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INTRODUCTION

In recent years, silver nanoparticles have

ANTIBACTERIAL ACTIVITY
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ABSTRACT

Silver nanoparticles were successfully synthesized with
chitosan hydrolysate as stabilizing agent at room temperature.
Silver nitrate, glucose and sodium hydroxide were used as silver
precursor, reducing agent and accelerator respectively. Chitosan
hydrolysate was produced by enzymatic process with papain
enzyme. Molecular weight of chitosan hydrolysate determined by
viscosimetry method based on Mark-Howink equation. The effect
of molecular weight of chitosan hydrolysate as stabilizing agent
and AgNOs; concentration toward surface plasmon resonance
(SPR) of silver nanoparticle was investigated. It is also reported
the antibacterial activity of silver-chitosan nanocomposites against
Staphylococcus aureus and Escherichia coli. The products of silver
nanoparticles were characterized by UV-Vis spectroscopy and
transmission electron microscopy (TEM). The result showed that
the formation of silver nanoparticles was shown by the
appearance of surface plasmon resonance (SPR) at 403-421nm
from the corresponding UV-Vis spectra. The molecular weight of
chitosan hydrolysate affects the absorbance intensity and the
wavelength of SPR. Silver nanoparticles were spherical in shape as
identified by TEM images with size in range of 4-26nm. The silver
nanoparticles have showed high antibacterial activity against
Escherichia coli and Staphylococcus aureus.

Key word: green synthesis, silver nanoparticles, chitosan hydrolysate,
stabilizing agent, antibacterial activity

al, 2010), etc. However, the most popular
preparation of Ag colloids is chemical

attracted considerable attention for medical
applications due to their excellent properties
such as antibacterial activity. Silver can be used
to control bacterial growth in a variety of
medical applications.  Silver  nanoparticle
dressing can be used on second degree burn
wound and can decrease the risk of wound
infection and accelerate wound healing (Chen e#
al., 20006). Plastic catheters coat with bioactive
silver nanoparticles are non-toxic and capable
of targeted and sustained release of silver
at the implantation site. Because of their
demonstrated antimicrobial properties, they
may be useful in reducing the risk of infectious
complications in patients with indwelling
catheters (Roe ez a/, 2009).

Silver nanoparticles can be synthesized
using various methods, such as chemical
reduction (Honary e al., 2011), electrochemical
(Vorobyova ef al., 1999), y-radiation (Shameli e#
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reduction or “wet” chemical reduction of silver
ions (Chudasana ¢z al, 2010). In general, the
synthesis of silver nanoparticles in solution is
carried out by the use of the following
components: i) metal precursor; ii) reducing
agent and iif) stabilizing agent. The mechanism
of formation of colloidal solutions from the
reduction of silver(I) ions consists of two
stages: nucleation and growth. The nucleation
step requires high activation energy while the
growing step requires low activation energy.
The size and the shape of the nanoparticles will
depend on the relative rates of these processes
that can be controlled through the adjustment
of the reaction parameters (concentration,
temperature, pH, reducing ability, etc.) (Garcia-
Barrasa ez al,, 2011).

In many researchs, polymers have been
used as stabilizers to provide stability for the
metal  nanoparticles against oxidation,
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agglomeration, and precipitation (Faraha e al,
2008). Preparations of silver nanoparticles in
various polymers have been published to give
well-dispersed  silver nanoparticles, such as
polyvinylpyrrolidine (PVP) (Zheng e al., 2001),
polyethylene glycol (Luo ez al., 2005) and poly
(vinyl alcohol) (Zhou ez al, 1999). Natural
polymers have also been used because they are
non-toxic and biocompatible. Cellulose (Cai ef
al, 2009), chitosan (Huang ez a/, 2004), and
starch (Raveendran el 4/, 2003) have been used
as matrices or stabilizers for preparation of
metallic nanoparticles. The present work used
chitosan hydrolysate as stabilizing agent.
Chitosan hydrolysate is degraded chitosan by
hydrolysis. Chitosan is a polysaccharide
biopolymer derived from naturally occurring
chitin, displays unique polycationic, chelating,
due to the presence of active amino and
hydroxyl functional groups. Chitosan also has
good biocompatibility, biodegradability and
antimicrobial activity (Pranoto er af, 2005).
Chitosan hydrolysate have higher antibacterial
activity than chitosan due to low molecular
weight. Therefore, chitosan hydrolysate can act
as stabilizing agent as well as increasing
antibacterial activity of the colloidal silver
nanoparticles.

The chitosan hydrolysate can be
prepared by  enzymatic and  chemical
degradation of the chitosan polymer chain. The
enzymatic process of chitosan hydrolysate
preparation seems to be generally preferable to
chemical reactions because the course under
gentle condition and product distribution can
be controlled more readily, inspite of the faster
rate of chemical reaction. The enzymatic
method also minimizes alteration in the
chemical nature of the product. However, the
expensive cost of the specific enzymes such as
chitosanase and chitinase inhibits their use in
industrial scale (Qin a¢ al, 2002). Recently,
several hydrolytic enzymes such as «-amilase,
cellulase, pectinase and papain were found to
catalyze the cleavage of glycosidic linkage in
chitosan ( Xie, 2011; Lin ef 4/, 2002). In this
study, the cheap commercially available papain
was used to prepare chitosan hydrolysate.

Chitosan hydrolysate as a stabilizer agent
has a weakness, because chitosan hydrolysate
only soluble in aqueous solution of organic and
mineral acids (Kim ez 4/, 20006). In this study,
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the synthesis of silver nanoparticles using
glucose as a reductant with NaOH as an
accelerator (Darroudi ef a/, 2010). Therefore,
the new strategy to be done is the formation of
silver nanoparticles through gel phase. The
colloidals of silver nanoparticles was obtained
by dissolving gel to the chitosan hydrolysate
solution.

Green synthesis of silver nanoparticles
via chemical reduction has been performed
using silver nitrate as the metal precursor,
glucose as a reduction agent, chitosan
hydrolysate as stabilizing agent, water as solvent
and sodium hydroxide as accelerator. The
synthesis was carried out at room temperature
and ambient pressure. The effect of molecular
weight of hydrolysate chitosan and silver nitrate
concentration  toward surface  plasmone
resonance (SPR) of the resulted silver
nanoparticles was investigated. The size and
distribution of silver nanoparticle was also
investigated. In addition, the effect of silver
nanoparticle toward antibacterial activity to
Escherichia coli and Staphylococcus anrens was also
studied.

MATERIAL AND METHODS

The native chitosan with molecular
weight (MW) of 1,077,919.278 Da and degree
of deacetylation (DD) of 7036 % was
synthesized from shrimp shell waste. Papain,
sodium acetate, silver nitrate, acetic acid,
sodium hydroxide and glucose (CsHi120¢ were
purchased from Merck. MHA (Muller Hilton
Agar), Bacteria of Escherichia coli (E.coli) and
Staphylococcns anrens(S.aurens) clinical isolate were
purchased from Laboratory of Microbiology
Medical Faculty Sebelas Maret University.

Procedure
Preparation of chitosan hydrolysate

The native chitosan solution was made
with a concentration of 5.0g/L by dissolving
chitosan in acetate buffer (acetitic acid —
sodium acetate - pH 4.5). The enzyme papain
mixed with a weight ratio of papain / chitosan
= 1: 4, and incubated at room temperature for
time variation of 1, 5, 25 and 100h to the
hydrolysis reaction. This variation aims to
produce the different weight of chitosan
hydrolysates. Then, 1 M NaOH was added
dropwise to the solution until pH 8 and obtain
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a hydrolyzate of chitosan gel. Gel was washed
with water until neutral, then filtered and dtied.
Hydrolyzate Chitosan dried crushed and
screened 100 mesh. Samples were coded as
CH1, CH2, CH3 and CH4.

Preparation of silver nanoparticles

A solution of chitosan hydrolysate (1%
w/v) in acetic acid solution (1% v/v) was firstly
prepared. Due to the poor solubility of
chitosan, the mixture was stitred to achieve
complete dissolution, and then kept overnight
at room temperature. The solution was filtered
to remove any impurity perior to be used.
Twenty five mL of chitosan hydrolysate (CH4)
1% (m/V) was added salt of AgNOs;
(0.012g/mL) at vatious volume: 0.2mL, 0.6mL
and 1.0mL. The solution was stirred for 15min.
Then add fresh glucose solution of
0.0501g/mL as reducing agents so that molar
ratio between chitosan hydrolyzate AgNO3 and
glucose reach 1:4. The solution was stirred for
15min after addition of the reducing agent, was
added 2M NaOH 2.5mL and stirred for 5min.
Stirring was continued until 1h to form silver
nanoparticle stabilized by chitosan hydrolyzate
(Ag/CH4). Because the sample is a liquid and
gel, the gel was dissolved by adding 35mL of
1% chitosan hydrolyzate. Sampel were coded as
Ag/KHA4A, Ag/KH4B, and Ag/KHA4C. The
similar procedures were done for native chitosan
(C) and other chitosan hydrolysate, i.e. CHI,
CH2, CH3, CH4 with volume of AgNO; of
1.0mL. The silver nanoparticle stabilized by
various chitosan hydrolysate were coded as Ag/C,

Ag/CHI1, Ag/CH2, Ag/CH3 and Ag/CH4.

Determination of chitosan hydrolysate
molecular weight

Molecular weight of chitosan was
determined in triplicates by capillary viscometry
at 30£0.05°C using an Oswalt viscometet.
Filtered chitosan solutions (0.05-0.2%) in
0.2M CH;COOH/0.IM CH3COONa were
equilibrated to 30°C prior to measurement
of flow times. The intrinsic viscosity was
determined by extrapolation of the graph of
reduced viscosity against concentration. The
molecular weight average Mw was calculated
from the intrinsic viscosity [n] using the Mark-
Houwink equation ([n] = KMw?) with K and a
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are 1.81x103 cm’.g!) and 0.930 respectively.
(Fouda, 2005)

Characterization of silver nanoparticle

Ultra  violet—visible (UV-17) spectra
have been proved to be sensitive to the
formation of silver nanoparticles because
they exhibit an intense absorption peak due
to the surface plasmon resonance (SPR)
phenomenon. It describes the collective
excitation of conduction electrons in a metal.
UV—17is spectra were performed with a
Shimadzu UV3150 UV-1zs spectrophotometer
operating in the absorbance mode. UV-17is
absorption spectra of the samples were
recorded in the wavelength range of 300 to
600nm and all samples were diluted 10 times
before analysis. While size and distribution of
particles were characterized by Transmission
electron microscopy JEM-2000EX at an
accelerating voltage of 120kV.

Antibacterial activity test

The antibacterial activity of the
nanoparticles was evaluated against E. /i and
S. anrens (clinical isolate) by the agar diffusion
method with MHA (Muller Hilton Agar) as the
medium. An aliquot of silver-nanoparticle
dispersion (20pL) was added into well in a
plate, and then incubated for 24h at 37°C.
Antibacterial activity was measured as the
diameter of the inhibitory zones in the plates.

RESULTS AND DISCUSSION

Chitosan  hydrolysate  with  lower
molecular weight than native chitosan was
prepared from enzymatic hydrolysis with
papain. Different molecular weight of chitosan
hydrolysate can be produced by different time
of hydrolysis duration as shown in figure 1. At
the 25h duration of the process, chitosan
hydrolysate is obtained with a significant
decrease in molecular weight ie from
1.077.919,278 Da to 160.287,627 Da. When the
time increased to 100h, the molecular weight
does not change significantly.

Silver nanoparticles have been prepared
by wet chemical method with Green synthesis
approach. It was employed by using non toxic
chemicals, environmentally benign solvents,
renewable materials and energy efficiency.
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Figure 1. Molecular Weight of chitosan hydrolysate produced in various
time of hydrolysis process
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Figure 2. UV-Vis absorption spectra of silver nanoparticles and their
colloidal color prepared at various concentrations of AgNOj3

In the present work, we use water as solvent,
glucose as reducing agent, chitosan hydrolysate
(CH) as stabilizing agent and NaOH as an
accelerator agent. Synthesis was conducted at
ambient temperature and pressure. Because of
glucose contain aldehyde moiety, so it can
reduce silver ions to metallic silver and oxidize
itself into glucolic acid. The possible step
reactions during Ag Nanoparticles formation
can be in the following:

Ag* (aq) + (CH) (aq) — [Ag(CH)]* (aq)
2[Ag(CH)]* (aq) +20H- (aq) + CsH1Os-
CHO(aq) — 2Ag(s) + 2(CH) (aq) + HO() +
C5H1105—COOH (aq)
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The color of the colloid resulted
from different concentration of AgNOj3
changed from yellow to brown and dark
brown, as shown in figure 2 indicating
the formation of Ag nanoparticles. The
intense colors relate to the plasmon resonance
absorption of silver nanoparticles. The
surface of a metal is like a plasma, having free
electrons in the conduction band and positively
charged nuclei. Surface plasmon resonance
(SPR) is a collective excitation of the electrons
in the conduction band; near the surface
of the nanoparticles (Guzman et al, 2009).
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Figure 3. UV-Vis absorption spectra of silver nanoparticles
prepared at various molecular weights of hydrolysate chitosan as
a stabilizing agent
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Figure 4. TEM image of silver nanoparticles and particle size distribution (sample Ag/CH4C)

Since electrons are limited to specific vibrations
modes by the particle’s size and shape metallic
nanoparticles have characteristic of optical
absorption spectrums in the UV-Vis region
(Sileikaite ez al, 2009).

The UV-Vis absorption spectra of
Ag nanoparticles produced in  vatious
concentrations of silver nitrate are shown in
figure 2 .The gradual increase in the AgNOj;
concentration from Ag/CH4A to Ag/CH4B
also increased absorbance indicating increase
of silver nanoparticles concentration. The
absorption peak due to SPR of silver
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nanoparticles was red-shifted (Ag/CH4A —
Ag/CHA4B), indicating the increase of the size
of the silver nanoparticles (Singh ez af., 2007).
Meanwhile, the use of chitosan
hydrolyzate as a stabilizer with a different
molecular weight effect on the SPR as shown in
figure 3. The lower the molecular weight of
chitosan hydrolyzate decrease the amount of
silver nanoparticles. The absorption peak due
to SPR of silver nanoparticles was blue-shifted
in the higher molecular weight of chitosan
hydrolysate indicating the decrease of the size
of the silver nanoparticles (Heath ez a/, 1989).
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Figure 5. Inhibitory zone of chitosan (C), chitosan hydrolysate (CH)and
nanopatticles (Ag/CH) toward (a) S. Aurens and (b) E. coli

silver

Table I. Inhibitory zone of chitosan (C), chitosan hydrolysate (CH) and silver nanoparticles

(Ag/CH)
Inhibitory Zona (mm)

Sample S. Aureus E. Coli
C 9.3 9.0
CH1 10.0 10.0
CH2 10.6 10.6
CH4 11.3 11.3
CH4 12.6 12.6
Ag/CH 1C 14.2 10.0
Ag/CH 2C 15.3 10.2
Ag/CH 3C 16.2 11.3
Ag/CH 4A 17.0 13.5
Ag/CH 4B 17.1 14.0
Ag/CH 4C 17.5 15.5

The single peak UV-Vis spectra around
400nm in figure 2 and figure 3 indicated that
silver nanoparticles are spherical in shape
(Guzman ¢t al, 2009). This is in line with
image TEM as shown in figure 4 representated
by sample Ag/KH3C. The size of silver
nanoparticles are in the range of 4-26nm with
average 13.15nm. This size suitable for use as
an antibacterial material (Marambio-Jones and
Hoek, 2010).

Antibacterial  activity of  chitosan,
chitosan hydrolysate and silver nanoparticle
against . cofi and S. aurens are idicated by
inhibition zone (mm) are shown in figure 5 and
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table 1. Both chitosan and chitosan hydrolysate
have antibacterial activity. Chitosan hydrolyzate
with a lower molecular weight gives a higher
antibacterial activity. This means that the
diffusion process of chitosan hydrolisates with
low molecular weight have better range than
the native chitosan solution. There are three
antibacterial posibility mechanisms (Goy e 4/
2009) ie, (1) the ionic surface interaction
resulting in wall cell leakage; (2) the inhibition
of the mRNA and protein synthesis via the
penetration of chitosan into the nuclei of the
microorganisms; and (3) the formation of an
external barrier, chelating metals and provoking
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the suppression of essential nutrients to
microbial growth. Meanwhile, incorporation of
silver nanoparticle in chitosan hydrolysate
increased the inhibition bacterial growth in
dose-dependent way. The combination of
chitosan hydrolysate with lower molecular
weight and silver nanoparticle with higher
concentration (Ag/CH4A to Ag/CHA4C)
showed higher bacterial growth inhibition. In
the same concentration of silver precursor with
lower molecular weight of chitosan hydrolysate
(Ag/CHIC to Ag/CH3C) increase the
inhibition zone even though the silver
nanoparticles slightly decrease as shown in
tigure 3. According to table 1, all samples silver
nanoparticles with chitosan hydrolysate showed
high antibacterial toward E. coi and S. aureus.
Although the exact mechanism for the growth
inhibition by silver nanoparticles has not yet
been eclucidated, but the prevailing paradigm
suggests various combinations of: (1) silver ion
release followed by cellular uptake and a
cascade of intracellular  reactions, (2)
extracellular and intracellular generations of
reactive oxygen species (ROS), and (3) direct
interactions between nano-scaled silver and cell
membranes (Marambio-jones and Hoek, 2010).

CONCLUSION
We have demonstrated a green synthesis
of silver nanoparticles with  chitosan

hydrolysate as stabilizing agent and glucose as
reducing agent. The formation of silver
nanoparticles was shown by the appearance of
surface plasmon resonance (SPR) at 403-
421nm from the corresponding UV-17s
spectra. To produce silver nanoparticles with
greater concentration, higher molecular weight
chitosan hydrolysate and higher concentration
of silver precursor was required. Silver
nanoparticles were spherical in shape as
identified by TEM images with size in range of
4-26nm. The silver nanoparticles with chitosan
hydrolysate as stabilizing agent have shown
high antibacterial activity against E. c/ and
S. aurens.
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