
G
e

H
a

b

c

A
R
R
A
A

K
B
S
M
A
C

1

m
R
A
o
p
v
t
(
B
e
t
2
b
i
c
p
t
E
A
h

0
h

Carbohydrate Polymers 96 (2013) 403– 410

Contents lists available at SciVerse ScienceDirect

Carbohydrate  Polymers

jo ur nal homep age: www.elsev ier .com/ locate /carbpol

reen  synthesis  of  silver  nanoparticles  using  polysaccharides
xtracted  from  marine  macro  algae

.M.  El-Rafiea,∗, M.H.  El-Rafieb,  M.K.  Zahranc

Pharmacognosy Department, National Research Centre, Dokki, Cairo 12311, Egypt
Textile Research Division, National Research Centre, Dokki, Cairo 12311, Egypt
Chemistry Department, Faculty of Science, Helwan University, Ain-Helwan, Cairo 11795, Egypt

a  r  t  i  c  l e  i n  f  o

rticle history:
eceived 12 February 2013
eceived in revised form 12 March 2013
ccepted 23 March 2013
vailable online 25 April 2013

a  b  s  t  r  a  c  t

Green  synthesis  of nanoparticles  that  have  environmentally  acceptable  solvent  systems  and  eco-friendly
reducing  agents  is  of  great  importance.  The  aim of  this  work  was  to synthesis  of  silver nanoparticles
(AgNPs)  using  water  soluble  polysaccharides  extracted  from  four marine  macro-algae,  namely,  Pterocladia
capillacae (Pc),  Jania  rubins  (Jr),  Ulva  faciata  (Uf),  and Colpmenia  sinusa  (Cs)  as  reducing  agents  for  silver
ions  as well  as  stabilizing  agents  for  the  synthesized  AgNPs.  The  formed  Ag-NPs  have  been  confirmed
eywords:
iosynthesis
ilver nanoparticles
arine macro-algae

ntimicrobial

by  UV–Vis  spectroscopy,  FTIR  analysis  and  TEM.  The  resultant  Ag-NPs  colloidal  solutions  were  applied
to  cotton  fabrics  in presence  and  absence  of  citric  acid (CA)  or a binder  (B).  The  antimicrobial  activity  of
the treated  fabrics  was evaluated.  The  results  revealed  that  the  antimicrobial  activity  depends  on type
of  the  fabric  treatment,  size  of  the  synthesized  Ag-NPs  and  the  algal  species  used  for  polysaccharides
extraction.
otton fabrics

. Introduction

Synthesis of metal nanoparticles has been demonstrated by
any physical and chemical means (Gao & Cranston, 2008;

odriguez-Sanchez, Blanco, & Lopez-Quinetela, 2000; Sailaja,
mareshwar, & Chakravarty, 2011). Because most of these meth-
ds are capital intensive, toxic, non eco-friendly and have low
roductivity, it is a need of today’s nanotechnology to adopt a
ariety of green routes for synthesis of nanoparticles. Amongst
hese are those concerned with plant extract (Gilaki, 2010), bacteria
Saifuddin, Wong, & Nur Yasumira, 2009), fungi (Balaji, Basavaraja,
edre, Prabhakar, & Venkataraman, 2011), enzymes (Schneidewind
t al., 2012) and algae (Sahayaa, Rajesh, & Rahi, 2012). These biosyn-
hesis routes are currently under wide exploration (Bansal et al.,
005). Due to their amenability to biological functionalization, the
iosynthesized nanoparticles are finding important applications

n the field of medicine, in particular that related to the antimi-
robial activity (Dykman & Khlebtsov, 2012). The antimicrobial
otential of metal-based nanoparticles has led to its incorpora-
ion in consumer, health-related and industrial products (Albrecht,

vans, & Raston, 2006; Khanna, 2008; Wiechers & Musee, 2010).
mong all the metal nanoparticles, silver nanoparticles (SNPs) have
igh inhibitory and bactericidal effects (Cho, Park, Osaka, & Park,

∗ Corresponding author. Tel.: +20 201065021666.
E-mail address: hanaelrafie@yahoo.com (H.M. El-Rafie).

144-8617/$ – see front matter ©  2013 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2013.03.071
© 2013 Elsevier Ltd. All rights reserved.

2005). Kim et al. (2007) reported that the antimicrobial mechanism
of SNPs is due to the formation of free radicals and subsequent
free radical induced membrane damage. Antibacterial activity of
SNPs largely has been studied with human pathogenic bacteria,
mainly Escherichia coli and Staphylococcus aureus (Shrivastava et al.,
2007).

The application of nanoparticles to textile materials has been
the object of several studies aimed at producing finished fab-
rics with different performances. For example nano-Ag has been
used for imparting antibacterial properties (Durán, Marcato, De
Souza, Alves, & Esposito, 2007), nano-TiO2 for UV-blocking and
self-cleaning properties (Qi et al., 2007; Xin, Daoud, & Kong, 2004)
and ZnO nanoparticles for antibacterial and UV-blocking properties
(Vigneshwaran, Kumar, Kathe, Varadarajan, & Prasad, 2006; Wang,
Xin, & Tao, 2005). In the last few years, the market for antimi-
crobial textiles has shown double digit growth. This growth has
been fuelled by the increased need of consumers for fresh, clean,
and hygienic clothing. Extensive research is taking place to develop
new antimicrobial finishes. The Nanosilver is a powerful and nat-
ural antimicrobial agent that has been proven highly effective in
fighting a whole range of microbes. Acting as a catalyst, it report-
edly disables the enzyme that one-celled bacteria, viruses, and
fungi need for their oxygen intake without causing correspond-

ing harm to human enzymes or other parts of the human body
chemistry. The result is the destruction of disease-causing orga-
nisms without any detrimental effects on the surrounding human
tissue (Papaspyrides, Pavlidou, & Vouyiouka, 2009).

dx.doi.org/10.1016/j.carbpol.2013.03.071
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.carbpol.2013.03.071&domain=pdf
mailto:hanaelrafie@yahoo.com
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Table 1
Conditions of GLC analysis of the polysaccharide hydrolyzate.

Column ZB-1701, 30 m × 0.25 m × 0.25 �m,

Stationary 14% cyanopropyl phenyl methyl
Carrier gas Helium at 1.2 ml/min,10.6 psi
Temperature programming Initial temperature: 150 ◦C for 2 min

with a rate 7 ◦C/min, final temperature:
◦

04 H.M. El-Rafie et al. / Carbohy

Based on the fact that utilization of plants in synthesis of
anoparticles is quite novel leading to truly green chemistry which
rovide advancement over chemical and physical method as it is
ost effective and environment friendly easily scaled up for large,
he present work aims to establish a novel environmentally safe

ethod for preparation of silver nanoparticles using polysaccha-
ides extracted from marine macro-algae. These polysaccharides
ave a dual effect as they act as reducing agents of silver ions
nd as stabilizing agents for the formed silver nanoparticles. The
o-prepared nano-sized silver colloids were applied onto cotton
abrics in absence and presence of citric acid or a Binder and the
ntimicrobial efficacy of the treated samples was evaluated.

. Experimental

.1. Materials

.1.1. Algae
The red {P. capillacae (Pc) and J. rubins (Jr)}, brown {C. sinusa

Cs)}, and green {U. faciata (Uf)} algae were collected from along
he coast of Abo-Qire, Alexandria, Cairo, Egypt, in March, May  and
eptember 2011, respectively. The algal samples were brought to
he laboratory in an ice box and cleaned thoroughly with fresh
ater, the epiphytes were removed. The cleaned algae were dried

n shade at room temperature and well grinned.

.1.2. Fabrics
Desized, scoured, and bleached 100% cotton fabric, was  kindly

upplied from El-Mahalla Company for Spinning and Weaving, El-
ahalla El-Kubra, Egypt.

.2. Methods

.2.1. Extraction of water soluble polysaccharides
5 g of dry algal powder were extracted in distilled water at 80 ◦C

or 3 h. The extracts were filtered and concentrated under reduced
ressure at temperature not exceed 40 ◦C. The hot water soluble
olysaccharides were precipitated by the addition of 4-fold volume
f 95% (v/v) ethanol and the precipitated polysaccharides were fil-
ered, washed twice with absolute ethanol and dried at 40 ◦C to
btain the crude hot water soluble polysaccharides (CHWPS).

.2.2. Chemical analysis of CHWPS
Moisture and total ash were estimated using the method

eported by AOAC (1990). The protein content was  estimated as
otal nitrogen by the procedure adopted by Pearson using micro-
jeldahl method (Pearson, 1976). Crude protein was subsequently
alculated by multiplying the nitrogen content (expressed as % N)
y a factor of 6.25. Sugars were determined by the GLC analysis
ccording to Ronald method (1991).

.2.3. Acid hydrolysis of polysaccharides
The precipitated polysaccharides (0.1 g) were added to 10 ml

 N H2SO4 and heated in a boiling water bath for 5 h to hydrolyze
olysaccharides. BaCO3 was added then centrifuged and the precip-

tate was washed twice by water, then the solution was  evaporated
ntil the volume reached 2 ml  hydrolyzate.

.2.4. Silylation of the polysaccharide hydrolyzate (Ronald, 1991)
A part of the hydrolyzate solution (0.5 ml)  was evaporated in a

mall screw-topped septum vials to dryness under stream of nitro-

en at 40 ◦C. When almost dry, 0.5 ml  isopropanol was  added and
he drying was completed under stream of nitrogen until a dry
olid residue remained. 0.5 ml  of 2.5% hydroxylamine hydrochlo-
ide in pyridine was added, mixed and heated for 30 min  at 80 ◦C
200 C for 20 min.
Injector chamber temperature 250 ◦C
Detector FID at 250 ◦C

then allowed to cool. One ml  of trimethylchlorosilane: N,O-bis-
(trimethylsilyl) acetamide (1:5 by volume) was added, mixed and
heated for 30 min  at 80 ◦C.

2.2.5. GLC analysis of the polysaccharide hydrolyzate
1 �l of the silylated sugars was subjected to GLC analysis adopt-

ing the conditions listed in Table 1.

2.2.6. Synthesis of silver nanoparticles (Ag-NPs)
30 mg  of CHWPS extract of each alga was  dissolved in 90 ml

of sterile distilled water with continuous stirring at 70 ◦C. 1 ml  of
0.1 mM AgNO3 solution was  added to the obtained solution drop-
wise with continuous stirring and the solution pH was adjusted at
10. The final volume was completed to 100 ml  by sterile distilled
water and kept in a magnetic stirrer at 70 ◦C under constant stirring
for 20 min. The reduction of silver ions to silver nanoparticles was
routinely monitored by visual inspection of the solution as well as
by UV–vis spectra and TEM.

2.2.7. Characterization of silver nanoparticles
2.2.7.1. UV–visible spectral analysis. The color change of the reac-
tion medium from pale yellow to dark brown was  checked
periodically and the bioreduction of silver ions was monitored by
periodic sampling of solution and subsequently measuring UV Vis-
ible spectra of the samples. UV–vis spectra of these samples were
monitored as a function of the reaction time on UV–vis spectropho-
tometer (T80 UV/vis, PG Instruments Ltd, England).

2.2.7.2. TEM analysis. The structural characterization of Ag-NPs
was carried out by Transmission electron microscopy (TEM) (JEOL-
JEM-1200, Japan). The sample placed on the carbon coated copper
grid, making a thin film of sample on the grid and extra sample was
removed using the cone of a blotting paper and kept in grid box
sequentially.

2.2.7.3. FTIR analysis. To remove any free biomass residue or
compound that is not the capping ligand of the nanoparticles,
the residual solution of 100 ml  after reaction was centrifuged at
5000 rpm for 10 min  and the resulting suspension was redispersed
in 10 ml  sterile distilled water. Thereafter, the purified suspen-
sion was freeze dried to obtain dried powder. Finally, the dried
nanoparticles were analyzed by using JASCO, FT/IR-b 100 spec-
trophotometer (Japan).

2.2.8. Treatment of cotton fabrics
Before being used, cotton fabrics were washed and dried. Exper-

iments were performed on samples with maximum dimension of
30 cm × 15 cm.  The dried cotton samples were subjected to two
separate treatments. In the first one, the fabrics were, individually,
treated with 2% citric acid (CA) and 1% Binder (printo® FX based on
acrylate) solutions as well as Ag-NPs colloidal solution at concen-

tration of 108 ppm using pad/dry technique. The second treatment
embraced padding of cotton fabrics with Ag-NPs colloidal solution
containing either 2% CA or 1% Binder. After padding, all treated
samples, encompassing, CA-cotton, Binder-cotton, AgNPs-cotton,
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Table  2
Composition of the hot water extracts of the algal polysaccharides.

Algae Yield Moisture Ash Protein

U. faciata 8.40 27.5 19.7 5.3
P.  capillacae 6.46 17.6 20.0 4.9
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J.  rubins 5.63 07.9 18.1 3.2
C.  sinusa 4.33 13.1 17.4 4.2

A/AgNPs-cotton and Binder/AgNPs–cotton were squeezed to 100%
et pick up at constant pressure, then dried at 70 ◦C for 3 min,

ollowed by curing at 150 ◦C for 2 min.

.2.9. Characterization of the treated cotton fabrics

.2.9.1. Antimicrobial activity. The antibacterial activities of the
ntreated cotton fabric (control), fabrics treated with CA, Binder
B), Ag-NPs, CA/Ag-NPs and B/Ag-NPs were, independently, quanti-
atively evaluated by using plate count agar according to the AATCC
est 100–1999. The species of microorganisms used were E. coli
ATCC 2666 (gram −ve) and S. aureus AATCC 6538 (gram +ve).
hese bacteria were singly inoculated into tubes containing 5 ml
HI (Brain Heart Infusion Broth) sterile suspension. Such suspen-
ion was adjusted spectrophotometricaly according to Koo et al.
2000), who used the optimal density at 800 nm to match the tur-
idity of 1.5 × 108 colony forming unit (CFU) ml−1 (equivalent to
.5 Mc  Farland standard).

A small volume of the previous microorganisms inoculums
10 �l) was transferred to sealed jar containing 1 g of fabric sample
n addition to 50 ml  normal saline. The jars were incubated at 37 ◦C
or 24 h. 10 �l of the previous suspension were transferred on nutri-
nt and Sabouraud dextrose agar for bacterial count. Antibacterial
ctivity was expressed as percentage of reduction (R%) as follows:

(%) = A − B

A
× 100

here R is the reduction rate in the number of colonies, A is the
umber of bacterial colonies from untreated fabrics, and B is the
umber of bacterial colonies from treated fabrics (Duran et al.,
007).

.2.9.2. Wash durability. The washing durability method for the
ntibacterial treated fabrics was assessed according to the AATCC
est 61–1989. 1 gm sample was soaked in 40 ml  solution containing

 g/l Egyptol PLM (non ionic detergent).Washing was conducted for
0 min  at 40 ◦C.

. Results and discussion

Biosynthesis of nanoparticles by plant extracts is currently
nder exploitation. The development of biologically inspired exper-

mental processes for the synthesis of nanoparticles is evolving
nto an important branch of nanotechnology. The present study
eals with the synthesis of silver nanoparticles using water solu-
le polysaccharides extracted from the four marine macro-algae,
amely, P. capillacae (Pc) J. rubins (Jr) U. faciata (Uf) and C. sinusa
Cs) and aqueous Ag+ ions. The approach appears to be eco-friendly
nd cost effective alternative to conventional methods of assem-
ling silver nanoparticles. The results along with their appropriate
iscussion are given below.

.1. Chemical analysis
Chemical analysis data of the crude polysaccharides (cps)
btained from the hot water extracts of the four studied algae are
resented in Tables 2 and 3. The % yield has been calculated based
n the dry weight of the alga taken for extraction; other parameters
olymers 96 (2013) 403– 410 405

have been presented as the percentage of the extracted polysaccha-
rides.

Results of Table 2 indicate that U. faciata has the highest cps
yield, moisture and protein contents as compared to those of the
other examined algae. The ash contents of the four examined algae
were relatively high and this may  be attributed to the sulphate
contents and the associated metals of these algae.

Table 3 reveals that the polysaccharides hydrolyzate (psh) of C.
sinusa (Cs) was  the only hydrolyzate which contains alcoholic sug-
ars (sorbitol 4.35%, mannitol 13.05%). Aldohexose sugars (glucose
and galactose) were found in relatively high amount in psh of J.
rubins (glucose, 13.23% and galactose, 22.23%), C. sinusa (glucose,
14.98%) and P. capillacae (galactose, 30.25%). The psh of U. faciata
(Uf) contains mainly rhammnose (46.88%) and xylose (12.89%).

3.2. Silver nanoparticles

In this work, a well-stabilized Ag-NPs solution with a concen-
tration of 108 ppm were prepared using 30 mg  of the prepared
polysaccharides from C. sinusa,  J. rubins,  U. faciata and P. capilla-
cae algae as reducing agents for silver ions as well as stabilizing
agents for the formed Ag-NPs. It is well known that the Ag-NPs
exhibit brownish color in aqueous solution due to excitation of sur-
face plasmon vibration in silver nanoparticles (Mulvaney, 1996).
Therefore, reduction of silver ions to nanoparticles during experi-
ments could be followed by color change from pale yellow to dark
brown which was  checked periodically by UV–vis spectroscopy, as
illustrated in Fig. 1.

3.3. UV–vis spectroscopy

The UV–vis spectrum of silver nanoparticles (Fig. 1) was
recorded from the reaction medium as a function of time (15,
30, 45, 60 min) using 30 mg  of CHWPS extract of each alga with
0.1 mM AgNO3. The samples showed similar behavior with maxi-
mum  absorption peak ranging between 407–424 nm.  As is evident
the increase in intensity of brownish color during incubation time
(15-60mn) at about 407–424 nm absorbance is due to increase in
number of nanoparticles formed as a result of reduction of silver
ions present in experimental solution. With increasing incubation
time till 1 h, color change stopped, which suggested that almost
all of silver ions altered to silver nanoparticles. As shown in Fig. 1,
the plasmon bands are relatively broad with an absorbance tail in
the longer wavelengths due to the size distribution of the parti-
cles. The broadening of the peak indicated that the particles are
polydispersed. The stability of the formed Ag-NPs was  proved by
measuring its UV–vis absorbance after six months where no change
in absorbance or shapes of peaks was  noticed.

3.4. FT-IR spectroscopy

FT-IR measurements were carried out to identify the possible
biomolecules accountable for the stabilization and for the reduction
of the Ag+ ions and the capping of the bioreduced silver nanopar-
ticles synthesized.

Fig. 2a–h show the FT-IR spectra of the polysaccharides
extracted from P. capillacae, J. rubins, U. faciata and C. sinusa and
their prepared Ag-NPs. Fig. 2a, c, e and g impart broad intense
bands at 3419, 3424, 3421 and 3422 cm−1 which characterize the
polysaccharides from J. rubins,  P. capillacae,  U. faciata and C. sinusa,
respectively. These absorption frequencies are assigned to the OH
group of the algal polysaccharides. The bands at 2926, 2925, 2928

and 2923 cm−1 can be assigned to the alkane C H stretching or
assigned to the secondary amine. The bands appearing at 1418,
1457, 1430 and 1428 cm−1 are assigned to the C O O group.
The absorption bands observed at 1655,1636,1624 and 1617 cm−1
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Table  3
Constituents of sugars calculated as area percentage from the total chromatogram of GLC.

Algae Xylose Glucose Mannose Ribose Fucose Rhaminose Arabinose Galactose Fructose Sorbitol Mannitol Galacturonic Glucoronic

U. faciata 12.89 7.92 0.24 0.58 – 46.88 4.04 1.07 – – – 0.46 2.93
P.  capillacae 2.26 5.95 – 0.51 – 0.50 1.15 30.25 3.77 – 1.79 – –
J.  rubins 9.59 13.23 0.85 1.11 0.72 13.95 3.71 22.23 0.15 0.13 3.30 0.30 –

1.73 

c
s
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e
p
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g
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C.  sinusa 0.98 14.98 3.21 – 19.96 5.99 

an be assigned to the amide groups of protein or to the carbonyl
tretching groups of the algal polysaccharides. The two  bands at
049 and 1078 cm−1 in the polysaccharides extracts of J. rubins
nd P. capillacae are corresponded to the S O stretch of the sul-
hated polysaccharides or the C N stretching of aromatic amine
roup whereas the bands at 1105 and 1104 cm−1 in polysaccharides
xtracts of U. faciata and C. sinusa are allocated to C O groups of
olyols of polysaccharides. The absorption bands at 875, 876, 863
nd 870 cm−1 are assigned to C O SO4 of sulphated polysaccha-
ides.

Previous studies have confirmed the fact that the carbonyl
roup from amino acid residues and proteins has the stronger
bility to bind metal indicating that the proteins could possibly
orm a layer covering the metal nanoparticles (i.e. capping of sil-
er nanoparticles) to prevent agglomeration and thereby stabilize

he medium (Kanchana, Agarwal, Sunkar, Nellore, & Namasivayam,
011).Besides, the extracted polysaccharides contain reducing sug-
rs that possess the ability to reduce silver and synthesis the
anoparticles through biogenic routes

Fig. 1. UV–visible spectra of the prepared Ag-NPs as a function of the reaction time b
4.38 10.96 4.35 13.05 7.84 –

3.5. Transmission electron microscopy (TEM)

The transmission electron microscope has provided further
insight into the morphology and size details of the formed sil-
ver nanoparticles. Representative TEM images and histograms of
particle size distribution recorded from silver nanoparticle solu-
tions are shown in Figs. 3 and 4. It is obvious that the formed
nanoparticles are polydispersed and predominantly spherical with
the maximum diameter size of 7,7,12 and 20 nm for those prepared
from the polysaccharides of U. faciata,  P. capillacae,  J. rubins and C.
sinusa, respectively. All the nanoparticles are well separated and no
agglomeration was  noticed.

3.6. Antimicrobial activity
The antimicrobial effect of the treated cotton fabrics on the gram
+ve bacteria S. aureus and the gram −ve bacteria E. coli was  investi-
gated. For comparison purposes, the cotton fabrics were severally
treated with CA, Binder (B), Ag-NPs, CA/Ag-NPs, and B/Ag-NPs, as

y polysaccharides of (a) U. faciata,  (b) P. capillacae, (c) J. rubins and (d) C. sinusa.
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Fig. 2. FT-IR spectra of the polys

entioned earlier in the experimental section. The quantitative
ntibacterial assessment by the plate count agar shows that the

otton fabric sample displays different situations according to type
f the fabric treatment. The results are summarized in Table 4.
his table discloses that: (a) the AgNPs-treated fabrics have excel-
ent antimicrobial activity, however it diminishes by increasing
ides and their prepared Ag-NPs.

number of washing cycles. This holds true with all samples, irre-
spective of the algal and bacterial type used; (b) the CA-treated

fabrics have better antibacterial effect before washing, however
after 5 washing cycles they loss about 64% and after 10 cycles, they
have no antibacterial activity; (c) the antibacterial activity of the
Binder-treated fabrics was absent; and (d) presence of CA or Binder
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Fig. 3. TEM micrograph of Ag-NPs with a concentration of 100 ppm prepared by the polysaccharides of (a) U. faciata, (b) P. capillacae, (c) J. rubins, and (d) C. sinusa.
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Fig. 4. Histogram of Particles Size Distribution of Ag-NPs Prepared by Polysaccharides of (a) U. faciata,  (b) P. capillacae,  (c) J. rubins, and (d) C. sinusa.
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Table  4
Antibacterial effect of the treated cotton fabrics against S. aurous and E. colia.

Type of cotton fabric treatment Bacterial Reduction (%)

S. aurous E. coli

A B C A B C

Ag-NPs of U. faciata 98 76.7 64.5 96 73 56
Ag-NPs of P. capillacae 98 75.5 63 95.7 71 52
Ag-NPs of J. rubins 96.4 71 59 92.5 68 50
Ag-NPs of C. sinusa 95.6 69 52 94 65 49.5

2%  Citric acid (CA) 78 50 0 73 46 0
2%CA/Ag-NPs of U. faciata 100 100 87 100 95 83
2%CA/Ag-NPs of P. capillacae 100 100 86 100 91 78
2%CA/Ag-NPs of J. rubins 100 100 86 100 86 74
2%CA/Ag-NPs of C. sinusa 100 100 84 100 83 73

1%  Binder (B) 0 0 0 0 0 0
1%B/Ag-NPs of U. faciata 100 100 100 100 95 95
1%B/Ag-NPs of P. capillacae 100 100 100 100 94 94
1%B/Ag-NPs of J. rubins 100 100 100 100 92 92
1%B/Ag-NPs of C. sinusa 98 98 98 93 93 93
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A, B and C represent the bacterial reduction (%) of the fabric samples before
ashing, after 5 and 10 cycles of washings respectively. For untreated fabric: A, B

nd C = zero, [Ag-NPs] = 108 ppm

ith Ag-NPs overall the fabric surfaces and within the fiber pores
nd crevices greatly ameliorate its antibacterial potency. The latter
eached 100%, in most instances.

The above findings are expected as both CA and Ag-NPs have
ntibacterial effects (Bischof, Flinčec, Budimir, & Kalenić, 2011;
l-Rafie, Mohamed, Shaheen, & Hebeish, 2009; El-Rafie, Shaheen
h., Mohamed, & Hebeish, 2012; Eswaranandam, Hettiarachchy,

 Johnson, 2004). The antimicrobial activity of CA, in general, is
ttributed to pH reduction, depression of internal pH of microbial
ell by ionization of undissociated acid molecules, and disruption
f substrate transport by altering cell membrane permeability or
eduction of proton motive force (Beuchat, 1998). On the other
and, the bactericidal effect of Ag-NPs can be attributed to the
ttachment of Ag-NPs to the surface of the cell membrane dis-
urbing permeability and respiration functions of the cell (Kvitek
t al., 2008). It is also possible that Ag-NPs not only interact with
he surface of membrane, but can also penetrate inside the bacte-
ia (Morones et al., 2005). Additionally reports suggest that ionic
ilver strongly interacts with the thiol group of vital enzymes and
nactivates them (Jeong, Yeo, & Yi, 2005; Lee, Park, Lee, Kim, & Park,
007). The differences between gram −ve and gram +ve bacteria
ssentially rest in the structure of their respective cell walls. The
ram −ve bacteria have a layer of lipopolysaccharide at the exterior,
ollowed underneath by a thin (about 7–8 nm)  layer of peptido-
lycan consisting of linear polysaccharide chains cross-linked by
ort peptides to form a three dimensional rigid structure (Madigan

 Martinko, 2005). Although, the lipopolysaccharides are com-
osed of covalently linked lipids and polysaccharides, they lack
trength and rigidity. Negative charges on the lipopolysaccharides
re attracted towards weak positive charges available on silver
anoparticle (Sui et al., 2006) thereby contributing to the seques-
ration of free Ag+ ions. Thus the relations between nanoparticles
nd the cell wall of bacteria would be facilitated by the relative
ealth of negative charges on the gram-ve bacteria, which was

miable to the fact that growth of gram −ve bacteria was supple-
entary. Once inside the cell, nanoparticles would impede with the

acterial growth signaling pathway by amending tyrosine phos-
horylation of putative peptide substrates decisive for cell viability
nd division. Thus, gram +ve bacteria may  allow less Ag+ to reach

he cytoplasmic membrane than the gram −ve bacteria.

Moreover, the Binder (B) used in the current work, although
t has no antibacterial activity; it binds and/or traps the Ag-NPs
verall the cotton fabric surfaces as well as within the fiber pores
olymers 96 (2013) 403– 410 409

and crevices. This explains why the B/AgNPs-treated fabrics retains
its highest antibacterial activity after the maximum washing cycles
(Table 4).

4. Conclusion

Nanoparticles is an emerging field that has made its contribu-
tion to all spheres of human life. There is an ever-increasing need
to develop environmentally benign processes in place of synthetic
protocols involving toxic ingredients. As a result researcher in the
field of nanoparticle synthesis and assembly focusing their atten-
tion on biological systems.

Here we  described a rapid, low-cost, green approach and easily
amenable for large-scale method for reducing silver nitrate solu-
tion to form Ag nanoparticles using polysaccharides extracted from
marine macro algae. The biosynthesized Ag nanoparticles are sta-
ble for six months and have the ability to be immobilized on the
cotton fibers bringing a good antimicrobial property to the final
textile product and rendering it to be used as an antiseptic dressing
or bandage, which is in high demand for biomedical applications.
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