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C H A P T E R  III  
E X P E R IM E N T A L

3 .1  M a t e r i a l s  a n d  E q u i p m e n t

3 .1 .1  M a t e r i a l s

1. R i c e  s t r a w

2 .  C e l l u l a s e  f r o m  T r i c h o d e r m a R e e s e i

3 .  S t a n d a r d  g l u c o s e ,  x y l o s e ,  a r a b i n o s e

4 . l - e t h y l - 3 - m e t h y l i m i d a z o l i u m  a c e t a t e  ( [ E M I M ] [ A c ] )

5 .  S o d i u m  c i t r a t e  b u f f e r

6 . S o d i u m  h y d r o x i d e

7 . S u l f u r i c  a c i d

8 . N i t r i c  a c id

3 .1 .2  E q u i p m e n t

1. A  C E M  ( M a t t h e w s ,  N C ,  U S A )  M A R - 5  H P - 5 0 0  m i c r o w a v e  s y s t e m

2 . P e r k i n  E l m e r  S e r i e s  2 0 0  L C / S / N 2 9 1 N 5 0 6 0 5 0 8 :  H i g h  P e r f o r m a n c e  

L i q u i d  C h r o m a t o g r a p h y  ( H P L C )  w i t h  a  r e f r a c t i v e  i n d e x  

d e t e c t o r u s i n g  a n  A m i n e x - H P X  8 7 H  c o l u m n  ( 3 0 0  m m  x  7 8  m m ,  

B i o - R a d  L a b ,  U S A )

3 .  P E R I C H R O M  P R 2 1 0 0  G a s  c h r o m a t o g r a p h y  ( G C )

4 . S c a m r in g  E l e c t r o n  M i c r o s c o p e  ( S E M )

5 . B r u n â u e r - E m m e t t - T e l l e t  ( B E T )  S u r f a c e  A r e a  A n a l y z e r

6 . X - R a y  D i f f r a c t i o n  ( X R D )

7 .  F o u r i e r  T r a n s f o r m  I n f r a r e d  S p e c t r o s c o p y  ( F T I R )

8 . T h e r m o g r a v i m e t r i c  A n a l y s i s  ( T G A )

9 .  O v e n

1 0 . I n c u b a t o r  s h a k e r

1 1 . F i l t e r  p a p e r

1 2 . V o r t e x  m i x t u r e
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3.2 Experimental Procedures

3 .2 .1  M i c r o w a v e / I o n i c  L i q u i d  P r e t r e a t m e n t

D r i e d  r i c e  s t r a w  a t  a  b i o m a s s  l o a d i n g  o f  5 %  (พ  r i c e  s t r a w /w  io n ic  

l iq u id )  w a s  p r e t r e a t e d  v i a  5 0 %  c o n c e n t r a t i o n s  o f  a q u e o u s - [ E M I M ] [ A c ]  s o lu t io n  ( F u  

et a l ,  2 0 1 1 ) .  T h e  m i x t u r e  w a s  s t i r r e d  u n t i l  h o m o g e n e o u s  f o r  a  f e w  m i n u t e s .  A f t e r  

t h a t ,  t h e  m i x t u r e  o f  r i c e  s t r a w  a n d  a q u e o u s - [ E M I M ]  [A c ]  s o lu t io n  w a s  t r a n s f e r r e d  to  a  

m i c r o w a v e  o v e n  to  t r e a t  r i c e  s t r a w  a t  v a r i o u s  t e m p e r a t u r e s  ( 1 4 0  °c, 1 5 0  °c. a n d  

1 6 0  ° C )  a n d  t i m e s  ( 2 5  m i n ,  4 0  m i n ,  a n d  5 5  m i n ) .  F r o m  R S M  m o d e l ,  a  f u l l  t h r e e - l e v e l  

f a c t o r i a l  d e s i g n s  i s  u s e d  to  s e t  t h e  c o n d i t i o n  i n  9  e x p e r i m e n t s  f r o m  t h e  f o l l o w i n g .

Table 3.1 C o d e  l e v e l s  o f  e a c h  v a r i a b l e s

I n d e p e n d e n t
U n i t

C o d e  L e v e l s

v a r i a b l e -1 0 1

T e m p °c 1 4 0 1 5 0 1 6 0

T i m e m i n 2 5 4 0 5 5

Table 3.2 P r e t r e a t m e n t  c o n d i t i o n  o f  e a c h  e x p e r i m e n t a l  r u n s

Run Temp Time
1 (-1) 1 4 0 (-1) 2 5

2 (-1) 1 4 0 ( 0 ) 2 5

3 (-1) 1 4 0 - (+1) 2 5

4 ( 0 ) 1 5 0 (-1) 4 0

5 ( 0 ) 1 5 0 ( 0 ) 4 0
6 ( 0 ) 1 5 0 (+1) 4 0
7 (+1) 1 6 0 (-1) 5 5

8 (+1) 1 6 0  . ( 0 ) 5 5

9 (+1) 1 6 0 (+1) 5 5
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A f te r  c o o l in g ,  th e  m ix tu r e  w a s  f i l te re d  to  s e p a r a te  th e  r e c o v e r e d  s tr a w  
s a m p le s .  T h e  s o l id  r e s id u e s  w e r e  th o r o u g h ly  w a s h e d  w i th  d i s t i l le d  w a te r  to  re m o v e  
io n ic  l iq u id  a n d  d r ie d  in  th e  o v e n  a t  105 ๐c  fo r  2 4  h. T h e n ,  th e  o v e n - d r ie d  s a m p le s  
w e r e  s to re d  in  a  s e a le d  b a g  in  a  d e s ic c a to r  fo r  d ig e s t ib i l i ty  e v a lu a t io n  a n d  c e l lu lo s e  
c r y s ta l l in i ty  d e t e r m in a t io n  (F u  a n d  M a z z a , 2 0 1 1 ). T h e  p r e t r e a tm e n t  p r o c e d u r e  f lo w  
d ia g r a m  is  s h o w n  in  F ig u re  3 .1 .

F i g u r e  3 .1  S c h e m a t ic  o f  a q u e o u s  io n ic  l iq u id  p r e t r e a tm e n t  a n d  h y d r o ly s is  p ro c e d u r e  
f lo w  d ia g ra m .
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3 .2 .2  M ic r o w a v e /A lk a l i  P re t r e a tm e n t
0 .5  g  o f  d r ie d  r ic e  s t r a w  w a s  p r e tr e a te d  w i th  10 m L  o f  0 .5 %  

c o n c e n t r a t io n s  o f  N a O H  s o lu tio n . T h e  m ix tu r e  w a s  s t i r r e d  u n t i l  h o m o g e n e o u s  fo r  a 
f e w  m in u te s  a n d  h e a te d  in  th e  m ic r o w a v e  o v e n  a t  1 4 0  ๐c  f o r  15 m in  ( C h e n g  et al.,
2 0 1 1 ) .  A f te r  th a t ,  th e  p r e t r e a te d  r ic e  s t r a w  w a s  f i l te re d  f ro m  th e  s u p e rn a ta n t  a n d  
w a s h e d  b y  d i s t i l le d  w a te r  u n ti l  n e u tr a l  p H . T h e  s a m p le  w a s  d r ie d  o v e r n ig h t  to  
r e m o v e  w a te r  a n d  c o l le c t e d  in  a  s e a l b a g  fo r  h y d r o ly s is .

3 .2 .3  M ic r o w a v e /D i lu te  A c id  P r e t r e a tm e n t
1 g  o f  d r ie d  r ic e  s t r a w  w a s  s u s p e n d e d  in  10 m L  o f  2 %  c o n c e n t ra t io n s  

o f  H N O 3 s o lu t io n  a n d  v o r te x e d  u n t i l  h o m o g e n e o u s  s o lu t io n . T h e n  th e  m ix tu r e  w a s  
tr e a te d  in  th e  m ic r o w a v e  o v e n  a t  1 0 0  ° c  fo r  7 m in  ( C h i t t ib a b u  et al., 2 0 1 2  ). A f te r  
th e  p r e t r e a tm e n t ,  s im i l a r ly  fo r  a lk a l i  p r e t r e a tm e n t  p ro c e s s ,  th e  b io m a s s  w a s  f i l te re d  
a n d  w a s h e d  b y  d i s t i l l e d  w a te r  u n ti l  n e u tr a l  p H  w a s  re a c h e d . T h e  s a m p le  w a s  d r ie d  
o v e rn ig h t  a n d  k e p t  in  a  s e a l b a g  f o r  h y d r o ly s is .

3 .2 .4  E n z y m a t ic  H y d r o ly s is
T h e  r e c o v e r e d  r ic e  s t r a w  o f  0 .1 5  g  f ro m  a q u e o u s - [E M IM ][A c ] ,  N a O H  

an d  H N O 3 p r e t r e a tm e n t  w e re  a d d e d  w i th  5 m L  o f  s o d iu m  c i t r a te  b u f f e r  to  a d ju s t  p H
4 .8  a n d  th e n  w a s  a d d e d  w i th  C e l lu la s e  15 0  p i  ( c e l lu la s e ;  S ig m a  C h e m ic a ls ,  5 2  F P U ) . 
A f te r  th a t  th e  s a m p le  w a s  s h a k e d  in  a n  in c u b a to r  s h a k e r  a t  5 0  ° c  fo r  7 2  h . T h e  
h y d r o ly s a te s  w e r e  f i l t e r e d  to  s e p a r a te  s o l id  r e s id u e s  o u t. T h e n ,  th e  l iq u id  f r a c t io n  w a s  
c o l le c te d  f o r  s u g a r  a n a ly s is  b y  u s in g  H P L C . T h e  a m o u n t  o f  s u g a r  in  e a c h  a q u e o u s -  
[ E M IM ][A c ]  e x p e r im e n t  w e re  a n a ly z e d  b y  R S M  in  o r d e r  to  f in d  th e  o p tim a l 
c o n d i t io n  f o r  f e r m e n ta t io n  s te p . A n d  th e  b e s t  c o n d i t io n  o f  io n ic  liq u id  p r e tr e a te d  
s a m p le  w a s  c o m p a r e d  th e  s u g a r  r e s u l t s  to  N a O H  a n d  H N O 3 p r e t r e a te d  s a m p le s .

3 .2 .5  F e r m e n ta t io n
3.2.5.1 Medium Preparation ( Q u r e s h i  et al. 2 0 0 8 )

T h e  m ix tu re  o f  D i fc o T M  C o o k e d  m e a t  m e d iu m  (C M M )  p e l le t
0 .8 7 5  g , g lu c o s e  0 .1 2  g , a n d  d is t i l le d  w a te r  6  m L  w a s  s te r i l iz e d  a t  121 ° c  fo r  15 m in  
a n d  c o o le d  to  r o o m  te m p e ra tu re .  A f t e r  th a t ,  o n e  lo o p  o f  c e ll  s p o re s  w a s  p u t  in to  th e  
p re p a re d  s o lu t io n  a n d  h e a t  s h o c k  a t  8 0  ° c  fo r  2  m in . T h e  C M M  c u l tu re  s o lu t io n  w a s  
k e p t  in  3 7  ๐c  a n d  w a i te d  fo r  c e lls  a c t iv a t io n  w i th in  3 0  h.
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3.2.5.2 Inoculum Development ( Q u r e s h i  et ai, 1 9 9 9 )
Y e a s t  e x t ra c t ,  a c t iv e  g r o w in g  c e lls  f r o m  C M M  s o lu t io n , 

b u f f e r  ( K H 2 P 0 4, K 2 H P O 4 , a n d  C H 3 C O O N H 4), m in e ra l  ( M g S 0 4 * 7 H 2 0 ,  M n S 0 4 *H 2 0 ,  
F e S 0 4 * 7 H 2 0 ,  N a C l) ,  a n d  v i ta m in s  ( p a r a -a m in o - b e n z o ic  a c id , th ia m in ,  b io t in )  w a s  
a d d e d  in  8  m L  o f  h y d r o ly s a te  a n d  th is  s o lu t io n  w a s  k e p t  in  3 7  ° c  w ith o u t  a g i ta t io n  
fo r  8  h . A f te r  th a t ,  th e s e  c e l ls  w o u ld  b e  u s e d  in  f e rm e n ta t io n  s te p .

3.2.5.3 Fermentation Step
T h e  8  m L  l iq u id  f ra c t io n  o f  th re e  c h e m ic a ls  p r e t r e a tm e n t  a n d  

u n tr e a te d  r ic e  s t r a w  w h ic h  w e re  p r o d u c e d  f ro m  e n z y m a tic  h y d r o ly s is  w a s  f e rm e n te d  
b y  u s in g  Clostridium beijerinckii T IS T R 1 4 6 1  a t  3 7  ๐c  fo r  0  to  7 2  h . A l t e r  th a t ,  th e  
A B E  p r o d u c t s  f ro m  e a c h  p r e t r e a tm e n t  c o n d i t io n s  w e r e  m e a s u r e d  b y  H P L C  a n d  G C .

3.3. Analytical M ethods

3 .3 .1  H i a h  P e r f o r m a n c e  L iq u id  C h r o m a to g ra p h y  ( H P L C )
G lu c o s e  a n d  x y lo s e  w h ic h  w e re  th e  m a in  c o m p o s i t io n  o f  C 6  s u g a r  a n d  

C 5  s u g a r  (L i et al, 2 0 1 0 ) ,  r e s p e c t iv e ly ,  w e re  d e te rm in e d  u s in g  a n  H P L C  s y s te m  
e q u ip p e d  w i th  a  r e f r a c t iv e  in d e x  d e te c to r  (M o d e l  6 0 4 0  X R , S p e c t r a - P h y s ic s ,  U S A ). 
A n  o r g a n ic  a c id  c o lu m n  ( A m in e x  H P X -8 7 H  c o lu m n , B io - R a d  L a b , U S A )  w a s  u s e d  
w ith  0 .0 0 5  M  s u l fu r ic  a c id  s o lu t io n  a s  a  m o b ile  p h a s e .  T h e  f lo w  r a te  w a s  c o n tr o l le d  
a t 0 .6  m L /m in  a n d  th e  c o lu m n  te m p e r a tu r e  w a s  6 0  ° c .

3 .3 .2  S c a n in g  E le t ro n  M ic r o s c o p y  (S E M )
T h e  p h y s ic a l  s tru c tu re  c h a n g e s  o f  th e  u n t r e a te d  a n d  p r e tr e a te d  o f  r ic e  

s tr a w s  w e r e  im a g e d  b y  s c a n n in g  e le c t ro n  m ic r o s c o p e  ( S E M )  u s in g  a  H ita c h i  T M -  
3 0 0 0  m ic r o s c o p e .  T h e  s a m p le s  w e re  lo c a te d  o n  a  s p e c im e n  h o ld e r  b y  u s in g  c a rb o n  
ta p e , w h ic h  w a s  s p u t te r - c o a te d  w i th  P t  fo r  r e d u c in g  e le c t r o s ta t i c  c h a rg in g . T h e  
s u r fa c e  s t r u c tu r e  im a g e s  o f  th e  u n t r e a te d  a n d  p r e tr e a te d  r ic e  s t r a w  w e re  o b ta in e d  
w i th  15 k V  a c c e le ra t in g  v o lta g e .

3 .3 .3  B E T  S u r f a c e  A re a  A n a ly s is
A  B E T  s u r fa c e  a re a  o f  r ic e  s tr a w s  b e fo re  a n d  a f te r  p r e t r e a tm e n t  w a s  

m e a s u r e d  b y  N 2 a d s o rp t io n /d e s o r p t io n  m e a s u r e m e n ts  ( Q u a n ta c h r o m e /A u to s o r b l ) .  
T h e  d r ie d  s a m p le  ( 0 .1 - 0 .2  g ) w a s  p u t  in to  th e  s a m p le  tu b e  a n d  o u tg a s s e d  to  r e m o v e
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th e  h u m id i ty  a n d  v o la t i l e  a d s o rb e n ts  a d s o r b e d  o n  s u r f a c e  u n d e r  v a c u u m  a t 1 0 0  ° c  fo r  
2 4  h  p r io r  to  th e  a n a ly s is .  T h e n ,  N ? w a s  p u rg e d  to  a d s o r b  o n  s u r f a c e ,  a n d  th e  q u a n t i ty  
o f  g a s  a d s o r b e d  o n to  o r  d e s o rb e d  f ro m  th e i r  s o l id  s u r f a c e  a t  s o m e  e q u i l ib r iu m  v a p o r  
p r e s s u r e  b y  s ta t ic  v o lu m e t r i c  m e th o d  w il l  b e  m e a s u r e d .  T h e  s o l id  s a m p le  w a s  
m a in ta in e d  a t  a  c o n s ta n t  te m p e ra tu re  o f  th e  s a m p le  c e ll  u n t i l  th e  e q u i l ib r iu m  is 
e s ta b l is h e d .  T h e  B E T  s u r fa c e  a r e a  a n d  p o re  v o lu m e  w a s  o b ta in e d  f ro m  th e  N 2 

a d s o r p t io n /d e s o r p t io n  c u r v e s .
3 .3 .4  X - ra y  D i f f r a c t io n  (X R D )

X - ra y  d i f f r a c t io n  ( X R D )  w a s  u s e d  f o r  p h a s e  id e n t i f ic a t io n  o f  a  
c r y s ta l l in e  o f  th e  u n t r e a te d  a n d  p r e t r e a te d  r ic e  s t r a w s . S a m p le s  w e r e  s c a n n e d  a n d  
r e c o r d e d  b y  u s in g  R ig a k u  X - R a y  D i f f r a c to m e te r  s y s te m  ( R IN T -2 2 0 0 )  w ith  N i f i l te r  
a n d  C u  K a  r a d ia t io n  ( 1 .5 4 0 6  Â )  th a t  g e n e ra te d  a t  3 0  m A  a n d  4 0  k v .  T h e  s c a n  s p e e d  

o f  5 °  ( 2 9 ) /m in  w i th  s c a n  s te p  o f  0 .0 2  ( 2 0 )  w a s  u s e d  f o r  th e  c o n t in u o u s  ru n  in  5 to  

9 0 ° c  ( 2 0 )  r a n g e .
T h e  c r y s ta l l in e  in d e x  o f  c e l lu lo s e  s a m p le s  w e re  c a lc u la te d  f ro m  th e  

X - ra y  d i f f r a c t io n  p a t te r n s  b y  th e  f o l lo w in g  e q u a t io n

T ^ 0 0 2  ^ a m o r p h o u s  1 I \ r \ ท /C r i  = ------- - —----- X 100%
-^002

W h e re  I 0 2  is  th e  in te n s i ty  f o r  th e  c r y s ta l l in e  p o r t io n  o f  b io m a s s  ( i .e . ,  c e l lu lo s e )  a t 

a b o u t  2 0  =  2 2 .5 °  a n d  I is  th e  p e a k  fo r  th e  a m o r p h o u s  p o r t io n  ( i.e ., c e l lu lo s e ,amorphous
h e m ic e l lu lo s e ,  a n d  l ig n in )  a t  a b o u t  2 9  =  1 8 .6 ° .

3 .3 .5  F o u r ie r  t r a n s f o r m  in f r a re d  s p e c t ro s c o p y  (F T IR )
F T IR  w a s  a ls o  u s e d  fo r  c r y s ta l l in i ty  in d e x  o f  r ic e  s tr a w . D e te c t io n  o f  

th e  f u n c t io n a l  g r o u p  o n  th e  r ic e  s t r a w  s a m p le s  w a s  d o n e  w ith  T h e r m o  
N ic o le t /N E X U S  6 7 0  F T - I R . R ic e  s t r a w  s a m p le s  w e r e  d r ie d  a n d  m ix e d  w i th  
p o ta s s iu m  b r o m id e  ( K B r )  w h ic h  w a s  a ls o  d r ie d  f o r  2 4  h  b e f o r e  u s in g . A f te r  th a t  
m ix tu r e  w a s  p r e s s e d  in to  d is c s  a n d  s c a n n e d  in  th e  r a n g e  4 0 0 0 - 4 0 0  c m ' 1 w i th  a  
r e s o lu t io n  o f  4  c m '1.
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T h e  in f r a r e d  r a t io  Ai373cnf7A2900cm '\ w h ic h  is  k n o w n  as  th e  to ta l  
c r y s ta l l in i ty  in d e x  ( T C I)  ( N e ls o n  a n d  O 'C o n n o r ,  1 9 6 4 ).

3 .3 .6  T h e n n o g r a v im e t r ic  A n a ly s is  ( T G -D T A )
T h e  th e r m a l  d e c o m p o s i t io n  p r o f i l e s  o f  s e v e r a l  p r e t r e a tm e n t  

c o n d i t io n s  o f  r ic e  s t r a w  w e r e  p r e s e n te d  b y  u s in g  T G - D T A  ( T G /Q 5 0 ) .  T h e  2 -5  m g  o f  
p r e tr e a te d  a n d  u n t r e a te d  s a m p le s  in  a  p la t in u m  p a n  w e r e  in t r o d u c e d  in to  th e  fu rn a c e  
a n d  th e  t e m p e r a tu r e  w a s  r a m p e d  f ro m  r o o m  te m p e r a tu r e  to  9 0 0  ๐c  a t  a  h e a t in g  r a te  
o f  10 ๐c / m i n  in  a  N 2 g a s . T h e  in itia l m a s s  o f  th e  r ic e  s t r a w  s a m p le s  w a s  d e te rm in e d .

3 .3 .7  A c e to n e - B u ta n o l - E th a n o l  ( A B E )  A n a ly s is
A c e to n e ,  b u ta n o l ,  a n d  e th a n o l  w e r e  m e a s u r e d  b y  a  g a s  

c h r o m a to g r a p h  ( S e r ie s  P e r ic h r o m e )  e q u ip p e d  w i th  a  f la m e  io n iz a t io n  d e te c to r  u s in g  
I n n o w a x  c o lu m n . T h e  c o lu m n  w a s  m a in ta in e d  a t 1 7 0  ๐c  a n d  a  0 .5  p L  o f  s a m p le  w a s  
in je c te d . T h e  in je c t io n  a n d  d e te c to r  t e m p e r a tu r e  w e r e  2 4 0  °c a n d  N 2 w a s  u s e d  a s  
c a r r ie r  g a s  a t  a  c o n s ta n t  f lo w  ra te  o f  4 5  m L /m in .
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