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ABSTRACT: An example of the human microbiota is Staphylococcus 

saprophyticus, a gram-positive, non-hemolytic pathogenic bacterium. It's 

a prevalent culprit behind simple infections associated with the urinary 

tract, especially among sexually active young women. It has a high 

colonization rate in the perineum, rectum, urethra, cervix, and 

gastrointestinal system and is also quite lethal. Because of their ability to 

form a biofilm, these bacteria are highly resistant to antibiotics. Thus, 

unconventional methods, such as the use of silver nanoparticles, have 

been devised to counteract this type of biofilm. The silver nanoparticles 

are produced in an environmentally friendly way by utilizing an extract of 

water from banana peels. UV/Vis, FTIR, SEM, and EDAX are the four 

methods used to characterize the NPs and validate their production. Using 

the Screening method and SEM analysis, we show that silver 

nanoparticles inhibit the growth of Staphylococcus saprophyticus ATCC 

15305, the most prevalent bacteria responsible for urinary tract infections.

INTRODUCTION: Worldwide, healthcare-

associated infections have increased due to the 

spread of methicillin-resistant Staphylococcus 

germs. There are several types of Staphylococci 

that are both beneficial and harmful to human 

health 
1
. S. saprophyticus, the second most 

common cause of simple urinary tract infections, is 

most common in young, sexually active females 

(42% of all infections) 
2, 3

. When cells of one 

microbe adhere to cells of another species and, in 

many cases, to a surface, the resulting layer is 

called a biofilm. These attached cells embed 

themselves in a polymeric matrix they generate in-

vitro 
4
. 
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The attachment of free-floating bacteria initiates 

the biofilm development process. Weak Vander 

Waals forces and hydrophobic factors initially 

cause the biofilm to adhere 
5
. They may securely 

fasten themselves in place with the help of cell 

adhesion structures called pili. Biofilms release 

polysaccharides that trap quorum-sensing 

autoinducers and ensure bacterial survival. 

Therefore, quorum sensing and other forms of cell-

to-cell communication have played a role in 

biofilm development 
6, 7

.  

Similar to how nanotechnology offers a fresh 

strategy for combating and ultimately eliminating 

such biofilms, it also provides an alternative 

method of doing so. It's a field of study that draws 

from many other fields to examine the many uses 

and applications of nanoparticles (NP). There are 

many various types of nanoparticles based on their 

characteristics, shapes, and sizes, with diameters 

ranging from 1 nm to 100 nm.  
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Because of their unique nanoscale sizes and 

architectures, they exhibit unique chemical and 

physical characteristics. Because of their absorption 

in the visible spectrum, they also have optical 

qualities 
8
. NPs have three distinct layers: Surface 

layers can be modified in several ways, including 

adding tiny molecules, metal ions, surfactants, and 

polymers. Second, the shell's outermost layer has a 

distinct chemical composition. Thirdly, the NPs 

themselves are the core 
9, 10

. There is a wide variety 

of NPs, each with its own unique size, shape, 

chemistry, and other characteristics 
11

. Pure metal 

nanoparticles exhibit a wide absorption band in the 

visible region of an ultraviolet-visible 

spectrophotometer and have a localized surface 

plasmon resonance characteristic. Their unique 

optoelectrical properties make them applicable to 

various scientific fields. Also, NPs of noble metals 

like Ag may be generated using a variety of 

chemical and physical processes. 

On the other hand, AgNPs may be synthesized in a 

green way that is both economical and kind to the 

environment. Reduction of Ag salts is a function of 

several plant components 
12

. Every year, industries 

generate a million tonnes of peel trash. This has led 

to a rise in interest in the use of biological waste in 

the synthesis of AgNPs among researchers. Peels 

include a variety of flavonoids, phytochemicals, 

polyphenols, and alkaloids that have both reducing 

and stabilizing effects. These compounds can be 

utilized as an alternative and in large-scale 

manufacturing of AgNPs since they decrease Ag 

salt 
13–15

. 

MATERIALS AND METHODS: The chemical 

used during the experiment is AgNO3 which was 

provided by our Department of Microbiology, Guru 

Nanak Institute of Pharmaceutical Sciences and 

Technology, Sodpur, Kolkata, West Bengal, India. 

Preparation of Banana Peel Extract: 25g of M. 

paradisiaca peels were washed thoroughly and 

boiled in distilled water at 70°C for 15 minutes. 

The solution is filtered through a cheesecloth to 

remove insoluble fractions and impurities. This 

extract is stored in the refrigerator at 4
O
C, which is 

used as a reducing as well as capping agent. 

Synthesis of AgNPs using Banana Peel Extract 

(BPE): AgNO3 is used as a source of Ag. 10mM of 

50mL AgNO3 solution is prepared in a conical 

flask. The BPE is poured into the burette and added 

dropwise very slowly until the solution turns dark 

brown. The reaction is carried out under dark 

conditions. 

Characterization of Silver Nanoparticles: 

Characterizing silver nanoparticles is extremely 

necessary to understand the behavior, bio-

distribution, safety, and efficacy of the formed 

nanoparticles. UV Visible Spectroscopy is a simple 

and easier technique used to primarily characterize 

synthesized nanoparticles. De-ionized water is used 

as a blank. Fourier transforms infrared 

spectroscopy (FTIR) is used to determine the 

primary functional groups in biomolecules that act 

as reducers and caps for the bio-reduced silver 

nanoparticles.  

The sample was ground into a powder and then 

combined with KBr powder to produce a pellet. 

With a resolution of 4cm
-1

, all measurements were 

taken between 400 cm
-1

 and 4000cm
-1

. SEM is 

used to study the surface morphology of the NPs. 

In order to perform this experiment, the powdered 

sample was coated with gold and palladium, in 

which a 10kV current is passed. Also, the energy 

dispersive spectrum of the synthesized 

nanoparticles gives the quantitative information of 

the biosynthesized NPs suggesting the presence of 

Ag as the ingredient element showing absorption at 

the range between 2.5 keV- 4 keV due to surface 

plasmon resonance 
16

. 

Preparation of Biofilm of S. saprophyticus: 100 

ml of biofilm media is prepared by dissolving 0.1g 

of beef extract, 0.2g of yeast extract, 0.05g of 

peptone, and 0.05g of NaCl in 100 ml of distilled 

water. The constituents are heated until they 

dissolve completely. The media is sterilized by 

autoclaving at 121°C, 15 Psi pressure for 25 

minutes. The media is cooled to 40
O
C and poured 

into a test tube. Previously isolated and identified 

multidrug-resistant Staphylococcus saprophyticus 

ATCC 15305 is inoculated into the medium 
17

. The 

test tubes are then incubated at 37
O
C for 24 hours 

under sterile conditions. Similarly, biofilms are also 

grown on five different coverslips. After an 

incubation period, the test tube contents are poured 

into a small beaker, and the biofilm formed on the 

walls of the test tube and the coverslips are stained 
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with crystal violet (0.4%) for 35 minutes and air 

dried. Air drying is done after two washes each 

with double distilled water and PBS to remove any 

remaining planktonic cells 
18, 19

. 

Screening of Anti-biofilm Activity of AgNP: The 

antibiofilm activity of AgNPs is screened by 

adding AgNP in the concentration of 20μl, 40μl, 

60μl, and 80μl each to each test tube and cover slip 

containing biofilm of S. saprophyticus ATCC 

15305. The change in the presence of biofilm on 

the walls of the test tube is noted to screen the anti-

biofilm activity of AgNP. The degree to which 

biofilm on the test tube walls has diminished is 

noted to screen the antibiofilm activity of AGNPs. 

Furthermore, SEM is used to examine the 

morphological alteration of the biofilms generated 

on the coverslips after treatment with AgNPs. 

RESULT: 

Synthesis of Silver Nanoparticles: On pouring the 

BPE dropwise slowly from the burette into the 

AgNO3 solution, the solution turns brown. The 

formation of the brown color of the solution (as in 

Fig. 1) is a visible indicator of the formation of 

silver nanoparticles. 

 
FIG. 1: FORMATION OF SILVER NANOPARTICLES

Characterization of Silver Nanoparticles: The 

characterization of AgNPs is important to 

understand their behavior, bio-distribution, safety, 

and efficacy. Careful characterization of AgNPs is 

an important step which is done by applying the 

following techniques:  

UV Vis Spectroscopy: Primarily, silver 

nanoparticles have been characterized using 

UV/Vis spectroscopy, which is both a simple and 

effective method. The absorption spectra of the 

AgNPs were found at 400nm.  

Peak resembles characteristics of surface plasmon 

resonance of silver NP on plotting obtained 

absorbance versus wavelength graph Fig. 2 
20

. De-

ionized sterile water is used as blank. 

 
FIG. 2: UV VISIBLE SPECTRA OF SILVER NANOPARTICLES
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FTIR Analysis of Silver Nanoparticles: The bio-

reduced silver nanoparticles are characterized by 

their FTIR spectrum to determine the key 

functional groups in the biomolecules responsible 

for the reduction and capping processes. FTIR 

Spectrum shows absorption bands at 3429 cm
-1

, 

2935 cm
-1

, 1631 cm
-1

, 1385 cm
-1

, 1056 cm
-1

 and 

557.4 cm
-1

 indicating the presence of reducing as 

well as capping agents in nanoparticles Fig. 3. 

Furthermore, comparing the results from the 

previous researches conducted and tallying with 

our findings, the peaks indicate O-H stretching 

alcohol group with strong vibration between the 

bonds of the atoms (3429 cm
-1

), C-H stretching 

alkane with the medium appearance of vibration 

between the bonds (2935 cm
-1

), C=Cstretching 

conjugated alkene with medium vibration between 

the bonds (1631cm
-1

), S=O stretching sulfate with 

the strong appearance of vibration between the 

bonds (1385cm
-1

), C-O stretching primary alcohol 

group with the strong appearance of vibration 

between the bonds of the atoms (1056 cm
-1

), C-I 

stretching halogen compound with strong vibration 

between the bonds of the atoms in the nanoparticles 

(557.4 cm
-1

), on the surface of BPE is responsible 

in the process of NPs synthesis 
21–24

.  

 
FIG. 3: FTIR ANALYSIS OF SILVER NANOPARTICLES

Analysis of Silver Nanoparticles using SEM: The 

NP's surface morphology was examined using 

SEM. It creates a three-dimensional picture of the 

material by using electrons that have been 

backscattered and secondary electrons. 

Magnifications of 2000x and 9000x were used for 

the scanning electron microscopy study Fig. 4 and 

Fig. 5. Analyzing the nanoparticles at 2000x 

validates the development of silver nanoparticles 

Fig. 4 with measured sizes ranging between 30nm-

65nm along with triangular, tetragonal, pentagonal, 

hexagonal structural orientation while examination 

at 9000x reveals that the NPs were distinct and the 

shape of the NPs is more or less spherical and 

quasi-spherical Fig. 5. 

  
FIG. 4: SEM ANALYSIS OF SILVER NANOPARTICLES   FIG. 5: SEM ANALYSIS OF SILVER NANOPARTICLES 

(2000X MAGNIFICATION)                                           (9000X MAGNIFICATION) 
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Analysis of the Nanoparticles using EDAX: 

Quantitative information on biosynthesized NPs 

may be gleaned from their energy-dispersive X-

Ray spectra. Absorption between 2.5 keV and 4 

keV, as seen in Fig. 6, is evidence of surface 

plasmon resonance and, by extension, the existence 

of Ag as the constituent element 
25

. Fig. 6 further 

displays the presence of many elements including 

Ag, O, K, Cl, Ca, P, Na, as well as Mg. 

 
FIG. 6: EDAX SPECTRUM OF SILVER NANOPARTICLES  

Biofilm Formation on Test Tube: The inoculated 

bacterial strain is incubated in the test tube at 37
o
C 

for 24 hours Fig. 7 and forms a biofilm that has 

been confirmed by staining them using crystal 

violet.  

The crystal violet staining test is a widely used 

technique for determining the level of microbial 

biofilm development in a variety of settings 
19, 26

. 

Air drying the stained test tube indicates the 

occurrence of visible films along the inner liner of 

the walls of the test tube Fig. 8. 

 
FIG. 7: AFTER INOCULATING THE BACTERIAL 

STRAINS IN TEST TUBE AND INCUBATION AFTER 

24 HOURS 

 
FIG. 8: AFTER DISCHARGING THE PLANKTONIC 

CELLS AND STAINING THE BIOFILM WITH 

CRYSTAL VIOLET 

Screening of Anti-biofilm Activity of Silver 

Nanoparticles: Silver nanoparticles are added in 

four different test tubes at a concentration of 20 

μg/ml, 40 μg/ml, 60 μg/ml, and 80 μg/ml. The 

capacity of AgNPs to suppress S. saprophyticus 

ATCC 15305 biofilm activity was measured as a 

function of concentration. Adding 20μg/ml and 40 

μg/ml of AgNP, show that the amount of biofilm 

has decreased somewhat. However, biofilm is 

nearly completely inhibited as AgNP concentration 

is increased from 60 μg/ml and 80 μg/ml.  
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FIG. 9: SCREENING OF ANTI-BIOFILM ACTIVITY OF SILVER NANOPARTICLES 

Antibiofilm Activity of Silver Nanoparticles 

using SEM: SEM was used to characterize the 

morphology of biofilms treated with AgNPs 
27

. 

After 48 hours of growth on glass coverslips, S. 

saprophyticus biofilms consisted of EPS threads 

and clumped, aggregated bacterial cells Fig. 10. 

The growth of biofilm clusters and the formation of 

EPS matrices were virtually suppressed upon the 

addition of AgNPs at two distinct doses, namely at 

60 μg/ml Fig. 11 and 80 μg/mL Fig. 12. Therefore, 

the antibiofilm action of AgNPs against S. 

saprophyticus ATCC 15305 was shown to be 

concentration dependent. 

 
FIG. 10: CONTROL WITHOUT ADDITION OF SILVER NANOPARTICLES (2000X MAGNIFICATION) 

 
FIG. 11: SUPRESSION OF BIOFILMS AFTER ADDITION OF SILVER NANOPARTICLES AT 60 µG/ML (2000X 

MAGNIFICATION) 
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FIG. 12: SUPPRESSION OF BIOFILMS AFTER ADDITION OF SILVER NANOPARTICLES AT 60 µG/ML (2000X 

MAGNIFICATION) 

DISCUSSION: The AgNPs' anti-biofilm efficacy 

varies with species, and so does sensitivity to their 

effects. Evidence suggests that AgNPs can kill off a 

wide variety of Staphylococci sp. It is hypothesized 

that the mechanism is analogous to that of silver 

ions and that it involves the adhesion and lysis of 

the bacterial membrane or cell wall, biomolecular 

interaction and disruption (nucleic acid, enzymes), 

and the synthesis of reactive oxygen species (ROS) 

and free radicle species that cause cellular 

oxidative damage.  

When applied to bacterial cells and biofilms, 

AgNPs efficiently inhibit the formation of biofilms 

and kill bacteria living inside them. Our work has 

established the antibiofilm activity of silver 

nanoparticles against the strain of S. saprophyticus 

ATCC 15305. On addition of silver nanoparticles at 

a concentration of 20μg/ml and 40 μg/ml, showed 

minimal antibiofilm activity. Further, increasing 

the concentration of silver nanoparticles to 60 

μg/ml and then to 80 μg/ml, inhibits the formation 

of biofilms nearly or completely. SEM analysis of 

the anti-biofilm activity of silver nanoparticles was 

further confirmed at 2000x magnification, which 

also depicted the large-scale anti-biofilm activity of 

AgNP at a concentration of 60 μg/ml and 80 μg/ml. 

Furthermore, when diagnosing cancer or 

determining how healthy cells interact with their 

surroundings, NPs are just as useful as any other 

diagnostic instrument. Measuring nanoscale forces 

exerted by proteins on cells may provide new 

insight into several diseases, including 

osteoarthritis, cancer, and malaria, due to changes 

in cells' elasticity and adhesion.  

This is made possible by developing nanoceramics, 

a technology that allows researchers to examine the 

fundamental behavior of living cells and 

biomolecules 
28

. Performing even one of these 

studies can help researchers better understand the 

molecular basis of disease, aid in the creation of 

more precise diagnostic tests, and inspire new ways 

to treat patients. Inorganic nanostructures have 

several potential uses as biomarkers, including in 

genomics, proteomics, molecular diagnostics, and 

high-throughput screening, each offering exciting 

new possibilities and access to powerful new tools. 

The development of nanoscale probes has made it 

possible to track and analyze cellular processes in 

great detail 
28

. Silver nanoparticles had a 

bactericidal rather than bacteriostatic impact on the 

examined bacteria, as evidenced by “the average 

ratio of the minimum bactericidal concentration to 

the minimal inhibitory level” 
29

. Theoretically, a 

bactericidal agent is favored in clinical settings 

since killing bacteria should hasten the end of an 

illness, boost clinical outcomes, and lessen the 

chances of drug resistance and further infection 

spreading. Microbes are less likely to develop 

antibiotic resistance mutations if they are 

eradicated rather than suppressed 
30

.    

CONCLUSION: This article has reached the 

preliminary conclusion that, similar to the effects of 

pharmaceuticals, different NPs can have both 

desirable and unintended outcomes in humans
31

. 

Numerous uses, including those in catalysis, 

sensing, photovoltaic energy, the environment, and 

medicine, have been investigated for NPs based on 

metals 
32, 33

.  
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However, there may be secondary consequences 

for humans from the growing dangers posed by 

NPs. Since our understanding of how NPs evolve is 

still in its infancy, more focus is required to steer 

these NPs in the right direction. Processing NPs for 

life science requires extensive research to properly 

understand their production, characterization and 

probable toxicity. At now, the pharmaceutical 

industry is the primary target of NP 

commercialization. Despite NPs' promising 

biological uses, it's important to understand how 

NPs interact with cellular components and 

mechanisms. Accordingly, the advancement of 

nanobiotechnology requires attention to the NPs' 

in-vivo biomedical applications. 

ACKNOWLEDGEMENT: We would like to 

show our sincere gratitude and respect to our 

mentor Ms. Tamalika Chakraborty, Assistant 

Professor, Department of Life Science, Guru Nanak 

Institute of Pharmaceutical Science and 

Technology, for providing us with the necessary 

guidance and helping us throughout our work. We 

would also express our gratitude to the Guru Nanak 

Institute of Pharmaceutical Science and 

Technology for providing us with the necessary 

resources throughout our work.  

CONFLICTS OF INTEREST: The authors have 

no conflicts of interest.  

REFERENCE: 

1. Patra B, Chakraborty T and Ghosh S: Prevalence and 

Transmission of Multi Drug Resistance Gene in 

Staphylococcus aureus. Curr Biotechnol 2022; 11(3):196–

211.  

2. Hovelius B and Mardh PA: Staphylococcus saprophyticus 

as a Common Cause of Urinary Tract Infections. Clinical 

Infectious Diseases 1984; 6(3): 328–37.  

3. Swolana D and Wojtyczka RD: Activity of Silver 

Nanoparticles against Staphylococcus spp. Int J Mol Sci 

2022; 23(8): 4298.  

4. González-Machado C, Capita R, Riesco-Peláez F and 

Alonso-Calleja C: Visualization and quantification of the 

cellular and extracellular components of Salmonella 

Agona biofilms at different stages of development. PLoS 

One 2018; 13(7): 0200011.  

5. Rodríguez-Lázaro D, Alonso-Calleja C, Oniciuc EA, 

Capita R, Gallego D and González-Machado C: 

Characterization of Biofilms Formed by Foodborne 

Methicillin-Resistant Staphylococcus aureus. Front 

Microbiol 2018; 9.  

6. Li S, Liu SY, Chan SY and Chua SL: Biofilm matrix 

cloaks bacterial quorum sensing chemoattractants from 

predator detection. ISME J 2022; 16(5): 1388–96.  

7. Rodríguez-Melcón C, Riesco-Peláez F, Carballo J, García-

Fernández C, Capita R and Alonso-Calleja C: Structure 

and viability of 24- and 72-h-old biofilms formed by four 

pathogenic bacteria on polystyrene and glass contact 

surfaces. Food Microbiol 2018; 76: 513–7.  

8. Liaqat N, Jahan N, Khalil-ur-Rahman, Anwar T and 

Qureshi H: Green synthesized silver nanoparticles: 

Optimization, characterization, antimicrobial activity, and 

cytotoxicity study by hemolysis assay. Front Chem 2022; 

10.  

9. Bayda S, Adeel M, Tuccinardi T, Cordani M and Rizzolio 

F: The History of Nanoscience and Nanotechnology: From 

Chemical Physical Applications to Nanomedicine. 

Molecules 2019; 25(1): 112.  

10. Siddiqi KS, Husen A and Rao RAK: A review on 

biosynthesis of silver nanoparticles and their biocidal 

properties. J Nanobiotechnology 2018; 16(1): 14.  

11. Miškovská A, Rabochová M, Michailidu J, Masák J, 

Čejková A and Lorinčík J: Antibiofilm activity of silver 

nanoparticles biosynthesized using viticultural waste. 

PLoS One 2022; 17(8): 0272844.  

12. Khalil MA, El-Shanshoury AERR, Alghamdi MA, 

Alsalmi FA, Mohamed SF and Sun J: Biosynthesis of 

Silver Nanoparticles by Marine Actinobacterium 

Nocardiopsis dassonvillei and Exploring Their Therapeutic 

Potentials. Front Microbiol 2022; 12.  

13. Gopinath V, MubarakAli D, Priyadarshini S, 

Priyadharsshini NM, Thajuddin N and Velusamy P: 

Biosynthesis of silver nanoparticles from Tribulus 

terrestris and its antimicrobial activity: A novel biological 

approach. Colloids Surf B Biointerfaces 2012; 96: 69–74.  

14. Makvandi P, Ashrafizadeh M, Ghomi M, Najafi M, 

Hossein HHS and Zarrabi A: Injectable hyaluronic acid-

based antibacterial hydrogel adorned with biogenically 

synthesized AgNPs-decorated multi-walled carbon 

nanotubes. Prog Biomater 2021; 10(1): 77–89.  

15. Ansari MA, Kalam A, Al-Sehemi AG, Alomary MN, 

AlYahya S and Aziz MK: Counteraction of Biofilm 

Formation and Antimicrobial Potential of Terminalia 

catappa Functionalized Silver Nanoparticles against 

Candida albicans and Multidrug-Resistant Gram-Negative 

and Gram-Positive Bacteria. Antibiotics (Basel) 2021; 

10(6).  

16. Makvandi P, Baghbantaraghdari Z, Zhou W, Zhang Y, 

Manchanda R and Agarwal T: Gum 

polysaccharide/nanometal hybrid biocomposites in cancer 

diagnosis and therapy. Biotechnol Adv 2021; 48: 107711.  

17. Chakraborty T, Chatterjee S, Datta L and Sengupta A: 

Antimicrobial activity of Terminalia bellerica (Gaertn.) 

roxb. against multidrug-resistant Staphylococcus 

saprophyticus. Int J Pharm Sci Res 2021; 12(10): 5353–63.  

18. Das S, Paul P, Dastidar DG, Chakraborty P, Chatterjee S 

and Sarkar S: Piperine exhibits potential antibiofilm 

activity against Pseudomonas aeruginosa by accumulating 

reactive oxygen species, affecting cell surface 

hydrophobicity and quorum sensing. Appl Biochem 

Biotechnol 2022; 29.  

19. Mukherjee K, Tribedi P, Mukhopadhyay B and Sil AK: 

Antibacterial activity of long-chain fatty alcohols against 

mycobacteria. FEMS Microbio Lett 2013; 338(2): 177–83.  

20. Ahmad A, Mukherjee P, Senapati S, Mandal D, Khan MI 

and Kumar R: Extracellular biosynthesis of silver 

nanoparticles using the fungus Fusarium oxysporum. 

Colloids Surf B Biointerfaces 2003; 28(4): 313–8.  

21. Bankar A, Joshi B, Kumar AR, Zinjarde S. Banana peel 

extract mediated novel route for the synthesis of palladium 

nanoparticles. Mater Lett 2010; 64(18): 1951–3.  

22. Goldstein M: Infrared characteristic group frequencies. 

Endeavour 1981; 5(2): 90–1.  



Das et al., IJPSR, 2023; Vol. 14(9): 4636-4644.                                             E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              4644 

23. Enders AA, North NM, Fensore CM, Velez-Alvarez J, 

Allen HC: Functional Group Identification for FTIR 

Spectra Using Image-Based Machine Learning Models. 

Anal Chem 2021; 93(28): 9711–8.  

24. Younis U, Rahi AA, Danish S, Ali MA, Ahmed N and 

Datta R: Fourier Transform Infrared Spectroscopy 

vibrational bands study of Spinacia oleracea and 

Trigonella corniculata under biochar amendment in 

naturally contaminated soil. PLoS One 2021; 16(6): 

0253390.  

25. Magudapathy P, Gangopadhyay P, Panigrahi BK, Nair 

KGM and Dhara S: Electrical transport studies of Ag 

nanoclusters embedded in glass matrix. Physica B 

Condens Matter 2001; 299(1–2): 142–6.  

26. Casillas-Vargas G, Ocasio-Malavé C, Medina S, Morales-

Guzmán C, Del Valle RG and Carballeira NM: 

Antibacterial fatty acids: An update of possible 

mechanisms of action and implications in the development 

of the next-generation of antibacterial agents. Prog Lipid 

Res 2021; 82: 101093.  

27. Takahashi C, Sato M and Sato C: Biofilm formation of 

Staphylococcus epidermidis imaged using atmospheric 

scanning electron microscopy. Anal Bioanal Chem 2021; 

413(30): 7549–58.  

28. Bosetti M, Massè A, Tobin E and Cannas M: Silver coated 

materials for external fixation devices: in-vitro 

biocompatibility and genotoxicity. Biomaterials 2002; 

23(3): 887–92.  

29. Lara HH, Ayala-Núñez N, IxtepanTurrent L del C and 

Rodríguez Padilla C: Bactericidal effect of silver 

nanoparticles against multidrug-resistant bacteria. World J 

Microbiol Biotechnol 2010; 26(4): 615–21.  

30. French GL. Bactericidal agents in the treatment of MRSA 

infections--the potential role of daptomycin. Journal of 

Antimicrobial Chemotherapy 2006; 58(6): 1107–17.  

31. Dikshit P, Kumar J, Das A, Sadhu S, Sharma S and Singh 

S: Green Synthesis of Metallic Nanoparticles: Applications 

and Limitations. Catalysts 2021; 11(8): 902.  

32. Hashim N, Paramasivam M, Tan JS, Kernain D, Hussin 

MH and Brosse N: Green mode synthesis of silver 

nanoparticles using Vitis vinifera’s tannin and screening 

its antimicrobial activity / apoptotic potential versus cancer 

cells. Mater Today Commun 2020; 25: 101511.  

33. Gherasim O, Puiu RA, Bîrcă AC, Burdușel AC and 

Grumezescu AM: An Updated Review on Silver 

Nanoparticles in Biomedicine. Nanomaterials (Basel). 

2020; 10(11). 

 

 

 

 

All © 2023 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

How to cite this article: 

Das S, Ghosh S, Ahmed QS, Bhandari S and Chakraborty T: Silver nanoparticles possess anti-biofilm activity against multi-drug resistant 

Staphylococcus saprophyticus ATCC 15305. Int J Pharm Sci & Res 2023; 14(9): 4636-44. doi: 10.13040/IJPSR.0975-8232.14(9).4636-44. 

 

 

 


