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Recent Advances in Electrospinning of Some Selected Biopolymers
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Abstract—The growing need for materials suitable for
sustainable development and improved healthcare has
motivated scientists and engineers worldwide to investigate
biopolymers. Success in this direction hinges on our ability to
tailor properties of biopolymers and find cost effective
processing methods.

Authors applied a versatile nanofiber production
technique known as electrospinning to process a variety of
nanoassemblies with high specific volume and porosity from
biocompatible, biodegradable and nontoxic natural
biopolymers. These nanofibers and nanowebs with tailored
physical, chemical, biological and mechanical properties are
attractive for designing ecologically friendly products in a
range of applications from personal care to healthcare such
as hospital apparel, drug delivery systems, and scaffolds for
tissue engineering and tissue regeneration.

The present study reports on electrospinning of natural
biopolymers chitosan and alginate and their blends with
other biocompatible polymers. Several solvent systems and
different processing conditions are investigated for effective
electrospinning of biopolymers. Optimum processing
conditions for producing desired electrospun nanowebs are
discussed.

Key words: Biopolymers, electrospinning, nanofibers,
characteristics, medical application.

1. INTRODUCTION

There are more than three manufacturing approaches to
fabricate nanofibrous structures; i.e. electrospinning, phase
separation, and self-assembly. Structures created by each
of these approaches are quite different and thus have their
own unique advantages. The phase separation technique
allows the control of pore architectures, while structures
produced by electrospinning provide more control on
morphology and high aspect ratio, variable pore-size
distribution, and high porosity [1].

The main mechanism for a generic self-assembly is the
intermolecular forces that bring the smaller units together
and the shape of the smaller units of molecules which
determine the overall shape of the macromolecular
nanofiber. Compared to the other approaches, this one is a
good method for obtaining smaller nanofibers but it
involves a complex process [2].

In more recent years, much attention has been paid to
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the use of high electrostatic potentials for the fabrication of
ultra fine structured and nano fiber based networks from
biopolymers by the electrospinning technique [3, 4, 5, 6] .
Electrospinning, which is a relatively old idea in fiber
spinning, is currently used as one of the most advanced
methods in manufacturing high performance nanofibers,
which have been introduced into various technological
fields because of their distinct specifications, such as high
aspect ratio, porosity, and special chemical and physical
properties which have originated from their unique
structure.

Specifically, there is a wide range of spinnable
polymers; however, only a few of them have the necessary
parameters required in such critical applications. Although
there are a lot of polymers which are spinnable, only a few
of them have the required parameters suitable in the
complex procedure of electrospinning.

II. BIOPOLYMERS

Natural and synthetic biopolymers have quickly found
their way into a multiplicity of applications in materials
science and biointerface engineering. Beyond the interest
in biopolymers as genuine materials, their use as a matrix
for composite material is one of the exciting challenges to
build high performance and competitive functional
materials because of their particular properties like
biodegradability and biocompatibility. This interest in
biopolymers is driven by two scientific developments. The
first is our increasingly sophisticated understanding of
polymer structure—function. The second is the maturation
of applying high technologies such as biotechnology and
nanotechnology, which allow these materials to be
synthesized in large yields with precise control over the
chemistry, morphology and structure [7, 8].

On the other hand, the use of biopolymers and bio-
resources is considered as one of the many strategies to
minimize the environmental impact of petroleum-based
plastics.

There are different important parameters which have to
be fulfilled according to the final intended application for a
certain biomaterial. Figure 1 shows the main properties of
the biopolymers. Other properties mentioned in Figure 1
may be revealed only by some special types of
biomaterials.

A. Biodegradability
The biological base of biopolymers provides a unique

opportunity to incorporate the highly demanded property
of these materials, i.e. the biodegradability. It must be
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noticed that among the plastic wastes, there are products
with a high degree of contamination and recycling involves
a high energy cost. However, the use of biodegradable
polymers represents a real step in the right direction to
protect us from environmental pollution. [9, 10]. A vast
number of biodegradable polymers have been synthesized
or formed in nature during the growth cycles of all
organisms. Some microorganisms and enzymes, capable of
degrading them, have been identified. Figure 2 shows a
classification of biopolymers in 4 categories [11- 14].
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Fig. 1. Some main characteristics of biopolymers.
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Fig. 1. Classifications of biopolymers.

B. Biocompatibility

Biocompatibility is actually the most important factor
which distinguishes a biomaterial from any other material.
Biocompatible polymers are able to exist in contact with
tissues of the human body without causing an unacceptable
degree of harm to the tissues [8, 15].

It is important to study the in vivo reaction of
biomaterials, since the biological effects play a crucial role
in therapy or biological applications. For example, the use
of organic solvents may significantly reduce
biocompatibility and induce cytotoxicity; therefore, for
every small change in engineered biopolymer for medical
uses, the in vivo biocompatibility should be tested
independently. For biodegradable biomaterials, the
biological, chemical, physical and mechanical properties
vary with time. Therefore, the active biocompatibility of
these materials must be demonstrated over time whereas
the produced degradation products can have different
levels of tissue compatibility when compared to the
starting parent material. An example of this status is the
scaffolds containing calcium in the form of calcium nitrate,
which could cause long-term toxicity [8, 16- 20].

C. Hydrophilicity

All polymeric materials can be classified in to either
hydrophobic or hydrophilic based on their water contact
angle, which is related to the wettability of the polymer
surface. This property is definitely important in
applications like cell proliferation, drug delivery and
wound healing. The surface properties of a biomaterial,
especially hydrophilicity, influence cell adhesion and
proliferation on the media. For example, the studies show
that a very hydrophobic polymer such as poly tetra fluoro
ethylene (PTFE) with a contact angle of 105°-116° inhibits
the cellular adhesion [21]. Meanwhile, hydrophilic
polymers are known to facilitate cellular adhesion. There
are some hydrophilic polymers such as poly ethylene oxide
which prohibit cellular adhesion. Here the assumption is
that as the proteins have both hydrophobic and hydrophilic
regions, an area Wwith appropriate proportions of
hydrophilicity to hydrophobicity would be the most
favorable [21- 25]. Martins et al. have demonstrated that
the best adhesion can be assigned to the polymers with
contact angle of 65°-80° [26].

III. NATURAL SOURCES BIOPOLYMERS

In the field of biomedical applications, biodegradable
polymers have been reasonably more considered in
comparison to biostable polymers. Perhaps, serious
problems of synthetic materials, troubles of pollution and
shortage of petroleum resources as the main source of raw
material for synthetic polymers have been the actual reason
for the flourishing trend of biopolymers. However, the
irrefutable  superiorities of biopolymers to synthetic
products in medical applications along with the particular
properties noticed by different industries as well as all
environmental considerations have made the natural
polymers and their derivatives more remarkable, but their
utilization is still limited because of their high cost and/or
their low performance [8, 27- 29]. This part of the review
refers to the most notable biopolymers, with a particular
focus on their medical scopes.

A. Sodium Alginate

Alginate or algin is a linear polysaccharide copolymer of
D-Malnnuronic acid (M) and L-Guluronic Acid (G) units
(Figure 3). Alginate is found in the cell walls of brown
seaweeds. The actual chemical structure of the alginate
varies from one genus to the other. Therefore, the
properties of the alginate depend on the source of seaweed
and the proportion of M:G [30- 32].
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Fig. 2. Chemical structure of Alginic acid.
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Alginate is a biodegradable, biocompatible anionic
polymer due to its colloidal properties, which make it a
film forming, stabilizing, suspending, gel producing,
thickening and emulsion stabilizing agent. Alginate is a
highly hydrophilic biopolymer which can react with
polyvalent metal cations to produce strong gels or a low
soluble polymer. Because of these properties, alginate is an
active biopolymer which has received considerable
attention in various industries [30, 33]. However, there is a
widespread interest in alginate for Pharmaceutical and
medical applications such as drug carrier, wound dressing
and tissue engineering scaffolds [34- 38]. Offering many
advantages over traditional cotton and viscose gauzes,
alginate-based products are currently the most popular
dressings used in wound management among the various
fibrous and hydrogel products. As a wound dressing
alginate which is usually used in the form of calcium
alginate, it utilizes its ion exchange properties. When a
dressing of calcium alginate is applied to a wound, it starts
to absorb the exudates of the wound. In a reverse ion
exchange mechanism, calcium ions are gradually
exchanged against sodium ions present in the blood and
wound secretions, starting to swell and in the presence of
sodium ions, turning into a moist gel that fills and securely
covers the wound. Calcium alginate produces a highly
absorbent, non-adherent dressing that transmits oxygen and
moisture vapor. A moist wound environment promotes
curing and leads to a better cosmetic heal of the wound
[39- 41].

Alginate has recognized as a prospective material for
encapsulation and immunoprotection of transplanted cells.
Stable cultures in alginate beads have been achieved with a
number of cell types including II chondrocytes, Schwann
cells, islets, myoblasts, fibroblasts, kidney cells, epithelial
cells, bone-marrow stromal cells, and hepatocytes [36, 42,
43]. Alginate hydrogel systems have been used as bio-
interactive scaffolds for various tissue engineering
applications. The hydrophilic character of the alginate
enabled the efficient proliferation of cells into the alginate
scaffolds [44- 46].

B. Chitosan

Chitin is a co-polymer of N-acetyl-glucosamine and N-
glucosamine units. The chemical structure of chitin is 2-
acetamido-2-deoxy-b-d-glucose monomers attached via
Bl — 4) bonds. Chitosan is the deacetylated derivative of

chitin (Figure 4) [47, 48].
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Fig. 3. Chitosan is the deacetylated derivative of chitin.
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Chitosan and its derivatives have been recently explored
intensively in different industries such as cosmetics,
biotechnological, agricultural, food, and non-food
industries like water treatment, paper, and textile [49].

Chitosan is an excellent biosorbent for metal cation
removal because of its large number of NH, groups, and
ion exchange activity. The reactive amino group
selectively binds to transition metal ions but not to alkali
and alkaline-earth metal ions. The excellent adsorption
characteristics of chitosan for heavy metals can be
attributed to high hydrophilicity, which is due to the large
number of hydroxyl groups of glucose units, the presence
of a large number of functional groups, high chemical
reactivity of these groups and flexible structure of the
polymer chain [50- 52].

Chitosan is a versatile biopolymer known for its
biocompatibility and biodegradability. It is the only pseudo
natural cationic polymer that possesses a broad range of
interesting and unique biological activities. During the
recent years, chitosan and its molecular derivatives have
attracted attention because of their potentially beneficial
biological properties such as antimicrobial activity, drug
delivery, and stimulation of healing and tissue-engineering
scaffolds. The broad spectrum antimicrobial activity of
chitin and its derivatives enables them to be used in wound
healing dressing [47, 53- 61]. Chitosan is also a potential
polymer for gene delivery because of its high positive
charge density and relatively low cytotoxicity [62]. Table I
shows the classified properties of chitosan in some medical
applications [23, 63- 67].

C. silk

Silk fiber has been of interest because of its apparel and
clothing applications. Over the past decades, this
biopolymer has also been used in pharmaceuticals,
cosmetics creams, lotions and makeup powders. Silk
fibroin (SF) is a precious candidate material for biomedical
applications because of its unique biological properties
including biodegradability, biocompatibility,
inflammatory reactions, non-toxicity, blood compatibility,
good oxygen and water permeability, and high mechanical
strength.
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IV. ELECTROSPINNING OF BIOPOLYMERS

Typical electrospinning units include a syringe
containing polymer solution (or melt), that is charged
through a high voltage supply. Figure 5 shows the
schematic of a typical electrospinning unit. A charged
metallic plate is placed at a fixed distance from the needle
tip of the syringe. The high voltage electrical field
overcomes the surface tension of the fluid droplet at the tip
of the metal syringe needle and the Taylor cone forms,
whereby a fluid jet is ejected and subjected to whipping
instabilities due to electric Maxwell stresses.






