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ABSTRACT 

The objective of the present investigation is to 

perform the green synthesis of Silver nanoparticles 

using Mangifera indica leaf aqueous extract and 

assess the antibacterial action of the 

nanoparticles.The biosynthesis of the silver 

nanoparticles was done using the aqueous extract 

by monitoring the color change depicting the 

reduction of silver ions of silver nitrate.The silver 

nanoparticles were optimized for extract 

concentration, incubation temperature and 

concentration of the silver nitrate with respect to 

particle size and PDI. The antibacterial activity of 

the synthesized silver nanoparticles was done by 

zone of inhibition method.The yield of the extract 

was found to be 13.78% (13.2 g). 2.5%v/v of 

extract, 0.002 moles of silver nitrate and 50°C 

incubation temperature were considered as an 

optimized concentration for preparing the silver 

nanoparticles.The particle size of the optimized 

nanoparticle formulation was determined by DLS 

method using particle size analyzer and it was 

found to be 374.2 nm with a PDI of 0.368. The zeta 

potential of the optimized silver nanoparticles was 

determined by zetasizer and was found to be -24.3 

mV. The biogenically synthesized silver 

nanoparticle was found to exhibit activity against 

both gram positive and gram negative bacteria 

Keywords: Silver nanoparticles, anti bacterial, 

green synthesis, optimization, Mangifera indica 

 

I. INTRODUCTION 
Metallic nanoparticles as drug delivery 

vehicles offer a multitude of advantages, including 

increased bioavailability of drugs and reduced 

dosage frequency [1]. A variety of anticancer, 

antimicrobial, antituberculosis, peptide and protein 

based drug formulations with nano drug carriers 

have been researched for their therapeutic 

effectiveness. Inspite of the wide spread research, 

sustained release formulations with nanopolymeric 

carriers could be found only in small numbers in 

the market, with most of them in the form of 

ointments or wound healing bandages [2]. Silver 

nanoparticles are known to have potent 

antibacterial efficacy and antioxidant activity. 

Green synthesis of nanoparticles is a common eco-

friendly method using plants extract is due to 

numerous advantages, including better products 

and worth of NPs obtained, easiness of process and 

control, safety, the richness of resources, and cost-

effective [3]. 

Mangiferaindica (MI), also known as 

mango, aam, it has been an important herb in the 

Ayurvedic and indigenous medical systems for over 

4000 years. Mangoes belong to 

genus Mangifera which consists of about 30 

species of tropical fruiting trees in the flowering 

plant family Anacardiaceae. The different chemical 

constituents of the plant, especially the 

polyphenolics, flavonoids, triterpenoids. 

Mangiferin a xanthone glycoside major bio-active 

constituent, isomangiferin, tannins & gallic acid 

derivatives [4].The objective of the present 

investigation is to perform the green synthesis of 

Silver nanoparticles using Mangifera indica leaf 

aqueous extract and assess the antibacterial action 

of the nanoparticles. 

 

II. MATERIAL AND METHODS 
Extraction and phytochemical screening 

The leaves of Mangifera indica were 

collected from the local surroundings of Gwaior 

and were submitted for authentication at RB 

Science, Bhopal. The leaves were washed with 

distilled water to remove the foreign material and 

allowed to dry at room temperature in dark to 

remove the moisture content. The dried leaves were 

crushed to coarse powder using a slow driven 

grinder. The powdered leaf was weighed (95 g) and 

macerated with 400 mL distilled water for 24h at 

room temperature with continuous shaking using 

orbital shaker at 100 rpm. The extract was filtered 

and evaporated using rotary vacuum evaporator to 

obtain concentrated extract solution. The 

concentrated extract was lyophilized to obtain the 

dried extract which was weighed to calculate the 

yield and stored in desiccator over anhydrous 

magnesium sulphate [5]. 
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The extract sample was prepared by 

dissolving 0.5 g of extract in 5 mL distilled water 

and filtering the solution. The filtrate was used for 

the qualitative screening of various classes of 

phytochemicals [6].  

 

Total Phenolic and flavonoid content 

The total phenolic content in the extracts 

of both the plants was determined by Folin-

Ciocalteu method [7]. Total flavonoid content 

(TFC) was determined by using aluminium 

chloride method [8]. 

 

Biosynthesis of silver nanoparticles 

The synthesis of AgNPs began with the 

addition of 95 ml of 0.001 M silver nitrate 

(AgNO3) to 5 ml of a 1 mg/mL extract solution 

prepared by dissolving extract in distilled water. 

The mixture was allowed to stir for 24 h. The 

formation of AgNPs was indicated by the color 

change from yellow to dark brown. After 24 h, the 

mixture was centrifuged (6000 rpm, 30 min) and 

washed with distilled water thrice. The pellets were 

dried overnight in an oven at 40°C for further 

characterization [9, 10]. Optimization of the silver 

nanoparticles formation was done as per Table 1.  

 

Table 1 Optimization parameters for biosynthesis of silver nanoparticles 

Optimization parameter Level 

Extract  2.5, 5.0 % w/v 

Silver nitrate 0.001, 0.002 mol 

Drying temperature 40°C, 50°C 

 

Characterization of silver nanoparticles 

UV-Visible spectroscopic study 

The silver nanoparticles synthesized were 

dissolved in distilled water and the UV-visible 

absorption spectra of the solution was obtained 

between 700-200 nm. The spectra was studied for 

the observed band gap [11]. 

 

Morphology and Size 

The particle size of the silver 

nanoparticles was determined by a light scattering 

particle size analyzer. The silver nanoparticles were 

suspended in deionized water and the sample was 

placed in the sample holder of the analyzer. The 

particle size and the polydispersity index were 

obtained. The morphology of the silver 

nanoparticles was studied with the help of scanning 

electron microscopy. The particles were coated 

with gold sputter on a metal stub and was scanned 

with an electron beam to obtain magnified image of 

the surface. The surface characteristics were 

observed from the image. 

 

FT-IR spectral study 

The stretching vibrations characteristic of 

the functional groups responsible for reduction of 

the silver ions was studied by obtaining the FT-IR 

spectra of silver nanoparticles. 

 

Antibacterial activity of silver nanoparticles 

Escherichia coli (MTCC 40), and 

Staphylococcusaureus (MTCC 3160) were obtained 

as lyophilized cultures and revived in nutrient broth 

for antibacterial evaluation. Agar plates were 

prepared by pouring the sterilized medium into 

sterilized petridishes suitably marked and labeled. 

The plates were allowed to solidify in the laminar 

flow bench and stored packed for culturing with 

microbes and antimicrobial screening. 

About 3 mm thick pre-poured nutrient 

agar plates were inoculated with a few drops of the 

bacterial suspension by swabbing on the surface of 

agar. The antimicrobial action was screened using 

disc diffusion method [12]. Wells were bored into 

the agar plate at equal distances using cork borer 

(10mm) and 200µL of the ZNPs (50, 75, 100 & 150 

µg/mL) were placed in each hole. The plates were 

incubated for 24h at 37 ± 0.1°C to allow for 

microbial growth. The zone of inhibition in each 

plate was measured in millimeters. 

 

III. RESULTS AND DISCUSSION 
Extraction and phytochemical screening 

The clean and dried leaves were powdered 

and macerated with distilled water. The 

concentrated extract solution was dark green in 

color and on solvent evaporation resulted in brown 

colored sticky extract. The yield of the extract was 

found to be 13.78% (13.2 g). Maceration method 

was selected because plants contain thermolabile 

compounds and are suitable for large scale. 

Thermolabile compounds degrade or decompose 

when heated for a long time. In this study, distilled 

water was chosen as the extraction solvent, which 

is easily available and able to produce high 

percentage yield (polar solvent) [13]. 

Plant extracts are known to contain large 

number of phytonutrients. The biomacromolecules 
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and secondary metabolites of plant have been 

widely explored for the ex vivo synthesis of metal 

nanoparticles. The hydroxyl and carbonyl groups of 

bioactive compounds act as natural reducing agent 

in formation, capping and stabilizing the 

nanoparticle synthesis [14]. Therefore, plant 

extracts are one of the potential sources of natural 

reducing agents for green synthesis strategies, as 

this method is easy, efficient, economical and 

feasible to conduct [15]. The qualitative screening 

resulted in identifying the presence of flavonoids, 

tannins, terpernoids and saponins in the aqueous 

extract of Mangifera indica leaves. 

 

Total Phenolic and Flavonoid Content 

The total phenolic content of the aqueous 

extract of Mangifera indica was 52.02 ± 1.433 

GAE µg/mg of the extract. The total flavonoid 

content of the aqueous extract of Mangifera indica 

was 29.57 ± 2.683 QE µg/mg of the extract. 

 

Silver nanoparticles biosynthesis 

On addition of extract to the silver nitrate 

solution, the color of solution was yellowish-brown 

which started to turn brown on continual reduction 

of the silver ions suggesting formation of silver 

nanoparticles. The optimization of parameters for 

biogenic synthesis of silver nanoparticles using 

Mangifera indica leaf extract was done by analysis 

of particle size and polydispersity index of the 

particles. The optimized conditions were selected 

which were able to reduce the particle size and PDI 

of the nanoparticles (Table 2). 

 

Table 2. Effect of optimization variables on particle size and PDI of silver nanoparticles 

Formulation 
Extract 

(%w/v) 

Silver nitrate 

(moles) 

Temperature 

(°C) 

Particle size 

(nm) 
PDI 

F1 2.5 0.001 40 453.8 0.539 

F2 5.0 0.001 40 429.4 0.611 

F3 2.5 0.002 40 435.2 0.374 

F4 5.0 0.002 40 391.6 0.508 

F5 2.5 0.001 50 399.1 0.456 

F6 5.0 0.001 50 368.0 0.611 

F7 2.5 0.002 50 374.2 0.368 

F8 5.0 0.002 50 327.1 0.517 

 

It was found from the results that the 

particle size was significantly affected by change in 

the extract concentration, number of moles of silver 

nitrate and temperature of reduction. The lowest 

particle size was obtained with 5.0% w/v extract, 

0.002 moles of silver nitrate and 50°C of 

temperature suggesting that a higher concentration 

of extract contains higher amounts of flavonoids 

and phenolics leading to high reduction of silver 

ions. Nevertheless, it was also found that on 

increasing the extract concentration the PDI was 

extremely high (>0.5). On the contrary, the lower 

extract concentration resulted in slightly bigger 

particles with a narrow PDI on incubation at 

50°C.Hence 2.5%v/v of extract was considered as 

an optimized concentration for preparing the silver 

nanoparticles. 

The temperature plays a vital role in the 

reduction process of silver ions leading to 

nanoparticle formation. Hence a temperature of 

40°C and 50°C were studied for optimizing the 

temperature conditions. It was found that particles 

with small and narrow PDI were obtained when the 

temperature was maintained at 50°C during the 

incubation period. Nanoparticles with less than 400 

nm and PDI<0.4 were obtained, hence 50°C was 

considered as the optimized temperature. 

On increasing the concentration of silver 

ions in the solution, the particles size was found to 

decrease. Owing to lower particle size in higher 

concentration of silver nitrate, 0.003 mole silver 

nitrate was considered as optimum. 

The optimized conditions for biosynthesis 

of silver nanoparticles was found to be 0.002 mole 

silver nitrate, 50°C temperature and 2.5% w/v 

Mangifera indica leaf aqueous extract with a 

stirring time of 72 h. 
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Characterization of optimized silver 

nanoparticles 

Particle size, Polydispersity, zeta potential and 

morphology 

The particle size of the optimized 

nanoparticle formulation was determined by DLS 

method using particle size analyzer and it was 

found to be 374.2 nm with a PDI of 0.368 (Figure 

1). 

 

 
Figure 1. Particle size graph by volume for optimized nanoparticles 

 

The zeta potential of the optimized silver nanoparticles was determined by zetasizer and was found to be -24.3 

mV (Figure 2). 

 
Figure 2. Zeta potential of optimized nanoparticles 
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The surface morphology of the silver 

nanoparticles was studied by SEM. On examining 

the SEM images, the particles were found to be 

having rough surface and were spherical in shape.  

 

UV Spectral study 

UV-Vis spectroscopy is an important 

technique to observe the formation of AgNPs by 

monitoring the optical properties and electronic 

structure of the synthesized nanoparticles. The 

electron cloud of a nanoparticle can oscillate on the 

surface of the nanoparticle, which absorbs 

electromagnetic waves at a particular frequency. 

This phenomenon is called surface plasmon 

resonance (SPR) and recorded as electromagnetic 

wavelengths by UV-Vis spectrophotometer [16]. 

The UV spectra of the optimized formulation 

exhibited short broad peak suggesting higher 

particles size and lower yield of nanoparticles in 

the solution. The absorbance may be attributed to 

the number of nanoparticles formed from the 

reduction of silver ions and biomolecules in the 

aqueous plant extract solution [17]. The wavelength 

of absorption was found to be in the range of 280-

300 nm due to the presence of the phytochemical 

flavonoids and phenolics in the extract. The 

sharpness of the peak of the spectrum also 

indicated the formation of spherical particles in the 

solution. 

 

FTIR spectral study 

FTIR was conducted to determine the 

possible functional groups responsible for the 

reduction of Ag+. The comparison was made 

between Mangifera indica extract and synthesized 

AgNPs at wavenumbers from 4000 to 500 cm
−1

 

(Figure 3, 4).  

 

 
Figure 3. FTIR spectra of Mangifera indica aqueous extract 

 

 
Figure 4. FTIR spectra of synthesized silver nanoparticles 
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The extract revealed the presence of 

stretching vibrations at (NH), (OH), (amide). It has 

been previously reported that the amine of 

phenolics is involved in reduction of silver and 

formation of silver nanoparticles. The OH group of 

the phenolics is responsible for assisting the 

reduction of Ag
+
 to Ag

0
 by oxidation of alcohol to 

aldehyde during the conversion. The shift in 

wavenumber for amide suggests binding of silver 

nanoparticles to the amide group providing stability 

to the nanoparticles. 

 

Antibacterial activity 

The antibacterial action of optimized 

nanoparticles was studied using disc diffusion 

method. The zone of inhibition obtained was taken 

as a measure of antibacterial activity. The 

biogenically synthesized silver nanoparticle was 

found to exhibit activity against both gram positive 

and gram negative bacteria. 

 

IV. CONCLUSION 
In the present work, the reducing property 

of aqueous extract of Mangifera indicaleaf was 

used to synthesize silver nanoparticles by reduction 

of silver nitrate. The biosynthesized silver 

nanoparticles were found to exhibit antibacterial 

property against gram negative and gram positive 

bacteria. The presence of flavonoids and phenolics 

in the extract were suggestively concluded to be 

responsible for reduction of the silver ions and for 

imparting the antibacterial property to the 

nanoparticles. 
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