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Abstract

In the past decade, the development of biocomposite materials has attracted much attention due
to the growing concerns about petroleum-based natural resource depletion and pollution. Among
the various biocomposite materials, polylactic acid (PLA) is one of the most widely produced and
ideal for use in commercial products. The manufacture of PLA biocomposites with natural fiber
reinforcement as an alternative material that replaces synthetic materials is widely researched.
The different types of natural fiber sources used in the incorporation of matrix and fibers are very
important as they affect the mechanical properties of the biocomposites. In addition, PLA-based
biocomposites can be produced by a wide variety of methods that can be found in various
commercializations. This study aims to present the recent developments and studies carried out
on the development of PLA-based natural fiber biocomposites over the past few years. This study
discusses PLA biocomposite research related to their potential, mechanical properties, some
manufacturing processes, applications, challenges, and prospects.
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1.Introduction

The development of biocomposites has become a trend in the last 10 years in various
application fields such as packaging, household appliances, battery separators, and automotive
components [1]-[5]. Biocomposites are considered to provide a transformation to materials that
are more environmentally friendly than synthetic materials. This is because biocomposites are
made from natural materials, so they are environmentally friendly. In addition, other advantages
include low price, abundant availability, and competitive mechanical properties compared to
synthetics [6]. The development of biocomposites is one of the efforts to utilize the potential of
natural materials as well as minimizing agricultural waste and increase its use value [7].

Several biocomposite fabrication processes have been carried out by several researchers such
as solution casting, injection molding, compression molding, and blow molding as shown in Figure
1. Of these types, solution casting is one of the simple and low-cost processes in producing bio-
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Figure 1.
Fabrication of
biocomposites and
their applications

Figure 2.

Illustration of

stretched biocomposite
components (matrix
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research [7], [9].

In addition, other methods such as injection molding, compression molding, and blow
molding are methods that utilize direct heating of polymer seeds and molding according to the
mold of the product. The processing heating temperature is about 130-180 °C depending on the
type of polymer used [10], [11]. Biocomposite materials need to be tested for their properties,
especially mechanical properties. It is used as a selection parameter suitable for biocomposite
applications. For example: biocomposites based on PLA and sesame husk powder cellulose fibers
are suitable for use as packaging [12].

The focus of this review is to comprehensively analyze the mechanical properties of natural
fiber-reinforced PLA biocomposites sourced from various agricultural wastes. The mechanical
properties in question are tensile strength, modulus of elasticity, and elongation at break. In
addition, the results of the mechanical properties obtained will be further discussed, as well as
their potential applications in various fields of human life.

2.Biocomposites

Biocomposites are materials composed of two or more materials, one of which is of natural
origin. The main components in biocomposites are matrix as a binder and filler as a reinforcement
[13]. The combination of matrix and filler is the key to improving the properties of biocomposites,
such as mechanical properties. An illustration of a biocomposite when stretched for mechanical
properties is presented in Figure 2 where the constituent components consist of a matrix and
reinforcement. Other substances are usually used as compatibilizer agents to improve the
interfacial bonding of the two materials [14].

Matrices in composites generally consist of several types, namely polymer-matrix
composites, metal-matrix composites, and ceramic-matrix composites [15]. Of these,
biocomposites are usually composed of a polymer matrix. The main factors that can improve the
mechanical properties of biocomposites include even dispersion of reinforcement, absence of
clumping, and good bonding between matrix and reinforcement [16], [17].

Some biocomposite matrices that are often used include cellulose [18], protein [19], starch
[20], chitosan [21], and polylactic acid [22]. Of these matrices, polylactic acid-based biocomposites

are superior in terms of

Matrix mechanical properties.

o Stress / Meanwhile, the fiI'Ier used

— ; :I" = comes from natural fibers such

D as empty palm bunches [23],

o Stress pineapple leaves [24], bamboo
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Figure 3.
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3. Polylactic Acid

Biodegradable plastics are products that can be made from natural materials are a major
concern in new developments, one of which is Polylactic Acid (PLA) [28]. Polylactic Acid (PLA) is
one of the most in-demand types of biopolymers worldwide with total production reaching
211,000 tons in 2020 [29]. PLA is a type of thermoplastic polymer that is currently popular because
it is derived from environmentally friendly materials and has good performance [30]. The potential
of this material is an alternative solution to the problem of plastic pollution [31]. PLA can be
produced through the fermentation process of materials such as corn, starch, potatoes, sugarcane,
and other agricultural sources [32]. Also, it can be produced through direct polymerization or the
ring-opening polymerization of lactic acid [33]. One of the advantages of PLA is good forming
results and is suitable for use with various methods such as injection molding and film extrusion as
well asits biodegradable nature [34]. The utilization of PLA is very broad, it can be applied in various
fields such as packaging, automotive, and biomedical [35]. Despite its various advantages, PLA also
has some disadvantages such as brittleness, hydrophilic properties, and low thermal stability [29].

Various efforts were made to improve the weaknesses of PLA’s properties. PLA offers many
advantages such as the degradability of CO, and H,O in the natural environment and good
biocompatibility [36]. Combining PLA with natural fibers shows good compatibility and offers
several attractive advantages over conventional synthetic polymer composites, such as
biodegradability, environmental friendliness, affordable cost, easy to find, and low density [37].

4. Natural Fibers

Natural fibers are materials obtained from the isolation of plants or animals that can be
applied in various sectors, especially in textiles and biocomposite materials [38]. Natural fibers
have several contents such as cellulose, hemi-cellulose, and lignin which have a structure as shown
in Figure 3. One of the contents that affect the mechanical and physical properties of biocomposites
is the cellulose content [39]. Cellulose is a long-chain polymer made up of carbon, hydrogen, and
oxygen, with the chemical formula C6H1005 [40]. The cellulose content varies significantly among
different sources. For instance, cotton
is nearly pure cellulose, makingitideal
for high-quality paper [41]. In
contrast, wood fibers typically contain
40% to 50% cellulose, depending on
the species and even individual trees
[42]. Cellulose derived from natural
fibers can serve as reinforcement in
biocomposites [43]. Table 1 shows the
cellulose  content and other
components of natural fibers from
various sources that have the
potential to become reinforcement
for biocomposites.

Cellulose

Hemi-Cellulose

. Cellulose Hemi-cellulose Lignin
No Fiber Sources (%) (%) (%) References
1 Wood (Softwood and 40 - 50 15-30 20-25 [42]
Hardwood)
2 Bast Fibers (Hemp and 68 -91 5-16.7 0.6-10 [44]
Ramie)
3 Fruit Fibers (Oil-Palm Empty  32.97 - 70.96 11.6-31.51 7.32-19.79 [45]
Fruit Bunch)
4 Grass Fibers (Sugarcane 42.40 - 58.86 18.79 - 25.20 17.60- 19.70 [46]
Bagasse)
5 Leaf Fibers (Abaca) 56 - 73.81 11.32-59 5-15.1 [47]
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5.Mechanical Properties of Biocomposite based PLA and

Natural Fiber

PLA-based biocomposites with natural fiber reinforcement are widely researched to create
new biodegradable materials. Natural fibers are usually pre-treated both chemically and
mechanically to produce quality fibers that can bind well with the PLA matrix. Chemically treated
(alkalized) natural fibers are reported to have better tensile strength and elastic modulus than
fibers without chemical treatment because alkalized fibers have good interfacial adhesion with PLA
[48]. Alkalization makes the breakage of fiber bonds finer to support the improvement of the
interface with the matrix so that the flexural strength of the biocomposite can also increase [49].

Cellulose Chains

PLA Chains

PLA-based hybrid biocomposites have also been
reported to produce a material with high stiffness
[50]. The main component of natural fibers often
used as PLA reinforcement is cellulose, because
cellulose has high crystallinity [51]. Cellulose can
increase the sensitivity of the mechanical
properties of PLA, although homogeneous blends
are difficult to obtain. The hydroxyl groups at the
ends of cellulose (Figure 4) are hydrophilic and have
a variety of interfaces to PLA. This variation can
cause an increase or decrease in mechanical
properties towards PLA, depending on the
adhesion between cellulose and the matrix formed
[52].

Mechanical properties are important properties that must be known in a biocomposite

because they present the final strength value of the biocomposite product [53]. Mechanical
Properties of PLA-based Biocomposites with natural fiber reinforcement from various sources
(Table 2 and Figure 5) are listed to determine the final strength of biocomposite products made by
several researchers.

Biocomposites

Stress (6) Modulus (E) Elongation ()

No Vo e Methods (MPa) (MPa) (%) Ref.
1 PLA Jute Fiber Single Screw 33.29 1446.1 3 [54]
Extruder
2 PLA Flax Fiber 3D Printing 183 17200 1.5 [55]
3 PLA Sisal Fiber Injection 54.9 5600 2.7 [56]
Molding
4 PLA Sisal Fiber Injection 70.9 4700 2.3 [57]
Molding
5 PLA  Coconut Fiber (Coir) Hot Pressing 49.73 9040 1.63 [58]
6 PLA Bamboo Fiber 3D Printing 29.21 2360 2.43 [59]
7 PLA Piper Betle Fiber Solution Casting 26.34 166.46 16.85 [60]
8 PLA Mango seed Injection 52.2 3280 2.2 [61]
Molding
9 PLA Cellulose Solution Casting 21.22 11.35 6.17 [62]
Nanowhisker from
Napier
10 PLA Eucalyptus Solution Casting 19.1 1700 5.1 [63]
microfiber
11 PLA Cellulose Nanofiber  Solution Casting 35.61 - - [31]
from Jute fiber
12 PLA Lemongrass Fiber 3D Printing 48.8 - - [64]
13 PLA Cellulose Single Screw - 2033 - [65]
Nanocrystal from Extruder
Ramie Fiber
14 PLA Cellulose Nanofiber  Solution Casting 33.17 2620 9.14 [66]
from Pineapple
Crown leaves
15 PLA  Microfibril Cellulose Injection 52.7 2530 - [67]
from Curaua Fibers Molding
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Figure 5.

PLA-based
biocomposites with
reinforcement of
various natural fibers in
different
manufacturing
processes (graphic
visualization based on
references in Table 2)
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6. Potential Application

The application of PLA biocomposites across various sectors is a significant focus of interest.
Main advantages of PLA biocomposites enhanced with natural fiber reinforcement are their
competitive strength and environmental friendliness compared to traditional synthetic materials.
Previous research has highlighted several promising applications for these biocomposites,
including food packaging [68], automotive components [69], household appliances [70], helmets
[71], building panels [72], and more. With this wide range of applications, commercialization
through industry into mass products is one of the potentials that can be developed. Biocomposite
development has a bright future and contributes to the achievement of sustainable development
goals.

7.Future Research

This biocomposite is one of the advanced material developments that has potential in various
applications. Nowadays, exploration of biopolymer matrix materials as biocomposite matrix is the
key to determining environmentally friendly properties and competitive cost in its maufacturing
[73]. However, future research is recommended to focus on the performance of biocomposites
through filler size engineering and improving the surface bond between the matrix and filler. One
of the advanced research efforts is filler size engineering to the nanometer area. Nano filler or
nano-sized filler is one way to increase the surface contact area between the filler and the matrix.
With a wide contact area, biocomposites are expected to produce excellent properties, especially
mechanical properties [74]. Meanwhile, another technique is to increase the bond between the
matrix and filler. This technique can be accommodated through the ultrasonication bath process
where the filler is assisted to be evenly distributed via sound waves [6], [9], [75].

8.Conclusions

Natural fiber-reinforced PLA biocomposites have great potential in meeting the needs in
various fields as an environmentally friendly material worldwide. Methods usually used in the
fabrication of PLA-based biocomposites reinforced with natural fibers include extrusion, blow
molding, compression molding, and solution casting. The addition of natural fibers from various
sources of agricultural waste is proven to improve the mechanical properties of PLA-based
biocomposites which are suitable for application as food packaging materials, household
appliances, building panels, and automotive components. On the other hand, by utilizing existing
agricultural waste, it can support economic improvement because it converts useless waste into
high-value composite reinforcement materials. With mechanical properties that are competitive
with synthetic polymers and more environmentally friendly, this natural fiber-reinforced PLA
biocomposite has great potential as a substitute for synthetic polymers that can be
commercialized. Further research is needed especially in the development of more innovative
fabrication methods of PLA-based biocomposites with natural fiber reinforcement to further
enhance their potential in meeting the needs of material in various fields more easily, effectively,
and environmentally friendly in a sustainable future.

Mechanical Engineering for Society and Industry, Vol.5 No.1 (2025)



Mochamad Asrofi et al.

Acknowledgements

The authors would like to thank the University of Jember for assistance in the form of
providing a discussion space in the material testing laboratory.

Authors’ Declaration

Authors’ contributions and responsibilities - Writing article review section and image illustration
scheme design (M.A., R.R.P., M.Y.); Additional detailed and comprehensive reviews (C.D.M.D.,
R.A.l).

Funding — This research is funded by the Institute for Research and Community Service (LP2M),
University of Jember.

Availability of data and materials - All data is available from the authors.

Competing interests - The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work reported in this paper.

Additional information — No additional information from the authors.

References

[1] S. Shahinur, M. M. A. Sayeed, M. Hasan, A. S. M. Sayem, J. Haider, and S. Ura, “Current Development
and Future Perspective on Natural Jute Fibers and Their Biocomposites,” Polymers, vol. 14, no. 7, p.
1445, Apr. 2022, doi: 10.3390/polym14071445.

[2] R. Siswanto, R. Subagyo, M. Tamjidillah, M. Mahmud, and S. A. Setiawan, “Utilization of rice husk ash
waste and scrap aluminum as composite materials fabricated by evaporative casting,” Mechanical
Engineering for Society and Industry, vol. 4, no. 2, pp. 294-307, Dec. 2024, doi: 10.31603/mesi.12505.

[3] S. Kaleg, D. A. Sumarsono, Y. Whulanza, and A. C. Budiman, “Addressing Fire Safety, Ground Impact
Resistance, and Thermal Management in Composite EV Battery Enclosures: A Review,” Automotive
Experiences, vol. 7, no. 3, pp. 460-485, Dec. 2024, doi: 10.31603/ae.12540.

[4] M. R. Gunarti, A. Prawoto, W. N. Fauzi, and W. A. Wirawan, “Mechanical behavior of glass fiber-epoxy
composite laminates for ship hull structures,” Mechanical Engineering for Society and Industry, vol. 4,
no. 2, pp. 156-166, Nov. 2024, doi: 10.31603/mesi.11589.

[5] A.l Imran etal., “Advancements in sustainable material development: A Comprehensive review of coir
fiber and its composites,” Mechanical Engineering for Society and Industry, vol. 4, no. 3, pp. 415-454,
Dec. 2024, doi: 10.31603/mesi.12556.

[6] M. Asrofi et al., “Enhancing mechanical and thermal properties of PVA-abaca fiber biocomposites via
ultrasonic vibration bath treatment,” Results in Engineering, vol. 25, p. 103935, Mar. 2025, doi:
10.1016/j.rineng.2025.103935.

[7]1 M. Asrofi, Sujito, E. Syafri, S. M. Sapuan, and R. A. llyas, “Improvement of Biocomposite Properties Based
Tapioca Starch and Sugarcane Bagasse Cellulose Nanofibers,” Key Engineering Materials, vol. 849, pp.
96-101, Jun. 2020, doi: 10.4028/www.scientific.net/KEM.849.96.

[8] M. U. Akbar et al., “Processing methods of bionanocomposites,” in Bionanocomposites, Elsevier, 2020,
pp. 87—104. doi: 10.1016/B978-0-12-816751-9.00004-0.

[9] M. Asrofi, H. Abral, A. Kasim, A. Pratoto, M. Mahardika, and F. Hafizulhaq, “Mechanical Properties of a
Water Hyacinth Nanofiber Cellulose Reinforced Thermoplastic Starch Bionanocomposite: Effect of
Ultrasonic Vibration during Processing,” Fibers, vol. 6, no. 2, p. 40, Jun. 2018, doi: 10.3390/fib6020040.

[10] U. K. Komal, M. K. Lila, and I. Singh, “PLA/banana fiber based sustainable biocomposites: A
manufacturing perspective,” Composites Part B: Engineering, vol. 180, p. 107535, Jan. 2020, doi:
10.1016/j.compositesb.2019.107535.

[11] A. A. Pérez-Fonseca, A. S. Martin Del Campo, J. R. Robledo-Ortiz, and M. E. Gonzdlez-Lopez,
“Compatibilization strategies for PLA biocomposites: a comparative study between extrusion-injection
and dry blending-compression molding,” Composite Interfaces, vol. 29, no. 3, pp. 274-292, Mar. 2022,
doi: 10.1080/09276440.2021.1939951.

[12] T. Ramesh, S. S. Saravanakumar, B. Balavairavan, and P. Senthamaraikannan, “Development and
Characterization of a Polylactic Acid/Sesame Husk Powder—Based Biocomposite Film for Packaging
Application,” Waste and Biomass Valorization, vol. 15, no. 5, pp. 2845-2856, May 2024, doi:
10.1007/s12649-023-02317-y.

[13] S. M. B. Respati, H. Purwanto, I. Fakhrudin, and P. Prayitno, “Tensile Strength and Density Evaluation of
Composites from Waste Cotton Fabrics and High-Density Polyethylene (HDPE): Contributions to the

Mechanical Engineering for Society and Industry, Vol.5 No.1 (2025)



(14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

Mochamad Asrofi et al.

Composite Industry and a Cleaner Environment,” Mechanical Engineering for Society and Industry, vol.
1, no. 1, pp. 41-47, 2021, doi: 10.31603/mesi.5252.

M. Asrofi et al., “Mechanical Properties of Biocomposite Films Based Polyvinyl Alcohol/Potato Starch
Filled by Coffee Ground Waste,” International Journal of Agriculture and Biosciences, vol. 13, no. 3, pp.
525-530, 2024, doi: 10.47278/journal.ijab/2024.156.

S. R. M. Paladugu et al., “A Comprehensive Review of Self-Healing Polymer, Metal, and Ceramic Matrix
Composites and Their Modeling Aspects for Aerospace Applications,” Materials, vol. 15, no. 23, p. 8521,
Nov. 2022, doi: 10.3390/ma15238521.

M. Akter, M. H. Uddin, and H. R. Anik, “Plant fiber-reinforced polymer composites: a review on
modification, fabrication, properties, and applications,” Polymer Bulletin, vol. 81, no. 1, pp. 1-85, Jan.
2024, doi: 10.1007/s00289-023-04733-5.

O. R. Adetuniji, A. M. Adedayo, S. O. Ismailia, O. U. Dairo, I. K. Okediran, and O. M. Adesusi, “Effect of
silica on the mechanical properties of palm kernel shell based automotive brake pad,” Mechanical
Engineering for Society and Industry, vol. 2, no. 1, pp. 7-16, Jan. 2022, doi: 10.31603/mesi.6178.

P. Cazén and M. Vazquez, “Bacterial cellulose as a biodegradable food packaging material: A review,”
Food Hydrocolloids, vol. 113, p. 106530, Apr. 2021, doi: 10.1016/j.foodhyd.2020.106530.

S. Rojas-Lema et al., “‘Faba bean protein films reinforced with cellulose nanocrystals as edible food
packaging material,’”” Food Hydrocolloids, vol. 121, p. 107019, Dec. 2021, doi:
10.1016/j.foodhyd.2021.107019.

R. A. llyas et al., “Mechanical Testing of Sugar Palm Fiber Reinforced Sugar Palm Biopolymer
Composites,” in Advanced Processing, Properties, and Applications of Starch and Other Bio-Based
Polymers, Elsevier, 2020, pp. 89-110. doi: 10.1016/B978-0-12-819661-8.00007-X.

T.G. Ambaye, M. Vaccari, S. Prasad, E. D. van Hullebusch, and S. Rtimi, “Preparation and applications of
chitosan and cellulose composite materials,” Journal of Environmental Management, vol. 301, p.
113850, Jan. 2022, doi: 10.1016/j.jenvman.2021.113850.

Q. Wang, C. Ji, J. Sun, Q. Zhu, and J. Liu, “Structure and Properties of Polylactic Acid Biocomposite Films
Reinforced with Cellulose Nanofibrils,” Molecules, vol. 25, no. 14, p. 3306, Jul. 2020, doi:
10.3390/molecules25143306.

Y. D. Lee, M. M. Pang, S. C. Koay, T. K. Ong, and K. Y. Tshai, “Effect of empty fruit bunch fibre loading on
properties of plasticised polylactic acid biocomposites,” in 13th International Engineering Research
Conference, 2020, p. 040002. doi: 10.1063/5.0001597.

R. Siakeng et al., “Flexural and Dynamic Mechanical Properties of Alkali-Treated Coir/Pineapple Leaf
Fibres Reinforced Polylactic Acid Hybrid Biocomposites,” Journal of Bionic Engineering, vol. 18, no. 6,
pp. 1430-1438, Nov. 2021, doi: 10.1007/s42235-021-00086-9.

S. C. Chin, K. F. Tee, F. S. Tong, H. R. Ong, and J. Gimbun, “Thermal and mechanical properties of bamboo
fiber reinforced composites,” Materials Today Communications, vol. 23, p. 100876, Jun. 2020, doi:
10.1016/j.mtcomm.2019.100876.

A. Felix Sahayaraj, M. Muthukrishnan, and M. Ramesh, “Experimental investigation on physical,
mechanical, and thermal properties of jute and hemp fibers reinforced hybrid polylactic acid
composites,” Polymer Composites, vol. 43, no. 5, pp. 2854-2863, May 2022, doi: 10.1002/pc.26581.

A. Nazrin, S. M. Sapuan, and M. Y. M. Zuhri, “Mechanical, Physical and Thermal Properties of Sugar Palm
Nanocellulose  Reinforced Thermoplastic Starch  (TPS)/Poly  (Lactic Acid) (PLA) Blend
Bionanocomposites,” Polymers, vol. 12, no. 10, p. 2216, Sep. 2020, doi: 10.3390/polym12102216.

T. D. Moshood, G. Nawanir, F. Mahmud, F. Mohamad, M. H. Ahmad, and A. AbdulGhani, “Biodegradable
plastic applications towards sustainability: A recent innovations in the green product,” Cleaner
Engineering and Technology, vol. 6, p. 100404, Feb. 2022, doi: 10.1016/j.clet.2022.100404.

R. A. llyas et al., “Polylactic Acid (PLA) Biocomposite: Processing, Additive Manufacturing and Advanced
Applications,” Polymers, vol. 13, no. 8, p. 1326, Apr. 2021, doi: 10.3390/polym13081326.

T. C. Mokhena, J. S. Sefadi, E. R. Sadiku, M. J. John, M. J. Mochane, and A. Mtibe, “Thermoplastic
Processing of PLA/Cellulose Nanomaterials Composites,” Polymers, vol. 10, no. 12, p. 1363, Dec. 2018,
doi: 10.3390/polym10121363.

R. Kumar, S. Kumari, B. Rai, R. Das, and G. Kumar, “Effect of nano-cellulosic fiber on mechanical and
barrier properties of polylactic acid (PLA) green nanocomposite film,” Materials Research Express, vol.
6, no. 12, p. 125108, Nov. 2019, doi: 10.1088/2053-1591/ab5755.

M. S. Barkhad, B. Abu-Jdayil, A. H. I. Mourad, and M. Z. Igbal, “Thermal Insulation and Mechanical
Properties of Polylactic Acid (PLA) at Different Processing Conditions,” Polymers, vol. 12, no. 9, p. 2091,
Sep. 2020, doi: 10.3390/polym12092091.

J. Li, Y. Wang, C. Xu, S. Liu, J. Dai, and K. Lan, “Bioplastic derived from corn stover: Life cycle assessment
and artificial intelligence-based analysis of uncertainty and variability,” Science of The Total
Environment, vol. 946, p. 174349, Oct. 2024, doi: 10.1016/].scitotenv.2024.174349.

Mechanical Engineering for Society and Industry, Vol.5 No.1 (2025)



(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

Mochamad Asrofi et al.

R. Siva, S. Sundar Reddy Nemali, S. Kishore kunchapu, K. Gokul, and T. Arun kumar, “Comparison of
Mechanical Properties and Water Absorption Test on Injection Molding and Extrusion - Injection
Molding Thermoplastic Hemp Fiber Composite,” Materials Today: Proceedings, vol. 47, pp. 4382-4386,
2021, doi: 10.1016/j.matpr.2021.05.189.

N. A. Abu Hassan, S. Ahmad, R. S. Chen, D. Shahdan, and M. H. Mohamad Kassim, “Tailoring lightweight,
mechanical and thermal performance of PLA/recycled HDPE biocomposite foams reinforced with kenaf
fibre,” Industrial Crops and Products, vol. 197, p. 116632, Jul. 2023, doi: 10.1016/j.indcrop.2023.116632.

A. Samir, F. H. Ashour, A. A. A. Hakim, and M. Bassyouni, “Recent advances in biodegradable polymers
for sustainable applications,” npj Materials Degradation, vol. 6, no. 1, p. 68, Aug. 2022, doi:
10.1038/s41529-022-00277-7.

S. O. Ismail, E. Akpan, and H. N. Dhakal, “Review on natural plant fibres and their hybrid composites for
structural applications: Recent trends and future perspectives,” Composites Part C: Open Access, vol. 9,
p. 100322, Oct. 2022, doi: 10.1016/j.jcomc.2022.100322.

M. F. Ali, M. S. Hossain, I. J. Lithi, S. Ahmed, and A. M. S. Chowdhury, “Fabrication and characterization
of sustainable composites from animal fibers reinforced unsaturated polyester resin,” Heliyon, vol. 10,
no. 13, p. e33441, Jul. 2024, doi: 10.1016/j.heliyon.2024.e33441.

P. Madhu, M. R. Sanjay, M. Jawaid, S. Siengchin, A. Khan, and C. I. Pruncu, “A new study on effect of
various chemical treatments on Agave Americana fiber for composite reinforcement: Physico-chemical,
thermal, mechanical and morphological properties,” Polymer Testing, vol. 85, p. 106437, May 2020, doi:
10.1016/j.polymertesting.2020.106437.

K. Peranidze, T. V. Safronova, and N. R. Kildeeva, “Electrospun Nanomaterials Based on Cellulose and Its
Derivatives for Cell Cultures: Recent Developments and Challenges,” Polymers, vol. 15, no. 5, p. 1174,
Feb. 2023, doi: 10.3390/polym15051174.

S. Rahman and A. J. Uddin, “Unusable cotton spinning mill waste: A viable source of raw material in
paper making,” Heliyon, vol. 8, no. 8, p. €10055, Aug. 2022, doi: 10.1016/j.heliyon.2022.e10055.

R. Rifada Pradiza et al., “Introduction of natural fiber and its surface modification,” in Surface
Modification and Coating of Fibers, Polymers, and Composites, Elsevier, 2025, pp. 3-18. doi:
10.1016/B978-0-443-22029-6.00001-0.

M. A. Naeem et al., “Bacterial cellulose-natural fiber composites produced by fibers extracted from
banana peel waste,” Journal of Industrial Textiles, vol. 51, no. 1_suppl, pp. 990S-1006S, Jun. 2022, doi:
10.1177/1528083720925848.

V. Lakshmi Narayana and L. Bhaskara Rao, “A brief review on the effect of alkali treatment on
mechanical properties of various natural fiber reinforced polymer composites,” Materials Today:
Proceedings, vol. 44, pp. 1988-1994, 2021, doi: 10.1016/j.matpr.2020.12.117.

S. Susi, M. Ainuri, W. Wagiman, and M. A. F. Falah, “Effect of delignification and bleaching stages on
cellulose purity of oil palm empty fruit bunches,” IOP Conference Series: Earth and Environmental
Science, vol. 1116, no. 1, p. 012018, Dec. 2022, doi: 10.1088/1755-1315/1116/1/012018.

G. T. Melesse, F. G. Hone, and M. A. Mekonnen, “Extraction of Cellulose from Sugarcane Bagasse
Optimization and Characterization,” Advances in Materials Science and Engineering, vol. 2022, pp. 1—
10, Oct. 2022, doi: 10.1155/2022/1712207.

R. A. Kurien et al., “A comprehensive review on the mechanical, physical, and thermal properties of
abaca fibre for their introduction into structural polymer composites,” Cellulose, vol. 30, no. 14, pp.
8643-8664, Sep. 2023, doi: 10.1007/s10570-023-05441-z.

K. A. Gisan, M. Y. Chan, and S. C. Koay, “Solvent-cast Biofilm from Poly(lactic) Acid and Durian Husk Fiber:
Tensile, Water Absorption, and Biodegradation Behaviors,” Journal of Natural Fibers, vol. 19, no. 11, pp.
4338-4349, Nov. 2022, doi: 10.1080/15440478.2020.1857894.

M. Mohamad, S. W. Ting, M. B. A. Bakar, and W. H. W. Osman, “The Effect of Alkaline Treatment on
Mechanical Properties of Polylactic Acid Reinforced with Kenaf Fiber Mat Biocomposite,” IOP
Conference Series: Earth and Environmental Science, vol. 596, no. 1, p. 012002, Dec. 2020, doi:
10.1088/1755-1315/596/1/012002.

P. Ramesh, B. D. Prasad, and K. L. Narayana, “Influence of Montmorillonite Clay Content on Thermal,
Mechanical, Water Absorption and Biodegradability Properties of Treated Kenaf Fiber/ PLA-Hybrid
Biocomposites,” Silicon, vol. 13, no. 1, pp. 109-118, Jan. 2021, doi: 10.1007/s12633-020-00401-9.

B. Baghaei and M. Skrifvars, “All-Cellulose Composites: A Review of Recent Studies on Structure,
Properties and Applications,” Molecules, vol. 25, no. 12, p. 2836, Jun. 2020, doi:
10.3390/molecules25122836.

K. S. Chun, C. M. Yeng, C. P. May, T. K. Yeow, O. T. Kiat, and C. K. How, “Effect of coupling agent content
on properties of composites made from polylactic acid and chrysanthemum waste,” Journal of Vinyl and
Additive Technology, vol. 26, no. 1, pp. 10-16, Feb. 2020, doi: 10.1002/vnl.21710.

R. llyas et al., “Natural Fiber-Reinforced Polylactic Acid, Polylactic Acid Blends and Their Composites for
Advanced Applications,” Polymers, vol. 14, no. 1, p. 202, Jan. 2022, doi: 10.3390/polym14010202.

Mechanical Engineering for Society and Industry, Vol.5 No.1 (2025)



(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

(65]

(66]

(67]

(68]

(69]

[70]

(71]

[72]

(73]

Mochamad Asrofi et al.

H. Burrola-Nufiez, P. Herrera-Franco, H. Soto-Valdez, D. E. Rodriguez-Félix, R. Meléndrez-Amavizca, and
T. J. Madera-Santana, “Production of Biocomposites Using Different Pre-treated Cut Jute Fibre and
Polylactic Acid Matrix and Their Properties,” Journal of Natural Fibers, vol. 18, no. 11, pp. 1604-1617,
Nov. 2021, doi: 10.1080/15440478.2019.1693473.

A. Le Duigou, G. Chabaud, R. Matsuzaki, and M. Castro, “Tailoring the mechanical properties of 3D-
printed continuous flax/PLA biocomposites by controlling the slicing parameters,” Composites Part B:
Engineering, vol. 203, p. 108474, Dec. 2020, doi: 10.1016/j.compositesb.2020.108474.

E. Kassegn, B. Sirhabizu, T. Berhanu, B. Buffel, and F. Desplentere, “Influence of fiber surface treatment
on the mechanical properties of sisal fiber reinforced polylactic acid bio-composites,” Composites and
Advanced Materials, vol. 33, Feb. 2024, doi: 10.1177/26349833241275700.

Z. Samouh, K. Molnar, S. Hajba, F. Boussu, O. Cherkaoui, and R. El Moznine, “Elaboration and
characterization of biocomposite based on polylactic acid and Moroccan sisal fiber as reinforcement,”
Polymer Composites, vol. 42, no. 8, pp. 3812—3826, Aug. 2021, doi: 10.1002/pc.26095.

P. Chotiprayon, B. Chaisawad, and R. Yoksan, “Thermoplastic cassava starch/poly(lactic acid) blend
reinforced with coir fibres,” International Journal of Biological Macromolecules, vol. 156, pp. 960-968,
Aug. 2020, doi: 10.1016/j.ijbiomac.2020.04.121.

S. Landes and T. Letcher, “Mechanical Strength of Bamboo Filled PLA Composite Material in Fused
Filament Fabrication,” Journal of Composites Science, vol. 4, no. 4, p. 159, Oct. 2020, doi:
10.3390/jcs4040159.

H. Mukaffa et al., “Effect of alkali treatment of piper betle fiber on tensile properties as biocomposite
based polylactic acid: Solvent cast-film method,” Materials Today: Proceedings, vol. 48, pp. 761-765,
2022, doi: 10.1016/j.matpr.2021.02.218.

E. M. B. Lima et al., “Biocomposites of PLA and Mango Seed Waste: Potential Material for Food
Packaging and a Technological Alternative to Reduce Environmental Impact,” Starch - Stérke, vol. 73,
no. 5-6, May 2021, doi: 10.1002/star.202000118.

E. F. Sucinda, M. S. Abdul Majid, M. J. M. Ridzuan, E. M. Cheng, H. A. Alshahrani, and N. Mamat,
“Development and characterisation of packaging film from Napier cellulose nanowhisker reinforced
polylactic acid (PLA) bionanocomposites,” International Journal of Biological Macromolecules, vol. 187,
pp. 43-53, Sep. 2021, doi: 10.1016/j.ijbiomac.2021.07.069.

C. G. Silva, P. A. L. Campini, D. B. Rocha, and D. S. Rosa, “The influence of treated eucalyptus microfibers
on the properties of PLA biocomposites,” Composites Science and Technology, vol. 179, pp. 54-62, Jul.
2019, doi: 10.1016/j.compscitech.2019.04.010.

H. Jing, H. He, H. Liu, B. Huang, and C. Zhang, “Study on properties of polylactic acid/lemongrass fiber
biocomposites prepared by fused deposition modeling,” Polymer Composites, vol. 42, no. 2, pp. 973—
986, Feb. 2021, doi: 10.1002/pc.25879.

Kusmono and O. E. R. Wiratma, “Fabrication and Characterization of PLA/Nanocrystalline Cellulose
Nanocomposite Filaments for 3D Printing Application,” IOP Conference Series: Materials Science and
Engineering, vol. 1096, no. 1, p. 012055, Mar. 2021, doi: 10.1088/1757-899X/1096/1/012055.

M. Reddivari and P. Dinesh Sankar Reddy, “Mechanical Property, Thermal Stability and BioDegradability
Studies on PLA based Bio-Nanocomposites derived from Agricultural Residues,” YMER Digital, vol. 20,
no. 12, pp. 819-833, Dec. 2021, doi: 10.37896/YMER20.12/74.

L. C. C. Jesus et al., “Tensile behavior analysis combined with digital image correlation and mechanical
and thermal properties of microfibrillated cellulose fiber/ polylactic acid composites,” Polymer Testing,
vol. 113, p. 107665, Sep. 2022, doi: 10.1016/j.polymertesting.2022.107665.

W. Lu et al., “Influence of clove essential oil immobilized in mesoporous silica nanoparticles on the
functional properties of poly(lactic acid) biocomposite food packaging film,” Journal of Materials
Research and Technology, vol. 11, pp. 1152-1161, Mar. 2021, doi: 10.1016/j.jmrt.2021.01.098.

V. Giammaria, M. Capretti, G. Del Bianco, S. Boria, and C. Santulli, “Application of Poly(lactic Acid)
Composites in the Automotive Sector: A Critical Review,” Polymers, vol. 16, no. 21, p. 3059, Oct. 2024,
doi: 10.3390/polym16213059.

M. H. M. Nasir, M. M. Taha, N. Razali, R. A. llyas, V. F. Knight, and M. N. F. Norrrahim, “Effect of Chemical
Treatment of Sugar Palm Fibre on Rheological and Thermal Properties of the PLA Composites Filament
for FDM 3D Printing,” Materials, vol. 15, no. 22, p. 8082, Nov. 2022, doi: 10.3390/ma15228082.

Y. Wu, X. Gao, J. Wu, T. Zhou, T. T. Nguyen, and Y. Wang, “Biodegradable Polylactic Acid and Its
Composites: Characteristics, Processing, and Sustainable Applications in Sports,” Polymers, vol. 15, no.
14, p. 3096, Jul. 2023, doi: 10.3390/polym15143096.

K. Oluwabunmi, N. A. D’Souza, W. Zhao, T.-Y. Choi, and T. Theyson, “Compostable, fully biobased foams
using PLA and micro cellulose for zero energy buildings,” Scientific Reports, vol. 10, no. 1, p. 17771, Oct.
2020, doi: 10.1038/s41598-020-74478-y.

H. Abral et al., “Comparative Study of the Physical and Tensile Properties of Jicama ( Pachyrhizus erosus
) Starch Film Prepared Using Three Different Methods,” Starch - Stérke, p. 1800224, Feb. 2019, doi:

Mechanical Engineering for Society and Industry, Vol.5 No.1 (2025) m



Mochamad Asrofi et al.

10.1002/star.201800224.

[74] S. Wahono, A. Irwan, E. Syafri, and M. Asrofi, “Preparation and characterization of Ramie Cellulose
Nanofibers/CaCO3 Unsaturated Polyester Resin composites,” ARPN Journal of Engineering and Applied
Sciences, vol. 13, no. 2, pp. 746-751, 2018.

[75] M. Asrofi et al., “Influence of ultrasonication time on the various properties of alkaline-treated mango
seed waste filler reinforced PVA biocomposite,” Review on Advanced Materials Science, vol. 62, no. 1,
Dec. 2023, doi: 10.1515/rams-2023-0137.

Mechanical Engineering for Society and Industry, Vol.5 No.1 (2025)



	1. Introduction
	2. Biocomposites
	3. Polylactic Acid
	4. Natural Fibers
	5. Mechanical Properties of Biocomposite based PLA and Natural Fiber
	6. Potential Application
	7. Future Research
	8. Conclusions
	Acknowledgements
	Authors’ Declaration
	References

