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The present study was aimed at utilization of biosynthesized silver nanoparticles (AgNPs) and its mediated
synthetic melanoidin decolorization using bacterial extract in an immobilized condition. Biosynthesis of silver
nanoparticles was done by using the Bacillus sp. BAC1 via extracellular methodology. Brown color
biosynthesized silver nanoparticles were characterized using UV-Visible spectroscopic analysis. Further
characterization using Transmission electron microscopy (TEM), Scanning electron microscopy (SEM), Energy
dispersive X-ray spectroscopy (EDX), Fourier transform infrared spectroscopy (FT-IR) and Atomic force
microscopic (AFM) analysis revealed that nanoparticles were spherical in shape with smooth surface
morphology. Bacterial extracellular supernatant exhibited more than 65% of melanoidin decolorization (in 12 h)
under normal conditions. In contrast, under similar conditions, biosynthesized AgNPs showed 82% removal. The
cell free extract immobilized with synthesized AgNPs yields maximum melanoidin removal 92% in 12 h; this
emphasizes nano-coupled biomaterial immobilization as a suitable technique for rapid melanoidin decolorization.
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1. INTRODUCTION
Dark brown colored effluent generated from sugarcanebased industries is known as molasses spentwash, it contains
high concentrations of biopolymer melanoidin, heavy metals,
sulfate, phenolics, solids, BOD and COD [1]. Melanoidin is a
naturally colored pigment, generated in maillard reaction
between amino and carbonyl groups of organic substances [2].
The discharging melanoidin based effluent leads to water
pollution problems in aquatic environments, due to the reduction
of sunlight penetration and photosynthetic activity. In addition,
colored spent wash causes soil pollution by the reduction of
alkalinity, inhibition of seed germination and vegetation [3].
Several physical-chemical technologies such as photolysis,
photocatalytic degradation, flocculation, membrane filtration,
ultrafiltration, mineral sorbents or biosorbents, chemical
oxidation and advanced oxidation have been studied for
decolorization of melanoidin containing colored effluent [4].
However, microbial decolorization using bacteria, fungi, yeast is
considered as eco-friendly and is also capable of mineraliza-tion
of end products [5].
.
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The main limitations are the increase in prohibitive cost, carbon
dioxide, volatile acids and biomass content after treatment.
Immobilization technology is an alternative to overcome these
problems rather than applying free cells in the degradation process
[6]. Now-a-days various immobilization systems have been
employed to enhance the decolorization process. A new
development in this area is the combined action of microbial source
with nanoparticle immobilization in order to enhance degradation
[7]. Nanotechnology also facilitates the utilization of wide range of
nanoparticles as catalyst in waste water treatment process [8],
because of higher surface area, high catalytic efficiency, mass
transfer effect, effective enzyme storage, and high surface reaction
activity [9,10]. Using nanoparticles as a supplement in
biodegradation is found to influence the microbial population and in
turn the rate of bio degradation [11]. Similarly, the use of
nanoparticles with enzyme immobilization technology has also
been effective in color removal process [12,13]. Numerous reports
have described the application of silver nanoparticles in diverse
fields, such as bio-medical, pharmaceutical, cosmetics, electronics,
energy sector, dye effluent treatment and other environmental
remediation innovations [14,15]. AgNPs posses high thermal and
electrical conductivity, chemical stability, catalytic activity, and
nonlinear optical behavior [16]. Therefore, the present study was
designed to develop a rapid technique for synthetic melanoidin
decolorization by integrating the advantages of biosynthesized
silver nanoparticles with cell free extract immobilization method.
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In this study, silver nanoparticles were synthesized using Bacillus
sp. and characterized. Subsequently, the effect of bacterial extract
immobilized with AgNPs on the synthetic melanoidin
decolorization was determined. To our knowledge, the use of
biosynthesized AgNPs with crude extract immobilization has not
been examined previously for synthetic melanoidin decolorization.
2. MATERIALS AND METHODS
2.1 Synthetic melanoidin and chemicals
All the chemicals and media were procured from HiMedia Laboratories, Mumbai, India and Merck, India Ltd. Other
chemicals and reagents used were of analytical grade. Synthetic
melanoidin, glucose-aspartic-acid (GAA) type was prepared from
the method [17], in which 1.0 molar (M) glucose, 1.0M
aspartic acid and 0.5M sodium carbonate were dissolved in
1.0L of distilled water and the solution was refluxed at
100 °C for 7 h. Further reaction mixture adjusted to pH 7.0 with
1N NaOH, the solution was filtered through 0.45 μm membrane
filter.
2.2 Microbial culture
The dual characteristics of decolorization, silver nano
particle synthesis ability of bacteria Bacillus sp. BAC1 (GenBank
accession number, JX316001) previously isolated from dyes and
pigment contaminated soil, Trippur, INDIA, was used in this
experiment. The obtained culture was grown and maintained
in LB broth at 30 °C supplemented with 1 mM concentration
AgNO3.
2.3 Biosynthesis of silver nanoparticles
Extracellular method was adapted in the synthesis of
AgNPs; 100 ml of nutrient broth was prepared in 250 ml
Erlenmeyer flask and inoculated with selected bacterial isolate
Bacillus sp. BAC1. The cultured flasks were incubated in an
orbital shaker with 250 rpm for 24-72 h at room temperature. The
culture was then centrifuged at 7500 rpm for 20 m. Following
separation, the cell free supernatant was added to 1 mM
concentration of filter-sterilized silver nitrate solution and
incubated in the orbital shaker (250 rpm), until color change was
noted at room temperature. When brown color was obtained, the
supernatant was subjected to nanoparticle formation and
characterization.
2.4 Analysis and characterization of silver nanoparticles
The optical density value of the supernatant (2 ml) with
synthesized silver nanoparticles was analyzed in 200-700 nm using
UV spectrophotometer (Cyberlab UV-100 USA). The absorbance
values with peaks confirmed reduction of silver nitrate to AgNPs
formation with optimal range. Morphology and size of the
synthesized AgNPs were further characterized in TEM analysis.
Methanol was added to AgNPs it was powdered, dehydrated and
grinded well. The infiltrated sample was then placed as a thin film
in carbon-coated copper TEM grids. The film was fixed with 1%
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osmium tetra oxide allowed to stand for 2 hours (TEM Model:
Hitachi H-600). Thin film of sample was prepared in carbon
coated copper grid and dried in order to analyse in different
resolutions using scanning electron microscopic (SEM model:
JEOL-6390). Elemental composition of AgNPs with reduced ions
was observed in Energy dispersive X-ray spectroscopy (EDX). For
EDX, samples were prepared in carbon coated copper grid (Model:
Bruker AXS Inc. USA, Quantax-200). Functional groups
associated with silver nanoparticles were identified by FT-IR
spectroscopy (FT-IR model EXI).
The least milligrams of silver nanoparticles powder were
mixed with equal amount of KBr (FT-IR grade), subsequently its
pellet was prepared from grinded mixture. Infra a red spectrum
was observed in the range of 4000-400cm-1 with a resolution of
4cm-1 in FT-IR spectroscopy. Atomic force microscopy (AFM)
was performed to insight the molecular surface images of the
synthesized silver nanoparticles. Nanoparticles were prepared by
mixing with methanol mixture followed by coating in
silicon slide to form a thin film for AFM analysis (Model:
Nanosurf A).
2.5 Preparation of cell free extract
Bacillus sp. BAC1 was grown in nutrient broth at 37 °C
for 24 h. Cells were obtained by centrifugation at 5000 rpm for 20
m and suspended in 50mM potassium phosphate buffer (pH 7.4)
for sonication (8 strokes, each of 30 seconds with 2 m interval) at a
temperature below 4 °C temperature.
2.6 Cell free extract with Ag NPs immobilization
Biosynthesized Ag NPs was washed in distilled water
and mixed with 15 mL of glutaraldehyde solution (1.25%, v/v) in
0.1 M potassium phosphate buffer (pH 7.0) and stirred for 2 h at
room temperature. Excess glutaraldehyde was removed with the
same buffer. Glutaraldehyde-activated nanoparticles were dried at
60 °C for 1 h. After repeated washing, 0.25g of silver
nanoparticles was slowly stirred for 24 h at room temperature after
adding 10 ml of cell free extract. Then the produced immobilized
nanoparticles were washed by centrifugation-re-suspension,
freeze-dried and stored at 4 °C for later use.
2.7 Decolorization studies
Synthetic melanoidin decolorization was performed in
four sets of 250 ml Erlenmeyer flask containing 100 ml of medium
which is comprised of 10% (v/v) melanoidin solution and 90 mL
phosphate buffer solution (pH 7). One among these was taken as
abiotic control, second and third was treated with 10 ml cell free
extract and 0.25g Silver Nanoparticle. Fourth flask was treated
with immobilized cell free extract and 0.25g AgNPs. The flaks
were then incubated at room temperature for 24 hr with constant
stirring. Experiments were performed in triplicate and samples
were withdrawn at regular 3 hr interval for measuring
decolorization rate. Melanoidin removal was monitored by
measuring the decrease in color density at 475 nm wavelength
using a UV–Visible spectrophotometer (Cyberlab UV-100 USA).
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The decolorization percentage was determined by implementing
the following formula:
Decoloriza tion (%) =

Initial absorbance value - Final absorbance value
 100
Initial absorbance value

Similar study exhibiting weak signals from Cl in synthesized
AgNPs colloid have also been reported; this may be due to the
presence of impurities in bacterial supernatant [15].

3. RESULTS AND DISCUSSION
3.1 Biogenic synthesizing of Silver Nanoparticles
Dye decolorizing bacterial isolate Bacillus sp. BAC1 was
found to have the ability to synthesize silver nanoparticle.
Likewise, Bacillus sp. CS 11 was also found to be an efficient
organism in extracellular synthesis of stable silver nanoparticles
[18]. The change of color of the supernatant from pale yellow to
brown confirmed the extracellular reduction of silver ions to silver
nanoparticles. Presence of brown color was noticed throughout the
48 h incubation period. Synthesis of silver nanoparticle takes place
by catalysis of nitrate reductase enzyme, which is responsible for
the reduction of nitrate to nitrite, and subsequently the formation
of AgNPs [19,20]. Maximum dry weight of the synthesized
AgNPs was found to be 0.72 g/100 ml. Higher concentration of
silver ions can be attributed to the utilization of crude culture
supernatant, which contains considerable quantity of enzyme [21].
3.2 Characterization of silver nanoparticles
The synthesis of silver nanoparticles in colloidal
suspension was initially confirmed by UV-Vis spectroscopy
measurement at the different time intervals of 24, 48 and 72 h. UV
– Vis spectrum results (Fig. 1) showed intense absorption peak
around 420 nm, due to its specific surface plasmon resonance
(SPR) excitation [18]. Morphology and size of AgNPs from TEM
analysis depicted that they were spherical in shape. The diameter
was found to be in the range of ~ 35 nm (Fig. 2).

Fig. 2: Transmission electron microscopic (TEM) analysis.

Fig. 3: Scanning electron microscopic analysis of silver nanoparticles

Fig. 4: EDX spectrum of synthesized silver nanoparticles.
Fig. 1: UV - Visible spectroscopic analysis of silver nanoparticles.

Similar morphology has also been reported earlier [15]. The SEM
image of the filtrate revealed well aggregated silver nanoparaticles
in different sizes in the range of 26.2 – 34.6 nm. Also, the
distributed silver nanoparticles displayed smooth surface
morphology (Fig. 3). Similarly, AgNPs prepared with Ocimum
tenuiflorum (Black Tulsi) leaf extract, exhibiting average size of
32.58 nm was also reported [22]. Elemental composition analysis
by EDX presented strongest signal from silver (Ag) region and
weaker signals from Cl, O, P, Na & Ca atoms. It also showed that
pure crystalline nature was solely composed of silver (Fig. 4).

FTIR measurements indicate the bio-molecules responsible for
reduction of the Ag+ ions to nanoparticle. Absorption peaks were
at located about 3339.7, 2922.1, 2853.51, 1639.5, 1015, 781 in the
region of -3500 - 750 cm-1 (Fig. 5).
An FTIR spectrum at different wave numbers reveals
their respective functional groups such as: N-H stretching
vibration, C-H stretching vibration, Alkyl C-H stretching
vibration, Amide I, C-O stretching vibration, and residues of NO3-.
Whereas the peak for Ag-NPs was found around 520 cm-1.
Different functional groups are interpreted to be reducing agents
for the biosynthesis of silver nanoparticles and might be present in
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the nitrate reductase enzyme, which is located in the cell surface of
Bacillus sp [23]. Silver nanoparticles were found to be spherical in
shape (Fig. 6) of about 35 nm length (represented in their 3D
topographic AFM images). Similar AFM results showing silver
nanoparticle clusters in the medium have been reported using
Bacillus sp. JAPSK2. [24].
3.3 Decolorization
Synthetic melanoidin was significantly decolorized by
cell free extract, biosynthesized silver nanoparticles, and extract
immobilized with AgNPs. Crude extract attained 88% of
decolorization at the end of incubation. The decolorizing ability of
extracellular culture supernatant decreases with increase in the
time duration, because of unknown enzymatic activities has direct
co-relation with decolorization mechanism [25]. Extracellular
enzymes such as lignin peroxidase, manganese peroxidase and
laccase were reported earlier in various microbial culture
supernatants, which involved melanoidin decolorization [26].
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Maximum decolorization was found to be 90% using
silver nanoparticles in 15 h and for crude extract immobilized with
AgNPs in 12 h (Fig. 7). Previous study has also reported enhanced
rate of color removal proficiency possesed by synthesized AgNPs.
Melanoidin removal was gradually increased with increase in
process period in nanoparticle mediated decolorization. Similarly
higher color removal of 90% was reported in photocatalytic
decolorization of molasses wastewater using TiO2 catalyst [27].
The increased level of decolorization 98% was obtained in 21 hrs
using crude extract immobilized Ag NPs, which enhances the
decolorization efficiency by combined catalytic reaction (Fig. 8).
Utilization of nanoparticles as a support for enzyme
immobilization provides higher specific surface area for binding
and improves the efficiency of enzyme activity [28, 29]. Cell free
extract immobilized nanoparticles have capability to maintain
higher enzyme activity over a wide range of pH and temperature
[30]. Thus, cell free extract immobilized AgNPs were considered
as an effective biocatalyst for rapid melanoidin decolorization.

Fig. 5: FT-IR spectrum of silver nanoparticles.

Fig. 6: AFM topography of silver nanoparticles.
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Fig. 7: Decolorization (%) of melanoidin

Fig. 8: Decolorization of synthetic melanoidin.

4. CONCLUSION
The present study explored the potential of nanomaterial
supported immobilization system for rapid melanoidin
decolorization. The silver nanoparticles and bacterial extracellular
supernatant display significant melanoidin decolorization. Further,
the supernatant immobilized with AgNPs also showed higher
decolorization activity and this confirms the dual catalytic reaction
present in melanoidin degradation. Moreover it suggests that
nanocatalyst induces the decolorization process by affecting
physico-chemical properties of extracellular supernatant. However
findings such as the kind of enzyme responsible for melanoidin
decolorization, characteristics of immobilized nanoparticle and
free crude extract, are yet to be investigated. From the above
points, it can be concluded that nanoparticles associated with
microbial source may enhance the efficiency of melanoidin nanobioremdiation in the treatment of molasses spentwash.
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