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Abstract: Natural of silver nanoparticles has now become a novel method to physical and chemical approaches. In the present study,
silver nanoparticles (AgNPs) were synthesized from banana peel extract (BPE). Our present research is to investigate on the synthesis
eco-friendly silver nanoparticles using banana peel extract. In this natural synthesis we used banana peel extract which act as natural
reducing agent to synthesize biodegradable silver nanoparticles. Natural silver nanocomposite hydrogels were prepared by a green
process using Acrylamide (AM) with banana peel extract. The silver nanoparticles were prepared by reducing AgNO3 with banana peel
extract. Banana peel extract was found to reduce the silver ions (Ag + to Ag0) and capping agent. The characteristic color of hydrogel is
changed to reddish brown in the reaction due to reduction. The UV-Vis spectrum of silver nanoparticles of our results revealed a
characteristic surface plasmon- resonance (SPR) peak at 460 nm. X-ray diffraction (XRD) revealed their crystalline nature. Scanning
electron microscope showed Monodispersed spherical shaped nanoparticles. The average size of nanoparticles was 10nm as confirmed
by Transmission electron microscope. Fourier transform infrared spectroscopy (FT-IR) affirmed the role of BPE as a reducing and
capping agent of silver ions. The antibacterial activity of these nanoparticles was also studied against Gram-positive and Gram-negative
bacteria. The characteristic color of hydrogel is changed to reddish brown in the reaction due to reduction.
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1. Introduction
Nanoparticle research is inevitable because of its application
and synthesis (Gopinath et al., 2012).Nanotechnology is a
fast developing field with its application in science and
technology. Nanoparticles are of great interest due catalytic,
optical, magnetic, and electrical properties.
Nanoparticles have unique electrical, optical as well as
biological properties and are thus applied in catalysis,
biosensing, imaging, drug delivery, nanodevice fabrication
and in medicine (Jain et al., 2008 and Nair and Laurencin,
2007).Synthesis of silver nanoparticles was extensively
studied employing chemical and physical methods, but the
development of reliable natural technology to produce
nanoparticles is an important aspect of nanotechnology
(Natarajan et al., 2010). Using microorganisms and
enzymes, are suggested as possible natural alternatives
(Mohanpuria, Rana, & Yadav, 2008).
The plants or plants extract, which act as reducing and
capping agents for nanoparticles synthesis, are more
advantageous over other biological processes (Valli &
Vaseeharan, 2012), because they avoid the elaborated
process of culturing and maintaining of the cell (Saxena,
Tripathi, Zafar, & Singh, 2012). Moreover, nanoparticles
from plant is preferred because it is cost-effective,
ecofriendly, a single-step method for biosynthesis process
and human friendly (Kumar & Yadav, 2009).
Different parts of plant materials such as extracts
(MubarakAli, Thajuddin, Jeganathan, & Gunasekaran,
2011), fruit (Prathna, Chandrasekaran, Raichur, &
Mukherjee, 2011), bark (Satishkumar et al., 2009), fruit
peels (Bankar, Joshi, Kumar, & Zinjarde, 2010), root
(Ahmad et al., 2010) and callus (Nabikhan, Kandasamy, Raj,

& Alikunhi, 2010) have been studied so far for the synthesis
of silver, gold, platinum and titanium nanoparticles in
different sizes and shapes (Gopinath et al., 2012).
Natural nanoparticle synthesis is achieved by using plant
extracts. Bananas are consumed all over the world, after
consumption of the pulp, the peels are generally discarded
(Bankar et al., 2010). A few applications of banana peels
discussed in the literature include (i) exploitation for their
medicinal properties (Parmar & Kar, 2008); (ii) in ethanol
fermentation (Tewari, Marwaha, & Rupal, 1986); (iii)
application as a substrate for generating fungal biomass
(Essien, Akpan, & Essien, 2005); (iv) use in the production
of laccase (Osma, Toca, Rodriguez Couto, 2007); and (v)
utilization as a biosorbent for heavy metal removal
(Annadurai, Juang, & Lee, 2003). In addition, banana peels
that are inherently rich in polymers such as lignin, cellulose,
hemicellulose and pectins (Emaga, Andrianaivo, Wathelet,
Tchango, & Paquot, 2007) could be used in the synthesis of
silver nanoparticles.
Banana peels are rich in polymers such as lignin, cellulose,
hemicellulose and pectins could be used in the synthesis of
silver nanoparticles. Pectin is a complex polysaccharide
mainly consisting of D-galacturonic acid polymers form the
backbone of pectin materials which link together through α1,4-glycosidic linkage. Different pectins may have different
side chains of arabinose, galactan, arabinogalactan, glucose,
mannose and xylose (Lee et al., 2010). The extraction of
pectins are reported in apple pomace, sugar beet, citrus
peels, peach promace, and pumpkin (Qiu et al., 2010)and
in banana skin Emaga et al., (2008).
The present study aims to synthesize silver nanoparticles by
a green biological route, using an extract derived from
banana peel waste, and characterization of the synthesized
nanoparticles utilizing UV–visible spectroscopy, scanning
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electron microscope (SEM), transmission electron
microscope (TEM), X-ray diffraction (XRD), and Fourier
transform infrared spectroscopy (FT-IR) analysis.
There is an increasing interest in silver nanoparticles on
account of the antimicrobial properties (Choi et al., 2008).
Silver is a nontoxic, safe inorganic antibacterial agent that is
capable of killing about 650 types of diseases causing
microorganisms (Jeong, Yeo, & Yi, 2005).They are even
being projected as future generation antimicrobial agents
(Rai, Yadav, & Gade, 2009).

2. Materials
Fresh banana was obtained from (Sri Krishnadevaraya
University, Campus, Anantapur), Acrylamide (AM), N,N1methylenebisacrylamide (MBA), Ammonium persulphate
(APS), N,N,N1,N1- tetramethylrthylenediamine (TMEDA),
Silver nitrate (AgNO3) were supplied by Merck (Mumbai,
India). All chemicals were used without further purification.
Throughout the experiments double distilled water was used.
The department of Botany (Sri Krishnadevaraya University,
Anantapur, India) has provided standard cultures of the
micro organisms.
2.1. Preparation of Banana Peel Extract (BPE)
Banana peels were cut it into small pieces (< 5 mm), washed
three times with tap water and three times with distilled
water to remove external dirt impurities present in it. Then,
the peels were removed and dried on paper towelling. About
25 g of peel was taken in a 100 ml beaker containing 50 ml
double distilled water and then the peel was boiled at 80 0C
for 10 min and filtered through Whatman No. 1 filter paper
twice to remove insoluble fractions and macromolecules.
The resultant filtrate was stored at 40 C. In this Banana peel
extract act as a self reducing agent.
2.2. Preparation of Poly (Banana
Acrylamide P(AM-BPE) Hydrogels

Peel

Extract-

To prepare the P(AM-BPE) hydrogels, the initial solution
consisting of monomer AM (1g), double distilled water (3
ml) and various ratios (1ml to 2.5ml) of BPE was stirred at
300 rpm for 2 h at ambient temperature. Then the activator
TMEDA (1.0 mM) was added with stirring. Finally, an
aqueous solution of the initiator APS (1.0mM) and MBA as
crosslinker (0.5mM) were added to the solution. After the
addition of the reaction mixture by stirring at 100 rpm on a
magnetic
stirrer
then
the
free-radical
addition
polymerization was carried out at ambient temperature.
After the reaction has been completed, the hydrogels were
immersed in distilled water separately at ambient
temperature for 24 h to remove the un-reacted materials
present in the hydrogel network. Finally, the hydrogel was
dried at ambient temperature for 48 h. Similarly, other
hydrogels were prepared by the above procedure.
2.3. Fabrication of silver nanocomposite hydrogels
Briefly, 500 mg of dry hydrogels were equilibrated in
double distilled water for 48 h and the swollen hydrogel
species were transferred in to a beaker containing 50 ml of

AgNO3 (100.07 mM (5.1 g/ 300 ml)) aqueous solution and
then allowed to equilibrate for 24 h. During this equilibrium
stage, the Ag+ ions are being exchanged from solution to the
P(AM-BPE) hydrogel networks. The Ag+ ions loaded
P(AM-BPE) hydrogels were wiped off using tissue paper.
The beaker was left in the refrigerator (4 0C) for 5 h in order
to reduce the Ag+ ions into Ag0 nano particles. The Ag0 nano
particles in the hydrogel obtained were allowed to dry at
ambient temperature and the product was used for further
studies. In a similar method, the BPE-based hydrogels were
prepared by varying the BPE concentration. It was powdered
and used for characterization. Table 1 illustrates the various
components used in the preparation of P(BPE-AM)
hydrogels.
2.4. Characterization
Fourier transform infrared (FTIR) spectroscopy
FTIR spectrophotometer is used to study the transmission of
the hydrogel pattern, Ag+ ions incorporation and Ag0
nanoparticles patterns in hydrogel networks. The hydrogels
and the Ag0 nano particles-embedded P(AM-BPE)
hydrogels were completely dried in the oven (Baheti
Enterprises, Hyderabad, India) at 600C for 6 h before their
FTIR experiments. Samples were examined between 500
and 4000cm-1 on a Bruker IFS 66V FTIR spectrometer
(Ettlingen, Germany), using the KBr disk method.
2.5 UV-vis spectrophotometer
UV–vis spectra of P(AM-BPE)+Ag0 nanocomposites
hydrogels were recorded on an ELICO SL 164 Model UV–
vis spectrophotometer (The Elico co, Hyderabad, India)
from 300 to 550 nm. For this study, 100 mg of P(AMBPE)+Ag0 nanocomposite hydrogels were dispersed in 10
ml of distilled water and allowed to stand for 24 h in order to
extract, as much as possible the Ag0 nanoparticles into
aqueous phase and these solutions were recorded for their
UV-vis absorption spectra.
2.6 Thermal studies
Thermal analysis (TGA) of the samples were carried out
using SDT Q 600 DSC instrument (T.A. Instruments-water
LLC, Newcastle, DE 19720, USA), at a heating rate of 10
0
C/min under a constant nitrogen flow (100 ml/min).
2.7 X-ray diffraction (XRD)
X-ray diffraction (XRD) method was used to identify the
formation of Ag0 nano particles in the P(AM-BPE)
hydrogels network. These measurements were carried out on
dried and finely grounded samples on a Rikagu
diffractometer (Cu, Kα radiation, λ= 0.1546 nm) at 40 kV
and 50 mA.
2.8 Scanning electron microscopy (SEM)
Scanning electron microscopy (SEM) analysis of plain
P(AM-BPE) hydrogel and Ag0 nanoparticles impregnated
P(AM-BPE) hydrogels were performed using a JEOL JEM7500F (Tokyo, Japan) operated at an accelerating voltage of
2 kV. All the samples were carbon-coated, prior to
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examination on a field emission scanning electron
microscope.
2.9 Transmission electron microscopy
Transmission electron microscope (TEM) (JEM-1200EX,
JEOL, Tokyo, Japan) was used for morphological

observation. TEM sample was prepared by dispersing two to
three drops of finely grinded P(AM-BPE)+Ag0
nanocomposite (1mg/1ml) solution on a 3 mm copper grid
and dried at ambient temperature after removing the excess
solution using filter paper.
2.10 Swelling studies

Table 1: Preparation of P(AM-BPE) hydrogels feed composition

Sample Code AM (gm) BPE (ml) MBA (1%)(mL) APS (1%)(mL) TMEDA(1%)(mL) Swelling ratio of equilibrium(Seq)(Sg/g)
P(AM-BPE)1
1
1
0.5
1
1
6.314
P(AM-BPE)2
1
1.5
0.5
1
1
10.587
P(AM-BPE)3
1
2.0
0.5
1
1
25.900
P(AM-BPE)4
1
2.5
0.5
1
1
36.258

The swelling ratios of hydrogel samples were measured at
ambient temperature using a gravimetric method. The dried
hydrogels were immersed in a 50 ml beaker containing
double distilled water until their weight becomes constant.
The hydrogels were then removed from water and their
surfaces were blotted with filter paper before being weighed.
Furthermore, the swollen hydrogels were treated with
AgNO3 via a green process. The swelling ratio or swelling
capacity (Sg/g) of the hydrogels developed and their
nanocomposites were calculated using the equation 1:

Swellingr ratio :( S g ) 
g

(Ws  Wd )
Wd

(1)
where Ws and Wd denote the weight of the swollen hydrogel
at equilibrium and the weight of the dry hydrogel,
respectively. The data provided is an average value of 4
individual sample readings. The swelling studies are
presented in the form of graph in Fig.2 in the results &
discussion section.
2.11 Antibacterial activity
The antibacterial activity of the Ag0 nanocomposite P(AMBPE) hydrogels, under study, was investigated by disc
method, using the standard procedure described elsewhere
(Vimala, Samba Sivudu,Murali Mohan, Sreedhar, &
Mohana Raju, 2009; Varaprasad, Vimala,Ravindra,
Narayana Reddy, Venkata Subba Reddy, et al., 2011;
Varaprasad, Vimala, Ravindra, Narayana Reddy, & Mohana
Raju,2011). Nutrient agar medium was prepared by mixing
peptone (5.0 g), beef extract (3.0 g) and sodium chloride
(NaCl) (5.0 g) in 1000 ml distilled water and the pH was
adjusted to 7.0. Finally, agar (15.0 g) was added to the
solution. The agar medium was sterilized in a conical flask
using Autoclave at a pressure of 6.8 kg (15 lbs) for 30 min.
This medium was transferred into sterilized Petri dishes in a
laminar air flow chamber (Microfilt Laminar Flow Ultra
Clean Air Unit, India, Mumbai).After solidification of the
media, bacteria culture (Staphylococcus aureus and
Escherichia coli) (50 μl) was spread on the solid surface of
the media. Over this inoculated Petri dish, one drop of gel
solutions (20 mg /10 ml distilled water) was added using a
10 μl tip and the plates were incubated for 48 h at 37 0C.
After the incubation period, the zone of inhibition (in mm
diameter) was observed and tabulated.

3. Results & Discussion
3.1 Characterization
FTIR measurements were carried out to identify the major
functional groups on the P(AM-BPE )4 surface and their
involvement in the synthesis and stabilization of silver
nanoparticles. The spectra of P(AM-BPE )4 before and after
reaction with silver nitrate are represented in Fig. 1. Control
spectrum (P(AM-BPE )4 untreated with AgNO3) showed
several peaks indicating the complex nature of the biological
material. The bands appearing at 2798.4, 2428.5, 1595,
1384, 1108.7, 915.6,762.6 and 616.6 cm_1 were assigned to
stretching vibration of O-H of alcohol or N-H of amines, CH of alkanes, C=O of carboxylic acid,or ester, N-C=O of
amide I bond of proteins , CH 2 of alkanes, C-O of carboxylic
acid , ester, or ether ,C-N of
aliphatic amines or
alcohol/phenol, N-H deformation of amines, and C-C
bending, respectively (Socrates, 1980). After reaction with
AgNO3 there was a shift in the following peaks: 2798.4 to
2926.9, 2428.5 to 2363.9, 1595 to 1598.6, 1384 to 1414.1,
1108.7 to 1150.1, 915.6 to 1021and 616.6 to 557.6cm-1
indicating that carboxyl, hydroxyl and amide groups on the
surface of P(AM-BPE )4 +Ag0 nanocomposites may be
participating in the process of nanoparticle synthesis
(Bankar et al., 2010). Banana peel extract are mainly
composed of pectin, cellulose and hemicelluloses (Emaga et
al., 2007) and the functional groups associated with
biological components are known to interact with metal salts
and mediate their reduction to nanoparticles (Bar et al.,
2009).

Figure 1: FTIR spectra of pure P(AM-BPE)4 hydrogel and
P(AM-BPE)4+Ag0 nanocomposite hydrogel
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3.2 Visual observation and UV–visible spectroscopy

3.4 X-ray diffraction (XRD) analysis:

Noble metals exhibit unique optical properties due to surface
plasmon-resonance (SPR) (Bindhu & Umadevi, 2013).
Formation of silver nanoparticles was predicted by the color
change from yellowish brown to reddish brown. The UV
intense absorbance peaks at, 454.07, 455.42, 456, 456.10
and 460 nm are observed i.e., in between 450-460 excitation
vibrations of the silver nanoparticles. It is due to the
reduction of silver ions ( Ag+ )into silver nanoparticles( Ag°
) in the BPE (Ahmad et al., 2003).Red shift indicates either
an increase in the size or aggregation of AgNPs in BPE. The
same was confirmed by TEM analysis. These results are in
agreement with (Mulvaney, 1996) who obtained peak
at λ 460 nm

The crystalline nature of AgNPs is confirmed by X-ray
diffraction (XRD) analysis. It is used to characterize
crystallographic structure, grain size, and orientation. Silver
nanoparticles showed Bragg Reflection peaks at 38.06 0,
44.260, 64.50 and 780 in the 2 range between 10-800
(111), (200), (220) and (311) planes of face centered cubic
(fcc) crystal, respectively. They have a good match with the
standard diffraction corresponding to the reflections of
crystal planes. Synthesized silver nanoparticles are
composed of pure crystalline silver and the particle size is
approximately 10 nm. The peak corresponding to (111)
plane is more intense than the other planes, suggesting that
the (111) plane is in the predominant orientation.

Figure 2: UV-vis of spectra of P(AM-BPE) +Ag0
nanocomposite hydrogels

Figure 4: XRD patterns of pure P(AM-BPE)4 hydrogel and
P(AM-BPE)4 +Ag0 nanocomposite hydrogel
3.5 Scanning electron microscopy

3.3 Thermogravimetric Analysis
The initial weight loss (around 1000C) observed is due to
loss of moisture present in the hydrogels. The weight loss
observed in the case of P (AM-BPE)4 hydrogels is 78.17% at
4870C where as the weight loss observed for P(AM-BPE)4
+Ag0 at this temperature is 76.29%. The weight loss
difference between the P(AM-BPE)4 and P(AM-BPE)4 +Ag0
represents the presence of silver nanoparticles in P(AMBPE)4 +Ag0. The percentage amount of silver nanoparticles
present in the P(AM-BPE)4 +Ag0 hydrogels can be
calculated from the difference in the weight loss between the
P(AM-BPE)4 and P(AM-BPE)4 +Ag0 hydrogels at 8000C
(~8%), which is ~ 7.89%.

Fig.5 (a) shows the SEM micrographs of the P(AM-BPE) .It
shows a clear rough morphology for the pure P(AM-BPE)
hydrogel, whereas Ag0 nanoparticles loaded P(AM-BPE)
hydrogel as shown in Fig.5(b) exhibited smaller
nanoparticles distributed throughout the porous gel matrix
which is in agreement with the UV-Vis spectra because BPE
slightly escaped from the hydrogels as it can be seen in
Fig.5(c). No individual silver nanoparticles were observed
outside the P(AM-BPE) hydrogels, indicating a strong
interaction between the P(AM-BPE) and the Ag0 particles.

Figure 3: Thermogravimetric analysis of P(AM-BPE)4
hydrogel and P(AM-BPE)4 +Ag0 nanocomposite hydrogel
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Figure 5: SEM images of: pure P(AM-BPE)4, P(AM-BPE)4+Ag+ and P(AM-BPE)4+Ag0 nanocomposite hydrogels
3.6 Transmission electron microscopy (TEM) analysis:

3.7 Swelling properties

TEM analysis also confirmed the formation of spherical Ag0
nanoparticles in the P(AM-BPE) hydrogels network. It
conforms the results obtained by SEM. The TEM image is
shown in Fig.6 The average size of the nanoparticles was
found to be about 10 nm. Nanopartical crystalline nature is
evidenced by selected area electron diffraction patrons with
bright light spots. It is evident that Ag0 nanoparticles were
highly stabilized by using BPE in the hydrogel network.

The result present in Fig. 7 indicates that the Ag0
nanocomposite hydrogels have superior swelling ratio, when
compared to the blank P(AM-BPE) hydrogels. The reason
for this is that when Ag+ ions-loaded hydrogels were
reduced by self reduction, the many Ag+ ions present in the
hydrogels led to the formation of silver nanoparticles within
the hydrogel, which expanded the gel networks and
promoted higher water molecules uptake capacity. This
interesting phenomenon can play significant role in
biomedical applications, particularly in antibacterial
applications. Based on this characteristic, (Varaprasad et al.,
2011) have prepared different type of hydrogels for drug
delivery and antibacterial applications

Figure 6: TEM images of P(AM-BPE)4+Ag0
nanocomposite hydrogel

Figure 7: Swelling behaviour of P( AM-BPE), P( AM-BPE)+Ag+ varied hydrogels and Ag0 nanocomposite
3.8 Antibacterial activity of silver nanoparticles
The natural synthesized silver nanoparticles showed
excellent antimicrobial activity against clinically isolated
Multidrug-resistant human pathogens such as Gram-positive
bacteria Staphylococcus aureus, and Gram-negative bacteria
E.coli .The antibacterial abilities of P(AM-BPE) and Ag0
nanoparticles contained hydrogels were investigated by

calculating their capacity to inhibit the zone of bacillus and
E. coli growth on agar culture dishes. After 48 h of
incubation at 37 0C, there was the inactivation of bacterial
zones and no of bacterial colonies were clearly observed
(Fig. 8) in the Petri dishes. The diameter of the inhibition
zone for the Ag0 nanocomposite P(AM-BPE) hydrogel is as
follows: (Fig. 8 I(b ) (1.7 cm)and II(b) (1.6 cm)), whereas
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for the pure P(AM-BPE) hydrogels (Fig. 8 I(a) 0.0 cm and
II(a) 0.0 cm), it showed no inhibition ability.

Figure 8: Antibacterial activity of I(a) plain P(AM-BPE)4,
I(b) P(AM-BPE)4+Ag0 nanocomposite hydrogels on
Staphylococcus aureus, and II(a) plain P(AM-BPE)4, II(b)
P(AM-BPE)4+Ag0 nanocomposite hydrogels on E.coli

4. Conclusion
An effective natural process for the fabrication of a novel
silver nanocomposite hydrogel with banana peel extract as a
stabilizing agent for the silver nanoparticles has been
investigated. The Ag0 nanoparticles were prepared by
reducing AgNO3 with banana peel extract. These were
analysed by spectral, thermal and electron microscopy. In
our study it is found that nanoparticles obtained were sized
10 nm The synthesis of silver nanoparticles were confirmed
by the change of color banana peel extract. The Ag0
nanocomposite hydrogels have significant antibacterial
activity against Staphylococcus aureus and E. coli. Toxicity
studies of silver nanoparticles on human pathogen opens a
new door for a new range of antibacterial agents.

References
[1] Ahmad, A., Mukherjee, P., Senapati, S., Mandal, D.,
Khan, M. I.,Kumar, R., et al. (2003). Extracellular
biosynthesis of silver nanoparticles using the fungus
Fusarium oxysporum. Colloids and Surfaces, B:
Biointerfaces, 28, 313-318.
[2] Albrecht MA, Evan CW, Raston CL (2006) Green
chemistry and the health implications of nanoparticles.
Green Chem 8:417–432
[3] Annadurai G, Juang RS, Lee DJ (2003) Adsorption of
heavy metals from water using banana and orange
peels. Water Sci Technol 47:185–190
[4] Arawande JO, Komolafe EA (2010) antioxidative
potentials of banana and plantain peel extracts on crude
palm oil. Ethnobot Leafl 14:559–569
[5] Bankar, A., Joshi, B., Kumar, A. R., & Zinjarde, S.
(2010). Banana peel extract mediated novel route for
the synthesis of silver nanoparticles. Colloids and
Surfaces A-Physicochemical and Engineering Aspects,
368, 58-63.
[6] Bar H, Bhui DK, Sahoo GP, Sarkar P, Pyne S, Misra A
(2009) Green syntheis of silver nanoparticles using seed
extract of Jatropha curcas. Colloids Surf A Physicochem Eng Asp 348:212–216
[7] Begum NA, Mondal S, Basu S, Laskar RA, Mandal D
(2009) Biogenic synthesis of Au and Ag nanoparticles
using aqueous solution of black tea leaf extracts.
Colloids Surf B Biointerfaces7(1):113–118
[8] Bharani M, Karpagam T, Varalakshmi B, Gayathiri G,
Priya LK (2012) Synthesis and characterization of silver

nano particles from Wrightia tinctoria. Int J Appl Biol
Pharm Technol 3:58–63
[9] Brand-Williams W, Cuvelier ME, Berset C (1995) Use
of Free Radical Method to Evaluate Antioxidant Activity. Lebensmittel Wissenschaft und Technologie 28:25–
30
[10] Choi, O., Deng, K. K., Kim, N. J., Ross, L., Jr.,
Surampalli, R. Y., & Hu, Z. (2008). The inhibitory
effects of silver nanoparticles, silver ions, and silver
chloride colloids on microbial growth. Water Research,
42, 3066-3074.
[11] Dibrov P, Dzioba J, Gosink KK, Hase CC (2002)
Chemiosmotic Mechanism of Antimicrobial Activity of
Ag? in Vibrio cholera Antimicrob. Agents Chemother
46:2668–2670
[12] Easu SR, Roberto SB, Ocotlan-Flores J, Saniger JM
(2010) Synthesis of AgNPs by sonochemical induced
reduction application in SERS. J Nanopart Res 9:77
[13] Emaga, T. H., Andrianaivo, R. H., Wathelet, B.,
Tchango, J. T., & Paquot, M. (2007). Effects of the
stage of maturation and varieties on the chemical
composition of banana and plantain peels. Food
Chemistry, 103, 590-600.
[14] Emaga, T. H., Robert, C., Ronkart, S. N., Wathelet, B.,
and Paquot, M. (2008). Dietary fibre components and
pectin chemical features of peels during ripening in
banana and plantain varieties. Bioresource Technology.
99: 4346-4354.
[15] Essien JP, Akpan EJ, Essien EP (2005) Studies on
mould growth and biomass production using waste
banana peel. Bioresour Technol 96:1451–1456
[16] Ganesh Babu MM, Gunasekaran P (2009) Production
and structural characterization of crystalline silver
nanoparticles from Bacillus cereus isolate. Colloids Surf
B Biointerface 74:191–195
[17] Gong P, Li H, He X, Wang K, Hu J, Tan W (2007)
Preparation and antibacterial activity of Fe3O4 and Ag
nanoparticles. Nanotechnol 18:604–611.
[18] Gopinath, V., MubarakAli, D., Priyadarshini,
S.,Priyadharsshini, N. M., Thajuddin, N., Velusamy, P.,
et al.(2012). Biosynthesis of silver nanoparticles from
Tribulus terrestris and its antimicrobial activity: a novel
biological approach. Colloids and Surfaces, B:
Biointerfaces, 96, 69-74.
[19] Guangquan L, Dan H, Yongqing Q, Buyuan G, Song G,
Yan C (2012) Fungus mediated green synthesis of silver
nanoparticles using Aspergillus terreus. Int J Mol Sci
13:466–476.
[20] Happi Emaga T, Robert C, Ronkart SN, Wathelet B,
Paquot M (2007) Dietary fibre components and pectin
chemical features of peels during ripening in banana
and plantain varieties. Bioresour Technol 99:4346–
4354.
[21] He R, Qian X, Yin J et al (2002) Preparation of
polychrome silver nanoparticles in different solvents. J
Mater Chem 12:3783–3786.
[22] Jain, P. K., Huang, X., El-Sayed, I. H., & El-Sayed, M.
A. (2008).Noble metals on the nanoscale: optical and
photothermal properties and some applications in
imaging, sensing, biology,and medicine. Accounts of
Chemical Research, 41, 1578-1586.
[23] Jeong SH, Yeo SY, Yi SC (2005) The effect of filler
particle size on the antibacterial properties of

Volume 5 Issue 8, August 2016
www.ijsr.net

Licensed Under Creative Commons Attribution CC BY
Paper ID: ART20161265

1439

International Journal of Science and Research (IJSR)

ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391
compounded polymer/silver fibers. J Mat Sci 40:5407–
5411.
[24] Kanazawa K, Sakakibara H (2000) High Content of Dopamine, a Strong Antioxidant in Cavendish Banana. J
Agric Food Chem 48(3):844–84.
[25] Kanazawa K, Sakakibara H (2000) High Content of Dopamine, a Strong Antioxidant in Cavendish Banana. J
Agric Food Chem 48(3):844–848.
[26] Kasthuri J, Veerapandian S, Rajendiran N (2009)
Biological synthesis of silver and gold nanoparticles
using apiin as reducing agent. Colloid Surf B Biointerf
68:55–60.
[27] Kaviya S, Santhanalakshmi J, Viswanathan B,
Muthumar J, Srinivasan K (2011) Biosynthesis of silver
nanoparticles using Citrus sinensis peel extract and its
antibacterial activity. Spectrochim Acta Part A Mol
Biomol Spectrosc 7:594–598.
[28] Kumar, V., & Yadav, S. K. (2009). Plant-mediated
synthesis of silver and gold nanoparticles and their
applications. Journal of Chemical Technology and
Biotechnology, 84, 151-157.
[29] Martinez-Castanon GA, Nino-Martinez N, MartinezGutierrez F, Martinez- Mendoza JR (2008) Synthesis
and antibacterial activity of silver nanoparticles with
different sizes. J Nanopart Res 10:1343–1348.
[30] Mohanpuria, P., Rana, N. K., & Yadav, S. K. (2008).
Biosynthesis of nanoparticles: technological concepts
and future applications.Journal of Nanoparticle
Research, 10, 507-517.
[31] MubarakAli, D., Thajuddin, N., Jeganathan, K., &
Gunasekaran, M. (2011). Plant extract mediated
synthesis of silver and gold nanoparticles and its
antibacterial activity against clinically isolated
pathogens. Colloids and Surfaces, B: Biointerfaces, 85,
360-365.
[32] Mulvaney, P. (1996). Surface plasmon spectroscopy of
nanosized metal particles. Langmiur, 12, 788-800.
[33] Nabikhan, A., Kandasamy, K., Raj, A., & Alikunhi, N.
(2010). Synthesis of antimicrobial silver nanoparticles
by callus a leaf extracts from saltmarsh plant, Sesuvium
portulacastrum L. Colloids and Surfaces, B:
Biointerfaces, 79, 488-493.
[34] Nair, L. S., & Laurencin, C. T. (2007). Silver
nanoparticles:synthesis and therapeutic applications.
Journal of Biomedical Nanotechnology, 3, 301-316.
[35] Natarajan, K., Selvaraj, S., & Ramachandra, M. V.
(2010). Microbial production of silver nanoparticles.
Digest Journal of Nanomaterials and Biostructures, 5,
135-140.
[36] Navaladian S, Viswanathan B, Viswanath RP,
Varadarajan TK (2007) Thermal decomposition as route
for silver nanoparticles. Nanoscale Res Lett 2:44–48.
[37] Nidhi N, Santosh K, Ghosh T, Dutta PK (2009)
Preparation of Chitosan based silver nano composites
by a facile method. International Conference on Optics
and Photonics, Chandigarh: CSIO
[38] Novak JP, Feldheim DL (2000) Assembly of
phenylacetylene bridged silver and gold nanoparticle
arrays. J Am Chem Soc 122:3979–3980.
[39] Osma JF, Toca Herrera JL, Rodriguez Couto R (2007)
Banana skin: a novel waste for laccase production by
Trametes pubescens under solid-state conditions.

Application to synthetic dye decolouration. Dyes
Pigments 75:32–37.
[40] Padma S, Shukla D (2012) Biosynthesis of silver
nanoparticles using lemon leaves extract and its
application for antimicrobial finish on fabric. Appl
Nanosci 2:163–168.
[41] Parmar HS, Kar A (2008) Medicinal values of fruit
peels from Citrus sinensis, Punica granatum, and Musa
paradisiaca with respect to alterations in tissue lipid peroxidation and serum concentration of glucose, insulin,
and thyroid hormones. J Med Food 11:376–381.
[42] Parmar, H. S., & Kar, A. (2008). Medicinal values of
fruit peels from Citrus sinensis, Punica granatum, and
Musa paradisiaca with respect to lterations in tissue
lipid peroxidation and serum concentration of glucose,
insulin, and thyroid hormones. Journal of Medicinal
Food, 11, 376-381.
[43] Phanjom P, Zoremi E, Mazumder J, Saha M, Baruah SB
(2012) Green synthesis of silver nanoparticles using leaf
extract of Myrica esculenta. Int J NanoSci Nanotechnol
3:73–79.
[44] Prathna TC, Chandrasekaran N, Raichur M, Mukherjee
A (2011) Biomimetic synthesis of silver nanoparticles
by Citrus limon (lemon) aqueous extract and theoretical
prediction of particle size. Colloid Surf B Biointerf
82:152–159.
[45] Prathna, T. C., Chandrasekaran, N., Raichur, A. M., &
Mukherjee, A. (2011). Biomimetic synthesis of silver
nanoparticles by Citrus limon (lemon) aqueous extract
and theoretical prediction of particle size. Colloids and
Surfaces, B: Biointerfaces, 82, 152-159.
[46] Qiu, L. P., Zhao, G. L., Jiang, H., Xiaou-feng, Li, and
Liu, J. J.(2010). Investigation of combined effects of
independent variables on extraction of pectin from
banana peel using response surface methodology.
Carbohydrate Polymers. 80: 326-331.
[47] Rai, M., Yadav, A., & Gade, A. (2009). Silver
nanoparticles as a new generation of antimicrobials.
Biotechnology Advances, 27, 76-83.
[48] Re R, Pellegrini N, Proteggente A, Pannala A, Yang M,
Rice-Evans C (1999) Antioxidant activity applying
improved ABTS radical cation decolorization assay.
Free Radic Biol Med 26(9–10):1231–1237.
[49] Saxena, A., Tripathi, R. M., Zafar, F., & Singh, P.
(2012). Green synthesis of silver nanoparticles using
aqueous solution of Ficus benghalensis leaf extract and
characterization of their antibacterial activity. Materials
Letters, 67, 91-94.
[50] Shanmugavadivu
M,
Selvam
Kuppusamy,
Ranjithkumar R (2014) Synthesis of pomegranate peel
extract mediated silver nanoparticles and its
antibacterial activity. Am J Adv Drug Deliv 2(2):174–
182.
[51] Shrivastava S, Bera T, Roy A, Singh G,
Ramachandrarao P, Dash D (2007) Characterization of
enhanced antibacterial effects of novel silver
nanoparticles. Nanotechnology 18:225103–225111
[52] Someya S, Yoshiki Y, Okubo K (2002) Antioxidant
compounds from bananas (Musa cavendish). Food
Chem 79(3):351–354.
[53] Sondi I, Salopek-Sondi B (2004) Silver nanoparticles as
antimicrobial agent: a case study on E. coli as a model

Volume 5 Issue 8, August 2016
www.ijsr.net

Licensed Under Creative Commons Attribution CC BY
Paper ID: ART20161265

1440

International Journal of Science and Research (IJSR)

ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391
for Gram-negative bacteria. J Colloid Interface Sci
275:177–182.
[54] Sreeram KJ, Nidin M, Nair BU (2008) Microwave
assisted template synthesis of silver nanoparticles. Bull
Mater Sci 31(7):937–942.
[55] Starowicz M, Stypula B, Banas J (2006)
Electrochemical synthesis of silver nanoparticles.
Electrochem Commun 8(2):227–230.
[56] Subhasree B, Baskar R, Laxmi Keerthana R, Susan R L,
Rajasekaran P (2009) Evaluation of antioxidant
potential in selected green leafy vegetables. Food Chem
115(4):1213–1220 Appl Nanosci
[57] Sun L, Wang L, Song Yonghai, Guo C, Sun Y, Peng C
(2008) Aggregation- based growth of silver nanowires
at room temperature. App Surf Sci 254:2581–2587.
[58] Tewari HK, Marwaha SS, Rupal K (1986) Ethanol from
banana peels. Agric Wastes 16:135–146.
[59] Valli, J. S., & Vaseeharan, B. (2012). Biosynthesis of
silver nanoparticles by Cissus quadrangularis extracts.
Materials Letters, 82, 171-173.
[60] Yang Ning, Li Wei-Hong (2013) Mango peel extract
mediated novel route for synthesis of silver
nanoparticles and antibacterial application of silver
nanoparticles loaded onto non-woven fabrics. Ind Crops
Prod 48:81–88.

Volume 5 Issue 8, August 2016
www.ijsr.net

Licensed Under Creative Commons Attribution CC BY
Paper ID: ART20161265

1441

