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Abstract

Chitosan powder and silver nanoparticles (AgNP) are materials of great interest to researchers due to their excellent
properties and wide application potentials. Many studies have been done to improve the utilization of chitosan
powder in various fields. One is improving the characteristics of chitosan (Ch) membranes. In this work, the fabrication
of chitosan composites membranes was attained by using Ag nanoparticles as fillers for a potential method in
improving the physical properties. The composites membranes were made by a casting technique using a solvent of
acetic acid. The mass of AgNP used was 10, 100, and 1000 pg. Those membranes called as Ch-AgNP10, Ch-AgNP100,
and Ch-AgNP1000, respectively. A pure chitosan membrane was also made, named Ch. The physical property of those
membranes have been measured by numerous methods including Barrett-Joyner-Halenda (BJH), X-ray diffraction
(XRD), dynamic mechanical analysis (DMA), and water uptake capacity. Functional group analysis was performed using
a Fourier Transform Infra-Red (FTIR) Spectrophotometer. The membranes have also been tested for the antibacterial
properties against E. coli, a gram-negative and S. aureus, gram-positive bacteria using Kirby-Bauer inhibition zone
method. The results indicated that the diameter of the pores of those composites membranes is smaller than Ch
membrane, however, the diameter of the pores increased with increasing the quantity of Ag nanoparticles added. The
longest elongation is showed by Ch-AgNP10. The highest value of elastic modulus (E), the tensile strength (TS), and the
capacity of the water uptake is indicated by Ch-AgNP100. The XRD pattern showed two characteristic peaks
26=14.890 and 21.270 which correspond to the chitosan and some new peaks at 26 around 290, 390, and 470, that
corresponding to Ag nanoparticles. The functional groups detected in the composite membranes included OH and NH
stretch, CH stretch, C=0, C-O-C, and metal oxide (Ag-O) which mostly moved to the longer wavelength compared with
Ch membrane. The composite membranes have antibacterial effect to the E. coli, but not to S. aureus. Therefore
referring to these results, this study provided basic knowledge for the manufacturing chitosan-AgNP composites
membranes with tailored characteristics with its application.

Keywords: Chitosan powder, silver nanoparticles (AgNP), composites membrane, physical property, antibacterial
activity

Introduction

The rising requirement to build eco-friendly polymer materials with better mechanical properties and
strength, has directed to the improvement of combine materials (composite) which natural polymer as a
main component. Chitosan (Ch) is a natural polymer attained by the elimination of the acetyl group of
chitin [1], where chitin itself is produced by living organisms which mostly find in exoskeletons of
crustacean such as shrimp and crab shell, also in cell walls of fungi [2]. Chitosan is shows excellent
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properties, such as biocompatibility and biodegradability, nontoxic, antibacterial, physiological inert and
bioactivity [3]. The antibacterial, biocompatible, and nontoxic characteristics of chitosan make it applicable
in various human health fields [4], [5].

Chitosan is recognized as a multipurpose natural material which exist in various forms for example micro-
crystalline powders, membrane, fiber, solutions, and lotions [6]—[9]. It is an outstanding material to make
membranes as a result of its mold ability, reactivity, and hydrophilicity. Also chitosan is biocompatible and
has good mechanical properties [10]. It comprises a big number amine (NH;) and hydroxyl radicals (OH)
groups. These radical groups can be adapted by various ligands and also simply be linked with other
molecules. The amine groups can be made a chain-linked chitosan membrane which useful for restriction of
biomolecules [11]. Various applications of membranes that made of chitosan have been studied including
anti-adhesion membranes for post-operative applications, preparing controlled-release medicine
membranes, chitosan membrane for immobilization, artificial skin [12], for the elimination of Cu?* from
water-based solution [13], adsorption and desorption of different metal ions [14], in vitro evaluation of
bioactivity [15], restriction of an oxidoreductase (glucose oxidase) and considered their prospective
practice in biosensors [16]. Alternatively, the prospective use options for chitosan membranes in the
technological areas are very wide and therefore there is an ongoing search for membrane materials that
have some particular properties or have varied uses that can be simply adapted for chosen goods.

The blend of polymer with nanoparticles, that named as nano-composites create a new type of materials
which are predictable to show well characteristics [17]. Basically, the combination of inorganic particles
addicted to the chitosan matrix is addressed to enhance mechanical characteristics and, sometime to give
bioactivity to a chemically inert material [18]. The particles can be used as fillers for chitosan composites
such as bioactive ceramic nanoparticles (nano-biomaterials), bioactive glass, and metal nanoparticles. The
usage of nano-fillers is notable as a result of their high surface area, giving great a shared boundary across
that generate high forming common boundary strength. This will enhance the mechanical characteristic of
the composite; improve the weight transfer ability, and reducing the fatal catastrophe produced by bad
weight transfer [19], [20].

Silver nanoparticles are the greatest general antimicrobial materials because of their strong biocide result
to microorganisms that has been applied for a long time ago to avoid and medicate numerous diseases
[21]. It has been known as a disinfectant and antimicrobial agent that is quite safe [22]. In the form of
nanoparticles, silver exhibit outstanding antimicrobial effect, even at a low concentration. This is due to the
large surface-to-volume ratio [23]. They are shown low immunological response and cytotoxicity, also low
cost [24].

Both chitosan and Ag are antibacterial substances so chitosan-AgNP composite shows a stronger
antibacterial effect than chitosan or Ag itself. It reported that chitosan-AgNP composite is more actual
counter to bacteria than the chitosan itself [25], [26]. Chitosan is an excellent material to produce
membranes which applicable in various fields especially related to human health [4]. So, in this work, we
tried to couple both remarkable properties of the materials, chitosan powder and Ag nanoparticles to get
new types of membranes with better performances. Here we report the manufacture and the
characteristics of chitosan-AgNP composites membranes for a possible technique in refining mechanical
characteristics and antibacterial effect.

Materials and Methods

Materials
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The chitosan (Ch) powder used is extracted from prawn with characteristics of the average molecular
weight of 900,000, DD (degree of deacetylation) of 87.4%, and the solvability in acetic acid 1% is 99.4%.
Sodium hydroxide (NaOH) and acetic acid were analytical grade (p.a.) and were applied straightly without
any refinement. Distilled water (DW) was applied in solutions preparation. The silver nanoparticles used are
a biosynthesized product by using Sambiloto leaf extract which characteristics are the SPR (surface Plasmon
resonance) wavelength of 423 nm and pores size of about 10-30 nm. It crystalize is FCC (face center cubic)
and the lattice parameter ‘a’ of 4.03 A [27].

Membranes Preparation

The chitosan membrane and composites membranes were prepared by a solution casting technique. The
chitosan powder was used as the matrix, 1% acetic acid (v/v) as a solvent, and Ag nanoparticles powder as
filler. The amounts of Ag nanoparticles used were 10, 100, and 1000 pug. The solution casting technique was
following the protocol in our previous works [1], [28]. Briefly, the chitosan membrane was made by mixing
2% wt chitosan powder with acetic acid, stirring gently at 37 °C up to a dope solution (a homogeneous
solution) obtained. The dope solution was cast on a glass plate of 18.5 x 24.0 cm?, and then dried at
ambient temperature. The dried membrane was dipped into 1 MNaOH, soaked for 12 minutes, washed by
distilled water three times, and dried over at ambient temperature. Lastly, it is got a dry chitosan
membrane, named Ch membrane. The composite membranes are made by the same procedure, by adding
AgNP with different amounts. The composite membranes made, named Ch-AgNP10, Ch-AgNP100, and Ch-
AgNP1000, respectively.

Characterization Methods

The crystal structures of the membranes were recorded using a PAN alytical XRD with the wavelength of
the radiation source of 0.154 nm, current 35 mA, and 40 kV. The scanning was conducted on dry
membranes in the range of 72 to 602 with a resolution of 0.029.

The pore size and pore density of those membranes made were examined by the BJH (Barrett-Joyner-
Halenda) technique using Nova 1200e as described in [1]. The tensile test of the membranes was examined
using DMA (dynamic mechanical analysis) using ASTM D5630 or ISO 3451. The measurements conducted
on dry membranes at ambient temperature.

The water uptake ability was measured as the protocol described in [1] and [28]. Mainly, the dry
membranes were cut in circular form with a diameter of about 3.5 cm and weighed (mg). Further, it soaked
in 20 ml of distilled water for some time, pick up, then removed the excess water from the surface of the
membranes with filters paper, and finally weighed (m.). The water uptake ability of the membranes
calculated by (1) [1], [28].

Water uptake (%) = M =M 31000

Me (1)
The infrared (IR) spectra of Ch and composite membranes were recorded to analyze the functional group
present in all membranes. The spectra have scan in the region of 400 to 4000 cm™ using a FTIR (Fourier
Transform Infrared) spectrophotometer, IR Prestige-21. The spectra have scan with a resolution of 4 cm™?
and averaged ten scans.

The antibacterial activity was conducted using the Kirby-Bauer inhibition zone method to Gram-positive S.

aureus and Gram-negative E. coli as reported in [29] and [30]. The procedure is. The medium used was

nutrient agar (NA) and it prepared on petri dishes with a diameter of 9 cm. The S. aureus and E. coli were

inoculated after appropriate dilution. Square membranes with a size of about 1.0 cm? were placed on the
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inoculated culture medium. The cultures were incubated for 24 h at 37 °C and then the diameter of the
clear zones formed around the membrane is sized. All experiments were replicated three times and it is
reported on the average values.

Results and Discussion
X-ray Diffraction Analyses

The XRD measurement is used to determine the crystal form of the Ch membrane and Ch-AgNP composite
membranes made. The XRD patterns show in Fig. 1. In order to observe the crystal form changes that
occurred on the Ch membrane and the Ch-AgNP composite membranes, XRD analysis was also carried out
on chitosan powder and AgNP powder, the results are shown together in Fig. 1. Broad XRD peaks of
chitosan powder, chitosan membrane, and composite membranes below 30° indicate the semi-crystalline
form of the main constituent of chitosan. Chitosan powder showed two characteristic peaks around
206=11.81° and 20.75° appropriate to the hydrated and anhydrous crystals, respectively. Those peaks
correspond to the crystallographic planes (002) and (101) [4], [25], [31]. The XRD graph of AgNP powder
shows peaks at 26=38,18°, 45,81°, and 64,87° corresponding to the crystallographic planes (111), (200), and
(220) [27]. The XRD graph of Ch membrane was almost the same as that of chitosan powder, with two
characteristic peaks 26=14.89° and 22.51°, where both moved toward higher diffraction. This showed that
the crystal forms of chitosan were not changed [31].

Fig.1. X-ray diffraction graphs of chitosan and AgNP powders, chitosan and chitosan composite membranes
(Ch-AgNP10, Ch-AgNP100 and Ch-AgNP1000) in dry condition.
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The XRD graphs of Ch-AgNP composite membranes also showed two characteristic peaks 26=14.89° and
21.27°, and some new peaks at 20 around 29° 39°, and 47°. The new peaks observed on composite
membranes corresponded to AgNP that was added as filler on the composite membranes [4], [16]. The new
peaks moved toward lower diffraction angle compared with the AgNP powder. This indicated the
interaction between the chitosan and the AgNP occurred so it formed cross-linked composite membranes
[31]. This finding is supported by the results of FTIR analysis, where there is a peak around 580-600 cm™
which is a metal oxide (Ag-O) group [4], [26].

The Ch membrane, the prominent peak at 22.51° corresponds to intense hydrogen bonds inside or

between molecules of chitosan [8]. Meanwhile, on the composite membranes, the peak observed at 21.27°
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it’s moved toward a smaller angle where the intensity increased. The characteristic peaks 26=14.89° are
almost constant, but the intensity decreased. Those changes show a partial rupture of the hydrogen bonds.
This showed a considerable reduction in the stiffness of chitosan backbones, which gives to pointedly
improve the water-uptake ability of composite membranes, especially Ch-AgNP10. This finding is supported
by the tensile test and swelling test of the Ch-AgNP10 and Ch-AgNP100, which is described below.

The Pore Density and Pore Size of Composites Membranes

The pore density and pore size of Ch membrane and chitosan composites membranes (Ch-AgNP10, Ch-
AgNP100, and Ch-AgNP1000) obtained using the BJH method are shown in Fig. 2a and 2b. Fig. 2a shows the
pore diameter of chitosan composites membranes are smaller compared with Ch membrane, but it is
increased as more amount of AgNP is added (10 to 1000 pg). Fig. 2b shows that, the pores density of
composites membranes increased from 3.40x10% to 12.9x10® pores/m3 for Ch-AgNP10 and Ch-AgNP100,
then decreased to 3.36x10% pores/m3 for Ch-AgNP1000. The decreased in the density of the pore may be
due to the increase in the number of AgNP added. Based on the IUPAC convention for porosity
nomenclature (1972), all membranes are included in the mesoporous group with pore diameters ranging
from 30.60 to 38.51 A, which can be used in the microfiltration process [33].

Tensile Test

The tensile test measurements were used to determine tensile strength (TS), the elongation-at-break (g),
and elastic modulus (E) of the membranes. Figure 3a shows stress-strain curves of Ch and composite
membranes (Ch-AgNP10, Ch-AgNP100, and Ch-AgNP1000). From the stress-strain curves, Fig.3a, it obtained
elastic modulus (Fig. 3b), tensile strength (Fig.3c), and elongation-at-break of each membrane as shown in
Fig. 3d. Tensile strength is the maximum stress that can be held by the membranes before breaking.
Elongation-at-break is the size of elasticity of the membranes that can be measured as specific defects of
the membranes before damage [1]. Fig. 3b indicates that Ch-AgNP100 has the highest elastic modulus and
tensile strength but its elongation at break is very small (Fig. 3d). This shows that the Ch-AgNP100 is the
most rigid membrane compared to other composite membranes and Ch membranes. The longest
elongation at break (in Fig. 3d) is indicated by Ch-AgNP10, also it has good values in elastic modulus (Fig.
3b) and tensile strength (Fig. 3c). This indicates that Ch-AgNP10 is a strong and ductile membrane. It can be
concluded that the Ch-AgNP100 is the strongest membrane, while the strong and ductile membrane is the
Ch-AgNP10. So AgNP have an impact on the tensile strength of the Ch-AgNP composite membranes made.
Adding the number of AgNP to 100 pg will increase the strength of the membrane composites formed but
decrease the ductility, thus decreasing the ability of the composite membranes to resist deformation
without cracking. If the amount of AgNP added is more than 100 pg, the membrane becomes weaker and
brittle (easily torn)
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Fig. 2. a) The pores diameter and b) the pores density of Ch membrane and composite membranes (Ch-
AgNP10, Ch-AgNP100 and Ch-AgNP1000).
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Fig. 3. a) Stress-strain curves, b) Elascti modulus (E), c) Tensile strength (TS), and d) elongation at break (g)
of Ch membrane and composite membranes (Ch-AgNP10, Ch-AgNP100 and Ch-AgNP1000) in dry condition.

3.0 ch 1200 - P
—e— Ch-AgNP10 1100 ‘ 1000
254 4 Ch-AgNP100 1000
v Ch-AgNP1000 A 200 800
> ’a 900 -
a
_ S 800+
©
a S 700
= 2
B g 600+
2 =
£ < 500
Z 2 400
3
£ 3004
200
100
0.0 T T T T T 1 0-
0.04 0.08 0.12 0.16 0.20 0.24 Ch Ch-AgNP10  Ch-AgNP100 Ch-AgNP1000
Strain (%) Membranes
a) b)
1400 - 0.25
0.207
1200 "
_. 0204
= =X
S 1000 - <
f:t ] 0.143
£ 800+ a5 0157
g ©
5 600 5 0.091 i
12 S = .|
o g 0.10 1
5 c
E 400 &
0.05
200
0- 0.00 -
Ch Ch-AgNP10  Ch-AgNP100  Ch-AgNP1000 Ch Ch-AgNP10  Ch-AgNP100  Ch-AgNP1000
Membranes Membranes
c) d)
Water Uptake

3873



Nat. Volatiles & Essent. Oils, 2021; 8(6): 3868-3879

Fig. 4a indicates the rate of water of Ch membrane and composite membranes (Ch-AgNP10, Ch-AgNP100,
and Ch-AgNP1000). Fig. 4b shows the water uptake maximum of Ch and composite membranes. Fig. 4a
shows that in the first 30 minutes, the water uptake of those membranes indicates an increase sharply, the
next 30 minutes increased slowly, and then after 60 minutes, the water uptake is reached saturation. Fig.
4a shows that in the first 30 minutes, the water uptake of those membranes indicate a sharp increase, the
next 30 minutes increased gently, and then after 60 minutes, the water uptake is reached saturation. Also,
it found that the Ch-AgNP100 membrane shows the highest water uptake rate. The maximum water uptake
of each membrane is shown in Fig. 4b. It shows that the Ch-AgNP100 showed the highest water uptake.
This may be due to the alteration in the hydroxyl group of the composite membrane which was detected in
FTIR analysis that shown in Table 1, the OH and amine groups, where water uptake was caused by the
formation of hydrogen bonds [8]. This fact is also confirmed by the pores density analysis, where the Ch-
AgNP100 has the highest pore density. So, the water uptake ability of the membrane will increase.

Fig. 4. a) The rate of water uptake and b) the water uptake maximum (%) of Ch membrane and composite
membranes (Ch-AgNP10, Ch-AgNP100, and Ch-AgNP1000).
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Fourier Transform Infrared (FTIR) Analysis

Fig. 5a indicates the FTIR spectra of Ch membrane and composite membranes. For a clearer view, the FTIR
spectrum of Ch membrane is redrawn in Fig. 5b. The FTIR spectra found were similar to the spectra
reported by other researchers [27], [28]. The analysis is written in Table 1.
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Fig. 5. a) The FTIR spectra of Ch membrane and composite membranes (Ch-AgNP10, Ch-AgNP100, and Ch-
AgNP 1000), b) The FTIR spectrum of Ch membrane.
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Table 1. The main bands observed in Ch membrane and composite membranes.

Functional Groups*

Wavenumbers presented in Ch and composite membranes, in cm™;

Its transmittance (%)

ch Ch-AgNP10 Ch-AgNP100 Ch-AgNP1000

—OH stretch 3531;5.03 3561; 17.40 3538; 18.12 3519; 6.70
2971 (broad);
—CH; stretch 2971, 5.89 2966; 22.53 2953; 8.39
20.39
—CH3s stretch 2881; 6.00 2893; 20.83 2881; 23.24 2888; 8.65
. ' 3305 (shoulder); 3310 (shoulder);
2 group 21.49 and 1594; 8.08 and
and bend 1546; 5.31 1553; 18.04 16.72
: 1594; 6.74
—C=0 stretch of carbonyl

1666; 5.13 1661; 17.20 1672; 16.44 1672; 6.50

group

—OH and —CH groups in the
pyranose ring

The anti-symmetric stretch
of C—0-C glycoside link

Metal oxide (Ag-O)

1433; 5.14 and

1333;5.11

1130; 4.84

Not observed
clearly

1428; 17.48 and

1333; 17.52

1041; 23.12

582;19.60

1433;19.16 and

1320; 21.85

1041; 28.41

600; 23.00

1440; 7.15 and

1327, 8.02

1046*; 11.02

582;9.03

*Eun Jung Lee (2004) [34], Monarul (2011) [35].

Fig. 5b shows a broad peak at around 3531 cmwhich is the —OH group stretch. A peak at around 3376 cm
is the N-H group stretch which is not clearly observed, this may be due to the wide-stretching of -OH so that
the N-H group is covered. The presence of the N-H stretching group is in agreement with the presence of
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bending vibration of the N-H group at a peak around 1546 cm™. The other peaks include a peak at around
2881 cm™ which is the C-H group stretch, and a peak at around 1666 cm™ is the C=0 amide group. These
peaks are in agreement with those reported by Eun Jung Lee (2009) [34] and Monarul (2011) [35], the
functional groups observed in the chitosan membrane.

The shift of wavenumber and change in the percentage of transmittance in composite membranes spectra
were observed from 1666 cm™. This observation may designate the binding of AgNP to the N-H bond of
chitosan [4], [26], [36], [37].

Antibacterial Activity

Fig. 5 and 6 show the antimicrobial activities on S. aureus and E. coli by the forming of a clear zone around
samples of Ch membrane and composites membranes. All membranes seem to be highly effective against
E. coli growth (clear zone formed) as seen in Fig. 5, but no antibacterial activity was detected on the S.
aureus (no clear zone formed), Fig. 6. This antibacterial activity of Ch membrane is in agreement with the
work reported in [8] and [4]. These observations indicate the option of considering different antimicrobial
mechanisms playing on every type of bacteria [8].

Fig. 5. The inhibitory effect of Ch and composites membranes against gram-negative E.coli, a), b), c), and d).

Fig. 6. The inhibitory effect of chitosan and composites membranes against gram-positive bacteria S.
aureus, a), b), c), and d).

Conclusion

This work has designated the fabrication and characterization of chitosan composite membranes with AgNP
as filler to enhance their physical property. The composite membranes were made by casting technique
using a solvent of acetic acid 1%. The results showed the diameter of the pores of those composite
membranes smaller than the Ch membrane; however, it increased as more amount of AgNP was added.
The longest expansion (elongation) is shown by Ch-AgNP100. The highest value of elastic modulus and
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tensile strength are indicated by membrane Ch-AgNP100 and also it exhibited the highest ability of the
water uptake. The XRD pattern of composite membranes showed two peaks 14.89° and 21.27° which relate
to the main chitosan, and some new peaks at around 29°, 39°, and 47°, that correspond to AgNP. The
functional groups detected in the composite membranes included CH stretch, OH and NH stretch, metal
oxide (Ag-0O), C=0, and C-O-C which mostly moved to the longer wavenumber compared with Ch
membrane. The composite membranes have no antibacterial effect to the S. aureus, but it has effect to E.
coli. Referring to these results, it can be deduced that AgNP that added as filler in the manufacturing
composite membranes have affected the mechanical properties, crystallinity, and water uptake ability of
the composite membranes made. Therefore, this study provided a basic knowledge of the manufacturing of
chitosan-AgNP composites membranes with tailored characteristics as well as their application.
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