
C H A P T E R  II
T H E O R E T I C A L  B A C K G R O U N D  A N D  L I T E R A T U R E  R E V I E W

2.1 C h it in

C h it in  is  th e  s e c o n d  m o s t  a b u n d a n t p o ly s a c c h a r id e s  in  n a tu r e  a n d  is  fo u n d  in  

th e  s h e l l  o f  c r u s ta c e a n  a n d  in  th e  c e l l  w a l l  o f  fu n g i  a n d  a lg a e .  It is  f o u n d  c o m m e r c ia l ­
ly  in  th e  w a s t e  p r o d u c t s  o f  th e  m a r in e  f o o d  p r o c e s s in g  in d u s tr y . ( C h o i  e t  a l ..  2 0 0 2 )  It 
m a in ly  c o n s i s t s -  o f  th e  a m in o s u g a r  N - a c e t y l g lu c o s a m i n e  —  [)-( 1 , 4 ) - 2 - d e o x y - D -  

g lu c o p y r a o s e  p o ly s a c c h a r id e s .  It is  a l s o  k n o w n  to  b e  o n e  o f  n a tu ra l h e t e r o ­
p o ly s a c c h a r id e s  w ith  b io c o m p a t ib i l i t y ,  b io d e g r a d a b i l i ty  a n d  l o w  t o x ic i t y .  P o ly m e r  

a re  i s o la t e d  fr o m  cr a b  a n d  s h r im p  s h e l l s  h a v e  a - c r y s t a l lo g r a p h ic  s tr u c tu r e  w h e r e  

m a in  c h a in s  a r r a n g e  in  an  a n t i-p a r a lle l  f a s h io n  w ith  s t r o n g  in t e r m o le c u la r  h y d r o g e n  

b o n d in g .  C h it in  w h ic h  is  o b ta in e d  fr o m  s q u id  p e n s  h a s  (3 -c r y s ta l lo g r a p h ic  s tr u c tu r e  

w h e r e  c h it in  a r r a n g e  in  a  p a r a l le l  fa s h io n  w i t h  w e a k  in te r a c t io n  f o r c e .  (T o la im a t e  e t  
a i .  2 0 0 0 )

F ig u r e  2.1 C h e m ic a l  s tr u c tu r e  o f  c h it in . (J a y a k u m a r  e t a l ,  2 0 1  1).
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orthorhombic
two chain /unit cell a = 4.74/4 

A ntipara lle l b -18.86À
c -10.32Â

jt-chitin

monoclinic
one chain/unit cell a =4.85Â  

Parallel b -9 .26  A
e =10.384

F ig u r e  2 .2  C r y s t a l l in e  s tr u c tu r e  o f  c h it in  (T a m u r a  e t a l . ,  2 0 0 6 ) .

H o w e v e r ,  c h i t in  is  h ig h ly  in s o lu b le  in  g e n e r a l  s o lv e n t s  d u e  to  its  r ig id  c r y s ­
t a l l in e  s tr u c tu r e  o f  h y d r o g e n  b o n d in g  th r o u g h  th e  a c e t a m id e  g r o u p  a n d  h y d r o g e n  

b o n d s , a s  th e  c h it in  m o le c u l e  c o n s i s t s  o f  N - a c e t y l g lu c o s a m i n e  r e s id u e s ,  in c lu d in g  th e  

a c e t a m id e  g r o u p  at th e  C - 2  p o s i t io n  o f  g lu c o s a m in e ,  th e  s e c o n d a r y  h y d r o x y l  g r o u p  at 

C -3  a n d  th e  p r im a r y  h y d r o x y l  g r o u p  at th e  C - 6  p o s i t i o n s .  (T a m u r a  e t  a l .,  2 0 0 6 )  S e v ­
era l r e s e a r c h  p a p e r s  h a v e  b e e n  r e p o r te d  a b o u t  d i s s o lu t io n  c h it in  in  d i f f e r e n c e  t y p e s  o f  

s o lv e n t  w h i c h  w e r e  s u l f u r ic  a c id ,  fo r m ic  a c id , L i C l - D M A c  b u t t h o s e  s o lv e n t  a re  t o x ­
ic  a n d  c a u s e d  to  d e c r e a s e  th e  m o le c u la r  w e ig h t  o f  c h it in .  In 2 0 0 6 ,  T a m u r a  e t  a l ,  
fo u n d  th a t  C a C b - M e O H  s y s t e m  a c t s  a s  a  g o o d  a n d  n o n t o x ic  s o lv e n t  c o m b in a t io n  

w ith  c h i t in .  T h e  a m o u n t  o f  c a lc iu m  io n s  a n d  w a te r  a re  m a in  fa c to r  a f f e c t in g  th e  d i s ­
s o lu t io n  o f  c h it in  in  c a l c iu m  s o lv e n t .  It h a s  a l s o  f o u n d  th at c h it in  h y d r o g e ls  c a n  b e  

p r e p a r e d  u s in g  th is  c a l c iu m  s o lv e n t  s y s t e m . (T a m u r a  e t a l ,  2 0 1 1 )  T h e  c a lc iu m  s o l ­
v e n t  d e s t r o y  th e  c r y s t a l l in e  s tr u c tu r e  o f  c h it in  in  e i t h e r  h y d r o u s  o r  a n h y d r o u s  c o n d i ­
t io n  a n d  it c a n  r e g u la te  th e  d is t r ib u t io n  o f  N - a c e t y l  g lu c o s a m in e  a n d  g lu c o s a m in e  

b e t w e e n  a m o r p h o u s  a n d  c r y s t a l l in e  r e g io n . R e c e n t ly ,  th e  m o d i f i c a t io n  o f  c h it in  in to  

c h it in  h y d r o g e l  fo r  b i o m e d ic a l  u s in g  c a lc iu m  s o lv e n t  h a v e  b e e n  in v e s t ig a t e d  b e c a u s e
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c h it in  h y d r o g e l  c a n  b e  p r e p a r e d  a s  m e m b r a n e  s c a f f o l d s  . w o u n d  d r e s s in g  a n d  o th e r  

m e d ic a l  a p p l ic a t io n .

2 .1 .2  C h it in  H y d r o g e l

D u e  to . th e  p o o r  s o lu b i l i t y  o f  c h it in  in  c o m m o n  s o lv e n t ,  le a d e d  to  l o w  r e a c ­
t iv it y , .  th e  c h e m ic a l  m o d i f i c a t io n  o f  c h it in s  w e r e  s tu d ie d . In 2 0 0 6 7  T a m u r a  e t a l .,  
p r e p a r e d  th e  c h i t in  h y d r o g e l  u n d e r  m i ld  c o n d i t io n s  b y  d i s s o l v i n g  in  C a lc iu m  c h lo ­
r id e - d ih y d r a te  sa tu r a te d  m e t h a n o l .  T h e  r e s u lt  s h o w e d  th a t th e  s o lu b i l i t y  o f  c h it in  in  

th e  s o lv e n t  d e p e n d e d  o n  th e  d e g r e e  o f  N - a c e t y la t io n  a n d  th e  m o le c u la r  w e i g h t  o f  c h i ­
t in  a s  s h o w n  in f ig u r e  2 .3

T h e  c h e m ic a l  m o d i f i c a t io n  c h it in  . c h it in  h y d r o g e l ,  a  r a n d o m  c o i l  s tr u c tu r e  

c h it in  . le a d  to  th e  d e c r e a s in g  o f  th e  c r y s t a l l in e  s tr u c tu r e  b y  in te r r u p t in g  b e t w e e n  H -  

b o n d in g  o f  p o ly m e r  c h a in s  a n d  in c r e a s in g  in  th e  c h e m ic a l  r e a c t iv i t y  b e c a u s e  o f  th e  

fo r m a t io n  o f  c h i t in - c a lc iu m  io n  c o m p le x  b e t w e e n  th e  p o ly m e r  c h a in ,  r e s u lt in g  in  th e  

d is r u p t io n  o f  h y d r o g e n  b o n d  f o r m a t io n . T h e  c a lc iu m  io n s  w h ic h  is  u s e d  to  d i s s o lv e  

c h it in  w i l l  fo r m  c o m p le x  b e t w e e n  th e  a c e t a m id e  g r o u p  a n d  a f te r  a d d in g  w a te r  in to  

th e  c h it in  s o lu t io n  , th e  w a te r  m o le c u l e  w i l l  e x c h a n g e  w i t h  c a lc iu m  io n  a n d  th e  c h it in  

h y d r o g e l  w i l l  b e  fo r m e d .
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Degree of N-acetylation {%}

F ig u r e  2 .3  D e p e n d e n c e  o f  th e  s o lu b i l i t y  o f  c h it in  o n  th e  d e g r e e  o f  a c e t y la t io n  ( D A )  

a n d  o n  th e  m o le c u la r  w e i g h t  o f  th e  c h it in  i t s e l f .  S o l id  s q u a r e ,  1 .2 * 1  O'4, s o l id  tr ia n g le ,  
4 . 0 X 1 o 4, s o l i d  c ir c le ,  1 . 6 X 1 0 5. (T am ura e t a!., 2 0 0 6 ) .

F ig u r e  2 .4  D e p e n d e n c e  o f  c h it in  s o lu b i l i t y  o n  w a te r  c o n t e n t  a n d  c a lc iu m  io n  c o n ­
c e n tr a t io n  (T a m u r a  e t a l . , 2 0 0 6 ) .
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In  a d d it io n ,  th e  a m o u n t  o f  w a te r  o f  c a lc iu m  io n s  a re  in f lu e n c e  to  th e  d i s s o ­
lu t io n  o f  c h it in  in  c a lc iu m  c h lo r id e  d e h y d r a t e - s a t u r a te d  m e t h a n o l .  A s  th e  r e s u lt s ,  
w h e n  in c r e a s e d  th e  c o n c e n t r a t io n  o f  c a lc iu m  io n s  a n d  w a te r  in  c a lc iu m  d e h y d r a te d  

sa tu r a te d  m e th a n o l  , th e  p e r c e n t  o f  c h it in  s o lu b i l i t y  in c r e a s e d  a s  s h o w e d  in  f ig u r e  2 .4

2 .2  D e a c e ty la t io n  b y  A lk a l in e  S o lu t io n

C h ito s a n  is  c o m e  fr o m  th e  p a r t ia l d e a c e t y la t io n  o f  c h it in .  T h e  d e g r e e  o f  

d e a c e t y la t io n  ( D D )  i s  d e te r m in e d  th e  b e h a v io r  o f  c h i t o s a n  i f  D D  is  h ig h e r  th a n  0 .5  

c h it o s a n  b e c o m e s  s o lu b l e  in  a c id ic  a q u e o u s  s o lu t i o n s  a n d  it b e h a v e s  a s  a  c a t io n ic  

p o ly e l e c t r o lv t e .  D e a c e t y la t io n  o f  c h i t in  c a n  b e  d o n e  b y  t r e a t in g  w it h  a lk a l in e  s o lu ­
t io n . T h e  p r e p a r a t io n  o f  a lk ia l in e  s o lu t io n  fo r  c h i t o s a n  w e r e  s t u d ie d  in  t w o  p r o c e s s e s .  
( T o la im a t e  e t  a l ,  2 0 0 3 )  T h e  f ir s t  o n e  w a s  B r o u s s ig n a c  m e t h o d  u s in g  th e  m ix t u r e  o f  

s o l id  p o t a s s iu m  h y d r o x id e  ( K O H )  ( 5 0  พ / พ % ), 9 6  %  e th a n o l  ( 2 5  พ / พ % ) a n d  m o -  

n o e t h v le n e  g ly c o l  ( 2 5  พ /พ 0/» )  w h i c h  is  n e a r ly  a n h y d r o u s  r e a c t io n  m e d iu m . E th a n o l  
a n d  m o n o e t h y le n e  g ly c o l  w e r e  f ir s t  m ix e d  a n d  th e n  a d d e d  s o l i d  p o t a s s iu m  h y d r o x ­
id e  in  s m a l l  p o r t io n  u n d e r  s t ir r in g  , th e  te m p e r a tu r e  o f  th e  s o lu t i o n  w i l l  in c r e a s e  u p  

to  90 c  ° d u e  to  th e  e x o t h e r m ic  o f  th e  r e a g e n t . T h e n  c h it in  w a s  f i l l e d  to  th e  r e a g e n t  

a n d  a lc o h o l  w a s  d i s t r i l le d  re tu rn  b a c k  to  th e  r e a c to r . T h e  tr e a tm e n t  w a s  c o n t in u e d  fo r  

r e q u ir e d  d u r a t io n , a n d  a fte r  f i l t r a t io n  w a s h e d  c h i t o s a n  w it h  w a t e r  n e u tr a l w a te r  to  

n e u tr a l p H  a n d  d r ie d  at r o o m  te m p e r a tu r e  in  a ir  s tr e a m . C h it in  w a s  u s e d  in  t h e s e  r e ­
a c t io n  fo r  5 0 0  m g  a n d  s u s p e n d e d  in  3 0  m l th e  m ix e d  s o lv e n t .

A n o th e r  m e th o d  w a s  K u r ita  p r o c e s s  u s i n g  th e  s o d iu m  h y d r o x id e  s o lu t io n  

(50% w / v ) .  C h it in  w a s  s u s p e n d e d  fo r  500 m g  in  a q u e o u s  s o d iu m  h y d r o x id e  s o lu t io n  

w a s h e d  w i t h  d is t r i l le d  w a te r  to  n e u tr a l  p H , th e n  w i t h  m e t h a n o l ,  a n d  la s t ly  w i t h  a c e ­
to n e . C h it o s a n  w a s  d r ie d  in  a n  o v e n  a t 50 c° d u r in g  12 h o u r s . N a B H 4  w a s  a d d e d  d u r ­
in g  th e  d e a c e t y la t io n  p r o c e s s  to  p r e v e n t  p o ly m e r  d e g r a d a t io n .

M a n y  l ite r a tu r e  r e v i e w s  h a v e  r e p o r te d  o n  th e  iV -d e a c e ty la t io n  r e a c t io n ,  v a r i­
o u s  a lk a l in e  m e t h o d s  h a v e  b e e n  p r o p o s e d  b y  d i f f e r e n t  a u th o r s ,  m o s t  i n v o l v i n g  th e  

u s e  o f  s o d iu m  o r  p o t a s s iu m  h y d r o x id e  s o lu t io n s  o r  e n z y m a t ic  d e a c e t y la t io n .  In th e  

c h e m ic a l  p r o c e s s e s  o f  c h it in  d e a c e t y la t io n ,  th e  d is t r ib u t io n  o f  v i s c o s i t y  a v e r a g e  m o ­
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lar  w e ig h t  is  in f lu e n c e d  b y  v a r io u s  p a r a m e te r s , s u c h  as: t im e ,  t e m p e r a tu r e , c o n c e n tr a ­
t io n  a n d  r e la t io n  o f  a lk a l i / c h i t in  s o lu t io n  u t i l i z e d  in  th e  d e a c e t y la t io n  r e a c t io n  ( 
M o u r a  e t a l ,  2 0 1 1 )  T h e  c o n d i t io n s  o f  d e a c e t y la t io n  w e r e  v a r ie d  in  o r d e r  to  o b ta in  

th e  b e s t  d e g r e e  o f  d e a c e t y la t io n  ( D D )  b e c a u s e  th e  h ig h e r  p e r c e n t  o f  D D  , th e  m o r e  

p r o p e r t ie s  o f  c h i t o s a n  s o  it i s  im p o r ta n t  to  f in d  th e  o p t im a l  c o n d i t io n  in c lu d in g  t e m -  

p e r a tu r e ;c o n c e n tr a t io n  o f  a lk a l in e  s o lu t io n ,  to  c o n v e r s e  c h it in  to  c h i t o s a n  b e c a u s e  

c h it o s a n  h a v e  m a n y  a d v a n t a g e s  in  b io a c t iv i t y  A l s o ,  th e  f a c to r  th a t e f f e c t  th e  a m o u n t  

o f  c h it o s a n  i s  d e p e n d  o n  th e  s o u r c e  o f  c h it in  b e c a u s e  d i f f e r e n c e  k in d  o f  s o u r c e  d i f ­
fe r e n c e  in  th e  c h e m ic a l  s tr u c tu r e , th e  c r y s t a l l in i t y  a n d  o t h e r s  c o m p o n e n t  —  p r o te in ,  
c a lc iu m  c a r b o n a te  (C a C C fi) , m in e r a l ,  w h ic h  m a k e  th e  d i f f e r e n c e  in  a m o u n t  o f  c h it in  

a n d  c h it o s a n  a n d  th e  p r o p e r t ie s .

T a b le  2 .1  T h e  d e a c e t y la t io n  c o n d i t io n s  o b t a in e d  fr o m  lite r a tu r e  r e v ie w s

A lk a l in e  s o lu t io n T e m p e r a tu r e
( C ° )

D e g r e e  o f  

d e a c e t y la t io n  

( % D D )

R e f e r e n c e

5 0 %  K O H  

in  e th a n o l  a n d  m o ­
n o e t h y l e n e g l y c o l

1 2 0 9 0 - 9 6 T o la im a t e  e t  a l ,  2 0 0 3

4 0 %  K O H  

in  e th a n o l  a n d  m o ­
n o e t h y l e n e g l y c o l

8 0 7 5 - 8 3 B r o u s s ig n a c  e t  al. 1 9 6 8

4 0 - 5 0 %  N a O H  

a q u e o u s  s o lu t io n
(M ic r o w a v e  te c h n iq u e )

1 5 0 >  9 0 % L e r tw a tta n a s e r i  e t a l. .2 0 0 9

4 0 %  N a O H  

a q u e o u s  s o lu t io n  

(  U ltra so n ic  r a d ia t io n )
6 0 -  1 0 0 4 0  -  9 5 % Z h a n g  e t  a i . 2 0 0 7

4 0 %  N a O H  

a q u e o u s  s o lu t io n 8 0 7 0  - 9 9  % K u r ita  e t  c i l , 2 0 0 1
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2 .2 .1  D e g r e e  o f  D e a c e ty la t io n

T h e  te r m  " d e g r e e  o f  d e a c e t y la t io n  o r  % D D ” h a s  b e e n  u s e d  to  rep o r t th e  p e r ­
c e n t  o f  D - g l u c o s a m in e  u n it s  p r e s e n c e  in  th e  p o ly m e r  c h a in  o f  c h i t in  a n d  c h ito s a n .
T h e  p r o p e r t ie s  o f  c h ito s a n  are la r g e ly  a f f e c t e d  b y  th e  d e g r e e  o f  d e a c e ty la t io n  ( D .D .) ,  
w h e n  th e  d e g r e e  o f  d e a c e ty la t io n  (% D D )  o f  c h it in  r e a c h e s  m o re  th an  5 0 % , it b e c o m e s  

s o lu b le  i ir a q u e o u s  a c id ic  m e d ia  an d  is  c a l le d  c h ito s a n .

T a b le  2 .2  D e t e r m in a t io n  o f  d e g r e e  o f  d e a c e t y la t io n  b y  u s in g  F T I R

% D D A b s o r b a n c e
R a t io

E q u a t io n R e f e r e n c e

L o w  D D A 1 5 5 0  /  A 2 8 7 8
% D D  = 1 0 1 -  [ 3 5 .7 1 . ( A  1 5 5 0  /  ( 2 8 7 8 )  ] S a n n a n  e t  a l. 

( 1 9 7 7 )

4 5  - 1 0 0 A 1 6 5 5  /  A 3 4 5 0
% D D  =  1 0 0  - [ ( A  1 6 5 5  /  A 3 4 5 0 )  .1 1 5 ] B a x te r  e t  a l. 

( 1 9 9 1 )

7 0  - 9 5 A 1 6 5 5  /  A 3 4 5 0
% D D  =  9 7 .6 7  -  [ 2 6 . 4 8 6 . ( A l 6 5 5  /  A 3 4 5 0 ) ] S a n b n is  e t  a l. 

( 1 9 9 7 )

>  9 0 A 1 6 5 5  / A 2 8 6 7 C o m p a r is o n  o f  c a l ib r a t io n  c u r v e
M iy a  e t  a l. 

( 1 9 7 9 )

F ig u r e  2 .5  s h o w e d  th e  b a s e l in e  o f  c h it in  s a m p le  w h ic h  w a s  u s e d  to  c a lc u la t ­
e d  f o l l o w i n g  th e  e q u a t io n  o f  S a n n a n  e t  ๗ . ( 1 9 9 7 )  T h i s  e q u a t io n  i s  a p p r o p r ia te d  w it h  

th e  l o w  l e v e l  o f  N - a c e t y la t io n .



10

F ig u r e  2 .5  IR s p e c tr u m  o f  c h i t o s a n  s h o w in g  th e  b a s e l in e s  fo r  c a lc u la t in g  th e  a m id e  I 
b a n d  a b s o r b a n c e  fo r  th e  ra tio  A 1 5 5 0  / A 2 8 7 8 .  (S a n n a n  e t  a l .  1 9 7 7 ) .

T h e  b a s e l in e  o f  c a lc u la t in g  (B a x te r  e t  a l .  1 9 9 1 )  m e t h o d  w a s  s h o w e d  in  f ig u r e
2 .6  w h ic h  w a s  u s e d  fo r  th e  p e r c e n t  o f  d e g r e e  o f  d e a c e t y la t io n  o f  4 5 - 1 0 0 %  . T h e  f i g ­
u re  s h o w e d  th e  a b s o r b a n c e  fo r  th e  r a tio  A 1 6 5 5 / A 3 4 5 0 .

\

l A
1655 Amide 1

" \
sJ ไ I

3450 Hydroxyl
1 /

F ig u r e  2 .6  IR s p e c t r u m  o f  c h it o s a n  s h o w in g  th e  b a s e l in e s  fo r  c a lc u la t in g  th e  a m id e  I 
b a n d  a b s o r b a n c e  fo r  th e  ra tio  A 1 6 5 5  / A 3 4 5 0 .  B a x te r  e t  a l.{  1 9 9 1 ) .



F o r  th e  p e r c e n t  o f  d e g r e e  o f  d e a c e t y la t io n  in  th e  r a n g e  o f  7 0 - 9 5 % , w a s  c a l ­
c u la te d  f o l l o w i n g  S a b n is  et a l. ( 1 9 9 7 ) .  th e  I .R . s p e c tr u m  o f  c h i t o s a n  s h o w i n g  th e  

b a s e l in e s  fo r  c a l c u l a t i n g  th e  a m id e  I b a n d  a b s o r b a n c e  fo r  t h e  r a t io  A 1 6 5 5  / A 3 4 5 0 ,  a s  

s h o w n  in  F ig u r e  2 .7 .

. n

A ;i ไ
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\  ! .
\i  A

i  A : 
_v  y1655 Amide I i
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Figure 2.7 IR  s p e c tr u m  o f  c h it o s a n  s h o w i n g  th e  b a s e l in e s  fo r  c a lc u la t in g  th e  a m id e  I 
b a n d  a b s o r b a n c e  fo r  th e  r a tio  A 1 6 5 5  / A 3 4 5 0 .  S a b n is  e t al. ( 1 9 9 7 ) .

2.3 Chitosan

C h it o s a n ,  a ( 1 .4 ) - l in k e d  2 - a m id o - 2 - d e o x y - ( 3 - d - g lu c a n , i s  th e  N - d e a c e t v la t e d  

d e r iv a t iv e  o f  c h it in .  It is  n a tu r a l, n o n  t o x i c ,  c o p o ly m e r  o f  g lu c o s a m in e  a n d  N -  

a c e t y l g lu c o s a m i n e  p r e p a r e d  fr o m  c h it in  b y  d e a c e t y la t io n ,  w h ic h  in  tu rn , is  a m a jo r  

c o m p o n e n t  o f  th e  s h e l l s  o f  c r u s ta c e a n s .  It h a s  b e e n  d e m o n s t r a t e d  b y  a  n u m b e r  o f  r e ­
s e a r c h e r s  th a t c h i t o s a n  h a s  a  g r e a t p o te n t ia l  fo r  a  w id e  r a n g e  o f  u s e s  d u e  to  its  b io ­
d e g r a d a b i l ity .  b io c o m p a t ib i l i t y ,  n o n  t o x ic i t y ,  a n t im ic r o b ia l  a c t iv i t y  a n d  v e r s a t i le  

c h e m ic a l ,  p h y s ic a l  p r o p e r t ie s , e tc .
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F ig u r e  2 .8  Chemical structure of chitosan (Jayakumar e t a i ,  2011).

2 .4  A c id  H y d r o ly s is

Method for preparing low molecular weight chitosan and chito- 
oligosaccharides are separated into enzymic and chemical hydrolyses. Enzymic 
method gives a high yield of chito-oligosaccharides (COs) but it is not effective in 
preparing products with molecular weight greater than chito-heptamer and the specif­
ic enzyme, is too expensive to be commercialized for the production of LMWC/COs. 
enzymatically hydrolyzed chitosan preparations for biochemical and food purposes is 
the undesirable level of pyrogenicity caused by the presence of protein admixtures. 
(Prashanth e t a i ,  2005)

Acid hydrolysis is the process which degraded the chain of chitosan by 
breaking down p 1.4-glycosidic bonds. It is still attractive mainly due to its cost ef­
fectiveness compared to the enzymatic hydrolysis. (Ajavakoma e t a}., 2012) Acid 
hydrolysis was introduce to depolymerize the chiotosan. Various of acids have been 
used for hydrolysis — lactic acid, hydrocholic acid, nitrous acid, phosphoric acid, hy­
drogen fluoride, oxalic acid, sulfuric acid and etc. The acid-catalyzed hydrolysis of 
chitin involves two main acid-catalyzed reactions, that is, the hydrolysis of the gly- 
cosidic linkage (depolymerization) and the N-acetyl linkage (de-V-acetylation). 
(Varum e t a i ,  2001).

The figure 2.9 below illustrated the rate mechanism of O-glycosidic linkag­
es (depolymerization) and the yV-acetvl linkage ( jV-deacetylation ) by hydrocholic 
(HCl) hydrolysis in chitosan. (Varum e t a i ,  2001) They reported that the hydrolysis 
can occurred in two processes . depolymerization and iV-deacetylation. The experi-



mental was done in boths dilute and concentrated acid hydrolysis. The result found 
that in dilute HC1. the rate of hydrolysis of the glycosidic linkage was equal to the 
rate of de-jV-acetylation, while in concentrate HC1 the glycosidic linkages was hydro­
lysed faster than the //-acetyl linkage 10 times. It can be assumed, the hydrolysis of 
the glycosidic linkages is Sn2 reaction and it is a rate determining step from addition 
of water to the carbonium ion while SnI reaction is hydrolysis of the glycosidic link­
ages, is the formation of carbonium ion.

H OK-/C .0\ /  \  o
HO—ร1'’', "̂,'''NH

H-p^O

hoh2c o
H* c \  ร''' \  Q
tV__1 "'Q x ' \  ✓ไ"—^  x

HO-Sy NH

H JC ^O H

I’4.0 H

rùti'îiriHiinq
I ai

HOHoC .0\  ร  \  4 0„ HQKgC ,q
HO-V  ̂ Nl-I.jร

ÛH
H.,c

F ig u r e  2 .9  showing the reaction mechanism for the acid-catalysed hydrolysis of the 
//-acetyl linkage chitosan (a) Hydrolysis of the //-acetyl linkage (SN2 reaction), (b) 
The most accepted mechanism for hydrolysis reaction of the glycosidic linkage 
(SnI).
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In 1993, Hasegawa et. al. prepared the low molecular weight chitosan in 
homogenous hydrolysis using the concentration of phosphoric 85% at room tempera­
ture for 1-6 weeks. The degree of polymerization (DP) was 17 and 7 which mean two 
type of chitoan were produced . The lower DP was assumed to be useful as model 
compounds and bio-active of chitosans. In addition, phosphoric hydrolysis effect not 
only in depolymerization but also in deacetylation of chitin.

In 2004. Il'ina e t a l .  studied on the effects of the main chitosan characteris­
tics included molecular weight and degree of acetylation on its hydrolysis in lactic 
acid. Two type of chitosans, high molecular weight and low molecular weight were 
hydrolyzed in 1% lactic acid solution for 180 days at 8,22,37 c°. The rate of acid 
hydrolysis are depended on several parameters, the concentrations of the catalyst 
(lactic acid) . substrate (chitosan). the temperature, the duration of reaction and the 
degree of acetylation chitosan sample. The viscosity of high molecular weight chi­
tosan was decreased by 90% over 180 days and in case of low molecular weight chi­
tosan was decreased by 51 %. This phenomena can be explained by the orientation of 
molecule, the more molecular weight. the more unoreintation of the molecule so the 
more amorphous region can be hydrolyzed by acid more than crystal region. Also, 
the result demonstrated that the higher the degree of acetylation, the quicker of hy­
drolysis. The decrease in chitosan molecular weight and viscosity are related to the 
duration of acid hydrolysis. The longer hydrolysis , the lower viscosity and molecu­
lar weight.

Recently in 2 0 1 2 ,  Ajavakom e t al . ,  investigated on the hydrolysis of a-chitin 
in concentrated hydrochloric acid assisted microwave and ultrasonic wave in order to 
improve the reaction rate and selectivity. The microwave can be accelerated the reac­
tion and generated glucosamine hydrochloride (GlcN.ITCl). This method was pro­
cessed ini2  minutes which faster than the conventional method 9 0  minutes. Soni- 
cation brought about the dissolution of chitin in HC1 solution at 2 0  c °  that gave a 
method for selective acid hydrolysis in chitin at low temperature to produce A-acetyl 
glucosamine (GlcNAc).
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2 .5 . P la s m a

2 .5 .1  S o lu t io n  P la s m a  P r o c e s s in g  (S P P )

Solution- phase plasma or solution plasma (SPP) is a new technique which 
is used in liquid-phase plasma Recently. SPP has been used in many potential ap­
plication fields such as water treatment, surface modifications, nanomaterial synthe­
sis. sterilization, recycling of rare metals, and decomposition of toxic compounds. 
The variety of plasmas can be generate choosing the combinations of solvents and 
solutes in solutions. SPP can be used liquid nitrogen, supercritical fluids aqueous and 
nonaqueous solutions etc. Generation of active chemical species such as hydroxyl 
radical . hydroperoxyl radical, free electron, superoxide anion, atomic oxygen anion, 
highly electron and uv radiation. These reactive species and physical conditions have 
been shown to efficiently decompose many organic compounds such as phenol and 
poly chlorinated biphenyls with high rates of reaction (พ atthanaphanit e t a l ,  2013) 
and has a high reaction rate under lower-temperature with greater chemical reaction. 
The molecular in liquid phase is higher than gas phase.(Takai, 2008)

Solid Phase

Plasreor

P Healthcare
3 J Analysis
i0
<L> Paint

CL

Liquid Phase
รoili 1 ion PiastT:a... บ» ๒».»เร่ Î.I Field /

» Realised m Condensed Phase
» High -Rat ft Reaetioo

Low โพ mp.
Hier» lit ftp.

Gas-Phassj Plasma

T Low Pres?. 
Atom. Press. 
High Precis.

+

!

Gas Phase

Scrrèconëuctors Fine Particles 
lh.tr» FilmsSyrfeoÇ Trostments Waste T realm cot ร

Tem perature

F ig u r e  2 .1 0  Showing three categories of plasma corresponding to the pressure- 
temperature relationship of three phases.(Takai e t al. 2008).
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The structure of the solution plasma is described in figure. 2.10 which the 
plasma is generate in the center and surround by the gas phase, the liquid phase also 
cover the the gas phase. So, there are two interfaces: plasma/gas and gas/liquid.

L iq u id

Gas
Plasm a j

j G as /Li quid Interface 
Plasma,'-'Gas Interface

F ig u r e  2 .11  Solution plasma reaction model (Takai e t al. 2008).

2 .5 .2  S o lu t io n  P la s m a  S e t  u p

The solution plasma system was set up as shown in figure 2.11 The pulsed 
electric discharge was generated between two needle electrodes, made of tungsten, 
using a high frequency bipolar pulsed DC power supply. The two electrodes, of 
which the distance is 0.2 mm. are set inside a glass reactor where polymer solution is 
filled. Once the power is applied, the plasma was generated.
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Bipolar Pulsed I 
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F ig u r e  2 .1 2  Solution plasma experimental set up (Takai e t al. 2008)

There are many reports have demonstrated on the depolymerization of pol­
ymer by solution plasma. In 2012, Prasertsung e t al. studied that solution plasma sys­
tem can prepare low molecular weight chitosan (LMWC) and chitooligosaccharide 
(COS) because it generated active species such as hydroxyl radical (OH') from figure
2.13 which broke P-1-4 glycosidic linkage, showed in figure 2.14 and 2.15. The deg­
radation process of chitosan has effect only on the molecular weight but not in the 
structure reported by FT-IR. Also, GPC showed that the viscosity and apparent mo­
lecular weight of plasma-treated chitosan was decrease when increase plasma treat­
ment time but after 180 minutes, there has no influence on both viscosity and appar­
ent molecular weight. Solution plasma can obtain chitooligosaccharide with degree 
of polymerization of 2-8 in TOF-MS results.

o* 4- H20  — 20H*

F ig u r e  2 .1 3  Showing creation of hydroxyl radical from solution plasma (Prasert­
sung e t a l. 2012).
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F i g u r e  2 .1 4  Degradation mechanism of chitosan by solution plasma process 
(Prasertsung e t a l. 2012).

noua
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F i g u r e  2 .1 5  Degradation mechanism of chitosan by solution plasma process 
(Prasertsung e tc il. 2012).

- Later year. 2013, The studied on the effect of polymer concentration on the 
depolymerization of sodium alginate by solution plasma have been investigated by 
Anyarat e t.a l. They reported that the plasma in liquid environment can lead to the 
scission of polymer chains of sodium alginate due to, the generation of reactive spe­
cies occurred. The results supported that the molecular weight and the viscosity de­
creased after treating with solution plasma. Also, the research experimented on the 
concentration of sodium alginate solution at 0.2. 0.5, 0.9% w/v , they found that 
when increasing the concentration, the applied voltage decrease because of the high­
er concentration was helpful to generate plasma. The degree of entanglement of pol­
ymer chain had an effect on the voltage, also because of the more entanglement , the 
more friction between the chain can accelerate the breakdown so it will need less
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v o lt a g e .  T h is  p r o c e s s  is  s im p l e  a n d  c a n  p r o d u c e  l o w  m o le c u la r  w e i g h t  s o d iu m  a lg i ­
n a te .

In 2 0 1 1 .  S a ito  e t a l . , s y n t h e s iz e d  Z n O  n a n o f lo w e r  u s in g  s o lu t io n  p la s m a .  
T h e y  e x a m in e d  o n  th e  e f f e c t  o f  th e  a p p lie d  v o l t a g e  a n d  th e  c o n c e n t r a t io n  o f  th e  e l e c ­
tr o ly te  o n  th e  m o r p h o lo g y  o f  th e  Z n O . T h e  a p p lie d  a n  e le c t r ic  v o l t a g e  w e r e  v a r ie d  

fr o m  4 2  to  2 0 0  V  to  th e  e l e c t r o d e s  o f  b o th  Z n  a n d  p la t in u m  in  a  K 2C O 3 s o lu t io n  w it h  

d if fe r e n t  c o n c e n t r a t io n s  r a n g in g  fr o m  0 .0 1  to  5 .0 0  M . a n d  th e n  o b s e r v e d  th e  p r o d u c ts  

b y  u s in g  a S E M  a n d  T E M . F r o m  th e  r e s u lt s  s h o w e d  th a t  th e  s o lu t io n  p la s m a  h a d  

p r o d u c e d  s p h e r ic a l  n a n o p a r t ic le  a s  s h o w  in  f i g u r e .2 .1 6  T h e  s u r f a c e  c a t h o d e  m e lt ,  
f ir s t  a n d  th e n  th e  s o l i d i f i c a t i o n  o c c u r r e d  in  th e  s o lu t io n  .a f te r  th a t th e  s p h e r ic a l  n a ­
n o p a r t ic le  w a s  c r e a te d . H o w e v e r ,  th e  f l o w e r - l ik e  p r o d u c t s  c a n  fo r m e d  a n o th e r  m e c h ­
a n is m , w h ic h  w a s  n o t s o l i d i f i c a t i o n  a fte r  m e l t in g  b u t n u c lé a t io n  a n d  c r y s ta l  g r o w th .  
T h e  d o w e r - l i k e  s tr u c tu r e s  h a v e  b e e n  p r o d u c e d  th r o u g h  a  h y d r o th e r m a l s y n t h e s is  a n d  

s o lu t io n  r o u te s . T h e  m e c h a n is m  o f  th e  Z n O  n a n o f lo w e r  w a s  in  F ig . 1 4 . O n  th e  s u r f a c e  

o f  Z n .th e  [Z n (O H )_ t]2-  io n s  w e r e  fo r m e d  a n d  th e  p r o d u c t  Z n O  r e a c te d  w ith  th e  h y ­
d r o x id e  io n s  a n d  w a te r  to  p r o d u c e  th e  [ Z n ( O H ) 4] 2 -  io n s .  A f te r  th a t , [Z n (O H )_ i]2~  

io n s  tr a n sfe r r e d  fr o m  th e  e l e c t r o d e  s u r f a c e  to  th e  a r e a  o f  l o w  te m p e r a tu r e .F in a l ly ,  
s o l id  Z n O  c r y s t a l l i z e d  w ith  a  d e c r e a s e  in  te m p e r a tu r e  v ia  r e a c t io n .

F i g l i r e  2 .1 6  S E M  im a g e s  o f  p r o d u c ts  o b t a in e d  u n d e r  d i f f e r e n t  c o n d i t io n  o f  K 2C O 3 

c o n c e n tr a t io n  a n d  c h a r g e d  e l e c t r i c  v o l t a g e .  H ig h  K 2C O 3 c o n c e n t r a t io n  a n d  l o w  e l e c ­
tr ic  v o l t a g e  in d u c e d  th e  p r o d u c t io n  o f  Z n O  n a n o f lo w e r  ( S a i t o  e t a l. 2 0 1 1 ) .
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Figure 2.17 Images of ZnO synthesis via solution glow discharge (Sugiarto e t al. 
2000).

Sugiarto et a l.. 2000. invented the degradation of organic compounds in wa­
ter. The active species were created by the electrical discharge and played an im­
portant role in degrading organic compounds. Three types of electrical discharge 
formed by the needle-plate electrode system were used in this experimental. The deg­
radation rate of phenol was affected by electrical discharged type and oxygen gas 
bubbling. The addition of small amount of hydrogen peroxide increased the degrada­
tion rate of phenol. The spark with streamer discharge was effective for degrade phe­
nol completely.
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