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ABSTRACT 
 

Aims: This study aimed to synthesize silver nanoparticles (AgNPs) using Lactobacillus gasseri and 
to evaluate their antimicrobial, anti-biofilm, and cytotoxic properties after formulation into a 
Carbopol-based nanoemulsion.  
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Study Design: This was an experimental laboratory-based study involving synthesis, 
physicochemical characterization, and biological evaluation of silver nanoparticles. 
Place and Duration of Study: Conducted at the Department of Biotechnology, Centre for 
Bioscience and Nanoscience Research from March to April 2025. 
Methodology: Silver nanoparticles were synthesized using the probiotic strain Lactobacillus 
gasseri through a green synthesis approach and embedded into Carbopol 940 hydrogel. 
Characterization was performed using UV-Visible spectroscopy (200–600 nm), FTIR spectroscopy 
(4000–400 cm⁻¹), and FESEM, confirming the formation of spherical nanoparticles ranging from 60 
to 140 nm. Anti-biofilm activity was assessed via crystal violet assay against bacterial biofilms at 
varying nanoparticle concentrations (10–50 µg/mL). Cytotoxicity was tested using the MTT assay 
on mammalian cells across concentrations ranging from 2 to 10 µg/mL. 
Results: Biofilm inhibition increased in a dose-dependent manner, with maximum                       
inhibition of 55.96% observed at 50 µg/mL (OD 0.181 vs. control OD 0.411). Cytotoxicity                
analysis revealed a mild reduction in cell viability, with values ranging from 11.26% to                    
19.56% as concentration increased from 2 µg/mL to 10 µg/mL. The results suggest that 
biosynthesized AgNPs are both biologically active and relatively safe at lower concentrations. 
Statistical analysis confirmed a significant inverse relationship between nanoparticle concentration 
and cell viability. 
Conclusion: The study demonstrates that Lactobacillus gasseri-mediated green synthesis of 
AgNPs, followed by incorporation into a Carbopol-based Nano emulsion, yields a biocompatible 
formulation with promising antimicrobial and anti-biofilm efficacy. The moderate cytotoxicity 
observed at higher concentrations highlights the need for dose optimization to balance therapeutic 
benefits with safety. These findings indicate that the developed nanoemulsion holds strong potential 
for biomedical applications such as wound healing and prevention of biofilm-associated infections 
on medical devices. 
 

 
Keywords:  Nanoemulsion; Lactobacillus gasseri; antimicrobial activity; anti-biofilm; cell viability; 

biocompatibility; carbopol hydrogel. 
 

1. INTRODUCTION 
 
Green nanotechnology has evolved as a 
potential substitute to the traditional chemical 
and physical approaches in synthesis of 
nanoparticles, especially in developing the 
nanoparticles in biomedical applications in 
recent years (Umekar et al., 2025) Silver 
nanoparticles (AgNPs) in particular, have 
received a lot of attention as they possess 
broad-spectrum of antimicrobial, antibiofilm, 
antioxidant, and cytotoxic effects among many 
others besides the varied nanostructures 
(Gunyakti and Asan-Ozusaglam, 2019). 
Nevertheless, conventional synthesis methods 
most of the time utilize toxic reagents and 
extreme reaction conditions that restrain their 
biocompatibility and clinical application               
(Wang et al.,2008). To counter these 
shortcomings biological synthesis by probiotic 
organisms has been increasingly considered, 
which can provide all benefits in terms of being 
environmentally sustainable, low cost and non-
toxic production of nanoparticles (Iravani,            
2011). 
Lactobacillus gasseri is a famous probiotic strain 
to be studied well regarding its health effects and 

production of secondary metabolites including 
peptides, organic acids, and 
exopolysaccharides. These natural bioactive 
chemicals may serve as reducing and stabilizing 
chemicals in reaction of metal nanoparticles 
(Umekar et al., 2025). The second technique 
involves the integration of the nanoparticles 
synthesized in a living system into nanoemulsion 
and causes even greater improvement of their 
rather poor solubility, dispersibility, and efficacy 
of therapeutic application (Srinivasan et al., 
2023). The high surface area and small droplet 
size will enable nanoemulsions to be used in 
drug delivery, as well as in antimicrobial 
applications and provide a desirable absorption, 
release, interaction with biological membranes. 
 
The silver nanoemulsions prepared by probiotic 
metabolites have a different value of biomedical 
relevance because of their multipurpose 
functionality. Besides this antimicrobial and 
antibiofilm ability, they can also be tested on 
their cytotoxicity that can be used in cancer 
treatment and in wound healing. 
Characterization of material should be done 
properly using techniques as UV-visible 
spectroscopy, FTIR, FESEM and this will provide 
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evidence of synthesis process and the structural 
and chemical attributes of the nanoemulsion. 
Moreover, in-vitro experiments involving 
mammalian cell lines, including an example of 
L929 fibroblasts, can give invaluable information 
regarding the biocompatibility and safety profile 
of the formulation (McClements, 2013). Thus, 
the purpose of the current study is to synthesize 
silver nanoemulsion with the cell-free extracts of 
Lactobacillus gasseri, characterize it by applying 
different physicochemical methods and 
determine its suitability in biomedical 
biomedicine such as antimicrobial, antibiofilm, 
and cytotoxic properties. 
 

2. MATERIALS AND METHODS 
 

2.1 Collection and Isolation of 
Lactobacillus  

 

Lactobacillus gasseri strain employed in this 
study was obtained at SykroMax Biotech Pvt. 
Ltd., Chennai, India. The culture was serially 
diluted upto 10-5. Morphologically similar 
colonies of Lactobacillus was inoculated in 
aseptic manner on to de Man, Rogosa, and 
Sharpe agar plates (MRS) to confirm viability 
and purity by incubation of agar plates at 37o C 
for 24 - 48 hours under anaerobic conditions. 
Clear colonies were picked and streaked into 
MRS broth to sub cultured and propagate 
further. The actively growing cultures were 
stored in MRS broth at 4o C 
 

2.2 Silver Nanoemulsion Biosynthesis 
 

Fresh MRS broth was inoculated with an active 
culture of Lactobacillus gasseri and incubated in 
a static environment at 37oC for 24 hours. 
Following incubation, cell-free extract was 
extracted by centrifuging the culture at 5000 rpm 
for 5 minutes. The resulting supernatant, which 
comprised the extracellular metabolites, was 
retrieved gently and served as the biological 
reducing and stabilizing agent during 
nanoparticle synthesis. 
 

To biosynthesize silver nanoparticles, 10 mL of a 
1 mM silver nitrate (AgNO3) solution was added 
to 10 mL of L. gasseri supernatant to an equal 
volume and then incubated in the dark at room 
temperature. The presence of silver 
nanoparticles was determined by visual color 
change that occurred, where it was observed 
that the color of silver nanoparticles solution 
changed upon the reduction of silver ions 
through the microbial metabolites (Umekaret al., 
2025). 

To prepare the nanoemulsion, 0.5% Carbopol 
940 was added to the AgNP solution to enhance 
the viscosity, stability, and consistency of the 
mixture. Carbopol has been demonstrated to 
improve the longterm stability and homogeneity 
of nanoparticle-based emulsions (McClements, 
2013). The mixture was continuously agitated till 
a homogenous silver nanoemulsion was 
attained.  
 

2.3 Characterization of Silver 
Nanoemulsion 

 
2.3.1 U.V-visible spectroscopy 
 
UV Vis spectroscopy (Labtronics LT291 
spectrophotometer) monitored the formation and 
optical stability of silver nanoparticles in the 
nano-emulsion. The spectral scan was recorded 
between 200 and 600 nm to determine the 
surface plasmon resonance (SPR) wavelength 
peak that signals nanoparticle production (Alim-
Al-Razy et al., 2020). The stability of 
nanoparticles in time was measured with the 
help of the absorbance intensity. 
 
2.3.2 Fourier transform infrared 

spectroscopy (FTIR) 
 
The FTIR analysis was done to determine the 
functional groups in the cell-free extract and also 
identifying the biomolecules that reduced and 
stabilized silver nanoparticles. A SHIMADZU 
FTIR spectrometer was employed to record the 
spectra between 4000 and 400 cm -1(Hu et al., 
2020). These peaks were interpreted to estimate 
the occurrence of proteins, carbohydrates and 
other metabolites in the synthesis of 
nanoparticles. 
 
2.3.3 Field emission scanning electron 

microscope (FESEM) 
 
Field Emission Scanning Electron Microscopy 
(FESEM) was used to study morphological 
properties and surface structure of the 
synthesized silver nanoemulsion using ZEISS 
Sigma equipment. Gold coating was performed 
prior to imaging, and micrographs were taken at 
different magnifications to ascertain particle 
shape, surface texture, and aggregation patterns 
(Ang et al., 2013). 
 

2.4 Antibiofilm Assay 
 

To assess the antibiofilm potential of the 
synthesized silver nanoemulsion on Shigella 
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dysenteriae, crystal violet microtiter plate assay 
was performed as already reported by (Haney et 
al 2021) with minor modifications. An overnight 
culture of S. dysenteriae was incubated in Luria-
Bertani (LB) broth at 37o C with shaking. After 
washing, 100 uL of bacterial suspension was 
added to each well of a sterile flat-bottom 96-well 
microtiter plate and incubated at 37 degrees 
Celsius, for 24 hours under static conditions to 
facilitate biofilm development. After incubation, 
planktonic cells and media were carefully 
discarded to eliminate detached cells. The wells 
were subsequently stained with a 0.1% solution 
of crystal violet and incubated at room 
temperature for 10-15 minutes. The wells were 
then rinsed 3-4 times in ethanol to eliminate 
excess stain. This plate was inverted, blotted on 
absorbent paper towels to remove excess liquid 
and dried thoroughly at room temperature. 
Solubilisation of the retained crystal violet was 
performed by adding 125 µL of 30% acetic acid 
per well in the experiment to be quantified. The 
absorbance was determined by reading 550nm 
of the incubated solution with the use of micro 
plate reader after 10 to 15 minutes by Robonik, 
India. The antibiofilm efficacy of the 
nanoemulsion was resolved by measuring the 
reduction in absorbance compared to controls 
that were untreated. 
 

2.5 Assessment of Biocompatibility on 
L929 Cells Using MTT Assay  

 

The cytotoxicity and biocompatibility of the 
synthesized silver nanoemulsion were evaluated 
using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide assay on L929 
fibroblast cell lines (Rajesh et al., 2025). The 
L929 cell line was obtained from the National 
Centre for Cell Science (NCCS), Pune, India, 
and maintained at the Centre for Bioscience and 
Nanoscience Research Laboratory, Eachanari, 
Coimbatore, Tamil Nadu. The cells were cultured 
in Dulbecco’s Modified Eagle Medium (DMEM) 
supplemented with sodium carbonate, glucose, 
and 10% bovine serum albumin (BSA). Cultures 
were maintained in a CO₂ incubator under 
controlled conditions of pH 7.0–7.5, 37°C 
temperature, and 70–80% relative humidity. Cell 
growth and morphology were monitored 
regularly using an inverted phase-contrast 
microscope. 
 

For the MTT assay, cells were seeded into 96-
well plates at a density sufficient to form a 
monolayer and allowed to adhere for 24 hours in 
a 5% CO₂ incubator. After adhesion, the cells 
were treated with varying concentrations of the 

silver nanoemulsion and incubated for an 
additional 24 hours. Experimental controls 
included untreated cells (negative control), 
DMSO (blank), and Doxorubicin at 12.5µg/mL as 
the standard positive control. Following 
treatment, the medium was removed, and 20µL 
of MTT solution (5mg/mL in PBS) was added to 
each well. The plate was gently mixed and 
incubated at 37°C for 4 hours to allow formazan 
crystal formation. After incubation, 100µL of 
DMSO was added to solubilize the crystals, and 
the absorbance was measured at 570nm using a 
microplate ELISA reader (Robonik, India). 
 

3. RESULTS AND DISCUSSION 
 

3.1 Sub Culturing and Viability 
Assessment of Lactobacillus gasseri 

 
In this study, the strain Lactobacillus gasseri was 
selected, which was supplied by SykroMax 
Biotech Pvt. Ltd., Chennai. The strain was plated 
to ensure its viability and suitability through the 
serial dilution method to be utilized further in 
probiotic applications. The cultured colonies on 
MRS agar were observed with visual inspection, 
displaying a unique round colony phenotype with 
off-white to cream pigmentation, which is 
characteristic in previous studies of lactic acid 
bacteria (Heeney et al., 2018) Out of the serial 
dilutions examined, the 10-2 dilution plate 
exhibited the best colony growth amounting to a 
countable number of colony-forming units, 
(CFUs) hence the choice to proceed with further 
subculture. There was a measure of stability in 
CFU/mL of replicate counts which demonstrated 
high microbial viability and cultural stability. This 
reproducibility is critical in probiotic formulation 
research, as noted by Wang et al. (2008), who 
pointed out that standardized mounts of 
microbes are needed to design effective 
probiotic products. 
 
The effective cultivation of L. gasseri at 37OC 
also confirmed that it is a mesophilic species 
capable of adapting to conditions resembling 
those in the gastrointestinal tract of humans. 
This temperature ensures not only the best 
growth but also preservation of some important 
physiological characteristics that are relevant to 
probiotic functionality, such as acid and bile salt 
tolerance (Mu et al., 2018). The results could 
confirm that the strain is still biologically active 
and phenotypically stable in customary 
laboratory conditions, which makes it an ideal 
prospect in downstream applications including 
nanoemulsion fabrication or biomedical analysis. 
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3.2 Synthesis of Silver Nanoemulsion 
 

Silver nanoparticle synthesis (AgNPs) was 
carried out through a cell-free supernatant of 
Lactobacillus gasseri prepared in MRS broth at 
37 o C in 24-48 hours. After incubation, the 
phosphate buffer was used to extract the 
bioactive metabolites that were centrifuged to 
obtain a clear supernatant. The bacteria cells 
and supernatant were dipped in 1mM silver 
nitrate (AgNO3) to provide nanoparticle 
formation. Examples of microbial-based studies 
of nanoparticles also confirmed that the visual 
darkening of the solution by changing to a pale 
yellow to brown color was an indication of 
successful transformation of Ag ions to silver 
nanoparticles (Ahmed et al., 2016; Singh et al., 
2018). Such a metamorphosis is explained by 
microbial metabolites that play the roles of 
natural reducing and capping agents. 
 

 
 

Fig. 1. Carbopol-stabilized silver 
nanoemulsion of Lactobacillus gasseri 

extract 
 

In order to enhance the stability of the resulting 
formulation, Carbopol 940 (an appropriate 
stabilizer), weight 0.5% in the AgNP solution, 
was added to create a viscous silver 
nanoemulsion. Stability of this gel-based 
approach was better than that of suspension of 
unmodified nanoparticles, which had evident 
sedimentation in 24 hours. Carbopol-stabilized 
emulsion exhibited the similar distribution of the 
particles due to the hydrogen bonding and the 
electrostatic forces between the chains of the 
polymer and the surface of the nanoparticle. 
Such interactions are reported to increase the 
formulation stability of biomedical gels (Hajipour 
et al., 2012). The control experiment, where 
Carbopol was dispersed in distilled water in 

absence of AgNO3 and L. gasseri extracts did 
not change color or yield any nanoparticle 
reflects that the nanoparticle synthesis was of 
biological nature. It confirms that L. gasseri 
metabolites play a key role in the reduction of 
silver ions and strengthens the ideology of this 
green synthesis method which is eco-friendly, as 
well as bio-compatible. The probiotics-mediated 
biosynthetic pathway is distinctive in that it is 
less toxic, environmentally friendly, and non-
toxic to the body, aptitude mandatory to 
generate therapeutic products (Rai et al 2016). 
Moreover, L. gasseri species have been 
documented to produce bio-reductive 
compounds that can be used to generate 
nanoparticles at ambient conditions (Hajipour et 
al., 2012). 
 

3.3 Characterization of the Synthesized 
Silver Nanocomposite 

 

The successful biosynthesis of silver 
nanoparticles (AgNPs) was primarily confirmed 
through UV-Visible spectroscopy. The UV-Vis 
spectrum of the synthesized nanocomposite 
revealed a characteristic absorption peak in the 
range of 400–420 nm, corresponding to the 
surface plasmon resonance (SPR) of silver 
nanoparticles. This optical phenomenon arises 
due to the collective oscillation of conduction 
electrons on the nanoparticle surface when 
excited by light, and is a signature feature of 
AgNP formation. The broad nature of the SPR 
band indicated a degree of polydispersity in 
particle size, which is typical in biologically 
synthesized nanoparticles due to varying 
reducing and capping conditions. Additional 
minor absorption bands were noted in the 240–
260nm range, which are commonly attributed to 
aromatic amino acids and proteins present in the 
L. gasseri supernatant. These biomolecules 
likely acted as both reducing and capping 
agents, facilitating the transformation of Ag⁺ ions 
to metallic Ag⁰ and simultaneously stabilizing the 
nanoparticles (Ahmed et al., 2016; Song & Kim, 
2009). The incorporation of Carbopol 940, a high 
molecular weight cross-linked polyacrylic acid, 
significantly influenced the optical behaviour and 
physical stability of the nanocomposite. Notably, 
the SPR peak of the Carbopol-modified AgNPs 
showed a slight redshift and enhanced 
absorbance intensity, implying more efficient 
nanoparticle dispersion within the polymeric 
matrix. This shift is believed to result from strong 
interactions between silver nanoparticles and the 
functional groups of Carbopol, particularly 
hydroxyl and carboxylic acid moieties. These 
groups can form hydrogen bonds and 
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electrostatic interactions with the nanoparticle 
surface, thereby reducing aggregation and 
enhancing colloidal stability (Sarfraz et al.,  
2022). Moreover, the UV-Vis spectral                   
profile remained stable over time, with no 
significant peak broadening or shift,              
confirming that the Carbopol matrix           
effectively preserved the optical integrity and 
dispersion state of the AgNPs over extended 
periods. 

 
Fourier Transform Infrared (FTIR) spectroscopy 
provided deeper insights into the functional 
groups involved in the biosynthesis and 
stabilization of AgNPs within the Carbopol 
matrix. The FTIR spectrum of the 
nanocomposite exhibited a strong and broad O–
H stretching vibration at 3315.63cm⁻¹, indicative 
of hydroxyl groups present in alcohols, phenols, 
and the carboxylic groups of Carbopol. These 
hydroxyl groups likely played a critical role in 
nanoparticle stabilization via hydrogen bonding 
with the nanoparticle surface. A band at 
2937.59cm⁻¹, corresponding to C–H stretching, 
confirmed the presence of aliphatic chains within 

the Carbopol backbone. Importantly, a sharp 
peak at 1726.29cm⁻¹ corresponded to C=O 
stretching vibrations from carboxylic acid groups, 
suggesting their involvement in silver ion 
coordination and reduction. In addition to 
polymeric interactions, evidence from FTIR data 
showed the involvement of microbial proteins in 
the formation and stabilization of silver 
nanoparticles. The amide I band observed at 
1641.07cm⁻¹ is typically attributed to C=O 
stretching in the peptide backbone of proteins 
and indicates the presence of microbial 
secretions from L. gasseri. These proteins likely 
served as reducing and capping agents during 
biosynthesis, guiding nanoparticle formation 
while preventing aggregation (Shameli et al., 
2012). The C–O–C stretching vibration at 
1244.09cm⁻¹ and the peaks at 1041.56, 981.77, 

and 704.02cm⁻¹ were attributed to Carbopol’s 
ether linkages and polymer skeletal vibrations, 
confirming that the polymer structure remained 
intact post-synthesis. Additionally, the minor 
peak at 925.83cm⁻¹ indicated out-of-plane 
bending motions, further supporting strong 
nanoparticle–polymer interactions. 

 

 
 

Fig.2. Characterization of synthesized nanoparticles: (a) visual appearance of carbopol silver 
nanoemulsion and supernatant after synthesis, (b) UV–Visible spectrum showing surface 

plasmon resonance peak at 458 nm, (c) FTIR spectrum indicating functional groups 
responsible for stabilization, and (d) SEM image showing nanoparticle morphology 
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Scanning Electron Microscopy (SEM) was 
employed to visualize the morphological features 
and size distribution of the synthesized silver 
nanocomposites. SEM images revealed that the 
nanoparticles exhibited relatively uniform 
spherical morphology with diameters ranging 
between 60nm and 140nm. This uniformity in 
shape and size demonstrates the efficiency of 
both L. gasseri metabolites and Carbopol in 
directing nanoparticle formation and stabilization. 
The images also showed that the nanoparticles 
were embedded within a smooth and clustered 
polymer matrix, likely formed due to the 
presence of biological macromolecules and 
Carbopol polymer chains. These structural 
attributes support their application in biomedical 
formulations where uniformity and nanoscale 
dimensions are essential for consistent biological 
activity and interaction. The biosynthesized 
Carbopol–silver nanocomposites present 
significant advantages in terms of stability, 
biocompatibility, and potential application scope. 
The presence of biomolecules such as proteins 
and polysaccharides from L. gasseri provides an 
eco-friendly, non-toxic approach to nanoparticle 
production. Coupling this with Carbopol not only 
improves the rheological and structural 
properties of the system but also ensures 
sustained release and targeted delivery of silver 
nanoparticles. The small particle size, combined 
with the stability imparted by Carbopol and 
biological capping agents, results in a 
formulation that can be effectively used in 
antimicrobial gels, wound dressings, and 
cosmeceuticals. The antibacterial potential of 
AgNPs against both Gram-positive and Gram-
negative pathogens, along with their synergistic 
action with biological carriers, opens new 
avenues for developing safe and efficient 
nanoformulations (Rai et al., 2016; Franci et al., 
2015; Singh et al.,2018). 
 

3.4 Anti- Biofilm Assay 
 
The anti-biofilm activity of silver nanoparticles 
(AgNPs) synthesized using Lactobacillus gasseri 
was assessed using the crystal violet staining 
method, with absorbance readings taken at 
530nm. To understand how different doses 
affect biofilm formation, the assay was 
performed using a range of AgNP concentrations 
from 10µg/mL to 50µg/mL. In the control group—
where no nanoparticles were added—the optical 
density (OD) value was 0.411, indicating strong 
biofilm formation. This served as a baseline (0% 
inhibition) against which the effects of 
nanoparticle treatment could be compared. As 

the concentration of AgNPs increased, there was 
a noticeable and progressive reduction in OD 
values, clearly suggesting a dose-dependent 
inhibition of biofilm formation. At 10µg/mL, the 
OD value dropped to 0.364, corresponding to an 
inhibition of 11.43%. With each step up in 
concentration, the inhibition became more 
distinct; 25.79% at 20µg/mL, 40.14% at 
30µg/mL, and 46.22% at 40µg/mL. The most 
significant reduction was seen at the highest 
concentration tested (50µg/mL), which brought 
the OD down to 0.181 and achieved an 
impressive 55.96% inhibition.  
 
This increasing inhibition trend can be explained 
by the known mechanisms of silver 
nanoparticles. AgNPs are effective at interfering 
with quorum sensing—the process by which 
bacteria communicate to form biofilms—and they 
also disrupt the production of extracellular 
polymeric substances (EPS), which provide 
structural support to the biofilm (Durán et al., 
2016). Their ultra-small size and high surface 
area allow them to penetrate deep into biofilm 
layers, making them more effective at breaking 
them down (Rai et al., 2016). In addition, as the 
concentration increases, the interaction between 
the nanoparticles and bacterial cells intensifies. 
This often leads to oxidative stress and damage 
to bacterial membranes, which can prevent the 
bacteria from adhering and maturing into a full 
biofilm. These results are consistent with earlier 
findings where biosynthesized silver 
nanoparticles exhibited strong anti-biofilm effects 
against a variety of pathogens (Kalishwaralal et 
al., 2010). 
 

3.5 Assessment of Cell Viability by MTT 
Assay 

 

To assess the safety profile of silver 
nanoparticles (AgNPs) synthesized using 
Lactobacillus gasseri, a cell viability assay was 
conducted, with optical density (OD) readings 
taken at 570 nm. The results revealed a clear 
dose-dependent trend—higher concentrations of 
AgNPs led to lower OD values, indicating a 
gradual reduction in cell viability. The control 
group (untreated cells) showed the highest OD 
value of 0.506, confirming 100% cell viability and 
no cytotoxic effect. As the concentration of 
nanoparticles increased from 2 µg/mL to 10 
µg/mL, OD values decreased from 0.449 to 
0.407, corresponding to a viability reduction of 
approximately 11.26% to 19.56%. This slight 
decline in cell viability at lower nanoparticle 
concentrations suggests that the biosynthesized 
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AgNPs are relatively biocompatible, especially 
when compared to their chemically synthesized 
counterparts. Previous research hasshown that 
biologically derived AgNPs often have lower 
toxicity, largely due to the presence of natural 
capping agents such as proteins, enzymes, or 

other biomolecules from the microbial source 
(Agarwal et al., 2017). In the case of L. gasseri, 
these organic molecules likely provide a 
protective layer around the nanoparticles, 
improving their compatibility with human            
cells. 

 

 
 

Fig. 3. Graph showing the percentage of Biofilm inhibition against different concentrations of 
nanoemulsions 

 

 
 

Fig. 4. Graph showing the effect of nanoemulsion concentration on cell viability 
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Additionally, the low cytotoxicity observed 
supports their potential use in biomedical 
applications, such as antimicrobial coatings, 
wound dressings, and drug delivery systems, 
where both safety and efficacy are critical. The 
mode of cytotoxicity commonly associated with 
AgNPs includes oxidative stress, damage to cell 
membranes, and interference with mitochondrial 
function. However, in this study, the 
nanoparticles remained well within safe 
biological limits up to a concentration of 10 
µg/mL. These findings highlight the advantages 
of green synthesis methods in producing 
nanoparticles with controlled toxicity. The 
biogenic approach not only ensures better 
compatibility with living tissues but also aligns 
with environmentally sustainable practices. 
Importantly, the moderate cytotoxic effect 
observed here does not compromise the 
therapeutic potential of these AgNPs, particularly 
at lower concentrations. In conclusion, silver 
nanoparticles synthesized from Lactobacillus 
gasseri display acceptable cytotoxicity profiles 
and hold strong promise for further in vivo 
studies. Their favourable safety margin at lower 
doses makes them excellent candidates for 
developing next-generation antimicrobial and 
therapeutic agents with minimal adverse effects 
on host tissues. 
 

4. CONCLUSION 
 

The current work proves that silver nanoparticles 
(AgNPs) can be biosynthesized efficiently by 
using Lactobacillus gasseri and can be 
successfully added into a polymer matrix of 
Carbopol 940 to obtain a stable nanocomposite. 
UV-Vis, FTIR, and SEM characterization 
confirmed the formation and stability of the 
synthesized AgNPs along with morphology. 
Acceptable anti-biofilm potential was found in 
nanocomposites, as a dose-dependent inhibition 
was observed against the microbial biofilms. 
Moreover, in the cell viability test, the 
biosynthesized AgNPs were shown to be 
biocompatible up to concentrations of 50, 100, 
and 150 which fall in line with their potential use 
in biomedical applications. Overall, the present 
findings indicate that stabilized in a Carbopol 
matrix, L. gasseri derived AgNPs can emerge as 
efficient and safe products used in medical 
devices, wound healing formulations, and 
antimicrobial treatment. To truly confirm their 
clinical viability, future studies ought to aim at 
conducting in vivo tests as well as long-term 
stability. 
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