
C H A P T E R  IV
S Y N T H E S I S  A N D  S T U D Y  O F  S E R I C I N - G - P L A :  

C O M P A R I S O N  B E T W E E N  N A N G  N O I ,  N A N G  L A I ,  D O K  B U A  A N D  
L U A N G  P A I R O T E  S P E C I E S

4 .1  A B S T R A C T

In  th is  s tu d y  w e  p r e s e n t  a n  e x p e r im e n t  fo r  b u lk  s y n th e s is  o f  th e  s e r ic in -g -  
P L A  b y  u s in g  รท ( O c t) i  a s  c a ta ly s t  a n d  s tu d y  th e  e f f e c t  o f  T h a i  s i lk  c o c o o n  s p e c ie s  
(D o k  B u a  ( D B ) , L u a n g  P iro te  (L P ) , N a n g  N o i (N N ) , a n d  N a n g  L a i ( N L ))  o n  
p r o p e r t ie s  o f  th e  s e r ic in -g -P L A . W e  in v e s t ig a te d  th e  c h e m ic a l  s t r u c tu r e  o f  th e  
g r a f te d  c o p o ly m e rs  b y  u s in g  F T IR  a n d  G P C . M o re o v e r ,  th e  g r a f t in g  p e r c e n ta g e  w a s  
d e te r m in e d  b y  S o x h le t  e x ta c t io n . T h e  IR  s p e c t r a  o f  e x t r a c te d  s a m p le  s h o w e d  p e a k s  
a t  1 1 8 8  a n d  1215  c m "1 th a t  a s s ig n e d  to  th e  s y m m e tr ic  C - O - C  s t r e tc h in g  m o d e s  o f  
th e  e s te r  g ro u p . T h e  m e th y l  r o c k in g  s t r e tc h in g  a n d  C - C H 3 v ib r a t io n  o f  p o ly la c t id e  
a p p e a re d  a t  1 1 3 0  a n d  10 45  c m " 1, r e s p e c t iv e ly . T h e  b o a rd  p e a k  a r o u n d  3 6 0 0  c m "1 

b e lo n g e d  to  th e  h y d ro x y l  g ro u p  a n d  th e  a m in o  g ro u p  o f  s e r ic in  w h ic h  b e c a m e  le ss  
a f te r  p o ly m e r iz e d  w i th  la c t id e . T h e s e  e v id e n c e s  s u g g e s te d  th a t  th e  la c t id e  w a s  
r e a c te d  w i th  s e r ic in . A lso , th e  m o le c u la r  w e ig h t  o f  th e  g r a f te d  c o p o ly m e rs  w a s  in  
r a n g e  f ro m  5 .2  to  6 .1  k g /m o le . A n d  N L - g - P L A  s h o w e d  th e  h ig h e s t  g r a f t in g  
p e r c e n ta g e  o f  th e  g ra f te d  c o p o ly m e rs .

K e y w o r d s :  S e r ic in ;  P o ly ( la c t ic  a c id ) ;  G ra f te d  c o p o ly m e r ;  G r a f t in g  p e r c e n ta g e

4 .2  I N T R O D U C T I O N

G ra f t  c o p o ly m e r iz a t io n  is a  u s e fu l  te c h n iq u e  fo r  m o d ify in g  th e  p r o p e r t ie s  
o f  s y n th e t ic  a n d  n a tu ra l  p o ly m e r s ,  a n d  g ra f t  c o p o ly m e rs  h a v e  b e e n  u s e d  a s  a 
s ta b i l i z e r  o f  e m u ls io n  a n d  d is p e r s io n , s o r p t io n  a g e n ts  a n d  b io m e d ic a l  m a te r ia ls .  S ilk  
s e r ic in  (S S )  is  a  n a tu r a l  m a c r o m o le c u la r  p r o te in  d e r iv e d  f ro m  th e  s i lk w o rm  Bombyx 
mori, a n d  is  c h a r a c te r iz e d  b y  u n u s u a l ly  h ig h  s e r in e  c o n te n t  (Z h a n g , 2 0 0 2 ) . R e c e n tly ,  
S S  h a s  b e e n  w id e ly  u se d  in  e n z y m e  im m o b il i z a t io n ,  b io m a te r ia l s ,  c o s m e t ic ,



34

m e m b ra n e  m a te r ia l ,  a n d  f u n c t io n a l  f ib e r s . A l th o u g h  s ilk  s e r ic in  h a s  m a n y  g o o d  
p r o p e r t ie s ,  it h a s  s o m e  d r a w b a c k s  s u c h  a s  in s ta b i l i ty  in  w a te r ,  p o o r  s o lu b i l i ty  in  
o rg a n ic  s o lv e n ts ,  a n d  lo w  s t r e n g th  a g a in s t  m ic r o b ia l  a t ta c k . C h e m ic a l  m o d if ic a t io n  
o f  ss  is  a  u s e fu l  m e th o d  to  im p ro v e  th e s e  d r a w b a c k s ,  a n d  m e a n w h i le  a l lo w s  th e  
a c q u is i t io n  o f  a d d i t io n a l  p r o p e r t ie s  o f  m o d if ie d  ss. T h e  g ra f t  c o p o ly m e r iz a t io n  o f  
v a r io u s  m o n o m e r s  o n to  ss  h a s  b e e n  r e p o r te d , s u c h  a s  v in y l a c e ta te ,  a c ry l ic  a c id , 
a c r y la m id e ,  a n d  s ty re n e  ( S o n g  et al. , 2 0 0 6 ) .

B io d e g ra d a b le  p o ly e s te r s ,  s u c h  a s  p o ly ( la c t ic  a c id )  ( p o ly la c t id e ,  P L A )  a n d  
its  c o p o ly m e rs ,  h a v e  b e c o m e  o f  m o re  in te r e s t  a s  fo o d  p a c k a g in g  a n d  f i lm  w r a p  a n d  
fo r  o th e r  c o n s u m e r  p r o d u c ts  d u e  to  th e ir  g o o d  b io d e g r a d a b i l i ty ,  b io c o m p a t ib i l i ty ,  
h ig h  m e c h a n ic a l  s t r e n g th  a n d  e x c e l le n t  s h a p in g  a n d  m o ld in g  p r o p e r t ie s .  H o w e v e r ,  it 
is  s t r o n g ly  h y d r o p h o b ic ,  r ig id  a n d  b r i t t le  (A u ra s  et al., 2 0 0 4 , W e b e r  et al., 2 0 0 2 ) .  It 
w o u ld  b e  a  s ig n if ic a n t  b r e a k th r o u g h  to  p r e p a r e  h y b r id  g ra f t  c o p o ly m e rs  o f  ss  a n d  
P L A  to  c o m b in e  th e  a d v a n ta g e o u s  p r o p e r t ie s  o f  b o th  P L A  a n d  ss.

In  th is  s tu d y , th e  c h a r a c te r is t ic  o f  s e r ic in -g -P L A  w i th  d i f f e r e n t  s p e c ie s  o f  
T h a i  s i lk  s e r ic in ;  N a n g  N o i,  N a n g  L a i, D o k  B u a  a n d  L u a n g  P ir o te ,  w e re  in v e s t ig a te d . 
D i f f e re n t  s p e c ie s  o f  s i lk  c o c o o n  h a v e  d i f f e r e n t  o f  p r o p e r t ie s  o f  s e r ic in  d e p e n d in g  o n  
its  a m in o  a c id  c o m p o s i t io n  a n d  a m o u n t  o f  e a c h  a m in o  a c id . S e r ic in - g - P L A  w a s  
s y n th e s iz e d  b y  b u lk  p o ly m e r iz a t io n  w i th  s ta n n o u s  o c to a te  a s  th e  c a ta ly s t .  T h e  g ra fe d  
c o p o ly m e rs  w e r e  d e te rm in e d  th e  f u n c t io n a l  g ro u p s  b y  F o u r ie r  T ra n s fo rm  In f r a r e d  
S p e c t ro s c o p e  (F T IR ) , th e  g r a f t in g  p e r c e n ta g e  b y  S o x h le t  e x t r a c to r ,  th e  m o le c u la r  
w e ig h t  (M W )  a n d  m o le c u la r  w e ig h t  d i s t r ib u t io n  in d e x  ( M W D )  b y  G e l  P e rm e a t io n  
C h r o m a to g r a p h y  (G P C ) , a n d  a ls o  th e  s o lu b i l i ty  in  w a te r  a n d  c h lo r o f o r m .

4 .3  E X P E R I M E N T A L

4 .3 .1  M a te r ia ls
F o u r  d i f f e r e n t  s p e c ie s  o f  T h a i  s i lk  c o c o o n  (Bombyx Mori)\ N a n g  N o i,  

N a m g  L a i, D o k  B u a  a n d  L u a n g  P iro te  w e re  p u rc h a s e d  f ro m  lo c a l s i lk  s e r ic u l tu r e  in  
T h a i la n d . L - la c t id e  m o n o m e r  ( 9 9 .5 %  p u r i ty )  w a s  p u rc h a s e d  f ro m  S h e n z h e n  
B r ig h tc h in a  I n d u a tr ia l  C o ., L td . S ta n n o u s  (II )  o c to a te  u s e d  a s  c a ta ly s t  w a s  p u rc h a s e d  
f ro m  S ig m a  A ld r ic h  C o rp ., J a p a n .
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4 .3 .2  E x t r a c t io n  o f  S ilk  S e r ic in
S ilk  s e r ic in  w a s  e x t r a c te d  b y  u s in g  h o t  w a te r  d e g u m m in g  p ro c e s s .  S ilk  

c o c o o n s  w e r e  r in s e  w i th  w a te r  to  e l im in a te  c o n ta m in a te d  m a tte r .  2 0  g  o f  s ilk  c o c o o n s  
w e re  c u t  in to  s m a ll  p ie c e s  ( a b o u t  5 x 5  m m 2) a n d  m ix e d  w i th  3 0 0  m l o f  p u r i f ie d  
w a te r .  S i lk  c o c o o n s  w e re  a u to c la v e d  u n d e r  p r e s s u r e  o f  0 .8 - 0 .9  a tm  a t 12 0  ° c  fo r  6 0  
m in . T h e  s ilk  f ib e r  ( f ib ro in )  w a s  f i l te re d  o u t  to  o b ta in  th e  s e r ic in  a q u e o u s  s o lu t io n . 
T h e n ,  S i lk  s e r ic in  s o lu t io n  w a s  f ro z e n  in  th e  g la s s  s h e l ls  a t -4 0  ° c  f o r  12 h r  a n d  th is  
g la s s  s h e l l  w a s  a t t a c h e d  in  a  f re e z e - d r y e r  m a in ta in e d  a t -1 1 0  ° c  f o r  4 8  h r  u n d e r  
v a c u u m  to  o b ta in  s ilk  s e r ic in  p o w d e r .

4 .3 .3  P re p a ra t io n  o f  S e r ic in -g -P L A
S ta n n o u s  (II )  o c to a te  (ร ท ( O c t) 2) (0 .2  w t% )  w a s  a d d e d  in to  s e r ic in  p o w d e r  

(S S )  (2  w t% ) . T h e n ,  th e y  w e re  m ix e d  w ith  la c t id e  m o n o m e r  (L A )  (9 8  w t% )  in  g la s s  
r e a c to r  a n d  s t i r r e d  a t  4 0 0  rp m , 14 0  ° c  fo r  10 h r. A f te r  10 h r  o f  m ix in g , th e  m ix tu re  
w a s  c o o le d  d o w n  to  th e  ro o m  te m p e ra tu re  to  g e t th e  s e r ic in -g -P L A . T h e n ,  s e r ic in -g -  
P L A  w a s  g r in d e d  in to  p o w d e r .

4 .3 .4  C h a r a c te r iz a t io n s
4.3.4.1 Fourier Transform Infrared Spectroscope (FTIR)
T h e  fu n c t io n a l  g ro u p s  o f  f r e e z e - d r ie d  s ilk  s e r ic in  a n d  e x t r a c te d  s e r ic in -g -  

P L A  w e r e  a n a ly z e d  b y  T h e r m o  N ic o le t  N e x u s  6 7 0  F T IR  s p e c t ro m e te r .  A b o u t  1 -2  
m g  o f  s a m p le  p o w d e r  w a s  g ro u n d  w ith  K B r  a n d  w a s  p e l le t i z e d  in to  th e  p e l le t  w i th  
th e  th ic k n e s s  le s s  th a n  0 .5  m m . T h e  s p e c t r a  w e re  r e c o r d e d  o v e r  th e  w a v e n u m b e r  
r a n g e  f ro m  4 0 0 - 4 ,0 0 0  c m '1 w i th  th e  r e s o lu t io n  o f  4  c m '1 a n d  th e  n u m b e r  o f  s c a n  a t 
6 4 .

4.3.4.2 Soxhlet Extractor
T h e  g r a f t in g  p e r c e n ta g e  w a s  d e te rm in e d  b y  s o x h le t  e x t r a c to r  (V E L P  

S C I E N T IF I C A , S E R  1 4 8 ) w i th  p a p e r  th im b le . C h lo r o f o r m  a n d  w a te r  w e re  u s e d  to  
e x t r a c t  th e  c ru d e  c o p o ly m e r  a t  180  ๐c  fo r  3 h r . A f te r  th a t  th e  r e m a in in g  y ie ld  w a s  
d r ie d  in  v a c u u m  o v e n  a t  6 0 ° c  a n d  w e ig h e d . T h is  m e th o d  w a s  r e p e a te d  a t  le s s  3 
t im e s  fo r  e a c h  s a m p le . T h e  g r a f t in g  p e r c e n ta g e ,  h o m o  P L A  p e r c e n ta g e ,  a n d  f re e  
s e r ic in  p e r c e n ta g e  w e r e  c a lc u la te d  a s  s h o w n  in  E q s . 4 .1 -4 .3 ,  r e s p e c t iv e ly .
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M 3g ra ftin g  percentage = X 1 0 0  ( Eq. 4 .1 )

M 1.  M2homo pLA percentage — — ^ — X 1 0 0  (Eq. 4 .2 )

M 2_ M 3fre e  sericin percentage = — ^ — X 1 0 0  (Eq.4.3)

w h e re  Ml w a s  th e  s a m p le  w e ig h t  b e fo re  S o x h le t  e x t r a c t io n .  Ml w a s  th e  s a m p le  
w e ig h t  a f te r  S o x h le t  e x t r a c t io n  w ith  c h lo r o f o r m  a n d  M3 w a s  th e  s a m p le  w e ig h t  a f te r  
S o x h le t  e x t r a c t io n  w i th  c h lo r o f o r m  a n d  w a te r .

4.3.4.3 Gel Permeation Chromatography (GPC)
T h e  m o le c u la r  w e ig h t  (M W ) a n d  m o le c u la r  w e ig h t  d i s t r ib u t io n  in d e x  

( M W D )  w e re  d e te r m in e d  b y  g e l p e r m e a t io n  c h r o m a to g r a p h y  ( G P C ) . G P C  w a s  
c a r r ie d  o u t  in  T e t r a h y d r o f u ra n  (T H F )  s o lv e n t  a s  th e  m o b ile  p h a s e  u s in g  a  W a te r  
S ty ra g e l  H R  6 E  OF 7 .8 m m ID  X  3 0 0  M M  c o lu m n  p a c k e d .  F ro m  th e  s y n th e s iz e d  
p r o d u c t ,  th e  c h r o lo f o r m  a n d  w a te r  e x t r a c r te d  s a m p le  o f  0 .01  g  w a s  d is s o lv e d  in  5 m l 
s o lv e n t  (0 .2  % w /v ) .  T h e  p r e p a r e d  s o lu t io n  w a s  f i l te r e d  th ro u g h  s y l in g e  f i l t e r  a n d  
in je c te d  to  th e  in je c t io n  lo o p  o f  6 0  p L . T h e  c o n d i t io n s  o f  th is  m a c h in e  w e re  
t e m p e ra tu re  o f  4 0  °c, f lo w  ra te  o f  lm l /m in ,  a n d  ru n t im e  o f  15 m in . T h e  m o le c u la r  
w e ig h t  w a s  c a l ib r a te d  a c c o rd in g  to  p o ly s ty r e n e  s ta n d a r d s  c a l ib r a t io n  c u rv e : 
lo g M  = -2 7 7 2 0 t  +  5 2 6 8 1 .

4.3.4.4 Solubility
T h e  s o lu b i l i ty  o f  th e  e x t r a c te d  s e r ic in -g -P L A  in  w a te r  a n d  c h lo r o f o r m  

s o lv e n t  w e r e  o b ta in e d . A  d r ie d  s a m p le  p o w d e r  (~ 0 .1  g ) w a s  im m e rs e d  in  4 0  m L  o f  
s o lv e n t . A f te r  2 4  h r  o f  im m e rs io n  a t 25  ๐c ,  th e  r e m n a n t  w a s  d r ie d  a t  6 0  ° c  fo r  
a n o th e r  2 4  h r  to  d e te rm in e  th e  w e ig h t  o f  in s o lu b le  d ry  m a t te r  ( FFG). T h e  w e ig h t  o f  th e  
d ry  m a t te r  d i s s o lv e d  in  s o lv e n t  w a s  c a lc u la te d  b y  s u b t r a c t in g  th e  r e m a in in g  d ry  
m a t te r  f ro m  th e  in i t ia l  d ry  m a t te r  ( พเ). T h e  a m o u n t  o f  th e  s o lu b i l i ty  p e r c e n ta g e  w a s  
c a lc u la te d  a s  s h o w n  in  E q . 4 .4 .
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พ1 -  พ2solubility -percentage = — —------X 1 0 0  ( Eq . 4 .4 )พ1

4 .4  R E S U L T S  A N D  D I S C U S S I O N

4 .4 .1  C h e m ic a l  A n a ly s is  o f  S e r ic in - g - P L A
T h e  fu n c t io n a l  g ro u p  o f  th e  c o p o ly m e r  th a t  o c c u r r e d  w a s  c o n f i rm e d  b y  

F o u r ie r  T ra n s fo rm  I n f r a re d  S p e c t ro s c o p e  (F T IR ) . F ig u re  4 .1  s h o w s  th e  F T IR  s p e c t r a  
o f  P L A  a n d  f r e e z e - d r ie d  s ilk  s e r ic in  (B. mori) f ro m  f o u r  s p e c ie s  o f  T h a i  s i lk  c o c o o n ;  
N a n g  N o i ,  N a n g  L a i, D o k  B u a  a n d  L u a n g  P ilo te .  T h e  p e a k  p o s i t io n e d  1 7 5 8  c m '1 is 
a s s ig n e d  to  th e  c a rb o n y l  g ro u p  o f  th e  b r a n c h e d  p o ly la c t id e . T h e  1 1 8 8  a n d  12 1 5  c m '1 
d o u b le ts  o b s e rv e d  a re  a s s ig n e d  to  th e  s y m m e tr ic  C - O - C  s t r e tc h in g  m o d e s  o f  th e  
e s te r  g ro u p . T h e  m e th y l  r o c k in g  s t r e tc h in g  a n d  C - C F h  v ib r a t io n  o f  p o ly la c t id e  
a p p e a r e d  a t  1 1 3 0  a n d  10 45  c m '1, r e s p e c t iv e ly  (L iu  et al., 2 0 0 4 ) . A ll s p e c ie s  o f  T h a i 
s i lk  s e r ic in  p r e s e n te d  a lm o s t  s im ila r  a b s o rp t io n  b a n d s . T h e  s p e c t r a  s h o w e d  th e  
c h a r a c te r i s t ic  p e a k  o f  a m in o  a c id , c o m p o s e d  o f  N - H  s t r e tc h in g  b a n d  a r o u n d  3 2 8 8 -  
32 9 1  c m '1 ( S a r o v a r t  et al, 2 0 0 3 ) ,  a m id e  I b a n d  a r o u n d  1 6 5 3 -1 6 5 8  c m '1 a s s o c ia te d  
w i th  th e  c = 0  s t r e tc h in g , a m id e  II b a n d  a ro u n d  1 5 2 9 -1 5 3 5  c m '1 a s s o c ia te d  w i th  N H  
b e n d in g  a n d  C N  s tr e tc h in g ,  a m id e  III b a n d  a ro u n d  1 2 4 2 -1 2 4 6  c m '1 a n d  a m id e  IV  
b a n d  a r o u n d  1 0 7 2 -1 0 7 3  c m '1 ( S r ih a n a m  et al., 2 0 0 9 ) . M o re o v e r ,  th e  b o a rd  p e a k  
a r o u n d  3 6 0 0  c m '1 c o r r e s p o n d e d  to  O H  s tr e tc h in g  a p p e a re d  d u e  to  th e  h ig h  c o n te n t  o f  
a m in o  a c id  s e r in e , th is  c h a r a c te r is t ic  p e a k  a p p e a re d  n e a rb y  th e  c h a r a c te r i s t ic  p e a k  o f  
N - H  s t r e tc h in g  h e n c e  o v e r la p p in g  o f  th is  tw o  p e a k s  w a s  o c c u r r e d .

F ig u re  4 .2  s h o w s  th e  F T IR  s p e c t ra  o f  e x t r a c te d  s e r ic in -g -P L A . T h e  b o a rd  
p e a k  a r o u n d  3 6 0 0  c m '1 is  a t t r ib u te d  to  th e  -O H  g ro u p  o f  s e r ic in  th a t  b e c a m e  le s s  
a f te r  p o ly m e r iz e d  w i th  la c t id e  (D e n g  et al., 2 0 1 3 ) .  In  a d d i t io n ,  th e  p e a k  p o s i t io n e d  
17 5 8  c m '1 a n d  o th e r  tw o  s m a ll  p e a k s  a t  11 88  a n d  12 15  c m '1 a re  a s s ig n e d  to  th e  
c a rb o n y l  g ro u p  o f  th e  b r a n c h e d  p o ly la c t id e  a n d  s y m m e tr ic  C - O - C  s t r e tc h in g  m o d e s  
o f  th e  e s te r  g ro u p  o f  p o ly la c t id e ,  r e s p e c t iv e ly .  T h e s e  p e a k s  a re  o b v io u s ly  a b s e n t  in  
th e  s p e c t r a  o f  p u re  s i lk  s e r ic in . T h e s e  e v id e n c e s  s u g g e s te d  th a t  th e  la c t id e  h a d  b e e n  
s u c c e s s f u l ly  g r a f te d  o n to  s i lk  s e r ic in  ( S o n g  et al., 2 0 0 6 ) .
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F i g u r e  4.1  F T IR  s p e c t r a  o f  s y n th e s iz e d  P L A  a n d  f r e e z e - d r ie d  s ilk  s e r ic in  e x t r a c te d  
f ro m  f o u r  s p e c ie s  o f  T h a i  s i lk  c o c o o n .

F i g u r e  4 .2  F T IR  s p e c t r a  o f  s e r ic in -g -P L A  (D B : D o k  B u a , L P : L u a n g  P ir o te ,  N N : 
N a n g  N o i,  N L : N a n g  L a i) .
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T h e  m e c h a n is m  f o r  g ra f t  c o p o ly m e r iz a t io n  is  s h o w n  in  F ig u re  4 .3 . A t f ir s t ,  
o c to a te  a n io n - r a d ic a l  a b s t r a c ts  h y d r o g e n  f ro m  o n e  o f  th e  fu n c t io n a l  g r o u p s  ( i .e . ,  - 
C O O H , -S H , -O H , a n d  - N H 2) in  th e  s id e  c h a in s  o f  th e  s e r ic in  to  f o rm  c o r r e s p o n d in g  
r a d ic a ls .  T h e s e  r a d ic a ls  in i t ia te  p a r t ia l ly  n e u tr a l iz e d  P L A  g r a f t in g  o n to  p o ly p e p t id e  
c h a in  o f  s e r ic in  le d  to  a  g ra f t  c o p o ly m e r  (H u , 2 0 1 1 ) .

F i g u r e  4 .3  P u r p o s e d  g ra f t  c o p o ly m e r iz a t io n  m e c h a n is m  b e tw e e n  s e r ic in  a n d  P L A .
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where R] = — C — (CH,);— CH; 

H , c -----CH,
R,— C — O — S:ท— [ - 0 — C H -C - ] — 0  C  1 I 1 ท+2

CH,

F i g u r e  4 .4  P o ly m e r iz a t io n  o f  P L A  in i t ia te d  b y  s ta n n o u s  o c to a te .

CH,

F i g u r e  4 .5  B a c k -b i t in g  o f  P L A  c a ta ly z e d  b y  s ta n n o u s  o c to a te .

Hi
0
1Ç---Q
พ

cyclic oligomer

4 .4 .2  T h e  G r a f t in g  P e rc e n ta g e  o f  th e  C ru d e  P o ly m e r iz a t io n  P ro d u c t
A f te r  r e a c t io n  f in is h e d , th e  p r o d u c t  w a s  ta k e n  o u t f ro m  th e  r e a c to r  a n d  w a s  

c o o le d  d o w n . T h e  c o p o ly m e r  o f  s e r ic in  a n d  P L A  ( s e r ic in - g - P L A )  w a s  e x t r a c t e d  by  
c h lo r o f o r m  to  g e t  r id  o f  p u re  h o m o p o ly m e r  P L A  a n d  w a te r  to  r e m o v e  u n re a c te d  
s e r in e  in  S o x h le t  e x t ra c to r .  T h e  g r a f t in g  p e r c e n ta g e  o f  th e  c r u d e  p o ly m e r iz a t io n  
p r o d u c t  w i th  d i f f e r e n t  s p e c ie s  o f  s e r ic in  is  p r e s e n te d  in  T a b le  1. T h e  m a x im u m  
g r a f t in g  p e r c e n ta g e  in  th e  c ru d e  p o ly m e r iz a t io n  p r o d u c t  w a s  o b ta in e d  in  N L /P L A  
c o p o ly m e r . T h e  in c re a s e  o f  g r a f t in g  p e r c e n ta g e  is  a t t r ib u te d  to  th e  in c re a s e  o f  th e  
n u m b e r  o f  g r a f t in g  s i te s  o n  s i lk  s e r ic in  b a c k b o n e  ( S o n g  et al., 2 0 0 6 ) . S e r ic in  p ro te in  
w a s  p r o p o s e d  to  g ra f t  w i th  th e  la c t id e  m o n o m e r  th ro u g h  th e  h y d r o x y l  g r o u p s  o f  a
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p r o te in .  T h u s , th e  h ig h e s t  g r a f t in g  p e r c e n ta g e  r e la te d  to  th e  h ig h e s t  n u m b e r  o f  
h y d r o x y l  g ro u p s  in  th e  p ro te in .

T a b l e  4 .1  T h e  g r a f t in g  p e r c e n ta g e  o f  s e r ic in /P L A  c o p o ly m e r  w i th  d i f f e r e n t  s p e c ie s  
o f  s e r ic in

C o p o ly m e r %  H o m o  P L A % F r e e  s e r i c in % G  r a f t i n g

D B /P L A 9 7 .8 1 .00 1 .20
L P /P L A 9 7 .7 0 .5 3 1 .77

N N /P L A 9 7 .5 0.61 1 .89
N L /P L A 9 7 .2 0 .6 2 2 .1 8

4 .4 .3  M o le c u la r  W e iu h t  M e a s u re m e n t
T h e  m o le c u la r  w e ig h t  (M W ) a n d  m o le c u la r  w e ig h t  d i s t r ib u t io n  (M W D )  o f  

e x t r a c te d  s e r ic in -g -P L A  c o p o ly m e rs  w e r e  a n a ly z e d  b y  u s in g  th e  g e l p e r m e a t io n  
c h r o m a to g r a p h y  (G P C ) . M o le c u la r  w e ig h t  p a r a m e te r s  o f  Bombyx mori s e r ic in  
p r o te in  p r o d u c e d  f ro m  s ilk  d e g u m m in g  p r o c e s s  a re  s h o w n  in  T a b le  4 .2  a n d  F ig u re  
4 .6 . T h e  a v e r a g e  m o le c u la r  w e ig h t  o f  s i lk  s e r ic in  w a s  r a n g e d  b e tw e e n  15 0  to  771 
g /m o l.  In  a d d i t io n ,  m o le c u la r  w e ig h t  p a r a m e te r s  o f  s e r ic in -g -P L A  c o p o ly m e rs  
s y n th e s iz e d  w i th  d i f f e r e n t  s p e c ie s  o f  s e r ic in  a t  140  c  fo r  10 h r  a r e  s h o w n  th e  
d i f f e r e n c e  o f  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 )  (T a b le  4 .3  a n d  F ig u re  4 .7 ) . 
D B -g -P L A  w a s  s h o w n  th e  h ig h e s t  o f  M w . M o re o v e r ,  g r a f t in g  s e r ic in  w i th  P L A  
r e s u l t s  in  th e  in c re a s e  o f  M w  w h e n  c o m p a re d  to  s e r ic in  p ro te in .
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T a b l e  4 .2  M w  a n d  M W D  o f  f o u r  s p e c ie s  o f  f r e e z e - d r ie d  s i lk  s e r ic in

S e r i c in M w  ( g /m o l) M n  ( g /m o l ) M W D

D o k  B u a 2 4 0 2 3 6 1 .1 9
L u a n g  P iro te 771 7 5 4 1.11

N a n g  N o i 3 6 8 3 4 5 1 .09
N a n g  L ai 150 148 1.11

F i g u r e  4 .6  M o le c u la r  w e ig h t  p a r a m e te r  o f  f r e e z e - d r ie d  s e r ic in .

T a b l e  4 .3  M w  a n d  M W D  o f  e x t r a c te d  s e r ic in -g -P L A  w ith  v a r io u s  s p e c ie s  o f  s e r ic in

C o p o ly m e r M w  ( g /m o l) M n  ( g /m o l ) M W D

D B -g -P L A 6 ,0 4 5 5 ,0 7 4 1 .1 9
L P -g -P L A 5 ,9 5 9 5 ,3 5 6 1.11
N N -g -P L A 5 ,3 6 6 4 ,7 1 6 1 .09

N L - g - P L A 5 ,2 4 9 4 ,9 4 1 1.11
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F i g u r e  4 .7  M o le c u la r  w e ig h t  p a r a m e te r  o f  th e  e x t r a c te d  c o p o ly m e rs .

4 .4 .4  S o lu b i l i ty  o f  S e r ic in - g - P L A
S o lu b i l i ty  o f  th e  e x t r a c te d  c o p o ly m e rs  in  c h lo r o f o r m  a n d  in  w a te r  is 

s h o w n  in  T a b le  4 .3 . L P -g -P L A  a n d  N N - g - P L A  c o p o ly m e rs  s h o w  th e  c lo s e d  v a lu e  o f  
s o lu b i l i ty .  T h e  s o lu b i l i ty  r e la te d  to  th e  h y d r o p h i l ic i ty  o f  th e  m a te r ia ls .  N L - g - P L A  
s h o w s  th e  h ig h e s t  s o lu b i l i ty  in  w a te r .  T h e  v a r io u s  s o lu b i l i t ie s  o f  s e r ic in -g -P L A  
d e p e n d  o n  th e  c o p o ly m e r  c o m p o n e n t  s in c e  th e  s e r ic in  c o m p o n e n t  is  h y d r o p h i l ic  a n d  
P L A  is  h y d r o p h o b ic  (H u  et a / . ,  2 0 1 1 ) . T h is  in d ic a te s  th a t  N a n g  L a i s p e c ie s  h a s  
h ig h e r  h y d r o p h i l ic  p a r t  th a n  o th e r  s p e c ie s  le a d in g  to  g r e a te r  w a te r  s o lu b il i ty .
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T a b l e  4 .4  S o lu b i l i ty  o f  e x t r a c te d  s e r ic in -g -P L A  in  c h lo r o f o r m  a n d  in  w a te r

C o p o ly m e r
% S o l u b i l i t y  

( in  c h l o r o f o r m )
% S o l u b i l i t y  

( in  w a t e r )

D B -g -P L A 6 0 .8 9 8.21
L P -g -P L A 5 2 .8 6 7 .5 5

N N -g -P L A 5 3 .2 1 7 .1 2
N L - g - P L A 5 6 .5 7 8 .9 6

4 .5  C O N C L U S I O N S

S e r ic in - g - P L A  f ro m  fo u r  d i f f e r e n t  s p e c ie s  o f  T h a i  s i lk  c o c o o n :  N a n g  N o i,  
N a n g  L a i, D o k  B u a  a n d  L u a n g  P iro te ,  w a s  s y n th e s iz e d  b y  b u lk  p o ly m e r iz a t io n  w ith  
s ta n n o u s  o c to a te  a s  th e  c a ta ly s t .  T h e  d i s s im i la r  c h a r a c te r i s t ic s  in  e a c h  s p e c ie s  to  th e  
c o p o ly m e rs  w e r e  e x p o s e d . F T IR  s p e c t r a  c o n f i rm e d  th a t  P L A  h a s  b e e n  s u c c e s s f u l ly  
g r a f te d  o n to  s i lk  s e r ic in . T h e  h ig h e s t  g r a f t in g  p e r c e n ta g e  a n d  s o lu b i l i ty  in  w a te r  w e re  
fo u n d  in  N L - g - P L A . T h e s e  a re  d u e  to  N a n g  L a i s p e c ie s  h a s  h ig h e r  h y d r o p h i l ic  p a r t  
th a n  o th e r  s p e c ie s .  N L - g - P L A  s h o w e d  th e  lo w e s t  m o le c u la r  w e ig h t  c o m p a r e d  w ith  
o th e r  g r a f te d  c o p o ly m e rs .

4 .6  A C K N O W L E D G E M E N T S

T h e  a u th o rs  th a n k  th e  C e n te r  o f  E x c e l le n c e  o n  P e tr o c h e m ic a l  a n d  
M a te r ia ls  T e c h n o lo g y  a n d  th e  g o v e r n m e n t  b u d g e t  2 0 1 3  fo r  th e  f in a n c ia l  s u p p o r t .
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