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In the present study, chitosan had been utilized as a “green” stabilizing agent for the synthesis of spherical
silver nanoparticles in the range of 5-30 nm depending on the percentage of chitosan used (0.1, 0.5, 1.0
and 2.0 wt%) under +y-irradiation. X-ray diffractometer identified the nanoparticles as pure silver hav-
ing face-centered cubic phase. Ultraviolet-visible spectra exhibited the influence of -y-irradiation total
absorbed dose and chitosan concentration on the yield of silver nanoparticles. The antibacterial properties
of the silver nanoparticles were tested against Methicillin-resistant Staphylococcus aureus (MRSA) (gram-
positive) and Aeromonas hydrophila (gram-negative) bacteria. This work provides a simple and “green”
method for the synthesis of highly stable silver nanoparticles in aqueous solution with good antibacterial

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Silver nanoparticles are of great interest amongst the
researchers due to their exquisite properties in nanometer size.
These particles exhibit potential applications in catalysis, surface
enhanced Raman scattering, nanoelectronics, data saving, electro-
magnetic coating, efficient antibacterial activities [1-6] and the
most recent finding reported on the inhibition of the growth of
HIV-1 virus [7].

Bacterial pollution on water is a major threat to health. As
microorganisms become more resistant to antimicrobial agents
[8], there is an increasing need to improve bacteria eradication
procedures. The antibacterial properties of silver ions have been
recognized for a long time and silver ions have been extensively
used as bacteria eradicator in catheter, burn wounds and dental
work [9]. Researchers also encourage the use of silver as effective
bacteria eradicator for wastes generated from hospitals, which con-
tain highly infectious microorganisms [10,11]. However, remnants
of silver ions in treated water might cause adverse effects to health
[12]. The emergence of nanoscience and nanotechology in the past
few decades has opened the doors of opportunities to study the
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effect of bacteria eradication using nanoparticles. The antibacterial
effect of metal nanoparticles is due to fine metal size and broad
surface area to volume, which allows nanoparticles to have inti-
mate contact with membranes of the bacteria and not just based
on solubilization of metal ions in solutions [13].

For the last decade, the increased awareness towards the envi-
ronment has encouraged nanomaterial scientists to look into
“greener” methods. The use of non-toxic chemicals, environmental-
friendly solvents and renewable resources are important issues in
“green” synthesis strategies [ 14]. Nanomaterials significantly affect
the fields of physics, chemistry, electronics, optics, materials science
and biomedical science. Even though nanomaterials exhibit special
properties due to their size-related effects, their synthesis methods
reflect negatively on the environment. Although milder reductants
have been introduced for the synthesis of silver nanoparticles such
as glucose [15], sodium citrate [ 16] and polyvinyl pyrrolidone (PVP)
[17], most synthesis methods were still highly dependent on the use
of toxic chemicals such as sodium borohidride [18], hydrazine [19],
formamide [20] and N,N-dimethylformide [21]. These reductants
are very reactive, causing environmental and biological risks.

Various methods have been reported for the synthesis of
nanosized silver particles e.g. chemical reduction [22-24], pho-
tochemical reduction (UV [25], microwave [26,27], electron beam
[28] and +y-irradiation [29-32]), micelle [33], reverse micelle [34],
microemulsion [35], lamellar liquid crystal [36], aerosol spray-
ing technique [37] and capping agent method [38-40]. Chitosan
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is a natural cationic biopolymer consists of D-glucosamine units
with excellent bioactivity and biocompatibility. Chitosan has been
reported to be used as stabilizer for silver [41], gold [42], metal
selenide [43], metal oxide [44] and metal sulfide [45] nanoparticles
in the chemical reduction and photochemical reduction methods.

v-Irradiation reduction method has many advantages in the
preparation of metal nanomaterials [46]. The hydrated electrons
produced during y-irradiation can reduce metal ions to metal par-
ticles of zero valences [29-32]. This avoids the use of additional
reducing agents and the consequent side reactions. Furthermore,
the amount of zero-valent nuclei can be controlled by varying the
absorbed dose of the irradiation. Homogeneous formation of many
nuclei is favorable to result highly dispersed nanoparticles. Hence,
it would be interesting to evaluate the morphology of the nanopar-
ticles when synthesized in the chitosan matrix.

In this work, we reported the synthesis of silver nanoparticles
by vy-irradiation reduction method with low molecular weight chi-
tosan as stabilizer and co-reductant. Chitosan has been used as
stabilizing agent in the synthesis of metal nanoparticles using y-
irradiation method [29,47,48] but the resultant metal nanoparticles
have not been tested against antibacterial activity. The chitosan
used in this work is a low molecular weight chitosan as com-
pared to high molecular weight chitosan previously used and the
v-irradiation induced reduction of metal nanoparticles took place
without the presence of iso-propanol and N, atmosphere to make
the process simple and more environmental friendly. The result-
ing nanoparticles were characterized and tested on their efficacy in
inhibiting the growth of Methicillin-resistant Staphylococcus aureus
(MRSA) and Aeromonas hydrophila bacteria.

2. Experimental
2.1. Chemical

Silver nitrate dihyrated (98%), acetic acid and low molecular
weight chitosan were purchased from Sigma-Aldrich. The molecu-
lar weight for chitosan used in this study is approximately 100 kDa.
Doubly distilled and deionised water (Purelab Prima Elga, with
18.2 MQ2 electrical resistivity) was used throughout the sample
preparations. All the chemicals were of analytical grade and were
used without further purification.

2.2. Synthesis of silver nanoparticles

Chitosan solutions (20 ml) with concentrations of 0.1, 0.5, 1.0
and 2.0 wt% were prepared by solubilizing chitosan in 1.0 wt% of
acetic acid solution (pH ~3.5) under constant stirring for 30 min.
Following the usual preparation method of silver nanoparticles,
AgNOs solution (2.0 ml, 0.4 M) was added into the chitosan solution
under constant stirring. The chitosan-acetic acid aqueous solu-
tion thickened after the addition of AgNOs3 solution. The solution
which contained silver ions and chitosan was irradiated under y-
irradiation source 6°Co with absorbed dosage of 16 and 40 kGy (dose
rate at 67 Gy min~—! was calibrated using the Fricke dosimetry stan-
dard method). The produced silver nanoparticles were yellowish to
dark brown, depending on the chitosan concentration and absorbed
dosage [49]. Silver nanoparticles were retrieved by centrifugation
at 13,000 rpm for 10 min. The supernatant was discarded and the
fine precipitate was washed repeatedly for five times using water
in order to remove the residue chitosan and reactants.

2.3. Characterizations of silver nanoparticles
The resulting nanoparticles were dried in a vacuum oven at tem-

perature of 60 °C and redispersed in aqueous solution. A drop of the
silver nanoparticles solution was deposited onto a carbon-coated

copper grid and was allowed to evaporate in the vacuum oven
overnight at 60°C before investigation under a transmission elec-
tron microscope (TEM) with an accelerating voltage of 120 kV. The
size distribution of the silver nanoparticles was based on diameter
of >200 particles on TEM micrographs using I Solution (IMT, Canada)
software. Furthermore, dynamic light scattering (DLS) measure-
ments were carried out using a high performance particle sizer
(HPPS) supplied by Malvern Instruments and used for particle
size measurement. The crystalline phase of the nanoparticles was
determined by X-ray diffraction (XRD) using a Philip diffractome-
ter employing a scanning rate of 0.02°s~! in a 26 range from 10°

to 80° with Cu Ka radiation (A =1.5418 A). The ultraviolet-visible
(UV-vis) absorption spectra of the nanoparticles were recorded on
a PerkinElmer Lambda 35 spectrophotometer in the wavelength
range of 200-800 nm using a 10 mm quartz cuvette. All the mea-
surements were carried out at room temperature (25 °C).

2.4. Silver nanoparticles antibacterial efficacy test

Antibacterial efficacy test was carried out on Methicillin-
resistant S. aureus (MRSA) (gram-positive) and A. hydrophila
(gram-negative) bacteria using paper disc and liquid LB media
method. All the apparatus used in this test were sterilized in an
autoclave at 120°C and pressure of 1bar for 3h. For liquid LB
media method, silver nanoparticles were added into 50 ml liquid LB
medium which was added with 200 L bacteria at a concentration
of 107 CFU (colony forming unit). Concentration of silver nanoparti-
cleswas determined at 10,50 and 100 ppm, with 0 ppm as a negative
control. The bacteria mixture was left in the incubator-shaker at
37°C and monitored for 8 h. The mixture was withdrawn hourly
for immediate analysis at 600 nm [50] using UV-vis spectroscopy
(Thermo Spectronic, Helios Epsilon, USA). UV-vis absorption of
0.1 unit signifies 108 CFU bacteria.

3. Results and discussion

A typical XRD pattern of the silver nanoparticles obtained in this
work using 1.0 wt% chitosan and 40 kGy of y-irradiation absorbed
dosage is shown in Fig. 1a. The XRD pattern shows four peaks at
38.2°, 44.3°, 64.5°, and 77.3°, which are assigned to the (111),
(200), (220) and (311) planes of face-centered cubic (fcc) silver
(JCPDS File No. 04-0783). The absence of silver oxide peaks indicates
that the as-prepared nanoparticles are pure silver. The calculated
lattice constant, according to the spacing (dg) of the (11 1) plane
and the equation 1/dg? =(hy +ky +15)/a® is 0.4089 nm, which is in
good agreement with the literature value of 0.4086 nm. The peak
at around 21.9° is contributed by the low crystalline soluble chi-

21.9° File No. JSPDS: 04-0783

Intensity (a.u.)

2009

Fig.1. XRD patterns for (a) silver nanoparticles synthesized in 1.0 wt% low molecular
weight chitosan solution under <y-irradiation (40kGy), (b) low molecular weight
chitosan and (c) standard silver (JCPDS 04-0783).
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Fig. 2. Silver nanoparticles with chitosan concentrations of (a) 0.1 wt%, (b) 0.5 wt%, (c) 1.0 wt% and (d) 2.0 wt% induced under y-irradiation absorbed dosage of 16 kGy. Size

distribution (diameter) of silver nanoparticles is shown on the right-hand side of the TEM micrographs.
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tosan. When comparing this peak with the pure chitosan in Fig. 1b,
the pure chitosan has a narrower XRD diffraction peak. The broad-
ening of the chitosan peak in the silver nanoparticles is due to the
defragmentation of chitosan polymer under y-irradiation. Thus, it is
evident that the silver nanoparticles are encapsulated by fragments
of chitosan.

Silver nanoparticles prepared by <y-irradiation with a total
absorbed dose of 16 kGy using different concentrations of chitosan
solutions are shown in Fig. 2. From the TEM micrographs, it was

NH,

Ag" Ag

Gamma
irradiation

OH
W/%/ ﬁ
NSNS H2N‘
HO\‘ . NHz

observed that chitosan concentration influences the diameter and
size distribution of silver nanoparticles. The silver nanoparticles
prepared from lower chitosan concentrations of 0.1 and 0.5 wt%
had the tendency to aggregate (Fig. 2a and b). Meanwhile, silver
nanoparticles prepared from higher chitosan concentrations of 1.0
and 2.0 wt% were segregated uniformly from one another (Fig. 2c
and d). This phenomenon is due to the fact that at higher chitosan
concentration, >1 wt%, fragments of chitosan produced were suffi-
cient to encapsulate the silver nanoparticles, which prevents them

NHz HO.

Ag’

Formation
of Ag

Fig. 3. Schematic mechanism of chitosan fragments encapsulating a silver nanoparticle produced from y-irradiation reduction.



N.M. Huang et al. / Chemical Engineering Journal 155 (2009) 499-507

60

@)

i

50 4
N /\

30 1

Percentage (%)

20 1

"'_‘ 10 1 \\\\

0 - T [~

12.5 17.5 22.5 27.5 32,5 37.5

D0 nm_ Diameter (nm)

60

(®)
50

40 - /\

30 1

Percentage (%)

20 -

10 1

5 15 25 35 45 55
Diameter (nm)

70

(©
60 1

50 1

40 -

30 1

Peréentage (%) '

b T AR S 20

$ i f 2 ‘,.". ‘b“."_v L i 0 T T T T

s Zi % R . 25 7.5 125 175 225 275 325
b ey 20am Diameter (nm)

503

Fig. 4. Silver nanoparticles with chitosan concentrations (a) 0.1 wt%, (b) 0.5 wt%, (c) 1.0wt% and (d) 2.0 wt% induced under vy-irradiation absorbed dosage of 40 kGy. Size

distribution (diameter) of silver nanoparticles is shown on the right-hand side of the TEM micrographs.
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from aggregation. On the other hand, at low chitosan concentra-
tion, <0.5 wt%, less fragments of chitosan were produced and thus,
unable to hinder aggregation from taking place. The mechanism of
chitosan fragments encapsulating a silver nanoparticle produced
fromy-irradiationreduction is depicted schematically in Fig. 3. Dur-
ing the +vy-ray irradiation, both reduction and defragmentation of
chitosan polymer chain happen simultaneously. The reduced silver
nanoparticles were capped/stabilized by the presence of fragments
of chitosan.

Further TEM micrograph observation shows that the silver
nanoparticles produced were spherical and have similar mean
diameters of 20.29 +4.12 nm for 0.1 wt% chitosan, 23.32 + 11.97 nm
for 0.5wt% chitosan and 21.40+11.60nm for 2.0 wt% chitosan
(Fig. 2a, b and d). Interestingly, silver nanoparticles prepared from
chitosan concentration of 1wt% have the smallest mean diame-
ter, which is 5.72 4+ 1.46 nm (Fig. 2c). It is due to the fact that at
lower chitosan concentrations of 0.1 and 0.5 wt%, the amount of
chitosan fragments was insufficient to control the particle size of
silver nanoparticles. Whereas at higher chitosan concentration of
2 wt%, the viscosity of chitosan solution increased upon addition
of AgNOj3 solution, which gives rise to gel-like characteristics. The
gel-like condition reduced the mobility of radicals, silver ions and
silver nuclei in the formation of silver, which promote agglomer-
ation inducing larger particles and causing irregular particle size.
Therefore, silver nanoparticles prepared from 2.0 wt% chitosan con-
centration have broader diameter and size distribution than 1.0 wt%
chitosan as shown in the size distribution histogram. The large size
distribution for Ag nanoparticles prepared from 2.0 wt% of chitosan
is more obvious under prolonged irradiation as shown in Fig. 4d
(TEM measurements) and Fig. 5b (DLS).

Fig. 4 shows TEM micrographs and size distribution histograms
of silver nanoparticles prepared by <y-irradiation with a total
absorbed dose of 40 kGy using different concentrations of chitosan
solutions. The mean diameter and standard deviation (represent-
ing size distribution) of the silver nanoparticles are 25.45 + 4.27 nm
for 0.1 wt% chitosan (Fig. 4a), 24.59 +10.29nm for 0.5wt% chi-
tosan (Fig. 4b), 6.31 +£3.61 nm for 1.0wt% chitosan (Fig. 4c) and
26.07 £19.42 nm for 2.0 wt% chitosan (Fig. 4d). Silver nanoparticles
irradiated with absorbed dose of 40 kGy have similar morphology
as compared to silver nanoparticles produced from absorbed dose
of 16 kGy. Likewise, these nanoparticles are spherical, sensitive to
chitosan concentration, have similar patterns of size distribution
and affinity to aggregate with each other. The obvious differ-

ence is that the silver nanoparticles irradiated with absorbed dose
of 40kGy have larger particle size. This is due to longer period
of irradiation resulted in continual growth of silver nanoparti-
cles.

40 1 t
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Fig. 5. Dynamic light scattering for Ag nanoparticles synthesized after 16 kGy (a)
and 40 kGy (b) of y-irradiation absorbed dose in various chitosan concentrations.
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The size of the Ag nanoparticles produced was further con-
firmed using dynamic light scattering as shown in Fig. 5. The results
are in accord with the TEM observation with Ag nanoparticles
synthesized in 1.0 wt% chitosan having the smallest diameter and
narrowest size distribution for both 16 kGy (6.02 +0.85nm) and
40kGy (7.55 £ 1.11 nm) of absorbed dosage. For 0.1, 0.5 and 2.0 wt%
of chitosan under 16 kGy of irradiation absorbed dosage, the aver-
age diameter were 25.08 +4.82, 26.88 +6.35 and 26.91 &+ 5.94nm
(Fig. 5a). Prolonging the irradiation to 40kGy resulted in Ag
nanoparticles with diameter of 29.67 +7.55, 28.6+7.62 and
29.71 £ 11.21 nm for 0.1, 0.5 and 2.0 wt% of chitosan concentrations,
respectively (Fig. 5b). The DLS measured size is slightly bigger as
compared to the particle size measured from the TEM micrographs
because dynamic light scattering method measures the hydrody-
namic radius which takes the chitosan coating on the surface of Ag
into consideration thus, making the particles bigger [51].

UV-vis spectra of silver nanoparticles (Fig. 6) have characteris-
tic surface plasma absorption peak at around 410-416 nm, resulted
from the known Mie scattering [52] which arises from the coherent
existence of free electrons in the conduction band due to the small
particle size [53]. It was found that the absorption peak for silver
nanoparticles with 1.0 wt% chitosan is 410 nm while there is a “red”
shift to approximately 416 nm for 0.1 wt%, 0.5 wt% and 2.0 wt% chi-
tosan. This shows that silver nanoparticles with 1.0 wt% chitosan
have the smallest particle size [54] which is in accord with the TEM
micrographs and DLS measurements. The peak of each spectrum is
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Fig. 6. UV-vis spectra for silver nanoparticles synthesized in different chitosan con-
centrations under vy-irradiation with absorbed dosage of 16 kGy (a) and 40 kGy (b).

Table 1
The mean absorbance and yield of the silver nanoparticles synthesized in 20 ml of
chitosan solution under 40 kGy of -y-irradiation.

Chitosan concentration (wt%) 0.1 wt% 0.5wt% 1.0wt% 2.0wt%
Absorbance (relative intensity) 0.91 2.03 2.48 2.51
Yield (mg) 30.1 66.4 81.7 81.9

symmetry, without obvious absorption in the range of 500-800 nm,
which suggests the absence of obvious nanoparticles aggregation
and that the nanoparticles are generally well segregated [41].

The UV-visible absorbance intensity is rather similar for all
the as-prepared silver nanoparticles produced at +y-irradiation
absorbed dose of 16 kGy (Fig. 6a), which indicates silver nanopar-
ticles having almost the same quantity or yield were formed.
When the absorbed dose was increased to 40KkGy, there is a
significant difference in the absorbance intensity for different chi-
tosan concentrations as shown in Fig. 6b. Absorbance intensity for
the silver nanoparticles increased from chitosan concentrations
of 0.1-1.0wt% and was plateau at chitosan concentrations of 1.0
and 2.0 wt%. In order to obtain the yield, the silver nanoparticles
were centrifuged from each chitosan solution and dried, and the
weight of the silver nanoparticles was measured using an analyti-
cal balance. The yield (in mg) of silver nanoparticles increased with
respect to their UV-vis absorbance as shown in Table 1.

Chitosan concentrations of 1.0 and 2.0wt% produced higher
yield of silver nanoparticles as compared to 0.1 and 0.5wt% of
chitosan even though the initial concentration of silver ions was
the same in all the chitosan solutions. This shows that chitosan
concentration plays an important role in the reduction of silver
nanoparticles. We suggest the following formation mechanism of
silver nanoparticles under +y-irradiation in the chitosan medium
(Egs. (1)-(8)). This mechanism is similar with some studies on the
irradiation reduction of silver in starch solutions [30]:

H,0-L>e,q~, H30™, He, *OH, Hy, H,0, (1)
Ag* +[CgH1104N]n — [CeH1104N]nAg™ (2)
[CeH1104N]nAg™ +eaq™ — [CeHi1104N],Ag" (3)
[C6H1104N]nAg® + Ag" — [CH1104N]nAg, " (4)
[C6H1104N]nAg> " +Ag® — [CoH1104N]nAgm ™ (5)
[CeH1104N]nAgm™ +€aq™ — [CeH1104N]nAgm° (6)

[C6H1104N]p +°*OH — [CgH1104N];,_1[CeH19O0sN]* + H,0 (7)

[C6H1104N]nAgm ™ + [CsH1104N],_1[CsH1904N]* + H,0
— [CH1104N11Agm° +[CgH1104N],1[CHoOsN] + H30*  (8)

The initial mechanism of the reaction in the y-irradiation synthesis
involves interaction of vy-radiation with solvent water molecules,
which leads to the formation of e;q~, H30%, H*, *OH, H,, H, 0, etc.
Silver ions (Ag*) forms complex with chitosan, [CgH1104N],, in the
molecular matrix giving [CgHq1 04N],Ag" (Eq. (2)) due to the pres-
ence of high number of hydroxyl groups in chitosan. During the
v-irradiation, these ions are reduced by solvated electrons (eaq™)
produced in the aqueous solution giving [CgHq104N],Ag? species
(Eq. (3)). These neutral Ag® atoms encounter the excess nearby Ag*
ions and produce [CgH1104N],Agy* species (Eq.(4)), which progres-
sively lead to the formation of [CgH1104N],Agn° clusters (Egs. (5)
and (6)). The reduction of these silver ions to chitosan stabilized
nanoparticles [CgH1104N],Ag° is induced by strongly reducing
€aq~ and the chitosan radicals [CsH1104N];,_1[CsH1004N]* (Eq. (8)),
formed by H atom abstraction reaction from chitosan chains by
hydroxyl radicals, *OH (Eq. (7)). These steps of reactions enable
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Fig. 7. UV-vis spectra for (a) as-synthesized silver nanoparticles and (b) silver
nanoparticles after 6 months of storage in laboratory condition (chitosan concen-
tration of 1 wt% and ~y-irradiation absorbed dosage of 40 kGy).

chitosan to reduce Ag* ions, coat and stabilize silver nanopar-
ticles while inhibiting their excessive aggregations. Thus, under
higher chitosan concentration, the yield of the silver nanoparticles
is higher due to the relatively higher amount of chitosan radicals’
formed.

The silver nanoparticles synthesized in this work are highly
stable. The stability of the chitosan in solution is very important
especially in the antibacterial activity as unstable silver particles
will not be able to disperse homogenously thus, reducing the
antibacterial activity. Fig. 7 shows UV-vis spectra of silver nanopar-
ticles produced using 1.0 wt% chitosan under 40 kGy absorbed dose.
Dotted line shows UV-vis spectrum for the as-synthesized sil-
ver nanoparticles while solid line represent spectrum for silver
nanoparticles after storage of 6 months in laboratory condition. The
absence of significant changes on the spectra of the silver nanopar-
ticles after storage suggests high stability of the silver nanoparticles.

The stability of silver nanoparticles in liquid LB media is of
high importance because the nanoparticles that are precipitated
or aggregated will affect their antibacterial efficacy. Fig. 8 shows
the screening of bacterial growth in liquid LB media by measur-
ing the absorbance at 600 nm. Only a small amount of bacterial
growth was inhibited by silver at the concentration of 10 ppm as
depicted in Fig. 8a. For silver concentration of 50 ppm, the growth
of MRSA was inhibited by >50%. Meanwhile, MRSA could not sur-
vive in the presence of 100 ppm of silver nanoparticles. When
silver nanoparticles were introduced in the medium containing
A. hydrophila (Fig. 8b), the resistance of the bacteria is higher
towards the silver nanoparticles compared to MRSA. The differ-
ence in sensitivity is contributed by the nature of the bacteria,
in which A. hydrophila is a gram-negative bacteria while MRSA
is a gram-positive bacteria. Gram-negative bacteria has four lay-
ers of protective membranes consisting of a plasma membrane,
a periplasmic area, a peptidoglican layer and an outermost layer
known as external membrane made-up of protein and lipopolysac-
charide. Gram-positive is only enveloped by three layers, which are
the plasma membrane, periplasmic area and peptidoglican layer.
Therefore, the lack of an extra layer of membrane results in gram-
positive bacteria being more sensitive towards the presence of silver
nanoparticles. The observation is similar to that of Yoon et al. [55].
At silver concentration of 10 ppm, the inhibition of the bacterial
growth is almost negligible whereas the growth was inhibited by
<50% at silver concentration of 50 ppm. Nevertheless, the pres-
ence of A. hydrophila was not detected in the medium comprising
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Fig. 8. Silver nanoparticles antibacterial efficacy test using liquid LB media contain-
ing (a) MRSA and (b) Aeromonas hydrophila.

100 ppm of silver nanoparticles. Based on the antibacterial test, the
MIC value of silver nanoparticles is ~100 ppm. This value is similar
to the antibacterial activity demonstrated on various bacteria using
silver nanoparticles [56,57].

4. Conclusion

This work provides a simple, convenient and “green” method for
the synthesis of highly stable silver nanoparticles in chitosan aque-
ous solution. Silver nanoparticles were successfully synthesized in
the presence of low molecular weight chitosan under vy-irradiation
without iso-propanol and N, atmosphere. Chitosan plays a very
important role in the reduction of silver ions (Ag*) along with ~y-
irradiation. This is evident as the chitosan concentrations of 1.0 and
2.0 wt% had higher yield of silver nanoparticles than chitosan con-
centrations of 0.1 and 0.5 wt%. The optimum chitosan concentration
was 1.0wt% with silver nanoparticles having the smallest mean
diameter and highest yield. The efficacy of silver nanoparticles in
antibacterial activity was manifested on MRSA dan A. hydrophila.
The MIC value for effective antibacterial activity was ~100 ppm.
The simple, cost effective and environmental friendly synthesis of
silver nanoparticles using low molecular weight chitosan in addi-
tion to their effective antibacterial activity, underlines the potential
of adopting this “green” method to produce silver nanoparticles as
antibacterial agents for various fields.
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