
C H A PT E R  I 
IN T R O D U C T IO N

Fibers m ay be defined as units o f  matter characterized by flex ib ility , 
fin en ess, and a high ratio o f  length to th ickness (M orton and H earle, 1975). 
The fibers are w id ely  produced from many sorts o f  raw m aterials both by 
nature (natural fibers) and mankind (m an-m ade fibers) (C ook, 1984a). To 
obtain m an-m ade fibers, a process called 'fiber spinning' is required. 
G enerally, fiber spinning techniques can be c lassified  into three m ain types: 1) 
w et spinning, 2) dry spinning, and 3) m elt spinning (C ook, 1984b).

A lthough the w et spinning technique is the o ldest m ethod o f  fiber 
spinning and cannot be com petitive in v iew  o f  productivity  w ith the m elt or 
dry spinning technique, it is the m ost suitable technique for the production o f  
fibers from polysaccharide m aterials such as ce llu lo se  and its derivatives. 
Such polym eric m aterials contain ring structures and a large amount o f  
hydrogen bonds in their m olecu les, therefore, they have such high m elting  
tem peratures that cause them to degrade before m elting and the d ifficu lty  o f  
solub ilization . A s a result, it is not suitable to fabricate fibers from this kind 
o f  m aterials by using m elt or dry spinning process.

B esid es ce llu lo se , alginate, a linear heteropolysaccharide o f  D- 
mannuronic acid and L-guluronic acid (K linkenberg e t  a l . ,  2 0 01) extracted  
from various sp ecies o f  brown algae (seaw eed ), is another sam ple o f  
polysaccharide w hich is suitable to be fabricated into fiber form. The alginate 
fibers are generally  used in pharm aceutical industry as w ound dressings. 
M uch interest has been paid on alginate because o f  its good  b iocom patib ility , 
biodegradability, and non toxicity  (H erm es and N arayani, 2002).

A lthough it w as reported that alginate has a high inhibitory activity  
against the tobacco m osaic virus, and also inhibits the tox icity  o f  terrible 
cadm ium  and radioactive strontium (Zhang e t  a l . ,  2 0 00), it still has no 
antibacterial property that is very useful in pharm aceutical applications. Many 
researchers try to introduce the antibacterial property into the alginate  
m aterial, for exam ple, from the Annual Report and A ccounts published by
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A dvanced M edical Solutions Group Pic. (2 001), the silver fibers w hich  have 
great antibacterial capabilities and cause little harm to human are incorporated  
into alginate material to produce dressings that provide silver  at the w ound site 
w hilst m aintaining the fluid handling and haem ostatic features o f  alginate. 
A nother w ay to introduce the antibacterial property to the a lg inate material is 
the use o f  natural antibacterial agents such as honey, w hich  w as used to treat 
in fected  w ounds as long ago as 2000  years before bacteria w ere d iscovered  to 
be the cause o f  in fection , chitosan and its derivatives.

C hitosan is a linear cation ic polysaccharide com posed  o f  D- 
glucosam ine and 2 -acetam id o-2-d eoxy-D -g lu cosam in e (K linkenberg e t  a l . ,
2 0 01). It is a natural non-toxic b iopolym er extracted from chitin , the building  
block o f  crustacean sh ells , lobsters, shrim ps, crabs etc. H ow ever, chitin is 
only m anufactured from crustaceans (crab, krill and crayfish) primarily 
because a large amount o f  the crustacean exosk eleton  is availab le as a by
product o f  food processing. C hem ically  chitin is a polysaccharide with side 
groups called  acetyl groups. W hen these side groups are m od ified  by N - 
deacetylation , chitin becom es chitosan. It is these p ositive  charges o f  amino 
groups that g ive chitosan its unique properties esp ec ia lly  in antibacterial 
property.

Due to the p ositive  charges o f  amino groups o f  the chitosan, it can 
bound to negatively  charged bacterial surface and then inhibit the growth o f  
bacteria (Sudarshan e t  a l . ,  1992). Sudarshan e t  a l .  (1 9 9 2 ) reported that, at 
low er concentration, chitosan may have bound to the n egatively  charged 
bacterial surface to disturb the cell membrane and cause ce ll death due to 
leakage o f  intracellular com ponents; at high concentration, chitosan may have 
additionally  coated the bacterial surface to prevent leakage o f  intracellular 
com ponents as w ell as to im pede m ass transfer across the ce ll barrier.

Besides chitosan, carboxymethylated chitosan (CM-chitosan), a water- 
soluble chitosan derivative, has been reported to possess antimicrobial activity (Kim  
e t a l . , 2002). It has been reported to inhibit the growth o f  E. c o l l ,  ร. a u re u s , c . 
a lb ic a n s , B. c e re u s  and B. m e g a te r iu m  (Li e t a l . , 2002; Liu e t a l . , 2001; and No e t  
a l., 2002).
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From the above text, chitosan and C M -chitosan are interesting natural 
antibacterial agents. They can be used to introduce antibacterial property into 
the alginate fiber.

Due to the negative charges o f  alginate, it can form ion ic interaction  
with p ositive  charges o f  chitosan (Tamura e t  a l . ,  2 0 02). It is interesting to 
investigate the antibacterial property o f  ch itosan-coated  alginate fiber. On the 
other hand, C M -chitosan and alginate can blend together due to the form ation  
o f  hydrogen bonding betw een those two polym er chains. Therefore, blending  
o f  alginate and C M -chitosan is also  a prom ising m ethod to introduce 
antibacterial activ ity  into algin ic m aterials.

In this study, C M -chitosan/alginate blend fiber and chitosan-coated  
alginate fiber were prepared and characterized for their m echanical properties 
and m orphology. A ntibacterial properties against E s c h e r ic h ia  c o l i  and 
S ta p h y lo c o c c u s  a u r e u s  o f  the fibers were investigated.
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