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BACTERIAL CELLULOSE PRODUCTION 
FROM OIL PALM FROND JUICE AND 
ITS IMPREGNATION WITH SILVER 

NANOPARTICLES FOR ANTIBACTERIAL 
WOUND DRESSING

TAN SOU MIN1; NOR SYAHIRAH ABD KARIM1; SHAHRIL MOHAMAD1; JUNAIDI ZAKARIA1;           
MOHD HAFIZ ARZMI2; HASSAN FAHMI ISMAIL3 and ROHANA ABU1*

ABSTRACT
Bacterial cellulose-silver nanoparticles (BC-AgNPs) composite was prepared for a bacterial wound dressing. 
The oil palm frond (OPF) juice was utilised as a low-cost raw material for BC production. The AgNPs were 
incorporated in the BC composite by thermal reduction of 1 mM silver nitrate for their antibacterial agent. 
The BC-AgNPs composite had dense nanofibrils with an average diameter of 61.5 ± 1.0 nm as shown in the 
field emission scanning electron microscope (FESEM) images. The composite had a crystallinity index of 
86.5% and the nanoparticles had a face-centred cubic geometry with a crystal size of 26.5 nm as determined 
by X-ray diffraction analysis (XRD). The Ag content was 1.463 mg/100 cm2 in the composite analysed by 
atomic absorption spectrophotometry (AAS). 10.4% of the total Ag content was released from AgNPs in 72 hr 
as measured by inductively coupled plasma mass spectrometry (ICP-MS). The composite also demonstrated 
excellent antibacterial action against Staphylococcus aureus, giving a 29 ± 0.8 mm inhibition zone by the 
disk diffusion assay. Pure BC composite exhibited no cytotoxicity effect on the HSF1184 fibroblast cells and 
10%-40% BC-AgNPs composite extracts were compatible with the cell growth. The study suggests the BC-
AgNPs composite is a good material for antibacterial wound dressing.
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INTRODUCTION

The developments of new value-added products 
from agricultural biomass as low-cost raw materials 
are of great prospects in various fields such as 
biocompost, biofuel, bioplastic and biomaterial 
(Aziz et al., 2023; Harrison et al., 2023). Most palm 

oil-producing countries like Malaysia and Indonesia 
contribute significant biomass resources including oil 
palm trunk (OPT) and oil palm frond (OPF). The OPF 
is generated after fruit harvesting at the plantation 
area and it was estimated that 42 million tonnes yr–1 
of OPF were abundantly available (Gan et al., 2023). 
Various value-added products have been developed 
due to the availability of biomass resources from the 
sustainable Malaysian palm oil industry (Parveez 
et al., 2023; Rashidi et al., 2022). The current industrial 
utilisation of OPF is in producing paper, animal feed, 
bio-alcohol, bio-char and biogas (Gan et al., 2023; 
Norrrahim et al., 2022; Zakaria et al., 2023). More 
recently, the OPF juice which contains high-carbon 
sugars has been found suitable to be utilised as a 
low-cost fermentation medium for bacterial growth 
in bacterial cellulose production (BC) (Lim et al., 2022; 
Mohamad et al., 2022; Said Azmi et al., 2023).  
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BC composite is an extracellular product mainly 
synthesised by Komagataeibacter xylinus, a cellulose-
producing bacteria also known as Acetobacter 
xylinus and Gluconacetobacter xylinus. This product is 
considered suitable for treating wounds because of its 
high purity and crystallinity with good mechanical 
strength, water holding capacity and biocompatibility 
(Avcioglu, 2022). The application of BC composite as 
a wound dressing has been reported to promote cell 
adhesion, proliferation and differentiation in wound 
healing phases, including hemostasis, inflammation, 
proliferation, and remodelling (Pang et al., 2020).

Despite its excellent role as a wound dressing, 
bacterial infection is still a concern as BC does not 
have intrinsic antibacterial properties that limit its 
application. BC-based antibacterial wound dressing 
can be developed by incorporating antibacterial 
agents into the BC matrix to prevent possible 
bacterial infection (Alyamani et al., 2023). BC’s 
nanofibril network has been found to facilitate the 
penetration of various antibacterial agents through 
different impregnation methods that attracted 
many researchers’ attention recently (Chandana  
et al., 2022). Interestingly, the BC containing inorganic 
nanoparticles like Ag, Au, CuO and ZnO showed 
significant efficacy against bacterial pathogens 
like Staphylococcus aureus, Candida albicans, 
Escherichia coli, Salmonella enterica and Pseudomonas 
aeruginosa (Araújo et al., 2018; Ayyappan et al., 2022; 
Heidari et al., 2022; Shaaban et al., 2023). Skin cells 
such as keratinocytes and fibroblasts have also 
demonstrated good biocompatibility with the BC 
composite loaded with nanoparticles (Sabarees  
et al., 2022). Moreover, our recent study has shown 
that AgNPs impregnated into BC composite can 
provide a favourable moisture environment with  
good water holding and release properties 
comparable to pure BC (Abu et al., 2021; 2022). 

Therefore, this study aimed to develop the BC-
AgNPs composite for bacterial wound dressing. The 
BC was produced using the OPF juice by A. xylinum 
and subsequently, the BC was impregnated with 
AgNPs by hydrothermal reduction. The composite 
properties were further analysed by FTIR, FESEM and 
XRD. The Ag content in the composite and the slow 
release of Ag+ ions from the composite were measured 
by AAS and ICP-MS, respectively. The antibacterial 
activity against S. aureus was studied using the disk 
diffusion assay and the biocompatibility was tested in 
human skin fibroblast HSF1184 cells using the MTT 
assay.

MATERIALS AND METHODS

Materials

Silver nitrate was purchased from Bendosen 
Laboratory Chemicals, Norway. Acetic acid, sulphuric 

acid, nitric acid and MTT [3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide] were acquired 
from Sigma-Aldrich, USA. Sodium hydroxide was 
procured from R&M Chemicals, UK. Bacterial strain 
A. xylinum 0416 was bought from MARDI (Malaysian 
Agriculture and Research Development Institute). 
Staphylococcus aureus ATCC 6538 and human 
skin fibroblasts HSF1184 were provided by IIUM 
(International Islamic University Malaysia) and UMT 
(Universiti Malaysia Terengganu), respectively.

Production of BC by OPF Juice

OPF petioles were collected at LCSB Lepar 
palm oil plantation, Pahang. The petioles were 
mechanically pressed to extract the OPF juice. Before 
being autoclaved at 121°C for 10 min, the pH of the 
fermentation medium (60% v/v) was adjusted to 
4.0 using 50% v/v acetic acid. 10% v/v A. xylinum 
0416 inoculum was cultivated in 24-well plates and 
statically incubated at 30°C for 10 days (Mohamad 
et al., 2022). The boiling NaOH solution was used to 
purify the BC composites for 20 min. The composites 
were then stored at 4°C after soaking in distilled 
water.

BC-AgNPs by Hydrothermal Reduction

BC composite was submerged in a glass vial 
containing 25 mL of 1.0 mM AgNO3 solution. The vial 
was wrapped with aluminium foil and autoclaved 
for 10 min at 121°C and 0.103 MPa for hydrothermal 
reduction. The composite was left at room temperature 
in distilled water to stop the reduction process. After 
that, it was freeze-dried for 24 hr at -70°C and 0.011 
Mba before the characterisation studies.

BC-AgNPs Characterisation

The cellulose functional groups present in 
the BC-AgNPs composite were identified using 
Fourier transform infrared (FTIR) spectroscopy 
(Thermo-Scientific NICOLET iS50), equipped with 
the attenuated total reflectance (ATR). The average 
of each spectrum was 16 scans in the range of 4000 
to 500 cm-1 at 4 cm-1 spatial resolution. The surface 
morphology of sputter-coated platinum of BC 
and BC-AgNPs composites was identified at 5 kV 
acceleration voltage using a JEOL JSM-7800F field 
emission-scanning electron microscope (FESEM). 
The size distribution was analysed by histogram 
using ImageJ software. The presence of elemental 
silver in the composite was determined by Energy 
dispersive X-ray (EDX) attached to the FESEM. The 
crystalline structure of the composite was analysed 
by a PANalytical X’Pert Pro X-ray diffractometer 
(XRD) using Cu Kα irradiation at λ =1.54060A°. The 
XRD data was measured in 2θ between 10°-80° range 
at 1° per min scan speed. The crystallite index and 
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size were calculated using empirical method (Zeng 
et al., 2014) and Scherrer equation (Manosalva et al., 
2019), respectively.

Silver Content and Release Studies

The quantity of silver in the BC-AgNPs 
composite was measured by flame atomic absorption 
spectrometry (AAS) (Hitachi Z-5000 Polarised 
Zeeman, Japan). The composite was heated for 2 hr 
at 600°C using a furnace. The remaining substance 
was dissolved in 2 mL of concentrated nitric acid 
before diluting to 100 mL with distilled water for AAS 
analysis. The Ag+ ions released from the composite 
were measured using inductively coupled plasma 
mass spectrometry analysis (ICP-MS) (7500a Agilent 
Technologies, USA). The composite was immersed in 
10 mL of PBS solution at pH 7.4 and was placed in a 
water bath at 37°C. 200 μL of the solution was taken 
at 1.5, 2.5, 6.0, 24.0, 48.0 and 72.0 hr for the analysis. 

Antibacterial Activity

The antibacterial susceptibility testing was 
conducted using the disk diffusion method. The 
inhibitory effect of AgNPs in the BC composite 
was assessed on the bacterial strain S. aureus grown 
onto the Mueller Hinton agar plate after overnight 
incubation at 37°C. The diameter of zone inhibition 
was measured in three biological replicates.

Cytotoxicity Test

The in vitro cytotoxicity test was conducted 
using Human skin fibroblast HSF1184 cells. Cell 
culture medium was prepared using Dulbecco’s 
Modified Eagle’s Medium (DMEM) supplemented 
with 10% fetal bovine serum and 1% penicillin-
streptomycin (Invitrogen, CA, USA). 1.0  ×  104 

cells per well were cultured in 96-well plates 
and incubated overnight at 37°C, 5% CO2 and 
95% humidity. After removing the medium, the 
cells were treated with BC composite extract 
and the serially diluted BC-AgNPs extract in 
DMEM (100%, 80%, 60%, 40% and 10%) for  
24 hr (Horue et al., 2020). Cells that were treated 
with only DMEM were used as a control. After the 
treatment, 100 μL MTT solution was added to each 
well and then incubated for an additional 3 hr. 
The formed MTT formazan was dissolved with 
100 mL of dimethyl sulphoxide and the solution’s 
absorbance was measured at 570 nm using an ELISA 
microplate reader. 

Statistical Analysis 

Statistical analysis was performed using 
Origin 2022 software (OriginLab, Northampton, 
MA, USA). Results are expressed as mean value 

± standard error of the mean. The statistical 
significance of the results was determined using 
Student’s T-test (P≤0.05).

RESULTS AND DISCUSSION

Synthesis of BC-AgNPs Composite

Prior studies found that the pressed juice from 
OPF has a high concentration of fermentable sugar, 
which can be utilised as a cheap carbon source for 
microbial growth in BC production (Mohamad et 
al., 2022; Said Azmi et al., 2023). The BC yield can 
be obtained up to 2.33 g L–1 using 60% v/v of OPF 
juice after 14 days of static fermentation (Mohamad 
et al., 2022). In this study, the BC was produced using 
the same fermentation conditions with a shorter 
incubation time of 10 days as a thick BC film was 
obtained due to a lower surface area of 24-well 
plates. The produced BC was then hydrothermally 
incorporated with AgNPs to explore its potential 
use as an antibacterial wound dressing. It was found 
that the pure BC composite was colourless while the 
BC-AgNPs composite was yellowish, indicating that 
AgNPs were successfully incorporated into the BC 
composite. The schematic representation in Figure 1 
served as an illustration of how the BC-AgNPs 
composite was developed.

Characterisation of BC-AgNPs Composite

From the FESEM images, the nanofibril mean 
diameter of 60.2 ± 1.5 nm was obtained with the 
loose arrangement in the pure BC composite  
(Figure 2a). While the BC-AgNPs composite exhibits 
denser cellulose fibrils with a mean diameter of 
61.5 ± 1.0 nm and the presence of 24.7 ± 2.9 nm 
mean diameter of Ag spherical particle attached 
to the surface of nanofibrils (Figure 2b and 2c). It 
can be seen from the image that each particle is 
either individually or aggregately attached to the 
nanofibril surface. The presence of elemental Ag on 
the surface was also confirmed by the EDX analysis 
as shown in the EDX spectrum (Figure 2d). A similar 
characteristic was also observed in other BC-AgNPs 
studies (Pal et al., 2017; Shidlovskiy et al., 2018).

BC produced from OPF juice shows the typical 
FTIR spectra of cellulose with broad vibration 
at 3335  cm−1 and 1625  cm−1, indicating the OH 
stretching of the hydroxyl group (Pal et al., 2017) 
and the C=O stretching of the carbonyl group 
(Liu et al., 2015), respectively. These functional 
groups exhibit good hydrophilicity for the BC 
composite. Similarly, the BC-AgNPs composite had 
the same strong peaks but a shift occurred in the 
spectra (Figure 3). The same spectra suggest that 
the cellulose structure was maintained after the 
impregnation of AgNPs.
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XRD was used to identify the possible structural 
change in the BC-AgNPs composite compared to pure 
BC (Figure 4). The XRD pattern of pure BC had three 
typical diffraction peaks of crystalline cellulose I at 
14.4°, 16.7° and 22.6° which correspond to the crystal 
planes of (1ī0), (110) and (200), respectively (Li et al., 

2015). BC-AgNPs composite had the same crystalline 
structure of cellulose I with the additional crystalline 
peaks of face-centred cubic (FCC) of AgNPs (Ganesh 
Babu and Gunasekaran, 2009). The FCC peaks can be 
seen at 38.2°, 44.1°, 64.4° and 77.4° which correspond 
to the crystal planes of (111), (200), (220) and (311), 

Figure 1.  Schematic diagram of the development of the BC-AgNPs composite.

(a)

(c)

(b)

(d)

Figure 2. FESEM images of (a) pure BC, (b) BC-AgNPs, (c) particle size distribution of BC-AgNPs
and (d) EDX spectrum of BC-AgNPs. The red arrow indicates the elemental Ag.
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respectively. The crystallinity index of the BC-AgNPs 
composite had slightly decreased to 86.5% from 
87.0% of the BC composite, showing minor structural 
change from the hydrothermal method. Moreover, 
the Ag in the BC composite had a nanosized crystal of 
26.5 nm, calculated using the Scherrer equation.

Silver Content and Release of BC-AgNPs 
Composite

The Ag content in the BC-AgNPs composite 
was determined by AAS analysis. It was found that 
1.463 mg of Ag was incorporated into 100 cm2 of 
BC-AgNPs composite when prepared using 1 mM 
AgNO3 concentration. The result is comparable 
to those reported in previous studies with values 
ranging from 0.04-16.00 mg Ag per 100 cm2 
composite, using the same hydrothermal method 
to prepare BC-AgNPs composite (Li et al., 2015; 
Volova et al., 2018).

The Ag ions profile diffused from the BC-
AgNPs composite into the PBS solution at pH 7.4 
and 37°C was demonstrated in Figure 5. It can be 
seen that the Ag+ ions released rapidly in the initial 
6 hr. After that, the release rate was sustained slowly 
until it reached a plateau. There was 10.4% of the 
total Ag+ ions deposited from the composite in  
72 hr. The initial rapid release of Ag+ ions into PBS 
solution can be due to the fast ionisation of AgNPs 
that adhered on the nanofibril surface as shown 
in FESEM image. Besides, the slow-release rate of 
Ag+ ions from the composite may be elucidated by 
the strong electrostatic interaction between the Ag+ 

ions and the hydroxyl group of cellulose. The free 
ions are associated with the antibacterial potential 
of this composite. Excessive release of antibacterial 
agents can harm human cells and limit their 
antibacterial efficacy (Pal et al., 2017). 

Antibacterial Activity of BC-AgNPs Composite

The susceptibility of S. aureus ATCC 6538 
towards antibacterial agent in BC composite 
was observed using the disk diffusion method. 

Figure 3. FTIR spectra of BC and BC-AgNPs.

Figure 4.  XRD patterns of BC and BC-AgNPs composites.
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As expected, there was no inhibition for the BC 
composite indicating that the composite itself did 
not have antibacterial property against the bacterial 
strain which limits its wound dressing application 
(Figure 6a). Remarkably, the large inhibition zone 
of 29 ± 0.8 mm was measured for the BC-AgNPs 
composite, showing the susceptibility of S. aureus 
to the bactericidal effect of AgNPs (Figure 6b). 
Likewise, the effect was observed in other studies 
where the inhibition zones of 15 mm (Volova et al., 
2018) and 9 mm (Yang et al., 2012) were shown by 
BC-AgNPs composites prepared by 1 mM AgNO3 
against the Gram-positive bacterium S. aureus. The 
different inhibition zone values may be caused by 
the use of different impregnation methods as well 
as the quantity of Ag+ ions released from the BC 
composites (Wu et al., 2014). 

Besides, the different biological activity of 
AgNPs can also be affected by several factors 
including particle size, morphology, surface 
charge, surface chemistry, capping agents as well 
as microorganism type (Barabadi et al., 2020; 
Saravanan et al., 2021; Talank et al., 2022). The 
high susceptibility of gram-positive bacteria to 
BC-AgNPs composite might be due to the strong 
electrostatic force between Ag ions that are released 
from the AgNPs and the sulphur proteins on the 
bacterial cell wall and cytoplasm membrane. 
The accumulation of the ions on the cell wall 
and cytoplasm membrane eventually causes cell 
disruption (More et al., 2023). AgNPs might also 
induce reactive oxygen species (ROS) formation 
in the cell which leads to the damage of DNA and 
membrane proteins (Talank et al., 2022). 

In addition to their excellent antibacterial 
activity, AgNPs have other biological potential such 
as antiviral (Barabadi et al., 2022a), antiparasitic (Jain 
et al., 2021), biofilm inhibitory (Barabadi et al., 2022b; 
Ibraheem et al., 2022), and antioxidant (Alzubaidi 
et al., 2023; Barabadi et al., 2020). The combination 
of BC with these biological activities is a feasible 
research direction for wound treatment. 

Cytotoxicity of BC-AgNPs Composite

For wound healing applications, the dressing 
material must be biocompatible with skin cells. The 
cytotoxicity of BC-AgNPs composite was evaluated 
in human skin fibroblast HSF1184 cells using MTT 
assay. After 24 hr of exposure, the BC composite 
extract was found to be non-toxic to the cell lines 
when compared to control cells (Figure 7). The 
results are in agreement with previously reported 
biocompatibility of BC composite produced from 
various carbon sources (Jutakridsada et al., 2023; 
Lin et al., 2013; Qiu et al., 2016; Wu et al., 2014). 
Besides, the BC-AgNPs composite extracts showed 
non-toxicity up to 40% dilution after 24 hr of 
incubation. Nevertheless, 60% and 80% BC-AgNPs 
extracts started to inhibit fibroblast growth. This is 
because the antibacterial agent like AgNPs cannot 
differentiate between healthy cells and pathogenic 
bacteria. To some extent, the cytotoxic effects on cell 
growth strongly correlate with the amount of Ag in 
the composite and the amount of Ag+ ions released 
from the composite (Jabbari and Babaeipour, 
2023). Therefore, in vitro study is needed to test the 
biocompatibility of potential dressing material.

Figure 5. Ions released from BC-AgNPs composite as a function of the incubation time in PBS solution at 37oC 
and pH 7.4. The value was measured using inductively coupled plasma mass spectrometry (ICP-MS) analysis.
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CONCLUSION

In summary, we prepared BC composite from OPF 
juice and incorporated AgNPs into the composite 
through hydrothermal synthesis. The results from 
characterisation studies confirmed the incorporation 
of AgNPs in the BC matrix was successful with 
the presence of 24.7 ± 2.9 nm mean diameter of 
Ag spherical particle attached to the surface of BC 
nanofibrils. The slow release of Ag+ ions from the 
composite as analysed by ICP-MS might prevent 
wound infection. The composite exhibits excellent 
antibacterial activity with inhibition zone of 29 ± 0.8 
mm against a gram-positive bacterium S. aureus and 
good biocompatibility in fibroblast cell growth. This 

study showed oil palm biomass could be efficiently 
used for BC production and the developed BC-
AgNPs composite has the potential as a bacterial 
wound dressing. Future research is necessary to 
determine the biological potential of the BC-AgNPs 
composite for ideal wound dressing.
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Figure 6. Antibacterial activity against Staphylococcus aureus by the disk diffusion method. (a) No inhibition zone of 
BC composite and (b) inhibition zone of 29 ± 0.8 mm of BC-AgNPs composite.

Figure 7.  Cytotoxicity of BC-AgNPs composite after 24 hr incubation in HSF1184 cell lines using MTT assay. In the 
figure, control (untreated cells), BC composite and BC-AgNPs composite extracts in serial dilutions (10% to 100%). The 
results were expressed in the mean ± standard error (n = 3). 
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