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The use of synthetic fibers in our daily life is growing continuously; however, the
excessive dependence of these chemical fibers on petroleum-based chemicals
will lead to large consumption of non-renewable resources. The scarcity of oil
resources, economic and environmental problems, reliance on a few oil-rich
countries, and predicted depletion of these resources. Therefore, research and
development of biobased materials to reduce the use of fossil fuels have
become increasingly important. Biobased synthetic fiber has a low carbon
footprint in the synthesis process because its raw materials are derived from
biomass. In addition, most biobased synthetic fibers have excellent
biodegradability, which can be composted and degraded in natural
environments or by microorganisms with or without specific conditions.
However, all biobased fibers cannot be proven to be biodegradable, so the
development of biodegradability is an important driving force for the progress
of research on biobased fibers. In the past, biobased fiber was obtained,
extracted, or synthesized from food crops, which was soon replaced by
non-food crops. With environmental protection, sustainability, and resource
conservation, it has become necessary to make non-food crops and food
residues biobased raw materials to obtain biobased textile fibers and even to
develop ideal biobased raw materials that are carbon negatives, such as moss
and CO,. Besides, there is huge potential for these biobased textile fibers to be
used for sustainable clothing and medical textiles due to their non-toxicity, skin
friendliness, and antibacterial properties. This review paper introduces biobased
synthetic textile fibers, summarizes the recent development, and clarifies key
concepts in this domain.
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1 Introduction

In recent years, the excessive use of crude oil has led to resource depletion and
environmental pollution, which has greatly impacted our society (Zhang et al., 2021). To
date, synthetic textile fibers such as polyester, nylon, spandex, and acrylic fiber mostly
come from petroleum-based sources, refer to Figure 1 (Karthik and Rathinamoorthy,
2017).
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The synthesis of these fibers is often accompanied by the
emission of greenhouse gases such as CO, and the rise in the
price of petroleum (Asif and Muneer, 2007). As oil storage is
mainly concentrated in Middle East countries, oil trade and
different
accompanied by risks such as oil leakage and natural disasters

transportation  between countries are often
(Cruz and Krausmann, 2013). Besides, it is facing the dilemma of
increasing depletion as it is a non-renewable resource. The
energy demand is also rising with the recent scientific and
technological progress and overall lifestyle development
(Chand, 2020). Therefore, using new biobased materials has
attracted increasing attention by reducing the dependence on
fossil fuels such as petroleum-based sources and can be
considered a source of positive environmental impact (Zia
et al., 2016; Shekar and Ramachandra, 2018; Mann et al.,
2020). Figure 2 describes some pervasive problems associated
with these non-biodegradable sources.

Biobased synthetic fiber is extracted from natural renewable
resources and synthesized from renewable biomass. Biomass is
and biodegradable

(Papageorgiou, 2018; Vinod et al., 2020). Biomass, as the only

environmentally friendly, renewable,
source of renewable biological carbon, can be regenerated within
a decade, while fossil resources need millions of years to
regenerate, so fossil resources are often called non-renewable
resources (Reid et al., 2020). Moreover, the biomass industry is
developing continuously and rapidly due to the enormous
pressure of petrochemical products on the environment.
the
polymers from renewable resources, which are then spun into

Therefore, research and development of synthetic
biobased fibers, is a feasible solution to the problems of energy
depletion and environmental pollution in the current global
society (Tursi, 2019). Biobased fiber raw materials come from
a wide range of sources and are often cheap and environmentally
friendly. Since almost all countries have rich reserves of biomass
raw material resources, thus, obtaining biobased materials would
stop the dependence on a few oil-rich countries. Their raw
materials are produced through fermentation using
agricultural, forestry, and marine wastes or by-products as
raw materials. Recent research shows that biobased polyesters
and polyamides can serve as promising textile materials (Popa,
2018; Hatti-Kaul et al., 2020). Since their products are friendly to
the human body and environment, appreciated by most people,
and lead the global textile consumption trend. With attention
paid to the comprehensive utilization of resources and the
of the

development and utilization of bio-based fibers are promoted.

progress synthesis and spinning technology,

Traditional chemical fibers such as polyester, nylon,
polypropylene, and spandex are mainly made of petroleum
(Chawla, 2016); however, oil resources are facing the dilemma
of increasing depletion, and such fibers are often non-
biodegradable, which will

synthesizing and spinning chemical fibers from petroleum

pollute the environment. In

extraction materials, CO, and other greenhouse gases are
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usually emitted into the atmosphere, which is one of the main
reasons for global warming and climate change; Thus, it
negatively impacts the social environment and economy (Yoro
and Daramola, 2020). As the raw material of biobased fiber is
natural biomass, and all or part of the carbon atoms contained in
it are derived from biomass, it can reduce greenhouse gas
emissions in the process of extracting and processing into
fiber (Tursi, 2019). Most biobased fibers are biodegradable,
which can be degraded by respiration or chemical energy
synthesis of bacteria, fungi, and other microorganisms in the
environment with or without specific conditions and even in a
natural composting environment, and they can be decomposed
into CO, and water (Wojnowska-Baryta et al., 2020). The CO,
emitted in this synthesis process and generated in the
degradation process can be absorbed and utilized by plants
through net photosynthesis in the environment to obtain new
carbon-containing natural macromolecules to realize the carbon
cycle in this process, as shown in Figure 3. Therefore, biobased
fiber has the characteristics of overall carbon reduction or
carbon-free emission. The above problems provide an effective
measure for developing and producing biobased fiber and its
products.

2 Biobased fiber and biodegradable
fiber

In recent years, biodegradable polymers and fiber products
have become very important because traditional plastic and other
chemical fibers are difficult to degrade in the natural
environment, which has seriously polluted the biological
environment (Garrison et al., 2016; Chen and Yan, 2020; Shen
et al,, 2020). The pollution of textile fibers occurs in the carbon
emissions in the production process and the non-degradability of
its waste (Meereboer et al, 2020), so using biobased and
biodegradable fibers can significantly reduce carbon emissions
and improve the ecological environment. They are classified by
fiber source and biodegradability, as shown in Figure 4.
Biodegradable fibers can be derived not only from biobased
fibers but also from petroleum-based fibers. Biobased chemical
fibers are derived from renewable biomass. Although biobased
fibers
biodegradability is an important driving force for the research

and biodegradable do not precisely correspond,

progress of biobased fibers.

2.1 Biobased and biodegradable fibers

The treatment method of ordinary synthetic fiber is
incineration and cremation, which causes a large number of
greenhouse gases to be discharged into the air (Oberoi et al,
2021). Polylactic acid (PLA) fiber is naturally degraded by the
hydrolysis of ester bonds buried in the soil. In addition,
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FIGURE 1
Common petroleum-based synthetic fiber.

Nonrenewable

Transportation difficulties

FIGURE 2
Problems arise from conventional petroleum-based
synthetic fiber.

microorganisms such as actinomycete in the environment will
accelerate its biodegradation (Qi et al., 2017). The CO, produced
after biodegradation enters the soil organic matter directly or is
absorbed by plants, which is not discharged into the air and will
not cause the greenhouse effect, which is very beneficial to the
protection of the environment. Therefore, PLA fiber is currently
recognized as the most significant biobased and biodegradable
material and is widely used in food packaging, transportation,
textiles, and electronics industries. Polyhydroxy fatty acid (PHA)
is an intracellular polyester
PHA is a

biomaterial that microorganisms can decompose in almost all

synthesized by various

microorganisms. natural  macromolecular

environments, such as composting, soil, and seawater, and the
products after decomposition are mostly water and carbon-based
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and do not pollute the environment (Jendrossek et al., 1996;
Dilkes-Hoffman et al., 2019; Meereboer et al., 2020).

2.2 Petroleum-based biodegradable fiber

Although some chemical fiber materials mainly come from
petroleum bases, their ester bonds are easily hydrolyzed and
degraded by microorganisms or biological enzymes, thus
showing good biodegradability. Dimethyl oxalate (DMO), an
essential compound for preparing Polyglycolic acid (PGA), is
prepared from coal through hydrogenation, hydrolysis, and
polymerization. PGA has good biodegradability that can be
completely degraded within 2-5months (Agrawal et al,
1995). The degradation products are water and CO,, which
are completely non-toxic and harmless. It is often used for
absorbable surgical sutures with high biodegradability and
biocompatibility (Samantaray et al., 2020; Kumar et al., 2021).
Poly (butylene adipate-co-terephthalate) (PBAT) is a synthetic
polymer based on traditional fossil resources. As a biodegradable
plastic with the most commercial potential, the biodegradability
of PBAT is related to the molecular weight of the polymer
(Ferreira et al., 2019; Jian et al., 2020). In addition, it should
be noted that the molecular weight can be significantly reduced
when there is water. In the natural environment, it is hydrolyzed
by bacteria, fungi, and algae. PBAT has ductility and flexibility
comparable to low-density polyethylene, Its Young’s modulus is
20-35 MPa, and its tensile strength is 32-36 MPa (Jian et al.,
2020). It is considered one of the most promising and popular
sustainable materials in contemporary green material
manufacturing.

Polycaprolactone (PCL) is widely used in medical textile
materials and sustainable packaging as an aliphatic polyester.
Bartnikowski et al. (2019) reported that the main factors of PCL
degradation are non-enzymatic, random chain break, and can be
carried out by acid and base-catalyzed ester hydrolysis. Al Hosni
et al. (2019) buried PCL in compost at 50°C and completely
degraded it by microorganisms after 91 days.

2.3 Petroleum-based non-biodegradable
fiber

Traditional petroleum-based chemical fibers such as
polyester, nylon, polypropylene, and spandex are petroleum-
based fibers. More
environmental pollution problems are caused by the waste of
these fibers (Palamutcu, 2017; Pensupa et al., 2017; Patti et al.,
2020). These petroleum-based non-biodegradable fibers have a

and non-biodegradable and more

high melting point, high crystallinity, stable molecular structure,
excellent mechanical properties, and good hydrolytic and
chemical corrosion resistance (Gholampour and Ozbakkaloglu,
20205 Aaliya et al., 2021). Therefore, they degrade very slowly in
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FIGURE 3
The carbon cycle of biobased fibers.

the natural environment. Once these materials are discarded,
they will continue to exist in the environment without
degradation for a very long period, causing many ecological
and environmental problems.

2.4 Biobased but hardly biodegradable
fibers

The biodegradability of polymer materials is a relatively
complex process closely related to their chemical structure
and properties (Rudnik, 2019; Zambrano et al, 2020).
Although some chemical fiber materials have biological
properties, their biodegradability is restricted due to their high
crystallinity and excellent thermal properties, making them
difficult to degrade. The binary alcohol monomer used in
biological Polypropylene terephthalate fiber (PTT) is biobased
1,3-propanediol (PDO), derived from non-grain raw materials
such as starch and glycerin. Biobased PTT can be prepared by

TABLE 1 Tensile strength and biodegradability of various fibers.

10.3389/fmats.2022.1098590

direct esterification or transesterification with terephthalic acid
and PDO (Shen, 2014). PTT fiber has better resilience, lower
tensile modulus, and higher elongation at break than other
polyester fibers (Zhang et al,, 2021). However, the biobased
PTT polyester fiber is close to the polyester fiber in nature
and, thus, does not have biodegradability (Rahman and Bhoi,
2021). The ecological advantage of these fibers is that they can
effectively reduce the carbon footprint of products, but it is
difficult for products to be degraded through the natural
environment after being discarded Table 1 shows the tensile
strength and biodegradability of various common petroleum
based fibers and bio based fibers.

3 Different generations of biobased
fiber

As shown in Figure 5, biobased fibers were previously
obtained, extracted, or synthesized from grain crops, which
were soon replaced by nonfood crops like food waste. With
protection, sustainability, and
conservation, it has become necessary to make nonfood crops
and food residues biobased raw materials to obtain biobased

environmental resource

textile fibers and even to develop ideal biobased raw materials
that are carbon negatives, such as moss and CO,.

3.1 The first generation of biobased raw
materials for textile fibers

At first, many biobased polymers came from agricultural
products. These first-generation biobased raw materials were
mainly starch extracted from crops such as corn, wheat, potato,
beet, rice, and vegetable oil, and sugar obtained from raw
materials such as sucrose was fermented and processed into
polymers (Babu et al., 2013; Harmsen et al., 2014).

Source Tensile Biodegradable References
strength (MPa)
PET Petroleum- 48-72 Non-biodegradable Wi et al. (2009)
based
Polyamide Petroleum- 41-165 Non-biodegradable Wi et al. (2009)
6 (PA6) based
PHA biobased 40 6-10 months Boyandin et al. (2013); Cinelli et al. (2019); Dwivedi et al. (2020)
PLA biobased 53-60 10-22 months Aliotta et al. (2017); Urbanek et al. (2017); Li et al. (2018)
PTT biobased 58-67 Non-biodegradable Chuah et al. (2003); Supaphol et al. (2004); Khalid and Arif. (2022)
PCL Petroleum- 15-20 6-28 months Vieira et al. (2011); Liang et al. (2013); Prambauer et al. (2019); Pfau et al.
based (2020)
PBAT Petroleum- 20-35 3-6 months Wang et al. (2015); Li et al. (2018); de Oliveira et al. (2019); Jian et al.
based (2020)
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TABLE 2 Performance of PA6, PA66 and Terryl™ PA56 (biotechnology innovation organization, 2005).

Test method Unit PA66 PA6 Terryl™ PA56
Decomposition temperature TGA °C 424.7 426.3 4243
Melting point TGA °C 261.1 217.9 254.0
Crystallization temperature DSC °C 222.3 193.7 213.5
Notched Izod Impact ASTM D256 J/m 424 41.8 353
Tensile Modulus ASTM D638 MPa 3087.2 30102 2940.1
Tensile Strength at Break ASTM D638 MPa 75.4 72.4 69.8
Elongation at Break ASTM D638 % 17.4 8.0 15.7
Flexural Modulus ASTM D790 MPa 2851.8 2600.0 2870.1
Flexural Strength ASTM D790 MPa 124.3 118.0 125.6
Density ASTM D792 g/em’ 1.14 1.13 1.13
% Renewable ASTM D6866 % 0 0 47%
dicarboxylate (PEF). They carried out energy and greenhouse
» f N gas balance research and found that compared with PET, the
ﬁ/‘ production of PEF can reduce non-renewable energy use by
(1] PLAPHAS, about 40%-50% and greenhouse gas emissions by about
Fota m—— 45%-55%.
""" /A (Bt . . .
=) However, the first generation of biobased fiber is from crops
PTT,PEF, . s Al T .
( N> a IVl macs needed in people’s daily life. For example, the production of
R y

(==
() PB\AT,PH B

PGA
=
% )
Petroleum base,
\ ) [l pBT,PET,PP,
PAGG6,PAG, 6
FIGURE 4

Classification of biobased fibers and biodegradable fibers.

The corn starch raw material is saccharified to obtain glucose,
fermented by glucose and certain strains to produce high-purity
lactic acid, and then the PLA with a certain molecular weight is
synthesized by the chemical synthesis method. It has excellent
biodegradability, bioabsorbability, and biocompatibility. The
total energy consumption during PLA production is 75.
4 MJ/kg, which has the advantages of low energy consumption
and low-temperature chamber gas emission. Compared with
polymers, fossil  energy
consumption has decreased by 25%-55% (Rajeshkumar et al.,

petroleum-based  traditional

2021). Eerhart et al. (2012) used fructose from corn as raw

material to  produce bioplastics polyethylene  furan
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biobased raw materials based on food crops has led to food
shortages and disrupted the ratio of food to the population due to
economic constraints. In addition, if the recent trend continues,
it is expected that the supply of starch and sugar will be limited in
the future.

3.2 Second-generation biobased raw
materials for textile fibers

Currently, the selection of biobased raw materials is increasingly
focused on the non-food components of plant materials (Babu et al,,
2013). The second generation of biobased materials is obtained from
the processing and utilization of carbohydrate polymers such as
cellulose and lignin extracted from non-food crops such as bagasse,
corncob, palm grove, and other food and agricultural processing
wastes (Deutschmann and Dekker, 2012). As they come from non-
food crops, they do not affect the food demand in people’s daily life
but use the waste in food. After foody stuff is retrieved from corn, the
corncobs and stalks are left. Corn stalks are generally used as feed or
burned. In addition to being used as fuel, corncob can also be used to
produce chemical products, such as furfural, xylose, and xylitol
(Wangetal,, 2010). The content of xylan is very high in corncob, and
its molecular crystallinity is very low; it is easy to degrade it by
microbial enzymatic hydrolysis so that corncob can be effectively
used (Delgado-Arcano et al., 2021).

frontiersin.org
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1st G : Grain crops
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FIGURE 5

Generations of Biobased raw materials for textile fibers.

HO
0
Vanillic acid ©

FIGURE 6
Synthesis and Film of Vanillin-based polyester (Enomoto and Iwata, 2020).

Lignin is the second most abundant natural polymer in plant
biomass and the main renewable source of aromatic structure on
the earth, so it is considered an ideal raw material for producing
biological aromatic chemicals (Raj et al., 2022). Every year,
50 million tons of lignin is produced as a by-product of the
paper industry, 98% of lignin is burned and consumed, and the
hidden potential of lignin due to many aromatic rings in its
structure is not fully used (Mahmood et al.,, 2016; Souza et al.,
2020). Harshvardhan et al. (2017) used natural bacterial groups
instead of genetically modified microorganisms to degrade
lignocellulose in bamboo chips and can produce natural
vanillin without chemical treatment. Hosoya et al. (2020)
produced vanillin from natural soft lignin in the presence of

Frontiers in Materials 06

Divanillin-based polyesters
(m=1,2,3,4)(m =4,86)

Thermo-pressed Film

tetrabutylammonium ions. The aromatic ring unit of vanillin
provides excellent mechanical strength, heat, and chemical
resistance (Memon et al,, 2020). Vanillin and its derivatives
are considered promising biobased compounds among
biobased aromatic compounds that could be derived from
lignin. Enomoto and Iwata (2020) synthesized dipyridamole
acid monomers of different side chain lengths from methyl
vanillin ate and polymerized them with alkanes to obtain
biphenyl-type series polyesters as shown in Figure 6, and its
thermal decomposition temperature is between 340-390°C.
Ibrahim and Shabeer (2022) reacted isovanillin with a series
of diamines under a nitrogen atmosphere to synthesize new
Schiff base monomers and used p-benzoyl chloride to synthesize

frontiersin.org
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FIGURE 7

Synthesis route of Schiff base polyester (Ibrahim and Shabeer, 2022).
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Preparation of electrospun PLA-Based fibers of antibacterial biopolymer (Chiloeches et al., 2022)

a series of polyesters based on isovanillin through solution
polycondensation. Figure 7 shows the synthesis route. This
polyester has good antibacterial properties in Escherichia coli,
Vibrio  parahaemolyticus, Staphylococcus Candida

aureus,

albicans, and Aspergillus Niger.

3.3 Third-generation biobased raw
materials for textile fibers

The third generation of biobased polymer is extracted from
moss, CO, and bacterial cellulose and processed and synthesized.
This kind of biomass comes from anywhere in nature. The
biobased fiber produced from this kind of raw material has
great potential. However, the limited technology in various
aspects has not been widely developed and applied. Wi et al.
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(2009) studied that Ceylon moss contains high content of
carbohydrates, galactose (23%), and glucose (20%). The
glucose yield of the pretreated sodium chlorite sample was as
high as 70%, while the contrast of the untreated sample was only
5%. Pretreatment with sodium chlorite significantly improved
the efficiency of enzymatic hydrolysis. The potential of
bioethanol production from sugar in Ceylon mosses is enormous.

The fibers made of CO,-based thermoplastic polyurethane
(TPU) of Covestro Company adopt melt spinning technology, in
which TPU is melted, pressed into very thin threads, and finally
processed into endless fiber yarns. Unlike the dry spinning used
to produce traditional elastic synthetic fibers, melt spinning does
not require using environmentally harmful solvents (fibers,
2019). The production of elastic yarn by partially replacing
raw materials from fossil resources with CO, can become a
substitute for traditional elastic yarn in the future, improving the
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sustainability of raw materials. Cai et al. (2021) reported a mixed
chemical biochemical pathway for synthesizing starch from CO,
and hydrogen in a cell-free system. In this system, they use
inorganic catalysts to reduce CO, to methanol, convert it into
three and six-carbon sugar units through enzymes, and finally
convert it into polymeric starch. They could convert CO, into
starch at 22 nmol of CO, per minute per milligram of total
catalyst, which is 8.5 times higher than that of corn.

4 Application of biobased fiber

There is much attention on the sustainability of textiles in
sustainable textile marketing (Chen et al., 2021; Memon et al,,
2022a), textile recycling (Memon et al., 2022b), textile auxiliaries
(Memon et al, 2016), and even sustainable textile heritage
(Memon et al,, 2022c). Biobased synthetic fiber is one of the
promising approaches to impart sustainability in textiles with
biosafety, biocompatibility, and biodegradability (Li et al., 2021;
Baranwal et al., 2022; Xu et al., 2022). It is a renewable resource
that is environmentally friendly in production and skin-friendly
in products. Therefore, biobased chemical fiber as raw material
has a unique use in clothing, textile materials, food packaging,
biomedicine, etc. This section will introduce the application of
biobased fibers in these fields.

4.1 Wearability

Biobased fiber has the advantages of good skin contact
(softness, skin affinity), good wearing comfort, good moisture
absorption, easy finishing, high dryness, strong humidity, and
good dimensional stability (Thangavelu and Subramani,
2016). Toray Industries, Inc. has developed a 100%
biobased synthetic fiber nylon 510 (N510) (Staff, 2022). It
is made of sebacic acid in a castor oil plant and
pentamethylene diamine in corn. It is as solid and heat-
resistant as nylon 6 and has excellent dimensional stability
in wet conditions (Toray, 2022). TERRYL® is Cathay that
launched the biobased polyamide fiber brand in the textile
field. Biobased 1,5-pentanediamine (DN5) is extracted from
renewable plant materials and polymerized with various long-
chain dicarboxylic acids (LCDA) to synthesize biobased
polyamide can effectively reduce the use of petroleum and
other fossil-based materials and reduce carbon emissions.

It can be seen from the Table 2 that the melting temperature,
viscosity, and other physical properties of the Terryl™ PA56 are
similar to those of the polyamide fiber (such as PA6 or PA6,6)
from petroleum and other fossil-based sources. The fiber has
excellent clothing properties such as low-temperature dyeing,
softness, skin affinity, and wear resistance. Its inherent flame-
retardant performance also brings unique application experience
in some special fields.
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Biobased raw materials can be fermented into glutamic acid
through various bacteria and further transformed into glutamic
acid through glutamic acid decarboxylase y- Aminobutyric acid.
Quan et al. (2022) used Polybutyrolactam (PBY) fiber as raw
material, adopted the improved dry shoot wet spinning method,
and used the appropriate air gap layer, sequential anhydrous
ethanol solution, the coagulation bath to prepare the polymer-
based polyamide fiber. PBY fiber also has good biodegradability.
In the case of the prevalence of novel coronavirus, it can be used
to prepare indispensable medical textiles such as masks and
protective clothing after use. It can be discarded, as the
natural environment can biodegrade without environmental

pollution.

4.2 Antibacterial function

Textiles are stained with sweat, sebum, and other human
secretions and contaminated by the environment’s dirt (Krifa
et al., 2019; Broadhead et al, 2021). These pollutants are an
excellent source of nutrition for various microorganisms,
especially under high temperatures and humid conditions, and
become a suitable environment for propagating various
microorganisms (Halepoto et al, 2022). Endowing textiles
with antibacterial function can not only prevent textiles from
being damaged due to the corrosion of microorganisms but also
cut off the way for textiles to transmit pathogenic bacteria and
prevent bacteria from decomposing dirt on fabrics to produce
odor, leading to dermatitis and other diseases (Memon et al.,
2018). People have higher and higher requirements for quality of
life and pay more attention to environmental health and self-
health. Therefore, antibacterial sanitary textiles have gradually
been loved by consumers.

Bioserica fiber, produced by Nanjing Bioserica ERA
Antimicrobial Materials Company, is a low-carbon
fiber exhibiting

superior antibacterial performance. Bioserica fiber is based on

consumption green textile surprisingly
two biodegradable polymer resins, PLA and polyhydroxy-
butyrate-co-valerate (PHBV), and is prepared by rheological
modification, reactive blending, and melt spinning, which can
realize natural, additive-free, green and environment-friendly
antibacterial. As a promising antibacterial material, silver
nanoparticles are clean, cost-effective, and harmless to the
environment (Yasin et al, 2013). Many researchers use the
green biological reduction method to synthesize silver
nanoparticles, and these silver jons can be loaded in
antibacterial agents of textile fibers to give them antibacterial
properties. Yasin et al. (2013) studied a method of synthesizing
silver nanoparticles using bamboo leaf extracts, which have an
inhibitory effect on Escherichia coli and Staphylococcus aureus.
Liu et al. (Ullah et al., 2015) exposed silver ions to the extract of
Nageia nagi leaves, and the silver nanoparticles were bio-reduced

rapidly under sunlight. They produce green AgNPs without an
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external heating source, which can show effective antibacterial
performance against multi-drug resistant bacteria such as
Escherichia coli and Staphylococcus aureus. Huang et al.
(2017) studied the performance of PLA/PHBV filament yarns
and compared them with petroleum-based (PET, PA6). They
found that the PLA/PHBV filament yarn has adequate thermal
and mechanical properties. In addition, in the antibacterial study
of the yarn, it can inhibit 99.99%, 99.99%, and 99.31% of
Staphylococcus aureus, Klebsiella pneumoniae and Candida
albicans, respectively. Chiloeches et al. (2022) prepared
PLA-based fibers. They

containing and

antibacterial and compostable

synthesized a polyitaconate nitrogen
N-haloamines groups, mixed it with PLA solution and
electrospun them to give PLA fiber antibacterial activity as
shown in Figure 8. The results showed that the PLA-based
fibers prepared could effectively inactivate Gram-positive and

Gram-negative bacteria.

4.3 Biomedical functions

Biobased fibers have good antibacterial, biodegradable and
biocompatible properties in vivo and in vitro (Xu et al., 2022), so
the application of biobased fibers in biomedical functions has a
good prospect. Alginate extracted from kelp or sargassum algae
of brown algae is a group of natural polysaccharides with linear
anions (Gheorghita Puscaselu et al., 2020; Al Monla et al., 2022).
fiber is with high
hygroscopicity, good biodegradability, and biocompatibility,
fiber

Alginate non-toxic, rich  sources,
and can be used as an excellent medical textile
(Aderibigbe and Buyana, 2018).

Traditional wound dressing will hinder wound regeneration.
Alginate dressing can appear in hydrogel and fiber, absorb
wound exudates, and then form a gel to keep the wound
moist. Alginate fibers can be prepared by wet spinning or
electrospinning, and because of their high conductivity in an
aqueous solution, they can be blended with other polymers to
prepare composite fibers. Liu et al. (Yu et al., 2016) used the wet
spinning method to prepare alginate fiber combined with silver
nanoparticles (AgNPs) synthesized from natural Dolcetto grape
leaves and confirmed that the fiber has robust mechanical and
antimicrobial properties characterized by SEM and FTIR. Wang
et al. (2021) added quaternized chitosan and magnesium to the
alginate spinning solution to prepare a dressing with an
antibacterial function for treating diabetes wounds. Moreira
Filho et al. (2020) fixing papain on alginate fiber wound
dressing can endow the dressing with wound healing ability.
Papain added can stimulate the production of cytokines to
promote local cell proliferation, reduce scars and assist wound
healing. Ullah et al. (2014) boiled the holly leaves to prepare the
extract and added it into a conical flask containing
AgNO3 aqueous solution. They observed the color change
from colorless to yellowish-brown color, indicating that the
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Healing rate and wound closure image of PLA fiber treatment
and PLA/PVA/SA fiber treatment (Bi et al.,, 2020).

holly leaf extract reduces silver ions into silver nanoparticles.
They loaded the prepared silver nanoparticles on the cotton fiber,
which showed an inhibitory effect on the growth of
Escherichia coli.

AgNPs embedded in the cotton fiber had good properties due
to chain hydroxyl groups in the cellulose cotton fiber, indicating
that it could be used for wound dressing antibacterial finishing,
and other medical textiles. Bi et al. (2020) dissolved sodium
alginate (SA) and polyvinyl alcohol (PVA) in pure water to make
the spinning solution, electrospun it, and collected it on
aluminum foil containing PLA fiber to obtain PLA/PVA/SA
composite fiber. They compared the wound healing of rats
with composite fiber, PLA fiber, and commercial gauze.
Figure 9 shows that the wound shrinkage rate of PLA and
PLA/PVA/SA dressing treatment is higher than that of
commercial gauze. On the 16th day, the wounds of PLA and
PLA/PVA/SA groups are almost completely healed with few
scars, showing excellent biocompatibility.

5 Conclusion and prospect

This paper summarizes the relationship between biobased
fibers and biodegradable fibers. Most biobased fibers have the
advantage of biodegradation. The use of developed biobased
fibers can effectively solve the environmental pollution
problems caused by abandoned non-biodegradable textiles;
The development history of biobased fiber raw materials
ranges from taking food crops as raw materials and its by-
products as raw materials to biomass raw materials that have
nothing to do with food that exists everywhere. This paper also
introduces that biobased synthetic fiber has a good application in
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textiles and medicine due to its excellent wearability, antibacterial
property, and biocompatibility.

In the future, textiles will develop towards comfort, function,
intelligence, protection, ecological and environmental protection,
and sustainable resources. In order to improve the awareness of
environmental protection, efforts should be made to develop
biobased chemical fibers that are rich in raw materials, easy to
obtain, comfortable, and harmless to human health. Biobased
synthetic fibers continue to develop efficiently, but they cannot
replace the existing petroleum-based materials. This is mainly
because the biobased conversion technology is not mature
enough, the effective utilization rate of non-grain biobased
materials is low, and the purification process is complex,
which makes the cost of raw materials prepared too high and
the quality unstable; as a result, the efficiency of the target
product is low. Although all recent progress has been made in
biobased and biodegradable polymers, further research is needed
before completely replacing petroleum-based products. There are
still some problems with the cost, technology, and equipment of
biobased chemical fibers. To solve these problems, we should
seek cooperation in process technology, product development,
market application, and special equipment development, and
develop a new production route combining various production
processes. Therefore, it is necessary to build and establish raw
material resources of biobased chemical fibers, develop new
production technologies, systematically optimize biological
fermentation, enzyme conversion, chemical synthesis, and
other technologies, and achieve raw material regeneration in
combination with efficient separation and purification of multi-

component systems.
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