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ABSTRACT 
Silver nanoparticles (AgNPs) were synthesized using the aqueous extract of leaf of Madhuca longifolia. The particles were 
characterized using Uv-visible extinction spectroscopy, scanning electron microscopy (SEM), transmission electron 
microscopy (TEM) and powder X-ray diffraction (PXRD) studies.  The average size of the AgNPs worked out using TEM 
and PXRD data were found to be 20-22 nm. Structure of the silver in their nanoparticles is found to be face centred 
cubic. Effect of the nanoparticles against the growth of Escherichia coli (E. coli) and Staphylococcuus aureus (S. aureus) were 
determined and compared with reference antibacterial substance ciprofloxacin. The AgNPs inhibit the spread of E. coli 
and S. aurous bacteria to different extents with their zones of inhibition 12 mm and 13.5 mm respectively.  
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1. INTRODUCTION  
Thousands of remarkable industrial applications of the 
nanomaterials are due to their special and size 
dependant physico-chemical properties [1]. Properties 
and performance of the devices fabricated from the 
nanomaterials depends on the size, shape, structure, and 
the stability of the devices.   
Silver nanoparticles (AgNPs) have been extensively 
explored class of nanomaterials for various applications 
owing mainly to their size, shape and structure 
dependant, surface plasmon resonance [2]. Areas of the 
applications of the silver nanoparticles include 
photocatalysis [3], optical sensors [4], nanosphere 
lithography [5], optoelectronics [6], solar energy 
conversion devices [7] and surface-enhanced Raman 
scattering (SERS) substrates [8].  Silver nanoparticles are 
also known for remarkable antimicrobial activities [9]. 
Representative precedents of the review of biomedical 
applications are mentioned here for reference [10-12]. 
The best known technical applications of the 
antimicrobial properties of the AgNPs are polyurethane 
based antibacterial water filter [13], AgNP impregnated 
blotting paper based point-to-use antibacterial water 
filter [14,15], activated carbon based antibacterial air 
filter [16] and AgNP embedded textile fabrics with 
antibacterial properties [17-20].  

Chemical reduction methods using reducing agents such 
as NaBH4, LiAlH4, R4N

+(Et3BH−) or hydrazine [21], 
results in unstable AgNP solutions contaminated with 
reaction by-products such as borides, metal borates 
[22], B2H6, NaNO3 etc. Stabilizing the AgNPs in their 
solutions involves the use of various stabilizing agents 
[23], certain polymers, and cationic polynorbornenes 
[24], which makes the synthesis and stabilization 
expensive. In addition, the process will be multistep 
one. The synthesis of AgNPs by using mixed-valence 
polyoxometallates, polysaccharide, Tollens irradiation 
and biological methods have been regarded as greener 
approaches [25]. However, AgNP synthesis using 
aqueous extracts of plants is both greener and cheaper 
method in recent years [26, 27]. It has also been 
established that the sensitivity of AgNPs synthesized 
from plant extracts, for biosensing of fungicide and 
photocatalytic properties are relatively better [28].  
Madhuka longifolia (Koenig), a very important medicinal 
plant grows in whole of India, is very much used for 
ethnomedical applications [29, 30]. This plant is been 
evaluated by researchers to be rich in bioactive 
constituents and fatty acids [31, 32], and oils that could 
be used as source of bio-energy [33].  In addition, seed 
extracts of Madhuca longifolia were used for fabrication 
of saponin-loaded silver nanoparticles [34] and 
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flavonoid-loaded silver, gold, silver-gold bimetallic 
nanoparticles [35] for the enhancement of antiinfla-
matory and wound healing bio-efficasies respectively. 
The synthetic method used was ultrasonication. Flower 
extract of this remarkably interesting plant has been 
used for the synthesis of AgNPs [36]. However, 
synthesis of AgNPs from the aqueous leaf extract of 
Madhuca longifolia has not been reported. Therefore in 
the present work we report the synthesis of AgNPs 
from the leaf extract of Madhuca longifolia, their 
characterization by Uv-visible extinction spectroscopy, 
powder X-ray diffraction, SEM and TEM analysis, and 
the study of their antibacterial activities against gram 
positive and gram negative bacteria. 
 
2. MATERIAL AND METHODS 
2.1. Material 
The chemicals were from Merck, Himedia or from S. 
D. Fine chemicals. Distilled water was used throughout 
the experiments. Bacteria selected for the study were E. 
coli and S. aureus. A laboratory centrifuge, R-8C from 
Remi was used for isolation of particles for SEM and 
powder XRD analyses. Systronics Uv-visible spectro-
photometer 119 was used for recording the Uv-visible 
extinction spectra in the wavelength range of 300 nm to 
700 nm. Powder XRD patterns were recorded on a 
Rigacu Smartlab X-Ray diffractometer and the SEM and 
EDS were recorded on Ultra 55 scanning electron 
microscope from GEMINI technology. TEM imaging of 
the drop coated samples were done on Titan Themis 
300kV from FEI. 
 
2.2. Methods 
2.2.1. Extraction 
Weighed quantities of the fresh leaves, were crushed in 
to paste with a little amount of warm distilled water 
using mortar and pestle. The paste was transferred in to 
a 250 mL beaker, suspended in 100mL water, stirred on 
a magnetic stirrer for about 30 minutes at 45-50°C 
temperature, cooled to lab temperature and filtered 
through a pre-weighed piece of qualitative filter paper. 
The weight of the contents transferred to the extract 
was calculated by difference in weight method. 
Qualitative phytochemical analysis of the extract was 
done following routine methods [37]. 
 
2.2.2. Synthesis of Silver Nanoparticles 
50 ml of the fresh extract containing approximately 
0.04±0.005 g/mL of extracted substances was taken in 
a round bottomed flask. Extract was heated to 65°C 
while stirring and 20mL of 0.002 M AgNO3 solution 

was added drop wise from a pressure equalizing 
dropping funnel for 20 minutes. During addition of 
silver nitrate solution, temperature was maintained at 
65±5°C. Contents were stirred at 65±5°C for 2 hours 
and cooled to lab temperature. AgNP solution so 
obtained was centrifuged for isolation of the material, 
for powder XRD and SEM analyses. The samples were 
then dried in vacuum over anhydrous phosphorous 
pentoxide. 
 
2.2.3. Antibacterial Activity Studies 
The amount of AgNPs present in its solution was 
determined by evaporating known volume of AgNP 
solution on a pre-weighed watch glass, in to complete 
dryness and taking its weight. The difference in weight 
will give the amount of AgNPs present per unit volume 
of its solution. A solution of the reference substance, 
ciprofloxacin was prepared with the same concentration 
as that of AgNP solutions.  
28 grams of nutrient agar was suspended in 1000 mL of 
distilled water and dissolved by boiling. The contents 
were autoclaved.  
Fifteen mL aliquots of the nutrient agar media were 
transferred in to sterilized petri dishes. When the media 
hardened, the surface of the media was contaminated 
with bacteria using cotton swabs. The holes were 
scooped on the media and the holes were filled with 
different volumes of the AgNP solution and the solution 
of the reference substance. Petri dishes were incubated 
at 37°C for 20 hours. The zones of inhibition around the 
scooped holes were measured in mm. 
 
3. RESULTS AND DISCUSSION 
Qualitative phytochemical analyses [37] were applied on 
the water extracts of the leaf samples with a total 
phytonutrient concentration of 20 ×10−3 g/mL. 
However, phytonutrient concentration used for AgNP 
synthesis ranges from 8 × 10−4 g/mL to 40×10−4 
g/mL.  Presence of phenolic compounds, flavonoides 
and saponines were confirmed reproducibly by the 
detailed phytochemical analyses, and the results are 
consistent with the reported literature [38] wherein 
authors have quantified twenty different phytochemicals 
by GC-MS and HPTLC methods. 
Stability in all sizes and biocompatibility is an important 
requirement of the AgNPs to be applicable in biology 
and medicine [25]. However AgNPs synthesized using 
relatively harsh reducing agents such as sodium 
borohydride and without any stabilizing and capping 
molecules are unstable. 
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3.1. Synthesis 
The present work describes the synthesis of stable AgNP 
solutions by using the water extract of Madhuca longifolia 
without any reducing agent and stabilizing molecules, 
and the method is highly reproducible. Most among 
twenty phytonutrient molecules present in the leaf 
extracts of the selected plant, as analysed by earlier 
reports belong the phenolic compounds and flavonoids 
which were identified qualitatively in this work. The 
drop wise addition of the AgNO3 solution in to an 
extract containing the phytochemical molecules reduces 
the Ag+ in the AgNO3 in to atomic silver [27, 39-41] 
and hence the atoms condenses to nanosized particles. 
The particles are then instantaneously coated with 
bioactive molecules available in the solution to form a 
protective monolayer or multilayer [28, 42]. Particles 
coated with bioactive molecules in the solution, with 
the same surface properties get repelled by one another 
and hence exhibit good stability. The solutions are stable 
in the laboratory conditions for more than six months, 
and preparation of AgNPs by this method is highly 
reproducible. 
 
3.2. Characterization 
The Uv-visible extinction spectrum of the AgNPs 
synthesized using water extract of leaf sample of 
Madhuca longifolia is as shown in fig. 1(b). 
 

 
 
Fig. 1: (a) Colour of the AgNP solution and (b) 
Uv-visible extinction spectrum of the AgNPs 
synthesized from the extract of Madhuca 
longifolia 
 
Silver nanoparticles are characteristic of showing a 
surface plasmon resonance absorption band due to 
surface electrons, in the visible region of 
electromagnetic radiation [43, 44].  Though a change in 
colour from pale green to reddish brown as shown in 

fig. 1(a), upon addition of AgNO3 in to extract gives a 
visual indication of formation AgNPs, recording a uv-
visible absorption spectrum in the region of 300-700 nm 
confirms the presence, approximate particle size and 
particle size distribution of AgNPs [45, 46]. Uv-visible 
absorption spectrum recorded for the AgNPs 
synthesized from the extract of Madhuca longifolia is 
given in fig. 1(b) and the data matches with that of the 
AgNPs obtained by reduction with hydrazine hydrate 
and with sodium citrate [47]. The λmax is observed at 
416 nm, and the spectrum recorded in the same 
wavelength range, for the extract alone did not show 
any absorption band. Thus uv-visible absorption band 
indicates the presence of AgNPs and its full width at half 
maximum (FWHM) represents approximate particle 
size distribution. Intensity of the absorption band and 
the λmax did not change upon repeated recording of the 
spectrum of the same AgNP solution with regular 
intervals of one week and for a period of 60 days. This 
observation proves the good stability of the particles in 
their solution. 
Two different sets of experiments were conducted to 
understand the dependence of particle size of the AgNPs 
on the concentration of the phytonutrients and on 
concentration of the AgNO3 solution. Fig. 2 shows the 
Uv-visible extinction spectra recorded for the AgNP 
solutions obtained by adding 2.0×10−4 M AgNO3 
solution in to an extract of Madhuca longifolia with a 
phytonutrient concentration ranging from 8 × 10−4 
g/mL to  40 × 10−4 g/mL. 
 

 
Solution prepared by adding 2.0 × 10−4 M AgNO3 solution in to 
extracts of Madhuca longifolia, containing (a) 8 × 10−4 g/mL, (b) 
16 × 10−4 g/mL, (c) 24 × 10−4 g/mL, (d) 32 × 10−4 g/mL, and 
(e) 40 × 10−4 g/mL of phytonutrients. 
 

Fig. 2: Uv-visible absorption spectra of solution 
of the AgNP obtained by adding AgNO3 solution 
in to extract of Madhuca longifolia with a varied 
phytonutrient concentration 
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Reaction of 2.0×10−4 M AgNO3 solution with the 
extracts of Madhuca longifolia, having a phytonutrient 
concentration ranging from 8 × 10−4 g/mL, to 40×10−4 
g/mL resulted in the AgNP solutions showing the same 
λmax at 416 nm (fig. 2). However the increase in 
intensity of the Uv-visible absorption spectral band at 
416 nm (fig. 2(a)-2(e)) indicates that, as the 
concentration of the phytonutrients increases, the yield 
or the concentration of the AgNPs increases. No change 
in the λmax at 416 nm reveals that, the size of the AgNPs 
and their distribution is not affected by increase in 
concentration of extract. 2.0 × 10−4 M AgNO3 solution 
is of sufficiently good concentration to yield AgNPs 
with size corresponding to a λmax of 415-416 nm. As the 
concentration of the phytonutrients increases, reducing 
ability of the extract increases and thus the number or 
the concentration of the particles increases. The size              
of the particles is controlled by the concentration of            
the phytonutrient molecules acting as capping agents                       
in order to stabilize them. Irrespective of the 
concentration of phytonutrients, particles are stabilized 
to the same size. This may be attributed to the fact that, 
adsorption of capping molecules upon the particles is so 
rapid so that as soon as particles are formed they are 
stabilized by capping. 
Fig. 3 shows the uv-visible extinction spectra recorded 
for the AgNPs obtained by reacting an aqueous            
solution of fixed concentration (40×10−4 g/mL) of 
phytonutrients, with an increased concentration of 
AgNO3 from 0.6 × 10−4 M, to 12 × 10−4 M applying 
same reaction conditions. 
 

 
Solution prepared by adding (a) 0.6 × 10−4 M, (b) 1.4 × 10−4 M, 
(c) 2 × 10−4 M and (d) 12 × 10−4 M AgNO3 in to the extract of 
Madhuca longifolia containing 40 × 10−4 g/mL of phytonutrients 
 

Fig. 3: Uv-visible absorption spectra of solution 
of the AgNP obtained by reacting solution of 
fixed concentration of phytonutrients, with an 
increased concentration of AgNO3 

Experimental data obtained  to check the dependence of 
particle size on the concentration of AgNO3 given in fig. 
3 revealed that, as the concentration of AgNO3 lowered 
from 2×10−4 M to 0.6 × 10−4 M, λmax decreases slightly 
to 404 nm (fig. 3a) through 410 nm (fig. 3b). Increasing 
the AgNO3 concentration to 12×10−4 M (fig. 3d) from 
2 × 10−4 M (fig. 3c), λmax shows a slight increase to 422 
nm. Considering the position of  λmax as a qualitative 
measure of particle size [45, 46] it is understood that an 
increase in concentration of AgNO3 at fixed constant 
concentration (40×10−4 g/mL) of phytonutrients  
results in an increase in the particles size as indicated in 
fig. 3. This may be attributed to an increase in rate of 
reduction with respect to rise in AgNO3 concentration.   
Morphology and the elemental composition of the 
AgNPs were understood using SEM and EDS data 
respectively, recorded on the AgNPs isolated by 
centrifugation at 4000 rpm from their solution having 
λmax at 415-416 nm (fig. 1), are presented in fig. 4. 
SEM image of the title material indicates that the 
spherical particles of AgNPs get agglomerated in to 
spherical lumps of various sizes ranging from 50 to 90 
nm. Spherical agglomerates must have been formed 
during centrifugation. The AgNPs obtained by the 
present method consists of 85.53% Ag, 3.85% O, 
1.99% N and 8.64% C as revealed by EDS profiling of 
expected elements (inset in fig. 4). Presence of oxygen, 
nitrogen and carbon is due to the involvement of 
organic molecules of plant origin in stabilizing the 
particles by forming a thin organic layer upon them. 
TEM image recorded on the drop coated sample of 
AgNP solution is given in fig. 5. The inset in fig. 5 gives 
the particle size distribution worked out upon the TEM 
image. 
The shapes of the AgNPs obtained by adopted method 
are spherical and quasi-spherical having higher 
percentage of the spherical particles as revealed by TEM 
imaging (fig. 5). The results are in fair consistency with 
those reported by earlier workers and few selective 
precedents could be referenced. Spherical AgNPs were 
synthesized using the extract of the plant, Terminalia 
bellirica [48]. AgNPs obtained by extracellular synthesis 
using Fungus, Aspergillus niger [49] were also spherical. 
However, AgNP synthesis using apiin as reducing agent 
[50] resulted in quasi-spherical particles. Analysis of 
averaged out particle size distribution using the TEM 
image reveals that the maximum particle size passes 
though 20 nm (inset in fig. 5). Relatively bigger and 
more uniformly spherical particles appeared in the SEM 
(fig. 4) compared to TEM picture are ascribable to 
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agglomeration of small and big particles having an 
organic molecular coating, in to bigger lumps of 
approximately 50-90 nm, during centrifugation and 
drying in vacuum. 

Powder XRD pattern was recorded on the AgNP 
particles isolated by centrifugation in order to 
understand the crystal structure and the particle size. 
The pattern is presented in fig. 6. 

 

 
The inset in the fig. shows the EDS spectrum and the respective elemental composition 
 
Fig. 4: Scanning electron micrograph of AgNPs synthesized from the leaf extracts of Madhuca longifolia 
 

 
Inset: Histogram showing the particle size distribution worked 
out upon TEM image 
 
Fig. 5: Transmission electron mocrographs of 
the AgNPs synthesized from the extracts of 
Madhuka longifolia 

 
Fig. 6: Powder XRD pattern of AgNPs 
synthesized from the leaf extract of Madhuka 
longifolia 
 
Powder XRD pattern shows the presence of 
crystallographic planes (111), (200), (220), (222), and 
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are indicative of the reduced silver by the 
phytonutrients, being crystallized in to face centered 
cubic (FCC) structure. Relatively wider peaks in the 
PXRD pattern are characteristic of the material in the 
form of nanocrystallites. Average size of the particles is 
calculated using Debye-Scherer’s formula D = 0.94 λ/β 
cos θ, where D is the average crystalline size, λ is the 
wavelength of X-ray, β is full width at half maximum 
and θ is the angle of diffraction. The particle size of the 
AgNPs synthesized by the extract of Madhuca longifolia 
worked out with respect to (111) crystallographic plane 
is 22 nm. This value of particle size is consistent with 
the TEM results. The results of PXRD pattern are 
comparable with literature reports and consistent with 
the AgNPs prepared using aqueous extract of Ocimum 
Sanctum and quercetin (a flavonoid from the same plant) 
[51], root hair extract of Phoenix dactylifera [52], extracts 
of garlic, green tea and turmeric [53], extract of Sida 
cordifolia [54]. Some other sharp signals, marked by 
asterisk are shown in XRD pattern (fig. 7) may be 
ascribed to crystallization of any other phytonutrients 
which are not involved in reduction of AgNO3, or 
capping of the particles. 
 
3.3. Antimicribial Activity Studies 
Results of the comparative inhibitory effects of the 
AgNPs on the spreading of E-coli and against S-aureus 
bacteria, with respect to the reference compound, 
ciprofloxacin are shown in fig. 7 and fig. 8 respectively. 
Antimicrobial activity is an important characteristic 
property of silver nanoparticles [55]. The detailed 
reports on the studies of antimicrobial activities of the 
AgNPs were elaborately reviewed [56, 57]. 
In this study, as a representative application, the 
antibacterial properties of the AgNPs were checked 
against the growth of the E. coli and S. aureus bacteria by 
well diffusion method. The zones of inhibition against 
radial spread of the selected bacteria were determined 
for a period of 20 hours, conducting parallel 
experiments with a standard antibacterial substance 
ciprofloxacin.  
The AgNP solutions, diminishes the growth of both the 
bacteria selected for the study as indicated by a zone of 
inhibition around the wells filled with varied volumes of 
the AgNP solutions (fig. 7 and 8). It is clear that the 
zone of inhibition increases as the volume of AgNP 
solution in the well increases. The zones of inhibition 
obtained for the AgNPs prepared using the extract of 
Madhuca longifolia are 12.0 mm against the growth of E. 
coli (fig. 7(f)) and 13.5 mm against the growth S. aureus 

(fig. 8(f)). Patches (b) in both the fig. 7 and 8 are the 
zones of inhibition to the bacterial growth against 40 
microliters of the suspension of reference substance and 
it is measured to be 13.5 mm against both E. coli and 
15.0 mm against S. aureus bacteria respectively. 
 

 
Holes filled with (a) 30 µL and (b) 40 µL of ciprofloxacin solution, 
and (c) 10 µL, (d) 20 µL, (e) 30 µL (f) 40 µL of AgNp solution 
prepared using water extract of Madhuca longifolia. 
Concencentration of AgNPs = 55 µg/mL 
 
Fig. 7: Growth of E-coli bacteria around the 
scooped holes 
 

 
Holes filled with (a) 30 µL and (b) 40 µL of ciprofloxacin solution, 
and (c) 10 µL, (d) 20 µL, (e) 30 µL (f) 40 µL of AgNp solution 
prepared using water extract of Madhuca longifolia. 
Concencentration = 55 µg/mL 
 
Fig. 8: Growth of S-aureus bacteria around the 
scooped holes 
 
4. CONCLUSION 
Reacting an aqueous extract of the medicinal plant, 
Madhuca longifolia with silver nitrate solution at 65±5°C 
results in the formation of stable silver nanoparticles 
with an average particle size of 20-22 nm. The 
phytonutrients such as phenolic compounds, flavonoides 
and saponines present in the extract reduces the silver 
nitrate in to metallic silver and the metal so formed 
crystallizes in to FCC structure in the form of spherical 
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and quasi-spherical particles. AgNP solutions are highly 
stable because of the formation of a monomolecular 
layer on the surface of the particles. As the 
concentration of the phytonutrients increases, reducing 
ability of the extract and hence the yield of the particles 
increases. However, increase in concentration of 
AgNO3 at fixed constant concentration of phyto-
nutrients results in an increase in the particles size. The 
antibacterial properties of the AgNPs were checked 
against the growth of the E. coli and S. aureus bacteria by 
well diffusion method. The AgNP solutions, suppresses 
the growth of both the bacteria, with the determined 
zones of inhibition of 12.0 mm against of E. coli,  and 
13.5 mm against S. aureus respectively. Present study 
describes an easier, cheper and greener method for 
synthesis of AgNPs which uses a very common and 
useful medicinal plant species. Studies intended to 
understand the adsorption of these green synthesized 
AgNPs on various conducting and non conducting 
substrates will be of interest as the freshly prepared 
AgNPs are coated with phytonutrient molecules. 
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