
R E SU L T S A N D  D ISC U SSIO N
CHAPTER IV

4.1 M orphological Properties

4.1.1 Cellulose Whisker
The TEM image o f  cellulose whisker, which was prepared from 

banana trunk or pseudo-stem, illustrates that the cellulose whisker has a needle-like  
structure, and the individual or aggregated fragments can be seen as shown in Figure
4.1. The width and length were estimated from the selected TEM images. The 
average width and length o f  cellulose nanofibrils were 7.3 nm and longer than 400  
nm, respectively, with the aspect ratio being higher than 55, w hich similar to the 
previous reports (Dufresne, et al, 1998; Cherian, 2008). Hydrolysis cellu lose with 
sulfuric acid involves esterification reaction o f  hydroxyl group by sulfate ions, so 
that some negative charges o f  sulfate groups appeared at the surface o f  cellulose  
whisker resulting in the cellulose suspension exhibited stable colloidal suspension 
due to repulsion forces o f  anionic charges (Marchessault, et al, 1961; Yao, 1999; 
Wang, et a l, 2007).

F igure 4.1 TEM image o f  cellulose whisker.
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4.1.2  Chitin Whisker
The chitin suspension behaved colloidal suspension due to the 

protonation o f  the amino groups (-N H 3 +) after hydrolyzed with hydrochloric acid 
leading to positive charges appeared at the surfaces o f  chitin whisker. Hence, the 
stable colloidal suspension o f  chitin whisker was obtained because o f  repulsion 
forces o f  these cationic charges (Marchessault, et al, 1959). In case o f  chitin whisker 
different from cellulose whisker that chloride ions (C f) did not play important role 
on charges because chloride ions were easily eliminated by washing with distilled  
water for several tim es (Akira, et a l, 1999). The suspension consisted o f  both 
individual and aggregated fragments. The individual whisker, which has a rod-like 
structure, showed a broad distribution in both width and length as show n in Figure
4.2 Statistic evaluation o f  the selected TEM im ages suggested that the average width, 
length and aspect ratio o f  the obtained whisker were 27.1, 307.7, and 11 nm, 
respectively. However, the previously reported o f  the dimensions o f  chitin whisker 
from shrimp shells (Wattanapanit, et al, 2008) gave the average width, length, and 
aspect ratio about 46, 343, and 7.5 nm, respectively.

F igure 4.2 TEM image o f  chitin whisker.

4.1.3 Bionanocom posite Sponges
From SEM observation as shown in Figure 4.3, the top surface o f  neat 

cellulose whisker sponge, neat chitin whisker sponge, and cellulose whisker/chitin 
whisker sponge after lyophilization did not show  open porous structure. However,
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cross-section area o f  them exhibited porous pattern (Figure 4.4), and whiskers also 
could be seen with high magnitude o f  SEM as shown in Figure 4.5.

On the other hand, sericin containing sponges exhibited porous 
structure both on the top surface and throughout the sponge. It might be explained  
that the added o f  sericin might be coated on the whiskers and could reduce the 
floating o f  whiskers to the surface during freeze-drying process.

F igure 4.3 SEM images o f  top surface o f  (a) cellulose whisker, (b) chitin whisker, 
and the bionanocom posite sponges having ratios o f  cellulose whisker : chitin whisker 
ะ sericin o f  (c) 50:50:0 and (d) 50:50:50.
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Figure 4.4 SEM images o f  cross-sectional surface o f  (a) cellulose whisker, (b) chitin 
whisker, and the bionanocomposite sponges having ratios o f  cellu lose whisker : 
chitin whisker ะ sericin o f  (c) 50:50:0 and (d) 50:50:50.

Figure 4.5 SEM images o f  the cross-section o f  (a) cellulose whisker, (b) chitin 
whisker, and (c) 75:25:50 cellulose whisker/chitin whisker/sericin sponges.

In case o f  bionanocom posite sponges containing sericin, ranging from 
25, 50, 100wt% o f  cellulose whisker/chitin whisker com posite, both top surface and 
cross-sectional area exhibited porous structure. N evertheless, different sericin 
content showed no significant difference in terms o f  granularity and porosity was 
observed with increasing sericin content and fixed the ratio o f  cellulose  
w hiskerxhitin whisker was 50:50, as shown in Figure 4.6.
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F igure 4.6 SEM images o f  cellulose whisker/chitin whisker/sericin sponges with the 
ratio (a) 50:50:0, (b) 50:50:25, (c) 50:50:50, and (d) 50:50:100 cellulose  
w hiskerxhitin w hiskensericin sponges.

4.2 C haracterizations

4.2.1 Fourier Transform Infrared Spectroscopy (FT-IR)
After boiling silk cocoons under high temperature and high pressure 

by using autoclave, the obtained sericin had light orange-yellowish which FTIR 
spectra is shown in Figure 4.7. The broad peak at 3300 cm '1 was corresponding to the 
N H  stretching band. Sericin exhibited absorption bands at 1657, 1529, and 637, 
w hich are characteristics o f  amide I, amide II, and amide V , respectively (Cho, et al., 
2003).
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W a v e n u m b e r  ( c m ^ )

Figure 4.7 FTIR spectrum o f  sericin.

W hile the cellulose whisker showed the peaks in the area o f  3300- 
3400cm '1 due to OH stretching vibration o f  -O H  groups, which is related to their 
main com position in cellulose as shown in Figure 4.8. The absorption peak at 2922  
cm '1 is the characteristic o f  aliphatic saturated C-H stretching vibration in cellulose  
and hem icelluloses.

Remarkable observation on the difference between cellu lose and 
cellulose whisker is an intensity o f  peak at 1 6 4 0  cm '1. This peak corresponds to c = c  
vibration and is an indicative o f  lignin (Wang, et al, 2 0 0 9 ) .  Thus, the peak intensity 
at 1 6 4 0  cm '1 o f  the cellulose whisker was lower than that o f  cellulose because the 
lignin was further removed out after acid hydrolysis o f  cellulose. The 1 4 4 0  cm 1 and 
1 3 5 0  cm '1 peaks in the raw cellulose represent C -H  deformation vibration o f  lignin 
(Sain & Panthapulakkal, 2 0 0 6 ;  รนท, et al., 2 0 0 0 ) ,  and O-C stretching o f  
hem icelluloses and lignin (Cherian, et al, 2 0 0 8 ) ,  respectively. The 1 2 5 0  cm"1 peak is 
indicative o f  lignin (Paul, et al., 2 0 0 8 ) . These peaks decrease in case o f  cellulose 
whisker due to partial removal o f  hem icelluloses and lignin.
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Figure 4.8 F T I R  s p e c tr a  o f  b a n a n a  tr u n k  ( C L )  a n d  c e l l u l o s e  w h is k e r  ( C L W K ) .

F T I R  s p e c tr u m  o f  c h i t in  w h is k e r  ( F ig u r e  4 .9 )  w a s  s im i la r  to  th a t  o f  th e  

a n h y d r o u s  c h i t in  w h e r e  th r e e  s t r o n g  a b s o r p t io n  p e a k s  in  th e  c a r b o n y l  r e g io n  a t  1 6 7 6  

c m ' 1 ( a m id e  II), 1 6 4 6  c m ' 1 ( a m id e  II ) , a n d  1 5 6 9  c m ' 1 ( a m id e  I) w e r e  o b s e r v e d  

( M u z z r e l l i ,  2 0 0 5 ) .

W avenum ber (cm ^ )

Figure 4 .9  F T I R  s p e c tr u m  o f  c h i t in  w h is k e r .

Since all components of the composites have characteristic absorption
bands in a near region, no significant changes in the peak location from the pure
components were seen, as shown in Figure 4.10. However area o f-O H  broad peak
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a r o u n d  3 3 0 0  c m ' 1 d e c r e a s e d  in  c a s e  o f  c r o s s - l in k e d  c e l l u l o s e  w h is k e r ,  d u e  to  s o m e  -  

O H  g r o u p s  w e r e  u s e d  in  c r o s s - l in k in g  r e a c t io n .  L ik e  c e l l u l o s e  w h is k e r ,  p e a k  o f  

- N H  s t r e t c h in g  o f  c r o s s - l in k e d  c h i t in  w h is k e r  s p o n g e  a ls o  r e d u c e d . A l t h o u g h ,  n o  

s ig n i f ic a n t  c h a n g in g  p e a k ,  in  c a s e  o f  s e r ic in - c o n t a in in g  b i o n a n o c o m p o s i t e  s h o w e d  

d is t in c t  p e a k  a t 1 6 6 0  c m ’ 1 w h ic h  i s  i n d ic a t iv e  o f  - C = N -  v ib r a t io n  ( N y q u is t ,  et a l ,  

1 9 7 8 ) .  B e c a u s e  a m in e  g r o u p s  in  s e r i c in  c a n  r e a c t  w i t h  g lu ta r a ld e h y d e  to  o b t a in  -  

C = N -  b o n d .

W a v e n u m b e r  ( c m * 1 )

Figure 4.10 F T I R  s p e c tr a  o f  ( a )  c e l l u l o s e  w h is k e r ,  ( b )  c r o s s - l in k e d  c e l l u l o s e  

w h is k e r ,  ( c )  c h it in  w h is k e r ,  (d )  c r o s s - l in k e d  c h i t in  w h i s k e r ,  ( e )  5 0 : 5 0 : 5 0  c e l l u l o s e  

w h i s k e r x h i t i n  w h i s k e n s e r i c i n ,  a n d  ( f )  5 0 : 5 0 : 5 0  c r o s s - l in k e d  c e l l u l o s e  w h i s k e r x h i t i n  

w h is k e r : s e r i c in  b i o n a n o c o m p o s i t e  s p o n g e s .

4 . 2 .2  X - R a y  D i f f r a c t io n  A n a l y s i s  ( X R D )
T h e  c h a r a c te r is t ic  d i f f r a c t io n s  o f  r a w  b a n a n a  tr u n k  a n d  b a n a n a  

c e l l u l o s e  w h is k e r  a re  s h o w n  in  F ig u r e  4 .1 1 .  R a w  b a n a n a  tr u n k  s h o w e d  th e  d i f f r a c t io n  

p e a k  2 0  a t 2 2 . 5 ° ,  2 9 °  a n d  4 1 ° ,  w h i l e  c e l l u l o s e  w h is k e r  s h o w e d  th e  d i f f r a c t io n  p e a k  

2 0  a t 1 6 ° ,  2 2 .5 °  a n d  2 7 .5 ° .  T h e  p a t te r n s  in d ic a t e d  th a t  th e  c e l l u l o s e s  o b t a in e d  fr o m  

r a w  b a n a n a  p r e s e n t e d  a  t y p ic a l  fo r m  o f  c e l l u l o s e  I s in c e  th e r e  w a s  th e  m a in  p e a k  at 

2 2 .5 ° ,  w h i c h  in d ic a t in g  th e  0 2 0  p la n e  ( L i ,  et a l,  2 0 0 9 ;  K le m m , et a l,  2 0 0 5 ;  O u a ja i  
a n d  S h a n k s ,  2 0 0 5 ) .  W h e r e a s ,  c e l l u l o s e  w h i s k e r  s h o w e d  th e  d i f f r a c t io n  p e a k  a t 2 2 .5 °  

fo r  c e l l u l o s e  I fo r m  b e c a m e  sh a r p e r , d u e  to  in c r e a s e  o f  c r y s t a l l in i t y .  M o r e o v e r ,  th e  

c r y s t a l l in e  t r a n s f o r m a t io n  t o  c e l l u l o s e  II c o u ld  b e  s e e n  a f te r  a c id  h y d r o ly s i s ,  w h ic h
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w a s  p r e s e n t e d  a t 2 0  =  1 5 °  ( 1 1 0  p la n e ) .  T h e  s h a r p ly  p e a k s  w h i c h  a p p e a r e d  a t 2 7 ° ,  2 8 ° ,  
a n d  4 2 °  m ig h t  in d ic a t e d  th e  m in e r a l  o f  c e l l u l o s e  fr o m  e n v ir o n m e n t .  S o ,  a c id  

h y d r o ly s i s  e x h ib i t e d  m o r e  e f f i c i e n t  r e m o v a l  o f  h e m i c e l l u l o s e s  a n d  l ig n in ,  w h i c h  a re  

e x i s t e d  in  th e  a m o r p h o u s  r e g io n s .  T h is  in c r e a s e  o f  c r y s t a l l in i t y  a f te r  a c id  t r e a tm e n t  

h a s  b e e n  r e p o r te d  b y  s e v e r a l  a u th o r s  (C h e r ia n , et a l ,  2 0 0 8 ;  A z i z i ,  et a l ,  2 0 0 4 ;  

C h e r ia n , 2 0 1 0 ;  C h e n ,  et a l,  2 0 1 1 ) .

Figure 4.11 X - r a y  d i f f r a c t io n  s p e c tr a  o f  d r ie d  b a n a n a  tr u n k  ( C L )  a n d  c e l l u l o s e  

w h is k e r  ( C L W K ) .

In  c a s e  o f  th e  o b t a in e d  c h i t in  w h is k e r ,  i t  s h o w e d  t h e  m a in  d i f f r a c t io n  

p e a k  2 0  a t  1 9 °  w h i c h  c o r r e s p o n d in g  t o  1 1 0  p la n e .  M o r e o v e r ,  i t  s h o w e d  s m a l l  

d i f f r a c t io n  p e a k s  a t 2 3 °  a n d  3 8 ° .  C o m p a r e d  p r e v io u s  r e s e a r c h e s ,  d i f f r a c t io n  p e a k s  

w e r e  o c c u r  in  th e  s a m e  2 0  a s  s h o w n  in  F ig u r e  4 .1 2  ( S a j o m s a n g  a n d  G o n i l ,  2 0 1 0 ;  

F a n , et a l,  2 0 0 8 ) .
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Figure 4.12 X - r a y  d i f f r a c t io n  s p e c tr a  o f  c h i t in  p o w d e r  ( C T )  a n d  c h i t in  w h i s k e r  

( C T W K ) .

4 .2 .3  T h e r m a l  D e g r a d a t io n  A n a l y s i s  ( T G A )
T h e  T G A  a n d  D T A  d a ta  o f  r a w  b a n a n a  tr u n k  a n d  b a n a n a  c e l l u l o s e  

w h is k e r  a r e  s h o w n  in  F ig u r e  4 .1 3  B o t h  h a v e  in i t ia l  w e i g h t  l o s s  s ta r te d  a t a r o u n d  

5 0  ° c  w h i c h  w e i g h t  l o s s  a r o u n d  8 % , d u e  t o  e v a p o r a t io n  o f  w a t e r  u p o n  h e a t in g .  In  

a d d it io n ,  b o t h  o f  th e m  s h o w e d  o n l y  o n e  m a in  s t e p  a r o u n d  2 5 0 ° c  -  3 0 0 ° c  b e c a u s e  o f  

th e  d e c o m p o s i t i o n  o f  c e l l u l o s e  ( d e  M o r a is  T e ix e ir a ,  et a l ,  2 0 1 0 ) .  D u e  t o  th e  l o w  

d e c o m p o s i t i o n  te m p e r a tu r e  o f  h e m i c e l l u l o s e s ,  l ig n in ,  a n d  p e c t in  ( M o r a n ,  et a l,

2 0 0 8 ) ,  th e  c u r v e  o f  th e  o r ig in a l  r a w  b a n a n a  tr u n k  s h o w e d  a n  e a r l ie r  w e i g h t  l o s s  th a t  

s ta r te d  a t a r o u n d  1 5 0 ° c ,  w h i c h  r e a c h e d  th e  d o m in a n t  p e a k  a t 3 0 0 ° c  o n  th e  D T G  

c u r v e  a c c o u n t in g  fo r  th e  p y r o ly s i s  o f  c e l l u l o s e .
O n  th e  o th e r  h a n d , th e  c e l l u l o s e  w h i s k e r  s h o w e d  m o r e  g r a d u a l th e r m a l  

t r a n s i t io n s ,  i t  m ig h t  c a u s e  b y  h ig h e r  c r y s t a l l in i t y  o f  c e l l u l o s e  w h is k e r  d u e  t o  p a r t ia l  

r e m o v a l  o f  h e m i c e l l u l o s e s  a n d  l ig n in  f r o m  th e  f ib e r s  r e s u l t in g  in  h a r d e r  to  

d e c o m p o s e .  F u r th e r m o r e , t h e  s u l f a t e  g r o u p s  o f  th e  c e l l u l o s e  w h is k e r  v ia  s u l f u r ic  a c id  

h y d r o ly s i s  w e r e  a c t in g  a s  th e  f la m e  r e ta r d a n ts  ( R o m a n  &  W in te r ,  2 0 0 4 ) .  T h e  c h a r r e d  

r e s id u e  o f  c e l l u l o s e  w h is k e r  w a s  lo w e r  th a n  th a t  o f  th e  r a w  b a n a n a  tr u n k , d u e  to  

c e l l u l o s e  w h i s k e r  h a d  lo w e r  c o n t e n t  o f  l ig n in .  L ig n in  i s  a  c o m p l e x  p h e n o l i c  p o ly m e r ,  
w h i c h  a r o m a t ic  s u b s t a n c e s  a re  n o t  e a s y  t o  d e c o m p o s e  r e s u l t in g  in  c h a r r e d  r e s id u e .



33

T h u s ,  a c id  h y d r o ly s i s  c o u ld  r e m o v e  th e  o th e r  s u b s t a n c e s  t o  o b t a in e d  p u r e  c e l l u l o s e  

w h is k e r .

T e m p e r a t u r e  (C )

Figure 4.13 T h e r m a l d e g r a d a t io n  p r o f i l e  o f  b a n a n a  tru n k  ( C L )  a n d  c e l l u l o s e  w h is k e r  

( C L W K ) .

4.3 Water Absorption Properties

A f t e r  im m e r s e d  th e  b i o n a n o c o m p o s i t e  s p o n g e s  in  d i s t i l l e d  w a te r ,  th e  

b i o n a n o c o m p o s i t e  s p o n g e s  e x h ib i t e d  g o o d  w a te r  a b s o r p t io n  a b i l i t y  a t l e a s t  1 0  t im e s  

c o m p a r e d  to  th e ir  d r y  s ta te  d u e  t o  th e ir  p o r o u s  s tr u c tu r e s  a n d  th e ir  h y d r o p h i l i c i t y  o f  

th e  b i o n a n o c o m p o s i t e  s p o n g e s ,  a s  s h o w n  in  F ig u r e  4 .1 4 .  T h e  r e s u lt  r e v e a le d  th a t  th e  

w a t e r  a b s o r p t io n  d e c r e a s e d  w i t h  th e  c o n t e n t  o f  c h i t in  w h i s k e r  e x c e p t  in  c a s e  o f  n o  

s e r i c in  s p o n g e s ,  p u r e  c e l l u l o s e  w h is k e r  e x h ib i t e d  h ig h e s t  w a t e r  a b s o r p t io n  a n d  

s ig n i f ic a n t ly  d r o p p e d  w h e n  a d d in g  c h it in  w h i s k e r  b u t  w h e n  th e  c o n t e n t  o f  c h i t in  

w h is k e r  in c r e a s e d ,  th e  w a te r  a b s o r p t io n  in c r e a s e d  b y  c o n t r a s t e d  w i t h  s e r ic in -  

c o n t a in in g  s p o n g e s .  T h is  m ig h t  b e  a d d in g  c h i t in  w h is k e r  in te r r u p te d  a  n e t w o r k  

s tr u c tu r e  o f  c e l l u l o s e  w h is k e r ,  b u t  h ig h e r  c o n t e n t  o f  c h it in  w h is k e r  e x h i b i t e d  m o r e  

o r d e r e d  a r r a n g e m e n t  d u e  to  a g g r e g a t io n  o f  w h is k e r ,  l e a d in g  t o  b e t t e r  th e  w a t e r  

a b s o r p t io n  h o w e v e r  it  w o r s e  th a n  p u r e  c e l l u l o s e  w h is k e r .
O n  th e  o th e r  h a n d  in  c a s e  o f  s e r ic in -  c o n t a in in g  s p o n g e s  s h o w e d  h ig h e r  

w a t e r  a b s o r p t io n  d u e  to  its  h y d r o p h il i c i t y  o f  s e r ic in  a n d  h ig h e r  a m o u n t  o f  s e r ic in  a ls o  

le a d e d  to  h ig h e r  th e  w a te r  a b s o r p t io n . B u t  in  c a s e  o f  h ig h  c o n t e n t  o f  c h i t in  w h is k e r ,
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th e  w a t e r  a b s o r p t io n  d r o p p e d  in  c a s e  o f  1 0 0 w t%  o f  s e r ic in .  It m ig h t  c a u s e d  b y  c h it in  

w h is k e r  a n d  s e r ic in  e x h ib i t e d  s t r o n g e r  in t e r a c t io n  b o n d  b e c a u s e  o f  b o t h  th e ir  

h y d r o g e n  b o n d in g  in te r a c t io n  b e t w e e n  p r o t e in  a n d  c h it in  (L u , et a l ,  2 0 0 4 ) ,  a n d  th e ir  

c o n t r a s t  c h a r g e s  o n  s u r f a c e  ( N i s h id a ,  et a l ,  2 0 1 1 )  w h i c h  c h i t in  w h is k e r  a n d  s e r ic in  

h a d  p o s i t i v e  a n d  n e g a t iv e  c h a r g e s  in  m e d ia ,  r e s p e c t iv e ly .  T h is  c a u s e d  th e  w a te r  

a b s o r p t io n  d r o p p e d .

Figure 4.14 T h e  w a t e r  a b s o r p t io n  o f  b i o n a n o c o m p o s i t e  s p o n g e s .

4.4 Sericin Releasing

S e r ic in  i s  w a t e r - s o lu b le  p r o t e in  w h i c h  h a s  m a n y  b e n e f i c i a l  p r o p e r t ie s  fo r  

w o u n d  h e a l in g ,  s o  th a t  it  i s  v e r y  u s e f u l  i f  it r e l e a s e s  in to  h u m a n  b o d y .  T h is  p art  

in v e s t ig a t e d  e f f e c t  o f  c e l l u l o s e  w h i s k e r x h i t i n  w h is k e r  ( C L W K : C T W K )  r a t io ,  th e  

e f f e c t  o f  s e r ic in  ( S R C ) ,  a n d  th e  e f f e c t  o f  l y s o z y m e  —  w h i c h  is  a n  e n z y m e  in  h u m a n  

b o d y  th a t  c a n  d e g r a d e  c h i t in  —  o n  th e  r e l e a s in g  o f  s e r ic in .
4 .4 .1  T h e  E f f e c t  o f  C e l lu l o s e  W h is k e r  a n d  C h it in  W h is k e r  o n  S e r ic in  

R e l e a s in g
In  o r d e r  t o  e v a lu a t e  a n  e f f e c t  o f  th e  b le n d  c o m p o s i t io n  b e t w e e n  

c e l l u l o s e  w h is k e r  a n d  c h i t in  w h is k e r  o n  r e le a s e  b e h a v io r  o f  th e  s e r ic in  f r o m  th e  

b i o n a n o c o m p o s i t e  s p o n g e s ,  th e  s p o n g e s  w i t h  t h e  w e i g h t  r a t io s  o f  c e l l u l o s e  w h i s k e r  

to  c h i t in  w h is k e r  o f  1 0 0 : 0 ,  7 5 : 2 5 ,  5 0 : 5 0 ,  2 5 : 7 5 ,  a n d  0 : 1 0 0  w e r e  s e l e c t e d  ( s e r i c in
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c o n t e n t  w a s  f i x e d  a t 2 5  w t%  a n d  1 0 0  w t% ) . In  a d d it io n ,  th e  r e le a s e  b e h a v io r  o f  

s e r ic in  b e t w e e n  th e  t e s t s  u s in g  m e d ia  w i t h  a n d  w i t h o u t  l y s o z y m e  w a s  c o m p a r e d .  It 

w a s  f o u n d  th a t  th e  b io n a n o c o m p o s i t e  s p o n g e  a t a  c o m p o s i t io n  o f  7 5 : 2 5 : 2 5  e x h ib i t e d  

th e  h ig h e s t  s e r ic in  r e l e a s e  a m o u n t .  T h e  n e x t  c o m p o s i t io n s  w e r e  1 0 0 : 0 : 2 5 ,  5 0 : 5 0 : 2 5 ,  
2 5 : 7 5 : 2 5 ,  a n d  0 : 1 0 0 : 2 5 ,  a s  s h o w n  in  F ig u r e  4 .1 5 .  In  th e  p r e s e n c e  o f  l y s o z y m e ,  
r e le a s e  a m o u n t  o f  s e r i c in  in c r e a s e d  w i t h  th e  in c r e a s e  in  th e  c h i t in  w h is k e r  c o n t e n t .  
S e r ic in  r e l e a s e d  fr o m  c o m p o s i t io n s  7 5 : 2 5 : 2 5  a n d  0 : 1 0 0 : 2 5  in c r e a s e d  fr o m  

c o m p o s i t io n  1 0 0 : 0 : 2 5  a b o u t  5%  a n d  1 5 % , r e s p e c t i v e ly .  T h is  s h o u ld  b e  a  r e s u lt  o f  th e  

e n z y m a t ic  d e g r a d a b i l i t y  o f  c h it in  in  th e  p r e s e n c e  o f  l y s o z y m e .
In  c a s e  o f  f i x e d  1 0 0  w t%  s e r ic in  s h o w e d  s a m e  tr e n d  a s  2 5  w t%  s e r ic in  

a s  s h o w n  in  F ig u r e  4 .1 6 .  H o w e v e r  s e r i c in  r e l e a s e d  o f  2 5 : 7 5 : 1 0 0  d id  n o t  in c r e a s e  u p  

t o  1 5 %  a s  s h o w e d  in  c a s e  o f  2 5 : 7 5 : 2 5  in  th e  p r e s e n c e  o f  l y s o z y m e .  It m ig h t  b e  h ig h  

a m o u n t  o f  s e r ic in  c o a t  a l l  a r o u n d  w h is k e r  s u r f a c e ,  e s p e c i a l l y  c h i t in  w h is k e r ,  l e a d in g  

t o  n o  s u r f a c e  a r e a  to  in te r a c t  w i t h  e n z y m e .  C o m p a r e d  w i t h  l o w  s e r ic in  c o n t e n t ,  it  d id  

n o t  c o a t  a ll  s u r f a c e  a r e a  o f  w h is k e r ,  s o  l y s o z y m e  c o u ld  r e a c t  w i t h  c h it in  r e s u lt in g  in  

e n z y m a t ic  d e g r a d a t io n  o f  c h it in  a n d  s e r i c in  c o u ld  b e  r e le a s e d .
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Figure 4.15 S e r ic in  r e le a s in g  p r o f i l e  o f  b i o n a n o c o m p o s i t e  s p o n g e s  c o n t a in in g  

2 5 w t %  s e r ic in  (a )  w i t h o u t ,  a n d  ( b )  w i t h  0 . 1% w /v  l y s o z y m e .
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Figure 4.16 S e r ic in  r e le a s in g  p r o f i l e  o f  b i o n a n o c o m p o s i t e  s p o n g e s  c o n t a in in g  

1 0 0 w t%  s e r ic in  (a )  w i t h o u t ,  a n d  ( b )  w i t h  0 . 1% w /v  l y s o z y m e .

4 .4 .2  T h e  E f f e c t  o f  A m o u n t  o f  S e r ic in  o n  S e r ic in  R e le a s in g
T o  in v e s t ig a t e d  th e  e f f e c t  o f  s e r ic in ;  2 5 w t % , 5 0 w t % , a n d  1 0 0 w t %  o f  

w h is k e r s  ( t h e  r a t io  o f  c e l l u l o s e  w h is k e r : c h i t in  w h is k e r  w a s  f i x e d  a t 7 5 : 2 5 ) .  T h e  

r e le a s in g  p r o f i l e  r e v e a le d  h ig h e r  a m o u n t  o f  s e r ic in  r e s u lt in g  in  h ig h e r  s e r i c in  r e le a s e d  

a s  s h o w n  in  F ig u r e  4 .1 7 .  N e v e r t h e l e s s ,  l y s o z y m e  a l s o  d id  n o t  s ig n i f i c a n t ly  e f f e c t  o n  

h ig h  c o n t e n t  o f  s e r ic in  d u e  t o  n o  s u r f a c e  a r e a  t o  in te r a c t  a s  p r e v io u s ly  m e n t io n e d .
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Figure 4.17 S e r ic in  r e l e a s in g  p r o f i l e  o f  7 5 : 2 5  c e l l u l o s e  w h i s k e r x h i t i n  w h i s k e r  

b i o n a n o c o m p o s i t e  s p o n g e s  c o n t a in in g  v a r io u s  s e r ic in  c o n t e n t  ( a )  w i t h o u t ,  a n d  ( b )  

w it h  0 .1  % w /v  l y s o z y m e .

In  c o n c lu s io n  o f  s e r i c in  r e le a s in g ,  h ig h e s t  r e l e a s e d  in  t h e  r a t io  7 5 : 2 5  

c e l l u l o s e  w h i s k e r x h i t i n  w h is k e r  a n d  l o w e s t  in  th e  r a t io  0 : 1 0 0  c e l l u l o s e  

w h i s k e r x h i t i n  w h is k e r  b o th  f i x e d  a m o u n t  o f  s e r i c in  a t 2 5  w t%  a n d  1 0 0  w t% . It m ig h t  

b e  s e r ic in  in te r a c te d  w i t h  c h i t in  w h is k e r  b e t te r  th a n  c e l l u l o s e  w h is k e r  d u e  t o  c h it in  

w h is k e r  a n d  s e r i c in  h a s  s im i la r  a m id e  l in k a g e .  T h u s  th e  h y d r o g e n  b o n d  b e t w e e n  

c h it in  w h is k e r  a n d  s e r ic in  i s  s t r o n g e r  th a n  c e l l u l o s e  w h is k e r  -  s e r ic in  h y d r o g e n  b o n d ,  
r e s u lt in g  in  in t e r a c t io n  b o n d s  a re  d i f f i c u l t  t o  b r e a k  a n d  s e r ic in  i s  h a r d  t o  r e le a s e  

th r o u g h  e x te r n a l  e n v ir o n m e n t .
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In  th e  p r e s e n c e  o f  N a C l ,  it  d id  n o t  e f f e c t  o n  7 5 : 2 5 : 1 0 0  m u c h  m o r e  th a n  

2 5 : 7 5 : 1 0 0  d u e  t o  7 5 : 2 5 : 1 0 0  h a d  h ig h  c o n t e n t  o f  c e l l u l o s e  w h i c h  h a d  w e a k  h y d r o g e n  

b o n d  r e s u lt in g  in  s e r i c in  e a s y  t o  r e le a s e  e v e n  n o  io n  in  s y s t e m .  O n  th e  o th e r  h a n d ,  
h ig h  c o n t e n t  o f  c h i t in  s p o n g e s  s ig n i f ic a n t ly  s e r ic in  r e le a s e d  in  th e  p r e s e n c e  o f  N a C l .  
B e c a u s e  s t r o n g e r  h y d r o g e n  b o n d  b e t w e e n  c h it in  w h is k e r  a n d  s e r ic in  w a s  d is tu r b e d  

b y  s o d iu m  io n  l e a d in g  t o  s e r i c in  e a s ie r  t o  r e le a s e  in  th e  p r e s e n c e  o f  N a C l ,  a s  s h o w n  

in  F ig u r e  4 .1 8 .
In  a d d it io n ,  l y s o z y m e  c o u ld  e f f e c t  o n  s e r ic in  r e l e a s in g  w i t h  l o w  a m o u n t  o f  

s e r ic in  b e c a u s e  in te r a c t io n  s u r f a c e  a r e a  i s  im p o r ta n t  to  d e g r a d e  c h it in .

Figure 4.18 S e r ic in  r e l e a s in g  p r o f i l e  o f  ( a )  7 5 : 2 5 : 1 0 0 ,  a n d  (b )  2 5 : 7 5 : 1 0 0  c e l l u l o s e  

w h i s k e n c h i t i n  w h is k e r : s e r i c in  b io n a n o c o m p o s i t e  s p o n g e s  in  v a r io u s  c o n c e n t r a t io n s  

o f  N a C l  in  t r i s - H C l  b u f fe r .
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