@ Crimson Publishers
Wings to the Research

ISSN: 2578-0271

TTEFT | i

& Fashion Te

*Corresponding  author:  Subhadeep
Paul, Senior Research Assistant, Living
Construction  Group, The Hub for
Biotechnology in the Built Environment
(HBBE), Applied Sciences Department,
Northumbria University, NE1 8ST, England

Submission: g May 27, 2024
Published: g June 07, 2024

Volume 10 - Issue 1

How to cite this article: Subhadeep
Paul*, Rashi Gusain, Yunhong Jiang, Paul
James and Meng Zhang. Electrospinning of
Bacterial Cellulose Fibres: Challenges for an
Innovative Bioengineered Fibre Production
Technique. Trends Textile Eng Fashion
Technol. 10(1). TTEFT. 000727. 2024.
DOI: 10.31031/TTEFT.2024.10.000727

Copyright@ Subhadeep Paul. This article is
distributed under the terms of the Creative
Commons Attribution 4.0 International
License, which permits unrestricted use and
redistribution provided that the original
author and source are credited.

Mini Review ‘ 8 ‘
J| ©@

Electrospinning of Bacterial Cellulose
Fibres: Challenges for an Innovative
Bioengineered Fibre Production
Technique

Subhadeep Paul'*, Rashi Gusain', Yunhong Jiang?, Paul James? and Meng Zhang*

ISenior Research Assistant, Living Construction Group, The Hub for Biotechnology in the Built
Environment (HBBE), Applied Sciences Department, Northumbria University, England

ZAssistant Professor, Department of Applied Science, The Hub for Biotechnology in the Built
Environment (HBBE), Northumbria University, England

3Assistant Professor in BioSciences, Living Construction group, The Hub for Biotechnology in
the Built Environment (HBBE), Northumbria University, England

*Professor in Microbial biotechnology, Living Construction group, The Hub for Biotechnology
in the Built Environment (HBBE), Northumbria University, England

Abstract

In the last few years, the investigation and findings of alternative and biobased raw material sources has
been a focal point of research with respect to reduced impact on the environment. Bacterial cellulose
(BC), abiopolymer generated by biosynthesis process, is known for its purity, crystallinity and mechanical
properties. Electrospinning of BC has shown potential in various biomedical, packaging and electronic
textile-based applications. Ionic liquids (ILs) due to their low vapour pressure and high recyclability have
been used in electrospinning of various biopolymers. However, there are few comprehensive studies that
investigate the contribution of ILs to electrospinning of BC fibres. This review discusses the potential of
using ILs to dissolve BC and its possible effects on the fibre structure, morphology and distribution. It also
summarizes the research gaps and challenges available for electrospinning of BC with ILs. Understanding
of material properties of BC, the structure of ILs and structure of electro spun fibres is crucial for
developing an efficient, eco-friendly and sustainable fibre production process.

Keywords: Bacterial cellulose; Electrospinning; Fibres; lonic liquids

Abbreviations: DMF: Dimthylformamide; DMSO: Dimethylsulphoxide; DMAc: Dimethylacetamide; LiCl:
Lithium Chloride; NMMO N: Methylmorpholine N-oxide; N,0,: Dinitrogen Tetroxide; TFA: Tetrafluoroacetic
Acid; BC: Bacterial Cellulose; ILs: lonic Liquids

Introduction

Over the last decade emphasis has been provided on generating alternative raw material
from biobased sources considering the aspects of circularity and upcycling in fibres and
polymers sector [1]. Researchers have indulged in investigation and optimization of generation
of biopolymer-based products derived from biological sources, waste materials and microbial
fermentation [2]. The electrospinning technique for generation of nanofibrous materials is
considered highly effective for spinning fibres from biobased renewable sources like cellulose,
chitosan, polylactic acid (PLA), alginate etc. [3,4]. Electrospinning technology is known for
minimal waste generation, recyclability of solvents and relatively low energy consumption
(compared to other fibre production techniques) [5]. This method can be tailored to specific
sustainability requirements, making it crucial for developing bioengineered fibres that
contribute to a cradle-to-cradle approach in supply chain management within a circular
economy. Cellulose is the most naturally abundant organic polymer on earth and primarily
obtained from sources like wood and plants and more recently from bacteria and algae.
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Cellulose due to its availability, hydrophilicity, biocompatibility,
biodegradability and desirable mechanical properties is considered
as the major source for polymers for environmentally friendly
applications [6]. Traditional plant cellulose is a semi-crystalline
material where the degree of crystallinity ranges from 40-60%
depending on the type of source, method of extraction and
pretreatment [7]. BC synthesized from bacteria is a biosynthesis
process, where the cellulose chains are produced and extruded
by individual cells via enzyme complex. The environment for
generation of BC often involves high moisture content and reduced
stress condition therefore leads to a highly crystalline structure
(80-100%) [8].

BC can be produced by a wide range of bacterial species
including Acetobacter, Pseudomonas, Aerobacter and Azobacter etc.
[9]. Unlike plant cellulose, which is in the form of Cellulose I (parallel
chain arrangements), BC consists of the more stable Cellulose II
form (anti parallel chain arrangements) [10], which leads to higher
chemical purity, degree of polymerization, water retention and wet
strength as compared to its counterpart from plants. BC has found
extensive applications in biomedical fields specifically in therapy
of wounds, burns and ulcers [11]. Additionally, it is used in tissue
engineering, drug delivery systems, packaging, and sensors in the
form of electrospun fibres, hydrogel, and biofilms [12]. Moreover, BC
can be used for development of filament fibres, knitted structures
and nonwoven fabrics which are beneficial for creating fabrics with
high mechanical strength and water sorption properties [13].

Electrospinning of cellulose has been challenging due to the
presence of strong inter and intra molecular hydrogen bonding
within the structure which restricts its solubility in common
volatile solvents. However, the advancement of potential ILs has
facilitated the dissolution of cellulose. ILs offer advantages such
as high thermal and chemical stability, low vapor pressure and
recyclability. This article highlights the challenges involved in
producing electrospun BC fibres, particularly focusing on the
dissolution of BC in ILs, fibre structure, fibre morphology. It also
addresses research gaps in the study of functionalized BC-based
polymers for electrospinning. To enable the use of electrospun BC
fibres in technical textile applications, further investigation into
fibre optimization using ILs is required.

Dissolution of bacterial cellulose in ionic liquids

Cellulose in its original form is a linear homopolymer with high
molecular weight, thus difficult to dissolve in common solvents.
Further the inter and intra molecular interactions between the
hydroxyl groups among the chains of polymer makes it more
difficult to dissolve. Conventional solvents like sulphuric acid,
carbon disulphide, sodium hydroxide was used to disrupt the
interchain interactions and modify the structure of the cellulose
for its dissolution (viscose fibre manufacturing) [14,15]. The
environmental impact of such hazardous chemicals was high
at the same time there was a significant decrease in degree of
polymerisation of cellulose. To resolve this issue new solvent
system like Dimethylacetamide (DMAc)/ Lithium Chloride (LiCl),
N-Methylmorpholine N-oxide (NMMO), Trifluoroacetic acid (TFA),
N,N-Dimethylformamide (DMF)/ (Dinitrogen tetraoxide) N,O, etc.

were used, and mostly they were associated with drawbacks like
low dissolving capability, instability, lesser rate of solvent recovery
and harsh processing conditions. This led to the use of ILs which are
organic salts with melting temperature less than 100 °C and have
added advantage in terms of high chemical stability, recyclability and
structural tunability [14]. The initial research involving dissolution
of cellulose in ILs was investigated thoroughly by Swatloski et al.
[16] which showed that 1-butyl-3-methylimidazolium chloride
(BmimCl) has solubility of 10wt% (at 100 °C) and 25wt%
(microwave heating) [16]. After that intensive research has been
conducted on dissolution of cellulose using imidazolium based ILs
and the mechanism of dissolution is also well established where
they are known to dissolve the long chain cellulose polymer at high
viscosity assisted by temperature and concentration of the ILs. Now
dissolution of BC in ILs can be challenging due to its highly ordered
and crystalline structure. Thus, co-solvents like DMF, (Dimethyl
sulfoxide) DMSO or DMAc are used for lowering the viscosity of
the spinning solution. For electrospinning the selection of ILs and
co-solvents requires consideration for factors such as conductivity,
high volatility, minimal intermolecular interaction between the
polymeric chain. However, systematic studies related to effects of
concentration and temperature and co-solvent ratio on dissolution
of BC are seldom reported in the literature. The dissolution of BC
can also be affected by the process variables during synthesis of BC
such as nutrient composition of growth media (glucose, fructose,
peptone etc.), type of bacterial strain, culture conditions (agitation,
pH and aeration).

Structure of bacterial cellulose electrospun fibre

Electrospun fibre from acetylated BC has already been obtained
using solvent systems such as DMAc/LiCl, chloroform/acetone [17].
However, the involvement of ILs alongside other co-solvents and its
further investigation on the fibre morphology, diameter distribution
and fibre alignment are still scarce. This study requires thorough
investigation of polymer flow rate, electrospinning voltage, collector
and syringe distance (process parameter of electrospinning). BC
also tends to form agglomeration during electrospinning which can
lead to non-uniform fibre distribution and reduction in mechanical
properties. Though BC is known for its mechanical properties but
due to agglomeration during electrospinning process causes the
lower mechanical properties of generated electrospun fibres. This
could be affected by the processing conditions like temperature and
RH% of spinning, interaction of co-solvent with ILs, structure of ILs,
fibre alignment and distribution. There are few literatures which
investigate the structure property understanding of BC electrospun
fibres, these include optimization of the diameter distribution of
the fibres. Electrospun nanofibres are associated with high surface-
to-volume ratio which enhances the application properties. Thus,
for BC a better distribution and diameter range of the fibre can
result in uniform fibre structure, high porosity and water sorption
capabilities.

Structure of ionic liquids

A significant amount of work has been done in dissolution
of cellulose with ILs of varying cationic and anionic groups [18].
Dissolution of cellulose has been related to the concentration and
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functional groups of anions near the polymeric chain, whereas
cations are meant to be small enough to enter between the
polymeric chain and disrupt the hydrogen bond formation. The high
mechanical characteristics of BC can be reduced during formation
of the electrospun fibres as presence of co-solvents in ILs can
decrease the molecular weight distribution or cause degradation of
the polymer. Thus, BC has been used as composite fibre with other
polymers or nanomaterials to improve its mechanical properties
[19]. The effect of change in type of anion (such as phosphate,
acetate, bisulphate (Figure 1)) and cation (such as pyrazolium,

triazolium, ammonium (Figure 1)) could affect the solubility of BC
at a lower concentration and temperature, potentially resulting
in higher mechanical strength of the electrospun nanofibres. In
addition, commercialized ILs used for dissolution of cellulose are
mostly based on imidazole-based cations (Figure 1) and halogen-
based anions, which results in high viscosity during dissolution
of cellulose, thus selection of a completely new ionic liquid for
dissolution of BC must be considered with respect to its solubility,
toxicity, type of structure, biocompatibility, and cost effectiveness.
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Figure 1: Structure of cations and anions for ILs.

Functionalisation of bacterial cellulose

BC can be functionalized using proteins within a single growth
step during the microbial fermentation stage. BslA is a characterized
hydrophobin which is known to form a hydrophobic layer on the
Bacillus biofilm and is partitioned on the extracellular matrix of BC
biofilm [20]. ILs can be tailored to dissolve the surface hydrophobic
layer, but it will be interesting to investigate if the same ionic liquid
will be able to dissolve the BC structure alongside. ILs which do not
swell BC can also be used as a reaction media for functionalisation
of BC [21]. Modification of the hydroxyl groups of cellulose can be
associated with grafting of polymers, reaction with anhydrides and
silicon-based chemistry to make the surface hydrophobic and such
materials can be utilized in water repellent textiles, medical textiles,
geotextiles etc. There are few studies which report the involvement
of ILs for hydrophobisation of BC and further its dissolution to
produce a functionalised BC electrospun fibre.

Conclusion

BC can be considered a futuristic biopolymer to produce
sustainable and ecofriendly fibres. Biopolymers like chitosan,
alginate, chitin, PLA, casein etc. can be incorporated into the
structure of BC to produce electrospun composite fibres resulting
in exceptional mechanical strength, specific functionalities (anti-
bacterial, conductive, shape memory effect, piezo electricity)
and biocompatibility. ILs due to its versatility of design and high
solvation properties can be used as an efficient and ecofriendly

solvent for the electrospinning of BC. The optimisation of the
dissolution process does possess challenges in terms of rheology
of the polymeric system and the effect of structure of ILs and
selection of co-solvents expresses a promising area for researchers
to investigate and correlate against the fibre morphology, cellulose
structure, fibre orientation and distribution within the electrospun
BC nanofibres. The involvement of BC and its functionalised fibres
can lead towards designing the production of technical textiles
using bioengineered fibres and reducing the environmental impact
of textile supply chains.
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