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Abstract

Alginate and chitosan are two marine natural polymers with unique structures and
properties. Alginate is a polymeric acid, whilst chitosan is a polymeric amine. Both
polymers can be made into fibers through the wet-spinning process. This article
reviews the novel properties of alginate and chitosan, and compares the functional
performances of the two fibers as novel textile materials. The principal applications of

alginate and chitosan fibers are also reviewed.
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Introduction

Alginate and chitosan are two natural polymers extracted from
brown seaweeds and crustacean shells respectively. In recent years,
both alginate and chitosan have found widespread uses as novel
biomaterials.! In particular, they have been made into fibers through
the wet-spinning process and in line with their marine origin,
these fibers are biocompatible and biodegradable, and possess
excellent bioactivities that are highly valuable in the development
of functional textile products such as medical textiles, hygiene
products, cosmetotextiles and those textile materials that are in close
contact with the body, such as under wears, bedding materials, etc.>™*
As renewable resources, both alginate and chitosan have abundant
supplies in nature.>® The seaweeds used for alginate extraction can
come from wild varieties as well as cultivated species, whilst chitosan
can be extracted from seafood processing waste of crabs, shrimps,
prawns, krills, etc. Figure 1 illustrates the raw materials for alginate
and chitosan.
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Figure | Raw materials for alginate and chitosan, (I) brown seaweed; (2)
crustacean shell waste

Fiber production

Chemically, alginate is a polymeric acid composed of two types of
monomer units, i.e., o-L-guluronic acid (G) and B-D-mannuronic acid
(M). Depending on the type of seaweeds, alginate varies in molecular
weight and the G, M, GG, MM and GM compositions. The G and
M contents, and additionally the GG, MM and MG contents in the
alginate have a significant effect on the properties of the alginate fibers.
Chitosan is a polymeric amine. Its chemical structure is poly-(1—4)-
2-amino-2-deoxy-p-D-glucose. Commercially, chitosan is obtained by

de acetylation of chitin, which is poly-(1—4)-2-acetamino-2-deoxy-
B-D-glucose. Similar to the G/M contents in alginate, the degree of
acetylation on the amine group is an important structural parameter
for chitosan. Polymers with above 50% acetylation are considered as
chitin while those with less than 50% acetylation are considered as
chitosan. The chemical structures of alginic acid, chitin and chitosan
are shown in Figure 2.

OH OH
-0 O 0 -0 ; Ho
HO%‘ HO! r‘O"' O=<
g OHJ

na@

OH OH OH
o] 0, o}
HO
NH; NH, NH
n
A3)

Figure 2 Chemical structures of (1) alginic acid; (2) chitin and (3) chitosan.

During the fiber making process, sodium alginate is dissolved
in water and chitosan is dissolved in aqueous acetic acid solution to
prepare their respective spinning solutions, which are then extruded
via spinneret into coagulation baths containing CaCl, and NaOH
respectively to precipitate the two polymers into fibers.”? Upon
washing, stretching and drying, alginate and chitosan fibers can be
made with tensile properties similar to conventional viscose fibers,
which can be processed in the many textile processes such as yarn
spinning, weaving, knitting, and nonwoven.®' Figure 3 shows a
schematic illustration of the wet spinning process.

As a natural polymeric acid, alginate is negatively charged when
sodium alginate is dissolved in water, whilst chitosan is a positively
charged polymer due to the amine groups in its structure. The ionic
interaction between alginate and chitosan was utilized by Tamura et al.’
when preparing chitosan coated calcium alginate fibers, by extruding
sodium alginate solution into a coagulation bath containing chitosan.
Knill et al.'? improved on the method by first degrading chitosan into
low molecular weight oligosaccharide, which can penetrate better into
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the swollen calcium alginate fibers. The resultant fibers were found to
have high absorbency as well as sustained antimicrobial properties
Miraftab et al."' and Majima et al.'? found that the poly blend fibers
made from alginate and chitosan have better biocompatibility and cell
affinity, which are suitable for the preparation of scaffolds in tissue
engineering.

’%J’

Figure 3 Schematic illustration of a small wet spinning production line, (1)
spinning solution; (2) metering pump; (3) spinneret; (4) coagulation bath; (5)
take-up roller I; (6) take-up roller II; (7) water bath; (8) hot water stretching
bath; (9) stretching roller I; (10) acetone washing bath; (11) stretching roller
II; (12) advancing roller I; (13) heater; (14) advancing roller Il; (15) winding up
unit.

Alginate and chitosan based nano fibers can be made through the
electro spinning process, in which alginate and chitosan solutions are
deposited as fibrous material by charging the liquid to about 5-30kV
and ejecting it through a nozzle onto an oppositely charged grounded
target. The electro spinning system consists of a high-voltage
DC supply, a grounded electrode, a nozzle system with diameter
controls, and a fixed or rotated target to which the spun fiber could
be adhered. Alginate and chitosan nano fibers can be made in this
way with excellent surface morphology and porosity to provide the
most appropriate interface for biomedical applications. The fibers
are often spun onto nonwoven structures which are porous and have
high surface area, with the resulting electrospun nonwoven structure
ideally suited for making scaffolding for tissue engineering.'

Fiber properties

Alginate and chitosan fibers have many unique performance
characteristics, some of them are summarized below.

High absorption capacity: As a polymeric acid, alginate has novel
ion exchange property and high absorption capacity. In particular,
when calcium alginate fibers are placed in contact with solutions
containing sodium ions, such as the body fluid, calcium ions are
released and sodium ions get into the fibers to form sodium alginate,
which is soluble in water. As a result, a large amount of water is drawn
into the fibers to form highly swollen fibrous gel, a property highly
valuable in medical, hygiene and cosmetic textile materials. ' Figure
4 shows photomicrographs of alginate fibers before and after wetting
in saline. Due to the hydroxyl and amine groups, chitosan fibers
also have high affinity to water, with moisture regain at about 16%.
When combined with their antimicrobial properties, chitosan fibers
are ideally suited to be blended into textile materials for underwear
and bedding materials. Chitosan based face mask products are also
gaining popularity in the cosmetic industry.

Strong binding with metal ions: As a polymeric acid, alginate
can form salt with metal ions. Most divalent metal ions can form
water insoluble salt with alginate, hence alginate fibers can be made
by extruding water soluble sodium alginate solution into aqueous
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solutions containing divalent metal ions.'>'® Many metal ions are
useful for wound healing. For example, zinc is useful for zinc deficient
patients, whilst silver has anti-microbial properties. Sodium alginate
can be extruded into an aqueous zinc chloride solution to form zinc
alginate fibers. Alternatively, calcium alginate fibers can be treated
with solutions containing zinc or silver and upon ion-exchange; zinc
and silver ions in the solution replace calcium ions in the fibers,
resulting in alginate fibers containing zinc and silver ions. Chitosan
fibers can bind metal ions via chelation with the amine groups. It has
been shown that chitosan fibers can chelate up to 6.2% by weight of
zinc ions, with the resultant fiber highly antimicrobial against a broad

spectrum of micro-organisms.
M @

Figure 4 Photomicrographs of alginate fiber, (1) dry, (2) wet in saline.

Anti-microbial properties: Both alginate and chitosan fibers are
known to have anti-microbial properties. When fluid is absorbed
into an alginate based fibrous material, the fibers swell after the ion
exchange process. As the fibers swell, the space between the fibers is
closed and any bacteria that are carried in the fluid are trapped, thereby
inhibiting the spreading of bacteria. The anti-microbial mechanism
for chitosan is different from that of the alginate fibers. As a polymeric
amine, chitosan is positively charged when wet. As the cell walls
of the bacteria are negatively charged, bacteria are adhered to the
chitosan fibers and due to their different electric charge, antimicrobial
effect is achieved through the burst of cell walls.

Applications of alginate and chitosan fibers

Alginate and chitosan fibers have been used in a variety of
applications; in particular, they are now widely used in cosmetic,
medical and hygiene textile materials.

Cosmeto textiles

Cosmetotextiles are textile material with cosmetic properties,
although these types of textiles can also harbor other functions and
ingredients, such as medical properties, mosquito repellents, odor
reducers, antimicrobials or UV-protection agents.

Cosmetic textile is an industry that has grown along with consumer
interest in wellness and well-being. It involves the use of fiber and
textile materials to deliver a wide range of microencapsulated
ingredients such as aloe vera, vitamin E, retinol, and caffeine that
can offer moisturizing, firming, or slimming benefits."” The next
generation of cosmetic textile products could potentially go beyond
beauty, by utilizing innovative new methods to deliver medical, anti-
aging, and stress-relieving benefits through apparel textiles and other
products. In this respect, alginate and chitosan fibers and nonwoven
fabrics are highly hydrophilic and biocompatible, which are ideal
materials for the production of face masks. In addition, the fibers and
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fabrics can be used to carry various bioactive ingredients to achieve
sustained release to the skin. Figure 5 shows face mask made from
hydro entangled alginate nonwoven fabric.

Figure 5 Face mask made from hydro entangled alginate nonwoven fabric.
Functional wound dressings

One of the main applications of alginate and chitosan fibers are
in wound dressing materials. Since they are hydrophilic polymers,
alginate and chitosan fibers are known to have high absorption
capacities and are able to retain moisture. When on contact with
wound exudates, alginate fibers and dressings have ion-exchange
properties whereby calcium ions in the fibers are replaced by the
sodium ions in the body fluid, resulting in the formation of a moist
gel on the wound surface. Many studies have confirmed the unique
wound healing properties of alginate wound dressings.'*

In recent years, alginate fibers have been successfully used as a
‘moist healing” material. Wound dressings made from alginate fibers
have occupied a significant part of the high tech wound dressing
market in Western Europe and North America. Similarly, chitosan
fibers have novel wound healing properties and in recent years,
much efforts have been made to use chitosan as a material for tissue
engineering applications, utilizing its excellent biocompatibility and
biodegradability.

Hygiene products

Over the past 50years, absorbent hygiene products such as baby
diapers, adult incontinence products, feminine protection pads and
personal care wipes have all become essential features of modern
day life. Their increased use has been accompanied by dramatic
improvements in skin health and hygiene; particularly in the incidence
of diaper dermatitis. Alginate and chitosan fibers can be made into
hydro entangled nonwoven fabric and used as the contact layer. Their
gel forming characteristics and antimicrobial properties can help
maintain a fresh and dry interface between the body and the absorbent
materials. In addition, they can help reduce leakage and prevent
contamination and the transmission of infectious diseases.

Tissue engineering

Both alginate and chitosan fibers have excellent biocompatibility
and cell affinity, making them ideal materials for the preparation of
scaffolds in tissue engineering. Shao & Hunter?' developed a process
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for combining the properties of alginate and chitosan by placing the
swollen calcium alginate fiber from the wet spinning process into an
aqueous chitosan solution. Once the chitosan is absorbed onto the
surface of the calcium alginate fibers, the resultant poly blend fibers
were then freeze dried to prepare fibrous materials that can be used as
scaffold material in tissue engineering. Figure 6 shows an illustration
of'the applications of alginate and chitosan fibers in tissue engineering.
&
Alginate and
" chitosan fiber

Figure 6 An illustration of the applications of alginate and chitosan fibers in
tissue engineering.

Summary

Both alginate and chitosan have many novel properties, making
them useful as excellent biomaterials. When made into fibers, alginate
and chitosan can be further processed into woven, knitted, nonwoven
and other two or three dimensional structures. Alginate and chitosan
have on their molecules acid and amine groups respectively, making
it easy for them to form novel materials with metal ions, or through
chemical modifications to achieve better performances. Alginate and
chitosan fibers have already been successfully used as raw materials for
making advanced wound dressings, hygiene and cosmetic products. It
can be foreseen that more and more novel biomedical products can
be developed from alginate, chitosan and their composite materials.
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