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4 4 .

L i, ร . ,  X u , ร . ,  L iu , ร . ,  Y a n g ,  c.. a n d  L u , Q . ( 2 0 0 4 )  F a s t  p y r o ly s i s  o f  b io m a s s  in  

f r e e - f a l l  r e a c to r  fo r  h y d r o g e n - r ic h  g a s .  F u e l P r o c e s s  T e c h n o l o g y , 8 ( 8 - 1 0 ) 1 ,  
1 2 0 1 - 1 2 1 1 .

L o h . Y .R .,  S u ja n . D . ,  R a h m a n , M .E .,  a n d  D a s ,  C .A . ( 2 0 1 3 )  S u g a r c a n e  b a g a s s e -  th e  

fu tu r e  c o m p o s i t e  m a te r ia l:  a  lite r a tu r e  r e v ie w .  R e s o u r c e s ,  C o n s e r v a t io n  a n d  

R e c y c l i n g . 7 5 ,  1 4 - 2 2 .
L y n d , L .R .,  E la n d e r , R .T .,  a n d  W y m a n , C .E . ( 1 9 9 6 )  L ik e ly  fe a tu r e s  a n d  c o s t s  o f  

m a tu r e  b io m a s s  e th a n o l  t e c h n o lo g y .  A p p l ie d  B io c h e m is t r y  a n d  

B i o t e c h n o l o g y , 5 7 - 5 8 ,  7 4 1 - 7 6 1 .
M a g n e l l i ,  p . a n d  F o r c h ia s s in ,  F . ( 1 9 9 9 )  R e g u la t io n  o f  th e  c e l l u l a s e  c o m p le x  

p r o d u c t io n  b y  S a c c o b o lu s  s a c c o b o lo id e s : I n d u c t io n  a n d  r e p r e s s io n  b y  

c a r b o h y d r a te s .  M y c o l o g i a , 9 1 , 3 5 9 - 3 6 4 .
M a is ,  บ . ,  E s t e g h la l ia n ,  A . ,  S a d d le r , J ., a n d  M a n s f ie ld ,  ร . ( 2 0 0 2 )  E n h a n c in g  th e  

e n z y m a t ic  h y d r o ly s i s  o f  c e l l u l o s i c  m a te r ia ls  u s in g  s im u l t a n e o u s  b a ll m i l l in g .  
A p p l ie d  B io c h e m is t r y  a n d  B i o t e c h n o l o g y , 9 8 ,  8 1 5 - 8 3 9 .

M a lh e r b e , ร .  a n d  C lo e t e ,  T .E . ( 2 0 0 2 )  L i g n o c e l l u l o s i c  b io d e g r a d a t io n :  

F u n d a m e n ta ls  a n d  a p p lic a t io n s :  A  r e v ie w .  E n v ir o n m e n t a l  S c i e n c e  a n d  

B i o t e c h n o l o g y , 1, 1 0 5 - 1 1 4 .
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M a r tin , c., M a r c e t ,  M .,  a n d  T h o m s e n .  A .B .  ( 2 0 0 8 )  C o m p a r is o n  b e t w e e n  w e t  

o x id a t io n  a n d  s te a m  e x p l o s io n  a s  p r e tr e a tm e n t  m e t h o d s  fo r  e n z y m a t ic  

h y d r o ly s i s  o f  s u g a r c a n e  b a g a s s e .  B io r e s o u r c e  T e c h n o l o g y , v o l .3 ,  6 7 0 - 6 8 3 .
M a s o n ,  W .H . ( 1 9 2 6 )  บ .ร .  P a te n t  #  1 .5 7 8 .6 0 9
M c C a r th y , J .E . a n d  T ie m a n n , M . ( 2 0 0 6 )  C R S  rep o r t fo r  c o n g r e s s .  M T B E  in  

g a s o l in e :  c le a n  a ir  a n d  d r in k in g  w a te r  i s s u e s .  U n iv e r s i t y  o f  N e b r a s k a - L in c o ln .
M c M il la n .  J .D . ( 1 9 9 4 )  P r e tr e a tm e n t  o f  l i g n o c e l l u lo s i c  b io m a s s .  In  E n z y m a tic  

C o n v e r s io n  o f  B io m a s s  fo r  F u e ls  P r o d u c t io n ; H im m e l ,  M .E .,  B a k e r , J .O ..  
O v e r e n d , R .P .( E d s ) .;  A m e r ic a n  C h e m ic a l  S o c ie t y :  W a s h in g t o n .  D C . p p .2 9 2 -  

3 2 4 .
M o s ie r ,  N .S . ,  W y m a n , c., D a le ,  B ..  E la n d e r , R ., L e e ,  Y .Y . ,  H o l t z a p p le ,  M .,  a n d  

L a d is c h ,  M .R . ( 2 0 0 5 )  F e a tu r e s  o f  p r o m is in g  t e c h n o l o g ie 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 io m a s s .  B io r e s o u r c e  T e c h n o lo g y , 9 6 ,  6 7 3 - 6 8 6 .
M o u s d a le .  D .M . ( 2 0 0 8 )  B io f u e ls :  B i o t e c h n o l o g y .  C h e m is t r y ,  a n d  S u s t a in a b le

D e v e l o p m e n t . N e w  Y o r k : T a y lo r  a n d  F r a n c is  G r o u p .
M u r a d , H .A . a n d  A z z a z ,  H .H . ( 2 0 1 0 )  C e l lu la s e  a n d  d a ir y  a n im a l  f e e d in g .  

B i o t e c h n o l o g y , 9 ( 3 ) .  2 3 8 - 2 5 6 .
M u ssa tto  ร . 1. an d  T e ix e ir a  J .A . ( 2 0 1 0 )  L ig n o c e l lu lo s e  a s  ra w  m a ter ia l in fe r m e n ta tio n  

p r o c e s s e s .  A p p lie d  M ic r o b io lo g y  and  M ic r o b ia l B io t e c h n o lo g y . 8 9 7 - 9 0 7 .
P e n g . F ., R e n , J .L .. X u , F ., B ia n , J . ,P e n g ,  p . ,  a n d  รน ท , R . c .  ( 2 0 0 9 )  C o m p a r a t iv e  

s tu d y  o f  h e m ic e l l u l o s e s  o b ta in  b y  g r a d e d  e th a n o l  p r e c ip i ta t io n  fr o m  

s u g a r c a n e  b a g a s s e .  J o u rn a l o f  A g r ic u ltu r a l  a n d  F o o d  C h e m is t r y , 
d o i:  1 0 .1 0 2  l / j f 9 0 0 9 8 6 b .

P e r e z ,  J ., D o r a d o .  J .M .,  R u b ia , T .D . ,  a n d  M a r t in e z ,  J. ( 2 0 0 2 )  B io d e g r a d a t io n  a n d  

b io lo g ic a l  tr e a tm e n t  o f  c e l l u l o s e ,  h e m ic e l l u l o s e ,  a n d  l ig n in :  A n  o v e r v ie w .  
I n te r n a t io n a l  M i c r o b i o lo g y , 5 , 5 3 - 6 3 .

R a b in o v ic h ,  M .L .,  M e ln ik .  M .S . ,  a n d  B o lo b o b a ,  A . v .  ( 2 0 0 2 a )  M ic r o b ia l  c e l l u l a s e s  

( R e v i e w ) .  A p p l ie d  B io c h e m is t r y  a n d  M i c r o b i o lo g y . 3 8 ( 4 ) ,  3 0 5 - 3 2 1 .
R a b in o v ic h ,  M .L ..  M e ln ik ,  M.S.. a n d  B o lo b o b a .  A .v. ( 2 0 0 2 b )  T h e  s tr u c tu r e  a n d  

m e c h a n is m  o f  a c t io n  o f  c e l l u l o ly t i c  e n z y m e s .  B io c h e m is t r y  ( M o s c o w ) .  6 7 ( 8 ) .  
8 5 0 - 8 7 1 .
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S a h a . B . ( 2 0 0 3 )  H e m ic e l l u l o s e  B i o c o n v e r s io n .  J o u r n a l o f  In d u s tr ia l M i c r o b io lo g y  

a n d  B i o t e c h n o l o g y . 3 0 .  2 7 9 - 2 9 1 .
S a h a , B . ,  I ten . L .,  C o t ta , M ., a n d  พ น .  Y . ( 2 0 0 5 )  D i lu t e  a c id  p r e tr e a tm e n t ,  

e n z y m a t ic  s a c c h a r i f ic a t io n ,  a n d  fe r m e n ta t io n  o f  r ic e  h u l ls  to  e th a n o l .  
B i o t e c h n o l o g y  P r o g r e s s , 2 1 ,  8 1 6 - 8 2 2 .

S a l iu  K .B . a n d  S a n i,  A . ( 2 0 1 2 )  B io e t h a n o l  p o t e n t ia ls  o f  c o r n c o b  h y d r o ly s e d  u s in g  

c e l l u l a s e s  o f  A s p e r g il lu s  n ig e r  a n d  P é n ic il l iu m  d e c u m b e n s .  E x p e r im e n ta l  

a n d  C l in ic a l  S c i e n c e s  J o u r n a l , 1 1 , 4 6 8 - 4 7 9 .
S c h u lt z ,  T .P .,  M.c. T e m p le t o n ,  C .J . B ie r m a n n , a n d  G .D . Me G in n is .  ( 1 9 8 4 )  S te a m  

e x p l o s io n  o f  m ix e d  h a r d w o o d  c h ip s ,  r ic e  h u l ls ,  c o r n  s ta lk s ,  a n d  s u g a r c a n e  

b a g a s s e .  J o u r n a l o f  A g r ic u ltu r a l  a n d  F o o d  C h e m is t r y , 3 2 ,  1 1 6 6 - 1 1 7 2 .
S e g a l ,  L ., G r e e ly ,  J .J ., M a r tin , A .E .J . ,  a n d  C o n r a d . L .M . ( 1 9 5 9 )  T e x t i l e  R e s e a r c h  

J o u r n a l . 2 9 ,  7 8 0 - 7 9 4 .
S h in .  C .S . ,  L e e ,  J .P .,  L e e .  J .S . ,  a n d  P a rk , s.c. ( 2 0 0 0 )  E n z y m e  p r o d u c t io n  o f  

T r ic h o d e r m a  r e e s e i  R u t C - 3 0  o n  v a r io u s  l i g n o c e l l u lo s i c  s u b s tr a te s . A p p l ie d  

B io c h e m is t r y  a n d  B i o t e c h n o l o g y , 8 4 - 8 6 ,  2 3 7 - 2 4 5 .
S id d iq u e .  ร . H . a n d  V a r d o - Z a lik ,  A .  M . ( 2 0 1 2 )  T h e  E f f e c t s  o f  a v a i la b le  g lu c o s e  

c o n c e n t r a t io n  o n  th e  p o p u la t io n  d y n a m ic s  o f  g r o w in g  E s c h e r ic h ia  c o l i  

c u ltu r e s ,  J o h n  T . a n d  P a ig e  ร . S m ith  U n d e r g r a d u a te  S c ie n c e  R e s e a r c h  

S y m p o s iu m  P r o c e e d in g s . 5 . 7 - 1 2 .
S in d h u , R ., B in o d ,  P .,  S a ty a n a g a la k s h m i,  K.., J a n u , K . u ,  S a jn a . K . v ,  K u r ie n , N . ,  

S u k u m a r a n , R ., a n d  P a n d e y , A . ( 2 0 1 0 )  F o r m ic  a c id  a s  a  p o te n t ia l  
p r e tr e a tm e n t  a g e n t  fo r  th e  c o n v e r s io n  o f  s u g a r c a n e  b a g a s s e  to  b io e t h a n o l .  
A p p l ie d  B io c h e m is t r y  a n d  B i o t e c h n o l o g y , 1 6 2 . 2 3 1 3 - 2 3 2 3 .

S iv e r .  M.v. a n d  Z a c c h i ,  G . ( 1 9 9 5 )  A  t e c h n o - e c o n o m ic a l  c o m p a r is o n  o f  th r e e  

p r o c e s s e s  fr o m  th e  p r o d u c t io n  o f  e th a n o l  fr o m  p in e .  B io r e s o u r c e  

T e c h n o lo g y . 5 1 , 4 3 - 5 2 .
S u p a n ta m a r t , N . ,  L a e m s a k . N . .  S ir i s a n s a n e e y a k u l ,  ร . ,  V a n ic h s r ir a ta n a , พ . ,  a n d  

P a r a k u ls u k s a t id ,  p . ( 2 0 0 8 )  E f f e c t  o f  s te a m  e x p l o s io n  o n  c h e m c ic a l  

c o m p o s i t io n s  o f  b io m a s s  fr o m  e u c a ly p t u s  a n d  a c a c ia .  T h e  3 rd In te r n a t io n a l  
C o n f e r e n c e  o n  F e r m e n ta t io n  T e c h n o lo g y  fo r  V a lu e  A d d e d  A g r ic u ltu r a l  

P r o d u c t io n . 1 -6 .
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S u to . M . a n d  T o m it o ,  F. ( 2 0 0 1 )  I n d u c t io n  a n d  c a t a b o l i t e  r e p r e s s io n  m e c h a n i s m s  o f  

c e l l u l a s e  in  f u n g i .  J o u r n a l o f  B i o s c i e n c e  a n d  B i o e n g i n e e r i n g , 9 2 ,  3 0 5 - 3 1 1 .
S u n .Y . a n d  C h e n g ,  J .Y . ( 2 0 0 2 )  H y d r o ly s i s  o f  l i g n o c e l l u lo s i c  m a te r ia ls  fo r  e th a n o l  

p r o d u c t io n :  a  r e v ie w .  B io r e s o u r c e  T e c h n o lo g y  . 8 3 ,  1 -1 1 .
T a e c h a p o e m p o l ,  K .,  S r e e t h a w o n g ,  T .,  R a n g s u n v ig i t ,  p . ,  N a m p r o h m , พ . ,  

T h a m p r a ja m c h it .  B ..  R e n g p ip a t .  ร . .  a n d  C h a v a d e j .  ร . ( 2 0 1 1 )  I s o la t io n  o f  

c e l lu lo s e - d e g r a d in g  b a c te r ia  fr o m  te r m ite s  M ic r o c e r o te r m e s  s p . A p p l ie d  

B io c h e m is t r y  a n d  B i o t e c h n o l o g y . 1 6 4 . 2 0 4 - 2 1 9 .
T a h e r z a d e h , M .J . a n d  K a r im i, K . ( 2 0 0 8 )  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  w a s t e s  to  

im p r o v e  e th a n o l  a n d  b io g a s  p r o d u c t io n :  A  r e v ie w .  I n te r n a t io n a l  J o u r n a l o f  

M o le c u la r  S c i e n c e s , 9 , 1 6 2 1 - 1 6 5 1 .
T a le b n ia ,  F ..  K a r a k a s h e v . D .,  a n d  A n g e l id a k i ,  I. ( 2 0 1 0 )  P r o d u c t io n  o f  b io e t h a n o l  

fr o m  w h e a t  s tr a w : A n  o v e r v ie w  o n  p r e tr e a tm e n t , h y d r o ly s i s  a n d  

fe r m e n ta t io n . B io r e s o u r c e  T e c h n o lo g y , 1 0 1 , 4 7 4 4 - 4 7 5 3 .
T a h e r z a d e h , M .J . a n d  K a r im i, K . ( 2 0 0 7 )  A c id - b a s e d  h y d r o ly s i s  p r o c e s s e s  fo r  

e th a n o l  fr o m  l i g n o c e l l u lo s i c  m a te r ia ls :  A  r e v ie w .  B io r e s o u r c e s , v o l . 2 ,  4 7 2 -  

4 9 9 .

T a r k o w , H . a n d  F e is t ,  w . c .  ( 1 9 6 9 )  In: M e c h a n is m  fo r  im p r o v in g  th e  d ig e s t ib i l i t y  

o f  l i g n o c e l l u lo s i c  m a te r ia ls  w i t h  d i lu te  a lk a li  a n d  l iq u id  N H v  A m e r ic a n  

C h e m ic a l  S o c i e t y . W a s h in g t o n .  D C . p p . 1 9 7 - 2 1 8 .
T e y m o u r i ,  F ., P e r e z ,  L ., A l iz a d e c h ,  H ., a n d  D a le .  B .E . ( 2 0 0 5 )  O p t im iz a t io n  o f  th e  

a m m o n ia  f ib e r  e x p l o s io n  ( A F E X )  tr e a tm e n t  p a r a m e te r s  fo r  e n z y m a t ic  

h y d r o ly s i s  o f  c o r n  s to v e r .  B io r e s o u r c e  T e c h n o lo g y . 9 6 ,  2 0 1 4 - 2 0 1 8 .
W e i l .  J .. W e s t g a t e .  P ., K o h lm a n n , K .,  a n d  L a d is c h ,  M .R . ( 1 9 9 4 )  C e l lu l o s e  

p r e tr e a tm e n ts  o f  l i g n o c e l l u lo s i c  s u b s tr a te s . E n z y m e  M ic r o b . T e c h n o l , 16 , 
N o v e m b e r .

W e n . z . ,  L ia o . พ . .  a n d  C h e n , ร . ( 2 0 0 4 )  H y d r o ly s i s  o f  a n im a l  m a n u r e  

l i g n o c e l l u l o s i c s  fo r  r e d u c in g  s u g a r  p r o d u c t io n . B io r e s o u r c e  T e c h n o l o g y , 9 1 ,  
3 1 - 3 9 .
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W o n g s k e o ,  P .,  R a n g s u n v ig i t ,  p . .  a n d  C h a v a d e j ,  ร . ( 2 0 1 2 )  P r o d u c t io n  o f  g lu c o s e  

f r o m  th e  h y d r o ly s i s  o f  c a s s a v a  r e s id u e  u s in g  b a c te r ia  i s o la t e s  fr o m  T h a i  
h ig h e r  te r m ite s .  W o r ld  A c a d e m y  o f  S c ie n c e .  E n g in e e r in g  a n d  T e c h n o lo g y , 
6 4 ,  3 5 3 - 3 5 6 .

W o r a s a m u tp r a k a r n , c . ( 2 0 1 0 )  C o n v e r s io n  o f  c e l l u l o s e  to  g l u c o s e  b y  m ic r o b e s  

i s o la t e d  fr o m  h ig h e r  te r m ite s .  M.s. T h e s i s ,  T h e  P e t r o le u m  a n d  

P e tr o c h e m ic a l  C o l l e g e ,  C h u la lo n g k o r n  U n iv e r s i t y .
W y m a n , C .E . ( 1 9 9 3 )  C e l lu l o s i c  b io m a s s  c o n v e r s io n  t e c h n o lo g y  a n d  its  a p p l ic a t io n  

to  e th a n o l  p r o d u c t io n  fr o m  c o r n . F u e l  R e f o r m u la t io n .  M a r c h /A p r i l , p p .6 7 - 7 4 .
W y m a n , C .E . ( 1 9 9 4 )  E th a n o l fr o m  l i g n o c e l l u lo s i c  b io m a s s :  t e c h n o l o g y ,  e c o n o m i e s ,  

a n d  o p p o r t u n it ie s .  B io r e s o u r c e  T e c h n o l o g y , 5 0 ,  3 - 1 5 .
W y m a n , C .E . ( 1 9 9 6 )  H a n d b o o k  o n  B io e t h a n o l:  P r o d u c t io n  a n d  U t i l i z a t i o n . 

W a s h in g t o n ,  D C : T a y lo r  a n d  F r a n c is .
W y m a n , C .E . a n d  G o o d m a n . B .J . ( 1 9 9 3 a )  B i o t e c h n o l o g y  fo r  p r o d u c t io n  o f  f u e ls ,  

c h e m ic a l s ,  a n d  m a te r ia ls .  A p p l ie d  B io c h e m is t r y  a n d  B i o t e c h n o l o g y . 3 9 /4 0 ,  
4 1 .

W y m a n . C .E . a n d  G o o d m a n , B .J . ( 1 9 9 3 b )  N e a r  te r m  a p p lic a t io n  o f  b i o t e c h n o l o g y  

to  fu e l  e th a n o l  p r o d u c t io n  fr o m  l ig n o c e l l u lo s i c  b io m a s s .  In O p p o r t u n it ie s  fo r  

I n n o v a t io n  in  B i o t e c h n o l o g y , e d . R .. B u s c h e .  N a t io n a l  I n s t i tu te  o f  S ta n d a r d s  

a n d  T e c h n o lo g y ,  G a ith e r s b u r g , M D  (a c c e p t e d  fo r  p u b l ic a t io n ) .
W y m a n , C .E ..  D e c k e r ,  S .R . .  H im m e l ,  M .E .,  B r a d y , J .W .,  S k o p e c ,  C .E .,  a n d  V iik a r i ,

L . ( 2 0 0 5 )  H y d r o ly s i s  o f  c e l l u l o s e  a n d  h e m ic e l l u l o s e .  M a r c e l  D e k k e r , 4 3 .
Y e h ,  A .I . ,  H u a n g , Y . l ,  a n d  C h e n , S .H . ( 2 0 1 0 )  E f f e c t  o f  p a r t ic le  s i z e  o n  th e  ra te  o f  

e n z y m a t ic  h y d r o ly s i s  o f  c e l l u l o s e .  C a r b o h y d r a te  P o ly m e r s . 7 9 .  1 9 2 - 1 9 9 .
Z im b a r d i , F ., V io la .  E ..  N a n n a . F ., L a r o c c a . E .,  C a r d in a le ,  M ..  a n d  B a r is a n o ,  D .

( 2 0 0 7 )  A c id  im p r e g n a t io n  a n d  s t e a m  e x p l o s io n  o f  c o r n  s t o v e r  in  b a tc h  

p r o c e s s e s .  In d u str ia l C r o p s  a n d  P r o d u c t s , 2 6 .  1 9 5 - 2 0 6 .
h t t p : / /w w w .e t h a n o lr f a .o r g /p a g e s /h o w - e t h a n o l - i s - m a d e
h t t p : / / r e p l a c in g o i l .c o m /2 0 1 0 /0 8 / t h r e e - c e l lu lo s ic - e t h a n o l - p la n t s - r a c e - t o - b e g in -

p r o d u c t io n
h t t p : / /w w w .b io e n e r g y c o n s u l t .c o m /p r o d u c t io n - c e l lu lo s i c - e t h a n o l /

http://www.ethanolrfa.org/pages/how-ethanol-is-made
http://replacingoil.com/2010/08/three-cellulosic-ethanol-plants-race-to-begin-
http://www.bioenergyconsult.com/production-cellulosic-ethanol/


APPENDICES

A p p e n d i x  A  S t a n d a r d  G l u c o s e  C a l i b r a t i o n  C u r v e

F ig u r e  A 1  C a lib r a t io n  c u r v e  fo r  s u g a r  a n a ly s i s  H P L C  g lu c o s e  d e te r m in a t io n .  

T a b l e  A 1  G lu c o s e  c a l ib r a t io n  c u r v e

G l u c o s e  C o n c e n t r a t i o n

( g / L ) A v g .G l u c o s e  A r e a
0 0

0 .2 5 1 1 0 7 3 1

0 .5 0 2 2 8 0 7 3

0 .7 5 3 3 3 8 6 7

1 .0 0 4 5 8 4 1 4

1 .2 5 5 6 9 8 8 5 .5
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1. 6 5  m o d i f i e d  D S M Z  b r o t h  m e d iu m  2
A p p r o x im a t e  F o r m u la *  P e r  L ite r

Appendix B Media for Microorganisms

C a r b o x y m e t h y l  C e l lu l o s e  ( C M C ) 5 .0 g
Y e a s t  e x tr a c t 4 .0 g
M a lt  e x tr a c t 1 0 . 0 g
D i s s o l v e  a n d  a d ju s t  p H  to  7 .2
A u t o c la v e  at T e m p e r a tu r e  =  121  °c a n d  P r e s s u r e  =  15 lb s / in 2 fo r  2 0  m in u t e s .

2 . 6 5  m o d i f i e d  D S M Z  a g a r  m e d iu m  2
A p p r o x im a t e  F o r m u la *  P e r  L ite r
C a r b o x y m e t h y l  c e l l u l o s e  (C M C ) 5 .0 g
Y e a s t  e x tr a c t 4 .0 g
M a lt  e x tr a c t 1 0 . 0 g
A g a r 1 2 . 0 g
D i s s o l v e  a n d  a d ju s t  p H  to  7 .2
A u t o c l a v e  at T e m p e r a tu r e  =  1 2 1 ๐c  a n d  P r e s s u r e  =  15 lb s / in 2 fo r  2 0  m in u te s .
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1 . 0 .8 5 % ( w / v )  N a C I  in  1 0 0 0  m L
S o d iu m  c h lo r id e  (N a C I )  8 .5  g
D is t i l l e d  w a te r  1 0 0 0  m L

2 . H y d r o c h l o r i c  a c id  1 N  in  1 0 0  m L
H y d r o c h lo r ic  a c id  (H C 1  c o n e . )  8 .2 9  m L
D is t i l l e d  w a te r  9 1 .7 1  m L

3 . S o d i u m  h y d r o x i d e  0 .5  N  in  1 0 0 0  m L
S o d iu m  h y d r o x id e  ( N a O H )  5 .0  g
D is t i l l e d  w a te r  1 0 0 0  m L

4 . S u l f u r i c  a c id  0 .7 2  N  in  1 0 0 0  m L
S u lfu r ic  a c id  ( H 2 S O 4 c o n e . )  7 2  m L
D is t i l le d  w a te r  2 8  m L

5 . S u l f u r i c  a c id  ( 0 .9  % พ / พ )
S u lf u r ic  a c id  ( H 2 S O 4  c o n e . )  0 .9  g

D is t i l l e d  w a te r  1 0 0  m L

6 . 0 .2  M  A c e t i c  a c id  in  1 0 0 0  m L
A c e t i c  a c id  ( C H 3 C O O H )  1 1 .6  m L
D is t i l l e d  w a te r  9 8 8 .4  m L

Appendix c Reagent Preparations
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A p p e n d i x  I) B a c t e r i a  C o n c e n t r a t i o n

B a c t e r ia  c o n c e n t r a t io n  w a s  d e te r m in e d  u s in g  to ta l  n itr o g e n  t e s t  k it.
1. T h e  b a c te r ia  c o n c e n t r a t io n  fr o m  e n z y m a t ic  h y d r o ly s i s
D u r in g  e n z y m a t ic  h y d r o ly s i s ,  b a c te r ia  g r o w th  w a s  m o n ito r e d  b y  w i t h d r a w in g  

s a m p le s  fr o m  th e  h y d r o ly s i s  r e a c to r  p e r io d ic a l ly .  S o l id  th a t o b ta in e d  fr o m  

c e n t r i f u g in g  o f  th e  s a m p le ,  c o n t a in e d  o f  b a g a s s e  a n d  b a c te r ia . M e th o d  th a t c a n  

c a lc u la t e  w e i g h t  o f  b a c te r ia  a n d  b a g a s s e  is  s h o w n  in  e q u a t io n  D 1 .

w t . S o l id  =  w t . b a g a s s e  +  w t. B a c t e r ia  ( D l )

T h e n ,  a  c o n c e n t r a t io n  o f  b a c te r ia  w a s  d e te r m in e d  b y  th e  to ta l n i t r o g e n  t e s t  k it.

w t. B a c t e r ia  =  a  N i t r o a e n  c o n t a in e d  in  s a m p le  ( D 2 )
( g  N i t r o g e n  /  1 g  B a c t e r ia )
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1.1 T h e  a m o u n t  o f  n i t r o g e n  in  b a c te r ia
T h e  a m o u n t  o f  n i t r o g e n  in  e a c h  s tr a in  w a s  d e te r m in e d  in  t r ip l ic a te s  b y  u s in g  th e  to ta l  
n itr o g e n  t e s t  k it . F ig u r e  D 1  s h o w s  p r o c e d u r e  fo r  d e te r m in a t io n

D r y  b a c te r ia  c e l l

ไ
D e t e r m in e  n it r o g e n  u s in g  to ta l n itr o g e n  t e s t  k it  

( N i t r o g e n  to ta l p e r s u l fa te  d ig e s t io n  m e t h o d )

1โ

C a lc u la t e  ( g )  N i t r o g e n  /  ( g )  B a c t e r ia

F ig u r e  D 1  D ia g r a m  fo r  d e te r m in a t io n  th e  a m o u n t  o f  n i t r o g e n  in  b a c te r ia .
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P r o c e d u r e
N i t r o g e n  to ta l  p e r s u l f a t e  d ig e s t io n  m e th o d  is  c o n d u c t e d  in  o r d e r  to  c h e c k  a m o u n t  o f  

n itr o g e n  w h ic h  d ir e c t ly  r e la te d  to  a m o u n t  o f  b a c te r ia  d u r in g  h y d r o ly s i s .

I

F i g u r e  D 2  P r o c e d u r e  fo r  a n a ly z in g  a m o u n t  o f  n itr o g e n .
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Appendix E HPLC Analysis

T a b l e  E l  G l u c o s e  p r o d u c t i o n  f r o m  t h e  m i c r o b i a l  h y d r o l y s i s  o f  u n t r e a t e d  c o r n c o b  

( 8 0  m e s h )  w i t h  b a c t e r i a  s t r a i n  A 0 0 2  a t  3 7  ๐c .

T i m e  (h ) A r e a G l u c o s e  c o n c e n t r a t i o n  ( g / L )
0 9 3 3 8 9 0 .2 0 4

1 6 6 0 7 6 0 .1 4 5

2 4 9 9 9 4 0 .1 0 9
•ๆว 9 1 4 6 1 0 .2 0 0

4 9 0 5 6 3 0 .1 9 8

5 1 2 0 2 3 8 0 .2 6 3

6 1 2 1 1 4 6 0 .2 6 5

7 9 6 7 6 6 0 .2 1 2

8 9 4 8 8 6 0 .2 0 8

9 1 0 7 3 2 3 0 .2 3 5

10 8 1 0 3 9 0 .1 7 7

12 5 4 6 7 3 0 .1 2 0

14 2 1 5 2 7 0 .0 4 7

16 1 0 6 1 2 0 .0 2 3

18 8 0 6 2 0 .0 1 8

2 0 4 2 1 3 0 .0 0 9

2 2 4 0 3 9 0 .0 0 9

2 4 5 1 0 9 0 .0 1 1
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Table E2 Glucose production from the microbial hydrolysis of untreated sugarcane
bagasse ( 80 mesh ) with bacteria strain A002 at 37 °c.

T i m e  (h ) A r e a G l u c o s e  c o n c e n t r a t i o n  ( g / L )
0 1 7 8 8 2 0 .0 3 9

1 1 6 6 8 1 0 .0 3 7

2 2 0 8 2 8 0 .0 4 6

3 4 0 9 3 3 0 .0 9 0

4 6 0 8 6 9 0 .1 3 3

5 7 7 9 5 9 0 .1 7 1

6 5 4 5 3 1 0 .1 1 9

7 4 2 1 5 7 0 .0 9 2

8 4 8 9 1 4 0 .1 0 7

9 4 6 8 2 8 0 .1 0 2

10 3 0 1 1 8 0 .0 6 6

12 1 8 6 4 5 0 .0 4 1

14 8 9 0 4 0 .0 1 9

16 7 3 5 0 0 .0 1 6

18 6 3 4 6 0 .0 1 4

2 0 7 3 7 8 0 .0 1 6

2 2 7 7 8 3 0 .0 1 7

2 4 1 0 9 5 3 0 .0 2 4
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Table E3 Glucose production from the microbial hydrolysis of 1 hour steam-
explosion pretreated corncob and sugarcane bagasse by using ff2 0  as a
preimpregnation agent (solid/liquid ratio: 1/10) with bacteria strain A002 at 37 ๐c.

T i m e  ( h )
G l u c o s e  c o n c e n t r a t i o n  

f r o m  c o r n c o b  ( g / L )

G l u c o s e  c o n c e n t r a t i o n  

f r o m  S u g a r c a n e  

b a g a s s e  ( g / L )
0 0 .1 1 2 0 .0 5 5

1 0 .0 4 8 0 .0 2 9

2 0 .0 8 5 0 .0 8 6

3 0 .1 4 4 0 .1 4 2

4 0 .2 3 6 0 .2 7 8

5 0 .2 4 8 0 .3 5 2

6 0 .1 8 0 0 .3 6 9

7 0 .1 4 0 0 .3 2 7

8 0 .0 6 1 0 .3 0 0

9 0 .0 7 1 0 .2 5 0

10 0 .1 4 5 0 .1 8 2

12 0 .1 7 6 0 .1 0 5

14 0 .1 7 6 0 .0 1 8

16 0 .0 8 6 0 .0 3 6

18 0 .0 6 3 0 .0 3 0

2 0 0 .0 4 1 0 .0 7 4

2 2 0 .0 2 4 0 .0 2 6

2 4 0 .0 3 7 0 .0 3 2
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Table E4 Glucose production from the microbial hydrolysis of 2 hour steam-
explosion pretreated corncob and sugarcane by using H2O as a preimpregnation
agent (solid/liquid ratio: 1/10) with bacteria strain A002 at 37 °c.

G l u c o s e G l u c o s e  c o n c e n t r a t i o n
T i m e  ( h ) c o n c e n t r a t i o n  f r o m f r o m  S u g a r c a n e  b a g a s s e

c o r n c o b  ( g / L ) ( g / L )
0 0 .0 3 3 0 .1 7 1
1 0 .0 5 1 0 .1 0 5
2 0 .0 8 9 0 .0 9 6
->ว์ 0 .1 4 9 0 .1 7 0
4 0 .2 1 7 0 .2 6 6
5 0 .2 6 8 0 .3 3 8
6 0 .1 9 0 0 .3 6 4
7 0 .1 4 9 0 .2 3 7
8 0 .1 4 1 0 .2 4 1
9 0 .0 3 9 0 .0 8 4

1 0 0 .0 3 6 0 .0 3 5
1 2 0 .0 2 5 0 . 0 2 0

14 0 .0 2 9 0 .0 0 7
16 0 . 0 1 2 0 .0 0 5
18 0 .0 0 7 0 .0 1 1
2 0 0 .0 0 9 0 .0 0 4
2 2 0 .0 0 8 0 .0 0 9

2 4 0 .0 0 8 0 .0 0 8
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Table E5 Glucose production from the microbial hydrolysis of 3 hour steam-
explosion pretreated corncob and sugarcane bagasse by using H20  as a
preimpregnation agent (solid/liquid ratio: 1/10) with bacteria strain A002 at 37 °c.

T i m e  ( h )
G l u c o s e  c o n c e n t r a t i o n  

f r o m  c o r n c o b  ( g / L )

G l u c o s e  c o n c e n t r a t i o n  

f r o m  S u g a r c a n e  

b a g a s s e  ( g / L )
0 0 .1 7 2 0 .0 8 7
1 0 .1 5 6 0 .0 5 1

2 0 . 1 0 0 0 .0 9 9

0 .1 4 1 0 . 1 2 2

4 0 . 2 0 1 0 .2 0 6
5 0 .2 5 9 0 .2 6 0
6 0 .2 4 5 0 .2 6 9
7 0 .2 2 8 0 .2 3 6
8 0 .1 5 1 0 .1 3 9
9 0 .0 7 3 0 .0 6 6

1 0 0 .0 3 6 0 .0 3 5
1 2 0 .0 1 9 0 .0 3 9
14 0 .0 1 8 0 .0 4 6
16 0 . 0 2 1 0 .0 0 5
18 0 .0 1 8 0 .0 1 1
2 0 0 . 0 1 2 0 . 0 1 0

2 2 0 .0 2 4 0 .0 0 8
2 4 0 .0 3 0 0 .0 0 8
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Table E6 Glucose production from the microbial hydrolysis of 1 hour steam-
explosion pretreated corncob and sugarcane by using H2SO4 as a preimpregnation
agent (H2SO4 0.9% พ/พ) with bacteria strain A002 at 37 ๐c.

T i m e  (h )
G l u c o s e  c o n c e n t r a t i o n  

f r o m  c o r n c o b  ( g / L )

G l u c o s e  c o n c e n t r a t i o n  

f r o m  S u g a r c a n e  

b a g a s s e  ( g / L )
0 0 .0 7 7 0 . 2 0 1

1 0 .0 6 2 0 .0 3 4
2 0 .0 6 5 0 .5 6 7
3 0 .1 6 6 0 .6 0 0
4 0 .2 4 9 0 .4 1 9
5 0 .2 6 5 0 .3 2 2
6 0 .2 1 6 0 .2 9 2
7 0 .1 3 7 0 .2 5 0
8 0 .0 6 7 0 .1 6 6
9 0 .0 5 7 0 .1 2 6

1 0 0 .0 3 3 0 .0 6 6
1 2 0 .0 1 9 0 .0 5 2
14 0 .0 0 4 0 .0 4 6
16 0 .0 0 7 0 .0 2 5
18 0 .0 0 7 0 . 0 1 1

2 0 0 .0 0 4 0 .0 0 9

2 2 0 .0 0 8 0 .0 1 3
2 4 0 .0 0 8 0 . 0 0 2
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Table E7 Glucose production from the microbial hydrolysis of 2 hour steam-
explosion pretreated corncob and sugarcane bagasse by using H2 SO4 as a
preimpregnation agent (H2 SO4 0.9% พ/พ) with bacteria strain A002 at 37 ๐c.

T i m e  ( h )
G l u c o s e  c o n c e n t r a t i o n  

f r o m  c o r n c o b  ( g / L )

G l u c o s e  c o n c e n t r a t i o n  

f r o m  S u g a r c a n e  

b a g a s s e  ( g / L )
0 0.068 0.024
1 0.059 0.056
2 0.084 0.078
3 0.130 0.158
4 0.208 0.488
5 0.246 0.291
6 0.181 0.223
7 0.137 0.156
8 0.101 0.073
9 0.053 0.027
10 0.033 0.034
12 0.015 0.016
14 0.004 0.004
16 0.016 0.005
18 0.008 0.016
20 0.009 0.004
22 0.013 0.009
24 0.002 0.006
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Table E8 Glucose production from the microbial hydrolysis of 3 hour steam-
explosion pretreated corncob and sugarcane bagasse by using H 2 S O 4  as a
preimpregnation agent ( H 2 S O 4  0.9% พ/พ) with bacteria strain A002 at 37 ° c .

T i m e  ( h )
G l u c o s e  c o n c e n t r a t i o n  

f r o m  c o r n c o b  ( g / L )

G l u c o s e  c o n c e n t r a t i o n  

f r o m  S u g a r c a n e  

b a g a s s e  ( g / L )
0 0.022 0.025
1 0.043 0.048
2 0.062 0.089
ทJ 0.173 0.169
4 0.252 0.390
5 0.224 0.542
6 0.180 0.527
7 0.123 0.462
8 0.114 0.287
9 0.071 0.182
10 0.031 0.034
12 0.015 0.040
14 0.003 0.004
16 0.020 0.025
18 0.028 0.041
20 0.023 0.041
22 0.018 0.025
24 0.026 0.035
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A p p e n d i x  F  A p p e a r a n c e  o f  t h e  S t e a m - E x p l o s i o n  P r e t r e a t e d  C o r n c o b  a n d  

S u g a r c a n e  B a g a s s e

F ig u r e  F I  Soaked corncob (right) and bagasse (left) in water (SLR = 1:10) for 24 
hours at 60 °c.

Figure F2 Steam-explosion pretreatment of 80 mesh corncob (left) and bagasse
(right) at 1 2 0  °c.
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F i g u r e  F 3  The water-insoluble-fraction (WIS) of corncob (left) and sugarcane 
bagasse (right) after steam explosion pretreatment and dried at 60 °c overnight for 
storage.
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A p p e n d i x  G  G l u c o s e  a n d  B a c t e r i a  E v o l u t i o n  D a t a

T a b l e  G 1  Glucose and Bacteria evolution from the microbial hydrolysis of 
untreated sugarcane bagasse with strain A 002 at 37 °c

Time
(h)

Glucose
Concentration

(g/L)

Nitrogen
Bacteria

(g/L)
0 0.309 0.154
2 0.046 0.278
4 0.133 0.274
6 0.119 0.340
8 0.107 0.479
10 0.066 0.692
12 0.041 0.834
14 0.019 0.932
16 0.016 0.976
18 0.014 0.967
20 0.016 1.020
22 0.017 1.012
24 0.024 1.154
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Table G2 Glucose and Bacteria evolution from the microbial hydrolysis of
untreated corncob with strain A 002 at 37 °c

Time
(h)

Glucose
Concentration

(g/L)

Nitrogen
Bacteria

(g/L)
0 0.204 0.115
2 0.109 0.358
4 0.198 0.421
6 0.265 0.468
8 0.208 0.552
10 0.177 0.748
12 0.120 0.780
14 0.047 0.776
16 0.023 0.830
18 0.018 0.850
20 0.009 0.980
22 0.009 1.092
24 0.011 1.211
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Table G3 Glucose and Bacteria evolution from the microbial hydrolysis of 2 hour
steam-explosion pretreated corncob by using H20  as a preimpregnation agent with
strain A 002 at 37 °c

Time
(h)

Glucose
Concentration

(g/L)

Nitrogen
Bacteria

(g/L)
0 0.033 0.109
2 0.089 0.313
4 0.217 0.406
6 0.190 0.410
8 0.141 0.427
10 0.036 0.428
12 0.025 0.458
14 0.029 0.459
16 0.012 0.509
18 0.007 0.583
20 0.009 0.593
22 0.008 0.595
24 0.008 0.619
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Table G4 Glucose and Bacteria evolution from the microbial hydrolysis of 1 hour
steam-explosion pretreated sugarcane bagasse by using H20  as a preimpregnation
agent with strain A 002 at 37 °c

Time
(h)

Glucose
Concentration

(g/L)

Nitrogen
Bacteria

(g/L)
0 0.055 0.190
2 0.086 0.284
4 0.278 0.294
6 0.369 0.319
8 0.300 0.366
10 0.182 0.392
12 0.105 0.401
14 0.018 0.410
16 0.036 0.420
18 0.030 0.422
20 0.074 0.434
22 0.026 0.469
24 0.032 0.567
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Table G5 Glucose and Bacteria evolution from the microbial hydrolysis of 1 hour
steam-explosion pretreated corncob by using H2 SO4 as a preimpregnation agent with
strain A 002 at 37 °c

Time
(h)

Glucose
Concentration

(g/L)

Nitrogen
Bacteria

(g/L)
0 0.077 0.247
2 0.065 0.329
4 0.249 0.393
6 0.216 0.455
8 0.067 0.505
10 0.033 0.537
12 0.019 0.542
14 0.004 0.544
16 0.007 0.590
18 0.007 0.601
20 0.004 0.602
22 0.008 0.631
24 0.008 0.685
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Table G6 Glucose and Bacteria evolution from the microbial hydrolysis of 1 hour
steam-explosion pretreated sugarcane bagasse by using H 2 S O 4  as a preimpregnation
agent with strain A 002 at 37 °c

Time
(h)

Glucose
Concentration

(g/L)

Nitrogen
Bacteria

(g/L)
0 0.201 0.545
2 0.567 0.598
4 0.419 0.647
6 0.292 0.648
8 0.166 0.652
10 0.066 0.679
12 0.052 0.657
14 0.046 0.666
16 0.025 0.673
18 0.011 0.678
20 0.009 0.681
22 0.013 0.686
24 0.002 0.688
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Appendix H SEM images of Before and After Microbial Hydrolysis of Corncob
and Sugarcane Bagasse

F i g u r e  H I  Scanning electron micrographs of the untreated corncob surface before 
hydrolysis.

F i g u r e  H 2  Scanning electron micrographs of the untreated corncob surface after 
hydrolysis by using bacteria strain A002 at 37 °c.



82

F i g u r e  H 3  Scanning electron micrographs of the untreated sugarcane bagasse 
surface before hydrolysis.

F i g u r e  H 4  Scanning electron micrographs of the untreated sugarcane bagasse 
surface after hydrolysis by using bacteria strain A002 at 37 °c.
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Appendix I SEM images After Steam-Explosion Pretreatment of Corncob and 
Sugarcane Bagasse

Figure II Scanning electron micrographs of the corncob surface after steam- 
explosion pretreatment with fbO.

Figure 12 Scanning electron micrographs of the sugarcane bagasse surface after 
steam-explosion pretreatment with fbO.



8 4

Figure 13 Scanning electron micrographs of the corncob surface after steam- 
explosion pretreatment with H2SO4.

Figure 14 Scanning electron micrographs of the sugarcane bagasse surface after 
steam-explosion pretreatment with H2SO4.
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Appendix J Digestibility Calculation of The Chemical Composition Changes

The digestibility of the corncob and sugarcane bagasse residue due to 
the steam-explosion pretreatment process was determined by performing mass 
balance, as expressed below:

Degradability (%) = Input - Output X 100
Input

(Jl)



T a b l e  ,11 C h e m i c a l  c o m p o s i t i o n  o f  s t e a m - e x p l o s i o n  p r e t r e a t e d  c o r n c o b  a n d  s u g a r c a n e  b a g a s s e  b y  u s i n g  H 2O  a s  a  p r e i m p r e g n a t i o n

a g e n t .

Pretreatment 

Time (h)

Chemical composition (g)

Corncob Sugarcane bagasse

Cellulose Hemicellulose Lignin Extractives Cellulose Hemicellulose Lignin Extractives

Untreated 0.435 0.320 0.183 0.067 0.429 0.266 0.127 0.197

1 0.289 0.168 0.165 0.059 0.352 0.102 0.115 0.164

2 0.294 0.161 0.173 0.058 0.372 0.0612 0.116 0.171

3 0.268 0.187 0.170 0.057 0.349 0.053 0.106 0.140

0๐cs



T a b l e  J 2  C h e m i c a l  c o m p o s i t i o n  o f  s t e a m - e x p l o s i o n  p r e t r e a t e d  c o r n c o b  a n d  s u g a r c a n e  b a g a s s e  b y  u s i n g  H 2S O 4 a s  a  p r e i m p r e g n a t i o n

a g e n t .

Pretreatment 

Time (h)

Chemical composition (g)

Corncob Sugarcane bagasse

Cellulose Hemicellulose Lignin Extractives Cellulose Hemicellulose Lignin Extractives

1 0.254 0.167 0.170 0.057 0.389 0.062 0.115 0.172

2 0.244 0.167 0.168 0.055 0.380 0.035 0.115 0.163

j 0.241 0.181 0.167 0.055 0.377 0.021 0.114 0.168

00



T a b l e  J 3  D e g r a d a b i l i t y  f r o m  t h e  s t e a m - e x p l o s i o n  p r e t r e a t m e n t  o f  c o r n c o b  a n d  s u g a r c a n e  b a g a s s e  b y  u s i n g  H 2O  a s  a  p r e i m p r e g n a t i o n

a g e n t .

Pretreatment 

Time (h)

Degradability (%)

Corncob Sugarcane bagasse

Cellulose Hemicellulose Lignin Extractives Cellulose Hemicellulose Lignin Extractives

1 33.664 47.490 9.968 9.805 17.967 61.536 9.999 16.743

2 32.515 49.710 5.764 11.633 13.310 76.854 8.977 13.028

3 38.514 41.516 7.020 13.766 18.828 79.940 7.162 28.651

๐0๐0



T a b l e  J 4  D e g r a d a b i l i t y  f r o m  t h e  s t e a m - e x p l o s i o n  p r e t r e a t m e n t  o f  c o r n c o b  a n d  s u g a r c a n e  b a g a s s e  b y  u s i n g  H 2S O 4 a s  a  p r e i m p r e g n a t i o n

a g e n t .

Pretreatment 

Time (h)

Degradability (%)

Corncob Sugarcane bagasse

Cellulose Hemicellulose Lignin Extractives Cellulose Hemicellulose Lignin Extractives

1 41.640 47.928 7.456 3.378 9.328 76.854 9.370 12.723

2 43.962 47.709 8.548 4.655 11.424 86.677 9.528 17.303

3 44.697 43.299 8.985 3.004 12.309 91.983 10.392 14.453

00ริ๐
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