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ABSTRACT 

Silver nanoparticles of average sizes ~18-21 nm in diameter were prepared by a green approach via chemical reduction of silver 
nitrate (AgNO3) using Asiatic Pennywort and Bryophyllum leaf extracts as reducing and capping agents. The bio-reduced silver 
nanoparticles were characterized by UV-Vis spectroscopic, XRD and TEM techniques. The characteristic surface plasmon band 
of colloidal solutions of AgNPs synthesized from Asiatic Pennywort and Bryophyllum leaf extracts were found at 445 nm and 
405 nm respectively. The results of XRD and SAED pattern showed that the biosynthesized AgNPs have a crystalline structure 
with cubic phase (fcc). The antimicrobial activities of the as synthesized AgNPs were investigated against gram negative 
bacteria Pseudomonas Fluorescens and gram positive bacteria Staphylococcus Epidermidis. It was observed that silver 
nanoparticles obtained from Asiatic Pennywort was more effective on gram positive bacteria Staphylococcus Epidermidis while 
AgNPs obtained from Bryophyllum was more effective on gram negative bacteria Pseudomonas Fluorescens indicating size 
dependent activity of AgNPs. Copyright © 2015 VBRI press.  
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Introduction  

Due to multifarious applications, the synthesis of nanoscale 

materials has gained manifold impetus recently [1-3]. There 
is wide spectrum of areas such as medicine, electronics, 
biotechnology and catalysis, where the nanoparticles find 

significant uses [4, 5]. The noble and platinum group 
metals show promising antimicrobial activity due to their 
large surface to volume ratio, electronic configuration and 

crystallographic surface structure [6-11]. Among the noble 
metals, silver (Ag) has attracted particular interest in 

biology and medicine [11] as it has been shown to exhibit 

effective antimicrobial activity [1-4]. There are a wide 
variety of methods for synthesis of silver nanoparticles, 

such as, chemical reduction [12, 13], electrochemical 

technique [14] and photochemical reduction in presence of 

reverse micelles [15]. Recently, green synthesis has become 

popular [16] due to its simplicity, eco-friendliness and low 
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production cost, as these techniques made use of plant 

extracts or biomass or microorganism [17-19] which are 
easily available in nature.  
 Although a number of plant extracts such as Ocimum 
sanctum, Citrus limon (lemon), Euphorbia hirta, Acacia 
leucophloea, Coriandrum sativum, Trianthema decandra 

[20-26] has been utilized for the synthesis of silver 
nanoparticles, the plant extracts which are edible as well as 
having medicinal significance are of current research 
interest. G. Singhal et al reported the biosynthesis of silver 
nanoparticles within the size of 4-30 nm using extract of 

Ocimum sanctum leaves [20]. T.C. Prathna et al revealed 
that silver nanoparticles could be rapidly synthesized at 
room temperature by treating silver ions with the Citrus 
limon (lemon) extract. The effect of various process 
parameters like the reductant concentration, mixing ratio of 
the reactants and the concentration of silver nitrate were 

also studied in detail [21]. K.A. Priyadarshini et al reported 
the synthesis of AgNPs using Euphorbia hitra (E. hitra) 
plant extract and investigated their activity against malarial 

vector Anopheles Stephensi [22]. K. Murugan et al 
synthesized AgNPs through a biomimetic route employing 
the bark extract of the readily available medicinal plant 
Acacia leucophloea, and investigated their antibacterial 
activity against common bacterial pathogens with the goal 

of biomedical application [23]. AgNPs of ~26 nm size were 
reported by Sathyavathi et al using Coriandrum sativum 

leaf extract as the reducing agent [24]. Aqueous leave 
extract of Catharanthus roseus was used by Mukunthan et 
al for the bio-production of AgNPs of size in the range of 

48-67 nm [25]. Geethalakshmi et al. [26] utilised extract of 
Trianthema decandra to prepare 15 nm sized AgNPs and 
demonstrated their antimicrobial activity using the Kirby-
Bauer method. 

The synthesis of bio-reduced AgNPs using locally 
available medicinal plant extracts is of considerable 
research interest due to its potential medicinal application. 
In North East India, especially in Assam, Paederia foetida, 
Houttuynia cordata, Bacopa monnieri, Mentha arvensis, 
Bryophyllum, Asiatic pennywort etc are some of edible 
plants which are also used as ethno-medicines. However, 

only a few reports [27-29] are available on the synthesis 
and application of silver nanoparticles using medicinal 
plant extracts like Bryophyllum and Asiatic pennywort. In 
the present study we report the bio-synthesis of silver 
nanoparticles (AgNPs) using extracts of Asiatic Pennywort 
and Bryophyllum leaves as reducing and capping agents. 
The structural, morphological and optical properties of the 
as synthesized silver nanoparticles were investigated by 
XRD, TEM, and UV-Vis spectroscopy. It was of interest to 
see the effect of different plant extracts on the resultant size 
of AgNPs. Further, the antimicrobial activities of AgNPs as 
obtained were screened against gram negative bacteria, 
Pseudomonas Fluorescens and gram positive bacteria 
Staphylococcus Epidermidis. 

 

Experimental 

Materials 

Silver nitrate with 99.5% purity was purchased from Merck 
Specialities Private Limited, Mumbai (India) and used as 
received without further purification. Deionised water (pH 

= 7 ± 0.5) purchased from Nova Biotech, Kolkata (India) 
was used throughout the experiments. Asiatic Pennywort 
and Bryophyllum leaves were collected from Sivasagar (26° 
59' 0" North, 94° 38' 0" East), Assam (India) for the 
synthesis of AgNPs. 

 
Method 

Locally available medicinal plant leaves such as Asiatic 
Pennywort (local Name in Assam, India: Manimuni) and 
Bryophyllum (local Name in Assam, India: Dupartenga) 
were used for bio-synthesis of AgNPs. The plant leaf 
extracts were prepared by mixing 5 g of dried leaves in 100 
ml of deionized water in an erlenmeyer flask, heated for 30 
minutes at 80

o
C and then filtered through a Whatman 42 

no. filter paper. In a typical reaction, 9 ml of the leaf 
extracts was added to the 1 ml of AgNO3 solution (1-5) 
×10

−3
mol dm

−3
 and the reaction mixture was allowed to 

stay at room temperature for the reduction to AgNP to take 
place. The AgNPs prepared from Asiatic Pennywort leaf 
extract is labeled as AgNP1 and that obtained from 
Bryophyllum leaf extract is labeled as AgNP2. The optical 
properties of the as synthesized AgNPs were studied with 
the help of UV-Vis spectra recorded in a Hitachi (U 3900) 
UV-Vis spectrophotometer. The structural properties of 
AgNPs were investigated by X-ray diffraction (XRD) 
technique using an X-ray diffractometer (Make: Seifert, 
Model 003 T/T) with CuKα radiations operated at 40kV 
and 30mA. Transmission Electron Microscopic (TEM) 
analysis of AgNPs were done using a 200 KV JEOL JEM 
2100 Transmission Electron Microscope.  
 

Results and discussion 

Fig.1 (a) and (c) shows the optical images of Asiatic 
Pennywort and Bryophyllum leaves, locally collected from 
the district of Sivasagar, Assam (India). When the leaf 
extract was mixed in the aqueous solution of the silver 
nitrate, it started to change colour (within 30 minutes) from 

brown to blackish green in case of Asiatic Pennywort (Fig. 

1b) and from light brown to deep brown in case of  

Bryophyllum (Fig. 1d). The observed colour change might 
be due to excitation of surface plasmon vibrations, which is 

indicative of the formation of AgNPs [30]. The optical 
photograph of colour change in the colloidal solution with 
different concentration of AgNO3 but for a fixed amount of 
Asiatic Pennywort and Bryophyllum leaf extracts are shown 

in Fig. 1(b) and (d) respectively. Usually, most of the metal 
nanoparticles exhibit surface plasmon resonance (SPR), 
which is dependent on size and morphology. Typical 
absorption spectra of AgNP1 and AgNP2 using different 
concentrations of aqueous AgNO3 solution (1- 5×10

−3
mol 

dm
−3

) are shown in Fig. 1(e) and (f) respectively. The 
characteristic surface plasmon band for AgNP1 and AgNP2 
have appeared at 445 and 405 nm respectively and it is 
found to be more prominent at 5mM (5×10

−3
mol dm

−3
) 

concentrations of AgNO3 solution. The absorption band is 
found to be red shifted for AgNP1 which is an indication of 
the formation of larger AgNPs, with different shapes and 

sizes [31]. This is also supported by the TEM results. The 
shifting of the surface plasmon band may be attributed to 
particle size, shape, chemical surrounding, adsorbed 

species on the surface and dielectric constant [30, 32]. 
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Fig. 1. (a) Image of Asiatic Pennywort leaf (b) Colour change of AgNO3 

solution with the change of concentration AgNO3 solution (1mM to 5 
mM) containing  Asiatic Pennywort leaf extract (c) Image of Bryophyllum 
leaf (d) Colour change of AgNO3 solution with the change of 
concentration of AgNO3 solution (1mM to 5 mM) containing 
Bryophyllum leaf extracts; (e) UV-Vis absorption spectra of AgNP1 using 
different concentrations of aqueous AgNO3 solution, (1) 1×10−3mol dm−3, 
(2) 2×10−3mol dm−3 , (3) 3×10−3mol dm−3 , (4) 4×10−3mol dm−3 , (5) 

5×10−3mol dm−3 ; (f) UV-Vis absorption spectra of AgNP2 using 
different concentrations of aqueous AgNO3 solution, (1) 1×10−3mol dm−3, 
(2) 2×10−3mol dm−3 , (3) 3×10−3mol dm−3 , (4) 4×10−3mol dm−3 , (5) 

5×10−3mol dm−3.  
 

The XRD pattern of AgNP1 and AgNP2 are shown in 

Fig. (2). Appearance of many peaks in both the samples is 
an indication of good crystalline nature of the AgNPs. The  
diffraction peaks at 2θ values of 27.2

o
, 32.24

o
, 38.04

o
, 

44.92
o
, 64.48

o
 and 76.68

o
 for AgNP1 may be  assigned to 

the diffraction lines produced by (226), (264), (111), (200), 
(220) and (311) reflection planes of the face-cantered-cubic 
(fcc) structure. The peaks observed at 2θ values of 27.2

o
, 

32.04
o
, 38.12

o
, 44.8

o
, 64.4

o
 and 77.04

o
 for AgNP2 may be 

assigned to (226), (264), (111), (200), (220) and (311)  
reflection planes of the face-centered-cubic (fcc) structure. 

The TEM images of AgNP1 and AgNP2 shown in Fig. 

3(a) and (b) respectively reveals that the nanoparticles are 
almost spherical in nature. The size histogram of AgNP1 

and AgNP2 depicted in Fig. 3(e) and (f) respectively shows 
that AgNPs of average size of ~21nm and ~18 nm were 
obtained from Asiatic Pennywort and Bryophyllum leaves 
extract respectively. The TEM images show that the silver 
nanoparticles are bounded by a thin layer of other 
materials, which may be composed of organic materials 
contained in the Asiatic Pennywort and Bryophyllum leaf 
broth. The selected area electron diffraction (SAED) 

pattern of the nanoparticles in Fig. 3(c) and (d) shows face 

centered cubic (fcc) crystalline structure of silver with 
indexed different diffracting planes. 

 

 

Fig. 2. XRD of AgNP1 and AgNP2. 

 

 

(e) (f) 

 

Fig. 3. (a) TEM images of AgNP1 (b) TEM images of AgNP2 (c) SAED 
pattern of AgNP1 (d) SAED pattern of AgNP2 (e) Size distribution of 
AgNP1 and (f) Size distribution of AgNP2. 
 

Biosynthesized AgNPs were further investigated for 
antimicrobial activity against gram negative bacteria P. 
fluorescens and gram positive bacteria S. epidermidis on 
nutrient agar plates by disc diffusion method containing 
60µL of AgNP1 and AgNP2. It was observed that, the 
bacterial strains were sensitive to both AgNP1 and AgNP2.  
The biosynthesized AgNPs showed a clear inhibition zone 

against S. epidermidis and P. fluorescens bacteria (Fig. 4) 
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and recorded zone of inhibitions from 15 mm to 31.5 mm. 
The minimum inhibitory concentrations (MIC) are listed in 

Table 1. The effect of AgNP1 and AgNP2 on the growth of 

S. epidermidis and P. fluorescens is shown in Fig. 5. It 
shows that both AgNP1 and AgNP2 can affect the bacterial 
growth of S. Epidermidis and P. fluorescens. However, 
AgNP1 is more effective on gram positive bacteria S. 
epidermidis while AgNP2 was more effective on gram 
negative bacteria P. fluorescens and produced maximum 
growth inhibition zone of 30.5±1.2 mm which could be due 
to similar sizes of respective bacteria and nanoparticles. 

 

 

Fig. 4. (a) Antibacterial activity of AgNP1 on S.Epidermidis (Control and 
Repeat 1, 2, 3) (b) Antibacterial activity of AgNP2 on P. Fluorescens 

(Control and Repeat 1,2,3). 
 
Table 1. The antibacterial activity of AgNP1 and AgNP2 on Gram +ve 
bacteria. 
 

Expt. Zone inhibition value (mm) of 

AgNP1 against

Zone inhibition value (mm) 

of AgNP2 against

S.

Epidermidis

P.

Fluorescens

S. 

Epidermidis

P. 

Fluorescens

Control No effect No effect No effect No effect

Repeat 1 20.4 19 17.1 31

Repeat 2 21.2 15.7 17.7 31.5

Repeat 3 19.4 17 17.9 29.2

Mean 20.3 17.2 17.5 30.5

SD 0.9 1.6 0.4 1.2  
 

 

Fig. 5. Effect of AgNP1 and AgNP2 on the growth of gram negative 
bacteria P. fluorescens and on the growth of gram positive  bacteria S. 
epidermidis. 
 

AgNPs of average sizes of ~21 nm and ~18nm were 
obtained via bio-reduction of the silver ions by Asiatic 
Pennywort and Bryophyllum leaves extract and have been 
demonstrated through UV-Vis, XRD and TEM analysis. 
The TEM images show that the AgNPs are bounded by a 
thin layer of other materials, which may be composed of 
organic materials contained in the Asiatic Pennywort and 
Bryophyllum leaf broth. The selected area electron 

diffraction (SAED) pattern of the nanoparticles in Fig. 3(c) 

and (d) shows face centered cubic (fcc) crystalline structure 
of silver with indexed different diffracting planes. 

 

Conclusion 

Extracts of Asiatic Pennywort and Bryophyllum leaves 
were used as reducing agent for the synthesis of AgNPs. 
TEM studies revealed that, stable and almost spherical 

shaped AgNPs of average size∼18-21nm were rapidly 
synthesized by this biological approach. The antimicrobial 
activity of AgNP1 and AgNP2 was evaluated against S. 
Epidermidis and P. Fluorescens and found to be effective 
growth inhibitors against S. Epidermidis and P. 
Fluorescens bacteria. However, AgNP1 was more effective 
on gram positive bacteria Staphylococcus Epidermidis 
while AgNP2 was more effective on gram negative bacteria 
Pseudomonas Fluorescens and it could be due to size 
dependent interaction of AgNPs.  
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