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Introduction

The textile industry stands at a critical juncture, facing increasing pressure to mit-
igate its environmental footprint and embrace sustainable practices. The conven-
tional wet processing of textiles, encompassing dyeing, finishing, and pretreat-
ment, has historically relied on a significant consumption of water, energy, and
harsh chemicals, leading to considerable pollution. In response to these chal-
lenges, a paradigm shift towards bio-based alternatives is gaining momentum,
offering a pathway to a more eco-conscious and circular textile economy [1].

The exploration of bio-based chemicals in textile wet processing is driven by
their inherent advantages, including reduced environmental impact and enhanced
biodegradability. These renewable resources present a viable alternative to their
petroleum-based counterparts, promising a reduction in the ecological burden as-
sociated with textile production [1].

Recent advancements have focused on leveraging agricultural byproducts for the
creation of novel bio-auxiliaries. These innovative materials are demonstrating
efficacy in processes like cotton dyeing, where they can improve dye uptake and
fixation while simultaneously reducing the consumption of water and energy com-
pared to traditional synthetic agents [2].

Enzymatic solutions are another significant area of development, offering a green
alternative to the often harsh chemical treatments used in textile wet processing.
Enzymes can be effectively employed in desizing, scouring, bleaching, and finish-
ing, characterized by their high specificity and mild operating conditions [3].

Biopolymers, such as chitosan derived from chitin, are emerging as versatile fin-
ishing agents. Their application to fabrics can impart desirable functional proper-
ties, including antimicrobial and antistatic characteristics, contributing to the de-
velopment of eco-friendly textiles with enhanced performance [4].

The integration of bioplastics and biodegradable polymers into textile coating and
lamination processes is also a key focus. These materials help reduce reliance on
petroleum-based plastics and improve the end-of-life options for textile products,
fostering a more sustainable approach to composite materials [5].

Bio-based surfactants, developed from renewable sources, are being evaluated for
their performance in textile scouring and washing. These eco-friendly alternatives
offer comparable or superior cleaning capabilities to conventional surfactants, with
the added benefit of better biodegradability and lower ecotoxicity [6].

Natural dyes, derived from plant-based extracts, are being explored as a sustain-
able alternative for textile coloration. While challenges such as color fastness exist,
ongoing research aims to improve their application and performance, catering to
the growing consumer demand for naturally colored textiles [7].

Furthermore, the development of bio-based crosslinking agents is crucial for cre-
ating formaldehyde-free textile finishing. These agents can impart durable press
properties to fabrics, offering safer and more sustainable solutions compared to
traditional formaldehyde-based compounds [8].

The overarching imperative for adopting bio-based alternatives in textile wet pro-
cessing stems from the need to significantly reduce the environmental footprint.
By quantifying reductions in chemical usage, water consumption, and wastewa-
ter pollution, the transition to a circular and sustainable textile economy can be
accelerated through policy support and industry collaboration [9].

Description

The transformative potential of bio-based chemicals in textile wet processing is a
central theme, with a focus on their contribution to achieving sustainability goals.
These renewable resources offer advantages such as reduced environmental im-
pact and biodegradability, finding applications in dyeing, finishing, and pretreat-
ment stages. Research is actively exploring advancements and future prospects
for integrating these eco-friendly alternatives into mainstream textile production,
addressing challenges through dedicated research and development [1].

A study has investigated the efficacy of novel bio-based auxiliaries derived from
agricultural waste for cotton dyeing. The findings demonstrate that these bio-
auxiliaries can enhance dye uptake, fixation, and wash fastness, while significantly
decreasing water and energy consumption when compared to conventional syn-
thetic counterparts. This research underscores the economic and environmental
benefits of valorizing agricultural byproducts for textile applications [2].

Another significant area of exploration involves the application of enzymes in tex-
tile wet processing as a green alternative to harsh chemical treatments. This re-
view covers enzymatic desizing, scouring, bleaching, and finishing, highlighting
their high specificity, mild operating conditions, and biodegradability. The authors
discuss the challenges and opportunities for adopting enzyme technology, includ-
ing cost-effectiveness and process optimization, to foster a more sustainable tex-
tile industry [3].

The use of chitosan, a biopolymer derived from chitin, in textile finishing for im-
proved functional properties is also under investigation. Methods for applying chi-
tosan to fabrics to impart antimicrobial, antistatic, and wrinkle-resistant charac-
teristics are presented. The study highlights chitosan’s potential as a sustainable
and versatile finishing agent, contributing to the development of eco-friendly tex-
tiles with enhanced performance [4].

The integration of hioplastics and biodegradable polymers in textile coating and
lamination processes is examined. The advantages of these materials in reduc-
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ing reliance on petroleum-based plastics and improving the end-of-life options for
textiles are discussed. Current technologies and future directions for developing
sustainable textile composites are reviewed [5].

Research has focused on developing and evaluating bio-based surfactants for tex-
tile scouring and washing applications. The results show that these surfactants, de-
rived from renewable sources, provide cleaning performance comparable to or bet-
ter than conventional synthetic surfactants, while exhibiting improved biodegrad-
ability and lower ecotoxicity. This study contributes to the move towards more
environmentally benign textile chemicals [6].

The use of plant-derived extracts as natural dyes for textile coloration is explored.
Challenges associated with natural dyes, such as color fastness and reproducibil-
ity, are discussed, along with strategies for enhancing their application and per-
formance. The authors emphasize the increasing consumer demand for naturally
colored textiles and the potential of bio-based dyes to sustainably meet this de-
mand [7].

In textile finishing, the synthesis and application of bio-based crosslinking agents
are being investigated as replacements for formaldehyde-based agents. The per-
formance of these hio-crosslinkers in imparting durable press properties to cotton
fabrics is evaluated, demonstrating comparable or improved wrinkle recovery with
significantly reduced toxicity. The research emphasizes the development of safer
and more sustainable textile finishing solutions [8].

The environmental impacts of conventional textile wet processing and the neces-
sity of adopting bio-based alternatives are reviewed. The potential reduction in
chemical usage, water consumption, and wastewater pollution achievable through
the implementation of bio-based chemicals is quantified. The authors advocate
for policy support and industry collaboration to expedite the transition to a circular
and sustainable textile economy [9].

Finally, the potential of microbial fermentation to produce platform chemicals for
textile applications, such as organic acids and biosurfactants, is explored. The
advantages of using renewable feedstocks and controlled fermentation processes
to generate high-value chemicals with a reduced environmental burden are high-
lighted. This research positions bio-based chemical production as a key strategy
for a sustainable textile industry [10].

Conclusion

This collection of research explores the growing importance and application of bio-
based alternatives in the textile industry, particularly in wet processing. Studies
highlight the development and efficacy of bio-based chemicals, auxiliaries, en-
zymes, biopolymers, surfactants, natural dyes, and crosslinking agents. These
innovations aim to reduce the environmental impact of textile production by min-
imizing chemical usage, water and energy consumption, and pollution. The re-
search emphasizes the benefits of using renewable resources, valorizing agricul-
tural waste, and employing processes like microbial fermentation. Key advantages
include biodegradability, lower ecotoxicity, and enhanced functional properties for
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textiles. The overall objective is to drive the transition towards a more sustainable
and circular textile economy, addressing challenges through ongoing research and
development and advocating for supportive policies and industry collaboration.
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