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a  b  s  t  r  a  c  t

A  green  synthesis  of  gold  and  silver  nanoparticles  having  exceptional  high  stability  is  reported.  The
synthesis  involves  the  use of  glucoxylans  isolated  from  seeds  of  Mimosa  pudica  and  excludes  the  use
of  conventional  reducing  and  capping  agents.  The  average  particle  sizes  were  40  and  6  nm  for gold  and
silver,  respectively.  The  size  of  gold  particles  obtained  in  this  work  is  suitable  for  drug  delivery  as  they
are  non-cytotoxic.  In  phyto-toxicity  tests  the  gold  and  silver  nanoparticles  did  not  show  any  significant
effect  on  germination  of  radish  seeds,  whereas  in  radish  seedling  root  growth  assay  the  two  particles
behaved  differently.  The  silver  nanoparticles  exhibited  a concentration-dependent  stimulatory  effect  on
eywords:
old nanoparticles
ilver nanoparticles
lucoxylans
emicelluloses

root length,  whereas  the  gold  nanoparticles  had  no significant  effect  in  this  test.  The  likely mechanism
of  these  effects  is discussed.

©  2014  Elsevier  Ltd. All  rights  reserved.
reen synthesis
hyto-toxicity

. Introduction

Carbohydrate polymers isolated from various plant materi-
ls, having versatile properties, find applications in drug delivery
Sinha & Kumria, 2001; Sinha et al., 2004), tissue engineering
Goldberg, Langer & Jia, 2007; Matricardi et al., 2013; Prabaharan

 Mano, 2006; Senni et al., 2011), biosensors and electronics
Finkenstadt, 2005). Some of the carbohydrate polymers have been
sed in green synthesis of noble metal nanoparticles (NPs) (Park
t al., 2011). Very recently, synthesis of gold and silver NPs with
xceptional stability has been reported by use of arabinoxylan as
elf reducing and stabilizing agent (Amin et al., 2013). This study
emonstrated the potential of carbohydrate polymers in synthe-
is of metal particles without the additional use of any reducing
r stabilizing agents. It was hypothesized that the reducing action
s because of the presence of some amount of free reducing sugars

eleased by the polymer in the suspension. The polymers also cause
ispersion of particles into their matrix, which results in high sta-
ility (Amin et al., 2013). In the present work we wish to report the

∗ Corresponding author. Tel.: +92 300 4262813.
E-mail addresses: saeediq50@hotmail.com, saeediqbal@fccollege.edu.pk

M.S. Iqbal).

144-8617/$ – see front matter © 2014 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2014.01.002
isolation of a glucoxylan fraction from Mimosa pudica and its use
in green synthesis of gold and silver NPs having exceptional high
stability. M.  pudica,  commonly known as touch-me-not or sensi-
tive plant, is widely found in tropical regions of Pakistan, India
and other parts of the world. Its seeds produce a mucilage when
soaked in water. The mucilage is mainly composed of d-xylose and
d-glucuronic acid (Aggarwal & Karimullah, 1945; Farooqi, Kapoor &
Khan, 1977; Saraswat & Pokharkar, 2012) and as such can be clas-
sified as a glucoxylan (GX). The seeds are commercially available
at very low price in Asian markets. Like arabinoxylans (Amin et al.,
2013) the GX mucilage is expected to produce metal NPs without
the additional use of any reducing or stabilizing agents. Being a
natural biomaterial the mucilage is highly biocompatible and non-
toxic. The objective of present work was to evaluate the potential
of this material in synthesis of gold and silver NPs for biomedical
applications.

2. Experimental

2.1. Materials
Chloroauric acid, HAuCl4·3H2O (E. Merck, Germany), silver
nitrate, AgNO3 (E. Merck, Germany), sodium hydroxide, NaOH (E.
Merck, Germany), and hydrochloric acid, HCl (E. Merck, Germany)

dx.doi.org/10.1016/j.carbpol.2014.01.002
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carbpol.2014.01.002&domain=pdf
mailto:saeediq50@hotmail.com
mailto:saeediqbal@fccollege.edu.pk
dx.doi.org/10.1016/j.carbpol.2014.01.002
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ere of analytical grade and used without further purification. M.
udica seeds were obtained from local market. Nanopure® water
as used in this work.

.2. Isolation of glucoxylan from M.  pudica seeds

M.  pudica seeds (10.0 g) were soaked in Nanopure® water
500 mL)  for 10 h in a clean environment at room temperature
nd blended by using a kitchen blender to separate the fiber and
erms from the mucilage. The fiber and germs were separated out
y passing the translucent mucilage through a muslin cloth under
acuum. The volume of the clear mucilage was made up to 500 mL
ith Nanopure® water. In order to determine the reproducibility,

hree batches were prepared from the seeds obtained from three
ifferent sources.

.3. Synthesis of NPs

Varying amounts (1–20 mL)  of the mucilage were added to
0 mL  solutions of 1.0 mM HAuCl4·3H2O and AgNO3 separately, and
otal volume was  made up to 40 mL  with water under constant stir-
ing. A change in color (yellow to brown to purple in case of AuNPs;
olorless to yellow to brown in case of AgNPs) was observed in
5–180 min  (in case of AuNPs) and 60–240 min  (in case of AgNPs)
epending upon the amount of the mucilage added, pH and tem-
erature. The optimum conditions were determined by varying the
mount of mucilage, pH (3–12), temperature (25–100 ◦C) and time.
he NP suspensions thus obtained were washed several times with
anopure® water in order to remove any unreacted gold or silver

alts.

.3.1. Characterization

.3.1.1. Surface plasmon resonance spectroscopy. The reduction of
he gold and silver salts was monitored by recording the surface
lasmon resonance (SPR) spectrum in the 300–800 nm range by
se of Pharmaspec UV-1700 spectrophotometer (Shimadzu, Japan).
he spectra were recorded by three-time dilution of the sample
ith a blank in the reference using a matched pair of 1 cm quartz

uvettes.

.4. Powder X-ray diffraction

The NP suspensions were purified by repeated centrifugation
t 4000 rpm for 20 min  followed by redispersion of the pellet
f NPs into 10 mL  of deionized water. After freeze-drying the
urified particles were characterized by powder X-ray diffrac-
ion (pXRD). The spectra were recorded on Bruker D8 Discover
Germany) diffractometer using monochromatic Cu-K� radiation

� = 1.5406 ´̊A) operated at 40 kV and 30 mA.  The data were collected
n the 2� range of 10–80◦.

.5. Atomic force microscopy

The atomic force microscopic (AFM) images were obtained from
 5.0 �m × 5.0 �m film of the samples using scanning probe micro-
cope SPM-9500 J3 (Shimadzu, Japan) in the contact mode under
ormal atmospheric conditions. A freshly prepared sample was
eposited on a fine metal surface in dust-free environment for this
nalysis.
.5.1. Scanning electron microscopy
Scanning electron microscopic (SEM) images of selected NPs

ere obtained by using SEM S-3700N (Hitachi Japan) without sput-
er coating because the NPs were self-conducting.
ymers 104 (2014) 29–33

2.5.2. Transmission electron microscopy
Thin films of ultrasonically dispersed samples were prepared

by dropping a very small amount of sample on a carbon-coated
copper grid followed by drying at room temperature. The trans-
mission electron microscopic (TEM) images were obtained by using
JEM-1200EX (JEOL, Japan) microscope at an accelerating voltage of
120 kV.

2.6. Phyto-toxicity assay

The phyto-toxicity assay was performed by using radish
(Raphanus sativus L.) according to a reported method (Turker &
Camper, 2002). In this assay root length and percent seed germi-
nation were determined. Briefly, 2 mL  of the NPs suspension (four
different concentrations) and a control (a suspension without NPs)
were transferred to sterile Whatman 1 filter papers placed in sterile
plates. Ten radish seeds were placed in each plate. The plates were
incubated at 25 ± 2 ◦C in dim light and root length was  measured
for 5 days and compared with the controls. In another experiment
four different concentrations of the NPs and a control were used
to determine the percent germination under similar conditions.
The germination was recorded for 5 days. These experiments were
performed in triplicate and data were statistically analyzed.

3. Results and discussion

3.1. Synthesis of NPs

The Au and Ag NPs were obtained by reduction of HAuCl4 and
AgNO3 with the M. pudica mucilage; where the mucilage, charac-
terized to be a GX, served as reducing as well as dispersing agent.
Formation of the NPs was monitored by SPR absorptions at 530 nm
and 412 nm for AuNPs and AgNPs, respectively. The smallest parti-
cle size was obtained after optimizing the reaction conditions with
respect to amount of mucilage, temperature, pH and time. The spec-
tral variations with varying amount of polymer, temperature and
pH are shown in Fig. 1. The optimum conditions for nearly monodis-
perse AuNPs having size approximately 40 nm were: amount of
mucilage 16 mL/40 mL, amount of 1 mM HAuCl4 20 mL/40 mL,  tem-
perature 90 ◦C, pH 4.5, time 25–45 min; whereas the conditions for
AgNPs having a mean size of 6 nm (range 5–10 nm)  were: amount
of mucilage 4–8 mL/40 mL,  amount of 1 mM AgNO3 20 mL/40 mL,
temperature 90 ◦C, pH 12, time 20 min.

3.2. Powder X-ray diffraction

The pXRD spectra of the synthesized AgNPs and AuNPs are
shown in Fig. 2. The spectra are characteristic of face-centered
cubic phase (JCPDS File No. 87-0720). The diffraction peaks in the
spectrum of AgNPs at 2� values 44.4◦, 51.2◦, 63◦ and 73.6◦ can be
assigned to (1 1 1), (2 0 0), (2 2 2) and (3 1 1) planes respectively.
Similarly the peaks in the spectrum of AuNPs at 2� values 44.2◦,
48◦, 64◦ and 76.5◦ can be assigned to (1 1 1), (2 2 0), (2 2 2) and
(3 1 1) planes respectively. The sizes of the particles as calculated
by use of Debye–Scherrer equation (Scherrer, 1918) were found
to be 5–10 nm and 10–50 nm for silver and gold, respectively. The
Bragg reflections (2 0 0), (2 2 0) and (3 1 1) were weak and broad-
ened relative to the intense (1 1 1) reflection. This feature indicates

that the nanocrystals are mainly oriented along (1 1 1) plane. There
were some unidentified peaks in the spectra which may  be due to
crystallization of organic materials from GX on the surface of the
NPs.
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ig. 1. Optimization curves: (a) amount of GX suspension vs. absorption maxima; (b
ariation of AgNPs at different concentrations of GX; (e) typical spectral variation o

.3. AFM, SEM and TEM analysis

Surface morphologies of GX films incorporating the NPs are
epicted in the AFM images (Fig. 3(a,b)). The roughness of the sur-
ace is due to dispersion of the NPs in polymeric matrix. SEM images
Fig. 3(c,d)) show the dispersed particles in the polymer matrices.
he TEM images of AgNPs and AuNPs obtained under optimum
onditions are shown in Fig. 3(e,f). The particles exhibit irregular
hapes. From this data the average size of AgNPs was  found to be
 nm (range 5–10 nm). These results are consistent with the SPR
nd XRD data. The TEM image of AuNPs depicted an average par-
icle size of 40 nm (range 10–50 nm). This was  also supported by
he SPR and pXRD data. All these measurements were replicated

Fig. 2. pXRD spectra of AgN
perature vs. absorption maxima; (c) pH vs. absorption maxima; (d) typical spectral
Ps at different concentrations of GX.

under optimum conditions on the polymer obtained from different
sources for verification of reproducibility. This study demonstrates
that GX works as the reducing and stabilizing agent simultaneously
just like AX thus supporting the argument that polysaccharides
hydrolyze to some extent into monosaccharides, which in turn
exist in cyclic and acyclic (aldehyde form) forms in equilibrium
in aqueous (Iqbal, Khurshid & Iqbal, 1993) medium. The aldehyde
group most probably causes reduction of the metal ions. Thus we
have been successful in discovering GX as another excellent self-

reducing and self-stabilizing agent. The AgNPs and AuNPs dispersed
in this polymer exhibited unchanged SPR spectra over a period of
three years. Thus the particles can be stored for a very long time and
used for various biomedical and engineering applications without

Ps (a) and AuNPs (b).



32 F. Iram et al. / Carbohydrate Polymers 104 (2014) 29–33

f AuNP

t
a
i
c
t
f

3

g
B

Fig. 3. Micrographs of the NPs dispersed in GX: (a) AFM of AgNPs; (b) AFM o

he risks of contamination by conventional reducing and capping
gents. The size range of the AuNPs obtained by our method falls
n the range, which is suitable for cellular uptake in various cancer
ell lines (Rieznihenko et al., 2012). The AuNPs having size greater
han 30 rarely enter the nucleus, therefore, they are more suitable
or safe drug delivery.

.4. Phyto-toxicity study
The AgNPs and AuNPs exhibited different responses to seed
ermination and root length tests performed on the radish seeds.
oth the AgNPs and AuNPs had no significant effect on seed
s; (c) SEM of AgNPs; (d) SEM of AuNPs; (e) TEM of AgNPs; (f) TEM of AuNPs.

germination. However, relatively higher germination as compared
with control and comparable with that of the polymer control
were observed (Fig. 4), which may  be attributed to the presence
of highly hydrophilic material, GX, in the samples. In the root
length test AgNPs exhibited inhibitory effect at higher concentra-
tion (27 �g mL−1) and enhanced the growth 5–6 times (P < 0.05) of
the control (Fig. 5) at a lower concentration (13.5 �g mL−1). This
phenomenon can be understood in terms of a possible steriliz-

ing effect of the particles, which stimulates the growth, at lower
concentration and toxic effect at higher concentrations. The stim-
ulation effect may  be on the cell division or cell length individually
or collectively. As the enhanced root lengths were comparable in
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Fig. 4. Effect of AgNPs and AuNPs on radish seeds germination.
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Fig. 5. Effect of AgNPs and AuNPs on root growth of radish seeds.

ase of the particles having different sizes, it can be concluded that
he effect of particle size is not significant. Previously a concentra-
ion dependent growth inhibition has been reported in other plants

y AgNPs (Gubbins, Batty & Lead, 2011; Lee, Kwak & An, 2012). On
he other hand, the AuNPs showed no significant effect in this test
Fig. 5) indicating that these particles are non-toxic to the plant
nder investigation. Therefore, the AuNPs produced by the present
ymers 104 (2014) 29–33 33

method, having an average size of ∼40 nm and being non-toxic, can
be safely used for drug delivery into the cells.

References

Aggarwal, & Karimullah. (1945). Chemical examination of the seeds of Mimosa
pudica,  Linn. Journal of Scientific and Industrial Research, 46(4), 80.

Amin, M.,  Iram, F., Iqbal, M.  S., Saeed, M.  Z., Raza, M.,  & Alam, S. (2013). Arabinoxylan-
mediated synthesis of gold and silver nanoparticles having exceptional high
stability. Carbohydrate Polymers, 92(2), 1896–1900.

Farooqi, M.  I. H., Kapoor, V. P., & Khan, P. S. H. (1977). Chemical investigation on the
mucilage of lajwanti seeds from Mimosa pudica Linn. Indian Drugs,  15,  39.

Finkenstadt, V. L. (2005). Natural polysaccharides as electroactive polymers. Applied
Microbiology and Biotechnology,  67(6), 735–745.

Goldberg, M.,  Langer, R., & Jia, X. (2007). Nanostructured materials for applications
in  drug delivery and tissue engineering. Journal of Biomaterials Science, Polymer
Edition,  18(3), 241–268.

Gubbins, E. J., Batty, L. C., & Lead, J. R. (2011). Phytotoxicity of silver nanoparticles to
Lemna minor L. Environmental Pollution, 159(6), 1551–1559.

Iqbal, M.  S., Khurshid, S. J., & Iqbal, M.  Z. (1993). Preparation, characterization, and
biologic evaluation of copper(II) Schiff base complexes derived from anthranilic
acid and aldoses. Canadian Journal of Chemistry,  71(5), 629–633.

Lee, W.  M.,  Kwak, J. I., & An, Y. J. (2012). Effect of silver nanoparticles in crop plants
Phaseolus radiatus and Sorghum bicolor: media effect on phytotoxicity. Chemo-
sphere,  86(5), 491–499.

Matricardi, P., Di Meo, C., Coviello, T., Hennink, W.  E., & Alhaique, F. (2013). Inter-
penetrating polymer networks polysaccharide hydrogels for drug delivery and
tissue engineering. Advanced Drug Delivery Reviews, 65(9), 1172–1187.

Park, Y., Hong, Y. N., Weyers, A., Kim, Y. S., & Linhardt, R. J. (2011). Polysaccharides
and phytochemicals: a natural reservoir for the green synthesis of gold and silver
nanoparticles. IET Nanobiotechnology, 5(3), 69–78.

Prabaharan, M.,  & Mano, J. F. (2006). Stimuli-responsive hydrogels based on polysac-
charides incorporated with thermo-responsive polymers as novel biomaterials.
Macromolecular Bioscience, 6(12), 991–1008.

Rieznihenko, L. S., Dybkova, S. M.,  Gruzina, T. G., Ulberg, Z. R., Todor, I. N., Lukyanova,
N. Yu., Shpyleva, S. I., & Chekhun, V. F. (2012). Gold nanoparticles synthesis and
biological activity estimation in vitro an in vivo. Experimental Oncology, 34(1),
25–28.

Saraswat, R., & Pokharkar, R. (2012). GCMS Studies of Mimosa pudica. International
Journal of PharmTech, Research, 4(1), 93–98.

Scherrer, P. (1918). Bestimmung der grösse und der inneren struktur von kol-
loidteilchen mittels Röntgenstrahlen, nachrichten von der gesellschaft der
wissenschaften, Göttingen. Mathematisch-Physikalische Klasse, 2, 98–100.

Senni, K., Pereira, J., Gueniche, F., Delbarre-Ladrat, C., Sinquin, C., Ratiskol, J., Godeau,
G.,  Fischer, A. M.,  Helley, D., & Colliec-Jouault, S. (2011). Marine polysaccharides:
a source of bioactive molecules for cell therapy and tissue engineering. Marine
Drugs,  9(9), 1664–1681.

Sinha, V. R., & Kumria, R. (2001). Polysaccharides in colon-specific drug delivery.
International Journal of Pharmaceutics, 224(1-2), 19–38.
Sinha, V. R., Singla, A. K., Wadhawan, S., Kaushik, R., Kumria, R., Bansal, K., & Dhawan,
S.  (2004). Chitosan microspheres as a potential carrier for drugs. International
Journal of Pharmaceutics, 274(1–2), 1–33.

Turker, A. U., & Camper, N. D. (2002). Biological activity of common mullein, a
medicinal plant. Journal of Ethnopharmacology, 82(2-3), 117–125.

http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00004-6/sbref0090

	Glucoxylan-mediated green synthesis of gold and silver nanoparticles and their phyto-toxicity study
	1 Introduction
	2 Experimental
	2.1 Materials
	2.2 Isolation of glucoxylan from M. pudica seeds
	2.3 Synthesis of NPs
	2.3.1 Characterization
	2.3.1.1 Surface plasmon resonance spectroscopy


	2.4 Powder X-ray diffraction
	2.5 Atomic force microscopy
	2.5.1 Scanning electron microscopy
	2.5.2 Transmission electron microscopy

	2.6 Phyto-toxicity assay

	3 Results and discussion
	3.1 Synthesis of NPs
	3.2 Powder X-ray diffraction
	3.3 AFM, SEM and TEM analysis
	3.4 Phyto-toxicity study

	References


