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 Durian (Durio spp.) peel waste has potential as a lignocellulosic raw material, 
offering a sustainable pathway for wood-based panel production and acoustic 
applications. This study evaluates the effects of board density and cold-water 
soaking pretreatment on the physical properties and sound absorption 
performance of particleboard manufactured from durian peel particles. Boards 
were produced at target densities of 0.40 and 0.50 g/cm³ using 15% urea–

formaldehyde adhesive, with particle soaking durations of 0, 12, and 24 h. 
Physical properties were assessed according to JIS A 5908, while acoustic 
performance was measured using a two-microphone impedance tube across 64–
6400 Hz. Results showed that board density significantly influenced moisture 
content, thickness swelling, and acoustic behavior, whereas cold-water soaking 
primarily affected dimensional stability and water absorption. Lower-density 
boards exhibited higher sound absorption due to increased porosity, with the 
highest absorption coefficient (α = 0.87) obtained at 0.40 g/cm³ after 12 h cold-

water soaking at 3150 Hz. All panels met JIS requirements for density, moisture 
content, and thickness swelling. Sound absorption was generally greater at 
medium to high frequencies, while higher-density boards demonstrated improved 
sound insulation but reduced absorption efficiency. According to the ISO 
classification, the panels ranged from class D to class B, indicating sound 
absorption capabilities from normal to high. These findings demonstrate that 
durian peel–based particleboard can serve as a viable, sustainable material for 
interior acoustic applications while supporting efficient biomass utilization. 
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1. Introduction 

The high demand for wood as a building material, for construction, decoration, and furniture, 
continues to grow alongside population growth. This situation can lead to the overexploitation of forests 

and ultimately have negative environmental impacts, such as global warming, flooding, and landslides. 

The development of panel products, such as particleboard, from non-wood materials is expected to serve 
as an alternative to reduce the use of solid wood, thereby alleviating pressure on forests (Birniwa et al., 

2023; Kariuki et al., 2020; Okeke et al., 2024; Prabhu et al., 2021). One abundant but underutilized non-

wood material is durian (Durio spp.) peel waste (Morasilp et al., 2025; Savitri et al., 2023). Durian is a 

popular seasonal fruit in Indonesia. Durian production in Indonesia is projected to reach 1.98 million 
tons in 2024 (BPS, 2025). Assuming durian peel waste accounts for 50% of the total fruit mass, the 

accumulation of durian peel waste has the potential to pollute the environment if not managed 

effectively. Making particleboard from durian peel waste represents an effort to utilize waste as a raw 
material solution for the wood industry while reducing environmental impact. Durian peel has a high 

cellulose content, so it has the potential to be used as a raw material in various material technology 

applications, including as a sound- dampening material (Indrayanti et al., 2024; Putra et al., 2022; Tang 

and Nguyen, 2025). 
The use of materials with sound-absorbing properties is crucial for reducing noise levels, 

particularly in interior applications such as walls and ceilings. Excessive noise levels can cause 

FOREST AND NATURE 
Homepage: https://www.greenishpub.com/fornature 

E-ISSN: 3110-1380    Vol. 2(1): 54-66, January 2026 
 
 

https://doi.org/10.63357/fornature.v2i1.38
mailto:dina@fahutan.untan.ac.id
https://doi.org/10.63357/fornature.v2i1.38
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0003-5644-0873
https://orcid.org/0009-0007-0253-2763
https://orcid.org/0009-0003-6886-4796
https://www.greenishpub.com/fornature
https://doi.org/10.63357/fornature.v2i1.38


  

FOREST AND NATURE Vol. 2(1): 54-66, January 2026 

 
 

DOI: https://doi.org/10.63357/fornature.v2i1.38            55 

discomfort and adverse health impacts, including hearing loss, tinnitus, and psychological stress. 

Occupational and environmental noise exposure has been linked to noise-induced hearing loss and non-

auditory effects such as increased stress in the general population (Hahad et al., 2025). Research on 
sound-absorbing materials continues to grow in line with the need for environmentally friendly materials 

(Hou et al., 2024; Rakesh et al., 2021; Yang et al., 2020). Natural fibers have higher porosity and 

amorphous structure than synthetic fibers, so they have the potential to be used as raw materials for 
soundproofing.  

Several factors, including density, influence the quality of particleboard. Particleboard density is 

defined as the ratio of weight to volume and represents the degree of compaction of the particles in the 

formed board sheet. Mechanically, increasing density generally increases the modulus of rupture 

(MOR), modulus of elasticity (MOE), and internal bond strength (IBS) due to tighter interparticle 

contact and more effective adhesive bonding (Tarigan et al., 2025). However, density also directly 
affects acoustic performance. Rao et al. (2025) studied the effect of particleboard density from coconut 

fiber, rice straw, bagasse, and wheat straw on thermal, acoustic, and mechanical properties. They stated 

that higher density improves mechanical properties but reduces sound absorption effectiveness due to 

reduced porosity. Putra (2020) examined the sound absorption coefficient of particleboard made from 
oil palm frond waste with density variations of 0.40 g/cm³, 0.60 g/cm³, and 0.90 g/cm³. The results 

showed that the highest sound absorption coefficient was obtained at a density of 0.40 g/cm³, while the 

lowest value was observed at 0.90 g/cm³ in the frequency range of 500–1200 Hz. These findings indicate 
that density variations affect the material’s sound absorption capacity 

Another factor affecting particleboard quality is the pre-treatment of the raw materials (Hartono et 

al., 2018). Cold-water soaking is one of the simplest processing methods for improving the quality of 

natural fibers. This process helps remove dirt and contaminants from the fibers. Cold-water soaking can 
cause some extractive substances in the particles to dissolve, thereby improving the adhesion quality in 

the particleboard production process, such as in particleboard from jatropha fruit peel (Iswanto et al., 

2018), sengon (Marwanto et al., 2018), and wood chip recovery (Dafni et al., 2022). Cold-water soaking 
also increases the porosity of the wood, thereby improving the sound absorption capacity of the 

particleboard (Rao, 2025). Iswanto et al. (2021) stated that the type of biomass will affect the properties 

of the particle board produced. However, information on the use of durian peel as a raw material for 
particleboard with various cold-water soaking times and densities, as a soundproofing material, remains 

limited and warrants further research. Therefore, this study aims to analyze the effects of density and 

cold-water soaking on the physical properties and sound absorption coefficient of durian peel-based 

particleboard.  
 

2. Materials and Methods 

This study was conducted at three facilities. Material preparation was carried out at the 
Woodworking and Forest Products Craft Laboratory, Faculty of Forestry, Tanjungpura University. 

Particleboard manufacturing and physical properties testing were performed at the Biomaterials 

Laboratory, Faculty of Forestry, Tanjungpura University. Sound absorption measurements were 
conducted at the Vibration and Acoustics Laboratory, Bandung Institute of Technology (ITB). The 

research was completed over a period of nine months, encompassing material preparation, board 

fabrication, testing, and data analysis. 

 

2.1. Research Material and Tools 

The primary materials used in this study were durian peel waste, urea–formaldehyde (UF) adhesive 

with a solid content (SC) of 52%, liquid paraffin (SC 40%), and a catalyst (SC 25%), all supplied by PT 
SAL Sambas. The main equipment included a 30 cm × 30 cm × 1 cm board mold, an analytical balance, 

calipers, a hot press machine, a hammer mill, an electric oven, and a two-microphone impedance tube. 

 

2.2. Material Preparation  

Durian peels were chopped into smaller pieces and sun-dried until reaching air-dry moisture content. 

The dried material was then ground using a hammer mill and sieved to obtain particles passing through 

an 8-mesh sieve and retained on a lower mesh. The particles were soaked in cold water for 0, 12, and 
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24 h to remove extractive substances, drained, and then air-dried. Subsequently, the particles were oven-

dried at approximately 60°C to a moisture content of about 5% and stored in sealed plastic bags to 

maintain constant moisture content. The preparation process of durian peel particles is shown in Fig. 1. 

       

Fig. 1. Preparation of raw materials: (a) durian peel waste, (b) chopped durian peel, and (c) durian peel 

particles. 

 

2.3. Particleboard Production  

Particleboards were manufactured with dimensions of 30 cm × 30 cm × 1 cm and target densities 

of 0.40 and 0.50 g/cm³. The composition of raw materials for each density level and cold-water soaking 
treatment is presented in Table 1. Urea–formaldehyde (UF) adhesive was applied at 15% based on oven-

dry particle weight (Putra, 2020). The adhesive and particles were manually mixed until a homogeneous 

mixture was obtained, and then uniformly distributed into the mold. After pre-pressing, the mold was 

carefully opened, and steel plates (1 cm thickness) were placed on both sides to maintain board thickness 
during hot pressing. Hot pressing was conducted at 140°C for 10 min under 25 kg/cm² pressure. A total 

of 15 boards were produced and conditioned for one week to release residual stresses before being cut 

into test specimens. 

 

Table 1. Composition of raw materials  

Density 

(g/cm
3
) Soaking time (minutes) 

Weight (g) 

Particle UF adhesive Catalyst Paraffin 

 0 325.58  97.65 1.24 3.16 

0.4  90 325.58 97.65 1.24 3.16 

 120 325.58 97.65 1.24 3.16 
          0.5  0 406.97 122.25 1.55 3.95 

 90 406.97 122.25 1.55 3.95 

 120 406.97 122.25 1.55 3.95 

 

2.4. Performance Evaluation 

Particleboard performance was evaluated through physical and acoustic testing. Physical 

properties, including density, moisture content, water absorption, and thickness swelling, were measured 
in accordance with JIS A 5908 (2003). Sound absorption performance was determined using a two-

microphone impedance tube (BSWA SW477) (Fig. 2a). The measurement system consisted of a signal 

generator (A) connected to a loudspeaker (B) installed inside the tube, producing acoustic waves that 
propagated toward the test specimen (C). When the incident sound waves interacted with the specimen, 

part of the energy was reflected while the remainder was absorbed or transmitted through the material. 

The sound pressure signals were captured by two microphones (D) and analyzed using computer-based 

frequency analysis to calculate the sound absorption coefficient. Measurements were conducted over a 
frequency range of 64–6400 Hz, divided into three bands: low frequency (64–250 Hz), medium 

frequency (500–1000 Hz), and high frequency (>2000 Hz). The test specimens used for acoustic 

measurements are shown in Fig. 2b. 

a b c 
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Fig 2. (a) Schematic of the sound absorption measurement using a two-microphone impedance tube, 

(b) test specimen. Notes: A = signal generator, B = loudspeaker position, C = test specimen position, 

D = microphones. 
 

3. Results and Discussion 

3.1. Physical Properties of Particleboard 

3.1.1. Density 

The measured density of the durian peel particleboards ranged from 0.34 to 0.52 g/cm³ (Fig. 3), 

corresponding closely to the target densities of 0.40 and 0.50 g/cm³. Boards manufactured at the higher 

target density exhibited significantly greater measured density than those at the lower target density. 
The highest density (0.52 g/cm³) was obtained from boards with a target density of 0.50 g cm³ subjected 

to 12 h cold-water soaking, whereas the lowest density (0.34 g/cm³) occurred in untreated boards with 

a target density of 0.40 g/cm³. 

 
Fig. 3. Average density values of particleboard based on density variation and cold-water soaking. 

 
Analysis of variance indicated that density variation had a highly significant effect on board density 

(Table 2), while soaking duration and the interaction between factors were not statistically significant. 

This suggests that compaction level during pressing primarily determines board density, whereas cold-

water soaking does not substantially alter particle packing or compression behavior. Similar findings 
were reported for particleboards produced from other lignocellulosic residues, where target density was 

the dominant factor influencing final board density (Marwanto et al. 2018). Variations between target 

and measured densities may be attributed to manual mat formation, which can produce non-uniform 
particle distribution and localized differences in compression ratio. Such variability has been previously 

observed in laboratory-scale particleboard manufacturing. Karlinasari et al. (2012) reported that the 

manual board manufacturing process can cause uneven particle distribution during sheet formation or 
particle release during pressing. According to JIS A 5908, boards with densities around 0.50 g/cm³ are 

classified as medium-density particleboard, whereas those near 0.40 g/cm³ fall into the low-density 

category.  
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Table 2. Analysis of variance for particleboard density 

Source of variation df SS MS F-value 
F-critical 

5% 1% 

Treatment 5 0.09 
    

Density (A) 1 0.08 0.0857 45.20** 4.75 9.33 

Cold-water soaking (B) 2 0.00 0.0018 0.95ns 3.89 6.93 

A  B 2 0.00 0.0004 0.20ns 3.89 6.93 

Error 12 0.02 0.0019       

Total 22 0.20   CV = 10.17%     
Notes: df = degrees of freedom, SS = sum of squares, MS = mean square, CV = coefficient of variation, ns = not significant, 
** = highly significant. 

 
Post hoc analysis using Tukey’s Honestly Significant Difference (HSD) test (Table 3) confirmed 

that boards manufactured at 0.50 g/cm³ were significantly denser than those at 0.40 g/cm³. Density 

strongly influences board performance because it governs interparticle contact area, adhesive 

distribution, and internal bond formation. Increased density typically improves mechanical strength but 
may reduce porosity, which is critical for acoustic absorption. 

 

Table 3. Tukey’s HSD test results for particleboard density based on density variation 
Density variation Average 

0.40 g/cm3 0.36a 

0.50 g/cm3 0.52b 

HSD 5% =0.04                      HSD 1%=0.06 
Notes: Means followed by the same letter are not significantly different, whereas means followed by different letters are 
significantly different. 

 

3.1.2. Moisture content 

The moisture content of the particleboards ranged from 8.03% to 11.63%, falling within the limits 

specified by JIS A 5908 (5–13%) (Fig. 4). Cold-water soaking in cold water for 24 h resulted in a lower 

moisture content for the particleboard compared to the control. This is consistent with research by 
Hartono et al. (2018), showing that longer cold-water soaking times resulted in lower moisture content 

in the particleboard. This is because pretreatment of the particles reduces the extractive content, thereby 

increasing the adhesive’s ability to penetrate cell walls and resulting in better bonding. Therefore, water 
vapor accessibility can be reduced (Chaydarreh et al., 2022). In this study, the analysis of variance results 

showed no significant differences among the pretreatments (Table 4). This shows that the soaking time 

in this study was insufficient to alter the particle structure, resulting in a relatively uniform water content.  

 

Fig 4. Average moisture content of particleboard based on density variation and cold-water soaking. 
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Table 4. Analysis of variance for particleboard moisture content 

Source of variation df SS MS F-value 
F-critical 

5% 1% 

Treatment 5 42.08 
    

Density (A) 1 40.67 40.67 40.90** 4.75 9.33 

Cold-water soaking (B) 2 1.34 0.67 0.67ns 3.89 6.93 

A  B 2 0.07 0.03 0.03ns 3.89 6.93 

Error 12 11.93 0.99       

Total 22 96.09   CV =10.17%     
Notes: df = degrees of freedom, SS = sum of squares, MS = mean square, CV = coefficient of variation, ns = not significant, 
** = highly significant. 

 

Boards manufactured at higher density exhibited significantly higher moisture content (Table 5). 
This behavior can be attributed to the hygroscopic nature of durian peel particles, which contain high 

proportions of hemicellulose capable of absorbing water vapor from the environment. Gamay et al. 

(2024) stated that durian peel contains high levels of cellulose (57‒64%) and hemicellulose (30%). 

Higher-density boards contain more lignocellulosic material per unit volume, increasing the number of 
accessible hydroxyl groups and thus the equilibrium moisture content. The moisture content of 

particleboard in this study meets the standards set by JIS A 5908-2003, which requires particleboard 

water content to range from 5–13%. 
 

Table 5. Tukey’s HSD test results for particleboard moisture content based on density variation 
Density variation Average 

0.40 g/cm3 8.30a 

0.50 g/cm3 11.31b 

HSD 5% =1.02 HSD 1%= 1.43 
Note: Means followed by the same letter are not significantly different. whereas means followed by different letters are 
significantly different. 

 

3.1.3. Thickness swelling 

Thickness swelling after cold-water soakingranged from 4.13% to 8.17% (Fig. 5), well below the 

maximum limit specified by JIS A 5908 of 12%. Both density variation and soaking duration had highly 

significant effects on thickness swelling. Boards with higher density exhibited greater swelling due to 

increased water uptake associated with the larger amount of hygroscopic material. These results align 
with those of Maraghi et al. (2018), who stated that boards with higher densities absorb more water than 

particleboards with lower densities. Reducing the board density reduces the amount of wood material 

per unit volume, thereby reducing the water that can be absorbed by the material particles. In addition, 
cold-water soaking increased thickness swelling, likely because extractive removal enhanced particle 

porosity and created additional void spaces that could facilitate water penetration during soaking.  

 
Fig 5. Average thickness swelling of particleboard based on density variation and cold-water soaking. 
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The analysis of variance for particleboard thickness swelling shows that the interaction between 

the two factors had no significant effect on moisture content, whereas the density variation factor and 

cold-water soaking treatment had highly significant effects (Table 6). 
 

Table 6. Analysis of variance for particleboard thickness swelling 

Source of variation df SS MS F-value 
F-critical 

5% 1% 

Treatment 5 29.85 
    

Density (A) 1 16.36 16.36 33.55** 4.75 9.33 

Cold-water soaking (B) 2 10.71 5.35 10.98** 3.89 6.93 

A  B 2 2.79 1.39 2.86ns 3.89 6.93 

Error 12 5.85 0.49       

Total 22 65.55   CV =11.85%     
Notes: df = degrees of freedom, SS = sum of squares, MS = mean square, CV = coefficient of variation, ns = not significant, 
** = highly significant. 

 

Post hoc analysis using Tukey’s HSD test further clarified the effects of density variation and cold-
water soaking on thickness swelling (Table 7 and Table 8). Table 7 shows that particleboards with a 

target density of 0.50 g/cm³ exhibited significantly higher thickness swelling than those with a density 

of 0.40 g/cm³. This result indicates that higher board density increases susceptibility to dimensional 
instability under cold-water soaking. Although denser boards generally possess stronger interparticle 

bonding, they also contain a greater amount of hygroscopic lignocellulosic material per unit volume, 

leading to higher water uptake and swelling. In addition, the higher compression ratio in dense boards 
generates greater internal stresses during pressing. Upon water exposure, these stresses are released, 

resulting in thickness recovery and increased swelling. 

 

Table 7. Tukey’s HSD test results for particleboard thickness swelling based on density variation 
Density variation Average 

0.40 g/cm3 4.94a 

0.50 g/cm3 6.85b 

HSD 5% = 0.72 HSD 1%= 1.00 
Notes: Means followed by the same letter are not significantly different. In contrast, means followed by different letters are 
significantly different. 

 
Table 8 demonstrates that cold-water soaking significantly increased thickness swelling compared 

with untreated boards, while no significant difference was observed between the 12 h and 24 h soaking 
treatments. This is in line with Dafni et al. (2022) and Maraghi et al. (2018), who state that the longer 

the cold-water soaking time, the greater the increase in particleboard thickness. The increase in swelling 

after soaking can be attributed to the removal of extractive substances during pretreatment, which 

enhances particle porosity and water accessibility. Extractives often act as hydrophobic components; 
their removal increases the particle surface wettability and promotes water penetration into the cell wall 

structure. This is consistent with the research by Marwanto et al. (2018) on sengon particleboard treated 

with cold-water soaking, which found that soaking in cold water for 24 h results in some extracts 
leaching from the wood particles, increasing porosity and creating additional voids. The absence of 

significant differences between 12 h and 24 h treatments suggests that most extractive removal occurred 

within the first 12 h of soaking. 
 

Table 8. Tukey’s HSD test results for particleboard thickness swelling based on cold-water soaking 

Duration of cold-water soaking Average 

Control) 4.84a 

12 h 6.18b 

24 h 6.67b 

HSD 5% =1.07 HSD 1%=1.43 

Notes: Means followed by the same letter are not significantly different. whereas means followed by different letters are 
significantly different. 
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3.1.4. Water absorption 

Water absorption ranged from 134.68% to 205.62% (Fig. 6). Cold-water soaking significantly 

increased water absorption, whereas density variation did not have a statistically significant effect. Cold-
water soaking treatments remove extractives that normally contribute to hydrophobicity, thereby 

increasing the accessibility of cell wall polymers to water. Consequently, treated boards exhibited 

greater water uptake. These results are consistent with the research by Iswanto et al. (2018) and 
Marwanto et al. (2018), who found that higher density and longer soaking time were associated with 

higher water absorption values. These results are consistent with the previously reported thickness 

expansion values. This is in line with the research by Chaydarreh et al. (2022), which states that the air 

absorption value is determined by porosity.  

 

Fig. 6. Average water absorption values of particleboard based on density variation and cold-water 

soaking. 
 

Analysis of variance revealed that cold-water soaking had a significant effect on water absorption, 

whereas density variation and the interaction between factors were not statistically significant (Table 

9). This indicates that pretreatment played a more critical role than board density in determining the 

water uptake behavior of the particleboards. The absence of a density effect suggests that, within the 

tested density range, water absorption was primarily governed by changes in particle surface chemistry 
and pore structure rather than compaction level alone. 

 

Table 9. Analysis of variance for particleboard water absorption 

Source of variation df SS MS F-value 
F-critical 

5% 1% 

Treatment 5 13252.20 
    

Density (A) 1 11.31 11.31 0.01ns 4.75 9.33 

Cold-water soaking (B) 2 11243.48 5621.74 5.28* 3.89 6.93 

A  B 2 1997.41 998.71 0.93ns 3.89 6.93 

Error 12 12774.97 1064.58       

Total 22 39279.37   CV = 18.81%     
Notes: df = degrees of freedom, SS = sum of squares, MS = mean square, CV = coefficient of variation, ns = not significant, 
** = highly significant. 

 
Post hoc comparisons using Tukey’s HSD test (Table 10) showed that boards subjected to cold-

water soaking exhibited significantly higher water absorption than untreated boards, while no significant 

difference was observed between the 12 h and 24 h soaking durations. Similar findings have been 

reported by Dafni et al. (2022) and Marwanto et al. (2018). This trend is consistent with the thickness-
swelling results obtained in the present study. The increase in water absorption following soaking can 

be attributed to the removal of extractive substances from durian peel particles, thereby enhancing 

porosity and increasing the accessibility of hydrophilic cell wall components. Extractives typically 
provide partial resistance to moisture penetration; therefore, their removal improves wettability and 

facilitates the diffusion of liquid water into the particle structure. Although JIS A 5908 (2003) does not 
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specify requirements for water absorption, this property remains important because it directly influences 

the durability and dimensional stability of particleboard in service conditions. 

 
Table 10. Tukey’s HSD test results for particleboard thickness swelling based on cold-water soaking 

Duration of cold-water soaking  Average 

Control 138.17a 

12 h 189.93b 

24 h 192.37b 

HSD 5% = 50.25 HSD 1%= 67.21 
Notes: Means followed by the same letter are not significantly different. whereas means not followed by the same letter are 
significantly different. 

 

3.2. Sound Absorption of Particleboard 

The sound absorption coefficient (α) of the particleboards was strongly influenced by density and 
cold-water soaking treatment (Fig. 7). Boards with lower density (0.40 g/cm³) consistently exhibited 

higher absorption coefficients than those with higher density (0.50 g/cm³) across the measured frequency 

range. Maximum absorption (α = 0.87) was achieved at 3150 Hz for boards with density 0.40 g/cm³ 
after 12 h soaking. In general, sound absorption increased with frequency, with the highest performance 

observed in the medium- to high-frequency range (>1000 Hz). At low frequencies (<250 Hz), absorption 

was relatively limited due to insufficient material thickness and airflow resistance. Lower-density boards 

possess higher porosity, allowing greater penetration of sound waves into the material structure.  

 
Fig 7. Sound absorption coefficient values of durian peel particleboard as a function of density and 

cold-water soaking. 

 

Different soaking durations resulted in variations in the sound absorption performance of the 
particleboards. In general, boards without cold-water soaking exhibited lower sound absorption 

coefficients than those soaked for 12 h or 24 h at all density levels. This behavior is primarily associated 

with changes in material porosity. Increased porosity enhances the interaction between incident sound 
waves and the internal structure of the board, thereby improving energy dissipation through viscous and 

thermal losses. Previous studies have demonstrated that particleboard porosity strongly influences 

acoustic performance (Chaydarreh et al. 2022). Cold-water soaking promotes the dissolution of 

extractive substances from durian peel particles, which increases pore volume and creates additional 
cavities within the board structure (Marwanto et al. 2018). The resulting interconnected pore network 

facilitates air movement inside the material and enhances viscous damping of sound waves (Bakri et al. 

2025). Consequently, a greater portion of the incident acoustic energy is absorbed rather than reflected. 
These findings confirm that pretreatment-induced microstructural changes play a crucial role in 
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improving the sound absorption capacity of lignocellulosic particleboards. The sound reflectivity results 

corresponding to these observations are presented in Fig. 8. 

 

Fig 8. Reflectivity coefficient values of durian peel particleboard based on density variation and cold-

water soaking. 

 
Based on Fig. 8, particleboards with a density of 0.50 g/cm³ exhibited higher sound reflectivity 

than those with a density of 0.40 g/cm³, particularly in the high-frequency range (2000–4500 Hz). Cold-

water soaking also increased reflectivity compared with untreated boards, especially at the lower density 

level. Higher reflectivity indicates that denser boards tend to reflect more incident sound energy and 
therefore provide greater sound insulation (transmission loss), rather than sound absorption. This finding 

is consistent with Karlinasari et al. (2012), who reported that bamboo particleboards with higher density 

exhibited greater transmission loss than lower-density boards. Increased density reduces porosity and 
airflow pathways, limiting the penetration of sound waves into the material and enhancing reflection. 

Fig. 7 further shows that sound absorption was generally higher at high frequencies than at low or 

medium frequencies. This behavior is typical for porous materials, where viscous and thermal losses are 
more effective at shorter wavelengths. Similar trends have been reported for natural-fiber composites 

and perforated panels, which exhibit improved performance at higher frequencies due to enhanced 

interaction between sound waves and the material structure (Karlinasari et al. 2021). Enhancing low-

frequency absorption would require structural modifications such as increased panel thickness or 
optimized pore architecture. According to ISO 11645 (1997), the absorption coefficients obtained in this 

study correspond to classes D (0.30‒0.55) to B (0.80‒0.85), indicating normal to high sound absorption 

capability. Nevertheless, further investigation of mechanical properties and long-term durability is 
necessary before practical interior applications can be recommended. 

 

4. Conclusion 

Durian (Durio spp.) peel waste was successfully utilized as a raw material for particleboard with 

promising physical and acoustic properties. Board density was the dominant factor influencing 

performance, where lower-density boards (0.40 g/cm³) exhibited higher sound absorption due to greater 

porosity, while higher-density boards (0.50 g/cm³) provided greater sound reflectivity and insulation. 
Cold-water soaking enhanced sound absorption by removing extractive substances and increasing pore 

connectivity, although it also led to higher water absorption and thickness swelling. The highest sound 

absorption coefficient (α = 0.87) was obtained for boards with a density of 0.40 g/cm³ after 12 h soaking, 
particularly at high frequencies. All boards met JIS A 5908 requirements for density, moisture content, 

and thickness swelling, and their acoustic performance fell within ISO absorption classes D to B, 

indicating normal to high sound absorption capability. These results demonstrate the potential of durian 
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peel particleboard as an environmentally friendly acoustic material for interior applications, although 

further studies on mechanical properties and long-term durability are needed to support practical use. 

 

Acknowledgments: We sincerely thank anonymous reviewers for their valuable comments and constructive 

feedback on the early draft of this manuscript. Their insightful suggestions have significantly contributed to 

improving the quality of this work. 

 
Author Contributions: D.S.: conceptualization, methodology, validation, formal analysis, investigation, 

resources, data curation, writing – original draft preparation, writing – review and editing; N.: 

conceptualization, experimental design, testing, data curation; C.P.B.: formal analysis, investigation, data 

curation, writing – original draft preparation. 

 
Funding: The authors received no financial support for this article’s research, authorship, and/or publication. 

 

Data Availability Statement: The datasets generated and analyzed during the current study are not publicly 

available but are available from the corresponding author upon reasonable request. 

 

Conflicts of Interest: The authors declare no conflict of interest. 

 

References  

Badan Pusat Statistik. (2025). Statistik Indonesia 2025. BPS-Statistics Indonesia. 

Bakri, I., Musafir, F. S., Amar, K., Kusno, A., & Fadhilah, R. N. (2025). Innovative Approaches to 

Sound Absorption in Agricultural Waste-Based Composites: The Role of Perforation Geometry. 
Engineering, Technology and Applied Science Research, 15(6), 30624–30632. 

https://doi.org/10.48084/etasr.14540 

Birniwa, A. H., Abdullahi, S. S., Ali, M., Mohammad, R. E. A., Jagaba, A. H., Amran, M., Avudaiappan, 

S., Maureira-Carsalade, N., & Flores, E. I. S. (2023). Recent Trends in Treatment and Fabrication of 
Plant-Based Fiber-Reinforced Epoxy Composite: A Review. Journal of Composites Science, 7(3), 

120. https://doi.org/10.3390/jcs7030120  

Chaydarreh, C.K., Lin, X., Guan, L., & Hu, C. (2022). Interaction between Particle Size and Mixing 
Ratio on Porosity and Properties of Tea Oil Camellia (Camellia oleifera Abel.) Shells-Based 

Particleboard. Journal of Wood Science, 68, 43. https://doi.org/10.1186/s10086-022-02052-3  

Dafni, F., Karastergiou, S., & Papadopoulos, A. N. (2022). Cold Water Immersion Pretreatment of Post-

Consuming Particleboards for Wood Chips Recovery by the Hydromechanical Process. Journal of 
Composites Science, 6(4), 105. https://doi.org/10.3390/jcs6040105  

Gamay, R. A. J., Botecario, P. M. N., Sanchez, P. D. C., & Alvarado, M. C. (2024). Durian (Durio 

zibenthinus) Waste: A Promising Resource for Food and Diverse Applications—A Comprehensive 
Review. Food Production. Processing and Nutrition, 6, 27. https://doi.org/10.1186/s43014-023-

00206-4  

Hahad, O., Kuntic, M., Al-Kindi, S., Kuntic, I., Gilan, D., Petrowski, K., Daiber, A., & Münzel, T. 
(2025). Noise and Mental Health: Evidence Mechanisms and Consequences. Journal of Exposure 

Science and Environmental Epidemiology, 35, 16–23. https://doi.org/10.1038/s41370-024-00642-5 

Hartono, R., Iswanto, A. H., Sucipto, T., & Lubis, K. M. (2018). Effect of Particle Pre-treatment on 

Physical and Mechanical Properties of Particleboard Made from Oil Palm Trunk. IOP Conference 
Series: Earth and Environmental Science, 166, 012006. https://doi.org/10.1088/1755-

1315/166/1/012006  

Hou, Z., Ma, X., Pan, L., Zhang, R., & Wang, L. (2024). Study on the Sound Absorption Characteristics 
and Noise Reduction Mechanism of Coconut-Shell-Activated Carbon Particles and Coconut Fiber 

Composite Biomass Sound-Absorption Materials. Materials Research Express, 11, 115603. 

https://doi.org/10.1088/2053-1591/ad923f 

Indrayanti, L., Siska, G., Wahyudi, W., Setiarno, S., & Sianipar, L. (2024). Sifat Fisika Dan Mekanika 
Papan Partikel Dari Kayu Durian (Durio zibethinus Murr). Jurnal Hutan Tropika, 19(1), 174–183. 

https://doi.org/10.36873/jht.v19i1.14275 

https://doi.org/10.63357/fornature.v2i1.38
https://doi.org/10.48084/etasr.14540
https://doi.org/10.3390/jcs7030120
https://doi.org/10.1186/s10086-022-02052-3
https://doi.org/10.3390/jcs6040105
https://doi.org/10.1186/s43014-023-00206-4
https://doi.org/10.1186/s43014-023-00206-4
https://doi.org/10.1038/s41370-024-00642-5
https://doi.org/10.1088/1755-1315/166/1/012006
https://doi.org/10.1088/1755-1315/166/1/012006
https://doi.org/10.1088/2053-1591/ad923f
https://doi.org/10.36873/jht.v19i1.14275


  

FOREST AND NATURE Vol. 2(1): 54-66, January 2026 

 
 

DOI: https://doi.org/10.63357/fornature.v2i1.38            65 

ISO (International Organization for Standardization). (1997). ISO 16554: Acoustics—Sound Absorbers 

for Use in Buildings—Rating of Sound Absorption. Geneva. Switzerland 

Iswanto, A. H., Febrianto, F., Hadi, Y. S., Ruhendi, S., Hermawan, D., & Fatriasari, W. (2018). Effect 
of Particle Pre-Treatment on Properties of Jatropha Fruit Hulls Particleboard. Journal of the Korean 

Wood Science and Technology, 46(2), 155-165. https://doi.org/10.5658/wood.2018.46.2.155 

Iswanto, A. H., Azhar, I., Bukit, A. A., Oktaviani, F., Sucipto, T., Hakim, L., Manurung, H., Darwis, A., 
Samsuri, Zaitunah, A., Arinah, H., Susilowati, A., Elfiati, D., Rangkuti, A. B., Syahputra, O. K. H., 

Harahap, M. M., Ulfa, M., Rambey, R., & Hartono, R. (2021). The Properties of Particleboards Made 

from Non-Wood Lignocellulose Materials Bonded with Melamine Formaldehyde Resin. IOP 

Conference Series: Earth and Environmental Science, 912, 012061. https://doi.org/10.1088/1755-
1315/912/1/012061  

JIS. (2003). JIS A 5908: Particleboards. Japanese Industrial Standard 

Kariuki, S. W., Wachira, J., Kawira, M., & Murithi, G. (2020). Crop Residues Used as Lignocellulose 
Materials for Particleboards Formulation. Journal Heliyon, 6(9), e05025. 

https://doi.org/10.1016/j.heliyon.2020.e05025 

Karlinasari, L., Hermawan, D., Maddu, A., Martianto, B., Lucky, I. K., Nugroho, N., & Hadi, Y. S. 

(2012). Bamboo Acoustical Properties. BioResources, 7(4), 5700–5709. 
Karlinasari, L., Sejati, P. S., Adzkia, U., Arinana, A., & Hiziroglu, S. (2021b). Some of the Physical and 

Mechanical Properties of Particleboard Made from Betung Bamboo (Dendrocalamus asper). Applied 

Sciences (Switzerland), 11(8), 3682. https://doi.org/10.3390/app11083682 
Maraghi, M. M. R., Tabei, A., & Madanipoor, M. (2018). Effect of Board Density, Resin Percentage 

and Pressing Temperature on Particleboard Properties Made from Mixing of Poplar Wood Slab, 

Citrus Branches and Twigs of Beech. Wood Research, 63(4), 669‒682. 
Marwanto, Maulana, S., Maulana, M. I., Wistara, N. J., Nikmatin, S., & Febrianto, F. (2018). 

Improvement the Properties of Particleboard Made from Sengon with Cold Water Immersion 

Treatment. Jurnal Ilmu dan Teknologi Kayu Tropis, 16(2), 150–158. 

https://doi.org/10.51850/jitkt.v16i2.450  
Morasilp, D., Sangkakool, T., Sawatdiraksa, A., & Jumani, Z. A. (2025). Characterisation of Thermal. 

Mechanical and Acoustic Properties of Industrial Particleboard from Non-Food Agricultural by-

Products: Durian and Mangosteen Peels. Journal of the Indian Academy of Wood Science, 22(2), 
284–292. https://doi.org/10.1007/s13196-025-00382-5  

Okeke, F. O., Ahmed, A., Imam, A., & Hassanin, H. (2024). Study on Agricultural Waste Utilization in 

Sustainable Particleboard Production. E3S Web of Conferences, 563, 02007. 
https://doi.org/10.1051/e3sconf/202456302007  

Prabhu, L., Krishnaraj, V., Sathish, S., Gokulkumar, S., Karthi, N., Rajeshkumar, L., Balaji, D., 

Vigneshkumar, N., & Elango, K. S. (2021). A Review on Natural Fiber Reinforced Hybrid 

Composites: Chemical Treatments. Manufacturing Methods and Potential Applications. Materials 
Today: Proceedings, 45, 8080–8085. https://doi.org/10.1016/j.matpr.2021.01.280 

Putra, A. S. (2020). Penentuan Koefisien Serap Bunyi Papan Partikel Dari Limbah Pelepah Kelapa Sawit. 

Jurnal Surya Teknika, 7(2), 182–185. https://doi.org/10.37859/jst.v7i2.2386 
Putra, A., Othman, M. N., Oliveira, T., Souli, M., Kassim, D. H., Irianto, & Herawan, S. (2022). Waste 

Durian Husk Fibers as Natural Sound Absorber: Performance and Acoustic Characterization. 

Buildings, 12(8), 1112. https://doi.org/10.3390/buildings12081112  

Rakesh, K. M., Srinidhi, R., Gokulkumar, S., Nithin, K. S., Madhavarao, S., Sathish, S., Karthick, A., 
Muhibbullah, M., & Osman, S. M. (2021). Experimental Study on the Sound Absorption Properties 

of Finger Millet Straw. Darbha. and Ripe Bulrush Fibers. Advances in Materials Science and 

Engineering, 2021, 7382044. https://doi.org/10.1155/2021/7382044 
Rao, K. M. C., Sheshagiri, M. B., Ramamoorthy, R. V., Amran, A., Nandanwar, M., Vijayakumar, P., 

Avudaiappan, A., & Guindos, P. (2025). Effect of Density on Acoustic and Thermal Properties of 

Low-Density Particle Boards Made from Agro-Residues: Towards Sustainable Material Solutions. 
BioResources, 20(1), 601–624. https://doi.org/10.15376/biores.20.1.601-624  

Savitri, E., Waluyo, P. W., Layantara, L. E., & Rusly, N. F. (2023). Delignification and Characterization 

of Fiber from Durian Peel Waste. Proceedings of the 4th International Conference on Informatics. 

Technology and Engineering 2023 (InCITE 2023). Atlantis Highlights in Engineering. 
https://doi.org/10.2991/978-94-6463-288-0_11  

https://doi.org/10.63357/fornature.v2i1.38
https://doi.org/10.5658/wood.2018.46.2.155
https://doi.org/10.1088/1755-1315/912/1/012061
https://doi.org/10.1088/1755-1315/912/1/012061
https://doi.org/10.1016/j.heliyon.2020.e05025
https://doi.org/10.3390/app11083682
https://doi.org/10.51850/jitkt.v16i2.450
https://doi.org/10.1007/s13196-025-00382-5
https://doi.org/10.1051/e3sconf/202456302007
https://doi.org/10.1016/J.MATPR.2021.01.280
https://doi.org/10.37859/jst.v7i2.2386
https://doi.org/10.3390/buildings12081112
https://doi.org/10.1155/2021/7382044
https://doi.org/10.15376/biores.20.1.601-624
https://doi.org/10.2991/978-94-6463-288-0_11


  

FOREST AND NATURE Vol. 2(1): 54-66, January 2026 

 
 

DOI: https://doi.org/10.63357/fornature.v2i1.38            66 

Tang, T. K. H., & Nguyen, N. Q. (2025). Investigation of Particleboard Production from Durian Husk 

and Bamboo Waste. Journal of Composites Science, 9(6), 276. https://doi.org/10.3390/jcs9060276  

Tarigan, F. O., Hakim, L., Purwoko, A., Sucipto, T., Nasution, H., Fatriasari, W., Lubis, M. A. R., 
Sutiawan, J., Bakhsi, M. I., Kim, N. H., Antov, P., Lee, S. H., Selvasembian, R., Hussin., M. H., 

Aristri, M. A., & Iswanto, A. H. (2025). Development and Characterization of Novel Hybrid 

Particleboard Made from Several Non-Wood Lignocellulosic Materials. Journal Polymers, 17(4), 
512. https://doi.org/10.3390/polym17040512  

Yang, T., Hu, L., Xiong, X., Petrů, M., Noman, M. T., Mishra, R., & Militký, J. (2020). Sound 

Absorption Properties of Natural Fibers: A Review. Sustainability, 12(20), 8477. 

https://doi.org/10.3390/su12208477  
 

 
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 Green Insight Solutions (GIS) and/or the 

editor(s). GIS 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. 

 

   
 

https://doi.org/10.63357/fornature.v2i1.38
https://doi.org/10.3390/jcs9060276
https://doi.org/10.3390/polym17040512
https://doi.org/10.3390/su12208477

