
RESULTS AND DISCUSSION
C H A P T E R  I V

4.1 Bagasse Composition

T a b l e  4 .1  s h o w s  t h e  e l e m e n t a l  c o m p o s i t i o n  o f  b a g a s s e .  I t  w a s  f o u n d  t h a t  

o x y g e n  i s  t h e  m a j o r  c o m p o n e n t  in  b a g a s s e  f o l l o w e d  b y  c a r b o n  a n d  h y d r o g e n .  

T a b l e  4 .2  s h o w s  t h e  c h e m i c a l  c o m p o s i t i o n  o f  b a g a s s e .  C e l l u l o s e  w a s  f o u n d  t o  b e  t h e  

m a j o r  c o m p o n e n t ,  f o l l o w e d  b y  h e m i c e l l u l o s e ,  a n d  l ig n in .

Table 4.1 E l e m e n t a l  c o m p o s i t i o n  o f  b a g a s s e

Elemental composition wt%, dry basis

C a r b o n 39.42
H y d r o g e n 6.08

O x y g e n 54.14
N i t r o g e n 0.34

S u l f u r 0 . 0 2

Table 4.2 C h e m i c a l  c o m p o s i t i o n  o f  b a g a s s e

Chemical composition of bagasse \vt%, dry basis
C e l l u l o s e 46.7

H e m i c e l l u l o s e 28.89
L i g n i n 13.83

A s h 10.58
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4.2 Hydrolysis Capacity Value (HC Value)

T h e  H C  v a l u e s  a r e  r e l a t e d  t o  t h e  a c t i v i t y  o f  e n d o g l u c a n a s e  e n z y m e ,  w h ic h  

c o n t r o l s  t h e  c e l l u l o s e  h y d r o l y s i s  r a t e  in  t h e  p r i m a r y  h y d r o l y s i s  s t e p  ( Z h a n g  et al,
2 0 0 6 ) .  T h u s ,  i n  o r d e r  t o  e n s u r e  t h e  a c t i v i t y  o f  t h e  b a c t e r i a  s t r a i n ,  t h e  d e t e r m i n a t i o n  o f  

h y d r o l y s i s  c a p a c i t y  o f  s t r a i n  A  0 0 2  a n d  s t r a in  M  0 1 5  w a s  p e r f o m e d .  T h e  H C  v a l u e  

c a n  b e  d e t e r m i n e d  b y  c a l c u l a t i n g  t h e  r a t i o  o f  t h e  d i a m e t e r  o f  t h e  a p p e a r e d  c l e a r - z o n e  

a n d  t h a t  o f  t h e  b a c t e r i a l  c o l o n y .  F r o m  T a b l e  4 .3 ,  t h e  H C  v a l u e s  o f  s t r a i n  A  0 0 2  a n d  

M  0 1 5  a r e  1 .7 9  a n d  1 .5 2 ,  r e s p e c t i v e l y .  T h i s  c o n c l u d e s  t h a t  s t r a i n  A  0 0 2  t e n d s  t o  h a v e  

h i g h e r  a b i l i t y  to  d e g r a d e  c e l l u l o s e  t h a n  s t r a in  M  0 1 5 .

Table 4 .3  H y d r o l y s i s  c a p a c i t y  v a l u e s  ( H C  v a l u e )  o f  b a c t e r i a  s t r a i n  A  0 0 2  a n d  s t r a i n  

M  0 1 5

Bacteria strain Hydrolysis capacity value (HC value)
A  0 0 2 1 .7 9

M  0 1 5 1 .5 2

4.3 Microbial Hydrolysis Results

T h e  m i c r o b i a l  h y d r o l y s i s  o f  b a g a s s e  w a s  p e r f o r m e d  in  b a t v h  r e a c t o r ,  

c o n t a i n i n g  1 0 0 0  m l  o f  t h e  6 5  m o d i f i e d  D S M Z  b r o t h  m e d i u m  2  w i t h o u t  C M C  a n d  1 g  

o f  b a g a s s e  p o w d e r  w i t h  p H  a d j u s t e d  t o  7 .2 .  I n  t h i s  r e s e a r c h ,  t w o  e f f e c t i v e  s t r a in s  

( s t r a i n  A  0 0 2  a n d  M  0 1 5 )  o b a i n e d  f r o m  T h a i  h i g h e r  t e r m i t e  M i c r o c e r o t e r m  s p . ,  w e r e  

u s e d  t o  h y d r o l y z e  b a g a s s e  w i t h  d i f f e r e n t  b a g a s s e  p a r t i c l e  s i z e s  a n d  d i f f e m e t  

c o n c e n t r a t i o n  o f  s e c o n d a r y  c a r b o n  s o u r c e  o n  t h e  g l u c o s e  p r o d u c t i o n .

4 .3 .1  E f f e c t s  o f  B a g a s s e  P a r t i c l e  S i z e  o n  t h e  G l u c o s e  P r o d u c t i o n  

T h r e e  d i f f e r e n t  s i z e s  ( 4 0 ~ 6 0  m e s h ,  6 0 ~ 8 0  m e s h  a n d  >  8 0  m e s h )  o f  b a g a s s e  w e r e

i n v e s t i g a t e d  i n  o r d e r  t o  o b t a i n  a n  o p t i m u m  s i z e  f o r  t h e  m i c r o b i a l  h y d r o l y s i s .  T h e  

e x p e r i m e n t s  w e r e  o p e r a t e d  u n d e r  a  f i x e d  s u b s t r a t e  c o n c e n t r a t i o n  o f  1 .0  g /L .
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F i g u r e  4 .1  ( a )  s h o w s  t h e  e f f e c t  o f  t h e  t h r e e  b a g a s s e  s i z e s  o n  m i c r o b i a l  h y d r o l y s i s  a t  

3 7  ๐c  w i t h  s t r a i n  A  0 0 2 .  T h e  g l u c o s e  c o n c e n t r a t i o n  f r o m  t h e  h y d r o l y s i s  o f  t h e  >  8 0  

m e s h  s i z e  b a g a s s e  g r a d u a l l y  i n c r e a s e d  a n d  r e a c h e d  t h e  m a x i m u m ,  a b o u t  0 .4 6  g /L ,  a t  

8  h . A f t e r  t h a t ,  i t  d r a s t i c a l l y  d e c r e a s e d .  H o w e v e r ,  t h e  g lu c o s e  c o n c e n t r a t i o n  f r o m  th e

h y d r o l y s i s  o f  e i t h e r  t h e  6 0 — 8 0  m e s h  a n d  4 0 —6 0  m e s h  s i z e s  o f  b a g a s s e  u n d e r  t h e

s a m e  h y d r o l y s i s  c o n d i t i o n s  i n c r e a s e d  a t  a  s l o w e r  r a t e  a n d  r e a c h e d  t h e  m a x i m u m  

g l u c o s e  c o n c e n t r a t i o n  a b o u t  0 .4 1  g /L  a n d  0.38 g / L  a t  8 h , r e s p e c t i v e l y .  T h e  e f f e c t  o f  

b a g a s s e  s i z e  o n  t h e  h y d r o l y s i s  a t  37°c w i t h  s t r a i n  M 015 i s  s h o w n  i n  F i g u r e  4.1 (b ) .  

T h e  g l u c o s e  c o n c e n t r a t i o n  p r o d u c e d  f r o m  t h e  >  80 m e s h  s i z e  b a g a s s e  u n d e r  t h e  s a m e  

c o n d i t i o n s  g r a d u a l l y  i n c r e a s e d  a n d  r e a c h e d  t h e  m a x i m u m  g l u c o s e  p r o d u c t i o n ,  a b o u t

0 .4 4  g /L ,  a t  1 2  h r .  H o w e v e r ,  t h e  h y d r o l y s i s  o f  t h e  6 0 — 8 0  m e s h  a n d  4 0 — 6 0  m e s h

s iz e s  o f  t h e  b a g a s s e  a t  3 7  °c  w i t h  s t r a i n  M  0 1 5  s l i g h t l y  i n c r e a s e d  a n d  r e a c h e d  t h e  

m a x i m u m  g l u c o s e  p r o d u c t i o n  o f  0 .4 1  a n d  0 .4 0  g /L  a t  14  a n d  1 6  h ,  r e s p e c t i v e l y .  I n  a  

c o m p a r i s o n ,  t h e  g l u c o s e  p r o d u c t i o n  f r o m  s t r a i n  A  0 0 2  w a s  h i g h e r  t h a n  t h a t  f r o m  

s t r a i n  M  0 1 5  u n d e r  t h e  s a m e  h y d r o l y s i s  c o n d i t i o n .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  

s m a l l e r  t h e  s i z e  o f  b a g a s s e ,  t h e  h i g h e r  t h e  s u r f a c e  a r e a ,  t h e  e a s i e r  t h e  e n z y m e  to  

h y d r o l y z e  t h e  b a g a s s e  w h i c h  r e s u l t e d  in  t h e  h i g h e r  g l u c o s e  p r o d u c t i o n .  I n  a d d i t i o n ,  

B E T  e x p e r i m e n t  w a s  d o n e  to  s u p p o r t  t h e  r e s u l t s  w h y  t h e  s m a l l e r  s i z e  o f  b a g a s s e  

p r o v i d e d  t h e  h i g h e r  g l u c o s e  p r o d u c t i o n .  A s  s h o w n  in  T a b l e  4 .4 ,  t h e  s m a l l e r  p a r t i c l e  

s iz e  p r o v i d e d  t h e  h i g h e r  s p e c i f i c  s u r f a c e  a r e a .  T h u s ,  t h i s  c a n  b e  c o n f i r m e d  t h a t  t h e  

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

i n c r e a s e d  e n z y m a t i c  d i g e s t i b i l i t y  a n d  g l u c o s e  p r o d u c t i o n .  T h e  o b t a i n e d  r e s u l t s  w e r e  

c o n s i s t e n t  w i t h  s e v e r a l  r e s e a r c h e r s  ( C a u l f i e l d  &  M o o r e ,  1 9 7 4 ;  F i e r o b e  e t  a h ,  2 0 0 2 ;  

H o w e l l  &  S t u c k ,  1 9 7 5 )  w h o  h a v e  p o i n t e d  o u t  t h a t  t h e  r e d u c t i o n  o f  p a r t i c l e  s iz e  

s i g n i f i c a n t l y  i m p r o v e d  t h e  h y d r o l y s i s  r e a c t i o n  r a t e .
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Figure 4.1 E f f e c t  o f  b a g a s s e  p a r t i c l e  s i z e  o n  t h e  g l u c o s e  c o n c e n t r a t i o n  p r o f i l e  u s i n g  

b a c t e r i a l  ( a )  s t r a i n  A  0 0 2  a n d  ( b )  s t r a i n  M O I 5.
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T a b l e  4 .4  S p e c i f i c  s u r f a c e  a r e a  o f  b a g a s s e  p a r t i c l e

Bacteria size Surface area (m2/g)

4 0 - 6 0  m e s h 7 .4 4

6 0 - 8 0  m e s h 8 .9 7

>  8 0  m e s h 1 3 .5 9

4 . 3 .2  E f f e c t s  o f  B a c t e r i a  S t r a i n  o n  t h e  G l u c o s e  P r o d u c t i o n

T h e  p e r f o r m a n c e  o f  t w o  b a c t e r i a  s t r a i n s  ( s t r a i n  A 0 0 2 ,  a n d  s t r a i n  

M  0 1 5 )  o n  t h e  m i c r o b i a l  h y d r o l y s i s  o f  b a g a s s e  w e r e  s t u d i e d .  F i g u r e  4 .2  s h o w s  t h a t  

t h e  g l u c o s e  p r o d u c t i o n  f r o m  s t r a i n  A  0 0 2  w a s  h i g h e r  t h a n  t h a t  f r o m  s t r a in  M  0 1 5 .  

M o r e o v e r ,  u s i n g  s t r a i n  A  0 0 2  r e q u i r e s  l e s s  h y d r o l y s i s  t i m e  t o  r e a c h  m a x i m u m  

g l u c o s e  c o n c e n t r a t i o n  t h a n  u s i n g  s t r a i n  M  0 1 5 .  A c c o r d i n g  to  F i g u r e  4 .2 ,  t h e  g l u c o s e  

c o n c e n t r a t i o n  s l i g h t l y  i n c r e a s e d  u n t i l  i t  r e a c h e d  t h e  m a x i m u m  a m o u n t  o f  g l u c o s e  

p r o d u c e d ,  a b o u t  0 .4 6  g / L ,  a t  8 h  f r o m  t h e  h y d r o l y s i s  o f  >  8 0  m e s h  s i z e  b a g a s s e  w i t h  

s t r a i n  A  0 0 2 .  H o w e v e r ,  T h e  g l u c o s e  c o n c e n t r a t i o n  p r o f i l e  b y  u s i n g  s t r a i n  M  0 1 5  

s l i g h t l y  i n c r e a s e d  u n t i l  i t  r e a c h e d  t h e  m a x i m u m  g l u c o s e  c o n c e n t r a t i o n ,  a b o u t

0 .4 4  g / L ,  a t  1 2  h  u n d e r  t h e  s a m e  h y d r o l y s i s  c o n d i t i o n .  T h e  p r e s e n t  r e s u l t s  a r e  

s u p p o r t e d  b y  t h e  r e s u l t s  f r o m  T a e c h a p o e m p o l  et al. ( 2 0 1 0 ) ,  w h o  r e p o r t e d  t h a t  s t r a i n  

A  0 0 2  h a d  h i g h e r  ( 3 - g lu c o s id a s e s  a c t i v i t y  t h a n  s t r a i n  M  0 1 5  t o  c l e a v e  c e l l u l o b i o s e  

i n t o  g l u c o s e  r e s u l t i n g  i n  a  h i g h e r  g lu c o s e  p r o d u c t i o n .
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T im e  (h )

Figure 4.2 E f f e c t  o f  b a c t e r i a  s t r a i n s  o n  t h e  g l u c o s e  c o n c e n t r a t i o n  p r o f i l e  f r o m  t h e  

h y d r o l y s i s  o f  <  8 0  m e s h  b a g a s s e .

4 .3 .3  E f f e c t s  o f  C o n c e n t r a t i o n  o f  S e c o n d a r y  C a r b o n  S o u r c e  o n  t h e  G l u c o s e  

P r o d u c t i o n

P r o d u c t i o n  m e d i u m  g e n e r a l l y  c o n s i s t s  o f  m a l t  a n d  y e a s t  e x t r a c t .  I n  

t h i s  r e s e a r c h ,  m o d i f i e d  D S M Z  b r o t h  m e d i u m  2  w a s  u s e d  a s  a  p r o d u c t i o n  m e d i u m .  I t  

c o n s i s t s  o f  1 0  g /L  m a l t  e x t r a c t s ,  a n d  4 . 0  g /L  y e a s t  e x t r a c t .  T o  i n v e s t i g a t e  t h e  e f f e c t  o f  

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

p r o d u c t i o n ,  t h e  a m o u n t  o f  m a l t  e x t r a c t  i n  t h e  p r o d u c t i o n  m e d i u m  w a s  v a r i e d  ( 1 2 ,  1 0 , 

8 , a n d  6  g / L ) .  F i g u r e  4 .3  c l e a r l y  s h o w s  t h a t  t h e  a d d i t i o n  o f  1 2  g /L  o r  1 0  g /L  o f  t h e  

m a l t  e x t r a c t  i n  t h e  p r o d u c t i o n  m e d i u m  r e s u i t e s  in  a  h i g h e r  g l u c o s e  p r o d u c t i o n  r a t e  a s  

c o m p a r e d  t o  t h e  a d d i t i o n  o f  8 g /L  o r  6  g /L  o f  m a l t  e x t r a c t  i n  t h e  p r o d u c t i o n  m e d i u m .  

T h e s e  r e s u l t s  a r e  a l s o  s u p p o r t e d  b y  t h e  r e p o r t  o f  E o u r a r e k u l l a r t  ( 2 0 1 1 ) ,  w h o  r e p o r t e d  

t h a t  t h e  n i t r o g e n  s o u r c e s  s u c h  a s  m a l t  e x t r a c t  a n d  y e a s t  i n  t h e  p r o d u c t i o n  m e d i u m  a r e  

e s s e n t i a l  f o r  b a c t e r i a  t o  g r o w  a n d  h y d r o l y z e  t h e  l i g n o c e l l u l o s i c  m a t e r i a l s  t o  g l u c o s e .  

T h e  m a x i m u m  g l u c o s e  c o n c e n t r a t i o n s  o b t a i n e d  f r o m  a d d i n g  1 2  g / L  a n d  1 0  g /L  m a l t
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e x t r a c t  w e r e  0 .4 6  a n d  0 .4 7  g /L ,  r e s p e c t i v e l y ,  w h i c h  w e r e  i n s i g n i f i c a n t l y  d i f f e r e n t .  

T h i s  i n d i c a t e d  t h a t  t h e  o p t i m u m  c o n c e n t r a t i o n  o f  m a l t  e x t r a c t  i n  p r o d u c t i o n  m e d i u m  

w a s  1 0  g /L .

Time (h)

Figure 4.3 E f f e c t  o f  c o n c e n t r a t i o n  o f  s e c o n d a r y  c a r b o n  s o u r c e  o n  t h e  g l u c o s e  

c o n c e n t r a t i o n  p r o f i l e  f r o m  t h e  h y d r o l y s i s  o f  >  8 0  m e s h  p a r t i c l e  s i z e  b a g a s s e  u s i n g  

b a c t e r i a  s t r a i n  A  0 0 2 .

4 . 3 .4  B a c t e r i a  C o n c e n t r a t i o n  a n d  G l u c o s e  P r o d u c t i o n  v s .  T i m e

F i g u r e  4 .4  ( a )  s h o w s  b a c t e r i a  c o n c e n t r a t i o n  a n d  g l u c o s e  c o n c e n t r a t i o n  

p r o f i l e  f r o m  t h e  h y d r o l y s i s  o f  >  8 0  m e s h  b a g a s s e  w i t h  s t r a i n  A  0 0 2  a t  3 7  °c. T h e  

g l u c o s e  s i g n i f i c a n t l y  i n c r e a s e d  a f t e r  2  h  u n t i l  i t  r e a c h e d  t h e  h i g h e s t  v a l u e  a t  8  h  a n d  

c o n t i n u e d  t o  d e c r e a s e  u n t i l  2 4  h .  O n  t h e  o t h e r  h a n d ,  t h e  b a c t e r i a  c o n c e n t r a t i o n  

c o n t i n u e d  t o  i n c r e a s e .  I t  c a n  b e  i m p l i e d  t h a t  t h e  g l u c o s e  w a s  c o n s u m e d  b y  t h e  

b a c t e r i a  a f t e r  8  h .  M o r e o v e r ,  t h e  p r o d u c e d  g l u c o s e  p r o f i l e s  o b t a i n e d  f r o m  t h e  

h y d r o l y s i s  o f  >  8 0  m e s h  b a g a s s e  w i t h  s t r a i n  M  0 1 5  a t  3 7  °c w e r e  a l s o  c o m p a r e d  w i t h  

t h e  b a c t e r i a  c o n c e n t r a t i o n ,  a s  s h o w n  i n  F i g u r e  4 .4  ( b ) .  G l u c o s e  p r o d u c t i o n  s l i g h t l y  

i n c r e a s e d  a n d  r e a c h e d  t h e  h i g h e s t  v a l u e  a t  1 2  h  a n d  t h e n  d e c r e a s e  u n t i l  2 4  h . 

H o w e v e r ,  t h e  b a c t e r i a  c o n c e n t r a t i o n  c o n t i n u e d  to  i n c r e a s e  a l o n g  t h e  h y d r o l y s i s  t im e .  

T h i s  a l s o  i n d i c a t e s  t h a t  t h e  d e c r e a s i n g  o f  g l u c o s e  c o n c e n t r a t i o n  a f t e r  1 2  h  m a y  

r e s u l t e d  f r o m  t h e  g l u c o s e  c o n s u m p t i o n  b y  t h e  b a c t e r i a .
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F ig u re  4 .4  Glucose concentration and bacteria concentration profile from the 
hydrolysis of > 80 mesh bagasse with (a) strain A 002 and (b) strain M 015.
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4.4 E n zy m a tic  H y d ro ly sis  R esu lts

4.4.1 Effects of Enzyme Loading on the Glucose Production
In order to compare glucose production, the > 80 mesh bagasse was 

hydrolyzed enzymatically using a commercial enzyme, which was cellulase 
produced from A sp erg illu s  n iger. Various concentrations (100, 200, 300, 400, and 
500 บ ) of enzyme loading were used for hydrolysis of bagasse at pH 5.5 and 37 ° c .  
The profiles of glucose production were examined over 72 h period as shown in 
Figure 4.5. From the results, 500 บ cellulase provided the highest glucose 
concentration of 0.51 g/L followed by 400, 300 ,200, and 100 บ  at 72 h, respectively. 
The maximum glucose concentration from the microbial hydrolysis was 0.46 g/L 
which is equivalent to the glucose concentration obtained from the enzymatic 
hydrolysis using 415 บ  cellulase enzyme. The results indicate that the hydrolytic 
activities of both strains (strain A 002 and M 015) were found to be as high as that of 
commercial enzyme. Due to the high cost of commecial cellulase enzyme, microbial 
hydrolysis using bacterial strains from Thai higher termites is more economical than 
the enzymatic hydrolysis.

F ig u re  4.5 Effects of cellulase enzyme loading on the glucose concentration 
produced from the hydrolysis of the > 80 mesh bagasse at 37 °c.
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4.6. S tru c tu re  o f  E n zy m atica lly  H y d ro ly zed  B agasse  S am p le

The scanning electron micrographs at 800 magnifications clearly show 
the morphological changes of bagasse due to the hydrolysis process using bacteria 
isolated from Thai higher termites (strain A 002, and M 015), and cellulase enzyme, 
produced from A sp erg illu s  n iger. Before undergoing hydrolysis process, bagasse 
showed smooth surfaces as shown in Figure 4.6 (a). However, the morphology of 
bagasse was significantly changed, after the bagasse was hydrolyzed as shown in 
Figure 4.6 (b), (c) and (d). This indicates that there was a physical transformation of 
the bagasse after the hydrolysis.

F ig u re  4.6 Scaning electron microraphs of > 80 mesh size of bagasse surface (a) 
before hydrolysis (b) after hydrolysis at 37 ๐c  with the strain A 002, (c) after 
hydrolysis at 37 ๐c  with the strain M 015, and (d) after hydrolysis at 37 ๐c  with the 
cellulase enzyme.
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