
CHAPTER II

LITERATURE REVIEW

Chitosan

“ C h ito s a n  is a n a tu ra l c a rb o h y d ra te  b io p o ly m e r  d e r iv e d  b y  d e a c e t y la t io n  o f  c h i t in ”

1.1 C h i t o s a n  o r ig in  a n d  p r e p a r a t io n

C h it in  is t h e  s e c o n d  m o s t  u b iq u it o u s  n a tu ra l b io p o ly m e r  o n  e a r th  a fte r  

c e l lu lo s e .  It is c o m p o s te d  o f  2 -a c e ta m id o -2 -d e o x y - / ? -D -g lu c o s e  (A /-ace ty l-D - 

g lu c o s a m in e )  a n d  2 -a m in o -2 -d e o x y -/? -D -g lu ca n  (D -g lu c o s a m in e )  a t ta c h e d  v ia  / M l ,  4) 

lin k a g e s  (F ig u re  2.1a). C h it in  is a c o m m o n  c o n s t it u e n t  o f  c ru s ta c e a n  e x o s k e le to n s ,  

in s e c t  c u t ic le ,  a n d  c e l l  w a l ls  o f  s o m e  fu n g i a n d  m ic ro o rg a n is m s  (A u s t in  et a t,  1981; 

T s ig o s  et a t,  2000). เท n a tu re , c h it in  o c c u r s  in  t h re e  p o ly m o rp h s ,  n a m e ly  a-, /?-, a n d  

y -ch it in s , w h ic h  d if fe r  in t h e  a r ra n g e m e n t  o f  m o le c u la r  c h a in s , a - c h it in ,  an  

a n t ip a r a l le l  c h a in , is t h e  m o s t  a b u n d a n t  in  n a tu re  a n d  u s u a l ly  is o la t e d  f r o m  th e  

e x o s k e le t o n  o f  c ru s ta c e a n s , p a r t ic u la r ly  f r o m  c ra b s , lo b s te r s ,  a n d  sh r im p s . /T ch it in ,  

a p a r a l le l  c h a in , c a n  b e  e x t r a c te d  f r o m  s q u id  p e n s . W h ile  y -c h it in , t h e  m ix tu re  o f  

a- a n d  /T ch it in s ,  o b ta in e d  f ro m  fu n g i a n d  y e a s t  (Y en  et a t,  2008).

11 ; "  1!. il II :

ร ,

>4)-pD-GlcNAe-(! >4>-0D-GlcNAc-(l- >4>-0D-G!cNAc-< 1 >

-> 41-pD-Glcf-i-l l-M )-0D -G lcN A c-( ! - > 4 )  PD-Gk'N-l I - > 4 > P D - G I c N -  11 ->■

F ig u re  2.1 T h e  p r im a ry  s t r u c tu re  o f  c h it in  (a) a n d  c h ito s a n  (b) 

(P ra sh a n th  a n d  T h a ra n a th a n ,  2 0 07 )
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C h ito s a n  is c o n v e r t e d  f ro m  c h it in  b y  e n z y m a t ic  m e th o d s  o r  a lk a l i  

d e a c e ty la t io n .  S e v e ra l s o u rc e s  o f  c h it in  h a v e  b e e n  u s e d  fo r  t h e  p r o d u c t io n  o f  

c h ito s a n . T h e  fa m o u s  s o u rc e  is th e  p ro c e s s in g  w a s te  o f  c ru s ta c e a n s  f ro m  fo o d  

in d u s try , e s p e c ia l ly  c ra b , lo b s te r ,  s h r im p , a n d  sq u id . T h e  c ru s ta c e a n  s h e l ls  c o n ta in  

c h it in  ( a b o u t  15 -40%  d ry  w e igh t), p ro te in s ,  p ig m e n t ,  m in e r a ls  ( p a r t ic u la r ly  c a lc iu m  

c a rb o n a te )  a n d  o th e r  c o m p o n e n t s  s u c h  as c e l lu lo s e ,  a n d  g lu c a n  (R a sm u s se n  a n d  

M o rr is s e y , 2007 ). C h it in  m u s t  b e  p u r if ie d  b y  d é c a lc if ic a t io n ,  d e p r o te in a t io n  a n d  

d e c o lo r iz a t io n  f o l lo w e d  b y  d e a c e t y la t io n  (b y  N aO H ) t o  o b ta in  c h ito s a n  (F ig u re  2.2) 

(Je  a n d  K im , 2012).

Shells of crab, shrimp, etc.

Décalcification
Deproteinization
Decolorization

NHCOCH NHCOCH

Chitin

Deacetylation in NaOH solution

Chitosan

F ig u re  2.2 P re p a ra t io n  o f  c h ito s a n  (Je  a n d  K im , 2 0 12 )
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1.2 C h i t o s a n  s t r u c t u r e

C h ito s a n  is a l in e a r  p o ly s a c c h a r id e .  T h e  p r im a ry  u n its  in  t h e  c h ito s a n  is 

c o p o ly m e r iz a t io n  o f  2 -a c e ta m id o -2 -d e o x y - / ? -D -g lu c a n  (พ -a c e t y l-D - g lu c o s a m in e  o r 

G lc N A c )  a n d  2 -a m in o -2 -d e o x y - /T D -g lu c a n  (อ -g lu c o s a m in e  o r  G lc N )  c o m b in e d  b y  /?- 

(1, 4) g ly c o s id ic  b o n d s  (F ig u re  2 .1b ) in v a r ie d  p r o p o r t io n s  ( T ro m b o t to  et al., 2008).

1.3 P h y s ic a l  a n d  c h e m ic a l  c h a r a c t e r is t ic s

R e a c t iv e  fu n c t io n a l g ro u p  o f  c h ito s a n  h a s  b e e n  id e n t if ie d  to  t h re e  ty p e s , 

w h ic h  a re  an  a m in o / a c e t a m id o  g ro u p  as w e l l  a s  b o th  p r im a ry  a n d  s e c o n d a ry  

h y d ro x y l g ro u p s  a t t h e  C -2 , C -3  a n d  C -6  p o s it io n s  (X ia  et a i,  2011). T h e  a v a ila b i l i t y  

o f  f r e e  a m in o  g ro u p s  in c h ito s a n  m a k e s  it c a rr ie s  a p o s it iv e  c h a rg e  a n d  th u s  in  tu rn  

re a c ts  w ith  m a n y  n e g a t iv e ly  c h a rg e d  s u r fa c e s  o r  p o ly m e r s  (F u k u d a , 1980).

C h ito s a n  is n o n - to x ic ,  b io d e g ra d a b le ,  a n d  b io c o m p a t ib le  w ith  m a n y  c e l ls  

b o th  a n im a l a n d  p la n t . It c a n  b e  p ro c e s s e d  in to  s e v e ra l p r o d u c t s ,  fo r  e x a m p le ,  

b e a d , f ib e r , f in e  p o w d e rs ,  f la k e s , ge l, a n d  m e m b ra n e  (B a d a w y  a n d  R a b e a , 2011).

1.3.1 D e g re e  o f  d e a c e t y la t io n  (D D )

C h ito s a n  is f u l ly  o r p a r t ia l ly  พ -d e a c e t y la t io n  d e r iv a t iv e s  w ith  a DD  o f  

m o re  th a n  70% . T h e  ra t io  o f  G lc N A c  t o  G lc N  s t r u c tu ra l u n its  h a s  a s tr ik in g  e f fe c t  

o n  c h ito s a n  s o lu b i l i t y  a n d  s o lu t io n  p ro p e r t ie s .  T h e  DD  is c a lc u la t e d  f ro m  th e  

in te g ra l ra t io  b e tw e e n  th e  p ro to n  o n  C -2  a n d  th e  g lu c o s e  u n it  p r o to n s  (H ira i et 
a i,  1991).

T h e  in c re a s in g  o f  DD m e a n s  th e  in c re a s e d  n u m b e r  o f  a m in o  g ro u p s  o n  

c h ito s a n  th a t  c o r r e la te d  t o  t h e  in c re a s in g  n u m b e r  o f  p r o to n a te d  a m in o  g ro u p s  

in a n  a c id ic  c o n d it io n  a n d  d is s o lv e s  in  w a te r  c o m p le t e ly ,  w h ic h  le a d s  to  an  

in c re a s e d  c h a n c e  o f  in te ra c t io n  b e tw e e n  c h ito s a n  a n d  n e g a t iv e ly  c h a rg e d  c e l l  

w a l ls  o f  m ic ro o rg a n ism s  (T o ku ra  et a i,  1997).

1 .3 .2  M o le c u la r  w e ig h t  (M w)

T h e  m o s t  d ir e c t  m e th o d  fo r  m o le c u la r  w e ig h t  c h a r a c te r iz a t io n  is g e l 

f i lt r a t io n  c h ro m a to g ra p h y .  It p ro v id e s  t h e  n u m b e r -a v e ra g e  m o le c u la r  w e ig h t  

(M n), a n d  th e  w e ig h t -a v e ra g e  m o le c u la r  w e ig h t  (M w) a n d  th e  p o ly d is p e r s it y  

in d e x  fviw/ M n in a s in g le  m e a s u r e m e n t  (T e rb o je v ic h  et a i,  1993). C o m m e r c ia l
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c h ito s a n  is a v a i la b le  w ith  m o le c u la r  w e ig h ts  b e tw e e n  t o o  a n d  1000  kDa. It is 

a c c e p t e d  th a t  c h ito s a n  w ith  lo w  M w is le s s  th a n  50  kDa, m e d iu m  M w is b e tw e e n  

50  a n d  150  kDa, a n d  h igh  M w is la rg e r th a n  150 kDa (G o y  et at., 2009).

1.3.3 Solubility

T h e  s o lu t io n  p r o p e r t ie s  o f  c h ito s a n  d e p e n d  o n  d e g re e  o f  d e a c e ty la t io n ,  

t h e  d is t r ib u t io n  o f  a c e t y l g ro u p s  a lo n g  t h e  m a in  c h a in , a n d  m o le c u ta r  w e ig h t  

(R in a u d o  a n d  D o m a rd , 1989). C h ito s a n  is in s o lu b le  in o rg a n ic  s o lv e n t s  a n d  

w a te r  a t  n e u t r a l a n d  a lk a l in e  pH , b u t  s o lu b le  in m o s t  o rg a n ic  a c id ic  s o lu t io n s  

a t pH  le s s  th a n  6.5 s u c h  as a c e t ic  a c id , a s c o rb ic  a c id , fo rm ic  a c id , g lu ta m ic  a c id  

a n d  la c t ic  a c id . C h ito s a n  is a v a i la b le  in  a w id e  range  o f  m o le c u la r  w e ig h t, 

v is c o s ity ,  a n d  d e g re e  o f  d e a c e ty la t io n  (I lium , 1998; R o m a n a z z i et at., 2009).

1.4 Biological properties

T h e  in fo rm a t io n  o f  c h e m ic a l a n d  p h y s ic a l p r o p e r t ie s  is e s s e n t ia l  fo r  th e  

u n d e r s ta n d in g  th e  r e la t io n s h ip  b e tw e e n  t h e  s t r u c tu re  a n d  b io lo g ic a l r e s p o n s e  o f  

c h ito s a n -b a s e d  b io m a te r ia ls .  T h e  firs t p e r s p e c t iv e  o f  t h e  b io lo g ic a l p r o p e r t ie s  o f  

c h ito s a n  is an  e l ic i t o r  o f  d iv e r s e  a c t iv it ie s  w h e n  c o n ta c t  w ith  p la n t  c e l ls .  T h e  

r e s p o n s e  w a s  d o s e - d e p e n d e n t  a n d  in c re a s e d  w ith  d e g re e  o f  p o ly m e r iz a t io n  (DP) 

a n d  d e g re e  o f  d e a c e t y la t io n  (DD) u n t i l  r e a c h  a p la te a u .  T h e  r e s u lt  a ls o  d e p e n d s  

o n  m o le c u la r  w e ig h t  o f  c h ito s a n , a n d  p la n t  s p e c ie s  (D o m a rd , 2011).

1.4.1 Antioxidant activity

R e a c t iv e  o x y g e n  s p e c ie s  (ROS) a re  c o n s id e re d  as a h a rm fu l b y p ro d u c t  

f ro m  n o rm a l re sp ira t io n , m e ta b o lis m ,  a n d  x e n o b io t ic  s t re s se s . T h e  p r o d u c t io n  

o f  R O S  is e s s e n t ia l t o  m a in ta in  h o m e o s ta s is  o f  c e l l  in liv in g  o rg a n ism . E x ce ss iv e  

RO S  p r o d u c t io n  is e f fe c t iv e ly  e l im in a t e d  b y  a n t io x id a n t  e n z y m e s  a n d  

c o m p o u n d s  (M it t le r , 2002). A n t io x id a n t  is d e f in e d  as a s u b s ta n c e ,  w h ic h  

s ig n if ic a n t ly  d e la y s  o r  in h ib its  th e  o x id a t io n  o f  o th e r  m o le c u le s  (P a rk  et at., 

2001). C h ito s a n  is c a p a b le  t o  a c t  a s a n  e f fe c t iv e  a n t io x id a n t .  T h re e  d if fe r e n t  

p a r t ia l ly  d e a c e t y la t e d  h e te ro - c h ito s a n s ,  50% , 70%  a n d  90%  d e a c e t y la t e d ,  w e re  

p re p a re d  f r o m  c ra b  c h it in  t o  m e a su re  th e ir  a n t io x id a t iv e  a c t iv it y  u s in g  e le c t r o n  

sp in  r e s o n a n c e  (ESR) s p e c t ro m e r . A l l  t h e  h e te r o - c h it o s a n  p o s s e s s  a lk y l,  

h y d ro x y l,  a n d  s u p e ro x id e - r a d ic a l s c a v e n g in g  a c t iv ity , a n d  90%  c h ito s a n , a h igh 

d e g re e  o f  d e a c e ty la t io n ,  s h o w e d  t h e  h ig h e s t  r a d ic a l s c a v e n g in g  e f fe c t s  o n  th e
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h y d ro x y l a n d  s u p e ro x id e  ra d ic a ls . เก a d d it io n , t h e  e f f e c t  o f  th e s e  h e te ro -  

c h ito s a n s  d e p e n d s  o n  th e ir  d e g re e  o f  d e a c e t y la t io n  a n d  c o n c e n t r a t io n  (P a rk  et 

a i,  2004).

1.4.2 Antim icrobial activity

C h ito s a n  a n d  its d e r iv a t iv e s  h a v e  b r o a d - s p e c t r u m  a n t im ic r o b ia l  e f fe c ts , 

w h ic h  in h ib it  t h e  g ro w th  o f  s o m e  m ic ro o rg a n ism s  (A l la n  a n d  H ad w ig e r , 1979). 

T h e  m in im u m  in h ib ito ry  c o n c e n t r a t io n  (MIC) o f  c h ito s a n ,  fo r  b o th  G ra m 

n e g a t iv e  a n d  G ra m -p o s it iv e  b a c te r ia , range s  f ro m  10 t o  1 000  p p m  d e p e n d in g  

o n  a m u lt i t u d e  o f  fa c to rs  s u ch  as th e  m o le c u la r  w e ig h t , d e g re e  o f  

d e a c e ty la t io n ,  s o lu b il it y ,  p o s it iv e  c h a rg e  d e n s ity , c h e m ic a l  m o d if ic a t io n ,  pH  o f  

m e d iu m , c o n c e n t r a t io n ,  a n d  t y p e  o f  m ic ro o rg a n ism  (บ c h id a  et a t,  1989; S e o  et 

ai., 1992).

1.4.3 Fungicidal activity

C h ito s a n  r e v e a le d  a n t ifu n g a l a c t iv it y  o n  in h ib it io n  o f  t h e  m y c e l ia l  g ro w th  

o f  Rhizopus stoionifer is o la te d  f ro m  n a tu r a lly  in fe c te d  t o m a to e s .  T h e  re su lts  

s h o w e d  th a t  c h ito s a n  o f  m o le c u la r  w e ig h t  17.4 kDa, 2 3 .8  kDa, a n d  30 .7  kDa 

in c re a s e d  p ro te in  re le a s e  ( c e l l  m e m b ra n e  d a m a g e  d e te rm in a t io n ) ,  t h e  g lu c o s e  

c o n s u m p t io n  ( lo s s  o f  m e m b ra n e  p e rm e a b i l i t y  d e te rm in a t io n ) ,  a n d  h e x o k in a s e  

a c t iv it y  (g ly c o ly s is  d e te rm in a t io n )  (G u e r ra -S â n c h e z  et a i,  2009).

T h e  s tu d y  o f  r e la t iv e  m o le c u la r  w e ig h ts  o f  c h ito s a n  o n  th e  in h ib it io n  o f  

p la n t  p a th o g e n ic  fung i in d ic a te d  th a t  c h ito o lig o s a c c h a r id e s  a n d  p a r t ia l ly  

d e g ra d e d  lo w  m o le c u la r  w e ig h t  c h ito s a n  s h o w e d  h ig h e r  in h ib ito r y  a c t iv it ie s  o n  

Fusarium oxysporum, Phomopsis fukushi a n d  Alternaria alternata  th a n  h igh- 

m o le c u la r -w e ig h t  c h ito s a n  (H ira n o  a n d  N agao , 1989).

1.4.4 Insecticidal activity

T h e  p h y s io lo g ic a l ly  a c t iv e  p e s t ic id e s  w it h o u t  d a n g e r  fo r  h u m a n , 

b e n e f ic ia l  o rg a n ism , a n d  th e  e n v ir o n m e n t  h a v e  b e e n  c o n s id e re d .  A s  m e n t io n ,  

c h ito s a n  c o u ld  b e  s e rv e d  as a g o o d  a lte r n a t iv e  p e r s is te n t  p e s t ic id e  d u e  t o  n o n 

to x ic , b io d e g ra d a b le ,  a n d  p o t e n t ia l  in s e c t ic id a l a n d  m ic r o b ic id a l  p ro p e r t ie s  

(R abea  et a t,  2005).
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T h e  in s e c t ic id a l a c t iv it y  h a s  b e e n  d e te c t e d  w h e n  s u p p ly  a r t if ic ia l d ie t  

c o n ta in in g  O - ( d e c a n o y l)  c h ito s a n  a g a in s t t h e  la rv a e  o f  t h e  c o t t o n  le a fw o rm  

Spodoptera littoralis. T h e  c h ito s a n  d e r iv a t iv e  s h o w e d  h igh  in h ib it io n  o f  th e  

la rv a e  g ro w th  a fte r  5 d a y s  o f  fe e d in g  (B a d a w y  et al., 2005). เท a d d it io n ,  c h ito s a n  

h a d  a v e r y  h igh  in s e c t ic id a l a c t iv it y  a g a in s t Hyalopterus pruni (G o ffro y ), 

Rhopalosiphum padi L ,  Metopolophium dirhodum  (W a lke r), a n d  Aphis gossypii 

(G lo ve r) , w h i le  Sitobion avenae  (F a b r ic iu s )  a n d  Myzus persicae (S u lz e r )  s h o w e d  

a lo w e r  s u s c e p t ib i l i t y  t o  c h ito s a n  (Z h a n g  et a i,  2003).

S tu d ie s  o n  th e  b io lo g ic a l a c t iv it ie s  o f  c h ito s a n  a n d  its o lig o m e r s  h a v e  b e e n  

in c re a s in g . D if fe re n t  c h ito s a n  d e r iv a t iv e s  a n d  m o d if ie d  p r o d u c t s  h a v e  d if fe r e n t  

s t r u c tu re s  a n d  p h y s ic o c h e m ic a l p ro p e r t ie s  le a d in g  t o  t h e  d is c o v e r ie s  o f  n o v e l 

b io a c t iv it ie s  o r  n o v e l f in d in g s  in  k n o w n  b io a c t iv e  c o m p o u n d s .  T h e s e  im p l ie d  th a t  

n o  s in g le  t y p e  o f  c h ito s a n  o r  its  d e r iv a t iv e s  p o s s e s s  a l l  o f  t h e  a b o v e  b io lo g ic a l 

a c t iv it ie s .
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1.5 Agricultural application of chitosan

A s  a r e s u lt  o f  c h a ra c te r is t ic  a n d  p ro p e r t ie s ,  c h ito s a n  h a s  b e e n  e x te n s iv e ly  

u s e d  เท a g r ic u ltu re , b io m e d ic a l  a n d  p h a rm a c e u t ic a l m a te r ia ls ,  c h ro m a to g ra p h ic  

m e d ia  a n d  a n a ly t ic a l re a g e n ts , c o s m e t ic s ,  a n d  w a te r  t r e a tm e n t  (T s igo s et a i,  2000). 

B a se  o n  o u r  in te re s t , t h e  e x a m p le s  o f  c h ito s a n  u t i l iz a t io n  fo c u s  o n  a g r ic u ltu r a l 

a p p lic a t io n .

1.5.1 Seed coating

C h ito s a n  h a s  a n  e x c e l le n t  f i lm - fo rm in g  p r o p e r t y  le a d  t o  e a s ily  fo rm in g  

a s e m i- p e rm e a b le  f i lm  o n  s e e d  c o a t  su rfa ce . T h e  f i lm  is c o n s id e re d  as a g o o d  

s e le c t iv e  p e rm e a b i l i t y  th a t  c a n  m a in ta in  s e e d  m o is tu re ,  a b s o rb  w a te r  f ro m  so il,  

p r e v e n t  o x y g e n  p a ss in g  th ro u g h  th e  f ilm , m a in ta in  a h igh  c o n c e n t r a t io n  o f  C 0 2, 

a n d  c o n t r o l  s e e d  re s p ira t io n  (Z e n g  et a i,  2012 ). F u r th e rm o re ,  c h ito s a n  ca n  

in c re a s e  s o lu b le  suga r c o n te n t ,  e n h a n c e  th e  p ro te a s e  a c t iv ity ,  a n d  in c re a s in g  

f re e  a m in o  a c id  c o n te n t  w h ic h  has c o n c lu s iv e  in h ib it io n  e f fe c t  fo r  p la n t  

p a th o g e n ic  fu n g i (C h e n  a n d  X u , 2004).

T h e  c h ito s a n  c o a t in g  o n  s o y b e a n  s e e d s  is a n  a p p ro p r ia te  o p t io n  to  

c o n t r o l  p a th o g e n ic  in s e c ts  a n d  p e s ts , w h ic h  c a n  d e c r e a s e  s o y b e a n  a p h id  

e m e rg e n c e  p e rc e n ta g e , t h e  n u m b e r  o f  s o y b e a n  a p h id  p e r  p la n t ,  a n d  le a f  r o l l  

e m e rg e n c e  p e rc e n ta g e  (Z e n g  et a i,  2012).

1.5.2 Seed priming

S e e d  p r im in g  h a s  b e e n  u s e d  t o  im p ro v e  s e e d  p e r fo rm a n c e  u n d e r  

a d v e r s e  e n v ir o n m e n ta l c o n d it io n .  It c a n  in c re a s e  a s u it a b le  ra n g e  o f  

e n v ir o n m e n t  fo r  s e e d  g e rm in a t io n  a n d  c o n v e y  fa s te r  a n d  m o re  u n ifo rm ly  

s e e d l in g  e m e rg e n c e  (L in  a n d  Sung , 2001). S e e d  p r im in g  w ith  c h ito s a n  c a n  

in c re a s e  g e rm in a t io n  e n e rg y , g e rm in a t io n  p e rc e n ta g e , l ip a s e  a c t iv ity , a n d  

h o r m o n e  le v e l  s u ch  as g ib b e r e l l ic  a c id  (GA) a n d  in d o le  a c e t ic  a c id  (IAA) in 

g e rm in a t in g  p e a n u t  s e e d s  ( Z h o u  et al., 2002).

B e s id e s , c h ito s a n  c o u ld  r e d u c e  th e  m e a n  g e rm in a t io n  t im e , e n h a n c e d  

g e rm in a t io n  in d e x , a n d  a ls o  in c re a s e d  s h o o t  h e ig h t, r o o t  le n g th , a n d  s h o o t  a n d  

r o o t  d ry  w e ig h ts  o f  m a iz e . It a ls o  in c re a s e s  s o lu b le  su ga rs  a n d  p r o l in e  c o n te n ts ,  

p e ro x id a s e  a n d  c a ta la s e  a c t iv it ie s  a f te r  p r im in g  w ith  c h ito s a n  fo r  a b o u t  6 0 -6 4
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h o u rs . T h is  d e n o t e d  th a t  c h ito s a n  m ig h t im p ro v e  t h e  s p e e d  o f  s e e d  

g e rm in a t io n  a n d  b e n e f it  fo r  s e e d  g ro w th  e n h a n c e m e n t  (G u a n  et a l,  2009).

1.5.3 Foliar application

P la n ts  a re  a b le  t o  a b s o rb  a s m a ll  a m o u n t  o f  e s s e n t ia l  a n d  a d d it io n a l 

s u p p lie d  e le m e n t s  b y  d ir e c t ly  sp ra y in g  t o  le a v e s . C o n s id e ra t io n s  fo r  fo lia r  

a p p l ic a t io n  o f  c h ito s a n  in c lu d e  c r o p  p r o te c t io n ,  p e s ts  a n d  d is e a s e s  c o n t r o l ,  

p la n t  g ro w th  im p ro v e m e n t .  C h ito s a n  fo rm u la t io n  E le x a ™  w a s  s p ra y e d  t o  te s t  

fo r  c o n t r o l  d o w n y  m ild r e w  d is e a s e  c a u s e d  b y  Sclerospora graminicola in  p e a r l 

m i l le t .  D ise a se  p ro te c t io n  w a s  s tu d ie d  b y  m a in ta in in g  s p a t ia l a n d  t e m p o r a l  

s e p a ra t io n  o f  t h e  in d u c e r  a n d  t h e  p a th o g e n  in o c u la t io n  a n d  o b s e rv in g  fo r  th e  

d o w n y  m i ld e w  d is e a s e  re a c t io n . T h e  p r o te c t io n  w a s  d e t e c t e d  a t 2, 7, a n d  14 

d a y s  a fte r  c h ito s a n  sp ra y in g  o n  s e e d lin g s  in o c u la t e d  w ith  ร . §raminicoia 

(S h a ra th c h a n d ra  et ai., 2004).

C h ito s a n  p e n ta m e r  fo lia r  a p p l ic a t io n  c o u ld  in c re a s e  n e t  p h o to s y n th e t ic  

ra te  o f  s o y b e a n  c o r r e la te d  w ith  in c re a s in g  in s to m a ta l c o n d u c t a n c e  a n d  

t ra n s p ira t io n  ra te , b u t  n o t  a f fe c te d  th e  in t e r c e l lu la r  C 0 2 c o n c e n t r a t io n  a n d  

p la n t  g ro w th  p a ra m e te r s  s u ch  as p la n t  h e ig h t, ro o t  le n g th , le a f  a rea , s h o o t  a n d  

r o o t  d ry  m a s s  a f te r  10 d a y s  o f  t r e a tm e n t  (K han  et a l,  2002). เท th e  o th e r  

re se a rc h , c h ito s a n  w a s  a p p lie d  o n  s t ra w b e r ry  s e e d lin g s  in  f ie ld  e x p e r im e n t .  

R e su lts  s h o w e d  th a t  c h ito s a n  fo lia r  a p p l ic a t io n  im p ro v e d  p la n t  h e ig h t, n u m b e r  

o f  le a v e s , le a f  f re sh  a n d  d ry  w e ig h t , y ie ld  c o m p o n e n t s  ( n u m b e r  a n d  w e ig h t  o f  

fru it), a n d  fru it  q u a l i t y  ( A b d e l-M a w g o u d , 2010). T h e  d if f e r e n c e  o f  g ro w th  

in d u c t io n  e f fe c t s  m ig h t  b e  th e  c o n s e q u e n c e  o f  t y p e  o f  c h ito s a n  a n d  p la n t  

s p e c ie s  as m e n t io n  a b o v e .

A d d it io n  e f fe c t  o f  c h ito s a n  fo lia r  a p p lic a t io n ,  it c a n  r e d u c e  p la n t  

t ra n s p ira t io n  o f  p e p p e r  p la n t s  s u p p o r t e d  b y  s t o m a ta l c o n d u c t a n c e ,  s c a n n in g  

e le c t r o n  m ic ro s c o p y  (SEM ) a n d  h is t o c h e m ic a l a n a ly s is  th a t  i l lu s t r a t e d  p a r t ia l o r  

f u l l  c lo s u r e  o f  p la n t  s to m a ta . C h ito s a n  a ls o  r e d u c e d  w a te r  u s e  o f  p e p p e r  p la n t s  

w h i le  m a in ta in in g  b io m a s s  p r o d u c t io n  a n d  y ie ld  in f ie ld  e x p e r im e n t .  T h e s e  

s u p p o s e d  th a t  c h ito s a n  m ig h t  b e  a n  e f fe c t iv e  a n t it ra n s p ir a n t  in a g r ic u ltu re  

(B it te l l i  et a l,  2001).
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1.5.4 Postharvest

A  la rg e  a m o u n t  o f  re s e a rc h  is a v a i la b le  o n  th e  e f fe c t iv e n e s s  o f  c h ito s a n  

t r e a tm e n t  in p o s th a r v e s t  t o  m a in ta in  t h e  p ro p e r t ie s  a n d  e x te n d  t h e  s to ra g e  o f  

f r e s h - c u t  fru its  a n d  v e g e ta b le s .  C h ito s a n  in h ib its  t h e  d e v e lo p m e n t  o f  fu ng i 

in v o lv in g  in  fru it  d e c a y , a n d  in d u c e s  re s is ta n c e  re s p o n s e s  in h o s t  p la n ts . 

C h ito s a n  c a n  r e d u c e  g ray  a n d  b lu e  m o ld  in fe c t io n  w h ic h  m a y  re s u lt  f r o m  

e n h a n c e m e n t  o f  p a th o g e n e s is  r e la te d  e n z y m e  a c t iv it ie s  s u c h  as p h e n y la la n in e  

a m m o n ia - ly a s e  (PAL), c h it in a s e , c h ito s a n a s e , 6 -1 ,3  g lu c a n a s e  a f te r  c h ito s a n  

t r e a tm e n t  (R o m a n a z z i,  2010).

C h ito s a n  c a n  fo rm  an  e d ib le  f i lm  w h e n  a p p lie d  t o  t h e  su r fa c e  o f  fru it  

a n d  v e g e ta b le .  It is e f fe c t iv e  in  c o n fe r r in g  t o  m o is tu re  lo s s , d e la y in g  

d e h y d ra t io n ,  a n d  fru it  sh r iv e lin g . T h u s , it c a n  p ro lo n g  s to ra g e  s h e lf - l i fe ,  d e la y  

a d e c l in e  s e n s o ry  q u a lity ,  a n d  c o n t r o l t h e  d e c a y  o f  s t ra w b e r ry  fru it. C h ito s a n  

c o a t in g  c o u ld  b e  u s e d  as a c a rr ie r  fo r  c o m b in a t io n  o f  f u n c t io n a l  in g re d ie n ts , i.e. 

a n t im ic r o b ia ls  a n d  n u t r a c e u t ic a l c o m p o u n d s ,  to  e n h a n c e  th e  e f fe c t s  o r 

im p ro v e  th e  n u t r it io n a l v a lu e  o f  s t ra w b e r r ie s  (P e rd o n e s  et a i,  2012 ; R o m a n a z z i 

et a i,  2013).

C h ito s a n  p re -h a rv e s t  sp ray in g  o n  s t ra w b e r ry  p la n t s  s ig n if ic a n t ly  r e d u c e d  

p o s th a r v e s t  fu n g a l ro t  o n  s t ra w b e r ry  f ru it s  a n d  m a in ta in  t h e  q u a li t y  o f  t h e  fru it  

c o m p a re d  t o  u n t r e a te d  g ro up . T h e  c h ito s a n - t r e a te d  fru its  w e re  f irm e r  a n d  

r ip e n e d  a t a s lo w e r  ra te  (R e d d y  et ai., 2000).

D u e  t o  t h e  u n iq u e  b io lo g ic a l p ro p e r t ie s ,  c h ito s a n  h a s  b e e n  c o n s id e re d  

as an  id e a l c o a t in g  m a te r ia l.  T h e  e f fe c t iv e n e s s  o f  c h ito s a n  t r e a tm e n t  in 

e x te n d in g  s t ra w b e r ry  fru it  s h e lf - l i fe  w a s  d e te c t e d  o n  re d u c in g  d a rk e n in g , 

d e la y in g  c h a n g e s  in le s s  w e ig h t  lo s s , r ip e n in g , p ro g re s s  o f  fru it  d e c a y  a n d  

f irm n e s s , a n d  g re a te r  v is u a l a c c e p t a b i l i t y  (H e rn â n d e z -M u n o z  et a i,  2008).
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1.6 Chitosan recognition as PAMPs

C h ito s a n  is a  p o w e r fu l e l ic i t o r  th a t  has b e e n  s h o w n  t o  trigger s e v e ra l in t r ic a te  

n e tw o rk s  in p la n t  e s p e c ia l ly  in p la n t  b a s a l im m u n ity .  C h ito s a n  h a s  b e e n  re c o g n iz e d  

as p a th o g e n -a s s o c ia te d  m o le c u la r  p a t te rn s  (P A M P s)  (H e n ry  et a i,  2012).

P A M P s  a re  re c o g n iz e d  as t h e  m o le c u le  th a t  p e r c e iv e d  a t  t h e  p la n t  c e l l  

s u r fa c e  b y  p a t te rn - re c o g n it io n  r e c e p to r s  (PRRs), w h ic h  t y p ic a l ly  c o n ta in e d  an  

e x t r a c e l lu la r  l ig a n d -b in d in g  d o m a in  w ith  le u c in e - r ic h  re p e a ts  (LRR) o r  ly s in e  m o t ifs  

(L y sM ), a s in g le  t r a n s m e m b ra n e  d o m a in  a n d  a n  in t r a c e l lu la r  s e r in e / th r e o n in e  k in a se  

d o m a in  (N ica ise  et a i,  2009). M o s t  o f  PRRs a re  r e c e p to r - l ik e  k in a se s  (RLK), r e c e p t o r 

l ik e  p ro te in s  (R LPs) (S e ife r t  a n d  B la u k o p f,  2010). A  la rg e  n u m b e r  o f  RLKs a n d  RLPs 

a re  t r a n s c r ip t io n a l ly  in d u c e d  u p o n  P A M P  a c t iv a t io n . T h is  i l lu s t r a t e s  t h e  la rg e  

d iv e r s ity  o f  p e r c e p t io n  s y s te m s  a n d  su gg e sts  th e ir  r o le  in  p la n t  b a s a l im m u n ity .  T h e  

c o m m o n  P A M P s  r e s p o n s e s  as s h o w n  in  T a b le  2.1

A d d it io n a l ly ,  p a r t ia l ly  d e a c e t y la t e d  c h ito s a n  h a s  b e e n  r e p o r te d  to  w e a k ly  

b in d  t o  th e  m a jo r  c h it in  r e c e p to r ,  CERK1  a n d  ra p id ly  in d u c e d  in  vivo 

p h o s p h o r y la t io n  o n  its  k in a se  d o m a in  ( P e tu ts c h n ig  et a i,  2010). H o w e v e r , t h e  

c o m p a r is o n  o f  t r a n s c r ip t io n  p ro f il in g  b e tw e e n  c h it in  a n d  c h ito s a n  t r e a tm e n t  in 

Arabidopsis r e v e a le d  t h e  d iv e rg e n c e  o f  s ig n a lin g  c a s c a d e . T h e  cerkl m u ta n t  fa ile d  

t o  b lo c k  th e  e x p re s s io n  o f  c a m a le x in  b io s y n th e s is  g e n e s  th a t  a re  r e s p o n s iv e  to  

c h ito s a n . B e s id e s , s o m e  t ra n s c r ip t io n  fa c to r s  fo r  d e fe n s e  r e s p o n s e  c o u ld  b e  

a c t iv a te d  b y  c h it in  a n d  c h ito s a n . T h e s e  d e m o n s t r a te d  th a t  t h e  p e r c e p t io n  o f  

c h ito s a n  is in d e p e n d e n t  o f  C ER K 1 , b u t  t h e  d o w n s t r e a m  p a th w a y  m ig h t  c o n v e rg e  

( P o v e ro  et a i,  2011).

T h e  w a r  b e tw e e n  t h e  p la n t  a n d  th e ir  p a th o g e n s  a p p e a rs  t o  b e  in b a la n c e  

o f  t h e  s ig n a lin g  s y s te m s  to  c a u s e  d is e a s e  o r  e n h a n c e  h o s t  d e fe n s e . F a s t a n d  s tro n g  

a c t iv a t io n  o f  t h e  p la n t  im m u n e  r e s p o n s e s  a id s  t h e  h o s t  p la n ts  t o  w in  t h e  w a r aga in s t 

th e ir  p a th o g e n s .
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T a b le  2.1 C o m m o n  P A M P s  r e s p o n s e s

Category Responses Reference

Ion f lu x C a lc iu m  t ra n s ie n t

P la sm a  m e m b ra n e  h P -A T P a se

in h ib it io n

Z u p p in i et a i,  2 0 04  

A m b o ra b é  et ai., 2 0 0 8

S ig n a l t r a n s d u c t io n M ito g e n -a c t iv a te d  p ro te in  

(M AP ) k in a se s  

P h o s p h o l ip a s e  c 
W R K Y  t ra n s c r ip t io n  fa c to rs  

M Y B  t ra n s c r ip t io n  fa c to rs

L iz a m a -U c  et a i, 2 0 0 7

R a h o  et a i,  2011  

P o v e ro  et a i, 2011 

P o v e ro  et a i, 2011

S tre s s  r e s p o n s e s C a l lo s e  a p p o s it io n  

R e a c t iv e  o x y g e n  s p e c ie s

F ra n c o  a n d  Iriti, 2 0 07  

L in  et a i,  2005

P la n t  h o rm o n e s A b s c is ic  a c id  

J a s m o n ic  a c id  

S a l ic y lic  a c id  

E th y le n e

Iriti a n d  F a o ro , 2 0 08  

D o a re s  et ai., 1995  

L iu  et ai., 2011  

B o u t ro t  et a i, 2 0 1 0

S e c o n d a ry A n th r a q u in o n e s B a q u e  et ai., 2 0 12

m e ta b o l i t e s C a m a le x in s

P h y to a le x in s

P o v e ro  et al., 2011 

H a d w ig e r  et a i, 1994

D e fe n s e  r e s p o n s e O x id a t iv e  b u rs t

P a th o g e n e s is - r e la te d  p ro te in s  

S y s te m ic  a c q u ir e d  re s is ta n c e  

H y p e rs e n s it iv e  r e s p o n s e  a n d  

c e l l  d e a th

A rn o t t  a n d  M u rp h y , 

1991

A g ra w a l et a i,  2 0 02  

Iriti et ai., 2 0 06  

N ing  et ai., 2 0 0 4
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1.7 Chitosan effects on plant growth induction in ‘ LPT123’ rice seedlings

เท th e  la b o r a to r y ’ s s tu d y  c o n d u c t e d  b y  W a s in e e  P o n g p ra y o o n , T h e  

c o m b in a t io n  o f  d e g re e  o f  d e a c e ty la t io n ,  m o le c u la r  w e ig h t  a n d  c o n c e n t r a t io n  o f  

c h ito s a n  h a s  b e e n  in v e s t ig a te d  in  th e  ‘ L P T 1 2 3 ’ r ic e  s e e d l in g  g ro w th . T h e re  w e re  

o l ig o m e r ic  (M W  a p p r o x im a te ly  2 0  kDa) a n d  p o ly m e r ic  (M W  a p p r o x im a te ly  2 0 0  to  

5 0 0  kDa) c h ito s a n  w ith  a d e g re e  o f  d e a c e t y la t io n  o f  80%  o r 90%  (n a m e d  as 0 8 0 ,  

0 9 0 ,  P80 , a n d  P90 , r e s p e c t iv e ly )  a t  c o n c e n t r a t io n  o f  2 0  o r 4 0  m g /L . F o r  t h e  b e s t 

p la n t  g ro w th  e n h a n c e m e n t ,  0 8 0  a p p lie d  a t 4 0  m g /L  s ig n if ic a n t ly  e n h a n c e d  th e  

v e g e ta t iv e  g ro w th  o f  r ic e  s e e d lin g s , in  t e rm  o f  t h e  le a f  a n d  r o o t  f re sh  w e ig h ts  a n d  

d ry  w e ig h ts  o f  r ic e  s e e d l in g s  c o m p a r in g  w ith  t h e  c o n t r o l .  เท a d d it io n ,  c h lo r o p h y l l  

a, c h lo r o p h y l l  b a n d  c a ro te n o id  c o n te n t  w e re  in c re a s e d  b y  c h ito s a n  a p p lic a t io n .  

T h e s e  p h y s io lo g ic a l r e s p o n s e s  o f  r ic e  s e e d l in g s  t o  c h ito s a n  in d ic a te d  th e  p o te n t ia l  

o f  c h ito s a n  t o  b e  a n  e l ic i t o r  fo r  p la n t  g ro w th  in d u c t io n .
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