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Abstract
Since the advent of modern technological civilization, tremendous pollution has been emerged in our 
environment by disposing of waste material in the environment unconsciously. Some waste materials are 
biodegradable and some of them are non-biodegradable. Biodegradable waste, originated from plants 
or animals, can be decomposed by the natural organism (bacteria, fungi, etc.) and can be excluded from  
pollution. This degradation process may be rapid or slow but the environmental risks are low. On the other 
hand, non-biodegradable waste, obtained from inorganic components cannot be decomposed by the natural 
organism and act as a source of pollution. These wastes are being generated by humans, and every year 
billions tons of wastes are being dumped into the environment which puts our environment in danger. As a 
result, environmental consciousness has increased worldwide. This growing ecological and environmental 
awareness leads the world to develop eco-friendly materials. As the population grows day by day, it is not 
possible to reduce waste. So, it is wise to focus on developing new materials that would produce biodegradable 
waste. Recently, the attraction on the biocomposite (known as green composites) materials has significantly  
increased because it is generated from natural fiber which is biodegradable and it has the potential of  
being a substitute for conventional non-biodegradable products. Biocomposites are used in various industrial 
sectors, including the bio-medical industry. In this paper, the overall idea of natural fibers, extraction and 
surface modification methods of natural fiber, natural fiber-based biocomposites, fabrication and properties 
analysis of biocomposite, and recent applications of biocomposites in the medical sector have been reviewed. 
The primary incentive for developing and using biocomposite is to build a new generation of eco-friendly 
materials by replacing synthetic ones.
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1 Introduction

According to “Worldometer” the world is now  
burdened with almost 7.9 billion people. And all of 
them are using different accessories and most of them 
are non-biodegradable. Some of them can be recycled 

and others cannot be recycled. Excessive usage of that 
material increased the environmental consciousness 
through the worldwide that leads the world to think and 
develop the new ecofriendly material like natural fiber-
based polymers or biocomposites. Natural polymer or 
green polymer obtained from renewable sources are 
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substitute for synthetic materials and their applications 
can decrease a huge amount of non-biodegradable 
waste. It is proved by several polymer industries which 
production are eco-friendly and sustainable [1]. The 
natural fibers accessibility, availabilityand low-cost in 
production have made biocomposites very appealing 
for numerous industrial applications like automobile, 
construction etc. natural fiber-based biocomposite 
are not only usable in the field of automotive, leisure  
industry, materials packaging, energy sector, sports, and 
construction but also usable in the field of biomedical  
applications such as wound healing, implants, biosensors,  
drug delivery, tissue engineering and medical devices 
etc. [2]. For example, biocomposite scaffolds are used in 
regenerative gene therapy [3], by developing bacterial  
cellulose composites with antibacterial properties to use 
it wound healing area, as dressings for contaminated  
wounds treatment [4], bio-templated silica synthesis 
in drug delivery, membrane technology and bio sensor 
[5], orthopedic, dental and various surgical operation 
etc. Figure 1 is the schematic diagram of bio-medical 
applications done by biocomposites which are obtained 
from natural fibers-based bio-polymers.
 The reason of using natural fiber over synthetic 
fiber in bio-medical application is they are not only  
biodegradable but also bioresorbable. This characteristic  
helps in implantation, if any bio-material is implanted 
into body it is not required to be removed surgically 
[6]. Another big reason of using natural fiber-based 
bio-medical materials is reducing medical waste. Every 
year U.S hospitals produce almost 5.9 million tons of 
medical waste. A report “Health care waste, 2018” 
from WHO says the total amount of waste generated 
by health-care activities, about 85% is general, non-
hazardous waste and remaining 15% is considered 
hazardous material that may be infectious, toxic or 
radioactive [7]. Another news “Can medical care  
exist without plastic?” By Sarah Gibbens, 2019; says 

25% medical waste is plastic [8]. Natural fiber-based  
biocomposite material derived from renewable  
resources is an eco-friendly substitute for synthetic 
material like plastic because their applications in the 
bio-medical sector can reduce  a huge  number of non-
biodegradable waste produced by the medical industry 
[9]. Environmental awareness has been increased 
now a days, [10], [11] as a result development of 
ecofriendly and environmentally sustainable materials  
have become  an appealing and significant field of 
research. Improving natural fiber-based biocomposite  
materials obtained from renewable resources are  
eventually replacing synthetic fibers which is made 
from non-renewable petroleum-based resources [10], 
[11].

2 Natural Fibers

In this era, the significance and demand of natural  
fibers are increasing dramatically for their huge economic  
and environmental advantages like lightweight,  
biodegradability, less abrasive damage, abundant  
availability, good damping properties, less environmental  
footprint, high health safety, etc. Natural fibers are that 
kind of fibers which are directly obtained from natural 
resources like plant, animal and geological process. 
Based on this the natural fiber can be classified into 
three; Plant fiber (Found directly from different parts of 
the plant like bast, leaf, seed, fruit, etc.), Animal fiber 
(Animal hair like wool and silk fiber), Mineral fiber 
(Asbestos). The world now needs to develop some  
eco-friendly material and this need leads the whole world  
to the utilization of biodegradable composite material 
or Biocomposite material. Biocomposite materials are 
made from natural fiber. There is another fiber called 
Synthetic fibers which are man-made (Rayon, Nylon, 
acrylic, etc.). Current synthetic fibers are petroleum-
based products and they are non-biodegradable.  
Compared with this synthetic fiber, natural fiber is a 
much better option for us. Table 1 shows the difference 
between natural fiber and synthetic fiber. Although 
Natural fibers have some issues. Natural fibers have 
higher moisture absorption properties because  they 
have high cellulose content [12]. It can be solved by 
developing natural binders to hold the natural fiber in 
good shape. Natural fiber's mechanical properties are 
not as good as synthetic fibers and it can be developed 
by developing the poor dimensional, structural and 

Figure 1: Schematic representation of Biomedical 
application done by natural fibers.
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environmental stability. One more major drawback 
of natural fiber is flammability because natural fibers 
have a lower decomposition temperature [13]. In this 
world, there is nothing without demerits. Natural fibers  
have also some drawbacks but those drawbacks are not 
things that cannot be solved. From the last two decades,  
enormous researches have been done to replace  
synthetic fibers by solving and developing natural  
fibers. Nowadays, considerable amounts of funds are  
being provided by our government and certain number of 
private funding agencies for ecofriendly and sustainable  
products [16]. The production of natural fiber is also 
increased day by day over the whole world. In 2018 
the natural fiber production was 32 million metric 
tons where total fiber production was 110 million 
metric tons. Figure 2. Portraits the world fiber product 
in the year 2018 [17]. That means the natural fiber 
production was 29.09% of total fiber production. And 
in 2019 it was slightly increased and in Figure 3 it is 
presented [18].

 Global fiber production should be increased and 
especially, natural fiber. In Figure 4 the ultimate fiber 
production from 1980 to 2019 is shown from a report 
[19]. 
 Total fiber production is increasing over the 
globe. And Production of natural fibers has also 
increased but is comparatively lower than that of 
synthetic fibers. So, for future betterment, the use and 
production of natural fiber should be increased. 

Figure 2: World fiber production 2018 [17]. Figure 3: World fiber production 2019 [18].
 

 

Table 1: Difference between natural fiber and synthetic fiber [14], [15]
Criteria Natural Fiber Synthetic Fiber

Density Low High
Cost Low Double
Consumption of Energy Low High
Absorbent Able to absorb heat, temperature, cold, 

sweat etc. 
Not good absorbent.

Length Naturally obtained Controlled by man
Spinning No spinning process is required Melting, Wet or Dry spinning is required 

for filament production
CO2 No Yes
Biodegradability Yes No
Health risk No Yes
Recyclability Yes No
Ecofriendly Yes No

Figure 4: Global fiber production [19].
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2.1  Extraction of natural fibers

There are several extraction methods or retting  
processes for natural fiber. It is dependent on the type 
of fibers and the required application of fiber which 
method is good for fiber extraction [20]. Retting is the 
method of extracting natural fiber from non-fibrous 
tissues. The quality, chemical composition, structure, 
and properties of the natural fiber depend on the retting  
method. In the retting process, two things are considered  
[21]:

1. Complete separation of fibers pectin materials.
2. To prevent over retting, termination of the  

retting process should be done at the correct time.
 In the early age of extraction water and dew, retting  
was used to extract the natural fiber. But it is time- 
consuming processes because in these methods 14 to 
28 days were required to extract natural fibers [20].  
Nowadays various methods are introduced and they are: 

2.1.1 Biological retting

It is a highly used and traditional method. Two types 
of biological retting and they are, dew retting and 
water retting.  

2.1.1.1 Dew or field retting process

In this process, the harvested plants are thinly spread 
in the field and exposed to rain, sun, and dew like 
the Figure 5 [22]. until the fibers separate from stalk 
it takes 15–30 days to complete the whole process. 
During this time micro-organisms like fungi, aerobic 
bacteria attack the non-cellulose cell types and separate 
fiber bundles into smaller and individual fibers [23].

2.1.1.2 Water retting process

Though it is the most popular method of extraction, it 
produces low-quality fibers and is a time-consuming 
process [24]. Raw fiber is submerged in the water. The 
center parts of stems and external layer of harvested 
plants where the natural fiber belongs are penetrated 
by water. Microorganisms that present inside the 
natural fiber break down the cellular tissue, pectin, and 
various gums. In Figure 6 the water retting process is 
shown [25].

2.1.2 Mechanical retting
 
It generates high-quality fibers within a short time. 
Mechanical extraction consists of various steps like 
breaking, scutching, hackling. The schematic version 
of those steps is shown in Figure 7 [23]. These steps 
can be done in the traditional way or by mechanical 
decorticators like a hammer, roller, or beater; Figure 8  
[25]. Repeated feeding of plant stem into the mechanical  
decorticators removes the gums and skin from the 

Figure 5: Dew retting process [22].

Figure 6: Water retting process [25].

Figure 7: Schematic diagram of mechanical retting 
process [23].
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Figure 8: Mechanical retting process done by roller 
[25].
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plants and natural fiber is extracted. After completing 
the process retted fibers are cleaned by water and then 
dried in sunlight [26].

2.1.3 Chemical retting

Also known as Surfactant retting. It is an extracting 
process where natural fiber is boiled with chemicals 
like soda ash, oxalic soda, and caustic soda [27]. It is 
popular because it produced high constant quality fiber 
without regarding the condition of weather. Various  
treatments are done by chemical retting like alkalization,  
oxidative degradation, bleaching treatment, acidic retting,  
etc. Among those most popular process for chemical 
retting is alkalization where sodium hydroxide (NaOH) 
is used as an aqueous solution to remove hemicellulose.  
The concentration of sodium hydroxide varies in the 
range of 1–25% by weight. The treatment is carried 
out at a warm temperature for about 2 h [23]. Then, 
the fibers are rinsed with distilled water in order to  
take away residual NaOH from fibers and then 
dried in the oven [28]. In Figure 9 chemical retting  
process by alkalization of sugar cane is shown because 
it is a promising raw material for the extraction of  
hemicelluloses. 

2.1.4 Physical retting

Two technics are used in physical retting. One is stem 
blast where pressure and high temperature are used for 
separation and degradation of fiber. Another technic 
is ultrasound where partially squashed plant stems are 
dipped in a water tank where the water is mixed with 
alkalis and surfactants as pre-treatment of extreme  
ultrasound; it separates the fibers from the stem [21]. In 
the physically retting process, Plasma treatment, stem 

explosion, osmotic degumming, hydrothermal method, 
etc. are different types of physical retting method [23]. 
Plasma treatment is an useful method to modify the 
surface of fibers. Ablation, cross-linking, or surface 
activation can be caused by plama flow. Ablation is 
done by removing organic residues, Cross-linking  
occurs due to the interaction of radicals to the formation 
of covalent links and The surface energy is increased  
by surface activation [30]. The stem explosion is an 
autohydrolysis process where saturated stems are used. 
High pressure due to sudden decompression leads 
to the substantial breakdown of lignocellulose and  
defibrillation [23]. In the Hydrothermal process, water 
is taken at elevated temperature and pressure to degrade  
lignin and hemicellulose. It is applied in hemp and flax 
fiber already [31], [32]. Osmotic degumming treatment 
is applied in flax fiber. Due to the diffusive penetration 
of water inside the stem, hydrostatic pressure presses 
the epidermis. As a result, cracks occur at the epidermis 
and fibers are extracted [33], [34].

2.1.5 Enzymatic retting

It is also known as bioscouring. It produces fibers 
containing convenient properties. Enzyme retting  
employs a pectin corrupting process. By corrupting 
pectin, natural fiber is extracted from woody tissue 
[35]. Plant fibers are taken in tank water or bioreactor.  
Then different types of enzymes like pectinase, xylanases,  
etc. are directly added to the tank water to attack the gum 
and pectin material in the bast and extract fibers [36]. 
It is time-saving because its duration of retting is only 
12–24 h, eco-friendly process. High energy and non-
reusability of enzymes make the process cost-effective  
[36]. Enzymatic process is shown in Figure 10.

Figure 9: Chemical retting process of sugar cane [29].
Figure 10: Enzymatic retting process. Flax stalk on 
shelf in retting/drying chamber (left) and ductwork 
within chamber (right) [37].
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2.2  Surface modification of natural fibers

This eco-friendly natural fiber has been using since 
civilization as raw materials to meet the human need 
of daily life. Though low durability, high moisture 
absorption, wettability, inadequate adhesion with 
the matrix; but with the high-tech developments of 
industrial and environmental awareness; natural fiber 
has been replaced with synthetic fibers or reinforced 
biopolymer composites. That’s why it is necessary 
to offer an improve treatment or modification of raw  
natural fiber to remove the drawbacks and achieve  
comparable proper surface bonding. Surface modification  
is mainly the process of modifying the surface of a 
material. It develops physical, chemical and biological  
characteristics  that differ from the original raw materials  
of itself [38]. As a modification of surface properties is 
needed for its betterment, this depends on some following  
factors [39]:

• Fiber morphology
• composition of chemical 
• Extractive chemicals and processing conditions
• Modification of plant fibers

 However, some adjustment methods are followed 
to overcome those shortcomings for better performance.  
Those methods can be categorized initially into three 
basic techniques (Figure 11) and those techniques are 
used some more treatments for modification.

2.2.1 Physical method

Physical processes are done on natural fiber to discrete 
the fiber bundles into individual filaments and modify 

the surface characteristics for composite application 
with strong covalent bonds. Stretching, calendaring, 
rolling, dielectric barrier techniques , steam explosion  
treatment, corona treatment, cold treatment, laser, solvent  
extraction, and Y-ray treatment, thermo-treatment, 
electrical conduction, ionization, fiber beating- those 
are employed with physical methods [40]. Here cold 
plasma treatment introduces different functional 
groups that are able to  build strong covalent bonds 
with matrix to increase surface energy and mechanical 
properties. This treatment has also some disadvantages 
too with highlighted benefits. No type of chemical 
composition changing is doing here.
 Another process, corona treatment modifies the 
surface oxidation with two opposing electrodes where 
fiber is placed in the gap of electrodes based on low-
frequency high speedy electrons [41], [42]. It is one 
kind of cost-effective low energy consumption process 
which is similar to the dielectric barrier discharge 
[DBD] process [43]. Though there need one or more 
dielectric barriers as an insulator in the DBD technique 
and has some disadvantages too.

2.2.2 Chemical method

The purpose of the chemical method is to make it less 
hydrophilic and defect-free with change the chemical 
composition of material by introducing new components  
to interact with the matrix [44]. Those most used 
treatments are- Alkaline treatment, Acrylation and 
acrylonitrile grafting, bleaching, isocyanate, maleated 
coupling, fatty acid derivates, triazine, silanization, 
benzoylation, use of peroxide, permanganate, enzyme  
treatment, and so on  [21]. Alkaline treatment and 
Acylation-grafting are most significant among those 
for moisture absorption and swelling of natural  
fiber.

Fiber–OH + NaOH  →  Fiber – O – Na + H2O

This structure indicates a stage of Alkaline treatment 
in cellulose fiber modification by increasing surface 
roughness. Alkali treatment is used to remove the OH 
bond. It dissolves the amorphous constituents and to 
enrich the surface roughness with interfacial bonding 
of fiber-matrix [45].

Fiber–OH + CH2 = CHCN  →  Fiber – OCH2CH2CN

Figure 11: Methods of surface modification.
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 This is a reaction of acrylonitrile which is used 
in this process to modify fiber [46]. Acetylation is 
one important surface modification for plasticizing 
natural fibers and enhances dimensional stability of 
fiber-matrix. This treatment introduces rough surface 
topography with a strong mechanical interlocking 
matrix where belong a lower number of voids. The 
acrylation process is done by acrylic acid which  
reacts with cellulosic OH groups to promote moisture  
resistance properties [47]. A physicochemical treatment  
is also held for some natural fiber where describes 
degradation processes and molecular changes with 
the combination of chemical and physical treatment 
support. Improve separation of fiber bundles is the 
main purpose [48].

2.2.3 Biological method

Biological treatment involves microorganisms (bacteria,  
fungi) increased strength to enhance the establishment  
of a new generation of natural fiber composites with 
a refined matrix. Here, mainly used biomaterials in 
contact with biological processing for modifying 
the surface of the fiber. It is seen that deposition of 
about 5–6% nanosized bacterial cellulose, bacterial  
[Acetobacter xylinum] on the natural fiber surface 
resulted in improving adhesion to a renewable polymer 
[49]. It was also observed in a recent study, during the 
fermentation process of bacterial cellulose to generate 
improve fiber-matrix interface, cellulose nanofibrils 
are used on the surface of sisal and hemp fiber [49]. 
The fermentation processes, retting processes are 
commonly used here including the biological method 
for the growth of new generation. Retting treatment 

is one common treatment where bacteria and fungi 
are used to release enzymes by degrading pectic and 
hemicellulosic compounds [46]. Some selected surface 
modifications are given in Table 2.

3 Green Biocomposites

The growing world is now concerned about ecological  
and environmental issues. As a result, within this decade  
a tremendous improvement has been done in Green 
composite through the development of biocomposite.  
Composite is nothing but the mixing of two or more than 
two materials. When we are discussing biocomposite;  
it is a composite material that is biodegradable and 
provides minimal environmental impact at the end 
of its life cycle. The global market of composite is a 
multi-billion dollar business where grew by 6.3% in  
India, 2.1% in Europe in 2018 [56]. As it is eco-friendly  
and sustainable material so we are comfortable to 
call it green biocomposite. Biocomposite is formed 
by the combination of matrix or biodegradable resin 
and natural fibers. This matrix protects the fiber from 
environmental degradation and mechanical damage 
and this natural fiber is obtained from geological  
processes or directly found from natural resources like 
plants, animals. Based on the source biocomposite 
material can be classified into two sections (Figure 12)  
Non-wood/natural fiber and wood fiber. Non-wood 
fiber is more attractive than another one because of 
its properties and sustainability.
 In wood fibers 60% of its composition is the wood 
element, thus it is called wood fiber. Softwood fibers 
are long and flexible, on the other hand, hardwood  
is shorter and stiffer.

Table 2: Some Selected surface modifications method

Natural Fiber Surface Modification Achievement Reference

Cotton Grafting fluorocarbon monomer • Improve hydrophobicity [50]

Hemp Alkali treatment • Tensile strength
•  Young’s modulus
• Thermal stability

[51]

Jute Pyromellitic dianhydride grafting • Absorption capacity [52]

bamboo Silane coupling agent • Improve mechanical- thermal properties [53]

Silk Grafting of nano- Ag • Antibacterial properties [54]

Wool Nano- ZrO2 • Higher thermal stability [55]
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3.1  Fabrication of biocomposites

Fabrication is the process of manufacturing or inventing  
something. There are several fabrication processes of 
joining natural fiber and biodegradable polymer as the 
matrix. Generally, fabrication is done in four steps. 
Figure 13 is the schematic diagram of fabrication of 
biocomposite [57].
 Design is the first concern of fabrication. It is a 
systematic way of creating products. Many factors play 
a vital role in designing new material and also in the  
fabrication process. So those factors should be  
considered. Summary of those factors [58], [59] are 
given below:

• Choice of materials

• Ease to manufacture
• Quantity to be manufactured
• Finishing quality
• Fitness for purpose 
• Use of the product
• Durability
• Efficiency
• Running cost
• Ease to maintenance
• Safety
• Environmental and social considerations

 After completing the design manufacturing  
process; the main part of the fabrication will be started. 
The selection of manufacturing method among the 
several manufacturing methods depends on the type 
of polymer (thermoplastic or thermosetting) which 
are used as the matrix or bio-degradable resin for the 
development of biocomposite [60]. Some common 
manufacturing methods of biocomposites are:

3.1.1 Hand Lay-up process

In this fabrication process, natural fiber and matrix 
are mixed and placed into an open mold (Figure 14). 
Then mild pressure is applied by the roller. As a result,  
entrapped air will be removed. It has some advantages 
like no size constraints, low cost and some disadvantages  
like long curing time, air pockets and mild surface 
finisha, etc. [60], [61].

3.1.2 Pultrusion process 

A continuous process for the manufacture of  biocomposite  
with constant cross-section. Roving strands are pulled 
from a creel through a strand-tensioning device  

Figure 12: Classification of Biocomposite. Figure 14: Hand lay-Up Process [62].

Figure 13: Schematic diagram of basic steps of  
fabrication process of biocomposite.

 

 

 

Resin material
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Reinforcement 
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continuously into a resin bath. And then strands 
are passed through a heated die where curing  
occurs. The shape and size of the product depends on 
the cross-section of die. The pultrusion process for 
manufacturing biocomposite is shown in Figure 15. 
Some advantages of pultrusion are: overall low-cost 
production, good material usage, good rein quality, 
etc. On the other hand, disadvantages are: uniform 
cross Section, Excess resin(unintentionally) decrease 
the part strength, due to quick curing system strength 
may be decreased, etc. [63], [64]. 

3.1.3 Resin transfer molding process 
 
Resin Transfer molding (RTM) is encompassed from 
Liquid composite molding process [66]. For good 
and smooth surface finishing, this process is utilized. 
Resin is injected into the mold through its cavity where 
fibers are laid. Then it is cured under pressure and 
heat. Illustrated view of RTM is given in Figure 16 
[67]. Advantages are complex shaped product can be 
prepared, good surface finish, the filler can easily be 
added, high fiber volume, etc. Resin injection curing 
and heat transfer are the major limitations [64], [68].

3.1.4 Extrusion process

A device called spinneret is a corrosion-resistant metal 
plate containing a bunch of small holes. This process 
is done by forcing a thick and viscous liquid through 

the small holes of the spinneret to form continuous 
strings or filaments of semi-solid polymer. In the case 
of thermoplastic synthetic, this process is obtained 
by pressure and heat. Extrusion process is shown in  
Figure 17. There are 4 methods of spinning filaments 
and they are dry, wet, gel, and melt [67].

3.1.5 Injection process 

This process is the most widely used method in  
industry for the production of biocomposite. Because 
it is simple and fast. The required amount of fiber and 
resin mixture is injected into the mold by an injection 
molding machine. This machine has three sections: 
 1) Injection unit: To melt, heat is delivered by this 
unit to the polymer matrix and then mix the polymer  
matrix with fiber. Then inject the melted mixture.
 2) Mold: It is the closed mold having the shape of 
the final product which is made by the CNC machining 
process. 
 3) Ejection and clamping unit: Ejectors eject the final 
product when the whole injection process is completed.
 The advantages of injection molding are high 
production rate, less curing time, etc. [67], [70].

3.2  Properties of biocomposites

Biocomposites are discovered to replace the non- 
biodegradable waste that is harmful to our environment.  
But the story or replacement is not as good as we wanted  
and it is because of the properties. The stiffness,  
durability, and efficiency of non-biodegradable products  
like polythene, plastic, PVC, metal, etc. are much 
higher than these biocomposite or green materials. So 
now the world is concerned to increase the properties  
of biocomposite. The properties like mechanical, 

Figure 15: Schematic diagram Pultrusion process [65].

Figure 17: Extrusion process [69].

Figure 16: Resin Transfer Molding [67].
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thermal, chemical properties should be discussed and 
our concern.

3.2.1 Mechanical properties

Mechanical properties of material indicate the physical  
properties that a material exhibits when force is applied 
to that material. For manufacturing of any instrument or 
machine or product, it is necessary to judge the mechanical  
properties of raw material and it is very crucial to classify  
or identify a suitable material for product manufacturing.  
In sense of mechanical, a material’s properties should be  
detected from the following aspects [71].

• Material Stress and Strain
• Yield Strength
• Tensile Strength
• Toughness
• Hardness
• Brittleness
• Fatigue Strength

 In biocomposite material, the fibers carry the 
structural load and the matrix keeps the structure in 
a solid phase. The mechanical properties of the final 
biocomposite material depend on different parameters 
like material properties, compatibility of natural fiber,  
and matrix used in the composition [72]. Brief summary  
from different studies [73], [74] done by some  
researchers based on mechanical properties of different  
natural fiber, used for biocomposite is given in the 
following Table 3.

Table 3: Mechanical properties of different natural 
fiber based biocomposite material [73], [74]

Fiber Tensile Strength 
(MPa)

Elongation at 
Break (%)

Young Modulus 
(GPa)

Bast
Flax 300–1500 1.3–10 24–80
Kenaf 295–1191 3.5 2.86
Jute 200–800 1.16–8 10–55
Hemp 310–900 1.6–6 30–70
Leaf
Sisal 80–840 2–25 9–38
Pineapple 170–1627 2.4 60-82
Seed/Fruit fiber
Cotton 264–800 3–8 5–12.6
Coir 106–175 14.21–49 4–6
Wood
Hardwood 51–120.7 5.2–15.6
Softwood 45.5–11.7 4.4 3.6–14.3

 A study [75] based on the improvement of  
mechanical properties of composite material says that 
reinforcing percentage of natural fiber can enhance the 
mechanical properties like flexural strength, tensile 
strength, impact strength, etc. These enhancements 
are shown in Figure 18.

(a)

(c)
Figure 18: Effect of reinforcing percentage of fiber 
on (a) Flexural strength, (b) Tensile strength, and (c)
Impact strength [75].

 

(b)
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3.2.2 Chemical properties

Chemical properties define the characteristics of the 
material and become evidence of a chemical reaction 
due to the surrounding environment. These properties 
are primarily dependent on the composition of the  
material. Biocomposite materials are formed with 
many organic compounds like cellulose, lignin, pectin,  
etc. which all of them are biodegradable, so it provides 
less impact on the environment. That is the reason for 
becoming Biocomposite as an eco-friendly material.  
In Table 4, the chemical composition of some  
Biocomposites are shown, found from some researches 
based studies [74].

3.2.3 Thermal properties

Heat capacity, thermal expansion, thermal conductivity,  
and thermal stress are known as Thermal properties.  
Actually, thermal properties of the material are those 
characteristics that are seen when the heat is passed 
through the material [76]. Thermal behavior depends 
on the chemical constituents of the material. The weight 
loss is increased with the increase of temperature  
simultaneously and here a graph related to these properties  
for kenaf fiber is shown in Figure 19. Surface  
modification can lessen the initial mass loss. At, the 
high temperature the thermal stability of natural fiber 
reinforced composite or biocomposite is more than 

natural fibers alone [77].
 The coefficient of Thermal Expansion (CTE) 
correlates with volume fraction. The transverse CTE 
is increased but the longitudinal CTE is decreased with 
the rise of temperature [77].
 Thermal conductivity of polymer or biocomposite 
is significantly increased by adding thermally conductive  
fillers to a polymer matrix [79]. To enhance the  
conductivity, the matrix should be loaded with conductive  
filler like brass, aluminum fibers, carbon black, or 
graphite [80]–[85]. Thermal stress of biocomposite 
material is examined by providing different constraints 
in a research [86]. The research shows the interface 

Figure 19: TGA curves of different natural fiber-based 
polymers and their composites [78].

Table 4: Chemical composition of different natural fibers for biocomposite [74]

Fiber Cellulose 
(wt%)

Hemi-cellulose 
(wt%)

Lignin 
(wt%)

Pectin 
(wt%)

Water Soluble 
(wt%)

Wax 
(wt%)

Micro-fibrillar 
Angle (deg) Reference

Bast
Flax 71–78 18.6–20.6 2.2 2.3 3.9–10.5 1.7 5–10 [40], [87], [88]
Kenaf 45–57 21.5 8–13 3-5 N.S. N.S. N.S. [87]–[89]
Jute 61–71.5 13.6–20.4 12–13 0.2 1.2 0.5 8 [40], [87]
Hemp 70.2–74.4 17.9–22.4 3.7–5.7 0.9 2.10 0.8 2–6.2 [87], [88], [90]
Leaf
Henequen 77.6 4–8 13.1 N.S. N.S. N.S. N.S. [89] 
Pineapple 80–83 15–20 8–12 2–4 1–3 4–7 8–15 [88], [90]
Sisal 67–78 10–14 8–11 10 1.3 2 10–22 [40], [87]
Fruit/Seed fiber
Cotton 85–90 5.70 0.7–1.6 0–1 1.0 0.6 20–30 [40], [87]
Coir 36–43 0.15–0.25 41–45 3–4 5.2–16.0 N.S. 30–49 [40], [87]
Wood
Hardwood 43–47 25–35 16–24 N.S. N.S. N.S. N.S. [91]
Softwood 40–44 25–29 25–31 N.S. N.S. N.S. N.S. [91]
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damage function of thermal stress. When the thermal 
stress is increased, the damage increases. The level 
of damage is dependent on the constraints or material  
resistance. If the constraint (σ) is high then the initial 
level of damage will be high. For two types of constraint  
such as 105 N/m and 125 N/m the changes of thermal 
stress are presented in Figure 20(a) and (b) respectively.

3.2.4 Biodegradability

It is the ability of a material to decompose. Biodegradable  
materials mean materials that have the capacity of  
being biologically degraded by living micro-organisms. 
Again, microbial growth on biocomposite presents the 
biodegradation capability of the material. Lignin, a 
component of natural fibers resists microbial growth. 
So, less lignified natural fiber-based biocomposites 

are prone to microbial degradation [92]. Mechanical 
properties will be decreased with the degradation 
of biocomposites [93]. Because degradation creates 
holes and cracks over the whole part of biocomposite  
material. At the end of bio-degradation, bio-degradable 
materials will be complete breakdown and become part 
of the soil. When the material comes from nature, it 
will return to nature. That is why natural fiber-based 
biocomposites are bio-degradable. But how much time 
is needed for a biocomposite material? A leaf takes 
approximately one year for complete biodegradation, 
on the other hand, a large tree may take decades for 
the complete breakdown. So, the time for complete 
breakdown depends on the material itself. For example,  
wood polymer composites (WPCs) exhibit better 
properties than pure wood. Because in-situ WPC has 
the least biodegraded [94].
 The level of biodegradability can be defined by 
weight loss. The test called the soil burial test indicates  
the biodegradability level. The biodegradability  
properties of biocomposite are affected by filler. More 
filler means more weight loss which means degradation  
will take less time. The addition of polypropylene 
may reduce weight loss. Figure 21 describes the 
biodegradability rate of Biocomposite. Biocomposite 
with 40% filler with 1:0.5 ratio of thermoplastic starch 
and polypropylene has the higher degradation rate or 
weight loss. It means biodegradability is high [95].

(b) σ = 125 N/m
Figure 20: The influence of the thermal stress on the 
interface damage [86].

(a) σ = 105 N/m
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4 Biomedical Applications of Biocomposites

Bio-medical is related to both medicine and science. It 
discusses the understanding, treatment, and prevention 
of diseases with applications of biological sciences,  
including biochemistry, molecular biology, and genetics  
[96]. Different types of biocomposites have already 
been used or are being researched for various medical 
treatments, with low-cost improvement, and for the  
rapid activating process. Doctors, Scientists, Researchers,  
suggesting biocomposite-related materials for fast 
restoring and healing function after injury or diseases.

4.1  Biocomposites for tissue engineering

Due to biocompatibility and biodegradability, those 
Biocomposites are used more in place of synthetic 
polymer composites in bone tissue engineering [97]–
[101]. Alginate, Cellulose, Chitosan, Collagen, Gelatin,  
Fibrin; these natural biopolymers together made  
‘Hydroxyapatite’, found in eggshell, fish scale, bovine 
bone, marine sources, etc. [102]. Those biopolymers 
can be hydrolytically or enzymatically degraded which 
derived from renewable resources [103].

4.1.1 Collagen-based biocomposites

Collagen, a fibrous protein is applied to form films, 
fibers, foams, bone, heart, nerve, and ligament in  
biomedicine [104]–[110]. Based on morphology  
collagen can be classified (Figure 22).
 Collagen has many significant purposes which 
providing our skin structure and strengthening our 
bones. In our body it is the most abundant protein 
and major element of connective tissues. Compared 
to other albumin and gelatin-based natural polymers, 
Lipid-free intermolecular faces can be penetrated  

easily by collagen using its good surface-active protein  
[111]. By the combination of physical, chemical, 
and enzymatic treatment; cross-linking composites 
have been formed [111]–[115]. The chemical cross-
linking methods are intermolecular and intramolecular  
covalent or ionic links between the amino acid residues 
of collagen. Scientists are founding new cross-linking 
components to improve the durability of collagen  
scaffolds using modern initiative techniques for bone 
tissue applications [116], [117].

4.1.2 Gelatin-based biocomposites

Gelatin is a translucent, colorless, flavorless biopolymer.  
It is derived from the collagen-reducing form that 
is initiated to cell adherence and migration of bone 
marrow cells taken from animal body parts. Different 
types of applications in pharmaceutical and medical 
science field, for following significant requirements 
[118], [119], such as

• Biocompatible
• Non-immunogenic
• Bioresorbable properties
• Dis-solution [45–50°C]

 Gelatin completely dissolves at temperatures 
between 50°C and 60°C. As it is a water-stable bio 
component, dissolving in bi-functional reagents like 
acyl azides, carbo-diimides, glutaraldehyde, genipin, 
diisocyanate, and poly epoxy- compounds [120], 
Gelatin use as a treatment for joint and bone problems, 
such as osteoarthritis. It occurs when the cushioning 
cartilage between the joints breaks down, leads to pain 
and stiffness. However, epithelial cells, endothelial 
cells, osteoblasts fibroblasts, and glial cells -which 
support by specific gelatin-based biomaterial cell  
carriers [121], [122].

4.1.3 Chitosan-based biocomposites

Chitosan is an essential natural biopolymer. It is 
formed from the outer exoskeletons of crustacean  
animals such as lobsters, crabs and the cell wall of  
fungi. Being a linear polysaccharide chitosan is made of 
randomly distributed β-(1→4)-linked D -glucosamine  
(deacetylated unit) and N-acetyl- D -glucosamine  
(acetylated unit) [123], [124]. Due to their unique properties  
like mucoadhesion, non-toxicity, biocompatibility,  
hemostatic, antitumor, polycationic, antibacterial  

Figure 22: Classification of collagen.
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activity, capability to form a gel; they are  widely 
used in several biomedical applications like tissue  
engineering, drug and gene engineering, wound healing,  
moreover.

4.1.4 Fibrin-based biocomposites

The action of the protease thrombin on fibrinogen  
causes to polymerize the fibrin which is a non-globular 
protein. A hemostatic plug is formed by this polymerized  
fibrin while the inner layerof a blood vessel is damaged,  
together with platelets. Not only a blood-clotting agent 
but also demeanors cell transplantation, angiogenesis, 
inflammation, hemostasis, and wound healing [125]. 
Fibrin is called ‘a first responder’ as it acts whenever 
our body is injured. The growth factors like fibroblast  
growth factor (FGF), enzymes (plasminogen), vitronectin,  
insulin-like growth factor-1, vascular endothelial 
growth factor (VEGF), and tissue plasminogen activator  
(tPA) responding to wound healing [126].

4.1.5 Cellulose-based biocomposites

Cellulose is an organic compound. A carbohydrate 
(C6H10O5)n-based source  which is a polysaccharide  
containing a linear chain of several hundred to many 
thousands of β(1→4) linked glucose units. The 
cellulose-based biocomposite can be used in various 
biomedical application for its various convenient  
biomedical properties like low or no toxicity,  
biodegradability and biocompatibility with excellent  
biomechanical properties [127]. The biomedical  
applications of cellulose based biocomposite are given 
below in Figure 23. 
 Extracellularly produced bacterial cellulose 
(BC) from Agrobacterium, Alcaligenes, Acetobacter,  
Azotobacter, Gluconacetobacter, Rhizobium,  
Salmonella, and PseudomonasRhizobium, etc., has 
been applied in biomedical applications- using for 
artificial skin and blood vessels, wound healing  
scaffolds and hemostatic materials [128]–[130]. 

4.1.6 Alginate-based biocomposites

Alginate is extracted from brown algae and salt of 
alginic acid made of β-D-mannuronic acid and R-L-
guluronic units. It is a natural polysaccharide. They are 
usually used as modified with cell adhesive peptides 

to promote cell adhesion to responses. Encapsulation  
and hemostatic dressings, scaffolds for tissue  
engineering, oral delivery, wounds healings- various 
biomedical applications. Alginate is also combined 
with other insoluble metallic salt-type materials to 
make desirable composites for biomedical use [131], 
[132]. In Figure 24, Alginate is mixed with Chitosan 
and create a scaffold.

4.2  Biocomposites for wound dressing

Wounds are identified as a breakdown in the continuity  
of any bodily tissue due to external violent action. 
It is caused by burns, trauma, and numerous skin 
disorders. Those wounds can distinct into two classes 
according to damage; open wounds and close wounds. 
Open wounds are always severe than close ones as the 
damaged tissues are exposed to the exterior. Moreover, 
abrasion, avulsion, incision, laceration, and puncture 

Figure 23: Biomedical Application of Cellulose-
Nanofiber CNF.

Figure 24: Formation of 3D microporous Chitosan-
Alginate [133].
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are five forms of wounds [134]. If the wound is left 
untreated, can spread an acute infection to the whole 
body. To stop spreading, the healing process needs to 
resist infections and stop the bleeding (hemostasis). 
Wound healing can be categorized into some stages 
[135].

• Stop the bleeding [hemostasis]
• Scabbing over [clotting]
• Rebuilding [growth and proliferative]
• Maturation [strengthening]

 In this case, a preferable healing material can 
fully or partially recover its original set of properties 
by allowing gaseous permeationproviding a moist  
environment, and protect from bacterial infections 
[136]. Wound dressings have been widely used to 
facilitate wound healing by preventing bulk loss of 
tissue and bleeding. As biocomposites have unique 
features such as good hydrophilicity, biodegradability,  
permeability, biocompatibility, non-toxicity, non-
immunogenic nature, and ease of surface modification, 
wound dressings have been developed in biomedical 
applications [137], [138].
 A chitosan biocomposite film composed of 
bio-polymers like chitosan (CS) exhibiting as good 
antioxidant, anti-inflammatory properties to make 
an appropriate applicant for wound dressing. With 
certain qualities like as- porous sponges, cryo-gels, 
hydrogels, bandages, membranes, encapsulated; make 
that biopolymer-based chitosan as a better component 
in wound healing [139].
 
4.3  Drug delivery

Over the last few years, drug delivery has become 
an essential field of research and technology for the 
improvement of pharmaceutical properties of drugs, 
minimization of unnecessary side effects, and finding 
out superior clinical outcomes [140]. Drug delivery 
is a process that helps to transport a therapeutic agent 
from the site of administration to the targeted area or 
controlled release of therapeutic agents [141]. There 
are several ways of taken medicine; oral, topical,  
membrane, intravenous and inhalation are primarily 
some of them. Approaching any method, our main  
purpose is to deliver it into a targeted area of our body.  
In this case, the most effective use is nano biocomposites  
or bio composite-based polymers. Their potential 
advances are-

• As drug release rate depends on surface-bound 
release, erosion of nano-composite matrix, diffusion 
through a nano-composite matrix and combined  
release due to diffusion-erosion [142]; biocomposites are 
convenient due to biodegradation and biocompatibility.

• Incorporation and impregnation, those two 
methods are using in drug loading; where both  
methods are involved with nano- biocomposites [142], 
and incorporation is superior for some reasons than 
others.
 Moreover, safe use, cost-effectiveness, eco-
friendliness are advances of bio-based material. 
Nowadays, nano biocomposite-based drug distributors 
have become commercially available cheap. Figure 25 
shows the concept of drug delivery in a body by a flow 
diagram.

4.3.1 TiAlV alloys

TiAlV alloy is made of 6% aluminum and 4%  
vanadium. It is an α+β alloy. With certain limitation, 
it is biocompatibile and highly corrosion resistant 
for orthopedic and the dental implant applications 
[144]–[147]. It is a new biocomposite coating material  
to inhibit postoperative complications. As Young’s 
modulus of human bone is (approx. 25 GPa) where 
Young’s modulus of TI6Al4V (mostly used TiAlV  
alloy) is (approx.110 GPa) which is comparatively 
larger [144], [148]. That’s why it’s not suitable for 
long-term protection. Despite releasing Al and V ions, 
for their high corrosion resistance, and biocompatibility  
properties; were used to prevent post-operative infection  
[145], [146], [149]. Ti6Al4V discs are chiefly coated 
with Poly-Lactic Acid (PLA), PLA-Hap, PLA-Gm-
(Hap-Gm)- those three different sets of samples; to 
new drug delivery system which is shown in a paper 
[150]. Here sample was prepared of Ti6Al4V with 

Figure 25: Flow diagram of drug delivery [143].
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PLA biocomposites thin films and some characteristics 
observations and results were successfully received. 
In Figure 26, FT-IR spectra results have shown for  
different sets of PLA thin-film composites, where 
HAp characteristics peaks are major peaks for PLA-
Hap coating sample on the other PLA-Gm-(HAp-Gm) 
coated samples are minor ones [151]–[154].

4.3.2 Alginate films

Alginate is extracted from natural brown algae which 
using among the most versatile bio-based polymer in 
drug delivery. In controlled drug delivery, Alginate-
based biocomposite are always exclusive carriers [155]. 
Alginate is widely used in drug delivery because of its 
biodegradability, bioadhesive, and biocompatibility  
in pharmaceutical sciences. Alginate can be prepared 
through covalent cross-linking, emulsification, ionic 
gelation, polyelectrolyte complexation, spray drying, 
self-assembling, etc. for drug delivery. Due to their 
hydrophilic nature, Alginate films can defect moisture 
barriers. But by uniting G calcium ions crosslink with 
alginate, which can reduce the water vapor permeability  
of those films and produce more hydrophilic [156], 
[157]. Gelation is a difficult process that can be  
influenced by the various factor to impact  the final 
properties of the film. Also, the alginate films containing  
diclofenac sodium act as a drug candidate. So, alginate-
based biocomposite has been investigated for drug 
delivery, particularly in tissue repairing mechanisms. 
Small drug molecule can be released from the alginate 
gels and this releasing factor depends on the nature 
of the cross-linking agent and methods used for 
cross-linking [158]. Also dependent on the amount 
of the drug, the particle size of the drug, the type of 
formulation of the drug, the drug’s solubility and its 

crystallinity. A study has observed that the levofloxacin  
formation in the chitosan-alginate hybrid gel for  
regulated release and effect of divalent alkaline ions 
(Mg2+, Ca2+, Sr2+, and Ba2+) [159].

4.4  Biosensors

By the definition of IUPAC, Biosensor is defined 
as – “A self-contained integrated device which 
is capable of providing specific quantitative or  
semi-quantitative analytical information using a  
biological recognition element which is in direct spatial 
contact with a transducer element” [160]. Biosensing  
refers to the detection of biomolecules using an analytical  
device with a physicochemical detector, detection 
of those contaminants such as microorganisms,  
biological species (DNA, RNA, proteins) with low 
concentrations of a desirable parameter [161]. So that 
this physicochemical analytical device is a biosensor 
that combines two sections; one is a sensitive biological  
element and the other is a detector meter transducer. 
There is various type of biosensors based on sensor 
device as well as biological materials. Electrochemical,  
Physical, piezoelectrical, thermometric, Optical,  
wearable, enzyme, DNA, immunosensors, magnetic, 
and so on. As biocomposites are versatile and so use as 
an effective transducing material for the construction  
of a wide range of biosensors such as enzyme sensors, 
genosensors, and immunosensors, etc. As biological 
bulk-modified materials, those biocomposites act not 
only as transducers but also as a reservoir for bio-materials  
[162]. This biosensor is based on a biocomposite that 
is biodegradable, homogeneous, and easily prepared. 
That biosensor exhibits rapid response with a linear 
calibration range within the short limit.

4.4.1 Cellulose Nanofiber (CNF) aerogel biosensor

With the development of nanotechnology, the ease of 
aerogel preparation has been completed throughout the 
years, although  much remains to be done. Evaluation of 
aerogel has been observed day by day because the rate 
of population and industrialization is increasing. This 
3D frame materials like bio-aerogels collaborate have 
some the challenges of low instability and sensitivity.  
To overcome these challenges this 3D frame materials 
are associated with 1D and 2D materials (Figure 21). 
This low-density nano-cellulose aerogel is used as a 

Figure 26: FT-IR results of all sets of PLA-biocomposite  
coated Ti6Al4V discs [150].
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transducer biosensor surface. This matrix of bacterial  
CNF was used to fabricate hydrogen peroxide  
biosensors [163]. In 1931, Samuel Stephens Kistler 
discovered Aerogel which was used in an experiment 
in Stockton, California, USA. It was just a silica gel 
with sodium silicate (water glass) by heating in an 
autoclave at above critical temperature and pressure 
of gel [164]. Biocompatibility is a characteristic of  
material being able to initiate a host response, compatible  
with living tissue. After many studies and researches, 
that CNFs (Figure 27) were tested as excellent  
biocompatibility with no cytotoxicity and low toxicity.
     
4.4.2 Alginate copper oxide biocomposite for glucose 
biosensor

Mainly amperometric glucose biosensor based on glucose 
oxidase (GOD) and alginate -CuO nano-biocomposite  
film are used for cyclic voltammetry (CV), scanning 
electron microscopy (SEM), electrochemical impedance  
spectroscopy (EIS), etc. 
 Alginate is a gelatinous polysaccharide derive 
from brown algae which is a linear unbranched and 
pH shift copolymer with the features of hydrophilicity, 
low cost, non-toxicity, mild gelation conditions and 
biocompatibility[166].
 In the fabrication of alginate-CuO-GOD (Figure 28)  
electrode in biosensing, after polishing the surface 
of the bare foil electrode is rinsed with ethanol. Then 
deionized in water and dried in air. 0.0002 g CuO and 
(1.5×10–4 g) alginate was added with acetate buffer 
mixture in an Eppendorf tube to get a homogeneous 
black dispersion. After doing some more experimental  
testing, To dry, the resulting alginate-CuO-GOD  

electrode is kept  overnight at +4° [166].
 In a study, it has been observed that Alginate-
CuO-GOD nano-biocomposite is a noble biosensor for 
the detection of glucose and shows a good response  
to interference species such as phenylalanine,  
acetaminophen, ascorbic acid, and uric acid but less 
than glucose [167].

4.5  Antibiotics

From early civilization, natural fibers played a vital role 
in our society because these have been used to fulfill 
our daily based necessary things. Biocomposites have 
gained deep expertise in musculoskeletal infections.  
With the discovery of penicillin in 1929 and  
streptomycin in 1943, the journey of antibiotics has 
been started [168]. Antibiotics are chemical substances 
of antimicrobial produced by a living organism, 
active against certain targeted bacteria for fighting 
bacterial infections; they may either kill or inhibit the 
growth of bacteria. CERAMENT®G is an injectable,  
biodegradable antibiotic-loaded biocomposite that  
prevent against colonization of sensitive microorganisms,  
functions as an Osteoinduction and osteoconductive  
bone void filler comprised of calcium sulfate and 
hydroxyapatite. Therefore, eluding bactericidal  
concentrations and ensure local control of infections 
[169]–[171]. Development of  biocomposite antimicrobial  
polymeric coating loaded with biodegradable  
nanoparticles are Chlorhexidine [C22H30Cl2N10]; is a 
skin disinfectant and antiseptic used before surgery 
[172] and Rifampicin [C43H58N4O12]; which is used 
to treat several types of bacterial infections including 
tuberculosis [173]. A data-based study, suggest that  

Specific antibodies
Immobilized to
CNF Aerogel

CNF Aerogel

Specific
AntigenNon Specific

Antigen

Fluorophore label
Color change

Figure 27: Schematic diagram of CNF aerogel in the 
diagnosis of specific antigens [165].

Figure 28: Biosensor construction of the Alginate-
CuO-GOD electrode [167].
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local antibiotic therapy with an absorbable biocomposite  
can help achieve up to 90% cure rates in diabetics foot 
ulceration with osteomyelitis as able to achieve high 
local concentrations without systemic toxicity [174]. 
There are some more uses of biocomposite in the 
field of biomedical engineering Which are shown in  
Table 5. 
 
5 Challenges and Issues

Besides the advantages of biocomposite, there are 
some issues and limitations. Some properties like  
biological resistance, thermal decomposition temperature,  
fire, moisture resistance, dimensional stability, ultra-
violate, and ultra-violate, etc. of biocomposite are 
comparatively poor [183], [184]. Another problem is 
the long-term characteristics of biocomposite such as  
durability, lifetime prediction, creep and fatigue  
behaviors, etc. are still not discovered [185]. These 
problems limit the growth of the biocomposites  
application. To improve the problem of mechanical 
properties like impact strength, flexural strength, tensile  
strength, etc. by reinforcing more natural fibers 
arises another problems and they are water absorption  
tendency, undesirable odor, and ductility [90]. So, 
some more new processes should be introduced 
to improve the capability of natural fiber-based  
biocomposite without arising any other problems. 

One more remarkable limiting factor for the use of 
biocomposites in the construction sector is the confined 
compatibility of natural fibers in heavy load-bearing, 
non-structural applications, and interior [20]. Not only 
in biocomposites but also natural fibers have some 
deficiencies. As the natural fiber is obtained directly 
from nature there is no control over its properties.  
Irregularity in the shape, size, and diameter of the  
natural fibers and their effect on the strength, hardness, 
and density of the biocomposite make some limitations 
on their applications as biocomposite [20]. After getting  
it from nature, natural fibers need to be extracted for 
further uses, but the process of extraction is a time-
consuming operation. Poor protection to microbes, 
insects, and pests and high moisture responsiveness 
of natural fibers increase the probability of   rotting, 
and eventually, an awful smell is released from those 
rotten fibers [186], [187]. To solve this problem 
anti-pests and anti-microbial coupling agents can be 
added with natural fiber to protect the fiber from pest  
infestation and microbial degradation, respectively [20].  
Hydrophilicity; another significant resistance of 
natural fiber. For this hydrophilicity, at the interface  
and interfacial bonding of the biocomposites, poor 
coupling is seen that leads the biocomposite to  
function poorly [188], [189]. One more issue of 
natural fiber is unpredictable durability. Because of 
this problem natural fibers-based biocomposites face 

Table 5: Examples of some cellulose and CNF-based biocomposites in biomedicine
Biocomposite Advantages Method Application Reference

 NFC
 Collagen composite 

aerogels

 Highly absorb
 Biocompatible

Cross-linked Di-aldehyde 
NCFs and collagen and 
formed aerogels

 Tissue engineering 
 Wound dressing [175]

 Super critically dried 
silica sol-gel

 Detected chemicals and 
organisms

Using viruses to trigger a 
response

 Biosensors
 Diagnostics [176]

 Nano-cellulose (NA)  Monitoring the level of 
protease

Complex of polypeptide-
NA (PepNA)

 Biosensing [177]

 NFC aerogel  Drug release increasing 
significantly

NFC aerogel with the 
alkylating anti-neoplastic 
agent

 Cancer treatment
[178]

 Hydroxyapatite
 BC nano-composite

 Better adhesion
 Highly active
 Faster proliferated

Prepared HAp/BC nano-
composite scaffolds

 Bone tissue engineering
[179]

 Cellulose-based 
hydrogel

 Superabsorbent capacity
 Satisfying biodegradability

Tested against E.coli  Antibacterial activity [180]

 Bacterial cellulose 
(BC) aerogel

 Equipped easily
 No aide interactions

BC aerogel matrix  Drug delivery [181]

 CNF aerogel  Stretchable
 Sensitive

Generated cross-linking 
CNF surface with PSS in 
PEDOT

 Biosensing
[182]
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major obstacles in both processing and application in 
different sectors [183]. 
 There is nothing without any issues. So, overcoming  
these problems probably creates something even better.  
Natural fibers-based biocomposite may have some 
issues but those issues have been negligible when 
the advantages of natural fibers are discussed. But 
issues make some limitations on the applications of 
biocomposites. Therefore, the main challenge of using 
biocomposite is to overcome the limitations and issues 
of biocomposite.

6 Conclusions and Future Directions

In this paper, the overall idea of natural fiber and its  
composite material called natural fiber-based composites  
or biocomposites have been discussed with their 
production and modification methods. Their different 
kind of properties like mechanical properties, thermal  
properties, and chemical properties have been  
investigated. The usages of natural biopolymers for the 
synthesis and applications in biomedical engineering 
have been disclosed by considering its advantages and 
issues since the last century. Biocomposite materials 
are a comparatively new member of the composites 
class with preferable advantages like renewability, 
sustainability, and bio-degradable characteristics. The 
mechanical properties such as impact strength, flexural 
strength, tensile strength, ductility, elastic modulus, 
and durability of these biocomposites are increased 
markedly compared to the neat polymers from previous  
years. Although some critical issues arise. For example,  
moisture absorption, poor fiber/matrix adhesion,  
flammability, limited composite manufacturing conditions,  
hard fiber dispersion, limited composite manufacturing  
conditions, and fiber quality inconsistency. Thinking  
about future market opportunities, exploration of 
new natural fiber-based composites is important.  
Reinforcing multiple natural fibers can enhance certain 
mechanical properties. Their individual properties 
make biocomposites a promising future material for  
different industries, including biomedical. Bio-materials  
of different animal and plant-based models are using  
in tissue engineering, drug production, wound dressing,  
Bio-sensing, etc. Chitosan-based materials are being  
used in several pharmaceutical companies and they 
invest a huge amount of money for research and 
development of chitosan-based material because 

Chitosan-based nano-composite is in the infancy 
stage. Biocomposite materials have more economic  
opportunities in the field of automotive, civil  
engineering, sports, and agricultural sectors. It helps 
to reduce CO2 emissions as compared to other sources. 
These individuality, advantages, huge opportunities in 
various fields help biocomposites to generate Green 
materials environment in the 21st century.
 To ensure the usage of biocomposite material, the 
issues of biocomposites such as moisture absorption, 
flammability, low adhesion, poor thermal properties 
need to be solved. Furthermore, the undesirable and 
unpredictable major drawback is durability. Among all 
the studies regarding this durability of biocomposite, 
most of them are laboratory-based. The experimental 
study is recommended to develop this limiting factor of 
natural fiber base biocomposite in order to increase the 
future usage. Moreover, there are some less explored  
aspects of biocomposites like electric resistance, thermal  
conductivity, acoustic insulation, etc. To wider the 
application of biocomposites developing those less 
explored aspects is necessary. Depth analysis and 
research of different processing methods, surface  
modification techniques should be done. Hybridization,  
a method of combining natural fiber of different  
characteristics in order to get biocomposite with very 
good strength and excellent properties. Researchers 
should pay more attention to produce efficient and novel 
biocomposite products by using this convenient method  
in the near future. There are so many biocomposites  
such as chitosan-based nano-composites which are 
bio-degradable and advantageous but they are still 
in the infancy stage and are need to be more research 
and effort for being implemented in the biomedical 
sector. As well as for the future and long-term use 
of biocomposite in different sectors, new techniques 
to conduct long-term performance evaluation need 
to be upgraded and are essential to understand the 
outcome of environmental conditions in mechanical, 
thermal, and durability of composites. Many of the 
natural fibers can be mixed with non-biodegradable 
synthetic resins and produce new composite materials 
which are partially bio-degradable. The research and 
development of those types of composites should be 
continued in the future. Because Future research and 
development by exploring new materials and new areas 
application are need in order to replace the synthetic 
polymer composite.
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