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ABSTRACT 
Begonia malabarica Lam. belongs to the family of Begoniaceae and is found in peninsular India and 
Sri Lanka. In traditional medicine, leaves are used to treat different ailments such as stomach ulcer, 
stomachache, respiratory problems, diarrhea, skin diseases and blood cancer. Though antimicrobial 
activity of the aqueous extract of Begonia malabarica reported earlier there has been no report 
available for green synthesis of AgNPs. In the present study, the aqueous extract of Begonia 
malabarica was used for green synthesis of AgNPs and evaluated for antibacterial activity. 
Appearance of yellowish brown color from pale yellow color showed the formation of AgNPs. The 
synthesized AgNPs were further confirmed and characterized by UV-Vis Spectra, FT-IR, XRD, FESEM 
and EDS analysis. AgNPs of B. malabarica showed 20 mm zone of inhibition against Staphylococcus 
epidermidis, 17 mm against Pseudomonas aeruginosa and Klebsiella pneumoniae, 16 mm zone of 
inhibition against Shigella flexneri at the concentration of 100 μg.  Therefore, the study may be used 
in the development of value-added research in the biomedical and nanotechnology fields. 
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1. INTRODUCTION 
Begonia malabarica Lam. belongs to the 
family of Begoniaceae and is distributed in 
peninsular India and Sri Lanka.  Vernacular 
names are Narayanachanjeevi, Sengurungu or 
Senthandu in Tamil. In traditional medicine, 
leaves are used to treat different ailments such 
as stomach ulcer, stomachache, diarrhea, 
respiratory problems and skin diseases 
(Ramesh et al., 2002). Nanoscale structures 
and materials have been explored in many 
biological applications because of their novel 
properties and functions that drastically differ 
from their bulk counterparts. In particular, their 
high volume/surface ratio, surface tailorability, 
improved solubility and multifunctionality open 
many new possibilities for biomedical 
applications (Chauhan, 2011). Silver 
nanoparticles (AgNPs) have drawn special 
attention owing to its immense potential as an 
antimicrobial agent in biomedical and other 
healthcare applications. They are an attractive 
option because they are non-toxic to the 
human body at low concentrations and have a 
broad spectrum of antibacterial actions 
(Kulkarni, 2014). Synthesis of green 
nanoparticles and their characterization is an 
emerging field of nanotechnology from the 
past few decades due to the fact that 
nanoparticles have wide applications in 
various fields like physics, chemistry, biology 
and medicine. Application of natural methods  

 
to synthesis of nanoparticles has vital 
importance in medicinal and technological 
aspects (Begum et al., 2009; Mondal et al., 
2011). Biologically synthesized silver 
nanoparticles have a wide range of 
applications because of their remarkable 
physical, chemical and biological properties 
(Kattumuri et al., 2007; Song et al., 2008; 
Gilaki et al., 2010). In this study, green 
nanoparticles were synthesized and their 
antibacterial efficacy against various human 
pathogens was tested quantitatively by 
determining zone of inhibition. The present 
study is the first report on the synthesis and 
characterization of herbal-medicated silver 
nanoparticles using medicinally important 
Begonia malabarica.  
 
2. MATERIALS AND METHODS 
2.1. Plant materials 
Begonia malabarica Lam. is distributed in the 
peninsular India and Sri Lanka and it was 
collected from the Kolli Hills in Namakkal 
District. Authentic herbarium specimen (MBV 
& CR 1293) was deposited in the Herbarium of 
Centre for Research and Development of 
Siddha-Ayurveda Medicines (CRDSAM), 
Department of Plant Science, Bharathidasan 
University, Tiruchirappalli, Tamil Nadu, India. 
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2.2.  Extract preparation 
Leaves of B. malabarica were collected, 
shade-dried and powdered. Then, the powder 
measuring 10 g was added into 500 ml 
distilled water and this mixture was boiled at a 
temperature of 60˚C for a period of 20 min. 
After cooling, it was filtered through Whatman 
Filter Paper Mesh No. 1 to obtain a clear 
solution.  
 
2.3.  Synthesis of green AgNPs 
The reaction mixture was prepared by adding 
10 ml of the plant extract to 90 ml of 0.1 mM 
AgNO3 solution (9:1 ratio) in Erlenmeyer flask, 
mixed thoroughly, shaken manually well and 
kept under dark condition for 1 h. The color 
change was observed to dark brown from pale 
yellow and thereafter no further color change 
was observed.  

2.4. Characterization of nanoparticles 
After the prescribed incubation, the solutions 
were characterized on the basis of 
spectroscopic and microscopic analysis. 

2.5. UV-Visible Spectroscopy analysis 
After color development, a small aliquot of the 
solution was observed under UV-Vis 
spectroscopy for characterization.  

2.6. Fourier Transform-Infra Red 
Spectroscopy (FT-IR) analysis 
The analysis of bio-reducing agent present in 
the extract was measured by FT-IR. After the 
reaction, a small aliquot of the concentrated 
reaction mixture was measured in 
transmittance mode on attenuated total 
reflectance (ATR). The range of measurement 
was from 4000 to 600 cm

-1 
and the spectra 

were recorded in FT-IR spectroscopy 
(L1600400 Spectrum Two DTGS, Perkin 
Elmer, Massachusetts, USA). The spectra of 
the extract taken before and after the 
biosynthesis of nanoparticles were analyzed. 

2.7. X-ray diffraction 
XRD (MiniFlex 600, Rigaku, Japan) is one of 
the most sensitive methods for solid-state 
characterization as the result is obtained 
directly from the molecular arrangements of 
the crystalline material (Chao and Vail, 1987).  

2.8. Field Emission Scanning Electron 
Microscopy (SEM) analysis  
The aqueous solution containing silver 
nanoparticles was subjected to cooling 
centrifugation at 6000 rpm for 10 min. 
Supernatant solution was decanted and the 
remains present as thin-layer solid material 
which was collected, dried in an hot air oven at 
50˚C until complete drying and examined 

under Scanning Electron Microscopy (JEOL 
JSM 670F-6701) at different magnifications.  

2.9. Energy Dispersive Spectroscopy (EDS) 
analysis 
Compositional analysis on the sample was 
carried out by the Energy Dispersive X-ray 
spectroscopy (EDS) attached with the FE-
SEM. The nature of elements was identified 
with the help of EDS in EDAX mode. 
 
2.10. Antibacterial activity of AgNPs 
The silver nanoparticles were checked for its 
antibacterial activity by Agar-well diffusion 
method (Perez et al., 1990). It is an important 
method for studying the inhibitory effect of any 
extract/bioactive compound on the growth and 
multiplicities of the particular bacterium. 
Mueller-Hinton Agar (MHA) plates were 
swabbed (sterile cotton swab) with 24 h old 
broth culture of the respective bacteria. Here 
wells were made using sterilized cork-borer on 
the seeded nutrient agar in a petri dish to 
which the reaction mixture was added. Then, 
the plates were incubated at 37°C for 18-24 h. 
Experiments were conducted thrice and 
diameters of the inhibition zones were 
recorded and averaged to measure 
antibacterial activity. 

3. RESULTS 
Synthesis of green nanoparticles mediated by 
B. malabarica leaf extract and AgNO3 solution 
were presented in Fig.1. The change in light 
yellow color of plant extract with AgNO3 into 
dark brown indicated the formation of green 
nanoparticles.  

3.1. UV-Visible spectroscopy analysis 
UV-Vis Spectroscopy is an important bio-
physical technique to monitor the formation 
and stability of green nanoparticles with the 
help of absorption spectrum. The UV-Visible 
absorption spectrum of nanoparticles was 
presented in Fig. 2, which showed a broad 
peak at 428 nm. There was no absorption 
peak obtained to the leaf extract as well as 
control. The stability of synthesized AgNPs 
was tested at different time intervals. 

3.2. FT-IR analysis 
The FT-IR analysis was carried out to analyze 
the role of leaf extract as capping agent and 
highly bioreductant and to analyze common 
type of molecular bonds and functional groups. 
The FT-IR spectra of green nanoparticles 
mediated B. malabarica leaf extract and 
AgNO3 is presented in Fig. 3. The spectrum 
showed transmission to O-H stretch at 
3235cm

-1
, C-H bond at 2923 cm

-1 
and 2853 

cm
-1

, C=C bending at 1631 cm
-1

 and 1601 cm
-

1
, N-O stretch at 1383 cm

-1
 and C-C vibration 
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at 1018  cm
-1  

respectively for
 
the  presence of 

alcohol, alkane, amide, aromatic and nitro 
containing compounds. 

3.3. XRD analysis 
The structural determination of AgNPs was 
characterized with XRD patterns shown in Fig. 
4. The number of strong Bragg’s diffracted 
peaks were observed at 27.9˚, 32.28 ˚, 38.26 
˚, 46.28 ˚, 54.84 ˚, 57.34 ˚, 76.74 ˚ and 77.6 ˚ 
corresponding to the (38.26 - 111, 77.6 - 40.63 
hkl plane). It showed face centered cubic 
nanocrystals (JCPDS, file no. 04-0783).  

3.4. SEM analysis  
Scanning Electron Microscope provided the 
final conformation about the morphology of 
synthesized green nanoparticles in Fig. 5. The 
green nanoparticles were of spherical in shape 
and were formed with a diameter of 22.6 nm at 
50,000X magnification. 

3.5.  EDS analysis 
EDAX analysis indicated a strong metal signal 
for silver that confirmed the elemental silver 
(Fig. 6). 

3.6.  Antibacterial activity 
The antimicrobial properties of silver have 
been used for years in the field of medicine for 
treating infections. The antimicrobial property 
of AgNPs by disk and well diffusion methods is 
presented in Figs. 7-10. AgNPs of B. 
malabarica showed 20 mm zone of inhibition 
against Staphylococcus epidermidis, 17 mm 
against Pseudomonas aeruginosa and 
Klebsiella pneumoniae, 16 mm zone of 
inhibition against Shigella flexneri at the 
concentration of 100 μg.  Aqueous extract 
exhibited 12 mm zone of inhibition against P. 
aeruginosa and K. pneumoniae, 10 mm 
against S. flexneri and 8 mm against S. 
epidermidis. However, chloramphenicol 
showed 34 mm zone of inhibition against S. 
epidermidis, 22 mm against P. aeruginosa, 20 
mm against S. flexneri and 18 mm against K. 
pneumoniae. Control did not show any activity. 

4. DISCUSSION 
The advancement of green synthesis over 
chemical method is environment friendly, cost- 
effective, easily scaled up for large-scale 
synthesis, furthermore, there is no need to use 
high temperature, pressure, energy and toxic 
chemicals (Susan et al., 2009). In the present 
study, the aqueous extract of B. malabarica 

was used for the biosynthesis of silver 
nanoparticles and its efficacy of antibacterial 
activity. Nanoparticles have been 
characterized by using a wide range of 
techniques. The metabolic products of B. 
malabarica behaved as reducing agent in the 

synthesis and growth of silver nanoparticles as 
evidenced from a color change from pale 
yellow to brown showing characteristic 
reduction of silver (Fig. 1). It might be due to 
the surface plasma resonance effect and 
reduction of AgNO3 (Das et al., 2010).  
UV-Visible spectrum showed strong peak at 
428 nm (Fig. 2). It is because of silver plasma 
resonances, that is appeared between 400 
and 500nm (Baia and Simon, 2007). FT-IR 
Spectroscopy is useful for probing the 
chemical composition of the surface of the 
silver nanoparticles (Umoren et al., 2014). It 
showed transmission at 3235, 2923, 2853, 
1631, 1601, 1383 and 1018 cm

-1 
respectively 

for
 
the presence of alcohol, alkane, amide, 

aromatic and nitro containing compounds; 
these are acting as a capping agent on silver 
nanoparticles (Fig. 3). Capping agents are 
also used for size stabilization of the 
nanoparticles. Chemicals used for synthesis of 
nanoparticles are toxic and led to non-
ecofriendly by products. This may be the 
reason which leads to the biosynthesis of 
nanoparticles using green method (Sharma et 
al., 2009).    
The characterization studies by scanning 
electron microscopy have provided the 
morphology of synthesized silver nanoparticles 
and EDS analysis confirms the presence of 
silver signal (Ali et al., 2011).  In the present 
study, the diffraction peaks obtained in XRD 
corresponded to face-centered cubic structure 
of metallic silver ions. These nanoparticles 
were found to have a crystalline structure with 
face-centered cubic geometry as studied by 
XRD method (Fig. 4). Crystalline nature of 
green synthesized AgNPs can be confirmed 
by the reflectance in the diffractogram of XRD 
pattern. The intense reflection at 111 indicates 
that the nanocrystals are highly anisotropic 
(Ankamwar et al., 2005). SEM observation 
provides more information about the size and 
shape of nanocrystals. Small spherical silver 
nanoparticles were observed with size ranging 
from 22.6 to 22.8 nm at X50000 magnification. 
EDS analysis showed the occurrence of 
AgNPs in higher amount with trace amount of 
calcium and phosphorus (Fig. 5).  
AgNPs of B. malabarica exhibited 20 mm zone 
of inhibition at the concentration of 100 μg 
against S. epidermidis but minimum 
bactericidal concentration (MBC) of AgNPs 
was 20 μg/ml to S. aureus, when bacterial 
cells exposed to 50 μg/ml, it lost its replicating 
abilities (Li et al., 2011). 
AgNPs synthesized using banana peel 
showed 15 mm zone of inhibition against P. 
aeruginosa isolate (Ibrahim, 2015) and AgNPs 
of Lactobacillus acidophilus exhibited 60 and 
100 μg/ml MIC against K. pneumoniae (Rajesh 
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et al., 2015).  In the present study, AgNPs of 
B. malabarica showed 17 mm zone of 
inhibition at the concentration of 100 μg 
against P. aeruginosa and K. pneumoniae. 
Comparatively, it is higher. In Acacia 
leucophloea,  synthesized AgNPs showed 15 
mm zone of inhibition at the concentration of 
100 μl  against S. flexneri (Murugan et al., 
2014). But, AgNPs of B. malabarica showed 
16 mm zone of inhibition, slightly higher, at the 
concentration of 100 μg against S. flexneri. 
Due to their antibacterial activity of silver 
nanoparticles, it has been used most widely in 
the health industry, food storage, textile 

coatings, and a number of environmental 
applications (Sharma et al., 2009).  
 
5. CONCLUSION 
In the present study, green synthesis and 
characterization of silver nanoparticles from B. 
malabarica were carried out and their 
antibacterial potential against human 
pathogens was tested. AgNPs showed the 
best antibacterial activity than its aqueous 
extract of B. malabarica. Therefore, the study 
may be used in the development of value-
added research in the biomedical and 
nanotechnology fields. 

 
 

 

 
Fig. 1: Synthesis of AgNPs from B. malabarica,  
a. control, b. before synthesis c. after synthesis 
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Fig 2: UV-Visible spectrum of AgNPs 

 

 

 
Fig. 3: UV-Visible spectrum of AgNPs at different time intervals 
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Fig. 4: FT-IR absorption spectrum,  

a. before bio-reduction, b. after bio-reduction 
 

 

 
Fig. 5: X-ray diffraction analysis of AgNPs 
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Fig. 6: SEM analysis of AgNPs 

 

 
Fig. 7: EDS analysis of AgNPs 
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Fig. 8: Antibacterial activity of AgNPs 

 
 

 
Fig. 9: Comparison of antibacterial activity of synthesized AgNPs 
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