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A B S T R A C T

In this study, the synthesis and characterization of exopolysaccharide-stabilized sliver nanoparticles
(AgNPs) was carried out for the degradation of industrial textile dyes. Characterization of AgNPs was
done using surface plasmon spectra using UV–Vis spectroscopy, X-ray diffraction (XRD) and Raman
spectroscopy. The morphological nature of AgNPs was determined through transmission electron
microscopy (TEM), scanning electron microscopy (SEM) and atomic force microscopy (AFM), which
indicated that the AgNPs were spherical in shape, with an average size of 35 nm. The thermal behaviour of
AgNPs revealed that it is stable up to 437.1 �C and the required energy is 808.2J/g in TGA-DTA analysis.
Ability of EPS stabilized AgNPs for degradation of azo dyes such as Methyl orange (MO) and Congo red
(CR) showed that EPS stabilized AgNPs were found to be efficient in facilitating the degradation process of
industrial textile dyes. The electron transfer takes place from reducing agent to dye molecule via
nanoparticles, resulting in the destruction of the dye chromophore structure. This makes EPS-AgNPs a
suitable, cheap and environment friendly candidate for biodegradation of harmful textile dyes.
© 2017 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Synthesis of diverse nano-materials are the keystone of
nanotechnology for its application in different fields such as
medicines (drug delivery, drug targeting, cell imaging and
biosensors), food sciences (nano-composites, nano-emulsions,
nano-encapsulation etc.) and environmental sciences (bio-floccu-
lant, microbial monitoring and detection, and chemical degrada-
tion [1,2]. Food-grade micro-particles and nanoparticles are
synthesized from different range of ingredients such as biopol-
ymers, surfactants, minerals and lipids and they own the ability to
alter the functional behaviour of foods that is they can make the
foods suitable for human health [4]. Many microflora can produce
nanoparticles through both intra and extracellular levels. Silver
nanoparticles (AgNPs) are used as a nanomaterial most commonly
in various consumer products [3]. Synthesis of AgNPs can be
performed in various parts of the microbial cells [5]. The purified
polysaccharides from plants, animals and microflora sources were
used as reducing and stabilizing agents for the synthesis of
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nanoparticles [6,7]. Polysaccharides have hydroxyl and hemi-
acetal groups, which plays a vital role in reduction and stabilization
that generate vast chances for their application and probable mass
production. It increases the eco-friendly approach characteristics
of nanoparticles to avoid using toxic chemicals in the demand of
growing technological processes [8]. Several lactic acid bacteria
(LAB) such as Lactobacillus spp., Pediococcus pentosaceus and
Enterococcus faecium are able to reduce silver ions to silver
nanoparticles. LAB produces diverse categories of exopolysacchar-
ides containing different monomers (glucose, galactose, mannose
and fructose) those are known to involve in redox reaction to
synthesize silver nanoparticles (AgNPs) [10]. Recently, it was found
that the AgNPs with a high surface area have more reactivity
towards chemicals compounds and are effective tools in treatment
of waste water within a short time period [11]. Chitosan-stabilized
AgNPs combined with advanced oxidation process (AOP) showed
good results in the degradation of various dyes [12].

Recently, AgNPs are extensively used to degrade the organic
dyes through redox potential techniques and photocatalytic
reaction under solar radiation [13,14]. In this study, we character-
ized the exopolysaccharide stabilized AgNPs for degradation of
Methyl orange (MO) and Congo red (CR).
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2. Materials and Methods

2.1. Bacterial strain and chemicals

The EPS producing strain Leuconostoc lactis was isolated from
idli batter (an acidic fermented food) and has been characterized
through 16 s rRNA level (NCBI Gene bank submission ID KC117496)
which further used as the source of exopolysaccharide in this work
[15]. All reagents used were of analytical grade.

2.2. Growth condition for L. lactis KC117496

For preparation of inoculum, a loopful of L. lactis was
transferred into 5 mL MRS medium supplemented with 2% sucrose.
For EPS production, 10 mL of culture was used as an inoculum in
100 mL of MRS broth (2% sucrose) and incubated under shaking
conditions (rpm) for 48 h at 30 �C [15].

2.3. Extraction and purification of EPS

The fermented broth was harvested after 48 h and the cell
suspension was heated to 100 �C for 10 min to inactivate the
enzymes. Further, the suspension was cooled to room temperature
and centrifuged at 4100 x g for 20 min to remove the biomass. The
crude solution was further treated with Sevage reagent (chloro-
form: n-butanol at 5:1 v/v) three times to remove the proteina-
ceous materials. EPS was precipitated with cold ethanol (thrice
volume) and left overnight at 4 �C. The precipitate was collected
through centrifugation at 19200 x g for 15 min and dissolved in
Milli Q water. Afterwards, it was encased in a dialysis bag (12–14
KDa) and dialyzed at 4 �C with Milli Q water for 48 h for partial
purification. The sugar content of EPS was analysed using phenol
sulphuric acid method [16]. The EPS was characterized by using FT-
IR, HPTLC, NMR, AFM, SEM, TGA and XRD analysis which revealed
the presence of only glucose monomers, indicating the glucan
nature of EPS consisting a-(1 !6) and a-(1 !3) glycosidic
linkages [15].
Fig. 1. Uv-Vis spectroscopy indicating the synthesis of EPS-AgNPs in increasing order d
Violet-30 days).
2.4. Synthesis of polymeric silver nanoparticles (EPS-AgNPs)

The partially purified EPS (10 mg) was dissolved in 10 mL of
Milli Q water to form a uniform dispersion and 9 mM AgNO3 was
added under stirring condition. Subsequently, this solution was
stored in a dark place at room temperature. After 24 h, the
colourless solution changed to yellow, indicating the formation of
polymeric sliver nanoparticles. Furthermore, to increase the
concentration of solution it was further kept under incubation
for 1 month. Samples were taken at various intervals and in
between to know the progress of nanoparticle formation.
Afterwards, the solution was centrifuged at 19200 x g for 15 min.
The pellet was collected and air dried at room temperature for
further analysis [17].

2.5. Characterization of sliver nanoparticles

2.5.1. UV–vis Spectroscopy
The reduction of Ag+ ions with EPS to form sliver nanoparticles

was observed after 1, 5, 10, 20 and 30 days of incubation under UV–
Vis spectroscopy (UV-1800, Shimadzu) in the range of 300 to
800 nm [17].

2.5.2. TEM and SEM analysis
A drop of EPS-AgNPs was distributed onto a carbon copper grid

and dried completely using a vacuum desiccator. The images were
obtained using a transmission electron microscope (TEM) and a
scanning electron microscope (SEM-Hitachi, Model: S-3400N)
[18].

2.5.3. AFM analysis
About5–10 mL of EPS-AgNPs wasdistributedon a micadisc (Pelco

mica disc 10 mm) by a spin rotating plate and absolute ethanol was
dropped over the sample to fix it on the mica disc. Then, the mica
sheet was air-dried to remove the residual ethanol. The AFM images
were captured using a scanning probe microscope (Brukers MM8) in
tapping mode. The cantilever oscillated at its appropriate frequency
(158 kHz) and ambitious amplitude (0.430 V) [19].
uring different storage period (Black–0 h, Green- 1 day, Red-10 days, Blue-20 days,



Fig. 2. TEM and SEM analysis of EPS stabilized AgNPs.
A, B and C TEM images indicated the size and dispersion of nanoparticles at various magnifications. D image showed the synthesis of AgNPs from the EPS. E and F exhibit the
morphology of EPS stabilized AgNPs from SEM.
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2.5.4. XRD and TGA-DTA analysis
To detect the EPS-AgNPs, a scan was performed within the

two-theta angle range (20 and 80 �C) in X-ray diffraction (XRD).
The polymeric nanoparticles were grounded to make fine powder
and mounted on a quartz substrate and intensity peaks were
recorded continuously using X-ray powder diffractometer (Phi-
lips X’pert pro, the Netherlands) with a Cu Tube X-ray produced at
40 kV and 30 mA with PW3011/20 proportional detector [15,18].
TG-DTA analysis of EPS-AgNPs was carried out in a thermal
system (TG-DTA/DSC Model: Q600 SDT). About 10 mg of dried
sample was used for the TG-DTA experiment. TG-DTA thermo-
grams were obtained in the range of 0–400 �C under the flow of
nitrogen air at the rate of 10 �C min�1. Their distinct graphs were
plotted with weight (percentage) loss and heat flow against
temperature [20].

2.5.5. Raman Spectroscopy
The EPS-AgNPs powder was kept above the slide and the Raman

spectra was recorded in the range 400–4000 cm�1 in 515 nm argon
ion laser [21].

2.6. Degradation of organic azo-dyes in aqueous solution by EPS-
AgNPs

The catalytic degradation of organic azo-dyes such as methyl
orange (MO) and Congo red (CR) were monitored using UV–Vis



Fig. 3. a AFM revealed the morphology and height of the EPS stabilized AgNPs b. Raman confocal image with the corresponding peaks indicating the presence of Silver and
hydroxyl group in EPS-AgNPs.
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spectroscopy. A 3 mL of 10�5M aqueous solutions of MO and CR in a
quartz cuvette were taken and 5 mg of EPS-AgNPs solution was
added separately. To this reaction mixture, 50 mL of 0.1 M NaBH4

was added, and the decreasing absorption maximums of the azo-
dyes were recorded [22].
2.7. Statistical analysis

All the experiments were carried out in triplicates and the
results were represented as mean � SD. Data were assessed by
analysis of variance and significant differences were found, the



Fig. 4. Thermogravimetic analysis of EPS-AgNPs, XRD-A showed the sample results compare with B standard (JCPDS No.1-1167).
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mean was separated by Duncan’s multiple range tests with a
probability of p � 0.05 [23]. This analysis was done using SPSS 18.0
for Windows (2007) computer software.

3. Results and discussion

3.1. Characterization of silver nanoparticles

3.1.1. UV–Vis Spectroscopy
EPS-AgNPs (exopolysaccharide-stabilized AgNPs) were synthe-

sized through reduction of Ag+ into Ago from AgNO3.The colourless
solution changed to dark yellowish brown colour, indicating the
formation of AgNPs, which was monitored in UV–Vis spectra
ranges (300–800 nm). The synthesis of polymeric AgNPs after 1, 5,
20 and 30 days of incubation formed a broad surface plasmon
resonance absorption band in between 400–550 nm. The intensity
of band was increased by increasing storage period up to 1 month
in a dark room, indicating the synthesis of AgNPs was increased
during the storage period (Fig. 1). Earlier reports [17] showed a
strong surface plasmon resonance band at 400–550 nm, indicating
the formation of AgNPs. Similar results were observed in Tribulus
terrestris leaf extract and with polymeric nanoparticles synthe-
sized from Bacillus subtilis MSBN17 at the wavelength of 400–450
[24,25]. UV-Visible absorption spectra revealed an absorption
maximum wavelength at 425 nm for AgNPs [26].

3.1.2. Transmission electron microscopy (TEM)
TEM is a valuable tool to analyze the size and morphology of

nanoparticles. TEM images of EPS-AgNPs (Fig. 2) showed
distributed spherical shaped particles with an average size of
35 nm with numerous sizes ranging from 30 to 200 nm [27]. In
previous studies, TEM images revealed a size of 30–60 nm
spherical-shaped polymeric nanoparticles produced from Cs-Hk
fungal cultures, Streptomyces sp. MBRC-91and Bacillus subtilis
MSBN17 [25,28,29]. AgNPs with a size of around 30–50 nm have
been reported for bactericidal activity against various pathogens
[30,31]. Polymeric nanoparticles ranging from 20 to 200 nm have
the maximum potential for in-vivo applications [9].

3.1.3. Scanning electron microscopy (SEM)
SEM was used to study the topology of nanoparticles and the

process of synthesis from EPS. The EPS-AgNPs synthesis from the



Fig. 5. Catalytic dosage effect of EPS-AgNPs on degradation rate of MO and CR dyes.

Fig. 6. UV–visible absorption spectra exhibited the degradation of methyl orange (MO) and Congo red (CR) by EPS-AgNPs in the presence of NaBH4. Fig. 6 a and 6 b shows the
catalytic degradation of MO and CR respectively with time whereas c and d shows the corresponding ln A versus time plots.
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biofilm was observed at 10,000X (Fig. 2). SEM images revealed the
presence of spherical shaped EPS-AgNPs at 30,000X, and the
dispersion of particles was visualized at 10,000X. Similarly, size,
shape and distribution of the SiO2 nanoparticles were observed
through high-resolution SEM [32].

3.1.4. Atomic force microscopy (AFM)
AFM probe analysis was considered in the recent years for the

measurement of nanoparticles [33]. The height of the EPS-AgNPs
measured at different locations showed an average of 30 nm as
similar to TEM image excluding few accumulations (Fig. 3a).

3.1.5. Raman spectroscopy
The EPS-AgNPs image captured in con-focal scanning Raman

spectroscopy detected two different peaks. The weak absorption
peak exists at 1631.78 cm�1indicating the presence of Ag-C and
absorption peak at 3441.32 cm�1, which is associated with
stretching vibrations of O-H bond in polymeric nanoparticles
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(Fig. 3b) [34]. The FT-IR results of the EPS was published earlier
[15].

3.1.6. XRD and TGA-DTA analysis
In EPS-AgNPs, two diffraction peaks at 38.3�and 46.2� with d-

spacing 2.76 and 1.9 Å conforming to 111 and 200, planes of crystal
structure of metallic silver, was observed in XRD (Fig. 4). These
values are described in the literature for silver (JCPDS No.1-1167)
[35]. The exothermic peak at 272.13 �C and the required energy is
58.86 J/g with 27.78% weight loss due to the presence of more
carboxyl groups in EPS (Fig. 4). Subsequently, another exothermic
peak exhibited at 437.1 �C and the required energy is 808.2 J/g with
approximately 20% weight loss due to the formation of EPS-AgNPs
in TGA-DTA analysis [20].

3.2. Degradation of organic azo-dyes molecules using polymeric
AgNPs

To examine the catalytic efficiency of EPS-stabilized AgNPs
towards degradation of various organic dye molecules using NaBH4

as a reducing agent, two commercial colors (Methyl orange (MO)
and Congo red (CR), commonly used in many dyeing industries
have been selected. The degradation reaction was carried out at
room temperature and monitored using UV–Visible spectrometry.
The catalytic degradation of these dyes was monitored by the
change in absorbance at 465 and 495 nm, and then the pseudo-
first-order rate constants have been calculated. Degradation of
both the dyes was not found to proceed in the absence of either
NaBH4 or EPS-AgNPs catalysts. The amount of EPS-AgNPs was
varied keeping other parameters as constant to determine the
effect of the amount of catalyst on the rate of the degradation.
Experiments were performed by using 1 mg to 8 mg of EPS-AgNPs
nanomaterial and the results were shown in terms of dye
degradation. The degradation rate values were plotted against
the amount of catalyst, as shown in Fig. 5. It can be observed, that
the rate of degradation increases with the amount of catalyst
added upto 5 mg, and further increase in the amount of catalyst did
not contribute for the significant enhancement in the degradation
rate. Hence, 5 mg of the nanocatalysts has been chosen as the
optimum dosage for efficient catalytic degradation of MO and CR
dyes. Fig. 6a and 6b shows the catalytic degradation of MO and CR
respectively with time, and it can be observed that complete
degradation is achieved in 240 minutes with EPS-AgNPs. Fig. 6c
and 6d shows the corresponding time versus ln A (linear for a 1st
order reaction) plots for the same, and the rate constants were
calculated to be 11.31 �10�3min�1 and 12.57 � 10�3min�1 for
degradation of MO and CR in the presence of EPS-AgNPs. The
catalytic efficiency of the AgNPs stabilized with EPS was found to
be playing an important role in degradation of both the dyes. The
degradation constants calculated for the prepared EPS-AgNPs
towards degradation of MO and CR were found to be better when
compared to Trigonella foenum-graecum seeds-stabilized AgNPs
[36]. Similarly, the degradation of azo dyes by EPS-AgNPs was more
effective than the bacterial degradation by the microorganisms
such as Lactobacillus acidophilus, Lactobacillus fermentum and
Halomonas spp. [28,37].

The enhanced degradation observed with our nanocatalysts
can be attributed to the following reasons: (i) high surface area of
the EPS can adsorb azo-dyes; (ii) NaBH4 is expected to act as
hydride source, and the AgNPs catalysts are expected to activate
the azo nitrogen bond and also to bind with the sulphur and
oxygen atoms of the dyes resulting in weakening of azo double
bond via conjugation; (iii) large number of oxygen atoms of the
EPS could assist in increasing the number of AgNPs; and (iv) EPS
networks containing more of hetero atoms are expected to exhibit
hydrophilic interactions with azo-dyes, which helps in bringing
the dye molecules near the catalytic sites.

4. Conclusion

The green synthesis of AgNPs was performed using bacterial
EPS as both, a reducing and stabilizing agent. TEM and SEM analysis
revealed that spherical-shaped AgNPs stabilized by EPS thin bio-
film have a mean diameter of 35 nm. UV–vis spectroscopy and XRD
spectrum revealed the confirmation of EPS-stabilized AgNPs. An
excellent thermal property of AgNPs was shown up to 437.1 �C and
it can be used to treat textile effluent at higher temperature. The
efficient degradation of textile dyes, Methyl orange (MO) and
Congo red (CR) was attempted with EPS stabilized AgNPs and it
was found to be better than bacterial degradation and AgNPs.
These EPS-stabilized AgNPs can be used as environmental friendly
and a low cost strategy for degradation of harmful dyes with
potential applications in textile industries.
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