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3 .3 .1  P retrea tm en t o f  C orn  C o b s  b y  M ic r o w a v e  A s s is te d  A lk a li
M ic r o w a v e  so lv e n t  ex tr a c tio n  lab  s ta tio n  w a s  u se d  in th is  s tu d y  fo r  a 

c o m b in e d  o f  m ic r o w a v e  and  a lk a li p retrea tm en t. T h is  p r o c e s s  is  carr ied  o u t as  
fo llo w s :  2  g  o f  c o m  c o b s  w a s  su sp e n d e d  in  3 0  m L  o f  d if fe r e n t  so d iu m  h y d r o x id e  
c o n c e n tr a tio n  ( 0 .7 5  %  to  3 % ) and  th en  tran sferred  to  m ic r o w a v e  o v e n  to  treat c o m  
c o b s  at th e  d e s ir e d  tem p era tu re  (6 0  ๐c  to  1 2 0  ๐C ) fro m  5 to  3 0  m in u te s . A fte r  th is  
p r o c e ss  w a s  c o m p le te d , th e  r e s id u e s  w o u ld  b e  c o l le c te d  b y  a f ilter  p ap er  th en  w a sh e d  
w ith  tap  w a te r  u n til th e  p H  o f  s o lu t io n  reach  n eu tra l p H . T h e n  it w a s  d r ied  at 6 5  °c 
and  w e ig h  (Z h u  et al., 2 0 0 5 ) .

3.3 Methodology

Figure 3.1 A  C E M  (M a tth e w s , N C , U S A )  M A R -5  H P -5 0 0  m ic r o w a v e  sy s te m .

3 .3 .2  E n z y m a tic  H y d r o ly s is
H y d r o ly s is  e x p e r im e n t  c o n s is t s  o f  0 .5  g  o f  p retrea ted  c o m  c o b s  and  15  

m L  o f  0 .1  m o l L ' 1 c itra te  b u ffer  (p H  4 .8 ) .  T h e  m ix tu re  w a s  ad d ed  w ith  0.1 m l o f  
e n z y m e s  an d  th e n  w a s  a d ju sted  at 5 0  ๐c  in  th e  in cu b a to r  sh a k er  at 1 5 0  rp m  for  4 8  h. 
T h e  sa m p le  w h ic h  ta k en  from  th e  h y d r o ly s is  so lu t io n  w a s  h ea te d  to  1 0 0  °c
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immediately for 3 minutes to denature the enzymes, cooled to room temperature, and
then centrifuged for 20 minutes at 8000 rpm (Zhu e t a l., 2005). Then, the sample
from the reaction will be stored for sugar analysis.

Figure 3.2 In cu b a to r  sh ak er.

3 .3 .3  F erm en ta tio n
2  m L  o f  a c t iv e  y e a s t  {Saccharomyces cerevisiae) w a s  m ix e d  w ith  2 0  

m l o f  su g a r  s o lu t io n  fr o m  e n z y m a tic  h y d r o ly s is  s te p  and  th en  tra n sfer  to  in cu b ator  

sh ak er  at 3 7  ๐ c  fo r  1 d a y  to  3 d a y . A fte r  th is  p r o c e s s  w a s  c o m p le te , th e  so lu t io n  

w a s  c o l le c te d  to  a n a ly z e  th e  e th a n o l co n ce n tr a tio n  b y  G C  in stru m en t.

3.4 Component Analysis of the Biomass Samples

N e u tr a l d e ter g e n t f ib re  (N D F ) , ac id  d e te r g e n t f ib re  (A D F ) , ac id  d eterg en t  
lig n in  (A D L ) ,  an d  a c id  in so lu b le  ash  (A IA )  o f  c o m  c o b s  b e fo r e  an d  after  
p retrea tm en t w e r e  d e te r m in e d  b y  th e  N a k h o n r a tc h a s im a  A n im a l N u tr it io n  R esea rch  
and  D e v e lo p m e n t  C e n te r  (N a k h o n r a tc h a s im a  p r o v in c e , T h a ila n d ). T h e  d if fe r e n c e  
b e tw e e n  N D F  and A D F  e s t im a te s  d e terg en t h e m ic e l lu lo s e . D e te r g e n t  c e l lu lo s e  is  
ca lc u la te d  b y  su b tra c tin g  th e  v a lu e s  for  (A D L  +  A I A )  fro m  A D F .
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X -ra y  d if fr a c tio n  ( X R D )  w a s  u se d  to  id e n t ify  c r y s ta llin ity  p resen t in  b oth  
u n trea ted  an d  p retrea ted  c o m  c o b s  b y  u s in g  a  R ig a k u /R in t2 2 0 0  d if fra c to m eter  
eq u ip p e d  w ith  a  N i  f ilte r e d  C u K a  rad ia tion  so u r c e  (X =  1 .5 4 2  Â )  o f  4 0  k v  and 3 0  
m V . T h e  sa m p le  w a s  p r e sse d  in to  a h o l lo w  o f  g la s s  h o ld e r  an d  h e ld  in  p la c e  b y  g la ss  
w in d o w . T h en , it w i l l  b e  sc a n n e d  in  th e  2 9  ran g e  o f  0  to  4 0 °  in  th e  c o n tin u o u s  m o d e  
w ith  th e  rate o f  l° /m in u te . B io m a s s  c r y s ta llin ity  a s  e x p r e s s e d  b y  c r y s ta llin ity  in d ex  
(C rI) w a s  d e te r m in e d  a c c o r d in g  to  a m eth o d  b y  (K u m a r  et a l,  2 0 0 9 ):

3.5 Crystallinity Measurement

Cri =  1 0 0  X A)02 ^ am orphous

‘ 002

In w h ic h , I002 is  th e  in te n s ity  for  th e  c r y s ta llin e  p o r tio n  o f  b io m a s s  ( i .e . ,  c e l lu lo s e )  at 
a b o u t 2 h =  2 2 .5  an d  Iamorphous is  th e  p eak  for  th e  a m o r p h o u s  p o r tio n  ( i .e . ,  c e l lu lo s e ,  
h e m ic e l lu lo s e , and  lig n in )  at a b o u t 2 h =  1 6 .6 .

3.6 Surface Characteristics

T h e  s a m p le  b o th  u n trea ted  and treated  c o r n c o b  w e r e  o b se r v e d  b y  a sc a n n in g  
e le c tr o n  m ic r o s c o p e  (S E M ) u s in g  a  H ita ch i ร - 4 8 0 0  m ic r o s c o p e . P rior to  a cq u ir in g  
im a g e s , th e  sa m p le s  w e r e  m o u n te d  w ith  d o u b le  s id e d  c a r b o n  ta p e  o n  p recu t b rass  
sa m p le  s tu b s  an d  sp u tter  c o a te d  w ith  a p p r o x im a te ly  3 0  Â  o f  A u /P d . T h e  
r e p r esen ta tiv e  im a g e s  o f  b o th  u n trea ted  and  treated  c o m  c o b s  rep orted  h ere  w er e  
acq u ired  w ith  a 15 k v  a c c e le r a t in g  v o lta g e  (L i e t  a h , 2 0 0 4 ) .

3.7 Reducing Sugar Analysis

T h e  liq u id  fra c tio n  w a s  d eterm in ed  to ta l r e d u c in g  su g a r  u s in g  D N S  (3 ,5 -  
d in itr o sa lic y lic  a c id )  m e th o d  (M ille r , 1 9 5 9 ).
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3.8 Monosaccharide Analysis

M o n o sa c c h a r id e  su c h  a s  g lu c o s e , x y lo s e ,  a r a b in o se , m a n n o s e , g a la c to se , 
and  c e l lu b io s e  w a s  d e te r m in e d  u s in g  an H P L C  s y s te m  e q u ip p e d  w ith  an  o r g a n ic  acid  
c o lu m n  (L ic h r o sp h e r  N H 2 ) and  a r e fra c tiv e  in d e x  d e tec to r . 6 4 % A c e to n itr ile -  
16% W ater s o lu t io n  w a s  u se d  a s  the m o b ile  p h a se  at a  f lo w  rate o f  1 .6  m L  m in u te ' 1 

and  th e c o lu m n  tem p era tu re  w a s  f ix e d  at 2 5  ๐c .

3.9 Cellulase Activity Analysis

T h e  e n z y m a tic  a c t iv ity  w a s  d e term in ed  a c c o r d in g  to  th e  m e th o d  d e v e lo p e d  
b y  G h o se  ( 1 9 8 7 ) .  T h e  su b stra te  (C a r b o x y m e th y l c e l lu la s e  s o d iu m  sa lt  fo r  c e llu la s e )  

(3 2 0  p i)  w a s  ad d ed  in  s a m p le , b la n k , an d  stan dard  tu b e s . T h e  s a m p le  tu b es  w er e  
h ea ted  in  a h e a t in g  b o x  at 5 0  ° c  for 10  m in u te s  and  th en  a d d ed  w ith  e n z y m e  sa m p le s  
at 5 0  ° c .  G lu c o s e  s o lu t io n  (0 , 1, 2 , 3 , 4 , 5 m M ) w a s  ad d ed  in  stan d ard  tu b es. A fte r  
3 0  m in u te s , D N S  (d in itr o sa lic y lic  a c id )  rea g en t (6 8 0  p i)  w a s  a d d ed  to  a ll tu b es. T h e  
e n z y m e  sa m p le s  w e r e  a ls o  ad d ed  in  a  b la n k  tu b e . A l l  tu b e s  w e r e  b o i le d  in  w a ter  at 
1 0 0  ° c  a fter  5 m in u tes . T h e  tu b es  w er e  im m e d ia te ly  tran sferred  to  c o ld  w ater . U V -  
V IS  S p ec tr o m e te r  (T h e r m o  F ish er  S c ie n t if ic  In c ., U S A )  at 5 5 0  n m  w a s  u se d  to  
m ea su re  th e  c o lo r  a b so rb ed . T h e  c o lo r  fo rm ed  in  th e  b la n k  tu b e  is  su b tra cted  from  
that o f  th e  sa m p le  tu b e  an d  tran sla ted  th e a b so rb a n ce  o f  th e  sa m p le  tu b e  in to  g lu c o s e  
p ro d u ctio n  d u r in g  th e  r e a c tio n  u s in g  standard  cu r v e . T h e  s a m p le  tu b e  w a s  m ea su red  
2  t im e s  and th e  a v e r a g e  v a lu e s  w ere  rep orted . T h e  g lu c o s e  s o lu t io n  c a lib ra tio n  cu rve  
w a s  u sed  to  c a lc u la te  th e  a c t iv ity  o f  c e llu la s e . A  c a lib r a t io n  c u r v e  w a s  e s ta b lish e d  
w h e n  g lu c o s e  ( 0 - 1  g /L )  an d  th e a c t iv it ie s  o f  th e  c e l lu la s e  w a s  e x p r e s se d .
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Figure 3.3 C e llu la s e  a c t iv ity  m ea su rem en t: (a ) T h e  su b stra te  w a s  ad d ed  in  sa m p le , 
b la n k  an d  stan d ard  tu b e , (b ) P rep ara tion  o f  standard  cu r v e , and  (c )  T h e  sa m p le  tube  
w a s  m ea su red  to  c a lc u la te  th e  a c t iv ity  o f  c e llu la s e .

3.10 BET Surface Area Analysis

B E T  su r fa c e  areas o f  co rn  c o b s  b e fo r e  and  a fter  p retrea tm en t w e r e  m easu red  
b y  N 2 a d so r p tio n /d e so r p tio n  m ea su r e m e n ts  (B E L S O R P -m a x , B E L  Jap an  IN C ., 
Jap an ) at 1 9 6  ๐c .  T h e  d ried  sa m p le  ( 0 .5 - 1  g )  w a s  p u t in to  th e  sa m p le  tu b e  and 
d e g a sse d  u s in g  a  v a c u u m  for 4  h. T h e  B E T  su r fa c e  area  an d  p ore  v o lu m e  w ere  
o b ta in ed  from  th e  N 2  a d so rp tio n /d e so r p tio n  c u rv es .
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Figure 3.4 Schematic of pretreatment and hydrolysis procedure flow diagram.
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