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ABSTRACT

A novel greener method to impregnate silver nanoparticles (AgNPs) into microcrystalline cellulose (MCC) by curry leaf
(Murraya koenigii) extract is presented. The active reduction of silver ions by curry leaf extract was explored for the in
situ impregnation AgNPs into MCC. Transmission electron microscopy (TEM) analysis of MCC coated with AgNPs
showed the formation of silver particle sizes in the range of 10 - 25 nm and have a spherical shape. Further the, EDS
analysis of MCC/Ag nanocomposite confirms the formation of Ag structure on microcrystalline cellulose. Solvent cast-
ing of poly(lactic-acid) was used to produce composite films containing silver impregnated MCC aiming for antimicro-

bial applications.

Keywords:. Silver Nanoparticles; Impregnation; Bioreduction; Murraya koenigii; Leaf Extract

1. Introduction

Silver nanoparticles (AgNPs) deposited or impregnated
materials (metal, polymer, metal oxide, carbon, cellulose)
have been widely investigated for their unique physico-
chemical properties such as optical, electrical, catalytic
and anti-microbial, due to their unusual interfacial effects
[1-6]. They found a wide range of applications in many
fields that include optical, water treatment, sensor, me-
dical, textile, coatings as well as energy conversion/
storage [7-13]. Among the available metal nanoparticles,
silver and related materials have been utilized in many
nano based commercial products for their antimicrobial
property. Studies suggested that the antimicrobial perfor-
mance is enhanced due to an increased surface area/re-
duced particle size. Hence, an intensive research effort
has been made to introduce AgNPs in various materials
for the effective antimicrobial properties [14,15]. Re-
cently, nanocomposites with multifunctional properties
receive more attention for their demand as packaging
materials [16,17]. Along with antimicrobial activity addi-
tional properties such as thermal, mechanical, barrier,
moisture resistance and linear thermal expansion coeffi-
cient also necessary, that will widen the opportunities for
numerous commercial products [18,19]. With this con-
text, development of silver nanoparticle impregnated cel-
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lulose fibres as the multifunctional filler (which also act
as subtract for AgNPs) represent as a novel approach for
the development composite films with antimicrobial ac-
tivity [20-22].

Inclusion of AgNPs into natural fibres (cellulose as
well as cotton) has been performed using various tech-
niques including sonochemical [23], microwave [24],
chemical reduction (using sodium borohydrate) [25] as
well as bioreduction (using fungus, plant leaf extract) [26,
27]. Among them, plant leaf extract mediated biological
process is found to be simple as well as cost effective
that also utilize ambient conditions for the reduction re-
action. Ravindra et al. reported the Neelagiri and Marrti
tree leaf extracts based bioreduction process for the fa-
brication of antimicrobial cotton fibres with AgNPs [27].
Also, our group has first demonstrated the functionali-
zation of carbon nanotubes with AgNPs using soy leaf
and Tecoma stans extract based biological process [3,28].
Recently, we have reported the “green” method of syn-
thesizing AgNPs using curry leaf (Murraya koenigii)
extract [29]. The effective reduction of silver ions into
AgNPs by curry leaf extract has motivated to extend the
research work for the fabrication of AgNP impregnated
microcrystalline cellulose (MCC) as a functional fillers.
Thus the present research is aimed to impregnate AgNPs
into microcrystalline cellulose using Murraya koenigii
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extract as the reducing agent at ambient conditions and
extending their application into the fabrication of poly-
lactic acid (PLA) based antimicrobial Bionanocomposite
films.

2. Experimental
2.1. Materials

Curry leaves (Murraya koenigii) were obtained from East

Indian Food & Spices in Guelph, Ontario, Canada. Silver

nitrate (AgNO3) as well as microcrystalline cellulose (MCC)
were purchased from Sigma Aldrich and used as received

without further purification. PLA (Biomer L9000) was

obtained from Biomer, Inc., Germany.

2.2. Preparation of Curry Leaf Extract

The curry leaf extract was prepared using 10 g of fresh
curry leaves, which were rinsed with deionized water and
cut into small pieces. The chopped leaves were boiled in
75 mL of deionized water for 3 minutes and allowed to
cool. Further the cooled leaf broth was filtered, which
yielded 50 mL of broth and it was stored in a refrigerator
at4°C.

2.3. Impregnation of AgNPsinto MCC

Curry leaf extract mediated bioreduction process for the
impregnation of AgNPs into microcrystalline cellulose is
schematically shown in Figure 1. First, 10 g of MCC
was suspended in 1000 mL of 10~ M silver nitrate and
sonicated for 10 minutes. 50 mL of curry leaf broth was
added to the mixture and stirred for 6 hours. Curry leaf
extract caused the reduction of silver ions into silver,
which nucleate in to silver nanoparticles on the micro-
crystalline fibrils. After 6 hours the mixture was allowed
to setter down and the excess reaction mixture was de-
canted off. The AgNP impregnated MCC was washed
with deionized water and dried in an oven at 55°C over
night.

2.4. Characterization of the Silver Impregnated
Microcrystalline Cellulose

The bioreduction of silver nanoparticles was investigated
through a Varian UV-Vis spectrophotometer (300 UV-Vis)
operated between 300 and 800 nm with 2 nm resolution.
Transmission electron microscopy (TEM) analysis of the
as received as well as AgNP impregnated microcrystal-
line cellulose was performed on a LEO mo- del 912AB
instrument at an accelerating voltage of 100 kV. A drop
of MCC suspension was placed on carbon coated copper
grids and allowing the solvent to evaporate prior to
analysis. Scanning electron microscope—EDS analy-
sis of the AgNPs impregnated MCC was performed
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using a Hitachi, Japan, operated at an accelerating
voltage of 30 kV. The crystalline nature of the in situ
impregnated AgNPs was investigated using a Rigaku
Multiflex X-ray powder diffractometer employed with
Cu Ka radiation. The XRD pattern was recorded between
10° and 80° at the scanning rate of 2° per minute. The
dried MCC powders were loaded on the glass subtract
and subjected to X-ray and the diffracted pattern was
recorded. Thermal behavior of AgNPs impregnated MCC
was investigated using a thermo gravimetric analyzer
(TGA), Q500, TA equipments. Approximately 3 mg of
sample was heated at the rate of 20°C per min from room
temperature to 600°C in nitrogen atmosphere.

2.5. Solvent Casting of PLA/M CC Composite

0.5 g of PLA was dissolved in 20 mL of chloroform with
gentle heating and constant stirring for 30 minutes. The
dried silver coated MCC powder was added in 5%, 10%
and 20% w/w concentrations to separate samples. The
PLA was stirred with MCC for 24 hours to allow for
dispersion. The mixture was then poured into glass Petri
dishes and left to evaporate. Once the chloroform had
evaporated, the plastic film was removed and collected
from the Petri dish.

2.6. Antimicrobial Testing

The PLA/MCC samples were tested for antimicrobial
properties using the Charm disk assay. An agar plate was
first seeded with Bacillus stearothermophilus. Small cir-
cular pieces of the films were placed on the seeded agar
and incubated. Due to the presence of indicators in the
agar, microbial growth is indicated by a yellow colour
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Figure 1. Schematic representation of curry leaf mediated
biological process for the impregnation of AgNPs in micro-
crystalline cellulose.

JBNB



Green Process for Impregnation of Silver Nanoparticles into Microcrystalline Cellulose and 373
Their Antimicrobial Bionanocomposite Films

and inhibition of growth by a purple colour.

3. Results and Discussion

UV-vis spectra of reaction mixture with MCC dispersion
and silver nitrate solution was recorded and compared
with the spectrum of reaction mixture with curry leaf
extract (after 2 hours of addition) and they are shown in
Figure 2. The observed peak at 430 nm, which is attri-
buted to the plasmonic vibration of AgNPs, confirms the
formation of AgNPs. Further it was confirmed by visual
observation, TEM and XRD analysis. Figure 3 shows
the photograph of as received as well as silver nanopar-
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Figure 2. UV-vis spectra of theinitial (a) and final (b) stages
of reaction mixture (silver nitrate, microcrystalline cellu-
lose, and curry leaf broth); Inset sows the respective photo-

graphs.

(@) (b)

Figure 3. Photograph of microcrystalline cellulose; (a) as
received and (b) AgNPs impregnated.
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ticle impregnated microcrystalline cellulose powder. The
change in colour from white in to yellowish brown indi-
cates the implementation of AgNPs into MCC structure
using curry leaf extract mediated green process at am-
bient condition.

Figures 4(a)-(d) shows the transmission electron mi-
croscopic images of pristine and Ag nanoparticles im-
pregnated MCC with different magnification. TEM mi-
crographs of pristine MCC as shown in Figures 4(a) and
(b) indicate the fibril structure with wide size distribu-
tion. Figures 4(c) and (d) confirms the effective im-
pregnation of Ag nanoparticles into microcrystalline cel-
lulose by curry leaf extract based bioreduction process.
The impregnated AgNPs are polydisperse and ranges
approximately from 10 - 25 nm with spherical shape.
AgNPs were distributed among the MCC fibrils and the
high tendency of particle agglomeration was observed.
From this analysis it is observed that the AgNP content
in some MCC fibrils are greater than others. This may be
explained as the nanoparticles adsorption on MCC fibrils
is strongly dependent on the physicochemical character-
istics of the fibers, which indicate the necessary of phy-
sical/chemical pretreatment to the MCC fibrils.

The SEM-EDS was recorded in order to provide fur-
ther confirmation on the formation of AgNPs on cellu-
lose fibrils and also identify their approximate bulk ato-
mic composition. SEM-EDS spectra of Ag nanoparticles
impregnated MCC shown in Figure 5. The obtained EDS
spectrum of Ag nanoparticles impregnated MCC con-
firms the existence of silver in the MCC and it is quanti-
fied as ~1 wt%. Further this result was supported by

‘@

Figure 4. TEM images (with different magnifications) of
microcrystalline cellulose (a), (b) control sample and (c), (d)
slow addition of broth showing impregnation with AgNPs.
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Figure 5. SEM-EDS spectra of microcrystalline cellulose
impregnated with AgNPs.

TGA analysis.

Power X-ray diffraction patterns of pristine and Ag
nanoparticles coated MCC fibrils are presented in Figure
6. The diffraction pattern for pristine MCC shows intense
peak at 15°, 16°, 22°, 23° and 26° are the characteristic
peaks of cellulose fibres, which coincides with reported
literature values [30]. XRD pattern for AgNPs impreg-
nated MCC fibrils shows additional peaks at 38°, 44°, 64°
and 77° which are assigned to fcc crystalline structure of
silver nanocrystals. It was observed that the characteristic
peaks of AgNPs have significant width, which indicates
the formation of smaller Ag particles. Crystallite size of
the silver nanoparticles was calculated using full width at
half maximum (FWHM) of the 100% peak of silver and
the Scherrer’s formula,

d = KA/(f3-cosh)

where /—X-ray wavelength, /—FWHM of the diffract-
tion line, &—diffraction angle, and K—constant, gene-
rally assumed as 0.9. Calculated average crystallite size
is ~5 nm, which indicates that the impregnated AgNPs
are poly crystalline in nature thus TEM images show the
particles range between 10 and 20 nm.

Thermal behavior of pristine and AgNPs impregnated
MCC fibrils were performed using TGA and the re-
corded thermogram is shown in Figure 7. A single step
thermal degradation was observed for both the MCC and
Ag-MCC fibrils between 270°C and 380°C with ~95%
weight loss, however the addition of AgNPs causes sig-
nificant change in their degradation pattern. The reaction
between AgNPs and the MCC starts at 250°C and caused
the increased degradation rate as seen in inset derivative
curve (peak at 292°C). Also, the increased residual mass
after the degradation for the Ag nanoparticles impreg-
nated MCC fibrils about 1.37% indicates the existence of
silver in residual mass. This result is comparable with the
SEM-EDS analysis.

Silver impregnated MCC fibrils were further utilized
for the fabrication of biodegradable composite film with
PLA as polymer matrix by employing solvent casting
process. The solvent casting produced fairly uniform thin,
flexible films. As the MCC concentration is increased the
film becomes less translucent. The samples containing

Copyright © 2012 SciRes.

the MCC + AgNPs also showed a brownish colour. The
coated cellulose showed increased dispersion compared
to the control sample. This may be because the silver
neutralizes the surfaces charges present on the MCC
which cause the aggregation. Microbial inhibition, indi-
cated by a purple colour, was observed in all the MCC +
AgNP samples (Figure 8). The 20% MCC + AgNPs
sample showed the greatest amount of inhibition. This
suggests that the MCC + AgNPs/PLA composite have
antimicrobial properties. However, further testing is re-
quired confirm and to better quantify this property.

4. Conclusion

In summary, the curry leaf extract mediated bioreduction
process was successfully employed for the rapid im-
pregnation of AgNPs into MCC at ambient conditions.
TEM and XRD analysis respectively confirmed the for-
mation of spherical AgNPs and fcc crystalline structure
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Figure 6. XRD analysis of (a) as received and (b) AgNPs
impregnated microcrystalline cellulose.
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Figure 7. Thermo gravimetric (TG) analysis of (a) as re-
ceived and (b) AgNPs impregnated microcrystalline cellu-
lose.
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Figure 8. Photograph of MCC-PLA (Al) and MCC-Ag-
PLA (A2) compasite films as well as antimicrobial analysis
of MCC-PLA (B1) and MCC-Ag-PLA (B2 and B3) compo-
Sites.

with in microcrystalline cellulose, further it was sup-
ported by SEM-EDS results. AgNPs that are impreg-
nated into MCC were estimated using TG analysis,
which is found to be ~1.3%, which is very much consis-
tence with SEM-EDS analysis. The fabricated silver im-
pregnated MCC then combined with PLA to produce
antimicrobial bionanocomposite film using solvent cast-
ing process. The preliminary analysis showed that these
films exhibits significant antimicrobial properties and
further research in this direction is in progress.
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