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Abstract 

Biofouling commonly occurs due to bacterial accumulation that blocks membrane pores, 

especially in fungal-derived membrane technology. In this study, surface modification of 

Cerrena caperata fungal-derived membranes was conducted to enhance antibacterial 

activity, aiming to prevent biofouling on membrane surfaces. This modification is crucial 

to ensure the membrane's ability to inhibit or kill pathogenic bacteria during water 

purification, ultimately producing safer water. The membranes were synthesized from C. 

caperata mycelium cultured in potato dextrose broth for four weeks. Two treatments were 

applied: (1) deacetylation with 50% NaOH and (2) surface coating with 1% stearic acid. 

Both unmodified and modified membranes were characterized using Fourier Transform 

Infrared Spectroscopy (FTIR) and Scanning Electron Microscopy (SEM) to evaluate 

chemical and morphological changes. FTIR confirmed successful deacetylation through the 

appearance of hydroxyl (–OH) and amine (–NH) functional groups, while SEM revealed 

increased surface roughness following NaOH treatment. Stearic acid coating enhanced 

membrane hydrophobicity, as indicated by increased aliphatic C–H and carbonyl (C=O) 

peaks. Antibacterial activity was assessed via the disk diffusion method against Escherichia 

coli, Bacillus cereus, and Staphylococcus aureus. Deacetylated membranes treated for 90 

minutes exhibited the highest inhibition zones—9.88 mm (B. cereus), 9.82 mm (E. coli), 

and 9.24 mm (S. aureus)—demonstrating significant antibacterial efficacy due to chitosan 

formation. In contrast, stearic acid-modified membranes showed reduced activity. These 

findings highlight the potential of fungi as a sustainable raw material for producing filtration 

membranes that are effective, antibacterial, and environmentally friendly. 
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Highlights 

1. Cerrena caperata mycelium was successfully utilized to fabricate novel fungal-derived 

membranes for water purification, marking the first study to explore this native 

Indonesian fungus for such application. 

2. Surface deacetylation using 50% NaOH for up to 90 minutes significantly enhanced the 

antibacterial activity of the membranes, with inhibition zones reaching up to 9.88 mm 

against Bacillus cereus. 

3. FTIR and SEM analyses confirmed successful chemical and morphological 

transformations, including chitosan formation through deacetylation and increased 

hydrophobicity from stearic acid coating. 

4. Stearic acid coating increased surface hydrophobicity but reduced antibacterial 

performance, highlighting a trade-off between anti-biofouling potential and 

antimicrobial efficacy. 

5. The study demonstrates the viability of fungal-based membranes as eco-friendly and 

sustainable alternatives in membrane technology, offering promising potential for 

applications in biofouling-resistant water filtration systems. 

 

Introduction 

Recent advancements in water 

purification have increasingly focused on 

the development of fungal-derived 

membranes, an innovative and sustainable 

approach explored by numerous 

researchers (French et al., 2024; Isik et al., 

2019). Fungal mycelium, characterized by 

its unique filamentous and porous 

structure, naturally forms highly efficient 

filtration materials capable of removing 

various contaminants from water (Isik et 

al., 2019). Beyond their physical filtration 

ability, the cell walls of fungal mycelium 

contain polysaccharides such as chitin and 

glucans, which possess functional groups 

able to adsorb hard-to-remove pollutants, 

including heavy metals and dyes metals 

(French et al., 2024). This dual 

functionality of filtration and adsorption 

positions fungal-based membranes as 

promising candidates for comprehensive 

water treatment solutions. 

Previous research has demonstrated 

the successful fabrication of fungal-

derived membranes from species such as 

Aspergillus carbonarius and Pleurotus 

ostreatus, targeting specific pollutants 

with considerable removal efficiencies. 

For instance, Isik et al. (2019) pioneered 

the fabrication of membranes from A. 

carbonarius M333, achieving dye 

decolorization efficiencies of up to 91% in 

wastewater treatment. Subsequently, 

French et al. (2024) expanded this work 

by synthesizing membranes from P. 

ostreatus, targeting inorganic pollutants 

such as copper, zinc, and cadmium, with 

removal efficiencies reaching 97%, 50%, 

and 68%, respectively. These studies 

underscore the effectiveness of fungal-

derived membranes and their promise as 

eco-friendly alternatives to conventional 

filtration materials. 

This study introduces a novel approach 

by utilizing the mycelium of Cerrena 

caperata, a native fungus of the Sebangau 

peat swamp forest in Central Kalimantan, 

Indonesia, for the fabrication of 

membranes. To the best of our 

knowledge, this is the first report that 

explores C. caperata as a membrane 

material for water purification. This 

species was selected based on its 

ecological abundance and the robust, 

fibrous nature of its mycelial network, 

which has not yet been exploited for 

membrane development. This 

macroscopic fungus, dominant in the Peat 

Swamp Forest at the Center for 

International Cooperation in Sustainable 

Management of Tropical Peatland 

(CIMTROP) in Sebangau, Central 

Kalimantan, has been successfully 

isolated and characterized in a previous 

study (Agnestisia et al., 2024). Its dense, 
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fibrous structure makes it a promising 

candidate for the development of bio-

based water purification membranes. 

However, a significant limitation in 

membrane filtration systems is 

biofouling—the accumulation of bacteria 

on membrane surfaces that clogs pores 

and reduces filtration efficiency 

(Alnumani et al., 2024; Baker & Dudley, 

1999; Iman et al., 2024). To overcome this 

issue, surface modification techniques 

such as deacetylation and fatty acid 

coating have been widely employed to 

improve membrane performance and 

resist bacterial attachment  (Egorov et al., 

2023; Elsoud & Kady, 2019; Islam et al., 

2011; Prudnikov et al., 2023; Wu et al., 

2021).  

One of the key components of fungal-

derived membranes is chitin, a natural 

polymer abundantly found in fungal cell 

walls. Chitin can be chemically converted 

into chitosan through deacetylation—a 

process commonly carried out using 

sodium hydroxide (NaOH). Chitosan has 

been extensively studied for its 

antimicrobial properties, 

biocompatibility, and film-forming 

capabilities, making it an effective 

additive for enhancing membrane 

function (Adhiksana et al., 2023; Egorov 

et al., 2023; Elsoud & Kady, 2019; Islam 

et al., 2011). The deacetylation process 

increases the concentration of amino 

groups, which are responsible for 

chitosan’s antimicrobial activity and 

improved interaction with microbial cells 

(Egorov et al., 2023; Islam et al., 2011). 

Chitosan-modified membranes have 

shown increased resistance to biofouling, 

a key advantage in water treatment 

applications (Alnumani et al., 2024; 

Baker & Dudley, 1999; Iman et al., 2024). 

Meanwhile, surface modification using 

fatty acids, particularly stearic acid, has 

emerged as a complementary strategy to 

enhance membrane hydrophobicity and 

minimize bacterial adhesion (Manurung 

et al., 2024; Prudnikov et al., 2023; Wu et 

al., 2021). Fatty acid coatings form a 

hydrophobic layer on the membrane 

surface, reducing water retention and 

limiting microbial colonization. 

Therefore, this study aimed to investigate 

two distinct chemical modifications—

deacetylation and stearic acid coating—to 

enhance the membrane’s antibacterial 

activity. While these two methods have 

been explored separately in different 

materials, their impact has not been 

systematically studied on membranes 

derived from C. caperata. Importantly, 

our research does not combine the two 

modifications simultaneously but rather 

evaluates them as independent strategies, 

offering comparative insight into how 

each affects the antibacterial performance 

of fungal-derived membranes. The 

mycelium was cultured in potato dextrose 

broth for four weeks, then subjected to 

NaOH deacetylation and stearic acid 

coating for varying durations. Both 

unmodified and modified membranes 

were analyzed using Fourier Transform 

Infrared Spectroscopy (FTIR) and 

Scanning Electron Microscopy (SEM) to 

assess chemical and structural changes. In 

addition, antibacterial activity was tested 

against Escherichia coli, Bacillus cereus, 

and Staphylococcus aureus to evaluate the 

membranes’ resistance to bacterial 

growth. By integrating insights from 

fungal-derived membrane technologies 

and antibacterial surface modifications, 

this study offers novel findings on the 

development of C. caperata-derived 

membranes. The results underscore their 

potential as effective, sustainable 

materials for enhanced water purification 

systems. 

 

Research Methods  

Materials 

The C. caperata fungus was isolated 

from the Peat Swamp Forest at 

CIMTROP, Sebangau, Central 

Kalimantan, as reported in a previous 

study (Agnestisia et al., 2024). The fungal 

isolate was maintained on potato dextrose 

agar (PDA) and cultured in potato 
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dextrose broth (PDB), both of analytical 

grade and purchased from Merck Tbk., 

Bandung, Indonesia. Additional materials 

included Luria-Bertani agar (LB agar, 

analytical grade, Merck), sodium 

hydroxide (NaOH pellets, ≥98% purity, 

Merck), and stearic acid 

(CH₃(CH₂)₁₆COOH, ≥98% purity, 

Merck). All chemicals used were of 

analytical grade unless otherwise stated, 

and all solutions were prepared using 

distilled water. The bacterial strains used 

for antibacterial activity testing were 

Escherichia coli, Bacillus cereus, and 

Staphylococcus aureus, obtained from the 

Institut Pertanian Bogor Culture 

Collection (IPBCC), Bogor, Indonesia. 

Instrumentation  

Membrane characterization was 

conducted using FTIR and SEM. FTIR 

spectra were recorded with a Shimadzu 

IRSpirit-T spectrometer (Shimadzu 

Corporation, Kyoto, Japan) using the KBr 

pellet technique over a range of 4000–400 

cm⁻¹ to identify functional groups. SEM 

analysis was carried out with an 

Advanced Microanalysis Solution SEM 

(TM4000Plus, Hitachi High-

Technologies, Tokyo, Japan) to observe 

surface morphology at both micrometer 

and nanometer scales under low vacuum 

conditions with an accelerating voltage of 

5–15 kV. 

Procedure 

1) Synthesis of fungal-derived 

membranes 

The fungal isolate was pre-cultured 

on PDA (39 g/L) in 9 cm Petri dishes 

at 27 ± 2°C under static and dark 

conditions. Ten agar discs (5 mm 

diameter) containing actively growing 

mycelium were transferred into 250 

mL Erlenmeyer flasks containing 100 

mL of PDB (24 g/L) and incubated 

statically in the dark at 27 ± 2°C for 

four weeks. The resulting mycelial 

mat was harvested, sterilized by UV 

exposure for 30 minutes, and 

immersed in 70% ethanol for 3 hours. 

It was then rinsed thoroughly with 

sterile distilled water. The prepared 

fungal mat was referred to as the 

fungal-derived membrane. 

2) Modification of fungal-derived 

membranes 

The fungal-derived membranes (4 

weeks old) were cut into 2 × 2 cm 

squares. For deacetylation, the 

samples were immersed in 50% (w/v) 

NaOH solution for 30, 60, or 90 

minutes. For hydrophobic surface 

modification, the membranes were 

immersed in 1% (w/v) stearic acid 

solution (dissolved in ethanol) for 60, 

120, or 180 minutes. After each 

treatment, the membranes were rinsed 

with sterile distilled water and oven-

dried at 50°C for 60 minutes. 

3) Antibacterial activity test 

The antibacterial activity of the 

membranes was evaluated using the 

disk diffusion method. LB agar plates 

were inoculated with E. coli, B. 

cereus, and S. aureus bacterial 

cultures. Membrane samples (both 

modified and unmodified) were 

placed on the inoculated plates and 

incubated at 37°C for 24 hours. 

Chloramphenicol (0.01%) was used as 

a positive control. Inhibition zones 

were measured in millimeters as an 

indicator of antibacterial efficacy. All 

tests were conducted in triplicate and 

independently repeated three times to 

ensure statistical reliability and 

reproducibility. 

 

Results and Discussion 

Synthesis of fungal-derived membranes 

The synthesis of fungal-derived 

membranes began with the pre-culturing 

of C. caperata on PDA medium, which 

successfully supported the growth of the 

fungal mycelium (Figure 1a). The 

mycelium grew vigorously on the PDA 

surface under static and dark conditions, 

confirming the suitability of this medium 

and cultivation environment for C. 

caperata growth. After inoculating the 

pre-cultured fungal discs into the PDB 
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medium, the mycelium grew extensively 

in the liquid medium, forming a dense mat 

of mycelial biomass over the course of 4 

weeks (Figure 1b). This is consistent with 

the optimal growth conditions reported 

for various fungi, where PDB serves as a 

nutrient-rich medium supporting robust 

fungal growth (French et al., 2024; Isik et 

al., 2019). The 4-week incubation period 

was also found to be ideal for generating 

sufficient biomass for membrane 

formation, with the fungal mat covering 

the entire surface area of the PDB liquid 

medium (Figure 1b). This resulted in a 

dense, flexible mycelial membrane that 

could be harvested. After harvesting, the 

fungal mycelium was subjected to 

sterilization processes to ensure the 

elimination of any microbial 

contaminants without compromising its 

structural integrity (Figure 1c).

 

 
(a) 

 
(b) 

 
(c) 

Figure 1. Mycelium of C. caperata on PDA medium (a) and PBD medium (b), and a C. 

caperata-derived membrane after sterilization (c) 

 

Modification of fungal-derived 

membranes 

The fungal-derived membrane was 

then modified using two chemical 

treatments: 1) deacetylation with NaOH 

and 2) coating with stearic acid. These 

modifications aimed to enhance the 

membrane's antimicrobial properties and 

biofouling resistance. The fungal-derived 

membranes were soaked in a 50% (w/v) 

NaOH solution for varying durations (30, 

60, and 90 minutes) to induce 

deacetylation. The NaOH treatment is 

known to convert chitin into chitosan by 

removing acetyl groups from the chitin 

polymer, a process that is expected to 

enhance the antimicrobial activity of the 

membrane (Egorov et al., 2023; Elsoud & 

Kady, 2019; Islam et al., 2011). The 

enhanced antimicrobial activity of 

deacetylated membranes is attributed to 

the formation of free amino groups (-NH₂) 

on the chitosan chains. These positively 

charged amino groups can interact 

electrostatically with the negatively 

charged components of bacterial cell 

membranes, leading to increased 

membrane permeability, disruption of 

cellular functions, and ultimately cell 

death (Ke et al., 2021; M. Wang et al., 

2024). This mechanism is particularly 

effective against Gram-positive bacteria, 

which have a thicker peptidoglycan layer 

that is more susceptible to such 

interactions. As immersion time in NaOH 

increases, more amino groups become 

available on the membrane surface, 

enhancing these electrostatic interactions 

and thereby increasing the antibacterial 

efficacy of the fungal-derived membrane 

(Ke et al., 2021; S. Wang et al., 2024). 

FTIR spectra were then used to provide 

insight into the potential transformation of 

chitin to chitosan in the fungal-derived 

membrane after hydroxylation using 

NaOH at varying immersion times (30, 

60, and 90 minutes) (Figure 2). The neat 

membrane, which likely contains chitin as 

a structural component, exhibits 

characteristic peaks, including a strong 

band around 1600–1700 cm⁻¹, 

corresponding to the C=O stretching 

vibrations of the amide I group, and a peak 

near 1550 cm⁻¹, attributed to N–H 
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bending of the amide II group. These 

peaks are typical of the acetyl groups 

present in chitin (Nie et al., 2007; Raman 

& Ramasamy, 2017; Svecova et al., 

2006). Following immersion in NaOH for 

30, 60, and 90 minutes, notable changes 

occur in these regions. The gradual 

reduction in the intensity of the amide I 

and amide II peaks suggests the partial 

removal of acetyl groups, a key step in the 

deacetylation process that converts chitin 

to chitosan (Kumirska et al., 2010). 

Concurrently, the broadband observed 

around 3200–3400 cm⁻¹, associated with 

O–H and N–H stretching vibrations, 

becomes more pronounced after NaOH 

treatment (Boudouaia et al., 2019; Hassan 

et al., 2018). This indicates the generation 

of free amino groups (-NH₂) resulting 

from the replacement of acetyl groups 

during deacetylation (Hassan et al., 2018). 

The emergence or increase in peaks 

within this region further supports the 

hypothesis of chitosan formation. 

Additionally, changes in the C–O 

stretching vibrations between 1000 and 

1200 cm⁻¹ could signify alterations in the 

polysaccharide structure due to NaOH-

induced hydrolysis (Hasan et al., 2022; 

Rehman et al., 2023). 

 

 
Figure 2. FTIR spectra of hydroxylated-fungal-derived membranes 

 

The FTIR data also reveal a 

progressive trend with increased 

immersion time. Membranes treated for 

90 minutes exhibit the most significant 

spectral changes, indicating a higher 

degree of deacetylation compared to 

shorter immersion times. This suggests 

that longer NaOH exposure enhances the 

conversion of chitin into chitosan. 

However, complete deacetylation is 

unlikely under these mild conditions, and 

the resulting material may still consist of 

a chitin-chitosan hybrid. While the FTIR 

spectra provide strong evidence of 

chemical transformation, quantitative 

analysis of the degree of deacetylation 

(DDA) is necessary to confirm the extent 

of chitosan formation. Complementary 

techniques, such as X-ray diffraction 

(XRD) or nuclear magnetic resonance 

(NMR), would provide more conclusive 

validation of the structural changes 

observed. 

The fungal-derived membranes were 

then soaked in a 1% (w/v) stearic acid 

solution for varying durations (60, 120, 

and 180 minutes) to induce coating. 

Stearic acid treatment is known to 
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enhance the hydrophobicity of the 

membrane by depositing a fatty acid layer 

onto its surface, thereby modifying its 

surface energy and potentially improving 

antimicrobial resistance and anti-

biofouling characteristics (Prudnikov et 

al., 2023; Wu et al., 2021). Fatty acids 

such as stearic acid are amphiphilic in 

nature and can disrupt bacterial 

membranes by inserting into the lipid 

bilayers, compromising membrane 

integrity and causing leakage of 

intracellular components (Casillas-

Vargas et al., 2021). Additionally, the 

increased hydrophobicity of the stearic 

acid-coated membranes may reduce 

bacterial adhesion or limit bacterial access 

to active antimicrobial sites on the 

membrane surface (Prudnikov et al., 

2023; Wu et al., 2021). 

 

 
Figure 3. FTIR spectra of stearic acid-coated fungal-derived membranes 

 

FTIR spectra were also used to confirm 

the chemical modification of membranes 

after immersion in stearic acid (SA) 

solution. The neat membrane, incubated 

for four weeks, serves as the control. Its 

FTIR spectrum exhibits key functional 

groups characteristic of fungal 

biomaterials, such as polysaccharides and 

proteins. The broad peak around 3200–

3400 cm⁻¹ corresponds to O–H stretching, 

indicative of hydroxyl groups in 

polysaccharides or adsorbed water 

(Bayramoǧlu et al., 2005; Gupta, 2011). 

Peaks in the region of 1600–1700 cm⁻¹ are 

attributed to C=O stretching, likely from 

carbonyl groups in polysaccharides or 

amide groups in proteins (Gupta, 2011). 

Additionally, the peaks between 1000 and 

1200 cm⁻¹ indicate C–O stretching 

vibrations, supporting the polysaccharide-

rich nature of the fungal-derived 

membrane  (Gupta, 2011). After 

modification with stearic acid, notable 

changes occur in the FTIR spectra, 

indicating successful chemical 

interactions between the fungal-derived 

membrane and stearic acid. The 

emergence of new peaks and changes in 

intensity confirm the grafting of stearic 

acid onto the membrane surface. A 

significant increase in intensity is 

observed in the region around 2800–3000 

cm⁻¹, corresponding to C–H stretching 

vibrations from the aliphatic hydrocarbon 

chains of stearic acid (Lozano et al., 2024; 

S. Wang et al., 2024). The intensity of 

these peaks increases with longer 

immersion times, suggesting higher 

stearic acid deposition or more extensive 

surface coverage. 

4000 3500 3000 2500 2000 1500 1000 500

N-H

C-O

C=O

C-H sp3

T
ra

n
s
m

it
ta

n
c
e
 (

a
.u

.)

Wavenumber (cm-1)

 Neat membrane

 SA-30

 SA-60

 SA-90

O-H



R. Agnestisia, et al.  Jurnal Kimia Riset, Volume 10 No. 1, June 2025  127 – 141  

134 Online ISSN: 2528-0422 

 

Furthermore, the peak around 1700 

cm⁻¹, associated with C=O stretching of 

ester or carboxylic groups, becomes more 

pronounced after stearic acid modification 

(Larkin & Jackson, 2024; Sinha et al., 

2017), especially for the 60- and 90-

minute treatments. This indicates the 

presence of carboxylic groups from the 

stearic acid molecules on the membrane 

surface. The region between 1000 and 

1200 cm⁻¹ shows broadening, which 

might be linked to interactions between 

stearic acid and the hydroxyl or 

polysaccharide components of the 

membrane (Larkin & Jackson, 2024; 

Sinha et al., 2017). Among the modified 

samples, the membrane immersed for 90 

minutes demonstrates the most 

pronounced spectral changes, indicating 

maximal modification. While longer 

immersion increases stearic acid 

deposition, excessive treatment could 

potentially compromise the uniformity or 

mechanical properties of the membrane. 

Overall, stearic acid modification 

enhances the hydrophobicity and 

functional properties of the fungal-

derived membrane, making it suitable for 

applications requiring water-repellent or 

oil-selective materials.

 

 
Figure 4. SEM photographs of the unmodified fungal-derived membrane (a), hydroxylated 

fungal-derived membrane (b), and stearic acid-coated fungal-derived membrane (c) 

 

The structural and morphological 

changes in the fungal-derived membranes 

after chemical modification were further 

examined using Scanning Electron 

Microscopy (SEM) (Figure 4). SEM 

images of the unmodified membrane 

(Figure 4a) reveal a relatively smooth and 

compact surface, indicative of a dense 

network of fungal hyphae formed during 

the 4-week incubation period. The intact 

and interconnected mycelial structure 

suggests good membrane integrity and 

flexibility, with minimal porosity visible 

at the micrometer scale. After NaOH 
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treatment (Figure 4b), significant changes 

in surface texture are observed. The 

deacetylated membranes display a 

rougher and more fibrous morphology, 

with noticeable fragmentation and 

swelling of the hyphal walls. These 

morphological alterations are likely due to 

partial hydrolysis and disruption of the 

chitin structure during deacetylation, 

which leads to the formation of chitosan 

and a more open network. The increased 

surface roughness may enhance the 

membrane’s surface reactivity and could 

contribute to improved antimicrobial 

activity, as previously reported for 

chitosan-rich materials (Goel & Bano, 

2025; Ke et al., 2021). Further 

modification with stearic acid coating 

(Figure 4c) results in a distinct change in 

surface appearance. The stearic acid-

treated membranes exhibit a more 

granular and uneven surface, consistent 

with the deposition of a hydrophobic fatty 

acid layer. The coated membrane appears 

to have a continuous, textured surface that 

covers the underlying mycelial structure. 

With increasing treatment time, more 

extensive surface coverage is evident, 

which correlates with FTIR findings of 

enhanced C–H and C=O vibrational 

peaks. This surface modification is 

expected to enhance water repellency and 

reduce microbial attachment by creating a 

low-energy surface barrier (Prudnikov et 

al., 2023; Wu et al., 2021). The 

combination of FTIR and SEM results 

confirms that the fungal-derived 

membranes underwent successful 

chemical and morphological 

transformations after NaOH and stearic 

acid treatments. These modifications not 

only alter the chemical composition but 

also significantly influence the surface 

architecture, which is critical for tailoring 

the membrane for specific applications 

such as antimicrobial filtration and or oil–

water separation. 

Antibacterial activity test  

The antibacterial properties of the 

unmodified and modified membranes 

were evaluated in this study. The goal was 

to assess the effectiveness of the 

membrane modification in preventing 

bacterial contamination in water, which is 

prone to bacterial growth and can lead to 

biofouling or membrane surface clogging. 

This step was considered crucial to ensure 

that the fungal-derived membranes used 

in water purification processes could 

inhibit or even kill pathogenic bacteria, 

making the water produced safer for use. 

The bacterial species used in this study 

included E. coli, B. cereus, and S. aureus. 

The results of the antibacterial testing for 

unmodified membranes are shown in 

Figure 5.

 

 

 
a 

 
B 

 
C 

Figure 5. Antibacterial properties of fungal-derived membranes with E. coli (a), B. cereus 

(b), and S. aureus (c) bacteria 

 

The results presented in Figure 5 show 

that no inhibition zones were formed 

around the membrane, indicating that the 

membrane derived from C. caperata 

mycelium did not exhibit antibacterial 

properties. Inhibition zones typically form 

when the material demonstrates 

antimicrobial activity, as bacterial growth 

around the membrane is suppressed. The 

absence of these zones suggests that the C. 
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caperata mycelium membrane was 

ineffective in preventing the growth of the 

tested bacteria, lacking significant 

antibacterial activity. In contrast, the 

modified membranes appeared to exhibit 

antibacterial properties that varied 

depending on the type of modification and 

the treatment duration (Figure 6). 

The positive control (center of the 

plate) showed the highest inhibition zone 

for all three types of bacteria, indicating 

significant bacterial sensitivity to 

chloramphenicol (Figure 6). The 

inhibition zones for the control against E. 

coli, B. cereus, and S. aureus were 11.36, 

9.44, and 14.84, respectively (Table 1). 

 

 
a 

 
B 

 
C 

Figure 6. Antibacterial properties of modified fungal-derived membranes with E. coli (a), 

B. cereus (b), and S. aureus (c) bacteria 

 

Table 1. Diameter of the inhibition zone of the modified membrane against E. coli, B. 

cereus, and S. aureus bacteria 

No. Sample 

(Figure 5) 
Treatment 

Inhibition Zone Diameter (mm) 

E. coli B. cereus S. aureus 

 Positive control 11.36 9.44 14.84 

1 Deacetylation (30 min) 8.84 7.42 7 

2 Deacetylation (60 min) 9.2 6.48 9.76 

3 Deacetylation (90 min) 9.82 9.88 9.24 

4 Coating (60 min) 6.24 5.68 5.88 

5 Coating (120 min) 6.56 3.92 5 

6 Coating (180 min) 6.82 3.92 2.32 

 

As previously explained, deacetylation 

is a chemical modification that removes 

acetyl groups from chitin in fungal-

derived membranes, converting it into 

chitosan, a well-known antibacterial 

agent. The results demonstrated a 

progressive increase in the inhibition 

zones as the deacetylation time was 

extended, indicating that the deacetylation 

method successfully enhanced the 

antibacterial activity of the membrane. 

For instance, after 90 minutes of 

deacetylation, the inhibition zones for E. 

coli, B. cereus, and S. aureus were 9.82, 

9.88, and 9.24 mm, respectively, showing 

significant improvement compared to 

shorter treatment times. Specifically, for 

B. cereus, the inhibition zone exceeded 

that of the control after 90 minutes of 

deacetylation, suggesting that this 

bacterium was particularly responsive to 

prolonged deacetylation. Previous studies 

have also supported these findings, 

indicating that deacetylated fungal-

derived membranes show enhanced 

antibacterial properties due to the 

increased exposure of chitosan on the 

membrane surface. Chitosan can disrupt 

bacterial cell membranes, leading to cell 

death, particularly in gram-positive 

bacteria such as B. cereus and S. aureus, 

which are more vulnerable to positively 

charged chitosan molecules. According to 

Aider et al. (2010), deacetylation to a 

certain degree optimizes antibacterial 

activity, which aligns with the observation 
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that 90 minutes of deacetylation resulted 

in optimal inhibition zones for the fungal-

derived membrane s (Aider, 2010). 

On the other hand, surface coating with 

stearic acid showed smaller inhibition 

zones, with a noticeable decrease as the 

coating duration increased. After coating 

for 180 minutes, the inhibition zones for 

E. coli, B. cereus, and S. aureus were 6.82, 

3.92, and 2.32 mm, respectively. This 

trend suggests that prolonged exposure to 

stearic acid could inhibit antibacterial 

properties. This may be due to the 

hydrophobic nature of stearic acid, which 

creates a barrier that limits direct 

interaction between the membrane and 

bacterial cells. These findings are 

consistent with the previous research, 

which found that hydrophobic coatings on 

membrane surfaces reduce direct contact 

with bacteria, thereby decreasing their 

antibacterial effects (Rasitha. et al., 2022; 

Wu et al., 2021). The variation in bacterial 

response also highlights the importance of 

tailoring modification strategies to target 

specific microorganisms. S. aureus 

exhibited the most significant reduction in 

inhibition with increasing stearic acid 

coating time, from 2.94 mm at 60 minutes 

to 1.16 mm at 180 minutes. This is likely 

due to the structural sensitivity of S. 

aureus to the hydrophobic barrier, which 

restricts nutrient and ion exchange on the 

cell membrane. These findings 

underscore the importance of tailoring 

membrane modifications to optimize 

antibacterial performance. Deacetylation 

emerged as the most promising approach 

for enhancing fungal-derived membrane 

antimicrobial properties, while stearic 

acid coating may be better suited for 

applications where hydrophobicity is 

required, but antibacterial properties are 

less critical. 

 

Conclusions 

This study investigated the surface 

modification of Cerrena caperata fungal-

derived membranes to enhance their 

antibacterial properties, a persistent 

challenge in membrane filtration systems. 

Two modification strategies were 

employed: deacetylation with 50% NaOH 

and coating with 1% stearic acid. 

Deacetylation for 90 minutes notably 

increased antibacterial activity, resulting 

in inhibition zones of up to 9.88 mm 

against B. cereus, 9.82 mm against E. coli, 

and 9.24 mm against S. aureus. This 

enhancement is attributed to the 

conversion of chitin to chitosan, which 

introduces amino groups known for their 

antimicrobial activity. In contrast, stearic 

acid coatings increased hydrophobicity 

but led to a decline in antibacterial 

performance with prolonged exposure, 

with inhibition zones decreasing to below 

2.32 mm, indicating a trade-off between 

surface hydrophobicity and antimicrobial 

efficacy. The deacetylation approach 

demonstrated superior potential for 

applications in water filtration systems 

where biofouling resistance is critical. 

Meanwhile, stearic acid coating may be 

more suitable for systems prioritizing 

hydrophobic surfaces with moderate 

antimicrobial requirements. However, 

this study has certain limitations. The 

long-term stability of the modified 

membranes under operational conditions 

and their effectiveness against a broader 

spectrum of contaminants were not 

evaluated. Future research should explore 

these aspects, as well as the mechanical 

properties and filtration efficiency of the 

membranes under dynamic flow 

conditions. Additionally, scaling up the 

membrane fabrication process and 

assessing its economic viability would be 

valuable steps toward practical 

implementation in sustainable water 

treatment technologies. 
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