
REFERENCES

Ajavakoma. A.. Supsvetson, ร., Somboot. A. and Sukwattanasinitta. M. (2012).
Products from microwave and ultrasonic wave assisted acid hydrolysis of 
chitin. Carbohydrate Polymers 90(1). 73-77.

Allan, G.G. and Peyron. M. (1995). Molecular weight manipulation of chitosan I:
kinetics of depolymerization by nitrous acid. Carbohvdr Res 277(2), 257- 
272.

Benhabiles, M.S.. Salah, R. and Lounici, H. (2012). Antibacterial activity of chitin, 
chitosan. and its oligomers repared from shrimp shell waste. Food 
Hvdrocolloids 29( 1 ). 48-56.

Cabrera. J.c. and C’utsem. p.v. (2005). Preparation of chitooligosaccharides with
degree of polymerization higher than 6 by acid or enzymatic degradation of 
chitosan Biochemical Engineering Journal 25(2). 165-172.

Chang. K.L.B.. Tsai, G.. Lee. J. and Fu, พ.'-R. (1997). Heterogeneous N-
deacetylation of chitin in alkaline solution. Carbohvdr Res 303(3), 327- 
332.Cohen, E. (2010). Chitin Biochemistry. 38,5-74.

Einbu, A.. Grasdalen. FI. and Varum, K.M. (2007). Kinetics of hydrolysis of
chitin/chitosan oligomers in concentrated hydrochloric acid. Carbohvdr Res 
342(8), 1055-1062.

Fernandes. J.C., Eaton, P.. Nascimento. H.. Giào, M.S.. Ramos, ().ร.. Belo, L., 
Santos-Silva, A., Pintado, M.E. and Malcata, F.x. (2010). Antioxidant 
activity of chitooligosaccharides upon two biological systems: Erythrocytes 
and bacteriophages. Carbohydrate Polymers 79(4). 1101-1106.

Hasegawa, M.. Isogai. A. and Onabe. F. (1993). Preparation of low-molecular-
weight chitosan using phosphoric acid, carbohvdrate Polymers 20(4), 279- 
283.



6 6

He, G.. Wang, Z.. Zheng. H.. Yin, Y., Xiong, X. and Lin. R. (2012). Preparation.
characterization and properties of aminoethyl chitin hydrogels. Carbohydr 
Polym 90(4). 1614-1619.

Huang. K.-S.. พน, W.-.L, Chen. J.-B. and Lian. H.-S. (2008). Application of low-
molecular-weight chitosan in durable press finishing. Carbohydrate 
Polymers 73(2). 254-260.

Huang. L.. Zhai, M., Peng. J., Li, J. and Wei. G. (2007). Radiation-induced
degradation of carboxymethylated chitosan in aqueous solution. 
Carbohydrate Polymers 67(3), 305-312.

Huang, R.. Mendis, E.. Rajapakse, N. and Kim. S.-K. (2006). Strong electronic
charge as an important factor for anticancer activity of chitooligosaccharides 
(COS). Life Sciences 78(20). 2399-2408.

Il'ina. A.v. and Varlamov, v.p. (2004). Hydrolysis of Chitosan in Lactic Acid. 
Applied Biochemistry and Microbiology 40 (3). 300-303.

Jung, J. and Zhao. Y. (2011 ). Characteristics of deacetylation and depolymerization 
of beta-chitin from jumbo squid (Dosidicus gigas) pens. Carbohvdr Res 
346(13), 1876-1884.

Lieberman. A.M.. and Lichtenberg. J.A. (2005). Principles of plasma discharges and 
materials processing. Canada. John Wiley and Sons.

Lia. J.. Dua. Y. and Yanga. J. ( 2005). Preparation and characterisation of low
molecular weight chitosan and chitO-oligomers by a commercial enzyme. 
Polymer Degradation and Stability 87(3). 441-448.

Mohammed, M.LL. Williams. P.A. and Tverezovskaya. o. (2013). Extraction of
chitin from prawn shells and conversion to low molecular mass chitosan. 
Food Hvdrocolloids 31(2). 166-171.

Mohan, C.O.. Ravishankar, C.N., Lalitha, K.v. and Srinivasa Gopak T.K. (2012).
Effect of chitosan edible coating on the quality of double filleted Indian oil 
sardine (Sardinella longiceps) during chilled storage. Food Hvdrocolloids 
26(1), 167-174.

Nagahama, H., Rani. V.V.. Shalumon, K.T., Jayakumar, R., Nair. S.V.. Koiwa, ร.,



6 7

Furuike, T. and Tamura, H. (2009). Preparation, characterization, bioactive 
and ceil attachment studies of alpha-chitin/gelatin composite membranes. 
Int J Biol Macromol 44(4). 333-337.

Peter. M.. Sudheesh Kumar. P.T.. Binulal. N.S.. Nair, S.V., Tamura. H. and
Jayakumar, R. (2009). Development of novel a-chitin/nanobioactive glass 
ceramic composite scaffolds for tissue engineering applications. 
Carbohydrate Polymers 78(4), 926-931.

Potockv. ร.. Saito. N. and Takai. o. (2009). Needle electrode erosion in water 
plasma discharge. Thin Solid Films 518(3). 918-923.

Prasertsung, I.. Damrongsakkul, ร., Terashima. c„  Saito, N. and Takai, o . (2012).
Preparation of low molecular weight chitosan using solution plasma system. 
Carbohydrate Polymers 87(4), 2745-2749.

Prashanth. K.V.H. and Tharanathan, R.N. (2005 ). Depolymerized products of
chitosan as potent inhibitors of tumor-induced angiogenesis Biochim 
Biophvs Acta 1722 ( 1 ). 22- 29.

Quart. H.. Zhu. F. and Han. X. (2009). Mechanism of anti-angiogenic activities of 
chitooligosaccharides may be through inhibiting heparanase activity 

Medical Hypotheses 73(2). 205-206.
Saito. G.. Hosokai. ร. and Akiyama, T. (2011 ). Synthesis of ZnO nanoflowers by 

solution plasma. Materials Chemistry and Physics 130(1-2), 79-83.
Sjoholm. K.H.. Cooney, M. and Minteer, S.D. (2009). Effects of degree of

deacetylation on enzyme immobilization* in hydrophobicaliy modified 
chitosan. Carbohydrate Polymers 11(2 ). 420-424.

Sugiarto. A.T. and Sato. M. (2001 ). Pulsed plasma processing of organic
compounds in aqueous solution. Thin Solid Films 386(2). 295-299.

Takai. o. (2008). Solution plasma. Pure Apply Chem 80(9), 2003-2011
Tamura. H.. Furuike. T. and Nair. s.v . (2011). Biomedical applications of chitin

hydrogel membranes and scaffolds. Carbohydrate Polymers 84(2), 820-824.
Tamura, H., Nagahama, H. and Tokura, ร. (2006). Preparation of chitin hydrogel 

under mild conditions. Cellulose 13(2006), 357-364.
Tolaimate, A.. Desbrieres. J. and Rhazi. M. (2000). On the influence of



68

d e a c e t y la t io n  p r o c e s s  o n  th e  p h y s ic o c h e m ic a l  c h a r a c t e r is t ic s  o f  c h it o s a n  

fr o m  s q u id  c h it in .  P o ly m e r  4 1 ( 7 ) ,  2 4 6 3 - 2 4 6 9 .
T o la im a t e ,  A . .  D e s b r ie r e s .  J .. R h a z i ,  M . a n d  A l a g u i .  A . ( 2 0 0 3 ) .  C o n tr ib u t io n  to  th e  

p r e p a r a t io n  o f  c h i t in s  a n d  c h i t o s a n s  w it h  c o n t r o l le d  p h y s ic o - c h e m ic a l  

p r o p e r t ie s .  P o ly m e r  4 4 ( 2 6 ) .  7 9 3 9 - 7 9 5 2 .
T o n g .  D .G . ,  L u o . Y .Y . .  C h u . พ . .  G u o . Y.c. a n d  T ia n .  พ .  ( 2 0 1 0 ) .  C u t t in g  O f

C a r b o n  N a n o t u b e s  V ia  S o lu t io n  P la s m a  P r o c e s s in g .  P la s m a  C h e m is t r y  a n d  

P la s m a  P r o c e s s in g  3 0 ( 6 ) .  8 9 7 - 9 0 5 .
V a r u m . K .M . a n d  O t t o y  O .S m id r o d ,  M .H . ( 2 0 0 1 ) .  C a r b o h y d r a te  P o ly m e r s .  A c id  

h y d r o ly s i s  o f  c h i t o s a n s  4 6 (  1 ), 8 9 - 9 8 .
V is h u  K u m a r . A . ( 2 0 0 4 ) .  L o w  m o le c u la r  w e ig h t  c h it o s a n s :  p r e p a r a t io n  w ith  th e  a id  

o f  p a p a in  a n d  c h a r a c te r iz a t io n . B io c h im ic a  e t  B i o p h v s ic a  A c t a  ( B B A )  - 

G e n e r a l  S u b j e c t s  1 6 7 0 ( 2 ) ,  1 3 7 - 1 4 6 .
W a s ik ie v v ic z ,  J .M ..  Y o s h i i .  F ., N a g a s a w a .  N . .  W a c h ,  R .A . a n d  M it o m o ,  H . ( 2 0 0 5 ) .

D e g r a d a t io n  o f  c h ito s a n  a n d  s o d iu m  a lg in a te  b y  g a m m a  r a d ia t io n .
s o n o c h e m ic a l  a n d  u l t r a v io le t  m e th o d s .  R a d ia t io n  P h y s i c s  a n d  C h e m is t r y  7 3 ( 5 ) ,  2 8 7 -
2 9 5 .
W a t th a n a p h a n it .  A . a n d  S a i t o .  N .  ( 2 0 1 3 ) .  E f fe c t  o f  p o ly m e r  c o n c e n t r a t io n  o n  th e  

d e p o ly m e r iz a t io n  o f  s o d iu m  a lg in a t e  b y  th e  s o lu t io n  p la s m a  p r o c e s s .
P o ly m e r  D e g r a d a t io n  a n d  S t a b i l i ty  9 8 ( 5 ) .  1 0 7 2 - 1 0 8 0 .

พ น . p . .  ร น ท , J I L .  H u a n g .  Y . Y . ,  G u . G .F . a n d  T o n g .  D .G . ( 2 0 1 2 ) .  S o lu t io n  p la s m a  

s y n t h e s iz e d  n ic k e l  o x id e  n a n o f lo w e r s :  A n  e f f e c t i v e  N 0 2  s e n s o r .  M a te r ia ls  

L e tte r s  8 2 ( 0 ) .  1 9 1 - 1 9 4 .
Z h u . X . .  C a i.  J .. Y a n g .  J. a n d  รน . Q . ( 2 0 0 5 ) .  D e t e r m in a t io n  o f  g lu c o s a m i n e  in  

im p u r e  c h it in  s a m p le s  b y  h ig h - p e r f o r m a n c e  l iq u id  c h r o m a t o g r a p h y .  
C a r b o h y d r  R e s  3 4 0 (  1 0 ) . 1 7 3 2 - 1 7 3 8 .



APPENDICES
A p p e n d ix  A  C h a r a c t e r iz a t io n  o f  r a w  m a te r ia l  

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

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

D r y  s h r im p  s h e l l 100.00
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

T a b le  A 2  P e r c e n t  y i e ld  o f  c h i t in  h y d r o g e l

N u m b e r  o f  s a m p le s C h it in  s o lu t io n  

( g )

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

( g )
1 100 5 0 .8 5
2 100 5 2 .1 2
3 100 5 4 .6

A v e r a g e 100 5 2 .5 3
S D 0 1 .9 0 7 2 5 8

T a b le  A 3  P e r c e n t  o f  c h i t in  a n d  w a t e r  c o n t e n ts  in  c h it in  h y d r o g e l

N u m b e r W e t  w e i g h t D r y  w e i g h t C h it in W a te r
o f  s a m p le s (g ) ( g ) (% ) (% )

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

A v e r a g e 1 .7 1 6 9 0 .0 5 6 1 3 .2 6 7 5 1 7 9 6 .7 3 2 4 8
S D 0 .0 1 5 6 2 4 0 .0 0 5 7 0 .3 0 8 4 8 0 .3 0 8 4 8
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T a b le  A 3  D e g r e e  o f  d e a c e t y la t io n  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

\  N u m b e r  

\ > f  s a m p le s

T y p e  o f  c h i t in  '

D e g r e e  o f  d e a c e t y la t io n  ( % D D )
S D

1 2 3 A v e r a g e

C h it in  p o w d e r ' 3 5 .2 6 3 6 .6 1 3 4 .3 3 5 .3 9 1 .1 6 0 4 7 4

C h it in  h y d r o g e l 3 8 .1 9 3 7 .9 8 3 5 .9 1 3 7 .3 6 1 .2 6 0 1 1 9



A p p e n d ix  B  D e a c e ty la t io n  o f  c h i t in  h y d r o g e l  w i t h  K O H /M e O H

T a b le  B 1  E f f e c t  o f  a m o u n t  o f  c h i t 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  d e ­
g r e e  o f  d e a c e t y la t io n

A m o u n t
o f  c h it in  h y d r o g e l  

( g )

D e g r e e  o f  d e a c e t y la t io n  ( % D D )
S D

1 2 3 A v e r a g e

10 6 0 .7 6 _ 6 2 .3 3 6 1 .1 4 6 1 .4 1 0 .8 1 9 0 8 5

20 5 7 .5 8 5 6 .6 8 5 8 .8 8 5 7 .7 1 3 3 3 1 .1 0 6 0 4 4

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

T a b le  B 2  E f f e c t  o f  a m o u n t  o f  c h i t 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

A m o u n t
o f  c h it in  h y d r o g e l  

( g )

%  S o lu b i l i t y
S D

1 2 3 A v e r a g e

10 3 0 .2 6 3 1 .5 1 2 8 .4 4 3 0 .0 7 1 .5 4 3 7 9 4

20 2 2 .4 2 2 4 .4 8 2 3 .6 4 2 3 .5 1 3 3 3 1 .0 3 5 8 2 5

3 0 1 6 .5 6 1 5 .8 4 1 8 .2 6 1 6 .8 8 6 6 7 1 .2 4 2 6 3 2
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Table B1 Effect of 0% w/v KOH concentration in methanol solvent on degree of
deacetylation of chitin hydrogel by using solution plasma technique

0 %  ( w / v )  K O H  c o n c e n t r a t io n

R e a c t io n
t im e

(h o u r )

D e g r e e  o f  d e a c e t y la t io n  ( % D D )

1 2 3 A v e r a g e S D

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

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

2 4 7 .2 2 4 6 .8 8 4 8 .9 2 4 7 .6 7 1 .0 9 2 9 4 7

3 4 8 .1 2 4 9 .8 2 5 0 .1 2 4 9 .3 5 1 .0 7 8 5 7 9

4 5 2 .8 8 5 1 .7 8 5 3 .8 4 5 2 .8 3 1 .0 3 0 7 9 3

5 5 6 .2 3 5 5 .4 4 5 4 .2 6 5 5 .3 1 0 .9 9 1 4 1 3
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Table B2 Effect of 7% w/v KOH concentration in methanol solvent on degree of
deacetylation of chitin hydrogel by using solution plasma technique

7 %  ( w / v )  K O H  c o n c e n t r a t io n

R e a c t io n
t im e

(h o u r )

D e g r e e  o f  d e a c e t y la t io n  ( % D D )

1 2 3 A v e r a g e S D

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

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

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

3 6 6 .7 9 6 3 .9 5 6 3 .2 8 6 4 .6 7 1 .8 6 3 4 4 7

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

5 7 0 .1 2 6 8 .5 5 6 7 .8 2 6 8 .8 3 1 .1 7 5 2 8 7
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Table B3 Effect of 10% w/v KOH concentration in methanol solvent on degree of
deacetylation of chitin hydrogel by using solution plasma technique

1 0 %  ( w / v )  K O H  c o n c e n t r a t io n

R e a c t io n
t im e

(h o u r )

D e g r e e  o f  d e a c e t y la t io n  ( % D D )

1 2 3 A v e r a g e S D

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

1 6 0 .7 6 6 2 .3 3 6 1 .1 4 6 1 .4 1 2 .2 2 7 3 0 8

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

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

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

5 7 2 .2 6 7 0 .6 7 7 5 .3 9 7 4 .4 4 2 .4 0 1 5 0 6
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Table B4 Effect of 0% w/v KOH concentration in methanol solvent on degree of
deacetylation of chitin hydrogel by using conventional heat treatment

0 %  ( w / v )  K O H  c o n c e n t r a t io n

R e a c t io n
t im e

(h o u r )

D e g r e e  o f  d e a c e t y la t io n  ( % D D )

1 2 3 A v e r a g e S D

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

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

2 3 9 .2 1 3 9 .4 4 0 .6 2 3 9 .7 4 3 3 3 0 .7 6 5 1 3 6

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

4  * 4 2 .1 1 4 2 .8 4 4 3 .2 6 4 2 .7 3 6 6 7 0 . 5 8 1 9 2 2

5 4 3 .2 1 4 4 .5 6 4 5 .7 1 4 4 .4 9 3 3 3 1 .2 5 1 3 3 3
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Table B5 Effect of 7% w/v KOH concentration in methanol solvent on degree of
deacetylation of chitin hydrogel by using conventional heat treatment

7%  ( w / v )  K O H  c o n c e n tr a t io n

R e a c t io n
t im e

(h o u r )

D e g r e e  o f  d e a c e t y la t io n  ( % D D )

1 2 3 A v e r a g e S D

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

1 4 0 .1 3 3 9 .2 2 3 8 .1 4 3 9 .1 6 3 3 3 0 .9 9 6 2 0 9

2 4 3 .8 8 4 1 .7 1 4 5 .3 9 4 3 . 6 6 1 .8 4 9 8 3 8

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

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

5 - 5 5 .4 2 5 6 .6 4 5 5 .5 3 5 5 .8 6 3 3 3 0 .6 7 4 8 5 8
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Table B6 Effect of 10% w/v KOH concentration in methanol solvent on degree of
deacetylation of chitin hydrogel by using conventional heat treatment

1 0 %  ( w / v )  K O H  c o n c e n t r a t io n

R e a c t io n
t im e

(h o u r )

D e g r e e  o f  d e a c e t y la t io n  ( % D D )

1 2 3 A v e r a g e S D

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

1 4 2 .1 3 4 1 .2 2 4 0 .1 4 4 1 .1 6 3 3 3 0 .9 9 6 2 0 9

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

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

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

5 5 7 .4 2 5 8 .6 4 5 3 .5 3 5 6 .5 3 2 .6 6 8 7 2 6
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T a b le  C l E f f e c t  o f  7 %  w / v  K O H  c o n c e n tr a t io n  in  m e th a n o l  s o lv e n t  o n  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

Appendix c Solubility of chitin hydrogel by plasma treated

7%  ( w / v )  K O H  c o n c e n tr a t io n

R e a c t io n
t im e

(h o u r )

7 %  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

1 2 3 A v e r a g e S D

0 0 0 0 0 0

1 1 9 .7 4 2 0 .2 6 2 2 .6 4 20.88 1 .5 4 6 2 2 1

2 2 4 .2 9 2 4 .8 6 2 6 .5 2 2 5 .2 3 1 .1 5 8 5 4 8

3 4 1 .2 4 4 2 .1 8 4 4 .5 6 4 2 .6 6 1 .7 1 1 2 5 7

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

5 5 5 .5 5 8 .5 5 9 .4 6 5 7 .8 2 2 . 0 6 5 7 2
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Table C2 Effect of 10% w/v KOH concentration in methanol solvent on solubility of
plasma treated chitin hydrogel

1 0 %  ( w / v )  K O H  c o n c e n tr a t io n

R e a c t io n
t im e

(h o u r )

%  s o lu b i l i t y  o f  p la s m a  tr e a te d  c h i t in  h y d r o g e l

1 2 3 A v e r a g e S D

0 0 0 0 0 0

1 4 2 .1 3 8 .3 3 9 .8 1 4 0 .0 7 1 .9 1 3 2 9 6

2 4 7 .8 3 5 3 .2 2 5 0 .3 6 5 0 .4 7 2 .6 9 6 6 8 3

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

4 8 8 .3 3 8 5 .0 8 9 0 .6 2 88.01 2 .7 8 3 8 2 8

5 9 0 .9 4 8 9 9 2 .4 9 9 0 *81 1 .7 4 8 6 2 8
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Table D1 Yield of plasma treated chitin hydrogel with 0% w/v KOH concentration
Appendix D Yield of plasma treated chitin hydrogel

0% (w/v) KOH concentration

Reaction
time

(hour)

% Yield of plasma treated chitin hydrogel

1 2 3 Average SD

0 100 100 100 100 0

1 80.53 81.36 85.71 82.53 2.782199

2 75.55 76.43 73.22 75.06 1.658684

3 70.56 71.61 69.31 70.49 1.151448

4 66.12 65.71 67.78 66.54 1.096099

5 60.34 61.22 59.23 60.26 0.997213
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Table D2 Yield of plasma treated chitin hydrogel with 7% w/v KOH concentration

7% (w/v) KOH concentration

Reaction
time

(hour)

% Yield of plasma treated chitin hydrogel

1 2 3 Average SD

0 100 100 100 100 0

1 77.89 78.91 79.59 78.79667 0.855648

2 66.48 67.12 65.99 66.53 0.566657

3 44.19 42.26 45.21 43.88667 1.49821

4 35.13 32.22 36.76 34.70333 2.299877

5 30.12 25.71 28.25 28.02667 2.213466
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Table D3 Yield of plasma treated chitin hydrogel with 10% w/v KOH concentration

10% (w/v) KOH concentration

Reaction
time

(hour)-

-% Yield of plasma treated chitin hydrogel

1 2 3 Average รอ

0 100 100 100 100 0

1 81.51 74.44 75.14 77.03 3.895549

2 61.43 62.95 60.19 61.52333 1.382365

3 46.085 43.63 ' 40.12 43.27833 2.998009

4 37.5456 28.0485 30.51 32.0347 4.928718

5 30.3041 25.61 24.57 26.82803 3.054943
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Table D4 Yield of conventional heat treatment chitin hydrogel with 10% w/v KOH 
concentration

10% (w/v) KOH concentration

Reaction
time

(hour)

% Yield of plasma treated chitin hydrogel

1 2 3 Average SD -

0 100 100 100 100 0

1 95.36 96.78 92.19 94.77667 2.349943

2 81.51 80.24 78.26 80.00333 1.637875

3 56.48 58.34 59.77 58.19667 1.649677

4 49.69 50.12 52.98 50.93 1.788323

'  5 ' 45.17 44.56 46.23 45.32 0.845044
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Appendix E Acid hydrolysis of chitin hydrogel by using solution plasma in acet­
ic acid solution
Table El Degree of deacetylation of depolymerized chitin hydrogel

\  Numberof 
\  samples Degree of deacetylation (%DD)

Time (holing
1 2 3 Average

SD

3 45.68 43.12 45.89 44.89667 1.542217
5 47.89 48.56 48.26 48.23667 0.335609
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Table El Effect of depolymerized chitin hydrogel at 3 hours in 1% v/v acetic acid
solution and deacetylated in 10 % KOH/MeOH on the degree of deacetylation.

3 hours of depolymerization in 1 %v/v acetic acid and deacetylation at 10% (w/v)
KOH concentration

Reaction
time

(hour)

Degree of deacetylation (%DB)

1 2 3 Average SD

0 45.68 43.12 45.89 44.90 1.542217

1 65.53 67.53 66.24 66.43 1.01392

2 72.64 71.399 69.51 71.18 1.57614

3 74.22 73.78 71.84 73.28 1.266333

4 75.08 75.96 74.88 75.64 0.574572

5 74.63 76.67 77.18 76.16 1.349333
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Table E2Effect of depolymerized chitin hydrogel at 5 hours in 1% v/v acetic acid
solution and deacetylated in 10 % KOH/MeOH on the degree of deacetylation.

5 hours of depolymerization in l%v/v acetic acid and deacetylation at 10% (w/v)
KOH concentration

Reaction
time

(hour)

Degree of deacetylation (%DD)

1 2 3 Average SD

0 47.89 48.56 48.26 48.23667 0.335609

1 68.23 69.81 70.24 69.42667 1.058411

2 74.73 72.66 73.26 73.88333 1.561292

3 73.44 75.62 73.12 74.06 1.360441

4 76.12 76.48 76.66 76.42 0.274955

5 80.28 76.36 78.88 78.50667 1.986488
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Table E3 Effect of depolymerized chitin hydrogel at 3 hours in 1% v/v acetic acid
solution and deacetylated in 10 % KOH/MeOH on the solubility.

3 hours of depolymerization in 1 %v/v acetic acid 
and deacetylation at 10% (w/v) KOH concentration

Reaction
time

(hour)

% Solubility

1 - 2 3 Average SD

1 59.16 60.77 63.38 61.10333 2.129656

2 69.82 73.06 76.5 73.12667 3.340499

3 ' 79.73 79.62 82.96 80.77 1.897393

4 88.91 90.86 92.35 90.70667 1.725118

5 91.04 94.3 96.3 93.88 2.655033
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Table E4 Effect of depolymerized chitin hydrogel at 5 hours in 1% v/v acetic acid
solution and deacetylated in 10 % KOH/MeOH on the solubility.

5 hours of depolymerization in 1 %v/v acetic acid 
and deacetylation at 10% (w/v) KOH concentration

Reaction
time

(hour)

% Solubility

1 2 3 Average SD

1 67.42 68.2 69.28 67.81 0.934024

2 76.06 76.5 80.4 76.28 1.084866

3 88.47 74.88 75.56 81.675 1.192644

4 93.55 95.03 95.36 94.29 0.963967

5 97.32 98.64 92.49 97.98 1.034601



Appendix FDetermination of Molecular weight by GPC
Figure FI Calibration curve for GPC measurement using pullulan standard

6

y = -0.467X + 5 .585  
R2 = 0 .975

13.613 14.371 15.054 16.097 17.351



Table F2The molecular weight of deacetylation chitin hydrogel in 10% w/v 
KOH/MeOH with different times by using solution plasma

Conditions
Treated chitin 

hydrogel 
3 hours

Treated chitin 
hydrogel 
4 hours

Treated chitin 
hydrogel 
5 hours

Mw 340,124 324,709 321,624
Mn 116,703 124,551 128,701
PDI 2.91 2.61 2.50
Mz 738,640 633,138 610,783
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Table F3The molecular weight of depoymerization chitin hydrogel in l%v/v acetic 
solution and deacetylation in 10% w/v KOH/MeOH with different times by using 
solution plasma

Conditions
Treated chitin 

hydrogel 
3 hours

Treated chitin 
hydrogel 
4 hours

Treated chitin 
hydrogel 
5 hours

Mw 281,454 272,856 251,567
Mn 117,292 128,705 123,631
PDI 2.40 2.12 2.03
Mz 636,744 620,890 615,871
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