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I. INTRODUCTION 

pen wounds result from the damage or loss of external 

body tissue caused by factors that disrupt the body's 

protective system. The body responds to wounds through 

the wound healing process [1], which encompasses various 

types, including wound dressing. Current research in 

wound dressings involves the utilization of nanometer-

sized particles, commonly referred to as nanoparticles. 

Modern wound dressings with bioactive polymer materials 

can increase effectiveness in wound care. One of the 

bioactive polymer materials that comes from nature is 

cellulose. Cellulose is a compound that is colourless, 

tasteless and has good physical and chemical properties, 

such as strong mechanical strength, good hydrophobicity, 

biocompatibility and non-toxicity. Therefore, it can be 

used in various applications.  

Cellulose can stimulate the growth of granulation tissue 

and epithelial tissue to speed up the wound healing process 
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[2]. Cellulose can be synthesized from various materials, 

one of which is coconut fiber. Coconut fiber from coconut 

plantation waste which is rich in cellulose and is available 

in nature in abundant quantities has the potential to 

synthesize cellulose nanoparticles [3]. Cellulose aerogel is 

a new material that has great potential in adsorption 

applications, oil/water separation, heat insulation, 

biomedical materials, metal/metal oxide nanoparticle 

carriers, carbon aerogel manufacture and many others [4]. 

Antimicrobial substances that have the ability to produce 

reactive oxygen species (ROS) can be applied in wound 

healing and preventing wound infections, one of which is 

ZnO. ZnO nanomaterials can produce ROS which are good 

antimicrobial agents. ZnO is nontoxic, safe and 

biocompatible. ZnO can accelerate wound healing by 

remaining topically at the wound site for a relatively long 

time. Zn2+ released from a kind of nano system can 

stimulate the production of fibroblasts and immune cells 

which play an important role in skin regeneration, and 

break down bacterial cell membranes [5], [6]. In this study, 
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tests. It was found that coconut fiber-based cellulose aerogel 

impregnated with ZnO has a good potential as a wound dressing 

application. The porosity of the resulting cellulose aerogel can reach 

above 90% with high water absorption capacity. Furthermore, a water 

vapor permeability can reach above 0,81 gr/cm2.h and increases with 

enhancement of cellulose concentration. Antibacterial tests show that 

the cellulose/ZnO aerogel has good antimicrobial characteristics where 

antibacterial zone was formed around the sample. 
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a cellulose aerogel was synthesized from coconut fiber 

impregnated with ZnO for potential use as a wound 

dressing. 

II. METHOD 

There are three main steps in this research. The first step 

is the synthesis of cellulose aerogel from coconut fiber. 

The next step is impregnation of ZnO into cellulose 

aerogel. The final step is the performance test of 

cellulose/ZnO aerogel for wound dressing applications. 

The cellulose aerogel synthesis begins with the coconut 

fiber delignification process. This process is carried out by 

mixing coconut fiber into a NaOH solution for 2 hours at 

a temperature of 100oC. Next, the bleaching process was 

carried out for 1 hour by adding H2O2 solution. The 

cellulose pulp was then mixed with NaOH-urea solution 

for 30 minutes, followed by a gelation stage for 24 hours 

and a freeze drying stage. This study on the manufacture 

of cellulose hydrogels is based on work done by Fauziyah, 

et al. [3].  

The cellulose aerogel formed is then impregnated with a 

ZnO solution and performance tests are carried out, 

including analysis of porosity, water absorption capacity, 

water vapor permeability and antibacterial tests. The 

antibacterial test was carried out using agar disc diffusion 

method. The antibacterial activity of the sample was 

determined by measuring the bacteria-free zone that 

formed around the sample which incubated for 24 hours. 

III. RESULTS AND DISCUSSION 

The synthesized cellulose aerogel appears brown and 

fibrous as seen in Figure 1. Variations in cellulose 

concentration affect the porosity and density of the 

cellulose aerogel formed. The aerogel porosity tends to 

increase as the cellulose concentration used was increases. 

The cellulose concentration of 4.16%; 5.92% and 7.71% 

has a porosity of 91.47%; 93.84% and 98.21%, 

respectively. This increasing pattern can be caused by the 

increasing concentration of cellulose, the greater the 

possibility of forming good cellulose crosslink bonds until 

the crosslink solution reaches the limit of dissolving 

cellulose. However, when adding a higher concentration of 

9.44%, the aerogel porosity actually decreased to 88.91%. 

This decline might be attributed to an excess of cellulose 

concentration in relation to the available solvent, impeding 

proper crosslinking processes [7]. 

 

 

 
Figure 1. Physical appearance of cellulose aerogel  

Cellulose aerogel as a wound dressing matrix needs to 

have high absorption capacity to absorb exudate in the 

wound. The water absorption capacity of cellulose aerogel 

was increases with the increasing of cellulose 

concentration. However, for higher concentration of 

cellulose (9.44%), there was a decrease in absorption 

capacity, can be seen in Figure 2. This is related to the 

porosity value that was previously identified (Figure 3). 

The higher porosity allows more space to be available for 

the cellulose aerogel to absorb water, resulting in an 

increase in the water absorption capacity value [8].  

The produced cellulose aerogel demonstrates an 

impressive water absorption capacity of up to 9 times, 

highlighting the potential of the synthesized cellulose 

aerogel-based wound dressing for effective wound 

healing. This capability enables the absorption of exudates 

up to 9 times the initial weight of the wound dressing 

matrix. 

 

 
Figure 2. Effect of cellulose concentration on water absorption 

capacity of cellulose aerogel 

 

 
Figure 3. Effect of porosity on water absorption capacity of cellulose 

aerogel 

 

 
Figure 4. Effect of cellulose concentration on the permeability of 

cellulose aerogel 
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Figure 4 shows the effect of cellulose concentration on 

the water vapor permeability of cellulose aerogel. This 

shows that the water vapor permeability characteristics of 

the aerogel are also consistent with the porosity of the 

aerogel (Figure 5). The decreasing pattern occurs in 

variables above the concentration of 9.44%.  The reduction 

in the permeability of the cellulose aerogel can be 

attributed to its relatively low porosity. This results in the 

pores, which serve as pathways for gas exchange, needing 

to be sufficiently large. 

 

 
Figure 5. Effect of cellulose porosity on the permeability of cellulose 

aerogel 
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Figure 6. Results of antibacterial properties of cellulose aerogel (a) 

blank (b) 7.71%; (c) blank (d) 7.71% + ZnO 

 

Testing of the anti-microbial properties of cellulose 

aerogel was carried out using the agar disc diffusion 

method. In this test, the cellulose aerogel sample was 

placed on NBA media which had been planted with the 

bacteria that most often infect wounds, namely Eschericia 

coli bacteria [9]. Cellulose aerogel samples were also 

placed on NBA media that was not planted with bacteria 

as a comparison (blank). There were 2 samples analyzed, 

7.71% cellulose aerogel sample and 7.71% cellulose 

aerogel sample + ZnO. Anti-microbial testing was carried 

out for 24 hours with 1 time observation. It was found that 

in the cellulose aerogel samples with the addition of ZnO, 

an antibacterial zone was formed around the samples. 

Meanwhile, in samples without the addition of ZnO, anti-

microbial zone was not formed around the sample. This 

shows that ZnO impregnated in cellulose aerogel was 

capable as an antimicrobial agent. 

IV. CONCLUSION 

The resulting coconut fiber-based cellulose aerogel 

impregnated with ZnO has a good potential for wound 

dressing application. The porosity of the resulting 

cellulose aerogel reaches 98% with high water absorption 

capacity and high water vapor permeability. It also has 

antimicrobial characteristic that can last for 24 hours. 
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