
G
b
a

K
V
a

b

a

A
R
R
A
A

K
L
A
S
G
C

1

r
p
t
m
g
i
c
E
2
h
c
t
b
e

a

h
0

Carbohydrate Polymers 112 (2014) 539–545

Contents lists available at ScienceDirect

Carbohydrate  Polymers

j ourna l ho me  page: www.elsev ier .com/ locate /carbpol

reen  synthesis  of  silver  and  gold  nanoparticles  employing  levan,  a
iopolymer  from  Acetobacter  xylinum  NCIM  2526,  as  a  reducing  agent
nd  capping  agent

han  Behlol  Ayaz  Ahmeda,  Divya  Kallab,  Kiran  Babu  Uppulurib,∗∗,
eerappan  Anbazhagana,∗

Department of Chemistry, School of Chemical and Biotechnology, SASTRA University, Thanjavur, Tamil Nadu, India
Department of Biotechnology, School of Chemical and Biotechnology, SASTRA University, Thanjavur, Tamil Nadu, India

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 8 May  2014
eceived in revised form 5 June 2014
ccepted 13 June 2014
vailable online 23 June 2014

eywords:

a  b  s  t  r  a  c  t

With  a vision  of finding  greener  materials  to  synthesize  nanoparticles,  we report  the  production  and  isola-
tion  of levan,  a polysaccharide  with  repeating  units  of  fructose,  from  Acetobacter  xylinum  NCIM2526.  The
isolated  levan  were  characterized  using  potassium  ferricyanide  reducing  power  assay,  Fourier  transform
infra-red  (FTIR)  spectroscopy  and 1H nuclear  magnetic  resonance  spectroscopy  (1H  NMR).  To  exploit  levan
in nanotechnology,  we present  a  simple  and  greener  method  to synthesize  silver  nanoparticles  (AgNPs)
and  gold  nanoparticles  (AuNPs)  using  biopolymer,  levan  as both  reducing  and  stabilizing  agents.  The
evan
cetobacter xylinum
ilver nanoparticles
old nanoparticles
atalyst

morphology  and  stability  of the  AgNPs  and AuNPs  were  examined  by transmission  electron  microscopy
(TEM)  and UV–vis  absorption  (UV–vis)  spectroscopy.  The  possible  capping  mechanism  of  the  nanoparti-
cles  was  postulated  using  FTIR  studies.  As  synthesized  biogenic  nanoparticles  showed  excellent  catalytic
activity  as  evidenced  from  sodium  borohydride  mediated  reduction  of  4-nitro  phenol  and  methylene
blue.

©  2014  Elsevier  Ltd. All  rights  reserved.
. Introduction

The growing awareness about the environment has forced the
esearchers to develop green methods to synthesize their desired
roduct. The major requirements for any green synthesis are non-
oxic chemicals, environmentally benign solvents and renewable

aterials. Nanostructures of noble metals particularly silver and
old nanostructures with 1–100 nm size has attracted significant
nterest over the years because of the unique size dependent opti-
al, electrical and magnetic properties (Jain, Huang, El-Sayed, &
l-Sayed, 2008; Li, Hu, Yang, & Alivisatos, 2001; Rao & Cheetham,
001). Importantly those unique properties of nanostructures
ave been successfully utilized in various applications such as
atalysis, optics, electronics, biotechnology, bioengineering, tex-

ile engineering, water treatment, silver based consumer products,
iosensor and biological imaging (Evanoff & Chumanov, 2004; Haes
t al., 2005; Hutter & Fendler, 2004; Mallick, Witcomb, & Scurrell,
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∗∗ Corresponding author. Tel.: +91 4362 264101x3635; fax: +91 4362 264120.
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144-8617/© 2014 Elsevier Ltd. All rights reserved.
2006; McFarland & Van Duyne, 2003; Nickel, Zu Castell, Pöppl, &
Schneider, 2000). Because of such a wide range of applications,
numerous methods including chemical, photochemical and biolog-
ical methods have been developed to synthesize silver and gold
nanostructures (Lu, Kobayashi, Tawa, & Ozaki, 2006; Sherry et al.,
2005; Wiley et al., 2006). Among the synthetic methods, chemical
reduction method is the most widely used one to prepare silver
(AgNPs) and gold nanoparticles (AuNPs) with different size and
morphology (Faramarzi & Sadighi, 2013). Typically, the preparation
of metal nanoparticles involves the treatment of metal salts with
a chemical reducing agent, such as sodium borohydride, hydrazine
or other organic compounds in the presence of a suitable stabi-
lizer (surfactants, polymers, tri block polymers and dendrimers)
(Faramarzi & Sadighi, 2013; Guari et al., 2003; Koh, Ohno, Tsujii, &
Fukuda, 2003; Mayya, Schoeler, & Caruso, 2003; Plyuto, Berquier,
Jacquiod, & Ricolleau, 1999; Tan, Jiang, Li, & Zhu, 2002; Tanori &
Pileni, 1997; Wang et al., 2002; Zhang et al., 2000). All these chem-
icals are highly reactive and associated with environmental and
biological risks. Thus, there is a requirement to develop environ-

mentally sustainable synthetic protocols to prepare stable metal
NPs.

To prepare metal NPs by environmentally clean and sustainable
way, researchers have begun to use biomolecules and bioorganism,
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uch as bacteria, fungi, proteins, biopolymers and plant extracts
Ahmed, Subramanian, Sivasubramanian, Veerappan, & Veerappan,
014; Narayanan & Sakthivel, 2010, 2011; Senapati, Ahmad, Khan,
astry, & Kumar, 2005; Seralathan et al., 2014). Raveendran, Fu and
allen (2003) reported the first preparation of AgNPs using the

iopolymer, starch as a capping agent and d-glucose as the reduc-
ng agent. Of late, carbohydrates, such as glucose, sucrose, fructose,
alactose, ribose and lactose are used as reducing agents (Valodkar,
hadoria, Pohnerkar, Mohan, & Thakore, 2010) and biopolymers
uch as starch, cellulose, chitosan, pectin and guar gum are used
s capping agents (Fanta, Kenar, Felker, & Byars, 2013; George
t al., 2014; Lavorgna et al., 2014; Raghavendra, Jayaramudu,
araprasad, Sadiku, Ray, & Mohana Raju, 2013; Venkatakrishnan,
eerappan, Elamparuthi, & Veerappan, 2014). Biopolymers can sta-
ilize nanoparticles via electrostatic interaction of their functional
roups with the nanoparticles and are believed to be excellent host
ystems for metal nanoparticles.

Levan, a homo polysaccharide derived from plants and
icroorganisms, composed of fructofuranosyl residues linked by
-(2,6)-glycosidic linkage and is widely used in many different
elds, including medicine, food and beverage industry, cosmet-

cs and pharmaceuticals (Abdel-Fattah, Gamal-Eldeen, Helmy, &
sawy, 2012; Han, 1990; Jang et al., 2001; Kang et al., 2009; Shih,
u, Shieh, & Hsieh, 2005; Zhang et al., 2014). In addition, derivatives
f levan are potential anti-AIDS agent. It is completely degraded by
he gut microflora and exhibit prebiotic and hypocholesterolaemic
ffects (Yamamoto et al., 1999). Levan is an attractive and promising
iopolymer for nanotechnology, because of their benign nature and
ontains higher number of hydroxyl and reducing keto sugar unit.
ince levan possesses many properties favorable and beneficial for
uman health, an attempt was made to produce levan using Gram-
egative bacterium Acetobacter xylinum (A. xylinum) NCIM 2526.
. xylinum is an interesting bacterium, which is able to synthesize
wo different exopolysaccharides; either levan or cellulose, just by
hanging the carbon source of the medium (Tajima et al., 1997). In
his work, we produced levan by growing A. xylinum on a sucrose

edium. The obtained levan was analyzed by potassium ferri-
yanide (K3[Fe(CN)6]) reducing power assay (PFA) (Brushwood,
000), Fourier transform infra-red (FTIR) and 1H nuclear magnetic
esonance spectroscopy (1H NMR) spectroscopy. To exploit levan
n nanotechnology, we present a simple and green method for the
reparation of silver and gold nanoparticles using levan as both the
educing and stabilizing agents. This is also the first report on the
reparation of AgNPs and AuNPs by reduction of the correspond-

ng metal salts using polysaccharide levan. The resulting AgNPs
nd AuNPs were stable and characterized by UV–vis absorption
pectroscopy (UV–vis), transmission electron microscopy (TEM)
nd FTIR. To extend the application of levan stabilized AgNPs and
uNPs, we investigated the catalytic activity of the NPs using
tandard reaction: reduction of 4-nitro phenol (4-NP) and methy-
ene blue (MB). The details of the investigation are reported below.

. Materials and methods

.1. Materials

A. xylinum NCIM 2526 strain was obtained from NCL, Pune,
ndia. Luria broth was purchased from Himedia Chemicals India
vt. Ltd (Mumbai, India). Silver nitrate, ethanol, sucrose, peptone,
mmonium sulphate, potassium dihydrogen phosphate, magne-
ium sulphate heptahydrate, potassium ferricyanide, potassium

ydroxide, calcium chloride, sodium hydroxide and sodium boro-
ydride were purchased from Merck, India. Gold chloride (AuCl3)
as obtained from Alfa Aesar, India. Millipore water with a resisti-

ity more than 18.0 M� was used for the preparation of all aqueous
olymers 112 (2014) 539–545

solutions. All the glasswares were cleaned with freshly prepared
aqua regia (3:1, HCl: HNO3) and rinsed thoroughly with water. Then
they were dry sterilized using hot air oven at 160 ◦C for 3 h, prior
to use.

2.2. Production and isolation of levan

A. xylinum was  cultured in Luria-broth liquid medium (6%
sucrose, 1.5% peptone, 0.2% ammonium sulphate, 0.1% potassium
dihydrogen phosphate, 0.1% magnesium sulphate heptahydrate,
pH 6.8) at 28 ◦C for the production of levan. After 36 h incuba-
tion, the exopolysaccharide, levan was  harvested in the broth. To
remove the dissolved protein, the broth was heated to boil at 100 ◦C.
After cooling, the broth was  centrifuged for 30 min  at 8000 rpm. The
resultant supernatant was  further boiled for 5 min  to deactivate any
residual extracellular enzymes. After cooling down to room tem-
perature, the pH of the supernatant was  adjusted to 10 by using
1 M KOH. Then, twice the amount of 80% cold ethanol was added.
Levan was  precipitated by the addition of 1% calcium chloride (1 ml
per 10 mL  supernatant–ethanol solution) under rigorous stirring for
20 min. The precipitate was  collected by centrifugation for 15 min
at 13,000 rpm. The resultant pellet was washed with 1.5 volumes
of 80% cold ethanol and freeze dried. The presence of fructose in
the isolated levan was judged by PFA. Briefly, 1 mL  of K3[Fe(CN)6]
(10 mg/mL, dissolved in 20% sodium hydroxide aqueous solution)
was added to the test tube containing 1 mg/mL  of hydrolyzed levan.
The content was gently shaken and color change was  closely mon-
itored. As a control samples, we used glucose and fructose. The
disappearance of the greenish yellow color indicates the presence
of reducing sugar. The functional group present in the polysac-
charide was  identified by FTIR spectroscopy. FTIR spectroscopic
measurements were carried out on a Perkin Elmer spectrum-one
instrument in the diffuse reflectance mode at a resolution of 1 cm−1

in KBr pellet. 1H NMR  was  measured in a Bruker 300 MHz instru-
ment.

2.3. Preparation of silver and gold nanoparticles

Typically, 20 mg  of levan was  dissolved in 49 mL  of 0.2% sodium
hydroxide solution. A 1 mL  of silver nitrate (1 mM final concentra-
tion) aqueous solution was added to the alkaline levan solution.
The mixture solution was allowed to stir at room temperature
for 5 min  and then heated to 100 ◦C. The appearance of brown
color indicated the reduction of silver ion into AgNPs. In paral-
lel, AgNPs were prepared by chemical reduction method. Briefly,
20 mg  of levan was dissolved in 49 mL  of 0.04% sodium hydrox-
ide solution. To the biopolymeric solution, 1 mL  of aqueous AgNO3
(1 mM final concentration) was added slowly under vigorous stir-
ring. After 5 min, 0.2 mM NaBH4 was added as a reducing agent. The
immediate appearance of brown color indicated the formation of
AgNPs.

Gold nanoparticles were prepared by heating (100 ◦C) 1 mM
gold chloride in alkaline levan solution for 30 min. The appear-
ance of purple color indicates the formation of AuNPs. Similarly,
AuNPs were prepared by chemical reduction method using levan
as a capping agent. Briefly, addition of 6 mM NaBH4 to 1 mM AuCl3
solution produced dark purple color, indicating the reduction of
Au3+ to Au0. All reactions were repeated at least three times to
confirm the reproducibility of nanoparticles formation. The syn-
thesized NPs characterization was  carried out after allowing the
solution to stand at room temperature for more than one week.
2.4. Characterization of levan stabilized nanoparticles

UV–vis was performed on a Thermo Scientific Evolution 201
spectrophotometer operated at 1 nm resolution. The size and
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ig. 1. Characterization of A. xylinum levan (A) potassium ferricyanide reducing pow
pectra, (C) 1H NMR  spectra and (D) Structure of levan.

orphology were examined using high-resolution transmission
lectron microscopy (HR-TEM) (JEOL-JEM 1011, Japan) operating
t an accelerated voltage of 200 kV. The samples were prepared by
lacing a drop of NPs solution on a graphite grid and drying it in
acuum.

.5. Catalytic application of levan stabilized nanoparticles

The catalytic ability of AgNPs and AuNPs was  evaluated using
he standard reduction reaction. Briefly, an aliquot of 4-NP solution
0.05 mM in water) was treated with sodium borohydride (NaBH4)
olution (35 mM)  and its absorbance was measured at 401 nm.  The
ddition of NPs (100 �L of 1 mM stock) to the 4-NP solution pro-
uced a color change from yellowish-green to colorless. A new peak
ppeared at 301 nm with concomitant disappearance of the peak
t 401 nm within 1 min  indicating the complete reduction of 4-NP
o 4-aminophenol (4-AP).

Similarly, addition of AgNPs or AuNPs (100 �L of 1 mM stock)
nd NaBH4 (32 mM)  into the MB aqueous solution at room tem-
erature produced a color change from blue to colorless. The
isappearance of the methylene blue absorption peak at 664 nm
appened in few seconds, indicating the complete reduction of
ethylene blue.

. Results and discussion

Because of the commercial values, the research on the produc-
ion of levan has been intensified (Zhang et al., 2014) in the recent
ears. In this paper, we demonstrate the production of levan using
. xylinum culture aerobically by incubating for 36 h as described

n the materials and methods. The obtained polysaccharide was
haracterized using PFA, 1H NMR  and FTIR. PFA is a very useful
ethod to distinguish fructose from other monosaccharides, like

lucose and galactose (Brushwood, 2000). The addition of alkaline
3[Fe(CN)6] to 1 mg/mL  of levan produced greenish yellow color

olution. As a control, we added alkaline K3[Fe(CN)6] to fructose
nd glucose. The greenish yellow color of the levan and fructose
isappeared within 2 min, whereas, for glucose it took about 8 min
Fig. 1A). These results suggest that the polysaccharide isolated
say (i) glucose (1 mg/mL), (ii) fructose (1 mg/ml) and (iii) hydrolyzed levan (B) FTIR

from A. xylinum species would constitute the repeating unit of
fructose. FTIR spectra (KBr pellet) of the purified levan (Fig. 1B)
show an absorption band due to the carbonyl stretching (C O) at
1638 cm−1. The O H stretching is seen at 3409 and 3545 cm−1.
The C H stretching vibration is seen at 2962 cm−1, C H bending
is seen at 1414 cm−1. The absorption band at 1032 and 1116 cm−1

indicates the pyranose form of sugars. The region in the range
of 900–1200 cm−1 corresponds to the finger print region of the
molecule, which is dominated by ring vibrations overlapped with
stretching vibration of (C OH) side groups and the (C O C) gly-
cosidic bond vibration. The obtained FTIR pattern of A. xylinum
levan is consistent with the reference levan according to Barone and
Medynets (2007). 1H NMR  spectra show proton peak between 3.4
and 4.3 (Fig. 1C), indicating the presence of sugar protons, which are
almost identical with peak positions for levan produced by Bacillus
subtilis and Pseudomonas fluorescens (Han, 1990; Shih et al., 2005).
The structure of the levan is shown in Fig. 1D.

Levan has been used as an encapsulating agent, emulsifier and
surface-finishing agent in the food industry. But, there are no
reports so far on the utilization of levan in producing nanoma-
terials. The growing demand for biocompatible capping agent to
prevent nanoparticles agglomeration encouraged us to develop a
new method to synthesize biogenic AgNPs and AuNPs using levan.
Addition of 1 mM solution of AgNO3 into the alkaline solution of
levan did not produce any significant color change and only resulted
in the formation of turbid pale-brown color solution (Fig. 2). UV–vis
does not show the characteristic surface plasmon resonance (SPR)
peak of AgNPs. The turbid solution was  stable for more than five
days in the ambient condition. It is also noted that levan solu-
tion did not show any absorption in the visible range. However,
upon heating the mixture at 100 ◦C, the turbid levan-AgNO3 solu-
tion immediately turned into dark brown color, which confirms
the formation of AgNPs. The absorption studies revealed a broad
SPR absorption peak with �max at 406 nm along with a shoulder
at 540 nm.  It is a well-known phenomenon that the position and

shape of the AgNPs SPR peak depends on the particle size, shape and
dielectric constant of the surrounding medium (Kelly, Coronado,
Zhao, & Schatz, 2003). The obtained broad SPR band is indicative
of polydispersed NPs formation in the aqueous solution. Instead
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ig. 2. Absorption spectra of the metal NPs prepared by thermal and chemical redu
o  the absorption spectra (A), (C) UV–vis spectra of AuNPs and (D) AuNPs digital ph

f heating, addition of NaBH4 to the levan-AgNO3 produced dark
rown solution suggesting the formation of AgNPs. The absorption
pectrum of AgNPs prepared by this method shows a single SPR
eak with center at 418 nm (Fig. 2A). The complete elimination of
he peak at 540 nm presumably indicates the change in the polydis-
ersity of the NPs. It was found that the color and UV–vis absorption
eak of the levan stabilized AgNPs does not change even after a
onth, indicating the presence of well dispersed stable nanoparti-

les in the solution.
At room temperature, alkaline levan solution did not have the

bility to reduce AuCl3 to AuNPs. However, on heating AuCl3 aque-
us solution in the presence of levan produced a purple color
olution, suggesting the conversion of Au3+ to Au0. The UV–vis
bsorption spectra recorded from the resulting solutions show the
haracteristic SPR band of AuNPs centered at about 530 nm (Fig. 1)
Ahmed et al., 2014). AuNPs prepared with chemical reduction

ethod show a broad peak with a maximum at 539 nm.  The disper-
ity of AuNPs prepared by thermal and chemical reduction method
as evaluated by comparing the full width at half-maximum

FWHM) from the UV–vis spectra (Janani, Stevenson, & Veerappan,
014; Wilcoxon & Abrams, 2006). The FWHM calculated for AuNPs
ynthesized by thermal reduction is 60 nm,  whereas FWHM is
9 nm for the AuNPs prepared by chemical reduction method.
hese results suggest that the chemical reduction method produces
elatively polydispersed AuNPs.

Typical TEM images of AgNPs and AuNPs obtained with levan are
hown in Fig. 3. The observed fringes pattern in HR-TEM supports
he crystalline nature of the as-prepared AgNPs and AuNPs (inset
n Fig. 3). Both thermal and chemical reduction method produces
pherical nanoparticles. The AgNPs prepared by heating show poly-
ispersed nanoparticles with size distribution range from 10 to
9 nm (Fig. 3A). However, AgNPs prepared by chemical reduc-

ion method show narrow size distribution range from 5 to 8 nm
Fig. 3B), augmenting the observed UV–vis spectral characteristics
f the AgNPs. On contrary, AuNPs prepared by thermal reduction
ethod show narrow size distribution range from 10 to 12 nm
methods. (A) UV–vis spectra of AgNPs, (B) AgNPs digital photograph corresponding
ph corresponding to the absorption spectra (C).

(Fig. 3C); whereas, chemical reduction method show polydispersed
NPs with size distribution range from 10 to 30 nm (Fig. 3D) suppor-
ting the UV–vis spectral measurements (Fig. 2C).

To determine the interaction between levan and NPs, FTIR spec-
tra of levan and levan stabilized AgNPs are compared (Fig. 4). IR
peaks at 1650 cm−1 and 3400 cm−1, which are characteristics of car-
bonyl and hydroxyl groups, respectively, are present in both levan
and the levan stabilized AgNPs spectra (Fig. 4A), indicating the pres-
ence of levan around the particles. The broad band at 3400 cm−1 is
attributed to a possible intermolecular hydrogen-bonded network
of O H of the levan on the surface of the nanoparticles. Note-
worthy, the finger print region (1200–900 cm−1) corresponding to
stretching vibration of (C OH) side groups and the (C O C) glyco-
sidic bond is shifted due to the possible interaction between metal
nanoparticles and levan (Fig. 4B). It is clear from HR-TEM images
that the formed nanoparticles are isotropic (i.e., low aspect ratio)
in shape. These results support the formation of AgNPs inside the
nanoscopic polysaccharide templates. Thus, we  propose that the
electrostatic attractive forces between levan, hydroxyl group and
silver ion in solution provide an effective driving force for the for-
mation and stabilization of the AgNPs.

In order to explore the levan stabilized AgNPs and AuNPs in
nanotechnology applications; we  evaluated the catalytic activity
of the AgNPs and AuNPs using two  standard model reactions:
the reduction of 4-NP and MB  by sodium borohydride (NaBH4).
The chosen reaction was  easy to follow by UV–vis absorption
spectroscopy. Therefore, this reaction has been used widely to
evaluate the catalytic activity of various metallic NPs including
silver, gold, copper, nickel, palladium and platinum (Ahmed et al.,
2014; Venkatakrishnan et al., 2014). The addition of NaBH4 to the
aqueous solution of 4-NP was accompanied by a color change from
light yellow to yellowish-green (Fig. 5A), indicating the formation

4-nitrophenolate ion. The addition of 100 �L of levan stabilized
NPs to 4-nitrophenolate ion gradually diminished the yellow color
of the reaction mixture in a time dependent manner, suggesting
the reduction of 4-NP to 4-AP (Fig. 5A). The disappearance of an
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ig. 3. TEM image of levan stabilized AgNPs (A), (B) and AuNPs (C), (D). Inset corre
hermal  reduction method and, (B) and (D) correspond to the respective NPs prepa

bsorption peak at 401 nm and the appearance of a new peak at
01 nm clearly confirms the formation of 4-AP (Fig. 5B).

The addition of NPs and NaBH4 immediately diminishes the blue

olor of MB  to a colorless solution (Fig. 6A). In aqueous medium,
B shows an absorption maximum at 664 nm accompanied with a

houlder at 614 nm (Fig. 6B). The disappearance of MB  absorption
eak clearly indicates the reduction of MB  to its Leuco form (Fig. 6B)

ig. 4. (A) Comparative FTIR spectra of levan (black line) and levan capped AgNPs (red lin
o  color in text, the reader is referred to the web version of this article.)
s to the HR-TEM image. (A) and (C) correspond to the respective NPs prepared by
 chemical reduction method.

(Ahmed et al., 2014). As noted, the addition of NaBH4 to MB aque-
ous solution in the absence of nanoparticle at room temperature
decreases the absorption maximum at a very slow rate (Fig. 6B).

However, addition of small quantity of NPs greatly enhanced the
decay process. Since the bleaching of 4-NP and MB  color is very
rapid, it was  difficult to estimate the exact reduction rate using the
conventional UV–vis spectrophotometer. Nevertheless, our study

e). (B) FTIR spectra of the finger print region. (For interpretation of the references
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Fig. 5. (A) Digital image of the conversion of 4-NP to 4-AP: (a) 4-NP, (b) 4-
nitrophenolate ion, (c) AgNPs mediated reduced product, 4-AP, (d) AuNPs mediated
reduced product, 4-AP. (B) Corresponding UV–vis spectra of the digital image (A).
Levan stabilized AgNPs/AuNPs act as catalyst and NaBH4 act as a reducing agent.
Arrow indicates new absorption peak, characteristics of 4-AP.

Fig. 6. (A) Digital image of the conversion of methylene blue (MB) to leucomethy-
lene blue (leuco-MB): (a) MB,  (b) MB,  after 10 min  addition of NaBH4, (c) AgNPs
mediated reduced product, leuco-MB, (d) AuNPs mediated reduced product, leuco-
MB.  (B) Corresponding UV–vis spectra of the digital image (A). Levan stabilized
AgNPs/AuNPs act as catalyst and NaBH4 act as a reducing agent.
olymers 112 (2014) 539–545

clearly indicates that the levan stabilized AgNPs and AuNPs have
an inherent potential to act as a catalyst.

4. Conclusion

In this work, we  report the production and isolation of biopoly-
mer, levan using A. xylinum. To the best of our knowledge, this is
the first report showing the potential of levan in synthesizing inor-
ganic nanoparticles. FTIR and UV–vis spectroscopic studies indicate
the capping of the nanoparticles with levan. The NPs produced
are highly stable and show no signs of aggregation even after two
months of storage. The reported method to prepare optically active
AgNPs and AuNPs is greener and biocompatible. Moreover, the
widespread occurrence of levan makes this process amenable to
large scale industrial production. The synthesized AgNPs and AuNPs
have great potential to act as catalyst, as evidenced from the reduc-
tion of 4-nitro phenol and methylene blue. Studies with different
organic substrates are in progress to extend the catalytic activity of
the green synthesized AgNPs and AuNPs.
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