
1                       INTERNATIONAL JOURNAL OF APPLIED BIOMEDICAL ENGINEERING VOL.18, NO.2, 2025 

 

 

 

EFFECT OF ALKALI-TREATED COCONUT FIBER IN CHITOSAN FILM 

ON PHYSICAL AND MECHANICAL PROPERTIESFOR MEDICAL 

APPLICATION 

 
Wasin Saard1, Chiravoot Pechyen,1, Benchamaporn Tangnorawich1, Sarntamon Pengoubol2* 

1Faculty of Science, Thammasat University, Phathum Thani, Thailand 
2Facuilty of dentistry, Thammasat University, Phathum Thani, Thailand 

 

ABSTRACT 

This study aimed to compare the physical and 

mechanical properties of chitosan films mixed with 

cellulose fiber derived from coconut husks under various 

conditions. These conditions included different 

concentrations of NaOH used for treating the cellulose 

fiber and varying amounts of fiber incorporated into the 

chitosan film. The experiments, testing and characterized 

physical and mechanical properties of the resulting films 

were conducted in a laboratory setting. The treatment of 

coconut fiber with NaOH enhanced the tensile strength of 

the chitosan films, while simultaneously reducing their 

%elongation. Additionally, films containing 0.25g of 

cellulose fiber exhibited a lower swelling ratio compared 

to those with 0.10g of fiber. However, variations in fiber 

quantity and NaOH concentration did not significantly 

affect thermal stability. Based on the findings, it can be 

concluded that the chitosan film formulated with 4% 

NaOH and 0.25g cellulose fiber exhibited the most 

favorable physical and mechanical properties for future 

development. 
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1. INTRODUCTION 

Chitosan has seen remarkable advancements as a 

film material in medical applications over recent decades. 

Its unique structure and beneficial properties, including 

biodegradability, antimicrobial action, and 

biocompatibility, have made it a versatile tool in areas like 

wound healing, drug delivery, tissue engineering, and 

infection control. Recent innovations, such as combining 

chitosan with other materials or modifying it chemically, 

have further enhanced its performance and extended its use 

across various medical fields. Originally investigated in the 

late 1980s for drug delivery systems, chitosan’s 

applications have since expanded to include wound 

healing, tissue engineering, and regenerative medicine. Its 

biocompatibility, biodegradability, and antimicrobial  

properties[1] make it ideal for use as scaffolding in tissue 

repair and as a carrier for controlled drug release, 

effectively supporting tissue regeneration and repair[2, 3]. 

Recent advancements aim to enhance its antimicrobial 

effects and refine its physical properties, improving its 

versatility in various medical fields, such as ophthalmology 

and dentistry, and reinforcing its role as an essential 

biomaterial in modern medicine[4] 

Natural fibers present numerous advantages over 

traditional reinforcing materials since their suitable 

specific strength, low cost, low density, biodegradability, 

favorable thermal properties, enhanced energy recovery. 

Fibers like sugar crane, sisal, pineapple, and abaca[5-14]  

have been widely studied as reinforcements and fillers in 

composite materials. However, coconut husk has few 

studied researched in biodegradable composites, despite its 

abundance as a by-product of the coconut industry (e.g., 

coconut oil, coconut milk) and its use as a fuel source in 

the food industry. Alkali treatment is considered an 

effective technique to improve the mechanical properties 

of these composites by modifying fiber surfaces, enhancing 

adhesion between the fiber and the matrix. Ray et al..[15-

17]  reported the physical and mechanical properties of 

composites reinforced with alkali-treated jute fibers. 

Similarly, Samal et al. [18] treated jute fibers with 2% 

NaOH solution for 1 hour, and Rout et al.[19] observed 

increasing of tensile strength 26%, flexural strength at 

15%, and a improvement in Charpy impact strength 20%  

after treating coir fibers with a 2% NaOH solution for 1 

hour. 

This study aimed to develop films with enhanced 

strength and sustained swelling properties in solutions, 

utilizing coconut fiber as a matrix filled with natural fibers 

synthesized in situ. The resulting films were characterized 

and investigated in this report. Ensuring that the film 

characteristics within an appropriate range for medica 

applications[20] was also a key focus of this study. 
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2. MATRIALS AND METHODOLOGY 

2.1 Materials and Methods 

Chitosan powder from SN crab shell, high 

viscosity (MW: 125-500 kDa, LOT NO. SNCS-

210120/01) was purchased from BIO21 THAILAND. 

Coconut husk was purchased from Thailand’s tree market. 

Sodium hydroxide (NaOH) and acetic acid were purchased 

from RCI LABSCAN THAILAND.  

2.2 Preparation of pure chitosan films 

One g of chitosan powder was dissolved in 100 

mL of 0.5% (v/v) acetic acid solution and stirred 

continuously while heating at 60°C for 1 hour. After this 

period, the solution became fully homogeneous and 

colorless. A volume of 50 mL was then poured into a 90x15 

mm petri dish, and the chitosan films were dried at 60°C 

for 24 hours. The result was a round, homogeneous, and 

colorless chitosan film.  

2.3 Preparation of alkali-treated coconut fibers 

To prepare alkali-treated coconut fibers, 20 g of 

raw coconut husk were mixed with 100 mL of NaOH at 

concentrations of 2% and 4%, then heated at 50°C for 2 

hours to remove impurities and organic residues. The 

alkali-treated coconut fibers was separated, thoroughly 

washed with distilled water, and adjusted to pH 7 using 

0.5%(v/v) acetic acid. Next, the alkali-treated coconut 

fibers were dried at 70°C for 72 hours. To obtain fibers 

sized 400-600 µm, the dried fibers were ground and sieved. 

These prepared fibers were then combined with chitosan 

film for further use. 

2.4 Preparation of chitosan films with alkali-treated 

coconut fiber  

Chitosan powder (1g) was dissolved in 100 mL of 

the 0.5% (v/v) acetic acid solution at 60ºC for 1h. After the 

solution was completely dissolved, added 0.1 and 0.25g of 

alkali-treated coconut fibers coconut fibers. Stirred the 

suspension until well combined. Next, the solution was 

poured into petri dish (size 90x15 mm) 50mL and dried at 

60°C for 24hs. 

2.5 Film Characterizations  

2.5.1 Analysis of chemical components with Fourier-

transform infrared spectroscopy (FT-IR)  

 

FT-IR (Fourier-transform infrared spectroscopy) data for 

the samples were records by Thermo Scientific™ 

Nicolet™ iS™5 FT-IR Spectrometer. Use the powder 

obtained from fiber separation, including untreated powder 

as well as powder treated with 2% and 4% NaOH.  

2.5.2 Surface Morphology  

The cellulose morphology was studied by 

scanning electron microscopy (SEM) techniques. The 

samples were prepared into 1x1 cm per piece and coated 

with Au. To observed using an accelerating voltage of 5 

kV. SEM revealed porosity and surface roughness of 

coconut fiber. 

2.5.3 Physical properties  

2.5.3.1 Thickness 

The thickness of chitosan film with alkali-treated 

coconut fiber was measured by vernier caliper and reading 

accurately at different area of films and averaging it. 

2.5.3.2 Swelling Ratio 

The sample were cut in 1x1 cm size and dried at 

60ºC for 10 mins. After initial weighing, they were kept in 

PBS water (pH 7.4) for 3hs. Then take it out and removed 

the excess water from surface of film with Kimwipes 

paper. The swelling ratio of the films were calculated using 

the equation below (1). 

 

where Ww and Wd are the sample mass at wet and 

dried state, respectively. All the swelling experiments were 

taken in triplicate and average values are presented in the 

data. 

2.5.4 Mechanical properties  

Tensile strength and %Elongation at break of the 

samples were measured by Universal Testing Machine 

Shimadzu, AGS-X 500N The samples were cut in 

dimension of 1 X 5 cm with speed of 50 mm/ min and 500 

N load cell.  

 

  

…………………(1) 
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(stress)                  𝛔 =
𝐅

𝐀
  …………………(2) 

(strain)   𝜺 =
∆𝒍

𝒍𝟎
                …………………(3) 

%Elongation         𝜺 =
∆𝒍

𝒍𝟎
× 𝟏𝟎𝟎       …………………(4) 

Modulus                    = 
𝝈

𝜺
               …………………(5) 

 

3. RESULTS AND DISCSSIONS 

3.1 Fourier-transform infrared spectroscopy (FT-IR) 

The treated coconut fiber was analyzed the 

chemical components and molecular function by using FT-

IR (Figure. 1). The result demonstrated a vibration peak of 

acetyl group (C=O) in hemicellulose at the wavelength 

1720 cm-1. Furthermore, the absorbance was decreased to 

1580 cm-1 as the vibration of the aromatic bond in lignin. 

Therefore, increasing of sodium hydroxide concentration 

for coconut pretreatment able to remove more lignin and 

hemicellulose from coconut fiber. 

The alkali-treated coconut fiber was analyzed for 

chemical components and molecular function by using FT-

IR. The result demonstrated a vibration peak of the acetyl 

group (C=O) in hemicellulose at a wavelength of 1720 cm-

1. Furthermore, the absorbance was decreased to 1580 cm-

1 as a result of the vibration of the aromatic bond in lignin. 

Therefore, the increasing of sodium hydroxide 

concentration for coconut treatment is able to remove more 

lignin and hemicellulose[21-23] from coconut fiber. 

 
Figure 1. FT-IR spectra of untreated and treated coconut 

fiber with 2% and 4% NaOH 

 

3.2 Surface Morphology Characterization 

The surface morphology of coconut fiber was 

studied using SEM to measure the porosity of coconut fiber 

as show in fig 2. The results reveal that the surface structure 

of untreated showed smooth and non-porous on coconut 

fiber (figure.2 a). After treated at 2% and 4% NaOH, the 

cellulose from coconut fiber showed more roughness and 

some porous on their surface (figure.2 b,c). From these 

results, it might be These might be hemicellulose and lignin 

that were removed[19]. 

 
Figure. 2. SEM image of coconut fiber surface: (a)non-

treated, (b)treated with 2% NaOH and (c)treated with 4% 

NaOH. 

Due to the hydroxyl group of hemicellulose, it 

could be oxidized by sodium hydroxide, and the structure 

was broken, resulting in the fiber being dissociated and 

more dispersed; this was called “fibrillation”[19]. 

Nanofibrils separated from the fiber surface. In samples 

without alkali-treatment, they remained embedded within 

the chitosan film, while in sodium hydroxide-treated 

samples, they were more uniformly dispersed. 

3.3 Physical properties 

The thickness of sample was measured by vernier 

caliper and reading accurately at different area of films and 

averaging it. The thickness was showed in Table 1. The 

degree of swelling ratio of chitosan film with alkali-treated 

coconut fiber was calculated from that comparing between 

0.1g and 0.25g of alkali-treated coconut fiber are 

summarized in Table 1. The swelling ratio were measure 

by immersion in water due to partial dissolution of 

chitosan[24]. The results showed that at 0.25g swelling less 

than 0.1g because of cavity in fiber was replaced, causing 

less water to penetrate. These results increase moisture 

resistance of chitosan films[25]. 

Table 1. Physical properties of Chitosan films and chitosan 

films with alkali-treated coconut fiber. 
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A  

 

B  

Figure 2. Swelling percentage of material treated with 

different NaOH concentrations at fiber sizes of (A) 400 and 

(B) 600µm (where 0.1 and 0.25 represent the amount of 

coconut fiber added (g)(  

3.4 Mechanical properties 

The mechanical properties measured are tensile 

strength, %elongation and modulus of the samples. The 

results were in Table 2. The effect of fiber content on 

tensile strength were increased from 13 to 30 and from 11 

to 28 with increase the content of fiber from no fiber to 

0.25g for 400 and 600 µm, respectively. In addition, the 

results of %elongation and modulus showed consistency 

value with tensile strength, which decreased values when 

increased content of fiber. This indicated that the 

concentration of fiber significantly affected to the strength 

compared with the pure chitosan film. To evaluate the 

effect of NaOH concentration on the mechanical properties 

of chitosan film, specifically its tensile strength, it was 

found that the tensile resistance of the fiber treated with 4% 

NaOH was greater than that of the untreated fiber and the 

fiber treated with 2% NaOH. The increase in tensile 

resistance is attributed to the surface treatment of the fibers 

with NaOH, which affects fibrillation and leads to the 

removal of nanoparticles from the surface. This process 

enhances the cohesiveness between the cellulose fibers and 

the chitosan matrix. 

Table 2. Mechanical properties of Chitosan films and 

chitosan films with alkali-treated coconut fiber. 

 
 

A  

 
B  
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C  
 

 
D  

 
Figure 3. Tensile strength, elongation at break, and 

modulus of composites containing coconut fiber of (A) 0.1 

g – 400 µm, (B) 0.25 g – 400 µm, (C) 0.1 g – 600 µm, and 

(D) 0.25 g – 600 µm, treated with different NaOH 

concentrations (Untreated, 2%, and 4%) 

 

3.5 Thermal Stability 

Figure. 4 illustrates the impact of fiber content in 

chitosan films on the residue weight loss curve (STA). The 

initial weight loss observed in all films is likely due to 

moisture loss within the film. Subsequently, at 

temperatures ranging from 220 to 350 °C, weight reduction 

is attributed to the degradation of cellulose and chitosan. 

For cellulose, thermal decomposition occurs within the 

range of 315 to 400 °C, resulting in the breaking of 

glycosidic bonds and subsequent rearrangement, as well as 

the removal of water[26, 27]. The chitosan component 

experiences thermal degradation in the range of 

approximately 250 to 450 °C[28], during which 

depolymerization of the chitosan chain occurs, leading to 

the rupture of glycosidic bonds between glucosamine and 

N-acetylglucosamine ring[29, 30] Finally, at temperatures 

between 350 and 550 °C, thermal destruction of the 

remaining material in the film takes place. Therefore, it can 

be asserted that the improved thermal stability of the 

chitosan film containing coconut fiber indicates the 

beneficial presence of coconut fiber within the film. 

 

A 

 
B 

Figure. 4. STA curves of chitosan film with alkali-treated 

coconut fiber 600µm (A) 0.1g (B) 0.25g 

 

4. CONCLUSION  

The chitosan film with alkali-treated coconut fiber 

at a 4% NaOH concentration and containing 0.25 g of fiber, 

demonstrates high tensile strength and low swelling. These 

properties make it a promising candidate for future 

development. Additionally, it was found that treating the 

fiber with varying concentrations of sodium hydroxide 

affects swelling but does not impact thermal stability or 

tensile strength. 



W. Saard et al.                                                                                                                                                                               6 

 

 

REFERENCES 

 

1. Rezaei, F.S., et al., Chitosan films and scaffolds 

for regenerative medicine applications: A review. 

Carbohydrate Polymers, 2021. 273: p. 118631. 

2. Vadalà, R., et al. Development of a Chitosan-

Based Film from Shellfish Waste for the 

Preservation of Various Cheese Types during 

Storage. Foods, 2024. 13,  DOI: 

10.3390/foods13132055. 

3. Stefanowska, K., et al. Characteristics of Chitosan 

Films with the Bioactive Substances—Caffeine 

and Propolis. Journal of Functional Biomaterials, 

2023. 14,  DOI: 10.3390/jfb14070358. 

4. Harugade, A., A.P. Sherje, and A. Pethe, 

Chitosan: A review on properties, biological 

activities and recent progress in biomedical 

applications. Reactive and Functional Polymers, 

2023. 191: p. 105634. 

5. Gassan, J. and A.K. Bledzki, Possibilities for 

improving the mechanical properties of 

jute/epoxy composites by alkali treatment of 

fibres. Composites Science and Technology, 

1999. 59(9): p. 1303-1309. 

6. Teramoto, N., et al., Biodegradation of aliphatic 

polyester composites reinforced by abaca fiber. 

Polymer Degradation and Stability, 2004. 86(3): 

p. 401-409. 

7. Iannace, S., G. Nocilla, and L. Nicolais, 

Biocomposites based on sea algae fibers and 

biodegradable thermoplastic matrices. Journal of 

Applied Polymer Science, 1999. 73: p. 583-592. 

8. Bisanda, E., The Effect of Alkali Treatment on the 

Adhesion Characteristics of Sisal Fibres. Applied 

Composite Materials, 2000. 7: p. 331-339. 

9. Luo, S. and A.N. Netravali, Interfacial and 

mechanical properties of environment-friendly 

“green” composites made from pineapple fibers 

and poly(hydroxybutyrate-co-valerate) resin. 

Journal of Materials Science, 1999. 34(15): p. 

3709-3719. 

10. Rout, J., et al., The influence of fibre treatment on 

the performance of coir-polyester composites. 

Composites Science and Technology, 2001. 

61(9): p. 1303-1310. 

11. Mohanty, A.K., M.A. Khan, and G. Hinrichsen, 

Influence of chemical surface modification on the 

properties of biodegradable jute fabrics—

polyester amide composites. Composites Part A: 

Applied Science and Manufacturing, 2000. 31(2): 

p. 143-150. 

12. Mohanty, A., M. Khan, and G. Hinrichsen, 

Surface Modification of Jute and its Influence on 

Performance of Biodegradable Jute-fabric/Biopol 

Composites. Composites Science and 

Technology, 2000. 60: p. 1115-1124. 

13. Li, X.H., et al., Completely biodegradable 

composites of poly(propylene carbonate) and 

short, lignocellulose fiber Hildegardia 

populifolia. Journal of Polymer Science, Part B: 

Polymer Physics, 2004. 42(4): p. 666-675. 

14. Shibata, M., et al., Biodegradable polyester 

composites reinforced with short abaca fiber. 

Journal of Applied Polymer Science, 2002. 85: p. 

129-138. 

15. Ray, D., et al., The mechanical properties of 

vinylester resin matrix composites reinforced 

with alkali-treated jute fibres. Composites Part A: 

Applied Science and Manufacturing, 2001. 32(1): 

p. 119-127. 

16. Ray, D. and B. Sarkar, Characterization of alkali-

treated jute fibers for physical and mechanical 

properties. Journal of Applied Polymer Science, 

2001. 80: p. 1013-1020. 

17. Ray, D., B.K. Sarkar, and N.R. Bose, Impact 

fatigue behaviour of vinylester resin matrix 

composites reinforced with alkali treated jute 

fibres. Composites Part A: Applied Science and 

Manufacturing, 2002. 33(2): p. 233-241. 

18. Samal, R.K., et al., Effect of chemical 

modification on FTIR spectra. I. Physical and 

chemical behavior of coir. Journal of Applied 

Polymer Science, 1995. 58: p. 745-752. 

19. Cao, Y., S. Shibata, and I. Fukumoto, Mechanical 

properties of biodegradable composites 

reinforced with bagasse fibre before and after 

alkali treatments. Composites Part A: Applied 

Science and Manufacturing, 2006. 37(3): p. 423-

429. 

20. Murugadoss, A. and A. Chattopadhyay, A 'green' 

chitosan-silver nanoparticle composite as a 

heterogeneous as well as micro-heterogeneous 

catalyst. Nanotechnology, 2008. 19(1): p. 015603. 

21. Latif, N., et al., A Comparison of Alkaline and 

Organosolv Lignin Extraction Methods from 

Coconut Husks as an Alternative Material for 

Green Applications. Bioresources, 2021. 17: p. 

469-491. 

22. Kalla, M., et al., Isolation and characterization of 

cellulose from coconut shell powder and its 

application as reinforcement in casein composite 

films. 2022. 

23. Cwngah, C., et al., Characterization of Coconut 

(Cocos nucifera L.) Grated Residue by SEM, 

FTIR, TGA and XRD Analysis. 2014. 

24. Bhuvaneshwari, S., et al. Development and 

characterization of chitosan film. 2011. 

25. Moe, T., Effects of Chitosan Films on Wound 

Healing and Evaluation of Their Properties. 2008. 

26. Kusmono, K., M.W. Wildan, and F.I. Lubis, 

Fabrication and Characterization of 



7                                  INTERNATIONAL JOURNAL OF APPLIED BIOMEDICAL ENGINEERING VOL.18, NO.2, 2025 

 

 

Chitosan/Cellulose Nanocrystal/Glycerol Bio-

Composite Films. Polymers, 2021. 13. 

27. Subha, P.V. and A.D. Ravindranath, Synthesis of 

Nanocellulose from Coir Pith. CORD, 2012. 

28(1): p. 14-23. 

28. Kumar, S. and J. Koh Physiochemical, Optical 

and Biological Activity of Chitosan-Chromone 

Derivative for Biomedical Applications. 

International Journal of Molecular Sciences, 

2012. 13, 6102-6116 DOI: 

10.3390/ijms13056102. 

29. Rahman, L., J. Goswami, and D. Choudhury, 

Assessment of physical and thermal behaviour of 

chitosan-based biocomposites reinforced with 

leaf and stem extract of Tectona grandis. 

Polymers and Polymer Composites, 2022. 30: p. 

09673911221076305. 

30. Grząbka-Zasadzińska, A., T. Amietszajew, and S. 

Borysiak, Thermal and mechanical properties of 

chitosan nanocomposites with cellulose modified 

in ionic liquids. Journal of Thermal Analysis and 

Calorimetry, 2017. 130: p. 143-154. 

 

 

Wasin Saard as a master’s degree student in 

Department of Material innovation and 

Technology, Faculty of Science, Thammasat 

University. He has graduated in the Bachelor 

of Materials Engineering from Rajamangala 

University of Technology Rattanakosin, 

Nakhon Pathom, Thailand in 2022. He was 

born in Kanchanaburi, Thailand in 1997. His area of research 

interests are biomaterials and nanotechnology for materials. 

 

Sarntamon Pengoubol, Ph.D. as a lecturer 

in Chemical and Material science, Faculty of 

Dentistry, Thammasat University, Thailand.  

She received a bachelor’s degree in Material 

Science from Thammasat University, a 

master’s degree in Material Science from 

Chulalongkorn University and a Ph.D. in 

Chemical Applied from Tokyo metropolitan University Tokyo, 

Japan. Her research interests include materials applications in 

medical field and nanotechnology for materials development. 

 

 

Asst. Prof. Benchamaporn Tangnorawich, 
Ph.D. as a lecture in Physics, Faculty of 

Science and Technology, Thammasat 

University. She received a bachelor’s degree 

in Physics from Silpakorn University, a 

master’s degree in Physiology (Biophysics) 

University of Queensland, Australia and a 

Ph.D. in Physiology (Electrophysiology) from University of 

Queensland, Australia. Her research interests include biophysics 

)electrophysiology( and Medical physics. 

Assoc.Prof. Chiravoot Pechyen, Ph.D. as a 

lecture in Material Science Faculty of 

Science and Technology, Thammasat 

University. He has graduated in the 

bachelor’s degree in Materials Technology 

Polymer from Chulalongkorn University, a 

master’s degree in applied Polymer Science and Textile 

Technology Chulalongkorn University, a Ph.D. in Materials 

Science Polymer from Chulalongkorn University, a Post Doctoral 

in Polymer Science and Engineering from Osaka Prefecture 

University, Osaka, Japan and Polymer Science and Engineering 

(Materials Science Centre of Nanotechnologies), University of 

Vienna, Austria. His research interests include Packaging 

Technology (Food and Non-Food Packaging) and Package 

Development Process, Laws and Regulations of Packaging, 

Packaging Functions, Rigid and Flexible Packaging, Packaging 

Machinery, Polymer composites and Nanocomposite materials, 

Chemical and Physical Modification of Polymer, Thermo-

chemical Conversion of Bio-Polymer and Synthetic Polymer, 

Characterization and Testing of Polymers and Polymer Recovery 

and Recycling. 

. 

 

 

 

 

 

 

 


