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ABSTRACT  

Nanotechnology is the creation and utilization of materials, devices, and systems through the 

control of matter on the nanometer-length scale (a nanometer is one billionth of a meter). The 

size of nanomaterials is similar to that of most biological molecules and structures; therefore, 

nanomaterials can be useful for both in vivo and in vitro biomedical research and applications. 

The nanoparticles of silver showed high antimicrobial and bactericidal activity. All major 

pharmaceutical companies are currently investing significantly in the development of medicines 

with a nanotechnology component. This has promoted research in the well known activity of 

silver nanoparticles. Silver nanoparticles exhibiting bactericidal properties are reviewed and 

discussed. Silver nanoparticles were successfully synthesized from aqueous silver nitrate through 

a simple green route using the extract of Mango pulp. 

 

 

Key words: Indian Mango (Mangifera indica):  Nanoparticles; Silver nanoparticles; antibacterial 

effect; Application of silver nanoparticles 

 

http://www.ijrti.org/


                                                          © 2024 IJNRD | Volume 9, Issue 6 June 2024| ISSN: 2456-4184 | IJNRD.ORG 

   

IJNRD2406497 International Journal Of Novel Research And Development (www.ijnrd.org) 
 

 

f48 

c48 

1. INTRODUCTION: Nanotechnology is the science of the small with big potential it will 

revolutionize our world. Nanotechnology involves the production, manipulation and use of 

materials ranging in size from less than a micron to that of individual atoms [1]. 

Nanotechnology often referred as the manipulation of matter at the atomic molecular level. 

The word ‘nano’ derives from the greek nanos, which means dwarf. A nanometer is the 

one billionth of a meter, or roughly 75,000 times smaller than the width of a human hair. 

Nanoscience and Nanotechnology are the study and application of extremely small things 

and can be applied in other science fields such as surface science, organic chemistry, 

molecular biology, engineering and molecular engineering.Physicist Richard Feynman, the 

father of Nanotechnology, described the process in which scientists would be able to 

manipulate and control individual atoms and molecules. Over a decade later, in his 

explorations of ultra precision machining, Professor Norio Taniguchi of  Tokyo Science 

University coined the term "nanotechnology “, in a 1974 paper as follows: " 'Nano-

technology' mainly consists of the processing of, separation, consolidation, and 

deformation of materials by one atom or one molecule [2].  

 

 

2. Nanoparticles Nanoparticles are defined as particulate dispersions or solid particles with a 

size in the range of 10-1000nm. The drug is dissolved, entrapped, encapsulated or attached to 

a nanoparticle matrix. Depending upon the method of preparation, nanoparticles, nanospheres 

or nanocapsules can be obtained. Nanocapsules are systems in which the drug is confined to 

a cavity surrounded by a unique polymer membrane, while nanospheres are matrix systems in 

which the drug is physically and uniformly dispersed. In recent years, biodegradable 

polymeric nanoparticles, particularly those coated with hydrophilic polymer such as 

poly(ethylene glycol) (PEG) known as long-circulating particles, have been used as potential 

drug delivery devices because of their ability to circulate for a prolonged period time target a 

particular organ, as carriers of DNA in gene therapy, and their ability to deliver proteins, 

peptides and genes [3-6]. The use of nanoparticles in biological applications is being widely 

explored eg: polymeric nanoparticles, metallic nanoparticles and quantum dots have been 
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found applicable in drug delivery, bioimaging and biosensing [7-9]. The major goals in 

designing nanoparticles as a delivery system are to control particle size, surface properties and 

release of pharmacologically active agents in order to achieve the site-specific action of the 

drug at the therapeutically optimal rate and dose regimen.  

The advantages of using nanoparticles as a drug delivery system include the following:  

1. Particle size and surface characteristics of nanoparticles can be easily manipulated to 

achieve both passive and active drug targeting after parenteral administration. 

 2. They control and sustain release of the drug during the transportation and at the site of 

localization, so as to achieve increase in drug therapeutic efficacy and reduction in side 

effects.  

3. Controlled release and particle degradation characteristics can be readily modulated by 

the choice of matrix constituents.  

4. Site-specific targeting can be achieved by attaching targeting ligands to surface of 

particles or use of magnetic guidance. 

 5. The system can be used for various routes of administration including oral, nasal, 

parenteral, intra-ocular etc [10,11].  

3. Silver as antimicrobial agent: For centuries silver has been in use for the treatment of 

burns and chronic wounds. As early as 1000 B.C. silver was used to make water potable . 

[12,13]. Silver nitrate was used in its solid form and was known by different terms like, 

“Lunar caustic” in English, “Lapis infernale” in Latin and “Pierre infernale” in French [14]. 

In 1700, silver nitrate was used for the treatment of venereal diseases, fistulae from salivary 

glands, and bone and perianal abscesses [14,15]. In the 19th century granulation tissues 

were removed using silver nitrate to allow epithelization and promote crust formation on 

the surface of wounds. Varying concentrations of silver nitrate was used to treat fresh burns 

[13,14]. In 1881, Carl S.F. Crede cured opthalmia neonatorum using silver nitrate eye 

drops. Crede's son, B. Crede designed silver impregnated dressings for skin grafting 

[14,15]. In the 1940s, after penicillin was introduced the use of silver for the treatment of 
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bacterial infections minimized [16,18]. Silver again came in picture in the 1960s when 

Moyer introduced the use of 0.5% silver nitrate for the treatment of burns. He proposed 

that this solution does not interfere with epidermal proliferation and possess antibacterial 

property against Staphylococcus aureus, Pseudomonas aeruginosa and Escherichia coli 

[19,20]. In 1968, silver nitrate was combined with sulfonamide to form silver sulfadazine 

cream, which served as a broad-spectrum antibacterial agent and was used for the treatment 

of burns. Silver sulfadazine is effective against bacteria like E. coli, S. aureus, Klebsiella 

sp., Pseudomonas sp. It also possesses some antifungal and antiviral activities [21]. 

Recently, due to the emergence of antibiotic-resistant bacteria and limitations of the use of 

antibiotics the clinicians have returned to silver wound dressings containing varying level 

of silver [22,23]. 

 

3.1 Mechanism of action of silver The mechanism of action of silver is linked with its 

interaction with thiol group compounds found in the respiratory enzymes of bacterial cells. 

Silver binds to the bacterial cell wall and cell membrane and inhibits the respiration process 

[14]. In case of E. coli, silver acts by inhibiting the uptake of phosphate and releasing 

phosphate, mannitol, succinate, proline and glutamine from E. coli cells [23-27]. 

 

3.2 Mechanism of action of silver ions/AgNO3 The mechanism for the antimicrobial 

action of silver ions is not properly understood however, the effect of silver ions on bacteria 

can be observed by the structural and morphological changes. It is suggested that when 

DNA molecules are in relaxed state the replication of DNA can be effectively conducted. 

But when he DNA is in condensed form it loses its replication ability hence, when the silver 

ions penetrate inside the bacterial cell the DNA molecule turns into condensed form and 

loses its replication ability leading to cell death. Also, it has been reported that heavy metals 

react with proteins by getting attached with the thiol group and the proteins get inactivated 

[28, 29].  
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4. Mechanism of action of silver nanoparticles The silver nanoparticles show efficient 

antimicrobial property compared to other salts due to their extremely large surface area, 

which provides better contact with microorganisms. The nanoparticles get attached to the 

cell membrane and also penetrate inside the bacteria. The bacterial membrane contains 

sulfur-containing proteins and the silver nanoparticles interact with these proteins in the 

cell as well as with the phosphorus containing compounds like DNA. When silver 

nanoparticles enter the bacterial cell it forms a low molecular weight region in the center 

of the bacteria to which the bacteria conglomerates thus, protecting the DNA from the 

silver ions. The nanoparticles preferably attack the respiratory chain, cell division finally 

leading to cell death. The nanoparticles release silver ions in the bacterial cells, which 

enhance their bactericidal activity [29-32]. 

 

5. METHODOLOGY 

Synthesis of silver nanoparticles: The mango fruits were brought into the laboratory and 

washed with running tap water for the removal of the dust particles. The extracts (100 g) 

were added to 250 mL distilled water and crushed by a juicer. The extract was filtered. The 

initial pH value of the aqueous AgNO3 solutions was an important parameter in the 

synthesis of silver nanoparticles using mango peel extract. It was observed that the color 

of AgNO3 solutions changed from light brown yellow to dark brown when the initial pH 

of solution was increased. The color change would be an indication of silver bioreduction 

mediated by mango pulp extract and the subsequent formation of silver nanoparticles after 

15 min of the reactions. The synthesis of silver nanoparticles was observed by the colour 

change of the mixture of mango pulp extract and silver to brownish after 24hrs of 

incubation. The detailed procedure of preparing silver nanoparticles contained five steps: 

(1) keep the reaction 11 hours under stirring (~390 C water bath); (2) keep the reaction for 

13 hours without stirring and heating; (3) keep the reaction for 10 hours (conditions are 

same as step 1); (4) repeat the step 2; (5) keep the reaction for 7 hours [33].  

The pure culture of the clinically important microbial pathogens viz, five different bacterial 

species, E.coli, Vibrio cholerae, Klebsiella pneumonia, Pseudomonas aeruginosa (Gram 

positive bacteria) and Staphylococcus aureus (Gram negative bacteria) was obtained 
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through performing streak plate technique. A loop of full inoculums from culture was then 

transferred to 50 ml of the nutrient broth and we incubated this at the room temperature 

(300C) for further study. 

6. Antibacterial Test: The nutrient agar medium was prepared with 1.0g peptones, 1.0g 

sodium chloride, 3.0g  Agar  agar and 0.5g Yeast  Extract. It was sterilized in an autoclave. 

The nutrient medium was poured into sterile petridishes aseptically in uniform depth of 

4mm and then allowed it to solidify at room temperature(300C). After solidification, the 

test organisms was inoculated by sterile swab. The bacterial strains used are E. coli, 

Staphylococcus aureus, Vibrio cholerae, Klebsiella pneumoniae and Pseudomonas 

aeruginosa . This provides uniform surface growth of microorganism and is used for 

antibacterial sensitive studies. After this, three wells were made using cup borer (7mm) to 

which we added 50µl of extract samples, antibiotic (chloramphenicol) and control 

(hexane). The petridishes were incubated at 370C for 24 hrs. After 24 hours of incubation, 

the zone of inhibition produced by the different organisms in different plates were 

measured. 

 

 

RESULTS 

Antibacterial Activity : The sample was tested for its antimicrobial properties by using 5 

different bacterial species, E.coli, Vibrio cholerae, Klebsiella pneumonia, Pseudomonas 

aeruginosa (Gram positive bacteria) and Staphylococcus aureus (Gram negative bacteria). 

Measurement of the zone of inhibition was carried out using Chloramphenicol as a control 

to determine antimicrobial efficiency of AgNPs mango pulp extract. The zones of 

inhibition show the relative antimicrobial effect of control to that of mean molar 

concentration synthesized AgNPs. 

The Table: 1 shows the high antibacterial activity of AgNPs. The antibiotic 

Chloramphenicol was used as control of bacterial cells. AgNPs were able to penetrate 

inside the bacterial cells and interact with electron phosphorus and sulphur containing 
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compounds such as DNA47. The AgNPs can easily capture and wrap negatively charged 

bacteria by electrostatic attraction, and there is a sustained release of Ag+ around the 

bacteria from NPs. AgNPs can exert physical damage to bacterial cells, penetrate the 

cytoplasm, and inactivate essential respiratory enzymes and proteins. Ag+ can interact with 

the thiol groups of vital proteins, which result in the inactivation of enzyme proteins and 

disruption of respiration. Furthermore, ·OH can react with biofilms, lipids, proteins, and 

DNA, and disrupt these structures, causing bacterial death. This activity of MPAg-NPs 

may be attributed to the small size of the nanoparticles and increased surface area which 

provides opportunities for interactions with bacterial cells because it leads to increased 

membrane permeability and cell destruction to bacteria and fungi. Silver nanoparticles 

synthesized from mango pulp may cause cell breaking and changes in the cell membrane 

permeability. In addition, silver nanoparticles attach to the surface of the cell membrane, 

penetrating in bacteria and disturb the cell function, interactions of silver nanoparticles 

with amino acids and enzymes: Bonding with amino acids (especially to –SH group), these 

may be related to antibacterial activities demonstrated by mango pulp AgNPs in this study. 

It is also attributed to the fact that cells are made up of sulfur and phosphorus which are 

soft bases and DNA has sulfur and phosphorus as its major components; silver 

nanoparticles can act on these soft bases and destroy the DNA which would definitely lead 

to cell death. The mango pulp silver nanoparticles synthesized in this study show 

significant anti-microbial activities against Gram-positive and Gram-negative bacteria. 

CONCLUSION  

In Summary, it can be concluded that among different types of antibacterial agents, silver 

found to be effective. Silver nanoparticles have been extensively reviewed and it is seen 

that silver nanoparticles are non-toxic to human in minute concentrations. Silver 

nanoparticles have also found its application in wound dressings, medical devices etc. 

Silver nanoparticles found to be effective against various bacteria.  

Thus, it can be concluded from the review that, silver nanoparticles can be extensively used 

as an antibacterial agents. The following questions has to be yet addressed: (1)The exact 

http://www.ijrti.org/


                                                          © 2024 IJNRD | Volume 9, Issue 6 June 2024| ISSN: 2456-4184 | IJNRD.ORG 

   

IJNRD2406497 International Journal Of Novel Research And Development (www.ijnrd.org) 
 

 

f54 

c54 

mechanism of interaction of nanoparticles with the bacterial cells. (2) Toxicity if any of 

silver dressings.  

 

Table : 1 The zone of inhibition of bacterial growth by the sample was observed as follows. 

  

Bacterial Growth 

Zone Of 

Inhibition Of 

Sample (Cm) 

Zone Of 

Inhibition Of 

Antibiotic (Cm) 

1.  E .coli 0.85 0.6 

2.  Pseudomonas aeruginosa 0.65 -- 

3.  Staphylococcus aureus 0.95 0.85 

4.  Vibrio cholerae 1.15 1.05 

5.  Klebsiella pneumonia 1.0 0.95 
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