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Abstract 

This study investigates the structural and antimicrobial properties of coconut water–derived 
microcellulose biocomposites incorporated with glycerol, chitosan, and silver nanoparticles. 
Microcellulose-based films were fabricated as silver nanoparticle–deposited microcellulose (MN), 
microcellulose–glycerol–silver nanoparticles (MG), microcellulose–chitosan–silver nanoparticles 
(MChN), and microcellulose–glycerol–chitosan–silver nanoparticles (MGChN). Antimicrobial 
performance was evaluated against Pseudomonas aeruginosa, Staphylococcus epidermidis, and Candida 
albicans using inhibition zone assays. The MG and MGChN films exhibited enhanced elasticity 
compared to MN and MChN, indicating the plasticizing effect of glycerol. Enzymatic hydrolysis 
using xylanase yielded microcellulose particles with sizes ranging from 1.19 to 2.07 μm and induced 
a bio-bleaching effect. Among all formulations, MGChN demonstrated the highest antimicrobial 
activity against P. aeruginosa and S. epidermidis (strong category), as well as moderate antifungal 
activity against C. albicans. Overall, the synergistic incorporation of glycerol, chitosan, and silver 
nanoparticles significantly improved the antimicrobial efficacy of coconut water–based 
microcellulose, underscoring its potential for advanced biomedical polymer applications. 
 
Keywords: antimicrobial activity; glycerol; chitosan; coconut water; microcellulose; silver 
nanoparticles 
 

1. Introduction 

Indonesia, as a tropical country, possesses high biodiversity, including abundant coconut plants 
(Cocos nucifera) distributed throughout the country. Although coconuts are widely known for their 
extensive utilization, some parts remain underutilized, particularly coconut water. The coconut water 
is often discarded despite containing valuable nutrients such as potassium, sucrose, B-complex 
vitamins, nicotinic acid, pantothenic acid, biotin, and folic acid [1–4]. These nutrients make coconut 
water a promising substrate for cellulose production using Acetobacter xylinum. The resulting 
cellulose can be further converted into microcellulose through enzymatic hydrolysis using xylanase 
produced by bacteria such as Bacillus sp., Geobacillus sp., and Paenibacillus sp. [5–7]. The addition of 
glycerol acts as a plasticizer, improving the smoothness, flexibility, and thinness of the cellulose 
matrix, while chitosan and silver nanoparticles are incorporated to impart antimicrobial properties. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 February 2026 doi:10.20944/preprints202602.1366.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

mailto:eli_rohaeti@uny.ac.id
https://doi.org/10.20944/preprints202602.1366.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 14 

 

Microcellulose has been extensively studied using various lignocellulosic sources, including 
wood, rice straw, corn cobs, pineapple leaves, bagasse, and soybean husks. Due to its non-toxic nature 
and excellent biocompatibility with human tissues, microcellulose has gained significant aĴention as 
a renewable biomaterial for biomedical applications, particularly as wound dressing material. 
However, the high prevalence of pathogenic microorganisms in the environment necessitates the 
incorporation of antimicrobial agents into wound coverings to prevent infection. Pathogenic bacteria 
and fungi can readily infect exposed tissues, especially damaged skin. According to the National 
Nosocomial Infection Surveillance System (NNIS), Pseudomonas aeruginosa is one of the most 
frequently isolated pathogens in wound infections [8]. In addition, Staphylococcus epidermidis is 
associated with skin infections, acne, urinary tract infections, and renal infections, while Candida 
albicans is known to cause infections of the mucosal membranes, oral cavity, vagina, and 
gastrointestinal tract [9–13]. 

Research on antimicrobial materials capable of inhibiting pathogenic bacteria and fungi is 
essential to support the development of effective biomedical products. Antimicrobial activity can be 
evaluated using several methods, including dilution-based assays that assess the formation of 
inhibition zones as indicators of microbial growth suppression by antimicrobial compounds [14–18]. 
This method involves direct exposure of test microorganisms on agar media in Petri dishes. Based on 
these considerations, this study focuses on the development of microcellulose biomaterials derived 
from coconut water, modified with glycerol and chitosan and further incorporated with silver 
nanoparticles, as a renewable wound dressing material with antimicrobial properties. 

2. Materials and Methods 

The instruments used in this study included a UV–Vis spectrophotometer (Shimadzu 1601), 
drying oven (CIKA PT27.221.03.058.BM), autoclave (ALP Co., Ltd., Model KT-40), incubator, digital 
balance (300 g capacity), magnetic stirrer–hot plate (EYELA 2000), shaker, caliper (0.0001 mm 
accuracy), thermometer, micropipeĴe (100 μL), three-neck flask, Erlenmeyer flasks (1 L), beakers (500 
mL), measuring cylinders (100 mL), volumetric flasks (200 mL), test tubes, Petri dishes, Drigalski 
spatula, Bunsen burner, pH indicator strips, and reflux apparatus. Supporting laboratory materials 
included plastic trays (230 × 176 × 39 mm), Mori cloth, spatulas, basins, strainers, watch glasses, 
aluminum foil, Whatmann No. 41 filter paper, gauze, plastic wrap, label paper, lids, latex gloves, 
tissues, and umbrella paper. 

The materials used consisted of aged coconut water, Acetobacter xylinum starter, granulated 
sugar, urea, 70% ethanol, 3% HCl, 3% NaOH, 5% glacial acetic acid (Merck, p.a.), chitosan (2%, Merck, 
p.a.), pure glycerol, silver nitrate solution, trisodium citrate (10%), xylanase enzyme, purslane extract, 
and nutrient media including nutrient agar, sodium broth, and potato dextrose agar (PDA). 
Antimicrobial testing employed chloramphenicol as a positive control, Pseudomonas aeruginosa 
(FNCC 0063), Staphylococcus epidermidis (ATCC 35984), and Candida albicans (SC 5314). 

2.1. Research Procedure 

2.1.1. Cellulose Preparation 

A total of 500 mL of filtered aged coconut water was transferred into an Erlenmeyer flask 
equipped with a magnetic stirrer, followed by the addition of 50 g (10%, w/v) of granulated sugar 
and 2.5 g (0.5%, w/v) of urea. The mixture was heated on a hot plate with continuous stirring until 
completely dissolved, then allowed to cool to room temperature (30 °C). Glacial acetic acid was added 
to adjust the pH to 4, after which the solution was aseptically dispensed into plastic trays (250 mL 
per tray). Subsequently, 100 mL of Acetobacter xylinum starter culture was inoculated into each tray, 
covered with parchment or sterile paper, secured with rubber bands, and incubated at room 
temperature for 7 days. The resulting nata de coco was harvested, washed with sterile distilled water 
to remove residual culture media, weighed to obtain the wet cellulose mass, and then oven-dried at 
70–80 °C until a constant weight was achieved to determine the dry cellulose mass [19,20]. 
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2.1.2. Preparation of Cellulose-Glycerol 

Filtered aged coconut water (500 mL) was placed in an Erlenmeyer flask equipped with a 
magnetic stirrer, followed by the addition of granulated sugar (50 g, 10% w/v), urea (2.5 g, 0.5% w/v), 
and glycerol (3 mL, 1.2% v/v). The mixture was heated with continuous stirring until completely 
dissolved, cooled to room temperature (30 °C), and adjusted to pH 4 using glacial acetic acid [21]. 
The solution was aseptically distributed into plastic trays (250 mL each) and inoculated with 100 mL 
of Acetobacter xylinum. The trays were covered with sterile paper, secured with rubber bands, and 
incubated for 7 days. The resulting nata de coco was harvested, washed with sterile distilled water, 
weighed to determine wet mass, and oven-dried at 70–80 °C to constant weight to obtain the dry 
cellulose mass. 

2.1.3. Chitosan Application on Cellulose 

Sheets of cellulose and cellulose bio-materials with glycerol are put into a tray containing a 2% 
chitosan solution and waited for chitosan to absorb. After that, the cellulose is dried in the oven at 
400 C until the nata sheets are dry. 

2.1.4. Measurement of Physical Properties of Cellulose 

The wet weight of cellulose was determined by weighing the samples after 7 days of incubation. 
Dry weight was measured after oven-drying the cellulose at 40 °C for 7 days until a constant weight 
was achieved. Transparency, color, and odor were evaluated qualitatively by visual and sensory 
comparison among the different cellulose formulations, with odor assessment focusing on the 
presence of acidic smell following the 7-day incubation period. 

2.1.5. Microcellulose Preparation 

2.1.6. Dried Cellulose Sheets 

Dried cellulose sheets (cellulose, cellulose–glycerol, cellulose–chitosan, and cellulose–glycerol–
chitosan) were cut into small pieces and enzymatically hydrolyzed using a xylanase solution (1 g in 
100 mL sterile distilled water) at 55 °C for 24 h. The reaction was terminated by heat treatment at 80 
°C for 30 min, after which the samples were washed with distilled water and oven-dried at 45–60 °C 
prior to further analysis [22,23]. 

2.1.7. Microcellulose Size Analysis with SEM 

Microcellulose samples were cut into approximately 1 × 1 cm2 pieces and coated with a thin layer 
of gold prior to SEM analysis. The samples were then observed under SEM by adjusting the filament 
current, illumination, focus, and specimen position, and the resulting micrographs were recorded 
and saved for analysis. 

2.1.8. Silver Nanoparticle Preparation 

A 0.001 M AgNO₃ solution was prepared by dissolving 0.17 g of AgNO₃ in 1,000 mL of sterile 
distilled water. A 0.05% (w/v) starch solution was obtained by dissolving 0.05 g of starch in 100 mL 
of distilled water. Purslane extract was prepared by drying purslane leaves at 45 °C for 24 h, followed 
by boiling 25 g of dried leaves in 250 mL of distilled water at 80 °C for 10 min and filtering the extract 
using Whatman No. 41 filter paper after cooling. Silver nanoparticles were biosynthesized by mixing 
10 mL of purslane extract with 65 mL of 0.001 M AgNO₃ solution in an Erlenmeyer flask and 
incubating the mixture at room temperature for 2 h, after which 25 mL of 0.05% starch solution was 
added as a stabilizing agent. The resulting suspension was homogenized and characterized using 
UV–Vis spectrophotometry and a particle size analyzer. 

2.1.9. Wavelength Analysis of Silver Nanoparticles with UV Vis Spectrophotometry 
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UV–Vis spectrophotometric analysis was performed by calibrating the instrument using 
distilled water as a blank. The absorbance spectra of the silver nanoparticle solution were recorded 
over a wavelength range of 200–800 nm, with characteristic surface plasmon resonance expected at 
400–450 nm. The measurements were conducted by placing the sample solution in a cuveĴe and 
recording the absorbance spectrum. 

2.1.10. Silver Nanoparticle Size Analysis with PSA 

Particle size analysis (PSA) was performed by preheating the instrument for 20 min, after which 
the silver nanoparticle solution was placed into a cuveĴe (filled to approximately two-thirds of its 
volume) and analyzed according to the instrument’s operating program to obtain particle size 
distribution data. 

2.1.11. Deposition of Microcellulose in Silver Nanoparticles 

Microcellulose samples with different compositional formulations were immersed in a silver 
nanoparticle solution and homogenized using a shaker at 145 rpm for 24 h. The resulting sheet-form 
materials were subsequently oven-dried and stored prior to antibacterial activity testing. 

2.1.12. Antimicrobial Activity Test 

Microcellulose samples with various compositions and silver nanoparticle deposition were cut 
into 6 mm discs and tested for antimicrobial activity using the agar diffusion method [24,25]. 
Pseudomonas aeruginosa, Staphylococcus epidermidis, and Candida albicans were cultured in nutrient 
broth and incubated at 30 °C for 24 h. Microbial suspensions (0.1 mL) were aseptically spread onto 
nutrient agar for bacteria and potato dextrose agar for fungi, after which the sample discs were placed 
on the inoculated media and incubated at 30 °C for 48 h. Inhibition zones were monitored at 3 h 
intervals for bacteria and 6 h intervals for fungi, and the inhibition zone diameters were measured 
using a caliper. 

 

2.2. Data Analysis Techniques 

The results obtained were tested with one way anova parametric statistics and further tests with 
DMRT (Duncan Multiple Range Test) test. Statistical analysis using SPSS series 20. 

3. Results and Disscussion 

3.1. Physical Properties of Bacterial Cellulose from Coconut Water 

Cellulose sample variations were prepared by incorporating glycerol and chitosan, resulting in 
four formulations: cellulose without additives (C), cellulose with glycerol (CG), cellulose with 
chitosan (CCh), and cellulose with both glycerol and chitosan (CGCh). The prepared coconut water 
medium was inoculated with Acetobacter xylinum and fermented for 7 days to produce bacterial 
cellulose (nata). The physical properties of the resulting bacterial cellulose derived from coconut 
wastewater were evaluated in terms of wet weight, dry weight, transparency, color, consistency, and 
odor, and the corresponding results are presented in Table 1. 

C 

B Description: 
A: test sample 
B: Antimicrobial zone 
C: Test bacterial culture on the 
surface of the agar plate medium 
using a caliper 
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Table 1. Physical properties of bacterial cellulose from coconut water and its variations. 

Parameter 
Types of Bacterial Cellulose 

C CG CCh CGCh 

Wet weight 178.89 g 200.71 g 135.86 g 135.139 g 
Dry weight 3.616 g 4.248 g 8.05 g 7.23 g 
Transparency  Not transparent  Not transparent Not transparent Not transparent 
Color  White White Brownish yellow Brownish yellow 
Consistency Less elastic  Elastis  Less elastic Elastis  
Construction  Acidic Acidic Highly acidic  Highly acidic  

Description: C: cellulose. CG: cellulose + glycerol. CCh: cellulose + chitosan. CGCh: cellulose + glycerol + 
chitosan. 

Based on Table 1, variations in the wet weight of bacterial cellulose derived from coconut water 
were observed, with the CG formulation exhibiting the highest wet weight, followed by the C sample, 
indicating that glycerol addition influences cellulose formation. Cellulose is inherently hygroscopic 
due to the presence of hydroxyl (–OH) groups, which facilitate water absorption. Glycerol, a 
trihydroxy alcohol containing three hydroxyl groups, possesses strong hydrophilic and hygroscopic 
properties that enable it to bind water within the material matrix, thereby increasing moisture content 
[26,27]. In terms of consistency, the CG and CGCh samples exhibited greater elasticity than the C and 
CCh samples, reflecting the plasticizing effect of glycerol. Glycerol enhances the elasticity of cellulose-
based biomaterials by reducing intermolecular hydrogen bonding and increasing the spacing 
between polymer chains, which improves polymer chain mobility and elongation capacity [28,29]. 

Based on the dry weight data, the CCh and CGCh formulations exhibited higher dry weights 
than the other samples, indicating the influence of chitosan incorporation. Chitosan contains 
positively charged amine (–NH₂) groups that can interact with negatively charged bacterial cell walls, 
contributing to antimicrobial activity [30,31]. In addition, chitosan coating limits water penetration 
into the cellulose matrix, resulting in higher dry mass after drying due to the retained chitosan 
content. All bacterial cellulose samples derived from coconut water were non-transparent. Noticeable 
color changes were observed in the CCh and CGCh samples, which can be aĴributed to the addition 
of chitosan, as chitosan dissolved in acetic acid exhibits a brownish-yellow color and imparts a 
pronounced acidic odor. 

3.2. Microcellulose Character from Coconut Water 

This section may be divided by subheadings. It should provide a concise and precise description 
of the experimental results, their interpretation, as well as the experimental conclusions that can be 
drawn. 

Cellulose sample variations were treated with xylanase to induce enzymatic degradation. 
Xylanase is an extracellular enzyme capable of hydrolyzing polymer chains in cellulose and 
hemicellulose by cleaving glycosidic bonds at the terminal regions of the polymer, producing xylose 
and xylo-oligosaccharides as final products [32]. This hydrolytic process reduces polymer chain 
length, resulting in smaller particle sizes and facilitating the formation of cellulose derivatives. In this 
study, enzymatic hydrolysis was conducted at 55 °C using a 1% (w/v) xylanase solution for 24 h, 
followed by heat inactivation at 80 °C for 30 min to terminate enzyme activity. The resulting 
microcellulose particles exhibited lengths ranging from 50 to 180 µm. Enzymatic treatment decreased 
the degree of polymerization while increasing cellulose crystallinity, consistent with previous 
findings [33,34], and the morphology of the resulting microcellulose is shown in Figure 1. 
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Figure 1. SEM foto of microcellulose produced from cellulose by xylanase enzyme. 

In Figure 1, it can be seen that the xylanase enzyme used can degrade cellulose into 
microcellulose. The mycocellulosis formed has a granular shape with a particle size distribution 
ranging from 1.19 µm to 2.07 µm. The microcellulose that is formed has a whiter color when 
compared to cellulose. Based on the color observations, the resulting microcellulose exhibited a 
noticeably whiter appearance, which can be aĴributed to the bio-bleaching effect of xylanase. 
Xylanase facilitates the removal of non-cellulosic components from lignocellulosic materials, thereby 
enhancing cellulose purity and brightness. Consequently, xylanase has been widely recognized as an 
environmentally friendly alternative to conventional chemical bleaching processes [35,36]. 

3.3. Biosynthesis of Silver Nanoparticles with Purslane Extract 

This section may be divided by subheadings. It should provide a concise and precise description 
of the experimental results, their interpretation, as well as the experimental conclusions that can be 
drawn. 

Silver nanoparticles were synthesized from a silver nitrate (AgNO₃) solution using an ultrasonic 
method with purslane (Portulaca oleracea) extract as a bioreducing agent. Phytochemical compounds 
in purslane, particularly flavonoids and tannins containing hydroxyl (–OH) and carbonyl groups, act 
as electron donors that reduce Ag⁺ ions into silver nanoparticles, thereby promoting stable 
nanoparticle formation [37]. 

The synthesized solution exhibited a light brown coloration that gradually intensified with 
increasing AgNO₃ concentration, indicating the reduction of Ag⁺ ions and the formation of silver 
nanoparticles. The increase in color intensity reflects a higher concentration of nanoparticles formed 
in the solution. The formation of silver nanoparticles was further confirmed by UV–Visible 
spectrophotometry, which revealed a characteristic surface plasmon resonance (SPR) absorption 
band in the wavelength range of 400–500 nm, corresponding to the collective oscillation of conduction 
electrons on the nanoparticle surface. This SPR peak is a distinctive optical feature of silver 
nanoparticles and is widely used to verify their successful synthesis and optical properties [37]. 

The UV–Vis spectrophotometric analysis shown in Figure 2 confirms the formation of silver 
nanoparticles, as indicated by a characteristic absorbance peak at 430 nm with an absorbance value 
of 0.730, where higher absorbance reflects a greater concentration of nanoparticles. Particle size 
determination was subsequently carried out using a Particle Size Analyzer (PSA) based on dynamic 
light scaĴering (DLS), which measures Brownian motion resulting from collisions between particles 
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and surrounding molecules; smaller particles exhibit faster motion, allowing particle diameter to be 
calculated from the diffusion rate during measurement. 

 

Figure 2. Results of UV Vis spectrophotometry analysis Silver Nanoparticles with Purslane Extract (P. oleracea). 

Based on the PSA results shown in Figure 3, the synthesized silver nanoparticles exhibited an 
average diameter of 80.2 nm, which falls within the nanoparticle size range of 10–100 nm. Particle 
size measurement using PSA is considered reliable for evaluating size distribution. The size 
distribution of the silver nanoparticles is expressed in terms of intensity, number, and volume 
distributions, thereby providing a comprehensive representation of the overall particle characteristics 
[38,39]. 

 

 

Figure 3. Particle Size of Silver Nanoparticles with Purslane Extract (P. oleracea). 

3.4. Antimicrobial Activity of Microcellulose 
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Microcellulose samples treated with xylanase were immersed in previously characterized silver 
nanoparticles and then evaluated for antimicrobial activity against S. epidermidis, P. aeruginosa, and 
C. albicans using the Kirby–Bauer diffusion method. Inhibition zones for bacteria were measured 
every 3 hours and for fungi every 6 hours. The tested samples included microcellulose with silver 
nanoparticles (M+N), glycerol-modified microcellulose with silver nanoparticles (MG+N), chitosan-
modified microcellulose with silver nanoparticles (MGCh+N). Antimicrobial activity was indicated 
by the formation of a clear inhibition zone around the samples and was measured in millimeters. 
Based on the inhibition activity is classified as weak (<5 mm), moderate (5–10 mm), strong (10–20 
mm), and very strong (>20 mm) [40,41]. 

3.5. Antimicrobial Activity of Microcellulose Against S. epidermidis 

Measurement of the inhibition zone of microcellulose sample variation against S. epidermidis 
bacteria was carried out every 3 hours for 48 hours. The results of the measurement of the inhibition 
zone of microcellulose sample variation against S. epidermidis can be seen in Figure 4. 

 

Figure 4. Antimicrobial activity of microcellulose (M+N), microcellulose-glycerol (MG+N), microcellulose-
chitosan (MCh+N), and microcellulose-glycerol-chitosan (MGCh+N) against S. epidermidis. 

Based on the graph, the MGCh+N microcellulose sample exhibited the highest inhibitory effect 
against S. epidermidis, as indicated by the formation of a clear inhibition zone surrounding the sample. 
However, at the 42nd hour of observation, a reduction in antimicrobial activity was observed, marked 
by a decrease in inhibition zone diameter due to bacterial regrowth. The reappearance of bacterial 
growth within the inhibition zone after prolonged incubation indicates a bacteriostatic effect. 
Therefore, the microcellulose variations functioned primarily as bacteriostatic agents against S. 
epidermidis [42,43]. 

Based on Duncan’s post hoc test at a significance level of 0.05 (Table 2), three significantly 
different subsets were identified, indicating the presence of three groups with distinct mean 
inhibition zone diameters. The MGCh+N sample exhibited the largest inhibition zone and differed 
significantly from MCh+N, M+N, MG+N, and the control, while no significant differences were 
observed between MCh+N and M+N or between MG+N and the control. The highest inhibition zone 
diameter was recorded for MGCh+N (13.663 mm), indicating that this variation showed the strongest 
inhibitory effect against S. epidermidis. This enhanced antimicrobial activity is aĴributed to the 
combined action of chitosan and silver nanoparticles. Silver ions (Ag⁺) exert antimicrobial effects by 
penetrating microbial cell walls and interacting electrostatically with negatively charged functional 
groups on cell surface proteins, such as –OH, –NH₂, and C=O, leading to protein inactivation [44]. In 
addition, Ag⁺ ions form strong complexes with sulĢydryl (–SH) groups in metallothionein, resulting 
in S–Ag bond formation that disrupts membrane permeability and induces cellular damage [45,46]. 
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Silver nanoparticles can further interfere with bacterial electron transport and respiratory systems 
and bind to phosphate groups in DNA and RNA, thereby inhibiting replication and causing 
structural damage to nucleic acids. 

Table 2. Further analysis of the inhibition zone S. epidermidis at the 21st hour with Duncan’s follow-up test. 

Treatment Diameter of the inhibition zone 
(mm) 

Category 

M+N 9.1533a Medium  
MG+N 11.8200b Strong 

MCh+N 9.8400a Medium 
MGCh+N 13.9967c Strong 
Controls 12.3867bc Strong 
Remarks: Different notations in the same column indicate a noticeably different effect (P<0.05). 

3.6. Antimicrobial Activity of Microcellulose in P. aeruginosa 

Measurement of the inhibition zone of microcellulose sample variation against P. aeruginosa was 
carried out every 3 hours for 48 hours. The results of the measurement of the inhibition zone of 
microcellulose against P. aeruginosa can be seen in Figure 5. 

 

Figure 5. Antimicrobial activity of microcellulose (M+N), microcellulose-glycerol (MG+N), microcellulose-
chitosan (MCh+N), and microcellulose-glycerol-chitosan (MGCh+N) against P. aeruginosa. 

The graph indicates the formation of inhibition zones of microcellulose sample variations 
against P. aeruginosa, with MGCh+N showing the strongest inhibitory effect, as evidenced by the 
largest clear zone. However, a decrease in antimicrobial activity was observed at the 45th hour, 
marked by shrinkage of the inhibition zone due to bacterial regrowth, and at 48 hours the zone could 
no longer be measured because the sample was fully overgrown. Regrowth after 48 hours indicates 
bacteriostatic rather than bactericidal activity [42,43]. Therefore, the microcellulose sample variations 
function only to inhibit the growth of P. aeruginosa. 
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Table 3. Further analysis of the inhibition zone against P. aeruginosa at the 24th hour with Duncan’s test. 

Treatment Diameter of the barrier zone 
(mm) 

Category 

M+N 10,083a Strong 
MG+N 10.0497b Strong 

MCh+N 11,883c Strong 
MGCh+N 12,417p Strong 
Controls 12.4663d Strong 
Remarks: Different notations in the same column indicate a noticeably different effect (P<0.05). 

Based on Duncan’s post hoc test at a significance level of 0.05, four distinct subsets were 
identified, indicating significant differences among the M+N, MG+N, MCh+N, and MGCh+N 
samples. The MGCh+N sample exhibited the largest inhibition zone against P. aeruginosa (12.417 mm) 
and differed significantly from MCh+N, M+N, and MG+N, while showing no significant difference 
from the control. The superior antimicrobial activity of MGCh+N is aĴributed to the combined effects 
of chitosan and silver nanoparticles; although chitosan exhibits antibacterial properties, its activity 
decreases when immobilized in membrane form, necessitating reinforcement by silver nanoparticles 
[47,48]. Silver ions exert antimicrobial action by penetrating bacterial cell walls, binding to sulĢydryl 
groups, inhibiting enzyme activity and DNA synthesis, ultimately leading to cell death. The smaller 
inhibition zones observed against P. aeruginosa compared to S. epidermidis are associated with 
fundamental differences in cell wall structure: Gram-negative bacteria possess an outer 
lipopolysaccharide membrane that limits nanoparticle penetration, whereas Gram-positive bacteria 
have a thicker peptidoglycan layer that differently influences AgNPs interaction and binding, 
affecting antimicrobial susceptibility [49–51]. 

3.7. Antimicrobial Activity of Microcellulose Against C. albicans 

Measurement of the inhibition zone of microcellulose sample variation against C. albicans fungi 
was carried out every 6 hours for 48 hours. The results of the measurement of the inhibition zone of 
microcellulose sample variation against the fungus C. albicans can be seen in Figure 6. 

 

Figure 6. Antimicrobial activity of microcellulose (M+N), microcellulose-glycerol (MG+N), microcellulose-
chitosan (MCh+N), and microcellulose-glycerol-chitosan (MGCh+N) against C. albicans. 
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The inhibition zone profiles of the microcellulose sample variations against Candida albicans 
revealed that the MGCh+N formulation exhibited the highest antifungal activity. However, a 
progressive decline in antifungal efficacy was observed after 30 h of incubation, as evidenced by a 
reduction in the diameter of the clear inhibition zone due to fungal regrowth. By 36 h, no discernible 
inhibition zone was detected. These findings indicate that all silver nanoparticle-deposited 
microcellulose formulations exerted a fungistatic rather than fungicidal effect, effectively suppressing 
the growth of C. albicans for up to 36 h without complete eradication. 

Table 4. Further analysis of the inhibition zone of C. albicans at the 18th hour with Duncan’s follow-up test. 

Treatment Diameter of the inhibition zone (mm) Category 

M+N 7.1100a Medium 
MG+N 7.7933a Medium 

MCh+N 7.9733b Medium 
MGCh+N 8.1200b Medium 
Controls 8.2433b Medium 

Remarks: Different notations in the same column indicate a noticeably different effect (P<0.05). 

Based on Duncan’s post hoc test at a significance level of 0.05, two distinct subsets were 
identified. The M+N and MG+N samples did not differ significantly, while MCh+N, MGCh+N, and 
the control formed another subset and differed significantly from M+N and MG+N. The MGCh+N 
sample exhibited the largest inhibition zone (8.2433 mm). Antifungal efficacy against Candida albicans 
is modulated by the structural complexity of the fungal cell wall and membrane composition, which 
can limit nanoparticle penetration and ROS-mediated damage. Silver nanoparticles exert antifungal 
effects by disrupting cell membrane integrity, increasing cellular permeability, and inducing 
oxidative stress, with effectiveness influenced by nanoparticle concentration and fungal physiology 
[52–54]. 

4. Conclusions 

Xylanase can produce microcellulose with particle sizes of 1.19–2.07 µm and induce a bio-
bleaching effect. Microcellulose synthesized with glycerol–silver nanoparticles (MGN) and glycerol–
chitosan–silver nanoparticles (MGChN) exhibited higher elasticity than microcellulose–silver 
nanoparticles (MN) and microcellulose–chitosan–silver nanoparticles (MChN). Microcellulose 
derived from coconut water with the addition of glycerol and chitosan and deposited with silver 
nanoparticles showed inhibitory activity against P. aeruginosa FNCC 0063, S. epidermidis ATCC 35984, 
and C. albicans SC 5314. The MGCh+N variation demonstrated the strongest antibacterial activity 
against P. aeruginosa and S. epidermidis, while exhibiting moderate antifungal activity against C. 
albicans. 
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