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ABSTRACT       

Natural fiber composites are a good choice for many businesses uses because of their better mechanical 

properties and are friendly environment. Researchers are currently looking into bamboo petung fiber (BPF) 

and epoxy composites as alternative to synthetic fibers and products made from petroleum. This study's goal 

is to improve the overall performance of these composites while reducing the need for non-organic materials. 

This study used the various concentration of bromelain enzyme in BPF to changes the mechanical and 

physical properties of epoxy composites made from BPF. Composites were characterized the mechanical 

properties including tensile strength using tensile tester, impact strength using Charpy impact test, bending 

strength using three point bending methods, and surface morphology observation using scanning electron 

microscope. This study indicates that BPF composites that have been treated with bromelain enzyme have 

better mechanical properties. After being treated with bromelain, the BPF composite's tensile strength 

increase up to 59% with maximum tensile strength of 138.230 MPa, flexural strength increases up to 42% 

with maximum flexural strength of 135.58 MPa, and impact strength increases up to 64% with maximum 

impact strength of 4.88 J/m. The bond between the epoxy resin and the BPF makes the composite stronger. 

These results suggest that combining natural fibers and enzymes can make composite materials that work 

well and are strong. 

Copyright © 2025. Journal of Mechanical Engineering Science and Technology. 
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I.  Introduction  

Polymer composites face challenges like thermal stability, electrical conductivity, 

drilling flaws, and recycling issues. Eco-design, life cycle assessment, and circular economy 

strategies can address these issues by understanding the Carbon Fiber Reinforced Polymer 

(CFRP) microstructure [1]. Epoxy resin's strong adhesion, high compatibility, and design 

flexibility make it the material of choice for advanced polymer composite applications [2]. 

Because of their three-dimensional network structure, epoxy resins are brittle, which leads 

to low fault tolerance and fracture propagation [3]. Researchers are employing methods such 

as high-branched silicone epoxy resin synthesis, spatial mechanical property variation, 

polyurethane toughening, and hydroxyl-functionalized block co-polyimide to increase the 

toughness of epoxy resin [4]. 

In order to improve the mechanical, thermal, rheological, viscoelastic, and fire 

resistance properties of polymers, inorganic fillers like boron nitride, halloysite nanotubes, 

and nano clay are utilized. Degradation is influenced by variables such as filler type, loading, 
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dispersibility, and surface functionalization [5]. Environmental problems caused by 

synthetic fibers include contamination, the release of hazardous chemicals, and the 

accumulation of microplastics. As a result, there is an increasing need for biodegradable 

alternatives to reduce waste and pollution [6],[7]. A sustainable, lightweight, and 

environmentally beneficial substitute for synthetic fibers are natural plant fibers such as 

curaua, kenaf, jute, hemp, flax, and bamboo [8]. Natural plant fibers are more cost-effective, 

renewable, and have a higher specific strength and modulus than synthetic fibers. Because 

of their properties, natural plant fibers are a good choice for a variety of applications, 

particularly when making sustainable and environmentally friendly composite materials 

[9],[10]. Modern developments in natural fiber composites are characterized by a greater 

emphasis on sustainability, performance optimization, and environmental impacts. Research 

and development in this area aims to fully utilize natural plant fibers to create innovative, 

reasonably priced, and ecologically friendly composite materials for a range of applications 

[11]. Bamboo fibers are superior to other natural fibers in a number of ways, including their 

mechanical properties, affordability, environmental sustainability, and versatility for a 

variety of uses. Bamboo fibers are among the natural fiber reinforcements that work 

particularly well in polymer composite materials. As evidenced by the extensive research 

and development in this field, bamboo fibers have the potential to be a significant 

reinforcement material for composite materials [12]. 

The study of bamboo fiber-modified polymer composites improves knowledge of 

preparation methods and possible applications by examining morphological, mechanical, 

flexural, and reinforcement properties, surface modification, rigid packaging applications, 

fiber treatment, and nano clay impacts [12],[13]. The results of studies on bamboo fibers in 

polymer composites are encouraging. It investigates mechanical, thermal, and 

morphological aspects in addition to thermoset and thermoplastic properties. Surface 

treatments influence the behavior and properties of crystallization, indicating improved 

mechanical qualities and heat tolerance [14]. Inorganic particles at the nanoscale enhance 

adhesion and compatibility by improving interface interaction with epoxy resin matrices. 

Epoxy resin can be used in many different applications because of its ability to transmit 

stress, strengthen structures, prevent cracks from spreading, and improve mechanical and 

thermal properties [15].  

Enzymatic retting is an environmentally friendly process that effectively extracts fiber 

from bamboo plants by using enzymes to break down the pectin. This technique preserves 

the natural fiber structure while reducing wastewater and enhancing fiber quality [16]. 

Enzymatic treatments improve the ease of extraction by changing the chemical makeup of 

extracted fibers. In order to facilitate fiber isolation, they employ enzymes such as cellulases, 

hemicellulases, and pectinases to break down adhesive materials. This environmentally 

friendly process increases the amount of cellulose while reducing effluent and retting time. 

Understanding enzyme purification and evaluating the quality, consistency, and yield of 

fibers depend heavily on chemical characterization [17]. The mechanical characteristics of 

fiber-reinforced composites after enzymatic treatment have not been thoroughly studied. 

Few studies have included treated bamboo fibers, particularly to evaluate their 

mechanical properties, despite the fact that bamboo fiber-reinforced composites have been 

the subject of much research [18]. Previous studies have mostly looked at composites 

reinforced with only bamboo fibers treated with alkalizing, an environmentally unfriendly 

technique. Petung bamboo fiber composites also have potential, but there has been 

insufficient research on using bromelain enzyme to improve mechanical properties. The 

main objective of this study was to determine the mechanical properties of epoxy-based 
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composites reinforced with  bamboo petung fibers (BPF). This study aimed to determine 

how the concentration of bromelain enzyme affects the tensile strength, bending strength, 

and impact strength. In addition to mechanical testing, the fiber-matrix bond of the 

composites was assessed using a scanning electron microscope (SEM). The results of this 

study are expected to improve the existing knowledge on sustainable biocomposites by 

providing a better understanding of how natural fibers work synergistically with natural 

enzymes. The stringent requirements of the automotive, aerospace, and marine engineering 

industries, which often face high stress and wear conditions, can be met by successfully 

fabricating lightweight, high-performance composites using these materials. 

II. Material and Methods 

Material 

The petung bamboo variety, which is a member of the Dendrocalamus asper species, 

was procured from Dalisodo Village in Wagir District, Malang, Indonesia. This town is 

about 715 meters above sea level and is located on a plateau. The fiber was taken from dry, 

fully grown bamboo stems that were six to seven years old. BPF were generated through the 

mechanical process of extracting the fibers by means of cutting tools, while simultaneously 

separating the sections using saws. 

Polyester resin with a density of 1.2 × 10−6 kg/cm3, a tensile strength of 8.8 kg/mm2, 

and a viscosity of 6–8 P (at 25 °C) is supplied by Justus Kimia Raya (Surabaya, Indonesia). 

Methyl ethyl ketone peroxide is the catalyst utilized in this investigation. The treatment and 

its notation are displayed in Table 1. 

Table 1. Study notation 

No Treatment Notation 

1 No Treatment UBC 

2 Bromelain 2g 2BC 

3 Bromelain 5g 5BC 

4 Bromelain 8g 8BC 

5 Bromelain 11g 11BC 

 

Bromelain Extraction and Treatment of BPF 

The pretreatment process for BPF uses several tools, namely measuring cups and digital 

scales. If the equipment has been prepared, then make a bromelain enzyme solution with 

1000 mL of distilled water as a bromelain enzyme solvent with a predetermined 

concentration, namely: 0, 2, 5, 8, and 11 g. Then, the bromelain enzyme solution and fiber 

are added to the ultrasonic cleaner according to the specified variations. After inserting, set 

the temperature on the ultrasonic cleaner to 60°C for 45 min. Once finished, lift the 

specimen, remove the fibers, and dry them in the oven for 15 min at a temperature of 110°C. 

The dried fibers are made into a composite for mechanical testing and SEM analysis.  

Composite 

The scheme of vacuum-assisted resin transfer molding can be seen in Figure 1, where 

the resin in the resin container is sucked in by a vacuum pump so that it can pass through or 

fill the mold cavity that has been given BPF and form a specimen. 
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Fig. 1. Material preparation procedure 

Tensile Testing 

A Universal Testing Machine was used to perform the tensile test on the produced BPF-

reinforced epoxy composite samples at room temperature (25 °C) in compliance with the 

ASTM D638-Type I standard[19]. Each composite was tested on five specimens. The 

standard deviation is provided along with the average values for tensile strength and tensile 

modulus. 

SEM Analysis 

SEM was used to examine the extracted specimens' surface morphology following 

bromelain treatment. The EDAX Model Inspect S-50 FEI, a SEM device that used thermal 

emission electron optics to provide high-resolution data, was utilized in these investigations. 

Impact Testing 

The epoxy matrix BPF composite was tested with an ASTM D6110-compliant Charpy 

impact test [20]. In testing specimens, the specimen is placed on a support in a horizontal 

position, and the direction of loading is opposite to the direction of the notch. Each 

composite was tested on five specimens. Standard deviations and the average impact 

strength are provided. 

Flexural/Bending Testing 

A flexural test was performed on the composite material to ascertain its flexural 

strength. The maximum bending stress that can be applied as a result of external loading 

without causing damage is known as flexural strength. The type of material determines the 

amount of bending strength. The specimen undergoes tensile stress at the bottom and 

pressure at the top as a result of the bending test. The compressive strength of composite 

materials is greater than the tensile strength. The specimen will shatter as a result of its 

inability to sustain the tensile stress, failing the composite test. The bending strength on the 

top side is the same as the bending strength on the bottom side. Testing was carried out using 

the three-point bending method with the ASTM D790 standard [21]. The test is carried out 

on five samples each time it is run, and the average is used as the final result. 
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III. Results and Discussions  

Morphology 

Figure 2a shows an SEM image of the UBC composite. It can be observed on bamboo-

enhanced composites without visible treatment of bamboo fibers, and the epoxy matrix 

cannot bind properly because there is still a natural substrate that BPF, so when the 

composite is given a pulling load, it cannot channel into the fiber properly, so the appearance 

of failure begins on the epoxy matrix because it cannot withstand high loads [22]. The failure 

resulted in the rupture of bamboo fiber-enhanced composites without treatment with long 

pull-out fibers. 

A SEM image of the 2BC composite's fracture surface is displayed in Figure 2b. 

Because the adhesion between the fiber and the epoxy matrix is still insufficient, and because 

the addition of treatment concentrations is insufficient to maximize the mechanical 

properties of the natural fiber in the composite for the given load, visible fiber pull-out 

occurs [23]. In this case, a decrease in the pull-out fiber occurs as a result of the treatment 

given, which is capable of scratching the natural matrix of BPF, thus increasing the stiffness 

on the surface of the BPF and affecting its adhesive properties. 

A SEM image of the 5BC composite's fracture surface is displayed in Figure 2c. It can 

be observed that there are still holes between the bamboo fiber and the epoxy matrix, 

represented by fibers that are visibly separated from the other fractures. The fiber is pulled 

out because the bonds formed between the bamboo fiber and the epoxy matrix are not at 

their maximum. But the fiber pull-out that happened at the 5BC break is a little bit. A 

reduction in the fiber pullout, in this case, occurs as a result of the given treatment, which is 

capable of scratching the natural matrix of the bamboo fiber of the cage, thus increasing the 

stiffness on the surface of the bamboo fibers of the cage, which affects its adhesive properties 

[24]. The fiber's excellent formation is evident from the contact between it and the epoxy 

matrix. 

 

Fig. 2. Surface morphologies of the specimen: a. UBC; b. 2BC; c. 5BC; d. 8BC; e. 11BC 
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Figure 2d shows an SEM image of the fracture surface of the 8BC composite. It can be 

observed that there are still holes between the bamboo fiber and the epoxy matrix, 

represented by the fibers that are visible and separated from the other fractures. The fiber is 

pulled out because the bonds formed between the bamboo fiber and the epoxy matrix are 

not at their maximum. But the fiber pull-out that happens at the 8BC break is very little. A 

reduction in the fiber pullout, in this case, occurs as a result of the given treatment capable 

of scratching the natural matrix of the BPF, thereby increasing stiffness on the surface of the 

bamboo fibers of the container, which affects its adhesive properties. The rigidity increases 

the adhesive properties of the bamboo fiber so that the contact between the fiber and the 

epoxy resin is excellent because the addition of the treatment concentration is able to break 

the peptide bond faster and better [25], thereby reducing the lignin and other content in the 

fiber and thus producing better surface rigidities in the fibers. 

Figure 2e shows an SEM image of the rupture surface of the 11BC composite. It can be 

observed that the holes found at 11BC have decreased considerably and are almost 

nonexistent. The very low presence of pull-out fiber on this composite occurs as a result of 

the treatment given, which scrapes the natural matrix of bamboo fibers from the covers, thus 

increasing the roughness on the surface of the BPF, which affects its adhesive properties 

[26]. It can be seen from the contact between the fiber and the epoxy matrix that it formed 

very well. 

The fibers and matrix are shown to have strong bonds in Figure 2. It is known that the 

hydrogen bonding between BPFs and the polymer matrix interface improves the composite's 

tensile strength[27]. The lack of this interaction is known and explained by the hydrophobic 

epoxy properties combined with the hydrophilic properties of bamboo fibers. Bromelain 

adhesion enhancement process: When water and the bromelain enzyme produce negative 

and positive ions. As anions, positive ions break hydrogen bonds between the hydroxyl 

functional groups (OH) in BPF by releasing two hydrogens, creating dipole forces. As 

cations, negative ions emit oxygen (O), which breaks the hydroxyl functional group and 

produces H2O. The petung bamboo fiber's surface changes due to this reaction. Bromelain 

modification is known to make the stain surface rougher because the stain is firmly 

embedded in the epoxy matrix and evenly distributed in the epoxy matrix, so mechanical 

interlocking occurs. The modification of bromelain is known to make the stain surface 

rougher because the stains are strongly embedded in the epoxy matrix and are evenly 

dispersed within the epoxy matrix. Thus, this composite shows fiber damage compared to 

withdrawal, which indicates a better tensile strength transfer between the bamboo fiber 

cushion and the epoxy matrix [28]. In addition, there are several connections and splinters 

on the composite surfaces, which indicate improved compatibility between epoxy and 

modified fibers [29]. Therefore, when such a composite is pressed, the fiber will not be 

easily drawn out of the matrix [30]. Thus, the attractive properties of the epoxy fiber 

composite petung bamboo modified with bromelain can be enhanced. 

Tensile Strengths of BPF-Reinforced Composites 

The composite with bamboo fiber fittings as reinforcement exhibits a tendency to 

increase in tensile strength, as seen in Figure 3. The increase started with the untreated fiber-

enhancing composite and then continued with the fiber-enhanced composite with the 

immersion treatment at an enzyme concentration of bromelain of 11 gr/L (11BC). Of the 

five samples of each composite, the highest tensile strength value obtained in each composite 

starts from UBC with the highest value of 87.4 MPa and an average tensile strength value 

of 77.981 MPa, 2BC with the highest value of 96.93 MPa, 5BC of 100.838 MPa, 8BC of 
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123.537 MPa, and 11BC of 138.23 MPa, with an average tensile strength value of 92.186 

MPa, 99.919 MPa, 113.785 MPa, and 131.006 MPa. 

 
Fig. 3. Tensile strength of BPF-reinforced composite 

Fiber delivery as a reinforcement serves to repair the structure and properties of a 

previously non-existent matrix so that it can withstand a larger force [31]. The epoxy matrix 

has a low drawing strength value, which results in a low resistance value even in cracking 

and breaking [32]. Composites made with treated bamboo fiber can make the substrate less 

hydrophobic, increase the surface stiffness, permeability, and spreading rate, and decrease 

the fiber's contact angle [33]. The tensile strength of untreated bamboo fiber composite and 

bamboo fiber composite that performs immersion with variations in bromelain enzyme 

concentration using an ultrasonic cleaner also shows an increase in tensile force value. The 

tendency present on the graph is due to the treatment received by the reinforcement; in this 

case, the amplifier is a BPF. Figure 3 shows that composites reinforced with untreated fibers 

exhibit the lowest tensile strength compared to those with treated fibers. The substance in 

the bamboo fiber that hasn't yet broken down is causing it. Substances such as lignin, 

hemicellulose, candles, and so on cover and block the fiber's surface. This will eventually 

result in the fiber being unable to bind properly to the epoxy matrix because the surface still 

contains its natural resin. The tensile strength values increase when bamboo fiber-rich 

composites are treated with bromelain enzymes for enzymatic delignification. This makes 

the fiber's surface rougher so that the bond between the epoxy matrix and the bamboo fiber 

is better. Increased tensile strength of bamboo fiber composites immersed in bromelain 

enzyme treatment. This happened because some of the natural substances on the fiber's 

surface were reduced, which led to an increase in the tensile force and a higher ratio of 

cellulose to the substrate [34]. The increase in enzyme concentration accelerates the enzyme-

substrate reaction, making it easier to break down the substances adhering to the fiber 

surface [35]. However, at the time of application to the composite, the bamboo-matrix fiber 

bonding interaction improved. 

Stress-Strain Test Results of BPF Reinforced Composite 

Figure 4 displays the stress and strain levels of the bamboo fiber-rich composite test 

that had not been treated and had been treated with bromelain enzymes using ultrasonic 

cleaners. The maximum stress at 11BC is 138.230 MPa, and the lowest at UBC is 87.40 
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MPa. Furthermore, the maximum stress at 2BC is 96.93 MPa, at 5BC is 100.838 MPa, and 

at 8BC is 123.537 MPa. The maximum stress for the UBC is 87.40 MPa, with a strain of 

15.707%. The elasticity modulus value is 0.556 GPa. The maximum stress for the 2BC is 

96.93 MPa, and the strain is 17.164%. The elasticity modulus value is 0.564 GPa. The 

maximum strain for the 5BC is 100.84 MPa, with a strain of 18.613%. The elasticity 

modulus value is 0.06 GPa, and the maximum stress is 138.23 MPa for the 11BC, with a 

strain of 19.57. 

 
Fig. 4. Tensile test stress and strain of BPF-reinforced composite 

The cellulose fibers' elasticity modulus within the bamboo's fibrous structure is a major 

factor in determining the tensile capacity of the bamboo composite. When bamboo fibers 

were exposed to different amounts of the bromelain enzyme, it was seen that higher enzyme 

amounts increased the cellulose fiber to lignin ratio. This increase is believed to occur 

because bamboo fibers are more rigid than epoxy fibers, thereby altering the micro-

composite structure developed [36]. Furthermore, another cause of the increased composite 

rigidity of bamboo epoxy fibers is the reduced mobility of the polymer chain in the presence 

of BPFs. Other researchers also found similar increases in Young's modulus for epoxy 

composites, where natural fibers were used as reinforcement [37],[38]. 

Bending and Impact Strength 

Figure 5a displays a flat plot of the bending strength of bamboo fiber composites made 

with an epoxy matrix, where the fiber variation was considered. It can be seen that the 

composite with the bromelain enzyme 0 g in bamboo fiber has a bending strength value of 

58.49 MPa. However, there is a significant increase as the concentration of bromelain 

enzymes increases in the 2, 5, 8, and 11 g enzyme variations. The bending strength increased 

successively from 73.38 to 135.58 MPa 

Figure 5b illustrates the impact strength of bamboo fiber composites with an epoxy 

matrix under applied force. Initially, the UBC showed a bending strength of about 3.15 J/m. 

However, there was a striking increase in the strength of the composite with increased 

concentrations of the enzyme bromelain. At 2BC, the composite’s impact strength was 3.61 

J/m. At 5BC, it reached 3.668 J/m, increasing to 4.438 J/m at 8BC and 4.88 J/m at 11BC. 

Researchers tested bamboo fibers for bending and impact and found that adding more 

of the bromelain enzyme made them much stronger [39]. This means that the composite is 

more resistant. This is due to a decrease in the amorphous phase of lignin, which increases 

its mechanical properties. From the graph, it can be seen that the more bromelain enzymes 
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are given to the fiber, the composite has an increase than those without the bromelain 

enzyme. This is due to the presence of an enzymatic delignification treatment of the fiber. It 

is one of the proteolytic enzymes that contains proteases that can break down the peptide 

bond in a protein into a simpler substrate [40]. So, higher lignin levels lead to greater weight 

loss in the fiber  [41]. 

 
Fig. 5. (a) Flexural/bending strength, (b) Impact strength 

IV. Conclusions 

This study used BPF treated with bromelain enzyme as a reinforced composite. The 

mechanical properties of the epoxy resin matrix and BPF composite demonstrate how the 

mechanical properties of the matrix are greatly enhanced by BPF treated with bromelain. 

There is a large strengthening effect associated with this. The concentration of bromelain 

enzyme 11% has the highest mechanical properties in this bamboo petung fiber composite, 

with a tensile strength reaching 131 MPa, a bending strength of 135.58 MPa, and an impact 

strength of 4.88 J/m. After applying bromelain treatment, the tensile strength of the BPF 

composite increased significantly by 59%, the flexural strength by 42%, and the impact 

strength by 64%. The bond between the epoxy resin and BPF increases the composite's 

strength. The bond that occurs is mechanical interlocking and is strengthened by hydrogen 

and Van der Waals forces. According to this study, bromelain can be added to BPF to 

increase the strength of polymer composites effectively. The biocomposite made can be used 

for dashboards and other automotive parts. Future research may consider new approaches, 

including processing different types of natural enzymes. Plant cellulose fibers can be 

improved through chemical and physical modifications to improve their mechanical 

properties. However, further research is still needed to understand biocomposites fully. 
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