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Abstract: Bacterial cellulose (BC) produced from coconut
water, commonly known as nata de coco, is a biopolymer
with enormous properties. Compared to plant cellulose,
BC has better mechanical strength and a greater degree of
polymerization. BC’s high purity and high porosity make
it a suitable candidate for the embedding and dispersion
template for silver nanoparticles (AgNPs). This study
investigated a facile and scalable method of making BC
from coconut water and impregnated them with AgNO3

solution to produce AgNPs templated BC. The resulting
materials were characterized by Fourier transform infra-
Red (FTIR), scanning electron microscope (SEM), energy
dispersive X-ray (EDX), and X-ray diffraction (XRD). The
thermal stability was also investigated by thermogravi-
metric analysis (TGA). The antibacterial activity of AgNPs
templated BC was challenged in cultures of gram-positive
bacteria Staphylococcus aureus and gram-negative bac-
teria Escherichia coli and showed an inhibition zone of
growth in agar media. This study proves that the resulting
AgNPs templated BC sheets are potential materials for
antibacterial and industrial application that are low cost
and easy to produce.
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zation, silver nanoparticles

1 Introduction

As the most common biopolymer material with a produc-
tion of 1.5 × 1012 tons per year, cellulose is considered an
unlimited source of raw material, which has the potential
to increase the need for biocompatible and environmen-
tally friendly products [1]. Compared to plant cellulose,
bacterial cellulose (BC) has several superior characteris-
tics such as high purity, high porosity, high water retention
capacity, high crystallinity, better mechanical strength, and
fibers of BC have a high aspect ratio [2]. Cellulose produced
from bacteria (such as Acetobacter xylinum, Gluconaceto-
bacter hansenii, and Gluconacetobacter medellinensis [3,4])
has abundant hydroxyl groupsmaking it a material that has
high biocompatibility [3–5], which is easy to combine with
other materials to form a composite. In addition, the struc-
ture of BC has extraordinary mechanical strength and a
high specific surface area [5]. Recent studies have shown
improvements in themechanical [6], hydrophilicity [1], dur-
ability [7], and antibacterial [8–10] properties of BC compos-
ite via chemical and surface modification. Some of the most
exciting applications of BC as a biomaterial is the wound
dressing, temporary skin substitute, antibacterial textile,
and sterile package. In these applications, the antibacterial
properties of BC become the most crucial properties to be
obtained. Because of the high biocompatibility, BC is con-
sidered as a suitable matrix for the assimilation of metals.
Among the several metals that could be inserted in the BC
matrix, silver has drawn interest due to the wellknown anti-
bacterial properties.

Nanoparticles with a size range between 1 and 100 nm
show various improved properties compared to bulk form
due to changes the in shape, size, size distribution, and
surface area [11]. Various specific applications of nanopar-
ticles refer to their large surface area for chemical reactions
[12]. The antibacterial characteristics of silver nanoparti-
cles (AgNPs) are much improved compared to the bulk
form due to the increased physicochemical and mechan-
ical properties [10,12]. The synthesis of AgNPs could be
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done with the help of microorganisms [5,8] and plant
extracts [9–11,13,14]. The microorganisms and plant extracts
play a role of reducing and capping agent in forming of
AgNPs [11,13,15]. The advantages of this method are that
they are simple, environmentally friendly, inexpensive,
and the application of non-toxic reactants [13] compared
to the conventional processes. On the other hand, AgNPs’
usage is limited by their stability depending on the surface
charge of the suspending media and its rapid oxidation
[16]. As a result, AgNPs have been integrated into compos-
ites to improve their stability and overcome rapid oxida-
tion [17].

Recent studies proved that AgNPs could be impreg-
nated into BC matrix via in-situ [18,19] or ex-situ synthesis
[20,21]. In general, reductant chemicals are needed to
reduce Ag+ from bulk solution into Ag0 of AgNPs and cap
them in cellulose matrix for better stability, for example,
adding sodium borohydride (NaBH4) [8,15,22,23], triethano-
lamine (TEA) [24], and urea [25] to produce cellulose-AgNPs
composites. To avoid the utilization of chemicals that may
be hazardous to the environment, Han et al. [25] explained
that cellulose was capable of reducing Ag+ to Ag0 at room
temperature in strong alkali conditions. Also, the existence
of alkali residue promotes the generation of Ag2O, which
was a deposit in the cellulose matrix and gave another
easier reaction route to form AgNPs. Besides, the abundant
hydroxyl group of BC itself was sufficient to supply the
energy required for metal reduction [15].

BC has vast potential in many sectors because of its
superior characteristics. However, the applications of BC
on a large scale are constrained by its relatively low pro-
ductivity and high cost of culture medium. The focus of
this present study was to synthesize BC in a relatively
low-cost medium and utilize it for the embedding and
dispersion of AgNPs. Acetobacter xylinum strain grown
in a simple coconut water medium was sterilized before-
hand and used as a template for reducing and capping
AgNPs. This method was simple, low cost, and used
reduced chemicals, which has not been investigated. The
most notable benefit of this study was providing sustain-
able nanoparticles composite biomaterials to meet the
need for environmentally friendly products and utilize
cheap and native resources. The resulting AgNPs tem-
plated BC products were characterized by Fourier trans-
form infra-red (FTIR) to confirm the functional groups that
play a role in forming and binding AgNPs in the BC matrix,
X-ray diffraction (XRD), scanning electron microscope
(SEM), and energy dispersive X-ray (EDX) to confirm
the presence of AgNPs in BC matrix. The thermal stability
of AgNPs templated BC was also assessed by thermogravi-
metric analysis (TGA). The antibacterial activities were

measured by the inhibition zone of gram-positive bacteria
(S. aureus) and gram-negative bacteria (E. coli).

2 Materials and methods

2.1 Materials

Silver nitrate (AgNO3), sodium hydroxide (NaOH), and
acetic acid glacial (CH3COOH) were analytical grades
and purchased from Merck, Germany. The coconut water
was supplied by the local market in Yogyakarta, Indonesia.
The white sugarcane crystals were purchased from PT.
Sweet Indo Lampung, Indonesia, and (NH4)2SO4 were pur-
chased from PT. Petrokimia Gresik, Indonesia.

2.2 Preparation and purification of BC

BC from coconut water, commonly known as nata de
coco, was produced by boiling 1 L of coconut water,
10 g sugarcane, and 5 g (NH4)2SO4. Acetic acid was added
dropwise to adjust the pH of the solution to 5.0. After the
coconut water medium cooled down, about 10 mL of
Acetobacter xylinum solution starter was added, then
the solution was left for fermentation at room tempera-
ture for 4 days. BC produced was harvested and rinsed
with running water until the pH of the rinsing water
became neutral. BC was then put in boiling water for
5 min to kill the remaining bacteria. The resulting BC
sheet with a thickness of 4mm, as seen in Figure 1, was
immersed in distilled water and stored at 4°C until sub-
sequent use.

2.3 Impregnation of Ag into BC matrix

The BC sheet obtained initially was treated by soaking in
various concentrations of AgNO3 solution (2, 5, 10, and
15 mM)with constant mixing for 1 h, then leaving it to rest
for a night to make sure the Ag+ ions fully adsorb into the
BC matrix. BC sheet treated with AgNO3 was then rinsed
with distilled water for 5 min to eliminate the excess
AgNO3 solution, followed by reduction process by immer-
sing in 0.01 N NaOH solution for 10 min. Browny BC sheet
indicated the formation of AgNPs in the BC matrix
[8,23,25]. AgNPs templated BC was then dried in Mem-
mert oven at 60°C until dry sheet was obtained (±2 h).
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The composite sheet of AgNPs templated BCwas denoted as
AgNP2@BC, AgNP5@BC, AgNP10@BC, and AgNP15@BC
according to the concentration of AgNO3 used for the treat-
ment at the initial stage.

2.4 Characterization of AgNPs templated BC

FTIR data were collected using the Nicolet Avatar 360 IR
instrument, measured at a wavelength of 4,000–500 cm−1.
XRD pattern of pristine BC and AgNP@BC was identified
using the Bruker D2 Phaser X-ray Diffraction instrument
with a value of 2θ from 10° to 80°. The crystallinity index
(CI) was measured as:
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=

−

×

I I
I

CI 100%002 am

002
(1)

where I002 is the maximum intensity, and Iam is the inten-
sity of the amorphous region [26]. Surface morphology
and elemental composition of AgNPs templated BC were
seen using SEM-EDX Phenom Desktop ProXL. The pre-
sence of AgNPs in the BC matrix was measured by TGA
Linseis PT1000 with an analytical temperature from 0°C
to 600°C, heating rate value of 10°C·min−1, and nitrogen
gas flow rate of 50mL·min−1 to avoid degradation of the
sample by thermal oxidation.

2.5 Assay of antibacterial activity

The potential antibacterial activity of AgNP@BC was
measured by gram-positive bacteria (S. aureus) and gram-
negative bacteria (E. coli). For this investigation, bacteria
were grown in agar nutrients placed in a 10 cm diameter
Petri dish. First, a nutrient agar medium was prepared with
a concentration of 20 g·L−1. Agar medium was sterilized at
121°C for 15min. After the agar medium was cooled at 40°C,

bacteria were inoculated up to 107. Agar medium was
then stirred until homogeneous, poured into a Petri
dish (±20 mL), and left until hardened. A small piece
of AgNPs templated BC was placed on the surface of
the agar medium. This Petri dish was cooled at 4–10°C
for 1 h and then incubated at 37°C for 24 h (or until the
inhibition zone was clearly visible). The formation of the
inhibition zone was then measured for each sample.

3 Results and discussion

3.1 Impregnation of Ag into BC matrix

BC is produced from the fermentation process of sugars,
especially fructose and glucose, by exopolysaccharide-
producing bacteria [27]. Coconut water was selected as
the primary ingredient in the fermentation media in this
study because it contains nutrients and minerals that
Acetobacter xylinum needs for metabolism [28]. During
fermentation, Acetobacter xylinum converts sucrose into
glucose and fructose with the help of the sucrase enzyme
and produces a white sheet of cellulose due to metabo-
lism activities. The thickness of the resulting BC mem-
brane increased with the increase in the fermentation
time [29]. After 4 days of fermentation, a milky white
BC sheet with a thickness of 4 mm was formed, as shown
in Figure 1.

Wet BC sheets were immersed in distilled water at
4°C for several days to obtain a consistent grey or brown
color when impregnated in AgNO3 solution. This step was
done to ensure that the BC pores were completely filled
with water so that when the BC sheet was immersed in
AgNO3 solution, it was expected that Ag particles would
be easier to fill in the BC matrix. The immersion of the BC
sheet in the AgNO3 solution was carried out for a day to
ensure that Ag ions were completely adsorbed in the BC
matrix. Abundant hydroxyl groups in BC can reduce Ag
ions and provide anchoring sites for Ag+ [5]. After the
immersion step, the BC sheet looks slightly blackish, as
seen in Figure 2a. The following process was immersion
in 0.01N NaOH solution to facilitate strong alkaline con-
ditions, so the BC could reduce Ag+ to Ag0 and simulta-
neously produce AgNPs, which is capped in the BC
matrix [25]. After immersion in NaOH solution, the BC
sheet turned brownish in color (Figure 2b), indicating
the formation of AgNPs [8,23,25].

The formation of AgNPs can be explained as an inter-
action with the hydroxyl groups of cellulose. The diffu-
sion of hydrated silver ions (Ag(H2O)2)+ to the BC matrix

Figure 1: Bacterial cellulose nata de coco fermented for 4 days.
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leads to coordination with the hydroxyl groups of cellu-
lose [24]. This can be indicated by FTIR spectra. Once the
AgNPs are made, the BC matrix forms a thin layer or film
that acts as a capping agent, stabilizer, and agglomera-
tion preventer [30]. In the end, AgNPstemplated BC with
a small and tight size distribution was obtained. The final
step was to dry the sheet in an oven at 60°C to obtain a
dry sheet.

3.2 FTIR analysis

FTIR analysis was carried out to ascertain the spectrum
shift indicating the functional groups that play a role in
forming and binding AgNPs in the BC matrix structure.
FTIR spectra of pristine BC and AgNPs templated BC is
presented in Figure 3.

FTIR spectra of both the pristine BC and AgNP@BC in
Figure 3 showed the typical spectrum of cellulose. The

spectrum detected around 3,400–3,600 cm−1 in both the
graphs indicated an abundance of OH group, which may
play a significant role in reducing Ag+ from AgNO3 to
Ag0 of AgNPs and stabilizing AgNPs in the BC matrix
by acting as a capping agent [23,30,31], and also hydroxyl
groups have been shown to have the ability to coordinate
with metal ions. As a result of reducing Ag+ ions in the
BC matrix, AgNP@BC FTIR spectra exhibited spectrum
shift from 2,792 to 2,804 cm−1 corresponding to the shift
of carbonyl group of aldehyde group. Additionally, a
spectrum appeared at 1,714 cm−1 assigned to C]O of
the carbonyl group. These significant spectrum changes
in the FTIR spectrum reflected the considerable factors
in the synthesis of metal nanoparticles: the oxidation
of hydroxyl and aldehyde groups to form carbonyl groups
[30,31]. Previously published studies also stated that
the band appearing in the range of 1,700–1,600 cm−1

indicated the formation of AgNPs capped in biostructure
[11,32,33].

Figure 2: Bacterial cellulose nata de coco: (a) immersed in AgNO3 solution and (b) reduced by NaOH solution.

4000 3500 3000 2500 2000 1500 1000 500

Tr
an

sm
itt

an
ce

 (a
.u

.)

Wavenumber (cm-1)

 AgNP@BC
 BC

(1714.492)

(2792.558)

(2804.129)

Figure 3: FTIR spectra of pristine BC and sample AgNP10@BC.
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Figure 4: XRD graph of pristine BC and AgNP10@BC.
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Figure 5: SEM image of: (a) pristine BC, (b) AgNP15@BC, and (c) its elemental mapping.
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3.3 X-ray diffraction

XRD analysis indicates the crystal structure, crystallinity
index, and silver content of the BC matrix. Diffraction was
measured at 2θ value from 10° to 80°. Diffraction peaks
of pristine BC and AgNPs templated BC are shown in
Figure 4.

Those diffraction peaks showed the pattern of typical
cellulose I. Diffraction of BC showed prominent peaks

at 2θ = 14.46° which correspond to triclinic structure
(Iα) = 110 and monoclinic structure (Iβ) = 100, 17.11°
which correspond to Iα = 010 and Iβ = 110, and 22.69°
which correspond to Iα = 110 and Iβ = 200 [34,35]. The

Figure 6: EDX quantitative analysis of AgNPs templated BC.

Table 1: Elements detected in AgNPs templated BC samples by EDX
analysis

Sample Element (%)

Ag C O N

AgNP2@BC 8.13 37.55 33.48 20.83
AgNP5@BC 31.36 28.09 17.39 23.16
AgNP10@BC 28.74 30.47 22.42 18.37
AgNP15@BC 33.21 29.15 20.78 16.86

Figure 7: Thermal stability of pristine BC and AgNP10@BC by TGA
analysis.
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diffraction peaks of AgNP@BC at 32.04°, 45.9°, 54.4°, and
78.36° corresponded to the lattice plane values (111), (200),
(220), and (311) of a face centered cubic (FCC)metallic silver
crystal fitted with a JCPDS card of Ag (No. 4-783) [10,11,36],

demonstrating the presence of AgNPs in the BC matrix.
These samples’ crystallinity index (CI) was 73.47% for pris-
tine BC and 72.57% for AgNPs templated BC. These results
were conformable with crystallinity index data for BC

Figure 8: Antibacterial activity against S. aureus of: (a) pristine BC and (b) AgNPs templated BC.
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Figure 9: Antibacterial activity against E. coli of: (a) pristine BC and (b) AgNPs templated BC.
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products from previously published articles [3,35,37] and
indicated that deposition of AgNPs did not affect the crystal
structure of BC.

3.4 Morphology of AgNP templated BC

SEM analysis was performed to obtain the morphological
surface information. As seen in Figure 5, it was shown
that pristine BC was composed of nanofiber networks that
form evenly distributed micro spaces. The typical net-
work structure of BC is all dependent on porosity, com-
paction, and water tightness [3]. All studies reveal that
the morphology BC was composed of a homogeneous
network of cellulose microfibrils as presented in Figure 5a,

similar to those reported in previous studies [37,38]. Mean-
while, the AgNPs templated BC sample showed spherical
(white dot) AgNPs embedded between the nanofiber net-
works of BC as presented in Figure 5b. The spherical AgNPs
formed in the BC matrix depend on the porosity and surface
crystallography [8,9,15,24].

EDX scanning can be used to determine the elements
and chemical composition of a material. The presence of
AgNPs embedded in the BC matrix was clearly visualized
in EDX mapping, as presented in Figure 5c. Additionally,
EDX quantitative analysis was done to determine the con-
centration of AgNPs in the BC matrix. As illustrated in
Figure 6, a strong peak at 3 keV of EDX quantitative ana-
lysis confirmed the presence of AgNPs. Table 1 sum-
marizes the elements found in AgNPs templated BC based
on the EDX analysis. The maximum Ag content was pos-
sessed by the AgNP15@BC sample with 33.21% mass, the
remaining components, including C, O, and N, were
derived from the BC sheet. This result is in accordance
with the thermal stability data, which confirmed that
there was 33% mass residue of AgNPs templated BC
sample after heating up to 600°C indicating the presence
of AgNPs.

3.5 Thermal stability

TGA was performed to investigate the thermal stability of
BC and AgNPs templated BC sheets. The results are dis-
played in Figure 7.

The first significant weight loss occurred when heated
up to 100°C. The remaining weight of both the BC and

Figure 10: Inhibition zone of BC and AgNPs templated BC against
S. aureus and E. coli.

Table 2: Comparison of antibacterial activity of several AgNP/BC composite materials

BC Synthesis method Antibacterial activity References

Gluconacetobacter xylinus grown in medium
containing mannitol, tryptone, and yeast
extract

UV irradiation Inhibition zone of 6.5 mm against
S. aureus

[19]

Acetobacter xylinum grown in medium
containing D-glucose anhydrous, yeast extract
powder, and distilled water

NaBH4 reduction Inhibition zone of 2 mm against E. coli
and 3.5 mm against S. aureus

[22]

Gluconacetobacter intermedius grown in HS
medium

TEMPO oxidation, followed by
sodium citrate reduction

Inhibition zone of 3.7 mm against E. coli
and 3.2 mm against S. aureus

[40]

Gluconacetobacter xylinum grown in HS
medium

TEMPO oxidation Diameter of inhibition area was 19mm
in V. harveyi and 21 mm in V.
parahaemolyticus

[18]

Komagataeibacter xylinus grown in medium
containing glucose, yeast extract, KH2PO4,
MgSO4·7H2O, and ethanol

Montmorillonite incorporation Inhibition zone of 2.0mm for S. aureus
and 2.5 mm for P. aeruginosa

[21]

Acetobacter xylinum grown in coconut water
medium

Alkali reduction Inhibition zone of 6 mm against both
E. coli and S. aureus

This study
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AgNPs templated BC sheets was 95%. This weight loss
happened due to the evaporation of the remaining water
in the BC matrix. The subsequent significant weight loss
occurred at 270°C, which may be associated with the
degradation of cellulose, including depolymerization, dehy-
dration, and decomposition of glucose units [3]. When
heated over 600°C, around 20% of the remaining weight
of the BC sample corresponded to burnt ashes, similar to the
other reported studies [3,34,38]. Based on the TGA curve in
Figure 7, AgNPs’ presence can be detected as the residue
around 33% on heating above 600°C. The residue may be
attributed to the remaining ashes from combustion and
silver particles which do not degrade due to heating. Based
on this investigation, both the pristine BC and AgNPstem-
plated BC were relatively stable at thermal heating up to
250°C. Considering the requirement for industrial applica-
tion materials that remain intact at high temperatures of
250°C [3], this BC exhibits good thermal stability. Thermal
degradation is one of the critical criteria of BC as a biopoly-
mer for industrial material. Characteristic of the BC such as
crystallinity, molecular weight, hydrophilicity, and functio-
nalized with an inorganic nanoparticle are primary factors
that could affect the thermal degradation of BC [39].

3.6 Antibacterial activities

Recently, AgNPs have been applied as antibacterial agents
for several commercial products such as food storage,
body care, pharmaceuticals, water treatment, and paint
[10]. The antibacterial activity of pristine BC and AgNPs
templated BC was measured by the inhibition zone of
gram-positive bacteria (S. aureus) and gram-negative bac-
teria (E. coli), presented in Figures 8 and 9.

The visual difference of agar media for each sample
was caused only by incubation and observation time. The
incubation time does not directly affect the inhibition
zone, so this visual difference could be neglected. During
this incubating time, bacteria grew normally in the area
around the pristine BC. On the other hand, the inhibition
zone was clearly formed around AgNPs templated BC.
The antibacterial strength of AgNPs templated BC against
S. aureus (Figure 8b) and E. coli (Figure 9b) were tested
with different concentrations of AgNO3 solution, which
were used in the initial treatment of synthesis of AgNPs
templated BC. The concentration of AgNO3 solution affects
the antibacterial strength of the sheet. It was observed
that AgNP15@BC has the maximum antibacterial activity
against both S. aureus and E. coli. Figure 10 exhibited a bar
diagram of the inhibition zone formed by each sample,

which proved that AgNPs templated BC generated a larger
inhibition zone against gram-positive bacteria compared
to gram-negative bacteria.

Previous studies demonstrated that AgNP/BC compo-
sites were effective in controlling pathogenic bacteria
such as E. coli [22,40], S. aureus [19,21,22,40], P. aerugi-
nosa [21], V. harveyi, and V. parahaemolyticus [18]. A
similar result was obtained in this study where the AgNPs
templated BC showed a good antibacterial activity com-
pared to previously published studies, as shown in Table 2.
It was noticeable that AgNPs templated BC is a potential
material for the antibacterial application and could be
effectively utilized in pharmaceutical, biotechnological,
and biomedical applications.

4 Conclusion

Investigation of synthesis of AgNPs templated BC sheet as
a potential material for the antibacterial and industrial
application has been done. The AgNPs templated BC was
prepared via a simple and greener route. This work demon-
strates that Ag ions in 2–15mMAgNO3 solution can success-
fully be incorporated into BC matrix as AgNPs with the help
of reducing in 0.01N NaOH solution. The presence of AgNPs
in the BC matrix was verified by FTIR, XRD, SEM, EDX, and
TGA analyses. In addition, the presence of AgNPs in the BC
matrix showed the antibacterial activity on both S. aureus
and E. coli, which is relevant for controlling pathogenic
bacteria related to several human diseases. Finally, synth-
esis of BC from Acetobacter xylinum grown in coconut water
medium and utilized as a template for the formation of
AgNPs provides a low-cost and straightforward method
for developing biomaterial for antibacterial and industrial
applications.
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