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Abstract. Silver nanoparticles have been used in combination with biological polymer for
antibacterial application. This study prepared chitosan/alginate/AgNP beads with varying chitosan
and alginate concentration to use as an antibacterial material. The sizes of neat beads were larger
(1286 = 172, 1344 £+ 142 and 1529 = 73 um for CI, C2 and C3, respectively) with increasing
concentration of chitosan and alginate. Moreover, smaller beads were observed for the
chitosan/alginate/AgNP beads, in which their sizes were 1151 + 201, 1261 £+ 204 and 1324 +
198 um for S1, S2 and S3, respectively, when compared to the chitosan/alginate beads.
Furthermore, the minimum bactericidal concentration (MBC) of chitosan/alginate/AgNP beads
against E. coli was 10, 10 and 3 pg/ml for S1, S2 and S3, respectively. This study suggested that the
beads with the higher concentration of chitosan and alginate resulted in the greater bactericidal
activity. Therefore, the chitosan/alginate/AgNP beads prepared in this study showed the bactericidal
activity which can be used for antibacterial application.

Introduction

The use of silver nanoparticles (AgNPs) has been vastly increasing due to the claim of lower
toxicity when compared to silver compounds, and a broad antibacterial activity of silver still retains
even a form of nanoparticles [1,2,3]. Therefore, AgNPs have been recently used for many
applications, such as consumer products [4] and medical application [5]. AgNPs in combination
with biological polymer have also been reported [6,7,8,9]. For examples, N,N,N-trimethyl
chitosan/alginate beads loaded with AgNPs were successfully prepared [6]. The diameters of dry
neat beads (with no AgNPs) and dry beads with AgNPs were about 0.1-0.2 mm [6]. Moreover, the
bactericidal activity of the neat beads against E. coli in PBS, pH 7.4 was lower than that of the
beads loaded with AgNPs (3.3 mg/ml) which showed about 91% inhibition of the viability of E. coli
[6]. This previous study suggested that the antibacterial activity of the beads loaded with AgNPs of
3.3 mg/ml might be from the silver ion (Ag") released into the system [6]. Furthermore, another
study reported that no Ag" was released from N,N,N-trimethyl chitosan/alginate/AgNP beads in
buffer, pH 2 but this release could be observed in buffer, pH 7.4 [9]. This might be because of
electric repulsions between hydronium ion (H;O") and the positive charge of chitosan/alginate
beads, which could inhibit the swelling of the beads and the release of Ag™ in buffer, pH 2 [9].
Moreover, the carboxylic group (-COOH) of alginate are not ionized at pH 2, which will also
decrease the release of Ag™ from the beads [9]. On the other hand, at pH 7.4, the carboxylic group
of alginate will be ionized as follows (Eq.1):

-COOH + H,0 — -COO- + H;0" (1)

This can promote the interaction between carboxylate group of alginate and water molecules,
resulted in the swelling of the beads and eventually the release of Ag' [9].
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However, to our knowledge, the effect of concentration of chitosan and alginate on sizes and
bactericidal activity of chitosan/alginate beads loaded with AgNPs has not yet studied. Therefore, in
this present study, chitosan/alginate/ AgNP beads with varying chitosan and alginate concentrations
were prepared. Subsequently, the sizes of these beads were investigated using an optical
microscope, and the bactericidal activity of these beads against E. coli was determined in PBS,
pH 7.4.

Materials and Methods
All chemicals were purchased from Sigma—Aldrich (Singapore), unless otherwise indicated.

Preparation of chitosan/alginate/AgNP beads. There are two steps used to prepare
chitosan/alginate/AgNP beads as follows:

Preparation of AgNP suspension. AgNPs were prepared according to Jana et al. [10] as
follows: The mixture (600 ml) of silver nitrate (0.25 mM) and sodium citrate (0.25 mM) was
prepared at room temperature. Sodium borohydride (10 mM, 18 ml) was added to such mixture
under magnetic stirring at room temperature, and this mixture was vigorously stirred for a further
2 h. The AgNP suspension (~600 ml) was then evaporated (Heidolph, Germany) at 37°C until a
final volume of 50 ml was obtained.

Preparation of chitosan/alginate/AgNP beads. The concentration and volume of chitosan,
alginate, calcium nitrate and AgNPs were shown in Table 1.

Table 1 Concentration and volume of chitosan, alginate, calcium nitrate and AgNPs used to
prepared chitosan/alginate/ AgNP beads

Sample Chitosan solution Alginate solution AgNP suspension Calcium nitrate solution

[25 ml], %w/v  [12.5 ml], %w/v [12.5 ml] [300 ml], %ow/v
S1 0.05 2 - 1
S2 0.1 4 - 2
S3 0.15 6 - 3

AgNP suspension (section 1.1) and chitosan solution was firstly mixed (Table 1) under magnetic
stirring at room temperature for 30 min. This mixture was subsequently mixed with alginate
solution (Table 1) under magnetic stirring at room temperature for a further 30 min. Then, this
mixture was dropped into calcium nitrate solution (Table 1) wusing a syringe. The
chitosan/alginate/AgNP beads were formed. These beads were dried at room temperature for 24 h,
which followed by at 80°C for 2 h. These beads were kept in a desiccator until they were used.

Neat chitosan/alginate beads (with no AgNPs; a control) were prepared and dried using the same
procedure as being used with chitosan/alginate/AgNP beads. The concentration and volume of
chitosan, alginate and calcium nitrate were presented in Table 2.

Table 2 Concentration and volume of chitosan, alginate and calcium nitrate used to prepared neat
chitosan/alginate beads

Sample Chitosan solution Alginate solution Calcium nitrate solution

[25 ml], Y%w/v [25 ml], Y%ow/v [300 ml], %ow/v
Cl 0.05 1 1
C2 0.1 2 2
C3 0.15 3 3

Size measurement. Size of the beads was measured using an optical microscope. A diameter of
the beads was measured from four different positions of the diameter of the beads, and at least 13
beads were calculated (mean + S.D.).
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Antibacterial activity of chitosan/alginate/AgNP beads against E. coli. The minimum
bactericidal concentration (MBC) of chitosan/alginate/AgNP beads was investigated against E. coli
according to the procedure of Li ef al. and Martins et al. [6,11,12] as follows:

E. coli was cultured in nutrient broth (NB) at room temperature overnight. Then, they were
diluted with PBS, pH 7.4 to obtain E. coli concentration of 10° cells/ml by measuring the optical
density (OD) at 600 nm (ODgg of 0.1 is equal to 10® cells/ml). Then, E. coli suspension in PBS
(10° cells/ml; 3 ml) was added to each well of a 6-well plate which contained different
concentrations of chitosan/alginate/AgNP beads (1, 3, 5, 7 and 10 pug/ml of AgNPs). The plate was
incubated at 37°C for 24 h. The viable E. coli was counted as follows: E. coli was diluted with PBS,
pH 7.4. 0.1 ml of each dilution was spread on nutrient agar (NA). This NA was incubated at 37°C
for 24 h. The number of visible colony was counted and reported as colony forming unit per
milliliter (CFU/ml).

Results and Discussion

The use of AgNPs in combination with biological polymer has been previously reported
[6,7,8,9]. This study prepared chitosan/alginate/AgNP beads for antibacterial application. However,
the concentration of chitosan and alginate might affect sizes and an antibacterial activity of these
beads. Therefore, this study reported the effect of the concentration of biological polymers, chitosan
and alginate, on the size and antibacterial activity of chitosan/alginate/AgNP beads. Moreover,
these beads were kept in the dry state, which have been claimed to show more advantages than
using those in wet state, such as they are easy to handle and store as well as greater precision during
weighing [13].

Morphology and size of chitosan/alginate/AgNP beads. The morphology and size of
chitosan/alginate beads and chitosan/alginate/AgNP beads are presented in Fig. 1. For
chitosan/alginate beads, C1 (Fig. 1A) exhibited irregular shape, while C2 (Fig. 1B) and C3
(Fig. 1C) showed nearly spherical shape. The surface of C1 and C2 seemed to be rough, whereas C3
had a smooth surface. This might be suggested that the higher concentration of both chitosan and
alginate resulted in the smoother surface of the beads. All chitosan/alginate/AgNP beads, S1 (Fig.
1D), S2 (Fig. 1E) and S3 (Fig. 1F), exhibited irregular shape, and their surfaces were rough.
Moreover, the color of the chitosan/alginate/AgNP beads was different from the beads with no
AgNPs. Previous study has shown that the neat chitosan/alginate beads (with no AgNPs) had white
coloration whereas the beads with AgNPs were yellowish [6]. Therefore, the color change of the
beads prepared in this present study could then confirm the existence of AgNPs inside the beads.

The sizes of chitosan/alginate beads were 1286 + 172, 1344 + 142 and 1529 £+ 73 pum for C1, C2
and C3, respectively. Smaller beads were observed for chitosan/alginate/AgNP beads, in which
their sizes were 1151 + 201, 1261 £+ 204 and 1324 + 198 um for S1, S2 and S3, respectively.
Similar results were previously reported [14]. They showed that larger beads were observed in the
neat alginate beads (485 £ 16 um), which was followed by the alginate beads with 4%AgNPs
(440 + 23 pm) and the alginate beads with 8%AgNPs (411 + 15 pum), respectively, when
determining with an optical microscope [14]. This might be because of the presence of the charged
AgNPs inside the beads which can cause a higher electrical force and then result in smaller beads
[14,15].
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Fig. 1 Morphology and size of chitosan/alginate beads and chitosan/alginate/ AgNP beads

Morphology and size of chitosan/alginate beads were presented as follows: (A) C1; (B) C2; and
(C) C3, whereas the morphology and size of chitosan/alginate/AgNP beads were demonstrated as
follows: (D) S1; (E) S2; and (F) S3. The mean diameters of all beads are presented in (G). No
significant difference was observed between each bead at p<0.05 using an independent-samples T
test.

Antibacterial activity of chitosan/alginate/AgNP beads against E. coli. An antibacterial
activity of chitosan/alginate beads (C1, C2 and C3) and chitosan/alginate/AgNP beads (S1, S2 and
S3) is presented in Fig.2. The viability of E. coli after exposure to chitosan/alginate beads was
higher than that after treatment with chitosan/alginate/AgNP beads. This result suggested that the
beads with AgNPs showed lower viability of E. coli than that observed with the beads with no
AgNPs. Similar results were observed in the previous literature [6]. The chitosan/alginate beads
loaded with AgNPs (3.3 mg/ml) resulted in 91% inhibition of the viability of E. coli in PBS, pH 7.4,
while the chitosan/alginate beads with no AgNPs showed no bactericidal activity [6]. Moreover,
this present study showed that the bactericidal activity of chitosan/alginate beads (with no AgNPs)
was greater when higher concentration of chitosan and alginate was employed. Previous study has
reported the antibacterial activity of chitosan [16], therefore, this greater bactericidal activity
observed in chitosan/alginate beads might obviously be from higher concentration of chitosan
blended in the beads.

Furthermore, the minimum bactericidal concentration (MBC) of chitosan/alginate/ AgNP beads
was 10, 10 and 3 pg/ml for S1, S2 and S3, respectively (Fig.2). The MBC of S3 was the lowest,
when compared with S1 and S2. This is corresponded to the higher concentration of chitosan
blended in S3, when compared with S1 and S2. To our knowledge, this is the first study to show
that the higher concentration of chitosan and alginate blended in the beads containing AgNPs
resulted in the greater bactericidal activity against E. coli.
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Fig. 2 Antibacterial activity of chitosan/alginate beads and chitosan/alginate/ AgNP beads
against E. coli

Antibacterial activity of chitosan/alginate beads (C1, C2 and C3) and chitosan/alginate/ AgNP
beads (S1, S2 and S3) was investigated in PBS, pH 7.4 against E. coli. After 24 h incubation at
37°C, the viable E. coli was counted and reported as colony forming unit per milliliter (CFU/ml).

Summary

In summary, chitosan/alginate/ AgNP beads used as an antibacterial material were successfully
prepared in this study. When the higher concentration of chitosan and alginate was used to prepare
the beads, the sizes of both neat beads and beads loaded with AgNPs were larger. However, smaller
beads were observed for the chitosan/alginate/AgNP beads, when compared to the neat beads.
Furthermore, the bactericidal activity of chitosan/alginate/ AgNP beads against E. coli was greater
with increasing concentration of chitosan and alginate. Therefore, the bactericidal beads prepared in
this study can be used for antibacterial application.
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