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4 .1  A b s t r a c t

In t h is  s tu d y , s o lu t io n  p la s m a  p r o c e s s  ( S P P ) .  a  p la s m a  g e n e r a t e d  in  a l iq u id  

p h a s e ,  w a s  a p p lie d  in  d e p o ly m e r iz a t io n  a n d  d e a c e t y la t io n  r e a c t io n s  o f  c h it in  

h y d r o g e l  to  fo r m  c h it o s a n .  C h it in  h y d r o g e l ,  an  a m o r p h o u s  fo r m  o f  c h it in .  w a s  

d e p o ly m e r ie d  b y  S P P  in  1%  a c e t ic  a c id  s o lu t io n  fo r  0  h . 1 h , 3  h . a n d  5  h in o r d e r  to  

r e d u c e  it s  m o le c u la r  w e i g h t  b e fo r e  b e in g  s u b j e c t e d  to  d e a c e t y la t io n  r e a c t io n  to  fo r m  

c h it o s a n .  T h e  e f f e c t  o f  d e p o ly m e r iz a t io n  p r io r  to  d e a c e t y la t io n  o n  th e  d e g r e e ,  o f  

d e a c e t y la t io n  ( D D )  o f  th e  d e a c e ty la te d  p r o d u c t s  w a s  e x a m in e d .  D e a c e t y la t io n  

r e a c t io n  w a s  p e r fo r m e d  b y  a p p ly in g  S P P  in  d i f f e r e n t  c o n c e n t r a t io n s  o f  K O H  in  

M e O H . T h e  c o n c e n t r a t io n s  o f  K O H  in  M e O H  w e r e  v a r ie d  to  b e  0 % . 7 % , a n d  1 0% . 
D e a c e t y la t io n  r e a c t io n  v ia  S P P  w a s  d o n e  r e p e a t e d ly  u p  to  5  c y c l e s  ( o n e  h o u r  fo r  e a c h  

c y c l e  to  a c h i e v e  th e  h ig h e s t  v a lu e s  o f  % D D ) .  T h e  e f f e c t s  o f  K O H  c o n c e n t r a t io n  a n d  

p la s m a  tr e a tm e n t  t im e  o n  % D D , m o le c u la r  w e i g h t ,  c h e m ic a l  s tr u c tu r e , a n d  

c r y s t a l l in i t y  o f  th e  d e a c e t y la t e d  p r o d u c ts  w e r e  in v e s t ig a t e d  b y  F T I R . G P C , a n d  X R D .  
T h e  r e s u lt s  s h o w e d  th at % D D  d e te r m in e d  b y  F T I R  in c r e a s e d  w i t h  a n  in c r e a s in g  o f  

th e  K O H  c o n c e n t r a t io n  a n d  p la s m a  tr e a tm e n t  t im e . In a d d it io n ,  th e  d e p o ly m e r iz a t io n  

o f  c h it in  h y d r o g e l  p r io r  to  d e a c e ty la t io n  r e s u lt e d  in  th e  h ig h e r  v a lu e s  o f  % D D  

a n d  % s o lu b i l i t y  o f  th e  d e a c e t y la t e d  p r o d u c ts .
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K eyw o rd s:  C h i l i»  h y d r o g e l .  S o lu t io n  p la s m a  p r o c e s s .  D e a c e t y l a l i o n ,
D e p o ly m e r iz a t io n ,  C h ito s a n

4 .2  I n tr o d u c t io n

C h it in  is  a  p o ly s a c c h a r id e  o f  a  l in e a r  c o p o l y m e r  o f  P ( l —» 4 ) - l in k e d  2 - a m in o -
2 - d e o x y - D - g l u c a n  a n d  2 - a c e t a m i d o - 2 - d e o x y - D - g l u c a n  (E in b u  e t a l.,  2 0 0 8 ) .  T h e  m a in  

s o u r c e s  o f  r a w  m a te r ia ls  fo r  th e  p r o d u c t io n  o f  c h i t in -  a re  c u t i c l e s  o f  v a r io u s  

c r u s t a c e a n s ,  p r in c ip a l ly  c r a b s  a n d  s h r im p s  (P e r c o t  e t a l., 2 0 0 2 ) .  C h i t o s a n  is  th e  m o s t  

im p o r ta n t  d e r iv a t iv e  o f  c h it in  d u e  to  th e  u n iq u e  p r o p e r t ie s  o f  a m in o  g r o u p  in  c h it o s a n  

s tr u c tu r e . In g e n e r a l,  c h i t o s a n  is  o b ta in e d  fr o m  d e a c e t y la t io n  r e a c t io n  u n d e r  s tr o n g  

a lk a l in e  a n d  h ig h  te m p e r a tu r e . A n  e x a m p le  o f  s o l v e n t  s y s t e m s  u s e d  fo r  d e a c e t y la t io n  

r e a c t io n  o f  c h it in  is  4 0 % - 5 0 %  K O H  in  e t h a n o l /m o n o e t h y l e n e g l y c o l  ( B r o u s s ig n a c  et 
a i .  1 9 6 8  ). C h it in  a n d  c h i t o s a n  h a v e  b e e n  a p p lie d  to  m a n y  b io m e d ic a l  a p p l ic a t io n s  

b e c a u s e  o f  th e ir  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 t y  a n d  l o w  t o x i c i t y  (V a r u m  e t a l ,  
2 0 0 1 .  T a m u r a  et a l., 2 0 1 1 ) .  H o w e v e r ,  d u e  to  th e  r ig id  a n d  h ig h  c r y s t a l l in e  s tr u c tu r e  

o f  c h i t in ,  l o w  c h e m ic a l  r e a c t iv i ty  a n d  l o w  s o lu b i l i t y  a re  th e  im p o r ta n t  d r a w b a c k s  o f  

c h it in .  A c c o r d in g  to  t h e s e  d r a w b a c k s ,  c h it in  h y d r o g e l ,  an  a m o r p h o u s  fo r m  o f  c h it in ,  
w a s  u s e d  in  o rd e r  to  in c r e a s e  th e  r e a c t iv i ty  b y  d e s t r o y in g  th e  r ig id  c r y s t a l l in e  

s tr u c tu r e  o f  c h it in . C h it in  h y d r o g e l  w a s  p r e p a r e d  b y  d i s s o l v i n g  c h it in  in  c a lc iu m  

c h lo r id e  d ih y d r a te -s a tu r a te d  m e th a n o l,  f o l lo w e d  b y  p r e c ip i t a t io n  in  a n  e x c e s s  a m o u n t  

o f  d i s t i l l e d  w a te r  (T a m u r a  e t a i ,  2 0 1 1 ) .  S o lu t io n  p la s m a  p r o c e s s  ( S P P )  is  a  l iq u id -  

p h a s e  p la s m a  s y s t e m  (T a k a i .  2 0 0 8 )  w h ic h  h a s  b e e n  a p p lie d  in  s e v e r a l  a p p l ic a t io n s  

s u c h  a s  s y n t h e s is  o f  m e ta l  n a n o -p a r t ic le s  ( S a i t o  e t a i ,  2 0 1 1 )  d e c o m p o s i t i o n  o f  

o r g a n ic  c o m p o u n d s  ( S u g ia r t o  et a i ,  2 0 0 1 )  a n d  d e p o ly m e r iz a t io n  (W a t th a n a p h a n it  e t 
a l . , 2 0 1 3 ) .  D u r in g  r e a c t io n . S P P  g e n e r a te s  m a n y  h ig h ly  r e a c t iv e  s p e c i e s  s u c h  a s  

h y d r o x y l  r a d ic a ls ,  h y d r o p e r o x y  r a d ic a ls ,  fr e e  e l e c t r o n s ,  s u p e r o x id e  a n io n s  w h i c h  are  

a b le  to  s t im u la t e  th e  c h e m ic a l  r e a c t io n s  (P r a s e r t s u n g  e t a i ,  2 0 1 2 ) .  In th is  s tu d y ,  
c h it o s a n  w a s  p r e p a r e d  b y  d e a c e t y la t io n  r e a c t io n  o f  c h it in  h y d r o g e l  u s in g  l o w  

c o n c e n t r a t io n s  o f  a lk a l in e  s o lu t io n  (1 % , 7 %  a n d  1 0 % w /v  o f  K O H /M e O H )  w i t h  th e  

a id  o f  s o lu t io n  p la s m a  te c h n iq u e .  T h e  d e p o ly m e r iz a t io n  o f  c h i t in  h y d r o g e l  u s in g  

S P P  p r io r  to  d e a c e t y la t io n  w a s  p e r fo r m e d  in  o r d e r  to  d e c r e a s e  m o le c u la r  w e ig h t  o f  

c h it in  a n d  c o n s e q u e n t ly  o b ta in  h ig h  d e g r e e  o f  d e a c e t y la t io n  a s  w e l l  a s  b e tte r
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s o lu b i l i t y .  T h e  c h e m ic a l  s tr u c tu r e , c r y s ta l l in i ty  a n d  d e g r e e  o f  d e a c e t y la t io n  o f  th e  

d e a c e t y la t e d  p r o d u c e s  w e r e  e x a m in e d .

4 .3  E x p e r i m e n t a l

4 .3 .1 .  M a te r ia ls
S h r im p  s h e l l  (.P cm dalus b o rea lis)  w a s  k in d ly  p r o v id e d  b y  S u r a p o n  

F o o d s  P u b lic  C o . ,  L td . (T h a i la n d ) .  P o ta s s iu m  h y d r o x id e  ( K O H . a n a ly t ic a l  g r a d e .  
S ig m a  A ld ir c h ) .  g la c ia l  a c e t ic  a c id  (C L L C O O H , a n a ly t ic a l  g ra d e . J .T . B a k er), 
A n h y d r o u s  s o d iu m  h y d r o x id e  p e lle t s  (N a O H . a n a ly t ic a l  g r a d e ,■ 'บทiv a r). h y d r o c h lo r ic  
a c id  (H C I . a n a ly t ic a l  g ra d e . A C 1 L ab  S c a n ), m e th a n o l (C b b O H . a n a ly t ic a l  g r a d e . A C I  
L a b  S c a n )  w e r e  u se d  a s  r e c e iv e d .

4 .3 .2 .  P r e p a r a t io n  o f  C h it in
T h e  s h r im p  s h e l l s  w e r e  c le a n e d  a n d  d r ie d  u n d e r  s u n l ig h t  fo r  3 - 5  d a y s  to  

r e m o v e  th e  p ig m e n t  a n d  th e n  g r in d e d  in to  s m a l l  p ie c e s .  S h r im p  s h e l l  c h ip s  w e r e  

d é c a lc i f i c a t i o n  b y  im m e r s io n  in  I N  H C I s o lu t io n  fo r  2  d a y s  w i t h  o c c a s io n a l  s t ir r in g  

b y  c h a n g in g  th e  a c id  s o lu t io n  d a ily . D e p r o t e in iz a t io n  w a s  d o n e b y  b o i l in g  th e  

d e c a lc i f i e d  c h it in  in  4  % w /v  o f  N a O H  s o lu t io n  a t 80-90 0 c  fo r  4  h.
4 .3 .3 .  P r e p a r a t io n  o f  c h it in  h y d r o g e l

4 .3 .3 .1  P r e p a r a t io n  o f  c a lc iu m  c h lo r id e - s a tu r a te d  m e th a n o l  

T h e  c a lc iu m  c h lo r id e  d ih y d r a te  ( 8 5 0  g )  w a s  s u s p e n d e d  in  m e th a n o l  (1
1) a n d  r e f lu x e d  fo r  3 0  m in  to  a  n ea r  s ta te  o f  d i s s o lu t io n ,  f o l lo w e d  b y  s ta n d in g  

o v e r n ig h t  a t r o o m  te m p e r a tu r e  b e f o r e  f i lt r a t io n  in  o r d e r  to  r e m o v e  i n s o lu b le  sa lt .
4 .3 .3 .2  P r e p a r a t io n  o f  c h it in  s o lu t io n

T h e  a - C h i t in  p o w d e r  ( 2 0  g )  w a s  s u s p e n d e d  in  c a lc iu m  c h lo r id e -  

s a tu r a te d  m e th a n o l  ( 1  I) a n d  r e f lu x e d  fo r  s e v e r a l  h o u r s  w it h  s t ir r in g  u n t i l  c h it in  is  

c o m p l e t e ly  d i s s o lv e d .
4 .3 .3 .3  P r e p a r a t io n  o f  c h it in  h y d r o g e l

T o  o b ta in  c h i t in  h y d r o g e l,  a  la r g e  a m o u n t  o f  d i s t i l l e d  w a te r  w a s  

a d d e d  t o  1 1 o f  c h it in  s o lu t io n  w ith  v ig o r o u s  s t ir r in g , a f te r  th a t th e  p r e c ip ita te d  

p r o d u c t  w a s  f i lt r a te d  a n d  c e n t r i f u g e d ,  f o l lo w e d  b y  d ia ly z in g  a g a in s t  d i s t i l l e d  w a te r
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fo r  s e v e r a l  d a y s  t o  r e m o v e  th e  c a lc iu m  io n s  a n d  m e t h a n o l .  T h e  c h i t in  h y d r o g e l  w a s  

k e p t in  a  r e fr ig e r a to r  b e f o r e  u s e .
4 .3 .4 .  D e a c e t v la t io n  o f  c h it in  h y d r o g e l  b y  u s i n g  s o lu t io n  p la s m a

C h it in  h y d r o g e l  ( 1 5  g  o f  w e t  w e i g h t )  w a s  s u s p e n d e d  in  d if f e r e n t  

c o n c e n t r a t io n s  o f  K O H  in  M e O H  (0 % . 7 % , 1 0 % ). T h e  s u s p e n s i o n  w a s  th e n  

s u b je c te d  t o  s o lu t io n  p la s m a  to  c o n d u c t  th e  d e a c e t y la t io n  r e a c t io n . T h e  f r e q u e n c y ,  
v o lt a g e  a n d  p u l s e  w id th  fo r  s o lu t io n  p la s m a  tr e a tm e n t  w e r e  1 5 .0  k H z .  1 5 0  K V  a n d  2  

ร, r e s p e c t iv e ly .  T h e  d e a c e t y la t io n  r e a c t io n  in  K O H /M e O H  v ia  s o lu t i o n  p la s m a  w a s  

p e r fo r m e d  r e p e a t e d ly  u p  to  5 c y c l e s  a n d  th e  p la s m a  tr e a tm e n t  t im e  fo r  e a c h  cycle"  

w a s  1 h . T h e  d e a c e t v la t io n  o f  c h it in  b y  s o lu t io n  p la s m a  w a s  d o n e  in  c o m p a r is o n  w it h  

th e  c o n v e n t io n a l  h e a t tr e a tm e n t .
4 .3 .5 .  D e p o ly m e r iz a t io n  o f  c h it in  h v d r o g e l  b y  u s in g  s o lu t io n  p la s m a  

A c e t i c  a c id  s o lu t io n  (1 %  v / v )  w a s  u s e d  to  d e p o ly m e r iz e  th e  c h it in
h y d r o g e l  b y  u s in g  s o lu t io n  p la s m a  p r o c e s s .  T h e f r e q u e n c y ,  v o l t a g e  a n d  p u ls e  w id th  

fo r  s o lu t io n  p la s m a  tr e a tm e n t  w e r e  1 5 .0  k H z .  1 2 0  k V  a n d  2 s ,  r e s p e c t iv e ly .  A f te r  th at  

th e  d e p o ly m e r iz e d  p r o d u c t s  w a s  p r e c ip ita te d  in  M e O H  a n d  w a s h e d  u n til  
n e u tr a lb e fo r e  b e in g  s u b j e c t e d  to  d e a c e t y la t io n .  T h e  r e a c t io n  t im e s  fo r  

d e p o ly m e r iz a t io n  w e r e  v a r ie d  to  b e  Oh, 1 h , 3 h a n d  5 h .
4 .3 .6  C h a r a c te r iz a t io n

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

F T IR  s p e c t r o s c o p y  ( T h e r m o  N i c o le t  N e x u s .  6 7 0 )  at th e  w a v e n u m b e r  r a n g in g  fr o m  

4 0 0 0  to  4 0 0  c m ’ 1.. T h e  d e g r e e  o f  d e a c e t v la t io n  ( % D D )  w a s  c a lc u la t e d  b y  u s in g  

B a x t e r 's  e q u a t io n  ( B a x te r .  D i l l o n .  T a y lo r . &  R o b e r ts . 1 9 9 2 )  a s  f o l lo w s :
DD (%) = 100 -  [ (A ,655/  A 34 5 0 ) X 115 ] (ท

w h e r e  A i6 5 5  is  th e  a b s o r b a n c e  at 1 6 5 5  c m ’ 1 o f  th e  a m id e - I  b a n d  a s  a  m e a s u r e m e n t  o f  

th e  N - a c e t y l  g r o u p  c o n t e n t  a n d  A 34 50  i s  th e  a b s o r b a n c e  a t 3450 c m ’ 1 o f  th e  h y d r o x y l  
b a n d  a s  a n  in te r n a l s ta n d a r d .
T h e  c r y s t a l l in i t y  o f  c h it in  h y d r o g e l  a n d  p la s m a - tr e a te d  c h i t in  h y d r o g e l  p r o d u c t s  w a s  

id e n t i f ie d  b y  w i d e  a n g le  X - r a y  d i f f r a c t io n  ( W A X D )  a n a ly s i s  ( B r u k e r  A X S , D 8 

a d v a n c e )  o p e r a t e d  w ith  th e  u s e  o f  C u  K a  a s  a n  X -r a y  s o u r c e  a n d  s c a n n e d  fr o m  2 9 = 5 °  

to  2 9 = 5 0 ° .



2 8

G P C  w a s  u s e d  to  d e t e r m in e  th e  w e ig h t - a v e r a g e  m o le c u la r  w e ig h t  ( M w ) ,  
n u m b e r -a v e r a g e  m o le c u la r  w e ig h t  ( M n )  a n d  m o le c u la r  w e ig h t  d i s p e r s io n  ( M w / M n )  

o f  o b t a in e d  p r o d u c t  fr o m  d e a c e t y la t io n  a n d  d e p o ly m e r iz a t io n  r e a c t io n . T h e  o b ta in e d  

p r o d u c ts  w e r e  p u r if ie d  b e fo r e  u s in g .  T h e  c h ito s a n  p r o d u c t s  w e r e  d i s s o l v e  in  a c e ta te  

b u ffe r  a t p H  5 .5 ,  a  m ix t u r e  o f  0 .1  C H 3C O O H  a n d  0 .2  C I f îC H O O N a .  a n d  f i lt r a te d  

th r o u g h  n y lo n  6 6  m e m b r a n e  w ith  th e  p o r e  s iz e  o f  0 .4 5  p m  ( M i l l ip o r e ,  U S A )  b e fo r e  

in je c t io n  in to  th e  G P C  in s tr u m e n t  (W a te r s .  W a te r  60_0E ) e q u ip p e d  w ith  a n  r e fr a c t iv e  

in d e x  (R I )  d e te c to r  u s in g  an  u ltr a h y d r o g e l  l in e a r  c o lu m n  F lo w  ra te  o f  m o b i l e  fa te  

w a s  s e t  c o n s t a n t  at 0 .6 m L  m i n - f .T h e  v o lu m n  o f  in j e c t io n  s a m p le  w a s  2 0  p L  a n d  

c h it o s a n  c o n c e n t r a t io n  o f  2 .5  m g /m L  at at 3 0  °c.
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4 .4  R e s u lt s  a n d  d is c u s s io n

4 .4 .1  C h a r a c te r iz a t io n

4 .4 .1 .1  Y ie ld  o f  p ro d u c tio n

T h e  r a w  s h r im p  s h e l l s  w a s  i s o la t e d  b y  d e p r o te in a z a t io n  a n d  

d e m in e r a l iz a t io n  t o  o b ta in  c h i t in  p r o d u c t . T h e s e  t w o  p r o c e s s e s  a re  u s e d  to  e l im in a t e  

s o m e  in o r g a n ic  a n d  o r g a n ic  c o m p o n e n t  fr o m  th e  ra w  m a te r ia l .  T h e  d e p r o te in a z a t io n  

w a s  c a r r ie d  in  a q u e o u s  N a O H  a t r o o m  te m p e r a tu r e  u s in g  1 M  H C 1. It w a s  o b s e r v e  

th a t  th e  e m i s s i o n  o f  cc>2 g a s  b e c a u s e  th e  a c id  r e a c ts  w i t h  th e  c a lc iu m  c a r b o n a te  

a c c o r d in g  to  th e  f o l lo w i n g  s im p le  e q u a t io n . (P e r c o t  et a l ,  2 0 0 3 )

C aC'O ;, +  2H C 1 —  C 0 2 +  C a C l2 +  H 20

A s  th e  r e s u lt  h a s  s h o w n  th at fr o m  1 0 0  %  o f  d r y  w e ig h t  o f  

s h r im p  s h e l l s ,  a f t e r  d e c a lc i f i e d  a n d  d e m in e r a l iz e d ,  th e  y i e l d s  o f  c h it in  i s  2 2 .8 7 %  a s  

r e p o r te d  in  T a b le  6 . 1 .

T a b le  4 .1  P e r c e n t  y ie ld  o f  c h i t in

S a m p le s D r y  w e ig h t  (% )

D r y  s h r im p  s h e l l 1 0 0 .0 0

D e c a l i f i c a t i o n  p r o d u c t 3 0 .4 8
D e p r o t e in z a t io n  p r o d u c t 2 2 .8 7

C h it in 2 2 .8 7

In t a b le  4 .2  d e m o n s tr a te d  th e  p e r c e n t  y ie ld  o f  c h i t in  h y d r o g e l  w h ic h  w a s  

o b ta in e d  fr o m  c h it in  s o lu t io n  b y  a d d in g  c h it in  s o lu t io n  in  th e  e x c e s s  a m o u n t  o f
w a te r .
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T a b le  4 .2  P e r c e n t  y ie ld  o f  c h it in  h y d r o g e l

S a m p le s W e ig h t  (g )
C h it in  S o lu t io n 1 0 0 . 0 0

C h it in  H y d r o g e l 5 2 .5 3 *

* A v e r a g e  w e i g h t  o f  3 - e x p e r im e n t s  w i t h  S D  =  1 .9 0 7 2 5 8

C h it in  w a s  d i s s o lv e d  in  c a l c iu m  c h lo r id e  d e h y d r a t e  s a tu r a te d  m e t h a n o l  a n d  

th e  la r g e  e x c e s s  o f  w a te r  w a s  a d d e d  t o  fo r m  c h it in  h y d r o g e l .  T h e  w a te r  a n d  c h it in  

c o n t e n t  o f  c h it in  h y d r o g e l  vyere 9 6 .7 3 %  a n d  3 .2 7  % . r e s p e c t iv e ly .  T h e  w a te r  c o n t e n t  

o f  th e  c h i t in  h y d r o g e l  c o u ld  b e  c o n t r o l le d  b y  c e n t r i f u g a t io n .( T a m u r a  et. a l , 2 0 0 6 )  

T h e  c o n t e n t  o f  c h it in  a n d  w a te r  in  c h it in  h y d r o g e l  w a s  r e p r e s e n te d  in  T a b le  6 .2

T a b le  4 .3  P e r c e n t  o f  c h i t in  a n d  w a te r  c o n t e n t s  in  c h it in  h y d r o g e l

S a m p le s A m o u n t  (% )

C h it in  h y d r o g e l 1 0 0 . 0 0

W a te r 9 6 .7 3 * *  ***

C h it in . 3  ๆๅ'hะ**

* *  A v e r a g e  w e ig h t  o f  3  e x p e r im e n t s  w i t h  S D  =  0 .3 0 8 4 8
* * * A v e r a g e  w e ig h t  o f  3 e x p e r im e n t s  w i t h  S D  = 0 .3 0 8 4 8



4 . 4 .1 . 2  C hi tin  H y d ro g e l F o rm a tio n
T h e  d i s s o lv i n g  c h it in  in  c a lc iu m  c h lo r id e - s a tu r a te d  m e th a n o l  

a n d  p r e c ip i ta t io n  T h e  c h i t in - c a lc iu m  io n  c o m p l e x  w a s  p e r fo r m e d  d u r in g  d i s s o lv i n g  

c h it in  in  c a lc iu m  c h lo r id e  m e th a n o l  p r o c e s s .  T h e  c a lc iu m  io n  c o m p le x  d is r u p te d  th e  

h y d r o g e n  b o n d s  b e t w e e n  th e  p o ly m e r  c h a in  a n d  p h y s ic a l  in te r a c t  w ith  th e  fu n c t io n a l  

g r o u p  o f  c h it in  c h a in s  an d  th e  fo r m a t io n  o f  c h it in  c a lc iu m  io n  c o m p l e x  w a s  

o c c u r r e d .(T a m u r a  e t a l . , 2 0 0 6 )

4 .4 .1 .3  C h a ra c te r iza tio n  o f  S h r im p  Shells. C h itin  P o w d er  a n d  C h itin
H yd ro g e l

F ig u r e  4 .1  s h o w e d  th e  F T I R -s p e c tr a  o f  s h r im p  s h e l l  p o w d e r  

a n d  c h i t in  p o w d e r  . T h e  F T I R -s p e c tr a  o f  s h r im p  s h e l l  p o w d e r  w a s  c o n t a in e d  o f  

im p u r ity  fr o m  p r o t e in s ,  m in e r a ls ,  l ip id s  a n d  p ig m e n t .  T h e} ' a ll h a v e  to  b e  

q u a n t i t a t iv e ly  r e m o v e d  to  a c h i e v e  th e  h ig h  p u r ity  n e c e s s a r y  fo r  b io lo g ic a l  

a p p lic a t io n s .  ( P e r c o t  e t a l. , 2 0 0 3 )  A f te r  d é c a lc i f i c a t io n  in  a c id  s o lu t io n  a n d  

d e p r o t e in iz a t io n  in  s tr o n g  a lk a l in e  s o lu t io n ,  th e  c h it in  w a s  e x tr a c te d  . F ig u r e  4 .1  

s h o w e d  th e  F T -I R  s p e c tr a  o f  c h i t in  p o w d e r . T h e  c h a r a c te r is t ic  p e a k s  o f  c h i t in  w e r e  

at w a v e n u m b e r  3 4 5 0 ,  2 8 7 8 ,  1 6 5 5  a n d  1 5 5 0  c m ' 1 w h ic h  r e fe r  to  h y d r o x y l  g r o u p , C -FI 

b a n d  .a m id e  I a n d  a m id e  II b a n d . T h e  p u r ity  l e v e l  o f  c h i t in  w a s  f o l lo w e d  b y  th e  

e v a lu a t io n  o f  th e  c a l c i u m  an d  p r o t e in  c o n t e n t s  a s  a  fu n c t io n  o f  th e  r e a c t io n  t im e .
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F ig u r e  4 .1  F T -I R  s p e c tr a  o f  s h r im p  s h e l l s  p o w d e r  (a )  c h i t in  p o w d e r  (b )

4 .4 .1 .4  C h a ra c te r iza tio n  o f  C h itin  P o w d e r  a n d  C h itin  H yd ro g e l
T h e  F T -I R  s p e c tr a  o f  c h it in  p o w d e r  a n d  c h it in  h y d r o g e l  w e r e  

s h o w n  in  f ig u r e  4 .2 .  d e m o n s tr a te d  th e  c h a r a c te r is t ic  p e a k s  o f  c h it in  a t 3450. 2 8 7 8 ,  
1650. 1550 a n d  1 152 c m - 1, w h ic h  c o r r e s p o n d e d  to  th e  h y d r o x y l  g r o u p  , C -H  b a n d ,  
a m id e  I ,a m id e  II. T h e  d e g r e e  o f  d e a c e t y la t io n  ( % D D )  w a s  d e t e r m in e d  f o l lo w i n g  

S a n n a n  et al. ( 1 0 7 7 )  . T h e  % D D  o f  c h it in  p o w d e r  a n d  c h i t in  h y d r o g e l  w e r e  35.39% 
a n d  3 7 .3 6 %  . r e s p e c t iv e ly .

S a n n a n  m e th o d

%DD = 101  - [ 3 5 , 7 1 .  j i i fV ]  (1)
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F ig u r e  4 .2  F T -I R  s p e c tr a  o f  c h it in  p o w d e r  (a )  e h it in  h y d r o g e l  (b )
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4.4. J. 5 X -ra y  D iffra c tio n  (X R D )

2 theta (degree)

F ig u r e  4 .3  X R D  s p e c tr a  o f  ( a )  c h it in  f la k e  ( b ) c h i t in  p o w d e r  ( c )  d r ie d  c h it in  

h y d r o g e l ,  a n d  (d )  w e t  c h it in  h y d r o g e l .

T h e  X R D  s p e c tr a  o f  a - c h i t in  f la k e ,  p o w d e r ,  d r ie d  c h it in  h y d r o g e l  a n d  

w e t  c h it in  h y d r o g e l  a re  s h o w e d  in  f ig u r e  4 .3  T h e  X R D  r e s u lt  s h o w s  th e  c h a r a c te r is t ic  

p e a k s  o f  a - c h i t in  c o r r e s p o n d in g  to  th e  0 2 0  a n d  1 JO p la n e  (T a m u r a  e t a l . , 2 0 0 6 ) .  T h e  

X R D  s p e c tr u m  o f  c h it in  f la k e  s h o w e d  th e  s h a r p e s t  a n d  n a r r o w e s t  p e a k s  in d ic a t in g  

th e  c r y s t a l l in e  s tr u c tu r e  o f  c h i t in  w h e r e a s  th e  w e t  c h it in  h y d r o g e l  h a d  a  b r o a d  p e a k  

r e v e a l in g  its  a m o r p h o u s  s tr u c tu r e . A f te r  d r y in g  o f  c h it in  h y d r o g e l ,  th e  r e fo r m a t io n  o f  

c r y s t a l l in e  s tr u c tu r e  w a s  o b s e r v e d  in  th e  X R D  s p e c tr u m  o f  th e  d r ie d  c h it in  h y d r o g e l.



4.4. J. 5 M o r p h o lo g y  o f  c h it  ไท

( c )  A ir  d r ie d  c h it in  h y d r o g e l

F ig u r e  4 .4  S E M  im a g e s  o f  m o r p h o lo g y  o f  d i f f e r e n c e s  t y p e  o f  c h i t in  (a )  c h it in  f la k e
(b ) c h i t in  p o w d e r  ( c )  A ir  d r ie d  c h it in  h y d r o g e l .

S E M  im a g e s  in  f ig u r e  4 .4  s h o w e d  th e  m o r p h o lo g y  o f  d i f f e r e n c e  t y p e  

o f  c h it in .  c h it in  f la k e  .c h i t in  p o w d e r  a n d  c h it in  h y d r o g e l .  T h e  r e s u lt s  s h o w e d  th at th e  

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

c r y s t a l l in i t y .



3 6

4 .5 .1  T h e  E f f e c t  o f  K O H  C o n c e n tr a t io n  o n  D e g r e e  o f  D e a c e t v la t io n
C h it in  h y d r o g e l  w a s  p e r fo r m e d  b y  s u s p e n d in g  c h it in  h y d r o g e l  in  

K O H /M e O H  s o lu t i o n s  c o n t a in in g  N aB H _i 0 . 1 g / 1 0 0  m L  b e f o r e  b e in g  s u b je c te d  to  

S o lu t io n  P la s m a  ( S P P ) .  T h e  r e a c t io n  t im e  fo r  e a c h  c y c l e  w a s  1 h o u r  an d  th e  

K O H /M e O H  s o lu t io n  w a s  c h a n g e d  e v e r y  c y c l e  in  o r d e r  t o  a c h ie v e  h ig h  v a lu e  

o f  % D D . F r o m  th e  in it ia l  d e g r e e  o f  d e a c e t y la t io n  ( % D D )  o f  c h it in  h y d r o g e l  is  

3 7 .3 6 %  a n d  d e a c e t y la t io n  r e a c t io n  fr o m  1 to  5 c y c l e  o f  t r e a tm e n t  t im e s  in  d if fe r e n t  

c o n c e n t r a t io n  o f  K O H  0 % . 7 %  a n d  1 0% . T h e  o p e r a t in g  c o n d i t io n  a s  f o l lo w s :  th e  

f r e q u e n c y  o f  1 5 .0  H z ,  p r im a r y  v o l t a g e  o f  2 .2 4  k V . p u ls e  w id t h  o f  2  p s .  a n d  e le c t r o d e  

g a p  o f  1 ทาทา.
A s  th e  r e s u lt  fr o m  f ig u r e  4 .5  in d ic a te d  th at th e  d e g r e e  o f  d e a c e t y la t io n  

h a s  b e e n  in c r e a s e d  a s  t h e - t im e ,  te m p e r a tu r e  a n d  c o n c e n t r a t io n  in c r e a s e d . T h e  % D D  

o f  d e a c e t y la t e d  c h i t in  h y d r o g e l  u s in g  S P P  o f 0 % ,  7 %  ,1 0 %  w a s  5 5 .3 1  ,6 8 .8 3  

a n d  7 4 .4 4  .r e s p e c t iv e ly  in  5 c y c l e  o f  tr e a tm e n t  t im e s  b e c a u s e  o f  th e  r e a c t iv e  s p e c ie s  

g e n e r a t e d  in  th e  s y s t e m  m o r e  w h e n  in c r e a s e  th e  c o n c e n t r a t io n .  T h e  d e g r e e  o f  

d e a c e t y la t io n  ( % D D )  w a s  d e te r m in e d  b y  F T I R  f o l lo w i n g  th e  e q u a t io n  o f  B a x te r  e t 
al. ( 1 9 9 1 ) .  T h e  e q u a t io n s  are u s e d  d e p e n d  o n  th e  p r o p e r t ie s  o f  th e  p r o d u c t .

B a x te r  m e th o d

% D D  =  1Ô 0  — [ 1 1 5  โ] ( 2 )

4.5 Deacetylation of Chitin Hydrogel by Solution Plasma
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1 C y c l e  o f  p l a s m a  t r e a t m e n t  =  1 H o u r

F i g u r e  4 .5  T h e  e f f e c t  o f  K O H  o n  th e  d e g r e e  o f  d e a c e t y la t io n .

4 .5 .2  T h e  E f fe c t  o f  S o lu b i l i t y  o f  C h it in  H v d r o g e l  o n  th e  D e g r e e  o f  

D e a c e t v la t io n  fo r  D e a c e t v la t io n R e a c t io n
In f ig u r e  4 .6  s h o w e d  th e  s o lu b i l i t y  o f  p la s m a - t r e a t e d  c h i t in  h y d r o g e l  

in  1 %  v /v  a c e t ic  a c id  s o lu t io n  in  ( A )  7 %  K O H  ( B )  1 0 %  K O H  c o c e n t r a t io n  . T h e  

r e s u lt s  in d ic a te d  th e  p e r c e n t  s o lu b i l i t y  o f  d e a c e t y la t e d  c h i t in  h y d r o g e l  in c r e a s e d  w ith  

th e  in c r e a s in g  o f  n u m b e r  o f  c y c l e  o f  d e a c e t y la t io n  a n d  th e  c o n c e n t r a t io n  o f  a lk a l in e  

s o lu t io n .  T h e  d e a c e t y la t e d  c h it in  h y d r o g e l  w i t h  p la s m a  tr e a tm e n t  c a n  c o n v e r t  to  

c h it o s a n  d u e  to  th e  s o lu b i l i t y  in  a c e t ic  s o lu t io n .
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F i g u r e  4 .6  S o lu b i l i t y  o f  p la s m a -tr e a te d  c h it in  h y d r o g e l  in  l%  a c e t i c  s o lu t io n  w ith
(a )  7 %  K O H  (b )  1 0 %  K O H  c o n c e n tr a t io n
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4 .5 .3  F o u r ie r  t r a n s fo r m e d  in fra re d  s p e c t r o s c o p y  (F T I R )
A s  s h o w n  in  f ig u r e  4 .7 .  th e  F T I R  s p e c tr a  o f  c h i t in  h y d r o g e l  s h o w e d  th e  

c h a r a c t e r is t ic s  p e a k  a t 3 4 5 0  c m ' 1 w h ic h  r e fe r r e d  to  th e  h y d r o x y l  g r o u p s  o f  c h it in ,  
1 6 5 0  c m ' 1 w h ic h  r e fe r r e d  to  c a r b o n y l  o f  a c e t a m id e  g r o u p s .  1 5 7 3  c m ' 1 w h ic h  re ferred  

to  a m in e  g r o u p . A f te r  d e a c e t y la t io n ,  th e  s u c c e s s  o f  th e  c o n v e r s i o n  o f  c h i t in  s tru c tu re  

to  c h i t o s a n  s tr u c tu r e  w a s  c o n f ir m e d  b y  th e  c h a r a c t e r is t ic s  p e a k  at 1 6 5 5  c m ' 1 r e d u c e d  

c o m p a r e d  w it h  3 4 5 0  c m ' 1.

F i g u r e  4 .7  T h e  e f f e c t  o f  K O F I c o n c e n tr a t io n  o n  d e g r e e  o f  d e a c e t y la t io n  (a )  0 %  K O F I  

( b )  7 %  K O H  ( c )  10 %  K O H  c o n c e n tr a t io n .
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4 . 5 .4  T h e  E f f e c t  o f  A m o u n t  o f  C h it in  H y d r o g e l  in  A l k a l in e  S o lu t io n  fo r  

D e a c e t y la t io n  R e a c t io n
In t h is  s tu d y , th e  e f f e c t  o f  a m o u n t  o f  c h it in  h y d r o g e l  in  a lk a l in e  

s o lu t io n  fo r  d e a c e t y la t io n  r e a c t io n  u s in g  s o lu t io n  p la s m a  w e r e  s t u d ie d .  In  f ig u r e  4 .8 ,  
d e m o n s t r a t e d  th e  t h e e  d i f f e r e n c e  a m o u n t  o f  c h i t in  h y d r o g e l  in  a lk a l in e  s o lu t io n  , 10  

g . 2 0 g  a n d  3 0 g .  th e  n u m b e r  o f  c y c l e  fo r  d e a c e t y la t io n  w a s  1. a n d  th e  te m p e r a tu r e  

w a s  6 4  c°. T h e  r e s u lt s  s h o w e d  th a t in  th e  % D D  a n d  %  s o lu b i l i t y  w e r e  in c r e a s e d  

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

a m o u n t  o f  c h it in  h y d r o g e l  . th e  ra tio  o f  r e a c t io n  o f  h y d r o x id e  a n io n  w h ic h  c a m e  

fr o m  K O H  s o lu t io n  a n d  m a n y  r e a c t j v e  s p e c ie s  . O H * . H» a n d  H 2O 2 (P r a s e r ts u n g  et 
a l .  2 0 1 2 )  g e n e r a te d  b y  s o lu t io n  p la s m a , in c r e a s e d . T h e  a m o u n t  o f  c h i t in  h y d r o g e l  o f  

1 0  g  ไท  1 0 0  m L  K O H  s o lu t io n  w a s  g a v e  th e  h ig h e s t  d e g r e e  o f  d e a c e t y la t io n  in  1 
c y c le  o f  p la s m a  tr e a tm e n t , d u e  to . th e  h ig h e s t  th e  in te r a c t io n  r a t io  b e t w e e n  h y d r o x id e  

a n io n  a n d  c h it in  h y d r o g e l  s o lu t io n .

F i g u r e  4 .8  T h e  e f f e c t  o f  a m o u n t  o f  c h it in  h y d r o g e l  in  K O H  s o lu t i o n  o n  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 .
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F i g u r e  4 .9  T h e  e f f e c t  o f  a m o u n t  o f  c h it in  h y d r o g e l  in  K O H  s o lu t io n  o n  th e  p e r c e n t  

o f  s o lu b i l i t y .

4 .5 .5  T h e  C o m p a r is io n  o f  D e g r e e  o f  D e a c e t v la t io n  b e t w e e n  C o n v e n t io n a l  

H e a t  T r e a tm e n t  a n d  S o lu t io n  P la s m a  T e c h n iq u e
T h e  %  D D  c a lc u la t e d  fr o m  F T IR  w a s  s h o w n  in  f ig u r e  4 .1 0 .  T h e  r e su lts  

s h o w e d  th a t th e  d e a c e t y la t io n  o f  c h it in  h y d r o g e l  in c r e a s e d  w i t h  a n  in c r e a s e  o f  a lk a li  
c o n c e n t r a t io n .  T h e  %  D D  o b t a in e d  fr o m  s o lu t io n  p la s m a  tr e a tm e n t  w a s  h ig h e r  th an  

th a t o f  th e  c o n v e n t io n a l  h e a t  tr e a tm e n t . D uring^  S P P . m a n y  r e a c t iv e  s p e c i e s  s u c h  a s  

O H v  H * a n d  H 2O 2 w a s  g e n e r a te d  fr o m  th e  a s s o c i a t i o n ,  d i s s o c ia t i o n  and  

r e c o m b in a t io n  p r o c e s s e s  o f  th e  s o lu t io n  ( P r a s e r t s u n g  e t a l., 2 0 1 2 )  c o n t a in in g  K O H ,  
M e O H  a n d  H 2O  w h ic h  m ig h t  h e lp  in  d e a c e t y la t io n  r e a c t io n  w h i l e  c o n v e n t io n a l  h e a t  

tr e a tm e n t  o n ly  p r o d u c e d  O H  r a d ic a ls  o b ta in e d  fr o m  th e  a lk a li  s o lu t io n .  T h u s , th e  

d e a c e t y la t io n  v ia  s o lu t io n  p la s m a  te c h n iq u e  is  m o r e  e f f e c t i v e  th a n  th e  c o n v e n t io n a l  

h e a t  tr e a tm e n t  m e th o d .



D
eg

re
e 

of
 d

ea
ce

ty
la

tio
n

42

100

0 7 10 

KOH Concentration in MeOH (%w/v)

F ig u r e  4 .1 0 .  C o m p a r is o n  th e  %  D D  b e tw e e n  s o lu t io n  p la s m a  tr e a tm e n t  a n d  

c o n v e n t io n a l  h e a t  tr e a tm e n t a t 0 % .7 %  a n d  1 0 %  K O H /M e O H .

F ig u r e  4 . 1 1 .  M e c h a n is m  o f  d e a c e ty la t io n  r e a c tio n  o f  c h it in  h y d r o g e l b y  u s in g  s o lu t io n  

p la sm a  tr e a tm e n t in K O H  c o n c e n tr a t io n .
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T a b l e  4 .4  C o m p a r is o n  th e  %  D D  b e t w e e n  s o lu t io n  p la s m a  tr e a tm e n t  a n d  

c o n v e n t io n a l  h e a t  tr e a tm e n t  at 0 % ,7 %  a n d  10%  K O H /M e O H

C o n e . %  D D N u m b e r  o f
K O H

in
M e O H

P la s m a
t r e a t m e n t

C o n v e n t i o n a l  

h e a t  t r e a t m e n t

c y c l e s  o f  

a l k a l i n e  

t r e a t m e n t

T e m p e r t u r e
( C ° )

%
i n c r e m e n t  o f  

D D

0  % 5 5 . 3 1 0 ± 0 .9 9 1 4 4 2 .4 9 3 3 ± 1 .2 : > 1 3 5 6 4 1 2 .8 2

7% 6 8 . 8 3 . 5 0 ± 0 . 8 4 5 5 .5 6 ±  1 .6 7 4 9 5 6 4 1 3 .6 4

1 0 % 7 4 .4 4  ± 2 .4 0 1 5 5 6 .5 3  ± 2 .6 6 8 7 5 6 4 1 7 .9 1

T h e  d i f f e r e n c e  %  in c r e a s in g  o f  D D  b e t w e e n  c o n v e n t io n a l  h e a t tr e a tm e n t  a n d  

s o lu t io n  p la s m a  t e c h n iq u e  w e r e  in c r e a s e d  r e s p e c t iv e ly  a s  th e  in c r e a s e  o f  

c o n c e n t r a t io n  o f  a lk a l in e  tr e a tm e n t  b e c a u s e  th e  a m o u n t  o f  r e a c t iv e  s p e c ie s  w e r e  m o r e  

g e n e r a te  in  h ig h e r  c o n c e n t r a t io n  o f  a lk a l in e  a n d  th e  m o r e  c h e m ic a l  in te r a c t io n  w e r e  

o c c u r r e d  in  th e  r e a c t io n .

4 . 5 .6  C o m p a r is io n  b e t w e e n  th e  Y ie ld  o f  A c id  S o lu b le  F r a c t io n  Y ie ld  o f  

O b ta in e d  P r o d u c t  b e t w e e n  C o n v e n t io n a l  M e th o d  a n d  S o lu t io n  P la s m a  

T e c h n iq u e
T h e  y ie ld s  o f  a c id  s o lu b l e  fr a c t io n  p la s m a - tr e a te d  c h it in  h y d r o g e l  h a s  

h ig h e r  th a n  th e  c o n v e n t io n a l  m e t h o d  a fter  th e  d e a c e t y la t io n  r e a c t io n  b e c a u s e  in  

p la s m a  s y s t e m ,  g e n e r a te d  b o th  h e a t  a n d  r e a c t iv e  s p e c ie s  ( P r a s e r t s u n g  e t a i ,  2 0 1 2 )  

w h ic h  d e g r a d e d  th e  p o ly m e r  c h a in  o f  c h it in  h y d r o g e l .  H o w e v e r ,  th e  d e a c e t y la t io n  b y  

c o n v e n t io n a l  m e t h o d ,  p r o v id e d  o n ly  h e a t  s o  it g a v e  a h ig h e r  y ie ld  o f  o b ta in e d  

p r o d u c t  a n d  w h e n  in c r e a s in g  th e  tr e a tm e n t  t im e , th e  y ie ld s  o f  a c id  s o lu b le  fr a c t io n s  

o f  b o th  m e t h o d  h a s  in c r e a s e d  .d u e  to . th e  te m p e r a tu r e  a n d  th e  a m o u n t  o f  r e a c t iv e  

s p e c ie s  in c r e a s e d  a s  s h o w n  in  f ig u r e  4 .1 2 .
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F ig u r e  4 .1 2  c o m p a r is io n  b e t w e e n  th e  a c e t ic  s o lu b le  fr a c t io n  a f te r  p la s m a  tr e a te d ,  
c h it in  h y d r o g e l  a n d  c o n v e n t io n a l  h e a t  tr e a tm e n t  w ith  1 0 %  K O H /M e O H

T h e  y ie ld  o f  p la s m a - tr e a te d  c h it in  h y d r o g e l  a f te r  d e a c e t y la t e d  o f  c h it in  

h y d r o g e l  in  1 0 %  K O H /M e O H  fr o m  1 to  5 c y c l e s  o f  p la s m a  tr e a tm e n t  w e r e  d e c r e a s e  

w ith  th e  in c r e a s in g  o f  n u m b e r  o f  c y c l e  o f  d e a c e t y la t io n  r e a c t io n  w h ic h  w a s  

p r e s e n te d  in  f ig u r e  4 .1 3 .
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F ig u r e  4 .1 3  th e  e f f e c t  o f  %  y ie ld  o f  p la s m a  tr e a te d  c h it in  h y d r o g e l  w ith  0 %  .7 %  , 
10 %  K O H /M e O H .
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4 .5  D e p o l y m e r i z a t i o n  o f  C h i t i n  H y d r o g e l  b y  S o l u t i o n  P l a s m a

C h it in  h y d r o g e l  w a s  d e p o ly m e r ie d  b y  S P P  in  1%  a c e t ic  a c id  s o lu t io n  fo r  

Oh, 3 h  a n d  5 h  in  o r d e r  to  r e d u c e  its  m o le c u la r  w e i g h t  b e fo r e  s u b j e c t e d  to  

d e a c e t y la t io n  r e a c t io n  to  S o lu t io n  P la s m a  ( S P P )  to  fo r m  c h it o s a n .  T h e  o p e r a t in g  

c o n d i t io n  a s  f o l lo w s :  th e  f r e q u e n c y  o f  1 5 .0  H z ,  p r im a r y  v o l t a g e  o f  1 .9 2  k V , p u ls e  

w id th  o f  2  p s ,  a n d  e l e c t r o d e  g a p  o f  1 m m  a n d  th e  r e a c t io n  te m p e r a tu r e  w a s  6 9 - 7 2  c°.
4.5.1 M o rp h o lo g y  o f  D e p o ly m e r ize d  C h itin  H y d ro g e l v ia  S P P

In f ig u r e  4 .1 4  s h o w e d  th e  m o r p h o lo g y  o f  5 h  d e p o ly m e r iz e d  c h it in  

h y d r o g e l  v ia  S P P . A f t e r  d e p o ly m e r iz a t io n  o f  c h it in  h y d r o g e l  in  1 %  v / v  a c e t i c  

s o lu t io n  fo r  5  h . th e  m o r p h o lo g y  o f  d e p o ly m e r iz e d  c h it in  h y d r o g e l  w a s  in  f ib r o u s  

fo r m .

F ig u r e  4 .1 4  T E M  im a g e s  o f  m o r p h o lo g y  o f  5  h d e p o ly m e r iz e d  c h it in  h y d r o g e l  v ia  

S P P .
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4 .5 .2  T h e  E f f e c t  o f  T im e  o f  D e p o lv m e r iz a t io n  o n  th e  D e g r e e  o f  

D e a e e t v la t io n
F ig u r e  4 .1 5  s h o w e d  th e  e f f e c t  o f  t im e  o n  th e  d e g r e e  o f  

d e p o ly m e r iz a t io n  o f  c h it in  h y d r o g e l  in  1 %  a c e t ic  a c id  s o lu t io n  fr o m  0 . 3 a n d  5 h o u r s  

u s in g  s o lu t io n  p la s m a  t e c h n iq u e  F r o m  th e  r e s u lt s  in d ic a te d  th at th e  d e p o ly m e r iz a t io n  

r e a c t io n  e f f e c t  o n  th e  d e g r e e  o f  d e a c e t y la t io n  o f  in it ia l  c h i t in  h y d r o g e l  b e c a u s e  o f  th e  

in c r e a s in g  o f  t im e  .th e  in c r e a s in g  o f  d e g r e e  o f  d e d e a c e t y la t io n .  In th e  

d e p o ly m e r iz a t io n  r e a c t io n  u s in g  s o lu t io n  p la s m a  g e n e r a te d  a c t iv e  s p e c i e s  s u c h  a s  th e  

h y d r o x y l  r a d ic a l  , h y d r o x id e  a n io n  a n c L h y d r o g e n  r a d ic a ls  w h ic h  c a m e  fr o m  th e  

s o lu t io n  a n d  th e  a c t iv e  s p e c ie s  r e a c te d  o n  th e  fu n c t io n a l  g r o u p s  o n  th e  p o ly m e r  c h a in  

o f  c h it in  h y d r o g e l  in  th e  p la s m a  r e a c to r .

T i m e  ( h o u r )

F ig u r e  4 .1 5  th e  e f f e c t  o f  t im e  o f  d e p o ly m e r iz a t io n  o f  c h i t in  h y d r o g e l  u s in g  s o lu t io n  

p la s m a  o n  th e  d e g r e e  o f  d e a c e ty la t io n .
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4 .6 .2  T h e  E f f e c t  o f  T y p e  o f  C h it in  o n  th e  D e g r e e  o f  D e a c e t y la t io n
C h it in  p o w d e r ,  c h it in  h y d r o g e l  , d e p o ly m e r iz e d  c h i t in  h y d r o g e l  fo r  3 h  

a n d  5 w e r e  d e a c e t y la t e d  in  10  %  K O H  /M e O H  s o lu t io n  in  o r d e r  to  c o m p a r e  th e  

e f f e c t  o f  c r y s t a l l in e  s tr u c tu r e  o n  th e  d e g r e e  o f  d e a c e t y la t io n  w it h o u t  d e a c e ty la t io n  

r e a c t io n  . T h e  r e s u lt s  fr o m  f ig u r e  4 . 1 6  d e m o n s tr a te d  th a t th e  d e g r e e  o f  d e a c e ty la t io n  

o f  c h it in  p o w d e r , d e p o ly m e r iz e d  c h i t in  h y d r o g e l  w it h  1%  v / v  a c e t i c  a c id  s o lu t io n  in  

Oh ,3 h  a n d  5 h . w e r e  in c r e a s e  a s  th e  d e c e a s in g  o f  c r y s t a l l in e  s tr u c tu r e . T h e  r ig id  

c r y s t a l l in e  s tr u c tu r e  e f f e c t e d  th e  d e a c e t y la t io n  b e c a u s e  th e  s u r f a c e  a rea  o f  in te r a c t io n  

in c r e a s e  a s  th e  c r y s t a l l in e  in c r e a s e .

F ig u r e  4 .1 6  th e  e f f e c t  o f  ty p e  o f  c h it in  h y d r o g e l  u s in g  s o lu t i o n  p la s m a  o n  th e  

d e g r e e  o f  d e a c e t y la t io n .
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4 .6 .3  T h e  E f fe c t  o f  T y p e  o f  C h it in  o n  th e  D e g r e e  o f  D e a e e t v la t io n  

In f ig u r e  4 .1 7  s h o w e d  th e  e f f e c t  o f  ty p e  o f  c h i t in  o n  th e  d e g r e e  o f  

d e a c t y la t io n ,  th e  c h it in  p o w d e r ,  c h it in  h y d r o g e l  a n d  d e p o ly m e r iz e d  c h i t in  h y d r o g e l  in  

1%  a c e t ic  a c id  s o lu t io n  fo r  3  a n d  5 h o u r s  u s in g  s o lu t io n  p la s m a  w e r e  d e a c e t y la t e d  in  

1 0  %  K O H /M e O H  fr o m  1 to  5  c y c le s  a n d  s tu d y  th e  d e g r e e  o f  d e a c e t y la t io n .  A s  th e  

r e s u lt s  d e m o n s t a t e d  th at th e  5 h o u r s  o f  d e p o ly m e r iz e d  c h it in  h y d r o g e l  a fte r  

d e a c e ty la te d  fo r  5 c y c l e s  g a v e j h e  h ig h e s t  o f  d e g r e e  o f  d e a c e t y la t io n  a n d  th e  c h it in  

p o w d e r  a fte r  d e a c e t y la t e d  fo r  5 c y c le s  g a v e  th e  lo w e s t  o f  d e g r e e  o f  d e a c e t y la t io n  

b e c a u s e  o f - t h e  c r y s t a l l in i t y  s tr u c tu r e  a n d  th e  m o le c u la r  w e ig h t  o f  c h it in  e f f e c t  

th e  % D D .

T a b le  4 .7  s h o w e d  th e  ty p e  o f  s a m p le s

T y p e  o f  s a m p le s

A C h it in  p o w d e r

B C h it in  h y d r o g e l

c 3 h o u r s  d e p o ly m e r iz e d  c h i t in  h y d r o g e l

D 5 h o u r s  d e p o ly m e r iz e d  c h i t in  h y d r o g e l
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F ig u r e  4 .1 7  th e  e f f e c t  ty p e  o f  c h it in  o n  th e  d e g r e e  o f  d e a c e t y la t io n .

4 .6 .5  F o u r ie r  tr a n s fo r m e d  in fr a r e d  s p e c t r o s c o p y  (F T I R )
F r o m  th e  F T I R -s p e c tr a  in  f ig u r e  4 .1 8 .  s h o w e d  th e  c h e m ic a l  s tr u c tu r e  

o f  d e p o ly m e r iz e d  a n d  d e a c e ty la te d  o f  c h it in  h y d r o g e l  in  d i f f e r e n c e  c o n d i t io n s  , th e  

r e s u lt s  d e m o n s tr a te d  th a t th e  p e a k  at 3 4 5 0  c m ' 1 w h ic h  is  r e fe r  to  O H  s t r e tc h in g  . 
b e c a m e  b r o a d e r  a n d  m o v e  to  a lo w e r  f r e q u e n c y  w ith  in c r e a s in g  % D D  . in d ic a t in g  an  

in c r e a s e  in  th e  d is o r d e r e d  s tr u c tu r e .(  Z h a n g  e t  a i ,  2 0 0 5 )  a n d  th e  tr a n s m it ta n c e  at 

w a v e n u m b e r  o f  1 6 5 5  c m ' 1 w h ic h  r e fe r  o f  c a r b o n y l in  a c e t y l  g r o u p  .d e c r e a s e d  w ith  

th e  in c r e a s in g  o f  t im e  o f  d e p o ly m e r iz a t io n .
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F ig u r e  4 .1 8  F T IR  s p e c tr a  th e  e f f e c t  ty p e  o f  d e a c e t y la t e d  c h i t in  in  5 c y c l e s  o f  p la s m a  

tr e a te m e n t  o n  th e  d e g r e e  o f  d e a c e t y la t io n  ( a )  c h it in  p o w d e r  (b )  c h it in  h y d r o g e l  ( c )  

3 h  d e p o ly m e r iz e d  c h i t in  h y d r o g e l  (d )  5 h  d e p o ly m e r iz e d  c h i t in  h y d r o g e l .

4 .6 .6  X - r a v  D i f f r a c t io n  ( X R D )
X R D  s p e c tr a  o f  d i f f e r e n c e  ty p e  o f  c h it in .  c h i t in  p o w d e r  . c h it in  

h y d r o g e l  . d e p o ly m e r iz e d  c h it in  h y d r o g e l  in  3 h  a n d  5 h . u s i n g  s o lu t io n  p la s m a  o f  

w e r e  s h o w n  in  f ig u r e  4 .1 9 .  T h e  r e s u lts  d e m o n s t r a t e d  th a t th e  s h a r p n e s s  o f  p la s m a  

tr e a te d  c h it in  p o w d e r  w a s  th e  h ig h e s t  bu t fo r  th e  c h it in  h y d r o g e l  a n d  d e p o ly m e r iz e d  

c h it in  h y d r o g e l  g a v e  th e  l e s s  s h a r p n e s s  p e a k  b e c a u s e  th e  m a x im u m  p e a k  o f  in te n s ity  

at 0 2 0  r e f le c t io n  d e c r e a s e d  w ith  th e  in c r e a s e  o f  D D .  a n d  m o v e d  to  a  h ig h e r  a n g le ,  
a n d  th e  s e c o n d  m a x im u m  p e a k  o f  in te n s ity  a t 1 1 0  r e f le c t io n  a l s o  d e c r e a s e d  w it h  th e  
in c r e a s e  o f  D D  ( Z h a n g  c t  a l ,  2 0 0 5  )
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2 theta (degree)

F ig u r e  4 .1 9  X R D  s p e c tr a  s h o w e d  th e  e f f e c t  ty p e  o f  d e a c e t y la t e d  c h i t in  in  5 c y c l e s  

o f  p la s m a  tr e a te m e n t  o n  th e  d e g r e e  o f  d e a c e t y la t io n  ( a )  c h it in  p o w d e r  (b )  c h it in  

h y d r o g e l  ( c )  3 h  d e p o ly m e r iz e d  c h it in  h y d r o g e l  (d )  5  h d e p o ly m e r iz e d  c h it in  h y d r o g e l

4 . 6 .7  T h e  E f f e c t  o f  T y p e  o f  C h it in s  o n  th e  S o lu b i l i t y
F ig u r e  4 .2 0  s h o w e d  th e  s o lu b i l i ty  o f  p la s m a - tr e a te d  c h i t in  in  d i f f e r e n c e  

c o n d i t io n s  c h i t in  h y d r o g e l  J h  d e p o ly m e r iz e d  c h it in  h y d r o g e l  a n d  5 h  d e p o ly m e r iz e d  

c h it in  h y d r o g e l .  T h e  r e s u lt s  in d ic a te d  th a t  th e  th e  d e p o ly m e r iz a t io n  c h it in  h y d r o g e l  

b e f o r e  s u b j e c t  to  d e a c e t y la t e d  w a s  s h o w e d  th e  h ig h e r  s o lu b i l i t y  th an  th e  

d e a c e t y la t e d  c h t in  h y d r o g e l  b e c a u s e  th e  in it ia l  m o le c u la r  w e ig h t  o f  c h it in  h y d r o g e l  

w a s  r e d u c e d .
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100

8 0  -

20 -

0 ■ เ- 
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- ------------ C h i t i n  h y d r o g e l
® 3  h  d e p o l y m e r i z e d  c h i t i n  h y d r o g e l

—• --------------------  5  h  d e p o l y m e r i z e d  c h i t i n  h y d r o g e l

“ โ I  ;  ;  ;
Cycle of number of plasma treatment (cycles)

F ig u r e  4 .2 0  th e  e f f e c t  ty p e  o f  c h it in  o n  th e  d e g r e e  o f  d e a c e t y la t io n  o n  s o lu b i l i t y .

4 .6 .8  C o m p a r is o n  b e t w e e n  C h ito s a n  P r o d u c t io n  O b t a in e d  fr o m  S o lu t io n  

P la s m a , fro n t L ite r a tu r e  R e v i e w s  a n d  C o n v e n t io n a l  M e th o d  o n  th e  

D e g r e e  o f  D e a c e t v la t io n
T a b le  4 . 6  s h o w e d  th e  % D D  w h ic h  c a m e  fr o m  d i f f e r e n c e  c o n d i t io n s .  

T h e  r e s u lt s  fr o m  lite r a tu r e s  r e v ie w s  d e m o n s tr a te d  th at th e  h ig h  d e g r e e  o f  

d e a c e t y la t io n  c o u ld  b e  a c h ie v e d  b y  h ig h  a lk a l in e  c o n c e n t r a t io n  a n d  h ig h  te m p e r a tu r e  

w h ic h  b e c a m e  e n v ir o n m e n t a l  p r o b le m  in  th e  p r o c e s s  o f  n e u t r a l iz a t io n  b y  a c id .
T o  d e c r e a s e  o f  u s in g  a lk a l in e  c o n c e n t r a t io n ,  s o lu t i o n  p la s m a  w a s  

in tr o d u c e d  to  d e a c e t y la t e  a n d  d e p o ly m e r iz e d .  F r o m  ta b le  4 .6  in d ic a t e d  th a t th e s e  

t e c h n iq u e  c o u ld  in c r e a s e  th e  % D D  w it h  a l o w  te m p e r a r u e  a n d  a lk a l in e  c o n c e n tr a t io n  

an d  th e  d e p o ly m e r iz a t io n  p r o c e s s  b e f o r e  s u b j e c t e d  to  d e a c e t y la t io n  c o u ld  im p r o v e  

th e  % D D  d u e  to  th e  r e d u c in g  o f  in it ia l  m o le c u la r  w e ig h t .
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T a b le  4 .6  C o m p a r is o n  b e t w e e n  c h ito s a n  p r o d u c t io n  o b t a in e d  fr o m  s o lu t i o n  p la s m a ,  
fr o m  lite r a tu r e  r e v i e w s  an d  c o n v e n t io n a l  m e t h o d  o n  th e  d e g r e e  o f  d e a c e t y la t io n

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 le 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 le 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  a l . . 19 6 8

1 0 %  K O H  in  m e t h a n o l  
w ith  c h it in  h y d r o g e l
( c o n v e n t io n a l  m e t h o d  )

6 4 5 5 .3 1 -

1 0 %  K O H  in  m e th a n o l  
w ith  c h it in  h y d r o g e l
( S o l u t io n  p la s m a  tr e a te d )

6 4 7 4 .4 4 -

1 0 %  K O H  in  m e th a n o l  
w ith  d e p o ly m e r iz a t io n  

o f  c h it in  h y d r o g e l
( S o l u t io n  p la s m a  tr e a te d )

6 4 7 8 .5 1 -



4 .7  G e l P e r m e a t io n  C h r o m a t o g r a p h y  (G P C )

4 .  7. 1 C o m p a r i s o n  t h e  C o m p a r e d  t h e  M o l e c u l a r  W e i g h t  b e t w e e n  

D e a c e t y l a t i o n  w i t h  a n d  w i t h o u t  R e d u c i n g  I n i t i a l  M o l e c u l a r  W e i g h t  o f  C h i t i n  

H y d r o g e l  v i a  S P P

F ig u r e  4 .2 1  a n d  ta b le  4 .7  c o m p a r e d  th e  m o le c u la r  w e ig h t  b e t w e e n  

d e a c e t y la t io n  w it h  a n d  w i t h o u t  r e d u c in g  in it ia l  m o le c u la r  w e ig h t  o f  c h it in  h y d r o g e l  
v ia  S P P . A s  th e  r e s u lt s  s h o w e d  th at th e  r e d u c in g  in it ia l  m o le c u la r  w e ig h t  o f  c h it in  

h y d r o g e l  b y  u s in g  s o lu t i o n  p la s m a  in  1%  a c e t ic  a c id  s o lu t io n  fo r  5 h  a n d  th e n  

d e a c t y la t e d  in  10 %  w / v  K O H /M e O H  s o lu t io n  v ia  S P P  fo r  5 c y c l e s  g a v e  th e  lo w e r  

m o le c u la r  w e i g h t  o f  o b t a in e d  p r o d u c t s  th a n  p r o c e s s  o f  d e a c e t y la t io n  o f  c h it in  

h y d r o g e l  in  1 0 %  w / v  in  K O H /M e O H  fo r  5 c y c l e s  b e c a u s e  th e  d e g r a d a t io n  o f  

p o ly m e r  c h a in s  o f  o b ta in e d  p r o d u c ts  in  1%  v /v  a c e t ic  a c id  s o lu t io n  w e r e  p e r fo r m e d .  
In a d d it io n  to  d e a c e t y la t io n  r e a c t io n ;  th e  m a in  c h a in s  o f  p o ly m e r  w e r e  s c i s s o r e d  at 

g ly c o s i d i c s  b o n d  d u e  to  th e  O H " a n d  O H * fr o m  th e  a lk a l in e  s o lu t i o n  a s  s h o w e d  in  

f ig u r e  4 .2 2
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Number of cycles of plasma treatment (cycles)

F ig u r e  4 .2 1  C o m p a r is o n  th e  c o m p a r e d  th e  m o le c u la r  w e ig h t  o f  o b ta in e d  p r o d u c ts  

b e t w e e n  p r o c e s s  o f  d e a c e t y la t io n  w it h  1 0 %  K O H /M e O H  fo r  5  c y c l e s  a n d  p r o c e s s  o f  

d p o ly m e r iz a t io n  w it h  1 % v /v  a c e t i c  a c id  s o lu t io n  fo r  5 h  a n d  d e a c e t y la t io n  w it h  10  %  

w /v  K O H /M e O H  c h it in  h y d r o g e l  v ia  S P P .

F ig u r e  4 .2 2  D e g r a d a t io n  o f  c h it in  h y d r o g e l  v ia  S P P  o f  a lk a l in e  d e p o ly m e r iz a t io n .
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T a b le  4 .7  r e p r e s e n te d  th e  m o le c u la r  w e ig h t  o f  p la s m a - tr e a te d  c h it in  h y d r o g e l  w it h  

d e a c e t y la t io n  in  10 %  w / v  K O H /M e O H  s o lu t io n  a t 3 ,4  a n d  5 c y c l e s .  A s  th e  r e s u lt s  

d e m o n s tr a te d  th a t  th e  m o le c u la r  w e ig h t  o f  o b ta in e d  p r o d u c t s  w e r e  d e c r e a s e d  fr o m  

3 4 0 ,1 2 4 .  3 4 0 , 1 2 4  a n d  3 2 1 .6 2 4 .  r e s p e c t iv e ly .

T a b l e  4 .7  T h e  m o le c u la r  w e ig h t  o f  d e a c e t y la t io n  c h i t in  h y d r o g e l  in  10%  w / v  

K O H /M e O H  w i t h  d if f e r e n t  t im e s  b y  u s in g  s o lu t io n  p la s m a

T r e a te d  c h it in T r e a te d  c h it in T r e a te d  c h it in

C o n d it io n s h y d r o g e l h y d r o g e l h y d r o g e l
3 h o u r s 4  h o u r s 5 h o u r s

Mw 3 4 0 ,1 2 4 '  3 2 4 ,7 0 9 3 2 1 .6 2 4

M„ 1 1 6 .7 0 3 1 2 4 .5 5 1 1 2 8 .7 0 1

- P D 1 2 .9 1 2 .6 1 2 .5 0

T a b le  4 .8  r e p r e s e n te d  th e  m o le c u la r  w e ig h t  o f  p la s m a - tr e a te d  c h it in  h y d r o g e l  w ith  

d e p o ly m e r iz a t io n  in  1 %  v / v  a c e t ic  s o lu t io n  a n d  th e n  d e a c e t y la t e d  in  10 %  w / v  

K O H /M e O H  s o lu t io n  at 3 .4  a n d  5 c y c l e s .  A s  th e  r e s u lt s  d e m o n s tr a te d  th at th e  

m o le c u la r  w e i g h t  o f  o b ta in e d  p r o d u c ts  w e r e  d e c r e a s e d  fr o m  2 8 1 .4 5 4 .  2 7 2 .8 5 6  a n d  

2 5 1 ,5 6 7 ,  r e s p e c t iv e ly .

T a b l é  4 .8  T h e  m o le c u la r  w e ig h t  o f  d e p o y m e r iz a t io n  c h it in  h y d r o g e l  in  l% v / v  

- a c e t i c  s o lu t i o n  a n d  d e a c e t y la t io n  in  1 0 %  w / v  K O H /M e O H  w ith  d i f f e r e n t  t im e s  b y  

u s in g  s o lu t io n  p la s m a

T r e a te d  c h it in T r e a te d  c h it in T r e a te d  c h it in
C o n d it io n s h y d r o g e l h y d r o g e l h y d r o g e l

3 h o u r s 4  h o u r s 5 h o u r s

Mw 2 8 1 .4 5 4 2 7 2 .8 5 6 2 5 1 .5 6 7

Mn 1 1 7 .2 9 2 1 2 8 .7 0 5 1 2 3 .6 3 1

P D I 2 .4 0 2 .1 2 2 .0 3
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4. 7 .2  E ffe c t o f  The In itia l  W e ig h t on  th e  D e g r e e  o f  D e a c e ty la t io n
T a b le  4 . 1 0  a n d  4 .1 1  s h o w e d  th e  e f f e c t  o f  th e  in it ia l  w e ig h t  o f  c h it in  

h y d r o g e l  o n  th e  d e g r e e  o f  d e a c e t y la t io n .  A s  th e  r e s u lt s  in d ic a te d  th a t th e  d e c r e a s in g  

o f  th e  in i t ia l  m o le c u la r  w e ig h t  o f  c h i t in  h y d r o g e l ,  th e  d e g r e e  o f  d e a c e t y la t io n  w e r e  

d e c r e a s e d  fr o m  3 ,4  a n d  5 c y c le s .  T h e  r e d u c in g  in it ia l  m o le c u la r  w e ig h t  o f  c h it in  

h y d r o g e l  b e f o r e  d e a c t y la t io n  p r o c e s s  g a v e  a  h ig h e r  % D D  th a n  th e  p r o c e s s  o f  

d e a c e t y la t io n  o f  c h it in  h y d r o g e l .  T h e  r e d u c t io n  o f  th e  in it ia l  m o le c u la r  w e ig h t  o f  

c h it in  h y d r o g e l  b y  d e p o ly m e r iz a t io n  w i t h  S P P  u n d e r  1%  a c id ic  s o lu t io n  fo r  5 h. 
b e fo r e  b e in g  s u b je c te d  to  th e  d e a c e t y la t io n  w it h  S P P  c o u ld  im p r o v e  th e  %  D D  o f  th e  

o b ta in e d  c h i t o s a n  p r o d u c ts .

T a b le  4 .1 0  T h e  e f f e c t  o f  m o le c u la r  w e ig h t  o f  d e a c e t y la t io n  c h i t in  h y d r o g e l  o n  th e  

d e g r e e  o f  d e a c e t v la t io n  w ith o u t  r e d u c in g  th e  in it ia l  m o le c u la r  w e ig h t  w it h  d i f f e r e n t  

t im e s  b y  u s in g  s o lu t io n  p la s m a

N u m b e r  o f  c y c l e s  o f  

d e a c e t y la t io n  r e a c t io n
M o le c u la r  w e ig h t D e g r e e  o f  d e a c t y la t io n  

( % D D )
■3ๆ 3 4 0 .1 2 4 7 3 .2 8
4 3 2 4 .7 0 9 7 5 .6 4
5 3 2 1 .6 2 4 7 6 .1 6
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Table 4.11 The effect of molecular weight of deacetylation chitin hydrogel on the 
degree of deacetylation without reducing the initial molecular weight with dillerent 
times by using solution plasma

Number of cycles of 
deacetylation reaction

Molecular weight
Degree of deactylation 

(%DD)

-*>3 281,454 75.98
4 272,856 76.42
5 251.567 78.51

4.8 Conclusion

Solution plasma process (SPP) was applied in deacetylation and 
depolymerization reactions of chitin hydrogel to obtain chitosan with high values 
of % DD. Compared with the conventional heat treatment. SPP treatment was an 
effective process to increase the % DD by using the low alkali concentrations. Using 
SPP. the % DD increased with the increasing of KOH concentrations in MeOH as 
well as the increasing of the cycles of plasma treatment time. The reduction of the 
initial molecular weight of chitin hydrogel by depolymerization with SPP under mild 
acidic condition before being subjected to the deacetylation with SPP could improve 
the % DD of the obtained chitosan products.
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