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| A single pot synthesis of gellan gum coated silver nanoparticles using aniline as a reducing agent has been investigated in present study. |
| The reaction was facile at 80 °C under reflux condition and the complete reduction of silver ions was noted within 2 h. The resulting gellan

INTRODUCTION

There is an increasing demand in both academic and indu-
stries for many remedial measures have been taken on synthesis
of silver nanoparticles. Green synthesis is considered as safe
method of synthesizing silver nanoparticles and to maximize
the usage of environmental friendly solvents and green chem-
icals as reducing agent. Silver nanoparticles can be synthesized
by various methods including conventional heating [1], micro-
wave method [2], sonochemical method [3], hydrothermal method
[4] and thermal pyrolysis method [5]. Many factors involved
for synthesis of stable and uniform size nanoparticles including
careful selection of capping agent and reaction condition. From
small molecules to long chain polymers have been used as
stabilizing agent with different chelating functional groups
[6,7]. Especially molecules with thiol, dithiocarbamate, sulfide,
carboxylic acid and amine terminal functionality are most widely
used stabilizing to prevent agglomeration as well as controlling
the size and shape of the nanoparticles [8-10]. It is realized that
polymers can be used as stabilizing agent because of its low cost
and easily dispersed in aqueous medium and nontoxic in nature.

Natural gum has been used as stabilizing agent owing to
its availability and water dispersibility. In some cases, gum
plays a dual role both reducing agent as well as stabilizing
agent depending upon its nature of functional group [11]. In
present studies, we have shown that aniline can be used as mild

gum protected silver nanoparticle was isolated and analyzed with various analytical tools. The antimicrobial activity of the prepared
nanocomposite had shown an excellent activity against some selected pathogenic microorganisms.
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reducing agent for the conversion silver ion into silver
nanoparticles under reflux condition in presence of some of
natural gum as protecting agent. Recently, various research
groups have demon-strated that polyaniline as an important
stabilizing for silver nanoparticles for various reasons because
of its wider potential applications in various fields including
sensor, catalysis, electrocatalysis, anticancer and antimicrobial
applications [12-14]. Recent days, polyaniline coated silver
nanoparticles have been used for various antimicrobial appli-
cations because of its biocompatibility. When the addition of
aniline into the silver nitrate containing gum medium, aniline
get oxidized and thereby yielded the corresponding aniline
oligomer or polyaniline. Because of such redox reaction silver
ions reduced into silver nanoparticles and the biopolymer with
polyaniline form a stable protection for silver nanoparticles
[15-20]. Here, we have chosen gellan gum as stabilizing agent
to prepare a stable spherical shaped silver nanoparticle using
aniline as a reducing agent under reflux condition. The resul-
ting polymer coated nanoparticles were isolated and then chara-
cterized with FT-IR, XRD and SEM techniques. Finally, the
antimicrobial activity of the composite was studied with various
Gram-negative and Gram-positive microorganisms.

EXPERIMENTAL

Silver nitrite and gellan gum were received from SRL, India.
All other solvents used as received from commercial sources.
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Instrumental methods: UV-Visible spectral studies were
recorded using Shimadzu UV-1800, Japan. FTIR analysis was
performed on the samples using the Bruker FT-IR spectrometer
in the absorption mode over a range of 4000-400 cm™. X-ray
Diffraction studies were carried out at room temperature on
Shimadzu XRD-6000 diffractometer with a graphite filtered
CuKa source (0.154 nm), 40 kV, 30 mA. The particle size was
analyzed by field emission scanning electron microscopy
(FESEM) (FEI Quanta FEG 200).

Experimental procedure: Gellan gum (100 mg) and silver
nitrate (15 mg, 5 mM) was dissolved in 20 mL of distilled water
followed by addition of 100 puL aniline to above reaction mix-
ture under constant stirring at 80 °C for 3 h under reflux
condition. The resulting nanocomposite was isolated, washed
with distilled water and dried.

Antimicrobial studies: Antibacterial activity of gellan
gum coated silver nanoparticles was determined by agar well
diffusion method using Gram-negative and Gram-positive
microorganisms like Escherichia coli, Staphylococcus aureus,
Salmonella typhimurium, Klebsiella pneumonia, Bacillus cereus,
Proteus vulgaris and Candida albicans. In this method, pure
isolate of each bacterium was subcultured in nutrient broth at
37 °C for 24 h. About 0.1 % inoculum suspension (10° CFU/
mL, standardized by 0.5 MacFarland) was swabbed uniformly
in sterile Muller-Hinton agar (Hi Media, Mumbai, India). The
plates were allowed to dry and a sterile cork borer of diameter
6.0 mm was used to bore wells in the agar plates. Subsequently
different concentration of extracts (100 and 25 pg/well) was
introduced to wells of the inoculated Muller-Hinton agar plates.
Sterile 1 % DMSO served as negative control and ampicillin
(10 mcg) was used as a standard. The plates were allowed to
stand for 1 h or more for diffusion to take place and then incu-
bated at 37 °C for 24 h. The zone of observation was recorded
to the nearest size in mm [21].

RESULTS AND DISCUSSION

UV-visible spectroscopy analysis: Natural gum coated
silver nanoparticles was synthesized by single pot method using
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aniline as reducing agent. The growth of silver nanoparticles
is occurring owing to Oswald repulsion and aggregation of
the silver atom during reduction reaction, which was monitored
by UV-visible spectral studies. The resulting increasing the
absorbance values was measured at different time interval and
the resulting increase of absorbance while increasing the
growth silver nanoparticles. A stable absorbance value reached
after 2 h under reflux condition. Apart from the silver plasmon
peak an addition peak was appeared at 280 nm, which is due
to unreacted aniline present in the reaction mixture. The plasmon
band become flattened and then reached the maximum absor-
bance value at 2 h of heating. Fig. 1a depicted the UV-visible
spectrum silver nanoparticles formed during the reaction and
the Fig. 1b represents the different time intervals. A broad silver
nanoparticle plasmon band was obtained with a peak position
of 480 nm, which indicates a wide distribution of nanoparticles
is formed with different sizes. The unreacted aniline and reaction
product was then removed by centrifugation and then washing
with deionized water.

FT-IR studies: FT-IR spectrum was recorded for the gellan
gum with polyaniline composite coated silver nanoparticles
and implies that the coexistence of characteristic peaks of PANI
as well as gellan gum. The peaks at 3315, 2905, 2748, 1643,
1516, 1409, 1350, 1243, 1134, 1057, 1008, 871, 803, 627 and
548 cm™ are attributed to N-H stretching vibration, aliphatic
C-H stretching, C=C stretching of quinoid rings, C=C stret-
ching of benzenoid rings and C-N stretching, respectively. The
peak corresponding to the N-Q-N bending vibration of PANI
shifted to lower wave number Vi (1057 cm™ from Vg, 1134
cm™) is due to the hydrogen bonding between gellan gum and
imine group of the grafted PANI chains. A peak at 803 cm™ is
due to C-H out-of-plane bending of 1,4-disubstitutedbenzene
ring. Hence, the FTIR spectrum of gellan gum grafted with poly-
aniline act as a stabilizing agent to protect silver nanoparticles.

XRD analysis: The XRD pattern for the gum coated silver
nanoparticles is shown in Fig. 3. The broadening of the XRD
peak shape is due to nanocrystallinity of silver and the JCPD
pattern is matching with Silver nanoparticles. A peak at 38° is
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Fig. 1. UV-visible spectroscopy of gellan gum/AgNPs (aniline 100 uL at 80 °C) (a) and their different time interval (b)
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Fig. 2. FTIR spectrum of gellan gum coated silver nanoparticles Fig. 3. XRD analysis of gellan gum coated silver nanoparticles
assigned for Ag (111) and a peak at 43°is assigned for Ag(100) SEM analysis: The SEM images of the gellan gum coated
and another two less intense peak are corresponding to Ag(222)  silver nanoparticles are shown in Fig. 4. The bright spotted parts
and Ag(330). indicate the uniform size distribution of silver nanoparticles

Fig. 4. SEM images of gellan gum coated silver nanoparticles with different magnifications
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are shown in different magnificent. The average particle size
was found to be 30-40 nm ranges.

Antimicrobial studies: The antimicrobial activity of the
gellan gum coated silver nanoparticles was studied against
various Gram-negative and Gram-positive microorganisms
(Table-1). The antibacterial of silver nanocomposites against
Gram-negative and Gram-positive microorganisms viz. E. coli,
S. aureus, S. typhimurium, K. pneumonia, B. cereus, P. vulgaris
and C. albicans. Among these K. pneumonia and S. typhimurium
show excellent antimicrobial activity while others are not
showing any inhibition zone. From this study, it is proved that
gellan gum coated silver nanoparticles have excellent anti-
bacterial activity against some pathogenic microorganism. On
the other hand, the antifungal activity of silver nanocomposite
was tested and chosen Candida albicans as a model system.
An excellent antifungal activity was noted for gellan gum
coated silver nanoparticles. Thus, the overall studies proved
that gellan gum coated silver nanoparticles can be used to some
of the pathogenic bacteria and fungal microorganisms.

TABLE-1
MINIMUM INHIBITORY CONCENTRATION OF GELLAN
GUM PROTECTED SILVER NANOPARTICLES
AGAINST VARIOUS MICROORGANISMS

Organisms Gellan gum/AgP vC STD
100 uL 25 uL
Escherichia coli - - A R
Staphylococcus aureus - - A R
Salmonella typhimurium 12 - A 20
Klebsiella pneumoniae 17 16 A 14
Bacillus cereus - - A R
Proteus vulgaris - - A R
Candida albicans 12 — A 17

VC = Vehicle control (DMSO-75 pL); STD = Standard (Ampicillin 10
mcg); A = Absent; R = Resistance.

Conclusion

A simple, cost-effective and green approach was developed
for the synthesis of gellan gum coated silver nanoparticles using
aniline as areducing agent. The synthesized nanoparticles were
characterized by UV-Visible spectroscopy, FT-IR, XRD and
FE-SEM techniques. The synthesized silver nanocomposites
were tested against various Gram-negative and Gram-positive
microorganisms. Among the studied microorganisms, Salmonella
typhimurium and Klebsiella pneumonia showed the excellent
antimicrobial activity. Moreover, the antifungal activity of the
prepared nanocomposite was tested against Candida albicans
and shows excellent antifungal activity for gellan gum coated
silver nanoparticles. From these studies, it is suggested that
the present method is simple and greener approach to prepare
a gram scale gellan gum coated silver nanoparticles and can
be used to treat various bacterial and fungal infections.
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