2020),
“Biosynthesis of silver nanoparticles
mediated by culture filtrate of lactic
acid bacteria, characterization and

antifungal activity”, The
EuroBiotech Journal, 4(2), pp. 97-
103.

Miller, K., Harrington, S. and Procop, G.,
(2015), “Acid-fast Smear and
Histopathology  Results  Provide
Guidance for the Appropriate Use of
Broad-Range Polymerase Chain
Reaction and Sequencing for
Mpycobacteria”, Archives of
Pathology & Laboratory Medicine,
139(8), pp.1020-1023.

Mirzajani, F., Ghassempour, A., Aliahmadi, A.
and Esmaeili, M., (2011),
“Antibacterial  effect of silver
nanoparticles on Staphylococcus
aureus”, Research in Microbiology,
162(5), pp.542-549.

Mobasser, S. and Firoozi, A. (2016), “Review
of Nanotechnology Applications in
Science and Engineering”’, Journal
of Civil Engineering and Urbanism,
6 (4), pp. 84-93.

Mulaw, G., Sisay Tessema, T., Muleta, D. and
Tesfaye, A., (2019), “In Vitro
Evaluation of Probiotic Properties of
Lactic Acid Bacteria Isolated from
Some  Traditionally  Fermented
Ethiopian Food Products”,

ISSN 2659-2193 | Volume: 06 | Issue: 04 | 31-12-2020



International Journal of
Microbiology, pp.1-11.

Nasrollahzadeh, M., Sajadi, S., Sajjadi, M. and
Issaabadi, Z., (2019), “Applications
of Nanotechnology in Daily Life”,
Interface Science and Technology,
pp.113-143.

Oktari, A., Supriatin, Y., Kamal, M. and
Syafrullah, H., (2017), “The
Bacterial Endospore Stain  on
Schaeffer Fulton using Variation of
Methylene Blue Solution”, Journal
of Physics: Conference Series, 812,
p.012066.

Toole, G., (2016), “Classic Spotlight: How the
Gram Stain Works”, Journal of
Bacteriology, 198(23), pp.3128-
3128.

Padmavathi, T., Bhargavi, R., Priyanka, P.,
Niranjan, N. and Pavitra, P., (2018),
“Screening of potential probiotic
lactic acid bacteria and production
of amylase and its partial
purification”, Journal of Genetic
Engineering and Biotechnology,
16(2), pp. 357-362.

Pan, M., Hidalgo-Cantabrana, C., Goh, Y.,
Sanozky-Dawes, R. and Barrangou,
R., (2020), “Comparative Analysis of
Lactobacillus gasseri and
Lactobacillus  crispatus Isolated
From Human Urogenital and
Gastrointestinal Tracts”, Frontiers
in Microbiology, 10.

Patrignani, F., Siroli, L., Parolin, C,
Serrazanetti, D., Vitali, B. and
Lanciotti, R., (2019), “Use of
Lactobacillus crispatus to produce a
probiotic cheese as potential gender
food for preventing gynaecological
infections”, PLOS ONE, [online]
14(1), p.e0208906.

Peh, K. Pyar, H. and Liong, M., (2013),
“Characteristics and Antibacterial
Activity of Metabolites from
Lactobacillus acidophilus Strains
Produced from Novel Culture
Media”, International Journal of
Pharmacology, 9(1), pp. 92-97.

Perera, B.M.R. and Weerasooriya, P.R.
(2019), “Evaluating the antibiotic
resistance of lactobacillus bacteria
isolated from fresh milk samples”,
GARI International Journal of

Multidisciplinary Research, 5(1). pp.

123-136

Phull, A., Abbas, Q., Ali, A., Raza, H., kim, S.,
Zia, M. and Hag, I, (2016),
“Antioxidant, cytotoxic and

antimicrobial activities of green
synthesized silver nanoparticles from
crude extract of Bergenia ciliate”,
Future Journal of Pharmaceutical
Sciences, 2(1), pp. 31-36.

Qais, F., Shafiq, A., Khan, H., Husain, F.,
Khan, R., Alenazi, B., Alsalme, A.
and Ahmad, L, (2019),
“Antibacterial  Effect of Silver
Nanoparticles Synthesized Using
Murraya koenigii (L.) against
Multidrug-Resistant ~ Pathogens”,
Bioinorganic Chemistry and
Applications, p.1-11.

Qasim, M., Udomluck, N., Chang, J., Park, H.
and Kim, K., (2018), “Antimicrobial
activity of silver nanoparticles

encapsulated in poly-
<em>N</em>-
isopropylacrylamide-based
polymeric nanoparticles”,
International Journal of
Nanomedicine, [online] Volume 13,
pp 235-249.

Qing, Y., Cheng, L., Li, R., Liu, G., Zhang, Y.,
Tang, X., Wang, J., Liu, H. and Qin,
Y., (2018), “Potential antibacterial
mechanism of silver nanoparticles
and the optimization of orthopedic
implants by advanced modification
technologies”, International Journal
of Nanomedicine, 13, pp. 3311-3327.
Rajesh, S., Dharanishanthi, V. and Kanna, A.,
(2014), “Antibacterial mechanism of
biogenic  silver  nanoparticles
ofLactobacillus acidophilus”,
Journal of Experimental
Nanoscience, 10(15), pp.1143-1152.
Ren, D., Zhu, J., Gong, S., Liu, H. and Yu, H.,
(2018), “Antimicrobial
Characteristics of Lactic Acid
Bacteria Isolated from Homemade
Fermented Foods”, BioMed
Research International, pp.1-9.
Rezac, S., Kok, C., Heermann, M. and Hutkins,
R., (2018), “Fermented Foods as a
Dietary Source of Live Organisms”,
Frontiers in Microbiology, 9.

ISSN 2659-2193 | Volume: 06 | Issue: 04 | 31-12-2020



Sani, N., Aminu, B. and Mukhtar, M., (2018),
“Eco-friendly synthesis of silver
nanoparticles using Lactobacillus
delbrueckii subsp bulgaricus
isolated from kindrimo (locally
fermented milk) in Kano State,
Nigeria” Bayero Journal of Pure
and Applied Sciences, 10(1), p.481.

Satyanarayana, T., (2018), “I'A Review on
Chemical and Physical Synthesis
Methods of  Nanomaterials”,
International Journal for Research
in Applied Science and Engineering
Technology, 6(1), pp. 2885-2889

Shokryazdan, P., Sieo, C., Kalavathy, R.,
Liang, J., Alitheen, N., Faseleh
Jahromi, M. and Ho, Y., (2014),
“Probiotic Potential
ofLactobacillusStrains with
Antimicrobial Activity against Some
Human Pathogenic Strains”,
BioMed Research International,
pp.1-16.

Singh, P., Ahn, S., Kang, J., Veronika, S., Huo,
Y., Singh, H., Chokkaligam, M., EI-
Agamy Farh, M., Aceituno, V., Kim,
Y. and Yang, D. (2017), “In
vitroanti-inflammatory activity of
spherical silver nanoparticles and
monodisperse  hexagonal  gold
nanoparticles by fruit extract of
Prunus serrulata: a green synthetic
approach”, Artificial Cells,
Nanomedicine, and Biotechnology,
[online] pp.1-11.

Singh, P., Kim, Y., Zhang, D. and Yang, D.,
(2016),  “Biological Synthesis of
Nanoparticles from Plants and
Microorganisms”, Trends in
Biotechnology, 34(7), pp. 588-599.

Somashekaraiah, R., Shruthi, B., Deepthi, B.
and Sreenivasa, M., (2019),
“Probiotic Properties of Lactic Acid
Bacteria Isolated From Neera: A
Naturally Fermenting Coconut Palm
Nectar”, Frontiers in Microbiology,
10.

Soo-Hwan, K., Lee, H.S., Ryu, D.S., Choi, S.J.
and Lee, D.S. (2011), “Antibacterial
Activity of  Silver-nanoparticles
Against Staphylococcus aureus and
Escherichia coli”, Korean Journal of
Microbiology and Biotechnology,
39(1), p.77— 85.

Stefanovic, E., Kilcawley, K., Roces, C., Rea,
M., O'Sullivan, M., Sheehan, J. and
McAuliffe, O., (2018), “Evaluation
of the Potential of Lactobacillus
paracasei Adjuncts for Flavor
Compounds  Development  and
Diversification  in  Short-Aged
Cheddar Cheese”, Frontiers in
Microbiology, 9.

Sulmiyati, Said, N. S., Fahrodi, D. U., Malaka,
R. and Maruddin, F., (2018) “The
Characteristics of Lactic Acid
Bacteria Isolated from Indonesian
Commercial Kefir Grain”,
Malaysian Journal of Microbiology.

Tebyanian, H., Bakhtiari, A., Karami, A. and
Kariminik, A, (2017),
“Antimicrobial Activity of some
Lactobacillus ~ Species  against
Intestinal ~ Pathogenic  Bacteria”
International Letters of Natural
Sciences, 65, pp 10-15.

Yoshii, K., Hosomi, K., Sawane, K. and
Kunisawa, J., (2019), “Metabolism
of Dietary and Microbial Vitamin B
Family in the Regulation of Host
Immunity”, Frontiers in Nutrition, 6.

Zhang, X., Liu, Z., Shen, W. and Gurunathan,
S., (2016), “Silver Nanoparticles:
Synthesis, Characterization,
Properties,  Applications, and
Therapeutic Approaches”,
International Journal of Molecular
Sciences, 17(9), p.1534.

Zhou, X. and Li, Y., n.d. (2015), Atlas Of Oral
Microbiology. 1st ed. Academic
Press.

Zielinska, D., Diugosz, E. and Zawistowska-
Deniziak, A., (2018), “Functional
Properties of Food  Origin
Lactobacillus in the Gastrointestinal
Ecosystem—In Vitro Study”’
Probiotics ~and  Antimicrobial
Proteins, 11(3), pp. 820-829.

ISSN 2659-2193 | Volume: 06 | Issue: 04 | 31-12-2020



