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T h e y  h a v e  n o t o n ly  ta u g h t m e  a b o u t th e  th e o r e tic a l k n o w le d g e  b u t a ls o  m a d e  m e  

r e a liz e  ๒ m y s e l f  th at th is  r e sea rch  is v e r y  c h a lle n g in g . I f e e l  p r o u d  to  h a v e  b e e n  their  

s tu d en t.
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h e r  g u id a n c e , su p p o r t, lab o ra to ry  r o o m , a n d  e q u ip m e n t.
F u r th erm o re , I w o u ld  like to  th a n k  M r . K a m o l R o d y o u  a n d  M r. K it ip o n g  

T a e c h a p o e m p o l  at D e p a r tm e n t o f  M ic r o b io lo g y , F a c u lty  o f  S c ie n c e ,  
C h u la lo n g lo n g k o r n  U n iv e r s ity , fo r  a d v ic e s  a n d  fr ie n d sh ip s  th r o u g h o u t  m y  resea rch .

I w o u ld  lik e to  e x p r e s s  m y  s in c e r e  th a n k  to  th e  T h a io il  a n d  th e  N a tio n a l  
E x c e lle n c e  C e n te r  fo r  P e tr o le u m , P e tr o c h e m ic a ls , a n d  A d v a n c e d  M a ter ia ls  u n d e r  th e  

M in is tr y  o f  E d u c a t io n , T h a ila n d  fo r  p r o v id in g  th e  f in a n c ia l su p p o r t fo r  th is  th e s is  

w o rk .
M y  g ra titu d e  is a b s o lu te ly  e x te n d e d  to  a ll s ta f fs  o f  th e  P e tr o le u m  and  
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in d e b te d  to  m y  p a re n ts  a n d  m y  fa m ily  fo r  th e ir  su p p o rt, lo v e , a n d  u n d e rs ta n d in g .
i



VI

T A B L E  O F  C O N T E N T S

T it l e  P a g e  i
A b s tr a c t  ( in  E n g l i s h )  i i i
A b s tr a c t  ( in  T h a i)  iv

A c k n o w le d g e m e n t s  V
T a b le  o f  C o n t e n t s  v i

L is t  o f  T a b le s  ix

L is t  o f  F ig u r e s  X

C H A P T E R

I I N T R O D U C T I O N  1

I I  L I T E R A T U R E  R E V I E W  3
2 .1  C h a r a c te r iz a t io n  o f  L i g n o c e l l u l o s i c  M a t e r ia ls  3

2 .1 .1  C e l l u l o s e  3
2 .1 .2  H e m i c e l l u l o s e s  4

2 .1 .3  L ig n in  5
2 .2  S u g a r  P r o d u c t io n  f r o m  L i g n o c e l l u l o s i c  M a t e r ia ls  6
2 .3  P r e tr e a tm e n t  o f  L i g n o c e l l u l o s i c  M a t e r ia ls  7

2 .3 .1  P h y s i c a l  P r e tr e a tm e n t  8
2 .3 .1 .1  M e c h a n ic a l  C o m m in u t io n  8

2 .3 .2  P h y s i c o c h e m i c a l  P r e tr e a tm e n t  9
2 .3 .2 .1  S t e a m  E x p lo s i o n  9
2 .3 .2 .2  A m m o n i a  F ib e r  E x p l o s i o n  ( A F E X )  9

f 2 .3 .2 .3  C a r b o n  D i o x i d e  E x p l o s i o n  9
2 .3 .3  C h e m ic a l  P r e tr e a tm e n t  9

2 .3 .3 .1  O z o n o l y s i s  9
2 .3 .3 .2  A c id  H y d r o ly s i s  1 0
2 .3 .3 .3  A l k a l in e  H y d r o ly s i s  1 0

PAGE



v i l

CHAPTER PAGE

2 .3 .4  B i o l o g i c a l  P r e tr e a tm e n t  1 0

2 .4  H y d r o ly s i s  o f  L i g n o c e l l u l o s i c  M a t e r ia ls  1 2

2 .4 .1  E n z y m a t ic  H y d r o ly s i s  1 2

2 .4 .2  C h e m ic a l  H y d r o ly s i s  13

2 .4 .2 .1  C o n c e n t r a t e d - A c id  H y d r o ly s i s  13
2 .4 .2 .2  D i lu t e d - A c id  H y d r o ly s i s  13

III EXPERIMENTAL 17
3 .1  M a te r ia ls  a n d  E q u ip m e n t  1 7

3 .2  E x p e r im e n t a l  P r o c e d u r e s  18
3 .2 .1  P r e p a r a t io n  o f  C o r n c o b  a n d  C o m p o s i t io n  A n a l y s i s  1 9
3 .2 .2  P r e p a r a t io n  o f  B a c t e r ia  C e l l s  fo r  M ic r o b ia l  H y d r o ly s i s  2 0

3 .2 .3  M ic r o b ia l  H y d r o ly s i s  2 0
3 .2 .4  D e t e r m in a t io n  o f  S u g a r  a n d  B a c t e r ia  C o n c e n t r a t io n s  2 0

IV RESULTS AND DISCUSSION 21
4 .1  C o r n c o b  C o m p o s i t io n  2 1
4 .2  E n z y m a t ic  H y d r o ly s i s  2 2

4 .2 .1  E f f e c t s  o f  P r o d u c t io n  M e d iu m  o n  th e  P r o d u c e d

S u g a r  C o n c e n t r a t io n  2 2
4 .2 .2  E f f e c t s  o f  C o r n c o b  P a r t ic le  S i z e  o n  th e  P r o d u c e d

S u g a r  C o n c e n t r a t io n  2 2

4 .2 .3  E f f e c t s  o f  H y d r o ly s i s  T e m p e r a tu r e  o n  th e  P r o d u c e d
J S u g a r  C o n c e n t r a t io n  2 6
f 4 .2 .4  E f f e c t s  o f  B a c t e r ia l  S tr a in s  o n  th e  P r o d u c e d

G l u c o s e  C o n c e n t r a t io n  2 8
4 .2 .5  G l u c o s e  a n d  B a c t e r ia  E v o l u t i o n  2 9

4 .3  S tr u c tu r e  o f  E n z y m a t ic a l ly  H y d r o ly z e d  C o r n c o b  S a m p le  3 5



V ll l

V CONCLUSIONS AND RECOM M ENDATIONS 37
5 .1  C o n c l u s i o n s  3 7
5 .2  R e c o m m e n d a t io n s  3 7

REFERENCES 38

APPENDICES 41

Appendix A S ta n d a r d  C a lib r a t io n  C u r v e  41

Appendix B M e d ia  fo r  M i c r o o r g a n i s m s  4 2

Appendix c  R e a g e n t  P r e p a r a t io n s  4 3

Appendix D B a c t e r ia  C o n c e n t r a t io n  4 4

Appendix E E x p e r im e n t  D a ta  o f  E n z y m a t ic  H y d r o ly s i s  4 7

CURRICULUM VITAE 5 9

CHAPTER PAGE

i



IX

L I S T  O F  T A B L E S

2 .1  C o n t e n t s  o f  c e l l u l o s e ,  h e m i c e l l u l o s e ,  a n d  l ig n in  in  c o m m o n

l i g n o c e l l u l o s i c  m a t e r ia ls  3
2 .2  M e t h o d s  fo r  p r e tr e a tm e n t  o f  l i g n o c e l l u l o s i c  b i o m a s s  8
2 .3  A d v a n t a g e s  a n d  d i s a d v a n t a g e s  o f  v a r io u s  p r e tr e a tm e n t

M e t h o d s  11
4 .1  E le m e n t a l  c o m p o s i t io n  o f  th e  c o r n c o b  21
4 .2  C h e m ic a l  c o m p o s i t io n  o f  th e  c o r n c o b  2 1

4 .3  P h y s i c a l  p r o p e r t ie s  o f  th e  c o r n c o b  2 2
4 .4  C h e m ic a l  c o m p o s i t io n  o f  th e  6 0  m e s h  s i z e  c o r n c o b  a f te r  th e

h y d r o ly s i s  a t 3 7  ๐c  w i t h  th e  s tr a in  A  0 0 2  a n d  s tr a in  M  0 1 5  3 6

TABLE PAGE

t



X

LIST OF FIGURES

FIGURE PAGE

2 .1  S c h e m a t ic  r e p r e s e n ta t io n  o f  a  c e l l u l o s e  c h a in

2 .2  S c h e m a t ic  o f  th e  b a s ic  s tr u c tu r e  o f  h e m ic e l l u l o s e .  A ,  

a r a b in o s e ;  F e A ,  fe r u l ic  a c id ;  G , g a la c t o s e ;  G lc ,  g lu c u r o n ic  

a c id ;  X ,  x y l o s e
2 .3  L ig n in  b u i ld in g  b lo c k s
2 .4  O v e r a l l  v i e w  o f  s u g a r  a n d  e t h a n o l  p r o d u c t io n s  f r o m  

l i g n o c e l l u l o s i c  m a te r ia ls .
2 .5  S E M  m ic r o g r a p h s  o f  th e  in i t ia l  d i s s o l v i n g  p u lp  ( l e f t )  a n d  

a f te r  d i s s o lu t io n  in  [B M IM J C 1  a n d  r e g e n e r a t io n  in t o  w a t e r  

(r ig h t )
3 .1  S c h e m a t ic  i l lu s t r a t in g  g l u c o s e  p r o d u c t io n  p r o c e s s

4 .1  E f f e c t s  o f  c o r n c o b  p a r t ic le  s i z e  o n  th e  g l u c o s e  c o n c e n t r a t io n  

p r o d u c e d  f r o m  th e  h y d r o ly s i s  o f  c o r n c o b  a t  3 7  ๐c  u s i n g  

b a c te r ia l  (a )  s tr a in  A  0 0 2  a n d  (b )  s tr a in  M  0 1 5
4 .2  E f f e c t s  o f  c o r n c o b  p a r t ic le  s i z e  o n  th e  g l u c o s e  c o n c e n t r a t io n  

p r o d u c e d  f r o m  th e  h y d r o ly s i s  o f  c o r n c o b  a t 3 0  ° c  u s i n g  

b a c t e r ia l  (a )  s tr a in  A  0 0 2  a n d  (b )  s tr a in  M  0 1 5

4 .3  E f f e c t s  o f  h y d r o ly s i s  t e m p e r a tu r e  o n  t h e  g l u c o s e  

c o n c e n t r a t io n  p r o d u c e d  f r o m  t h e  h y d r o ly s i s  o f  6 0  m e s h  

p a r t ic le  s i z e  c o r n c o b  u s in g  b a c t e r ia l  (a )  s tr a in  A  0 0 2  a n d  (b )  

s tr a in  M  0 1 5
4 .4  E f f e c t s  “o f  b a c t e r ia l  s tr a in  o n  th e  g l u c o s e  c o n c e n t r a t io n  

p r o d u c e ^  f r o m  th e  h y d r o ly s i s  o f  6 0  m e s h  s i z e  c o r n c o b  a t

3 7  ° c

4

5
6

6

15
18

2 4

2 5

2 7

2 8



XI

4 .5  G l u c o s e  c o n c e n t r a t io n  a n d  b a c t e r ia  e v o lu t i o n  f r o m  the  
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4 .1 0  G l u c o s e  c o n c e n t r a t io n  a n d  b a c t e r ia  e v o lu t i o n  f r o m  th e

e n z y m a t ic  h y d r o ly s i s  o f  4 0  m e s h  s i z e  c o r n c o b  w i t h  s tr a in  M  
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4 .1 1  G l u c o s e  c o n c e n t r a t io n  a n d  b a c t e r ia  e v o lu t i o n  f r o m  th e

e n z y m a t ic  h y d r o ly s i s  o f  6 0  m e s h  s i z e  c o r n c o b  w i t h  s tr a in  M  

0 1 5  b a c t e r ia  a t 3 0  ๐c
4 .1 2  G l u c o s e  c o n c e n t r a t io n  a n d  b a c t e r ia  e v o lu t i o n  f r o m  th e

e n z y m a t ic  h y d r o ly s i s  o f  4 0  m e s h  s i z e  c o r n c o b  w i t h  s tr a in  M  

0 1 5  b a c t e r ia  a t 3 0  ๐c
4 .1 3  S c a n n in g  e l e c t r o n  m ic r o g r a p h s  o f  th e  6 0  m e s h  s i z e  c o r n c o b  
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