
INTRODUCTION

Indonesia ranks second globally in plastic 

waste generation, producing around 3.2 

million tons, of which 1.29 million tons 

enter the marine environment (Mainnah et 

al., 2016). This plastic waste primarily 

originates from land-based sources and is 

transported to the ocean through river 

ows, wind, rainfall, and ooding, 

particularly from household waste and 

single-use products such as plastic bags 

and packaging bottles. In addition, plastic 

waste is also generated from activities in 

aquatic environments, including shing 

operations. Most shers utilize synthetic 

materials for nets and ropes in their shing 

gear due to their durability, strength, and 

low production cost. However, the 

benets provided by synthetic shing nets 

are not commensurate with the negative 

environmental impacts they impose.

 When shing nets are damaged 

and ropes break during operation, shers 

often dispose of the damaged net 

fragments or broken ropes directly into the

Fishing nets are generally made of synthetic materials that are difcult to decompose. When 

shing nets are left behind in the waters, they trap aquatic life (ghost shing), posing a serious 

threat to aquatic ecosystems. Globally, more than 50,000 tons of shing nets drift away and 

become a major contributor to plastic, especially microplastics, in the water. This study aims to 

develop the use of pineapple leaf bers as a base material for biodegradable shing nets to reduce 

the phenomenon of ghost shing. The method used is research and development by developing a 

prototype shing net from pineapple leaf bers with a layer of easily degradable biopolymer 

solution. This study tested the water content and density of pineapple ber yarn as well as the 

compressive strength and biodegradability of pineapple ber-based shing nets. The results 

showed that pineapple leaf ber-based shing nets measuring 10x10 cm and 0.2 cm in diameter 

could withstand loads of up to 20 kg and were biodegradable, proving that the developed 

prototype had adequate mechanical properties and was environmentally friendly.
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 The use of synthetic materials in 

shing gear can trigger the accumulation 

of plastic waste, leading to signicant 

environmental pollution (Mainnah et al., 

2016). Synthetic shing nets derived from 

petroleum-based materials possess 

complex polymer bonds, making them 

resistant to biodegradation by micro-

organisms. Plastic waste that remains in 

the marine environment undergoes 

weathering processes that substantially 

alter its physical and chemical properties. 

Exposure to ultraviolet (UV) radiation 

reduces polymer stability, causing 

sea, a phenomenon known as ghost 

shing. This practice contributes to the 

increasing accumulation of plastic waste 

in marine environments (Mainnah et al., 

2016). Abandoned, lost, or discarded 

shing gear accounts for a signicant 

proportion of global marine plastic 

pollution, with an estimated 640,000 tons 

of shing nets entering the ocean each year 

(Richardson et al., 2018).
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f ragmentat ion and composi t ional 

changes,  which may facil itate the 

adsorption of hazardous substances from 

plastics into the surrounding marine 

environment (Sun et al., 2022).These 

processes result in the formation of 

microplastics, as larger plastic debris fails 

to fully decompose and instead breaks 

down into smaller particles that disperse 

widely in aquatic systems. Microplastics 

are dened as plastic particles measuring 

less than 5 mm in size and are capable of 

c o n t a m i n a t i n g  t h e  e n v i r o n m e n t . 

Consequently, microplastic pollution has 

emerged as a growing global threat. At 

present, nearly all aquatic environments 

worldwide have been contaminated by 

microplastics (Sharma et al., 2021).

 One of the primary limitations of 

natural  bers  is  their  high water 

absorption capacity and susceptibility to 

biodegradation. Consequently, these 

bers require additional protection to 

enhance their durability. Such protection 

can be provided in the form of a coating 

that functions to reduce water absorption 

while inhibiting the growth of decay-

causing bacteria. One potential approach 

is the application of a coating derived from 

a biopolymer solution. Biopolymers are 

 Therefore, alternative materials 

are required to reduce the use of synthetic 

substances in the production of shing 

nets, one of which is the utilization of 

natural resources such as pineapple. 

Pineapple is a major commodity with high 

economic value. However, not all parts of 

the pineapple plant are fully utilized, 

resulting in environmental waste. 

Pineapple leaves contain a high ber 

content, with a cellulose concentration of 

81.27% (Thahir et al., 2017), which 

contributes to their excellent tensile and 

exural mechanical properties (Mainnah 

et al., 2023). Pineapple leaf ber is 

considered to have signicant potential as 

an alternative material for synthetic 

sh ing  ne ts  due  to  i t s  abundant 

availability, biodegradability, and 

f a v o r a b l e  m e c h a n i c a l  p r o p e r t i e s 

(Mainnah et al., 2023).

naturally occurring organic substances 

that exhibit biocompatible and bio-

degradable properties (Baranwal et al., 

2022). In previous research by Mainnah et 

al. (2016), chitosan was utilized as the 

biopolymer. However, chitosan has been 

widely employed in numerous studies, 

making its application relatively common. 

Therefore, the present study seeks to 

introduce novelty by utilizing a bio-

p o l y m e r  s o l u t i o n  c o m p o s e d  o f  a 

combination of carboxymethyl cellulose 

(CMC), sodium alginate, calcium lactate, 

and glycerin. Carboxymethyl cellulose is 

selected due to its excellent water-binding 

c a p a c i t y ,  n o n - t o x i c  n a t u r e ,  b i o -

degradability, and antibacterial properties 

(Akhtar et al., 2023). Sodium alginate is 

employed for its thickening ability and its 

potential to form gel structures (Feng et al., 

2023; Rahman et al., 2025). Calcium lactate 

functions as a crosslinking agent to 

enhance the strength of the protective 

layer and also serves as an environmental-

ly friendly preservative (Zhang et al., 

2024). Glycerin acts as a plasticizer, 

imparting elasticity to the shing nets and 

preventing them from breaking easily 

(Goudali et al., 2025).The combination of 

these four natural compounds can 

produce an environmentally friendly 

biopolymer solution with enhanced 

characteristics. Carboxymethyl cellulose 

and glycerin contribute to improved 

exibility, while sodium alginate and 

calcium lactate enhance water resistance, 

ensuring that the biopolymer coating 

remains stable under aquatic conditions. 

Therefore, shing nets fabricated using 

this combination of biopolymers are 

expected to exhibit superior exibility and 

durability compared to those utilizing a 

single biopolymer.

 Based on the aforementioned 

background, this study aims to develop 

biodegradable shing nets derived from 

pineapple leaf bers that possess adequate 

strength, are readily degradable, and 

exhibit physical properties comparable to 

conventional synthetic nets. Through this 

research, it is expected to generate an 
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innovation that not only provides a 

solution to reduce microplastic pollution 

in aquatic ecosystems but also supports 

sustainable sheries practices.

RESEARCH METHODS

This study employed a Research and 

Development (R&D) approach aimed at 

producing a biodegradable shing net 

derived from pineapple leaf bers 

(Ananas  comosus)  coated  wi th  a 

biopolymer. The initial product draft 

utilized pineapple leaf bers as the 

primary material. The research was 

conducted over a period of two months, 

from August to September 2025, and took 

place in the Chemistry and Physics 

Laboratories of SMA Unggulan Rushd.

The main material used in this study was 

pineapple leaf ber. In the coating process, 

a biopolymer solution was formulated 

using 2 g of sodium alginate and 2 g of 

carboxymethyl cellulose (CMC) dissolved 

in 250 mL of distilled water, with the 

addition of 3 mL of glycerin as a plasticizer. 

Additionally, 3 g of calcium lactate, 

prepared in a separate solution, was used 

as a crosslinking agent. The formulation of 

this biopolymer solution represents a 

preliminary approach that has not been 

previously investigated, and thus its 

results may serve as a reference for future 

studies. The equipment utilized in this 

research included plastic containers, 

measuring instruments, beakers, stirrers, 

and an analytical balance.

Source: Processed Primary Data, (2025)
Figure 1

Research Procedure Flowchart
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 In the fabrication of biodegradable 

shing nets, the initial stage involves 

twisting pineapple leaf bers. A total of 

15–20 bers are twisted using a single-

twist technique to form threads with a 

length of 40–60 cm and an initial diameter 

of 0.04–0.05 cm. The process of converting 

bers into threads is carried out manually 

using a combination of S- and Z-twist 

directions. This combined S–Z twist is 

selected to produce threads with uniform 

bonding and enhanced structural strength 

(Thahir et al., 2017). After the twisting 

process, the diameter of the ber threads 

increases to approximately 0.2 cm, with an 

average length of 25 cm.

 The twisted yarn is then given a 

biopolymer coating process. Preparation 

begins by providing plastic containers that 

have been sterilized using distilled water. 

The threads are immersed in a homo-

geneous solution of sodium alginate, 

carboxymethyl cellulose, and glycerin 

dissolved in distilled water. Thereafter, the 

threads are immersed in a calcium lactate 

solution prepared separately in distilled 

water. This crosslinking step is intended to 

strengthen the structure of the biopolymer 

coating. Following the immersion process, 

the threads are dried under sunlight for 4 

hours. Subsequently, the threads are 

manually woven into shing nets 

measuring 10 × 10 cm with a mesh size of 1 

cm.

 The subsequent stage involves 

testing the moisture content and density of 

pineapple leaf bers. These tests are 

conducted by rst determining the initial 

mass of ber threads with an average 

length of 10 cm and a diameter of 0.2 cm. 

This study evaluates the moisture content 

and density using three samples of 

pineapple leaf ber threads. The test 

samples are weighed using an analytical 

balance. The volume of each thread is 

determined by measuring its length and 

radius to obtain its volume in cm³. Next, 

the dry mass of the test samples is 

determined by drying the bers in an 

electr ic  oven at  a  temperature of 

100–105°C for 5 hours, followed by 

weighing. 

 The subsequent test conducted in 

this study is the biodegradability test. This 

test is performed to determine the rate at 

which biodegradable shing nets can be 

decomposed by microorganisms in the 

environment. The method employed is the 

soil burial test, which involves burying the 

samples in pots containing soil. This 

method is selected because micro-

organisms that act as natural decomposers 

are readily found in soil. In this study, the 

samples used were biodegradable shing 

nets measuring 10 × 10 cm with a diameter 

of 0.2 cm. The biodegradation test was 

carried out by calculating the percentage 

of mass loss of the samples to evaluate the 

rate of decomposition in soil over a period 

of one month.

MC represents the moisture content (%), mi 

denotes the initial mass (g), and mod refers 

to the oven-dry mass (g). The density of the 

test sample is analyzed using the following 

formula:

MDP= (W0-W1) / W1 x 100           (3)

 The biodegradabil i ty test  is 

analyzed using the following formula:

Where  MDP is  mass  degradat ion 

percentage, W0 represents the initial 

weight (g) and  W1 represents the nal 

weight (g).

 This study also evaluates the 

compressive strength of shing nets made 

from pineapple ber. The compressive 

strength test is conducted to determine the 

maximum force that the biodegradable 

shing net can withstand before failure. 

The method employed is a compression 

test, which measures the magnitude of 

force sustained by biodegradable shing 

nets measuring 10 × 10 cm with a diameter 

of 0.2 cm by incrementally adding loads 

during the testing process (Mainnah et al., 

2016). 

In this equation, ρ represents density, m 

denotes the mass of the pineapple leaf ber 

(g), and V refers to the volume (cm³).

ρ= m/v         (2)

MC= (mi-mod)/mk x 100       (1)

The moisture content of the test samples is 

then analyzed using the formula as 

applied by Fathoni & Rohmawati (2023): 
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RESULTS AND DISCUSSION

The results of this study indicate that 

pineapple leaf bers can be processed into 

shing nets with a mesh size of 1 cm and 

dimensions of 10 × 10 cm. The fabrication 

process was carried out in accordance with 

the procedures described in the research 

methodology. Figure 2 presents two 

images: the rst illustrates the soaking 

process of pineapple leaf bers, while the 

second shows the prototype shing net 

produced from pineapple leaf bers.

The moisture content values of the test 

threads ranged from 10.28% to 11.11%, 

 The resulting pineapple ber nets 

exhibit a physical form similar to 

conventional shing nets, although with a 

slightly coarser texture and the natural 

color of the bers. This demonstrates that 

pineapple leaf bers have strong potential 

to be applied as an environmentally 

friendly alternative to conventional 

shing nets.

Physical Property Testing

with an average value of 10.66%. The 

results of the moisture content test are 

presented in Table 1. The moisture content 

of the biopolymer-coated threads is 

relatively stable. These values fall within 

the range of natural pineapple ber 

moisture content reported by Mainnah et 

al. (2023), which is 4.5455%–13.7931%. This 

indicates that the biopolymer coating 

process does not signicantly alter the 

moisture content of pineapple bers, but 

rather maintains it within a reasonable 

range. Moisture content is an important 

parameter as it inuences the adhesion of 

the applied biopolymer. The inherent 

moisture in the bers affects how the 

biopolymer interacts with the ber surface 

(Dargaville & Hutmacher, 2022). This, in 

turn, impacts the absorption capacity of 

the  bers  toward the biopolymer 

substances. Excessively high moisture 

content may promote fungal growth and 

reduce ber strength, whereas excessively 

low moisture content can make the bers

Source: Processed Primary Data, (2025)
Figure 2

Fabrication Results of Pineapple Leaf Fiber-Based Fishing Nets

Source: Processed Primary Data, (2025)

Samp le Initial Mass  

(g) 

Dry Mass  (g) Volume 

(cm3) 

Moisture 

Conte nt 
(%)  

Density  

(g/cm 3) 

1 0.167 0.151 0.314 10.60 0.532 
2 0.236 0.214 0.383 10.28 0.616 
3 0.220 0.198 0.346 11.11 0.636 

Average  0.208 0.188 0.348 10.66 0.595 

 

Table 1
Physical Properties of Pineapple Leaf Fiber Threads
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stiff and brittle (Fu et al., 2024). The 

moisture content values of the test threads 

in this study are considered stable. This 

condition supports their potential as a base 

material for biodegradable shing nets, as 

stable moisture content helps maintain 

ber exibility while allowing natural 

degradation in aquatic environments.

 The density values of the test 

threads ranged from 0.532 to 0.875 g/cm³, 

with an average of 0.681 g/cm³. The results 

of the density test are presented in Table 1. 

Based on data from the Food and 

Agriculture Organization (FAO), the 

density of synthetic nylon threads is 

approximately 1.14 g/cm³. Therefore, the 

density of the test threads in this study is 

relatively lower than that of synthetic 

nylon threads. A lower density is 

associated with lighter thread properties, 

resulting in shing nets that have a slower 

sinking rate. The behavior of the test 

threads in water can be analyzed based on 

Archimedes’ principle. If the density of an 

object is greater than that of water, it will 

sink; if it is lower, it will oat; and if it is 

equal, it will remain suspended. Based on 

the density values obtained in this study, 

the test threads tend to oat in both 

freshwater (0.681 < 1.00) and seawater 

(0.681 < 1.025). Therefore, in practical 

applications, additional weights are 

required for the shing nets to achieve 

functionality comparable to nylon nets. 

According to Abesho et al. (2025), the 

density of untreated pineapple ber is 

1.526 g/cm³, whereas the density obtained 

in this study after treatment is 0.681 g/cm³. 

This decrease in density may be attributed 

to the biopolymer coating, which creates 

inter-ber spaces and consequently 

reduces the overall density (Liang et al., 

2025). Although the formation of inter-

ber spaces reduces ber compactness, the 

distribution of the biopolymer layer on the 

ber surface results in a more uniform 

structure. This indicates that the addition 

of the biopolymer coating does not 

drastically alter the inherent properties of 

pineapple bers, but rather enhances their 

homogeneity and inter-ber bonding.

 There are slight changes in the 

physical properties of the test threads that 

can be observed visually. This is due to the 

relatively small thread diameter of 0.2 cm. 

The observable changes include a 

smoother texture and reduced stiffness, 

while the color of the test threads does not 

exhibit any signicant alteration.

This study evaluates the biodegradation 

properties of shing nets made from 

pineapple leaf bers by burying both 

b iopolymer-coated  and uncoated 

pineapple ber nets, measuring 12 × 2 cm, 

in soil-lled pots at a depth of 5 cm for a 

period of 4 weeks. The purpose of the 

biodegradation test is to assess the 

resistance of the bioplastic material to soil 

temperature, moisture, decomposing 

microorganisms, and other physico-

chemical factors (Suryati et al., 2016). The 

biodegradation test is conducted in soil to 

utilize the activity of microorganisms such 

as bacteria and fungi in facilitating the 

degradation process. The biodegradation 

performance is evaluated by measuring 

the reduction in mass of the pineapple 

ber nets before and after burial for 4 

weeks (Muda & Sigiro, 2024; Rizqia et al., 

2022).

Biodegradation Test Analysis

Biodegradability Test

 Based on the results  of  the 
biodegradation test presented in Table 2, 
the biopolymer-coated pineapple leaf ber 
shing nets  exhibit  an increasing 
percentage of degradation over time. The 
degradation rate shown in Figure 4 is

Source: Processed Primary Data, (2025)

Figure 3

As’ad et al., Development of a Biodegradable Fishing Net Prototype Based on Pineapple Leaf Fiber



relatively slow, indicating that the 

biopolymer coating is effective in delaying 

the degradation process, thereby allowing 

the shing nets to be used for a longer 

period. In comparison with the study by 

Ahmad (2025), it was reported that 

without chitosan, the degradation 

percentage was 0%, while a chitosan 

concentration of 0.5% resulted in the 

highest degradation percentage of 5%. In 

contrast, concentrations of 0.25% and 

0.75% yielded negative degradation 

percentages of −3% and −1%, respectively. 

This suggests a slight increase in mass 

during the testing process at those 

concentrations. These ndings indicate 

that chitosan inuences the degradation 

rate  inconsistent ly .  Based on the 

comparison of these two studies, it can be 

concluded that pineapple leaf ber shing 

nets coated with a combination of 

biopolymers demonstrate superior 

performance in consistently controlling 

the degradation process and enhancing 

the durability of the nets during use.

 Based on the results  of  the 

compressive strength test presented in 

Table 3, it can be observed that pineapple 

leaf ber-based shing nets measuring 10 

× 10 cm with a diameter of 0.2 cm are 

capable of withstanding loads ranging 

from 18.5 to 20 kg. These values are 

relatively high and remain stable up to the 

fourth week, with only a slight decrease of 

approximately 0% to 7.5%. In comparison 

with the study by Mainnah et al. (2016), the 

average tensile strength of pineapple leaf 

bers was reported to be approximately 

1.018–1.825 kg/mm²,  with testing 

conducted only on individual bers. This 

indicates that when pineapple leaf bers 

are twisted and woven into a net structure, 

the maximum load-bearing capacity of the 

shing net becomes greater than that of 

individual ber testing reported in 

prev ious  s tudies .  These  ndings 

demonstrate that the pineapple leaf ber-

based shing net prototype has strong 

potential as an alternative to synthetic 

shing nets.

 Based on the results  of  the 

compressive strength test presented in 

Table 3, it can be observed that the shing 

nets experience a decrease in strength with 

This study evaluates the compressive 

strength of shing nets made from 

pineapple leaf bers measuring 10 × 10 cm 

under applied loads. The compressive 

strength test is conducted to determine the 

maximum strength that the pineapple leaf 

ber nets can withstand, considering the 

effect of daily immersion treatment. The 

test is carried out over a period of 4 weeks 

by placing loads on the pineapple leaf ber 

shing nets (10 × 10 cm) until failure 

occurs.

Compressive Strength Test Analysis

Table 2
 Results of Biodegradation Test of Pineapple Leaf Fiber-Based Fishing Nets 

(After Biopolymer Coating)

Source: Processed Primary Data, (2025)
Figure 4

Degradation Rate of Pineapple Leaf
Fiber-Based Fishing Nets as a Function

of Time

Time  Initial weight  (g) Final weight  (g) MDP  

Week 1  11.00 10.98 0.18% 
Week 2 11.00 10.95 0.45% 

Week 3 11.00 10.91 0.82% 
Week 4  11.00 10.88 1.09% 

 Source: Processed Primary Data, (2025)
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CONCLUSION

Pineapple leaf bers demonstrate strong 

potential as an environmentally friendly 

alternative material for shing nets. The 

nets produced from pineapple leaf bers 

are capable of withstanding loads of up to 

20 kg. The coating of pineapple leaf bers

increasing immersion time. The uncoated 

shing nets show a signicant reduction 

in maximum load, decreasing from 20 kg 

in the rst week to 13 kg in the fourth 

week, representing a 35% decline. In 

contrast, the biopolymer-coated nets are 

able to better maintain their strength, with 

the maximum load decreasing only from 

20 kg to 18.5 kg, corresponding to a 7.5% 

reduction over the same period. This 

indicates that the biopolymer coating 

p r o v i d e s  p r o t e c t i o n  a g a i n s t  t h e 

degradation of pineapple leaf bers, 

thereby enhancing the nets’ resistance to 

compressive loads and improving their 

overall durability compared to uncoated 

shing nets.

with a biopolymer solution composed of 

carboxymethyl cellulose (CMC), sodium 

alginate, calcium lactate, and glycerin has 

been proven to slow the degradation rate, 

allowing the nets to be used for a relatively 

longer period. In addition, immersion in 

the biopolymer solution

Source: Processed Primary Data, (2025)
Figure 5

Proses Uji Kuat Tekan

Source: Processed Primary Data, (2025)
Figure 6

Graph of the Comparison of Mechanical
Strength Reduction of Pineapple Leaf
Fiber Fishing Nets Before and After
Biopolymer Coating Over 4 Weeks

Table 3
Compressive Strength Results of Biopolymer-Coated 

Pineapple Leaf Fiber Fishing Nets

Time  Maxim um 

Load Before 
Coating  (kg)  

Reduction  

(%)  

Maxim um Load 

After  Coating  
(kg)  

Reduction  

(%)  

Week 1  20.0 0% 20.0 0% 
Week 2 17.5 12.5% 19.5 2.5% 
Week 3 15.0 25.0% 19.0 5.0% 

Week 4  13.0 35.0% 18.5 7.5% 

 Source: Processed Primary Data, (2025)
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