
CHAPTER I 
INTRODUCTION

In the beginning of the twentieth, it was generally accepted that chitin 
and its derivatives are becoming increasingly more important in many fields. 
Especially in the biomedical field, they are particularly used for wound 
healing, tissue reconstruction and controlled drug delivery. The main 
advantage of chitin over other polymer is its biodegradability property. The 
advantage of biodegradable polymer is the disappearance of implanted 
foreign materials from the body as a result of their biodegradation. This is a 
marked contrast with non-biodegradable polymer with might elicit foreign- 
body reactions from the best’s defense system during their long-term contact 
with a living structure. For medical applications, we need many kinds of 
biodegradable polymers that posses a variety of physical and chemical 
properties as well as biodegradation kinetics. Further requirements include 
minimal toxicity, low immunogenicity and tensile properties similar to 
uninjured tissue. Numerous materials have been evaluated in experimental 
models of repair, these includes collagen generally from bovine or porcine 
source), polylactide 5 polyglycolide, fibroin, fibronectin and chitin/chitosan.

In some instances a hard material with a high initial mechanical 
strength and a low degradation rate is required, while some surgical 
applications need soft materials with a high degradable rate. Most synthetic 
biodegradable polymers such as polyglycolide and polylectides have high 
strengths, while natural products such as collagen are low in mechanical 
strength but exhibit excellent cell adhesion. Chitin and its deacetylated 
product, chitosan are also very attractive biomaterials because both of them 
are crystallizable and have a high potentiality to provide materials of 
excellent mechanical properties ( Tomihata and Ikada, 1997).
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Theoretical Background

1.1 Chitin

C h i t i n  i s  o n e  o f  t h e  m o s t  a b u n d a n t  p o l y s a c c h a r i d e  p o l y m e r s .  I t  c o n s i s t s  

m a i n l y  o f  p  -  (  1,4) -  2  -  a c e t a m i d o - 2 - d e o x y - D - g l u c o p y r a n o s e  u n i t s  (  R a t h k e  

a n d  H u d s o n ,  1994). W h e n  t h e  a c e t a m i d e  g r o u p s  a t  t h e  c 2 p o s i t i o n  a r e  

d e a c e t y l a t e d  t o  a m i n o  g r o u p s ,  i t  i s  c a l l e d  deacetylated chitin or chitosan. T h e  

c h e m i c a l  s t r u c t u r e  o f  c h i t i n  a n d  c h i t o s a n  i s  s h o w n  i n  F i g u r e  1.1.

( b )

Figure 1.1 C h e m i c a l  s t r u c t u r e s  o f  ( a )  c h i t i n  a n d  ( b )  c h i t o s a n .

C h i t i n  w a s  m o s t l y  f o u n d  i n  t h e  s h e l l  o f  c r u s t a c e a n s  s u c h  a s  s h r i m p  a n d  

c r a b  s h e l l s .  I n  a d d i t i o n ,  c h i t i n  a c t s  a s  t h e  s t r u c t u r a l  p o l y s a c c h a r i d e  i n  m a n y  

l o w e r  o r g a n i s m s  s u c h  a s  f u n g i .  I t  i s  a l s o  f o u n d  i n  b a c t e r i a l  c e l l  w a l l s  a n d  

i n s e c t  c u t i c l e s .  C h i t i n ,  w h i c h  i s o l a t e d  f r o m  c r a b  a n d  s h r i m p  s h e l l s ,  h a v e  b e e n
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ร ณ d i e d  e x t e n s i v e l y  o w i n g  t o  t h e y  a r e  r i c h  a n d  e a s y  t o  p r o c e s s .  T h e  w a s t e s  

f r o m  s e a f o o d  i n d u s t r i e s  s u c h  a s  s h r i m p  a n d  c r a b  c o n t a i n i n g  1 0 - 1 5 %  c h i t i n  i s  a  

r e a d i l y  a v a i l a b l e  s o u r c e  o f  s u p p l y  ( A u s t i n  et al., 1 9 7 7 ) .  S i n c e  c h i t i n  i s  f o u n d  

t o g e t h e r  w i t h  p r o t e i n  a n d  c a l c i u m  c a r b o n a t e  i n  t h e  e x o s k e l e t o n  o f  c r u s t a c e a n ,  

d e p r o t e i n i z a t i o n  a n d  d e m i n e r a l i z a t i o n  p r o c e s s e s  a r e  p e r f o r m e d  t o  r e m o v e  

p r o t e i n  a n d  c a l c i u m  c a r b o n a t e  f r o m  c h i t i n ,  r e s p e c t i v e l y  ( M a t h u r  &  N a r a n g ,

1 9 9 0 ) .

C h i t i n  i s  k n o w n  a s  a  p o t e n t i a l  u s e f u l  b i o m e d i c a l  m a t e r i a l  f o r  w o u n d  

h e a l i n g ,  a r t i f i c i a l  s k i n ,  s u t u r e ,  a n d  d r u g  c a r r i e r  ( L e e  et al., 1 9 9 6 ) .  T h e  u n i q u e  

p r o p e r t i e s  o f  c h i t i n  s u c h  a s  b i o c o m p a t i b i t y ,  n o n - t o x i c ,  n o n - a l l e r g i c  a n d  

a n t i f u n g a l  p r o p e r t i e s  m a k e  i t  t o  b e  a  p r o m i s i n g  p o l y m e r  n o t  o n l y  i n  t h e  

b i o m e d i c a l  f i e l d  b u t  a l s o  i n  t h e  o t h e r  i n d u s t r i a l  a r e a s  a s  s u m m a r i z e d  i n  T a b l e  1 .1 .

Table 1.1 S o m e  a p p l i c a t i o n s  o f  c h i t i n - b a s e d  m a t e r i a l s .

A r e a A p p l i c a t i o n

B i o m e d i c a l A r t i f i c i a l  s k i n  ( K i m  et al. 1 9 9 5 )

A b s o r b a b l e  s u r g i c a l  ร น ณ r e  ( B r i a n e  a t  a l . ,  1 9 9 2 )  

D r u g  c a r r i e r  ( B r i a n e  a t  a l . ,  1 9 9 2 )

C o s m e t i c s S k i n - c a r e  p r o d u c t  ( E l i z a b e t h ,  1 9 9 3 )  

H a i r  s t i f f e n e r  ( E l i z a b e t h ,  1 9 9 3 )

E n v i r o n m e n t a l A b s o r b e n t  f o r  w a s t e - w a t e r  t r e a t m e n t  ( Y a n g  a n d  Z a l l ,  

1 9 8 4 )

B i o t e c h n o l o g y E n z y m e  i m m o b i l a i z a t i o n  ( M u z z a r e l l i ,  1 9 8 0 )

F o o d  t e c h n o l o g y F o o d  a d d i t i v e  ( E l i z a b e t h ,  1 9 9 3 )

E d i b l e  f i l m  ( E l i z a b e t h ,  1 9 9 3 )

D i e t a r y  s u p p l e m e n t  ( F u r d a  a n d  B r i n e ,  1 9 9 0 )

P a p e r  a n d  t e x t i l e P a p e r  a n d  f i b e r  s i z i n g  ( M u z z a r e l l i ,  1 9 7 7 )  

P o l y m e r i c  d y e i n g  ( M u z z a r e l l i ,  1 9 7 7 )
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C h i t i n  c a n  b e  p r e p a r e d  i n  v a r i o u s  f o r m s  s u c h  a s  p o w d e r  ( M u z z r e l i ,  

1 9 8 5 ) ,  g e l  ( K h o r  et al., 1 9 9 7 ;  B i a n c h i  et al., 1 9 9 7 ) ,  f i b e r  a n d  f i l m  ( R a t h k e  

a n d  H u d s o n ,  1 9 9 4 ) .  T h e  f i l m  f o r m i n g  p r o p e r t y  o f  c h i t i n  h a s  b e e n  s t u d i e d  f o r  

m a n y  y e a r s ,  b u t  i t  i s  n o t  s o  p o p u l a r  a s  i t s  d e a c e t y l a t e d  d e r i v a t i v e s ,  c h i t o s a n .  

T h a t  i s  b e c a u s e  c h i t i n  i s  i n s o l u b l e  i n  c o m m o n  o r g a n i c  s o l v e n t s  d u e  t o  t h e  

s t r o n g  i n t r a -  a n d  i n t e r -  m o l e c u l a r  h y d r o g e n  b o n d i n g ,  w h i l e  c h i t o s a n  c o u l d  b e  

d i s s o l v e d  i n  d i l u t e  a c e t i c  a c i d  a n d  i s  w i d e l y  u s e d  i n  m a n y  a p p l i c a t i o n s  

( R a t h k e  a n d  H u d s o n ,  1 9 9 4 ) .  T h e  c h e m i c a l  s t r u c t u r e  o f  c h i t o s a n  i s  s h o w n  i n  

F i g u r e  1 . 2 .  H o w e v e r ,  i n  s o m e  a p p l i c a t i o n s ,  c h i t i n  i s  m o r e  f a v o r a b l e  t h a n  

c h i t o s a n .  E s p e c i a l l y  i n  t h e  f i e l d  o f  b i o m e d i c a l  a p p l i c a t i o n ,  c h i t i n  h a s  a n  

a d v a n t a g e  i n  h a v i n g  b i o c o m p a t i b i l i t y  b e t t e r  t h a n  c h i t o s a n  b e c a u s e  a c e t a m i d e  

g r o u p  o f  c h i t i n  i s  s i m i l a r  t o  t h e  a m i d e  l i n k a g e  o f  p r o t e i n  i n  l i v i n g  b o d y  

( M u z z a r e l i ,  1 9 8 5 ) .  T h e r e f o r e ,  c h i t i n  i s  a n  a t t r a c t i v e  b i o p o l y m e r  f o r  m e d i c a l  

f i e l d .

A l t h o u g h  c h i t i n  i s  d i f f i c u l t  t o  d i s s o l v e  i n  c o m m o n  o r g a n i c  s o l v e n t s ,  i t  

i s  r e p o r t e d  t h a t  c h i t i n  c o u l d  b e  d i s s o l v e d  i n  s e v e r a l  s o l v e n t  s y s t e m s  s u c h  a s  

t r i c h l o r o a c e t i c  a c i d / c h l o r a l  h y d r a t e / m e t h y l e n e  c h l o r i d e  ( A u s t i n  et al., 1 9 7 7 ) ,  

5 %  L iC F d i m e t h y l a c e t a m i d e  ( D M A c )  ( K h o r  et a l,  1 9 9 7 ;  B i a n c h i  et al., 1 9 9 7 )  

9 9 %  f o r m i c  a c i d  ( T o m i h a t a  a n d  I k a d a ,  1 9 7 7 ;  K u r i t a  et al., 1 9 9 3 ;  K i m  et al.,
1 9 9 6 )  a n d  C a C l 2 - s a t u r a t e d  m e t h a n o l  (  T o k u r a  et a l,  1 9 9 5 ) .  K i m  et al.
( 1 9 9 3 )  d i s s o l v e d  c h i t i n  i n  f o r m i c  a c i d  a n d  c a s t  a  f i l m  f r o m  t h i s  s o l u t i o n .  I n  

d r y  s t a t e ,  t h e  t e n s i l e  s t r e n g t h  a n d  t h e  e l o n g a t i o n  a t  b r e a k  o f  c h i t i n  f i l m s  w e r e

5 . 2  M P a  a n d  5 % ,  r e s p e c t i v e l y .  I t  w a s  f o u n d  t h a t  c h i t i n  f i l m  w a s  b r i t t l e  a n d  

r a r e l y  e l o n g a t e d .  H o w e v e r ,  t h e  e l o n g a t i o n  a t  b r e a k  o f  t h e  f i l m  i n c r e a s e d  u p  t o  

2 0 %  i n  s w o l l e n  s t a t e .  A n o t h e r  s o l v e n t  s y s t e m  f o r  c h i t i n  i s  5 %  L i C l / D M A c .  

T h i s  s o l v e n t  i s  w i d e l y  u s e d  f o r  d i s s o l v i n g  p o l y s a c c h a r i d e  p o l y m e r s  s u c h  a s  

c h i t i n  a n d  c e l l u l o s e .  A i b a  et al. ( 1 9 8 5 )  p r e p a r e d  c h i t i n  f i l m  b y  d i s s o l v i n g  

c h i t i n  i n  5 %  L i C l / D M A c  a n d  c a s t i n g  a  f i l m .  T h e  t e n s i l e  s t r e n g t h  o f  c h i t i n  

f i l m  d i s s o l v e d  i n  t h i s  s o l v e n t  s y s t e m  w a s  3 8  ±  4  M P a  a n d  t h e  e l o n g a t i o n  a t
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b r e a k  w a s  i n  t h e  r a n g e  o f  1 . 8  t o  3 . 3 %  i n  d r y  s t a t e .  I n  s w o l l e n  s t a t e ,  t h e  t e n s i l e  

s t r e n g t h  d e c r e a s e d  b u t  t h e  e l o n g a t i o n  a t  b r e a k  i n c r e a s e d  u p  t o  7 0 % .  I n  

a d d i t i o n ,  บ ท i t i k a  C o  ( 1 9 8 8 6 )  r e p o r t e d  s e v e r a l  p a t e n t s  t h a t  u s e d  5 %  

L i C l / D M A c  a s  s o l v e n t  t o  p r e p a r e  c h i t i n  f i l m .  H o w e v e r ,  i t  w a s  i n d i c a t e d  t h a t  

c h i t i n  f i l m  i s  v e r y  r i g i d  a n d  b r i t t l e  a n d  i t  i s  n o t  s u i t a b l e  f o r  p r a c t i c a l  u s e .  T h e  

m e c h a n i c a l  p r o p e r t i e s  o f  c h i t i n  f i l m  c a n  b e  i m p r o v e d  b y  b l e n d i n g  w i t h  o t h e r  

n a t u r a l  ( B i a n c h i  et al., 1 9 9 5 )  o r  s y n t h e t i c  p o l y m e r s  ( L e e  at al. 1 9 9 6 ) .  A m o n g  

t h e  l a r g e  n u m b e r  o f  p o l y m e r i c  m a t e r i a l s  h a v i n g  p o t e n t i a l  s u i t a b l e  f o r  

b l e n d i n g  w i t h  c h i t i n ,  n a t u r a l  p o l y m e r s  a r e  a t t r a c t i v e  d u e  t o  t h e i r  

b i o c o m p a t i b i l i t y  a n d  b i o d e g r a d a b i l i t y  ( F r e d d i  et al., 1 9 9 5 ) .

1.2 Cellulose

C e l l u l o s e  i s  t h e  m o s t  a b u n d a n t  p o l y s a c c h a r i d e  f o u n d  i n  t h e  w o r l d .  

C e l l u l o s e  h a s  t h e  s a m e  P - ( l , 4 ) - g l y c o s i d i c  l i n k a g e s  a s  c h i t i n .  C e l l u l o s e  

c o n s i s t s  o f  P - ( l , 4 ) - D - g l u c o p y r a n o s e  u n i t s  ( R a t h k e  a n d  H u d s o n ,  1 9 9 4 ) .  

C h e m i c a l  s t r u c t u r e  o f  c e l l u l o s e  i s  s h o w e d  i n  F i g u r e  1 . 2 .  L i k e  c h i t i n ,  c e l l u l o s e  

e x h i b i t s  a  s t r o n g  t e n d e n c y  t o  f o r m  i n t r a -  a n d  i n t e r -  m o l e c u l a r  h y d r o g e n  

b o n d i n g .  I t  o c c u r s  t h r o u g h o u t  t h e  p l a n t  w o r l d .  H o w e v e r ,  m u c h  o f  t h e  

i n d u s t r i a l l y  u t i l i z e d  c e l l u l o s e  i s  d e r i v e d  f r o m  w o o d  r e c o v e r e d  b y  p u l p i n g .  

C e l l u l o s e  i s  m a i n l y  u s e d  f o r  t h e  m a n u f a c t u r e  o f  p a p e r ,  f o r  w h i c h  p o l y m e r i c  

a d d i t i v e s  a r e  a l s o  r e q u i r e d .  O t h e r  s o u r c e s  o f  c e l l u l o s e  a r e  c o t t o n  a n d  f l a x ,  

w h i c h  a r e  w i d e l y  u s e d  f o r  c l o t h i n g .  C o t t o n  l i n t e r s ,  t h e  s h o r t  f i b e r s  c u t  f r o m  

t h e  c o t t o n s e e d s ,  a r e  w i d e l y  u s e d  a s  a  d i s s o l v i n g  p u l p  f o r  v i s c o s e  r a y o n  a n d  

c e l l u l o s e  a c e t a t e .  F l a x  i s  u s e d  f o r  l i n e n  a n d  c i g a r e t t e  p a p e r .
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Figure 1.2 C h e m i c a l  s t r u c t u r e  o f  c e l l u l o s e .

T h e  u s e  o f  b o t h  c e l l u l o s e  a n d  c e l l u l o s e  d e r i v a t i v e s  f o r  t h e  p r e p a r a t i o n  

o f  d i f f e r e n t  k i n d s  o f  b i o m a t e r i a l s  h a s  b e e n  r e p o r t e d  b y  v a r i o u s  a u t h o r s  

( F r e d d i  et al., 1 9 9 5 ) .  C e l l u l o s e / c h i t o s a n  b l e n d  h a s  b e e n  e x t e n s i v e l y  s t u d i e d  

b y  H a s e g w a  et al. ( 1 9 9 2 ) ,  ( 1 9 9 4 )  a n d  H o s o k a w a  et al. ( 1 9 9 0 )  w h o  h a d  f o u n d  

t h a t  t h e  c o m b i n a t i o n  o f  c h i t o s a n  a n d  c e l l u l o s e  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  

s t r o n g ,  g a s  b a r r i e r ,  a n d  w a t e r  r e s i s t a n c e  f i l m s  b y  o n l y  c a s t i n g  t h e  m a t e r i a l  

w i t h o u t  a n y  s p e c i a l  t r e a t m e n t .  T h e  s i m i l a r i t y  o f  s t r u c t u r e s  b e t w e e n  c h i t o s a n  

a n d  c e l l u l o s e  s h o w e d  h i g h  c o m p a t i b i l i t y  w h e n  t h e y  a r e  b l e n d e d  t o  p r e p a r e  a  

f i l m .  F u r t h e r m o r e ,  t h e  p r e s e n c e  o f  c e l l u l o s e  c o u l d  i m p r o v e  t h e  t e n s i l e  

s t r e n g t h  a n d  e l o n g a t i o n  o f  t h e  f i l m s  b e c a u s e  t h e  f o r m a t i o n  o f  h y d r o g e n  

b o n d i n g  b e t w e e n  c h i t o s a n  a n d  c e l l u l o s e  m o l e c u l e s .

T h e  s i m i l a r  b e h a v i o r s  a r e  e x p e c t e d  t o  o c c u r  i n  t h e  b l e n d  f i l m s  o f  

c h i t i n  a n d  c e l l u l o s e .  B i a n c h i  et al. ( 1 9 9 5 )  s t u d i e d  t h e  t e r n a r y  p h a s e  d i a g r a m  

o f  c e l l u l o s e  a n d  c h i t i n  i n  d i m e t h y l a c e t a m i d e - L i C l .  T h e  i n t r i n s i c  v i s c o s i t i e s  o f  

t h e  b l e n d  s o l u t i o n s  a t  v a r i o u s  c h i t i n - c e l l u l o s e  r a t i o s ,  a s  w e l l  a s  p h a s e  d i a g r a m  

b e h a v i o r  i m p l i e d  t h a t  c h i t i n  a n d  c e l l u l o s e  h a v e  a  g o o d  c o m p a t i b i l i t y .  T h e r e  

w a s  s o m e  e x t e n t  o f  h y d r o g e n  b o n d i n g  f o r m a t i o n s  b e t w e e n  c h i t i n  a n d  

c e l l u l o s e  b y  c h a r a c t e r i z a t i o n  w i t h  F T I R .  H o w e v e r ,  t h e y  s t u d i e d  o n l y
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c o n f i r m e d  t h a t  t h e r e  w e r e  s o m e  e x i s t e n c e  o f  p o s i t i v e  i n t e r a c t i o n s  b e t w e e n  

c h i t i n  a n d  c e l l u l o s e  i n  t h e  b l e n d  f i l m s .

T h e  o b j e c t i v e s  o f  t h i s  w o r k  w e r e  t o  s t u d y  t h e  e f f e c t  o f  b l e n d  

c o m p o s i t i o n s  o n  m e c h a n i c a l  p r o p e r t i e s ,  w a t e r  a b s o r p t i o n  a n d  o x y g e n  

p e r m e a b i l i t y  o f  c h i t i n / c e l l u l o s e  b l e n d  f i l m s .  F o r  w a t e r  a b s o r p t i o n  o f  t h e  b l e n d  

f i l m s ,  t h e  e f f e c t s  o f  s a l t  t y p e ,  s a l t  c o n c e n t r a t i o n  a n d  p H  o n  t h e  d e g r e e  o f  

s w e l l i n g  o f  t h e  b l e n d  f i l m s  w e r e  i n v e s t i g a t e d .


	CHAPTER I INTRODUCTION
	1.1 Chitin
	1.2 Cellulose


