
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Abstract

B io b u ta n o l ca n  b e  p ro d u ced  b y  A c e to n e - B u ta n o l- E t h a n o l  (A B E )  
ferm en ta tio n  o f  l ig n o c e l lu lo s ic  b io m a ss  w h ic h  c a n  b e  c o n v e r te d  in to  ferm en ta b le  
su gar su c h  a s  g lu c o s e  an d  x y lo s e . T h e  c o m p le x  stru ctu re o f  l ig n o c e l lu lo s ic  b io m a ss  
m in im iz e s  th e  e n z y m a tic  h y d r o ly s is  a c c e s s ib ili ty . T h e r e fo r e , a p retrea tm en t s tep  is  
n e c e ssa r y  to  e n h a n c e  e n z y m a tic  a c c e s s ib i l i ty  b y  r e m o v in g  lig n in  an d /or  
h e m ic e l lu lo s e , in c r e a s in g  th e  b io m a ss  p o r o s ity  or  r e d u c in g  th e  c e l lu lo s e  cry sta llin ity . 
T h e p u r p o se  o f  th is  w o r k  is  to  o p t im iz e  th e  c o n d it io n s  o f  a  c o m b in e d  p retrea tm en t o f  
c o m  c o b s  u s in g  m ic r o w a v e  and  so d iu m  h y d r o x id e  (CK75 % to  3 %  (w /v ) )  in  th e  
tem p era tu re  ran g e  o f  6 0  to  1 2 0 ° c .  T h e  p retrea ted  co rn  c o b s  w e r e  th en  su b jec ted  to  
e n z y m a tic  h y d r o ly s is  at 5 0  ๐c  for 4 8  h ou rs to  p r o d u c e  th e  r e d u c in g  su ga r  prior to  
A B E  ferm en ta tio n . T h e  h ig h e s t  r e d u c in g  su g a r  c o n c e n tr a t io n  o f  4 5 .6  g /L  w a s  
o b ta in ed  fro m  th e  p retrea ted  c o m  c o b s  w ith  2 % o f  so d iu m  h y d r o x id e  at 1 0 0  ๐c  for  
3 0  m in u te s . T h e  resu lts  in d ic a te  that m ic r o w a v e -a s s is t e d  a lk a li trea tm en t w a s  an  
e f f ic ie n t  w a y  to  im p r o v e  th e  e n z y m a tic  h y d r o ly s is  a c c e s s ib i l i ty  o f  c o m  c o b s .

K ey w o rd s: C o m  C o b s /  M ic r o w a v e  T e c h n iq u e / E n z y m a tic  H y d r o ly s is /  A lk a li  
P retreatm en t
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4.2 Introduction

T h a ila n d  h a s  h ad  o n e  o f  th e  fa s te s t  g r o w in g  e c o n o m ie s  in  S o u th e a st  A s ia  
and  fu e l c o n su m p tio n  is  r is in g  w ith  an a v e r a g e  o f  5%  p er  year . T h e r e fo r e , the  
r e n e w a b le  e n e r g y  h a s  b e c o m e  o n e  o f  p o s s ib le  m e th o d  for  th e se  p r o b le m s . C o m  c o b s  
is  o n e  o f  ag r icu ltu ra l w a s te  w h ic h  ca n  b e  p r o d u c e d  in  T h a ila n d  a p p r o x im a te ly  4  
m ill io n  to n s  a n n u a lly . In a d d itio n , b u ta n o l is  b e in g  an  im p o rtan t b io fu e l w h ic h  ca n  b e  
p ro d u ced  b y  fe r m e n ta t io n  o f  b io m a ss  at the p resen t. H o w e v e r , th e  c o n v e r s io n  o f  c o m  
c o b s  in to  fer m e n ta b le  su g a r  is  d if f ic u lt  b e c a u s e  o f  m a n y  e n z y m a tic  h y d r o ly s is  
lim it in g  factors .

T h e  m a in  fa c to r s  that a ffe c t  to  e n z y m a tic  h y d r o ly s is  are th e  c r y s ta llin ity  o f  
c e l lu lo s e , su b stra tes  a v a ila b le  area, an d  th e p r e se n c e  o f  l ig n in  an d  h e m ic e l lu lo s e s  [ 1 ]. 
O w in g  to  th e se  fa c to rs , p retrea tm en t is  th e  im p o rtan t s tep  to  p rep are th e  m a ter ia ls  for  
e n z y m a tic  d eg ra d a tio n . D iffe r e n t  p retrea tm en t m e th o d  h a s  d if fe r e n t  e f fe c t ;  th erefore , 
th e  ap p ro p ria te  p retrea tm en t m e th o d  and  c o n d it io n s  d e p e n d  o n  th e  ty p e  o f  
ag ricu ltu ra l w a s te s  or  l ig n o c e l lu lo s ic  b io m a ss .

T h ere  are s e v e r a l p retrea tm en t m e th o d s  w h ic h  c a n  b e  c la s s if ie d  in to  
b io lo g ic a l ,  p h y s ic a l , c h e m ic a l, an d  p h y s ic o -c h e m ic a l p retrea tm en ts  [2 ] , A lk a li  
p retrea tm en t, o n e  o f  c h e m ic a l p retrea tm en t, c a n  r e m o v e  l ig n in  and  a part o f  the  
h e m ic e l lu lo s e s  w h ic h  resu lt  in  in crea se  th e  a c c e s s ib i l i ty  o f  e n z y m e  to  th e  c e l lu lo s e  
[3 ], A lk a li  p retrea tm en t c a n  b e  o p era ted  at lo w  tem p era tu re  e v e n  a m b ie n t  c o n d it io n  
but n e e d  lo n g  t im e  an d  h ig h  c o n c e n tr a tio n  o f  b a se . H o w e v e r , lo w e r  tem p era tu re  is  
m o re  e f f e c t iv e  b e c a u s e  s o m e  u se fu l c o m p o n e n t  in  l ig n o c e l lu lo s ic  b io m a ss  m ig h t b e  
d e c o m p o s e d  at h ig h  tem p era tu re  [4 ], M ic r o w a v e -b a se d  p retrea tm en t m ig h t  b e  an  
a ltern a tiv e  p retrea tm en t m e th o d  to  o p era te  at lo w  tem p era tu re . A m o n g  a lk a li, so d iu m  
h y d r o x id e  is  a  su ita b le  c h e m ic a l rea g en t for  c o m b in in g  w ith  m ic r o w a v e  p retrea tm en t
[5 ],

T h e  p u r p o se  o f  th is  w o rk  is  to  o p t im iz e  th e  c o n d it io n  o f  c o m b in a tio n  
p retrea tm en t o f  c o m  c o b s  u s in g  m ic r o w a v e  an d  so d iu m  h y d r o x id e  (0.75 %  to  3 %  
(w /v ) )  at th e  tem p era tu re  ran g e  o f  60 to  120°c fo r  5, 10, 20, an d  30 m in u te s  that g iv e  
th e  h ig h e s t  a m o u n t o f  r e d u c in g  su g a r  p ro d u ced  fro m  e n z y m a tic  h y d r o ly s is  o f  corn
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c o b s . In a d d it io n , th e  stru ctu re o f  th e  c o m  c o b s  b e fo r e  an d  a fter  p retrea tm en t w a s  
a ls o  in v e s t ig a te d .

4.3 Experimental

4 .3 .1  M a ter ia ls
C o m  c o b s  w a s  o b ta in ed  fro m  B&c P u la sk i C o rp o ra tio n  L im ited , 

T h aila n d . T h e  c o l le c t e d  c o m  c o b s  w a s  sto red  at th e  a m b ie n t ro o m  tem p era tu re  in  a 
la rge  b ag . T h e  p a r t ic le  s iz e  o f  c o m  c o b s  arou n d  1 . 6  m m  h o m o g e n iz e d  in  a s in g le  lo t  
an d  sto red  u n til u se d .

4 .3 .2  E n z y m e  A s s a y s
T h e  e n z y m a tic  a c tiv ity  w a s  d e te r m in e d  a c c o r d in g  to  m eth o d  

d e v e lo p e d  b y  G h o s e  ( 1 9 8 7 ) .  T h e  su b strate  (C a r b o x y m e th y l c e l lu la s e  so d iu m  sa lt for  
c e llu la s e )  3 2 0  p i w a s  a d d ed  in  sa m p le , b la n k , and stan dard  tu b e . T h e  sa m p le  tu b es  
w e r e  h ea ted  in  a  h e a tin g  b o x  at 5 0  ° c  for  10 m in u te  an d  th en  ad 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 dard  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  s a m p le s  w e r e  a ls o  ad d ed  in  th e  b la n k  tu b e . A l l  tu b es  w e r e  b o ile d  in  
w a ter  at 1 0 0  ° c  fo r  5 m in u te s . T h e  tu b es  w e r e  im m e d ia te ly  tran sferred  to  c o ld  w ater . 
U V -V I S  S p e c 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 sed  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  s a m p le  tu b e  an d  tran sla ted  the 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  rea c tio n  u s in g  stan dard  cu r v e . T h e  sa m p le  tu b e  w a s  m easu red  
2 t im e s  and  th e  a v e r a g e  v a lu e s  w e r e  rep orted . T h e  g lu c o s e  s o lu t io n  ca lib r a tio n  cu rv e  
w a s  u se d  to  c a lc u la te  th e  a c t iv ity  o f  c e llu la s e .

4 .3 .3  A lk a li  P retrea tm en t
A  C E M  M A R - 5  H P -5 0 0  m ic r o w a v e  s y s te m  (M a tth e w s , N C , U S A )  

w a s  u sed  in  th is  s tu d y  fo r  c o m b in a tio n  o f  m ic r o w a v e  an d  a lk a li p retrea tm en t. T h is  
p r o c e ss  w a s  carr ied  o u t a s  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
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d ifferen t s o d iu m  h y d r o x id e  c o n c e n tr a t io n s  (0 .7 5  % to  3 % ) an d  th en  tran sferred  to  a 
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 ig n e d  tem p era tu re  (6 0  ๐c  to  1 2 0  ๐C )  
from  5 to  3 0  m in u te s . A fte r  th is  p r o c e s s  w a s  c o m p le te d , th e  r e s id u e s  w o u ld  be  
c o lle c te d  b y  f ilter  p ap er th en  w a sh e d  w ith  tap w a ter  u n til r e a c h in g  n eu tra l p H , d ried  
at 6 5  °c and  w e ig h te d  [4 ].

4 .3 .4  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  c itra te  b u ffer  (p H  4 .8 ) . T h e  m ix tu re  w a s  a d d ed  w ith  0.1 m L  o f  
e n z y m e s  w h ic h  su p p o rted  from  N o v o z y m e  and  th e  a c t iv ity  w a s  2 8 8 9 .2 7  u n it/m L , 
and th en  th e  tem p era tu re  w a s  ad ju sted  at 5 0  ๐c  in  th e  in cu b a to r  sh a k er  at 1 5 0  rpm  for  
4 8  h ou rs. T h e  sa m p le  w h ic h  tak en  fro m  th e  h y d r o ly s is  s o lu t io n  w a s  h ea te d  to  1 0 0  ๐c  
im m e d ia te ly  for  3 m in u te s  to  d en atu re  th e  e n z y m e s , c o o le d  to  r o o m  tem p era tu re , and  
th en  c e n tr ifu g e d  for  2 0  m in u te s  at 8 0 0 0  rpm  [4 ], T h e n , th e  s a m p le  fro m  th e  rea c tio n  
w a s  stored  fo r  su ga r  a n a ly s is .

4 .3 .5  F erm en ta tio n
2  m L  o f  a c t iv e  y e a st  (iSaccharomyces cerevisiae) w a s  m ix e d  w ith  2 0  

m l o f  su gar so lu t io n  fro m  e n z y m a tic  h y d r o ly s is  s tep  an d  th en  tra n sfered  to  in cu b ator  
sh ak er at 3 7  °c for  1 d a y  to  3 d a y s. A fte r  that, th e  s o lu t io n  w a s  c o l le c te d  to  a n a ly z e  
th e  eth a n o l c o n c e n tr a tio n  b y  a G C  in stru m en t.

4 .3 .6  A n a ly t ic a l M e th o d s
N eu tra l d e te r g e n t f ib re  (N D F ) , a c id  d e te r g e n t f ib re  ( A D F ) , ac id  

d eterg en t l ig n in  (A D L ), and  ac id  in so lu b le  ash  (A I A )  o f  c o m  c o b s  b e fo r e  and  a fter  
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 en ter  (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  fo r  (A D L  +  A I A )  fro m  A D F .

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 se , 
g a la c to se , an d  c e l lu b io s e  w a s  d e term in ed  u s in g  an  H P L C  s y s te m  e q u ip p e d  w ith  an
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o rg 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 )  an d  a 
refra c tiv 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 tr a -P h y s ic s , U S A ) .  0 .0 0 5 M  su lfu r ic  
ac id  s o lu t io n  w a s  u se d  a s  a th e  m o b ile  p h a se  at a  f lo w  rate o f  0 .6  m L  m in u te ' 1 and  
the c o lu m n  tem p era tu re  w a s  f ix e d  at 6 5  °c.

X -ra y  d iffr a c tio n  (X R D )  w a s  u sed  to  id e n t ify  c r y s ta llin ity  p resen t in  
b oth  u n trea ted  and  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  (A. =  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  sca n n ed  in  th e  2 0  ran ge 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  1 “/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 se d  b y  c r y s ta llin ity  in d e x  
(C rI) w a s  d e te r m in e d  a c c o r d in g  to  a m e th o d  b y  [7 ]:

Cri =  1 0 0  X ■ ^002 I  amorphous
'002

In w h ic h , I002 is  th e  in te n s ity  for  the 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 rp 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  l ig n in )  at ab o u t 2 h =  16 .6 .

T h e  sa m p le  b o th  u n treated  and treated  c o m  c o b s  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 c h i ร -4 8 0 0  m ic r o s c o p e . Prior 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 ted  w ith  d o u b le  s id e d  c a rb o n  ta p e  o n  p recu t  
b rass sa m p le  s tu b s  and  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 resen ta tiv e  im a g e s  o f  b o th  un treated  and treated  c o m  c o b s  rep orted  h ere  w e r e  
a cq u ired  w ith  a 15 k v  a c c e le r a t in g  v o lta g e  [ 8 ].

B E T  su r fa c e  areas o f  c o m  c o b s  b e fo r e  and  a fter  p retrea tm en t w e r e  
m ea su red  b y  บ 2 a d so r p tio n /d e so r p tio n  m e a su r e m e n ts  (B E L S O R P -m a x , B E L  Japan  
IN C ., Jap an ) d o n e  at 1 9 6  °c. T h e dried  sa m p le  ( 0 .5 - 1  g )  w a s  p u t in to  th e  sa m p le  
tub e and  d e g a sse d  u s in g  a v a cu u m  for  4  h. T h e  B E T  su r fa c e  area  and  p o r e  v o lu m e  
w e r e  o b ta in e d  from  th e  N 2 a d so r p tio n /d e so r p tio n  c u r v e s .
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4.4 Results and Discussion

4 .4 .1  C h e m ic a l C o m p o s it io n  o f  U n trea ted  C o m  C o b s
C H O N  w a s  a n a ly z e d  a c co rd in g  to  A S T M  D  5 3 7 3 -0 2  an d  A S T M  D  

5 2 9 1 -0 2  m e th o d  b y  u s in g  a P erk in -E lm er  2 4 0 0  S e r ie s  II C H N S /O  A n a ly z e r . T h e  
resu lt is  sh o w n  in  th e  ta b le  4 .1

Table 4.1 E le m e n ta l o f  co rn  c o b s

Elements %
C arb on 4 4 .0 0

H y d r o g e n 7 .0 0
O x y g e n 4 7 .0 0

N itr o g e n 0 .4 0
T ra ce  e le m e n ts 1 .6 0

T ota l 1 0 0 . 0 0

C o m  c o b s  s h o w  th e  p o ten tia l to  b e  a  r e n e w a b le  e n e r g y  so u r c e . T h e  m o st  
d irect rou te for  e n e r g y  r e c o v e r y  from  b io m a ss  is  d irect c o m b u s t io n . A lth o u g h  it is  
c o n s id e r e d  to  b e  a  m eth o d  that u t i liz e s  th e  to ta l en e r g y  c o n te n t  o f  w h o le  b io m a ss , it 
ca n n o t b e  e x p e c te d  to  b e  an  e c o n o m ic a lly  and p ra c tica lly  c o m p e t it iv e  w ith  natural 
g a s  or  o th er  fu e ls  d e r iv e d  fro m  p etro leu m . B e c a u se  th e  o r ig in a l b io m a ss  form  h as  
lo w e r  d e n s ity  c o m p a r in g  w ith  m an y  so lid  fu e ls  su c h  as c o a ls . T h e  c a lo r if ic  v a lu e  o f  
c o m  c o b s  is  a b o u t 1 6 - 2 0  M J /k g  w h ic h  is  a p p r o x im a te ly  h a l f  that o f  l ig n ite  and o n e -  
quarter that o f  b itu m in o u s  c o a l. M o reo v er , e f fe c t iv e  fu e ls  sh o u ld  b e  in  th e  fo rm s that 
can  b e  u sed  in  c o n v e n tio n a l e n g in e s  su ch  a s  liq u id  fu e ls . T h e r e fo r e , th is  research  is  
in terested  in  p retrea tm en t o f  c o m  c o b s  for  e th a n o l p ro d u ctio n .
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4 .4 .2  T h erm a l g ra v im etr ic  a n a ly s is  (T G A )
T h erm a l d e c o m p o s it io n  o f  b io m a ss  w a s  in v e s t ig a te d  b y  u s in g  therm al 

gra v im etr ic  a n a ly s is  T G -D T G , P erk in  E lm er /P y r is  D ia m o n d , th e  resu lt is  sh o w n  in  
F igu re  4 .1 .

3.GOO f
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Figure 4,1 T G -D T G  c u r v e s  o f  corn  c o b s .

D T A  and  T G A  a n a ly se s  fro m  ro o m  tem p era tu re  to  1 0 0 0  ๐c  in d ica te  
tw o  m a in  e n d o th e r m s  an d  m a ss  lo s s  r e g io n s , a s  s h o w n  in  F ig u re . 4 .1 . T h e  first 
en d o th e r m ic  r e a c tio n  a c c o m p a n ie d  b y  5%  m a ss  lo s s  o c c u r s  at a b o u t 1 0 0  ๐c  d u e  to  
m o istu re  r e m o v a l. A  s e c o n d  en d o th erm  f o l lo w s  at a b o u t 3 5 0  ๐c ,  as in c r e a se s  in  
tem p era tu re  resu lt  in  d e p o ly m e r iz a tio n . M a ss  lo s s  up  to  80%  is  a c h ie v e d  at ab o u t 6 0 0  
๐c  d u e to  th e  d e c o m p o s it io n  o f  c e l lu lo s e  and th e lo s s  o f  o r g a n ic s  lea d s  to  the  
d e c r e a se  in  s p e c if ic  h eat. A s  tem p era tu re is  in crea sed  fro m  6 0 0  °c to  8 0 0  °c, sm a ll  
m a ss  lo s s  is  o b se r v e d  w ith  a d ecr e a se  in s p e c if ic  h ea t c a u se d  b y  th e r em o v a l o f  
resid u a l h y d r o g e n  a to m s . M a ss  lo s s  is  th en  s ta b iliz e d  a s  tem p era tu re  is  further  
in crea sed  to  1 0 0 0  ๐c  [9 ],
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4 .4 .3  C h e m ic a l C o m p o s it io n  o f  A g r icu ltu ra l W a ste
A g r icu ltu ra l w a s te  is  e s s e n t ia lly  c o m p o s e d  o f  c e l lu lo s e ,  h e m ic e llu lo s e ,  

l ig n in , e x tr a c t iv e s , an d  ash . T a b le  4.1 rep resen ted  m ajor  c h e m ic a l c o m p o s it io n  o f  
c o m  c o b s . E a ch  o f  th e se  c o m p o n e n ts  c o n tr ib u tes  to  f ib er  p r o p e r tie s , w h ic h  u lt im a te ly  
im p a ct p ro d u ct p ro p er tie s .

T a b le  4 .2  C h e m ic a l c o m p o s it io n  o f  corn  c o b s

C o n stitu e n ts D ry  s o lid  (% , พ /พ )

C e l lu lo s e 4 2 .6

H e m ic e llu lo s e 3 9 .0 4

L ig n in 7 .5 6

T a b le  4 .2  s h o w s  that th e  b io m a ss  c o n te n ts  c o n s is te d  o f  4 2 .6 %  
c e llu lo s e , 3 9 .0 4 %  h e m ic e l lu lo s e s ,  and 7 .5 9 %  lig n in . T h e  o th er  m a y  in c lu d e  ash , 
s o m e  o r g a n ic  c o m p o u n d s  (u ro n ic  ac id  and  a c e ty l g r o u p s) , and o th er  trace  
c o m p o n e n ts  (m in e r a ls , w a x e s , fa ts , sta rch es , re s in  and g u m s)  [1 0 ] . C e l lu lo s e , the  
m ajor  c h e m ic a l c o m p o n e n t  o n  fib er  w a ll and c o n tr ib u tin g  4 2 .6 %  o f  th e  c o m  c o b s ’s 
dry w e ig h t , is  th e  m o s t  ab u n d an t o rg a n ic  c o m p o u n d  in  n atu re , and  c o m p o s e d  o f  
g lu c o s e  u n its  j o in e d  to g e th e r  in  th e  form  o f  th e  rep e a tin g  u n it  o f  th e  d isa c ch a r id e  
c e l lo b io s e  w ith  n u m e r o u s  cro ss  lin k a g e s . H e m ic e llu lo s e , c o n tr ib u tin g  3 9 .0 4 %  o f  the  
c o m  c o b s ’s  dry w e ig h t , is  a c o m p le x  p o ly sa c c h a r id e  stru ctu re that c o n ta in s  d ifferen t  
carb oh yd rate  p o ly m e r s  l ik e  p e n to s e s  (e .g . x y lo s e  and  a r a b in o se )  an d  h e x o s e s  (e .g . 
m a n n o se , g lu c o s e , an d  g a la c to se ) , and  su ga r  a c id . L ig n in , c o n tr ib u tin g  7 .5 6 %  o f  the  
c o m  c o b s ’s dry w e ig h t , is  a m o rp h o u s h e te r o p o ly m e r  c o n s is t in g  o f  three d ifferen t  
p h en y lp ro p a n e  u n it (p —co u m a r y l, c o n ife r y l, and  s in a p y l a lc o h o l) ,  w h ic h  are h e ld  
to g e th e r  b y  d iffe r e n t k in d s  o f  lin k a g e s . T h e  m ia n  p r o p o se  o f  h a v in g  lig n in  w a s  to  
p r o v id e  structural su p p o rt, im p e r m e a b ility , and  r e s is ta n c e  a g a in st  m icro b ia l attack  
and o x id a t iv e  s tre ss  to  th e  p lant.
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4 .4 .4  E f fe c t s  o f  S o d iu m  H y d r o x id e  P retrea tm en t w ith  M ic r o w a v e  on
E n z y m a tic  H y d r o ly s is
T h e  m ajor  e f fe c t  o f  N a O H  p retrea tm en t is  to  r e m o v e  lig n in  in  

b io m a ss . T h e  r e m o v a l o f  lig n in  is  th e  im p o rtan t part b e c a u s e  lig n in  ca n  e f fe c t iv e ly  
in h ib it  th e  c e l lu la s e  e n z y m e s  to  h y d ro ly z e d  c e l lu lo s e  an d  h e m ic e l lu lo s e  in to  g lu c o s e  
and  x y lo s e , r e s p e c t iv e ly . T h u s, to  p ro d u ce  h ig h e r  su ga r , w e  n eed  h ig h e r  lig n in  
red u ctio n . T h e  w e ig h t  lo s s  w a s  b e c o m e  im p o rtan t in d ic e s  for  e f f e c t iv e n e s s  o f  its  
p retrea tm en t [4 ] ,

T a b le  4 .3  s h o w s  th e  w e ig h t  lo s s  o f  p retrea ted  c o m  c o b s  w ith  N a O H  
and  m ic r o w a v e . T h e  resu lt sh o w n  that t im e , tem p era tu re , an d  N a O H  c o n cen tra tio n  
h a v e  a  s ig n if ic a n t  e f fe c t  o n  w e ig h t  lo s s . S o lid  lo s s e s  ran g ed  from  23 %  (พ /พ )  u n der  
m ild  p retrea tm en t c o n d it io n s  (0 .7 5 %  N a O H  fo r  5 m in u te s  at 6 0  °C ) u p  to  6 1 .7 5 %  
w h e n  th e  sa m p le  w a s  p retreated  w ith  3%  N a O H  for 3 0  m in u te s  at 1 2 0  ° c .  A lth o u g h  
ea c h  v a r ia b le  co n tr ib u ted  to so lid  lo s s ,  th e  tem p era tu re  w a s  fou n d  to  b e  th e  greatest  
im p a c t  o n  s o l id  lo s s .

T h e  so lid  lo s s  ca n  b e  a c c o u n te d  for  by a n a ly s is  o f  iso la te d  c o m p o n e n t  
b y a n a ly s is  o f  iso la te d  c o m p o n e n ts  s o lu b ilis e d  in  th e  h y d r o ly sa te s . A s id e  fro m  the  
s o lu b ilisa t io n  o f  l ig n in s  se v e r a l s tu d ie s  h a v e  rep orted  v a r y in g  a m o u n ts  o f  
h e m ic e l lu lo s e  lo s s  f o l lo w in g  e x p o su r e  to  a lk a lin e  su b s ta n c e s  d u rin g  th e  p retreatm en t 
p r o c e s s  [1 1 ] . B e c a u se  o f  d u r in g  N a O H  p retrea tm en t, c e l lu lo s e  w a s  m o r e  d if f ic u lt  to  
d egra d e  th an  h e m ic e l lu lo s e  s o  that h e m ic e l lu lo s e  w a s  e a s ie r  to  b e  lo s t  in  the  
p retrea tm en t th an  c e l lu lo s e , w h ic h  m ig h t co n tr ib u te  to  th e  fa c t  that g lu c a n  c o n v e r s io n  
rate w a s  m u c h  h ig h e r  than  x y la n  c o n v e r s io n  rate [1 0 ] , B u t in  th is  s tu d y  w e  h a v e  n ot 
fo u n d  an y  su g a r  r e le a se  from  p retrea tm en t p r o c e s s , w h ic h  m ig h t  g o o d  to  a v o id  sugar  
lo s s  su ch  a s  x y lo s e  d u rin g  p retreatm en t.
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T a b le  4 .3  E f fe c t  o f  p retrea tm en t o f  c o m  c o b s  o n  w e ig h t  lo s s

% W e ig h t  lo s s
% N a O H  T im e (m in )  ------------------------------------------------------บOO\D

8 0  ° c 1 0 0  ° c 1 2 0  ° c
5 5 .5 5 5 5 .2 5

A 10 5 .5 4 .7 5 5 5
บ 2 0 5 .2 5 4 .7 5 4 .7 5 4 .2 5

3 0 4 5 4 .5 3 .7 5
5 - 2 3 2 5 .5 3 7 .2 5 4 4 .7 5

0 .7 5 10 '2 4 .7 5 3 1 .7 5 3 8 .7 5 4 7 .2 5
2 0 ’ • 2 5 .7 5 3 2 .2 5 4 0 .5 4 8 .7 5
3 0 2 6 .5 3 2 .5 4 5 51
5 : 2 8 2 7 .2 5 3 9 .2 5 4 5 .7 5

1 10 - ; 2 8 .5 3 3 .7 5 4 1 .2 5 4 7 .5
2 0 2 8 .2 5 3 6 .2 5 4 3 .5 4 8 .7 5
3 0 3 0 3 7 .2 5 4 5 .2 5 5 1 .5
5 3 3 .7 5 2 8 .7 5 4 9 .7 5 5 8

9 10 3 7 3 6 .5 5 0 5 7 .2 5z 2 0 3 8 .7 5 4 5 .5 5 2 .7 5 5 6 .7 5
3 0 4 1 .2 5 4 5 .7 5 5 4 .2 5 5 8 .2 5
5 3 9 .5 2 9 .7 5 5 3 .2 5 5 6 .7 5

ว 10 3 7 .5 3 7 .7 5 5 0 6 09
2 0 3 9 .7 5 4 7 .2 5 5 4 .7 5 61
3 0 4 2 .5 4 7 6 1 .2 5 6 1 .7 5

4 .4 .5  T o ta l S u g a r  in  E n z y m a tic  H y d r o ly s is
T o  in v e s t ig a te  th e  o p tim u m  c o n d it io n s  for  th e  p retrea tm en t o f  N a O H  

w ith  m ic r o w a v e  o n  c o m  c o b s , to ta l su gar re le a se d  fro m  h y d r o ly s is  part n e e d  to  b e  
c o n s id e r e d . T h e  e n z y m a tic  h y d r o ly s is  w a s  p erfo rm ed  at pH  4 .8  w ith  c itra te  b u ffer  for  
4 8  h. A lth o u g h  c o m m e r c ia l c e llu la s e  e n z y m e s  c o n ta in  p -e n d o g lu c a n a s e s  and  
c e llo b io h y d r o ly a s e  a c t iv ity , th e y  c h a ra c ter is tica lly  la c k  a d eq u a te  p -g lu c o s id a s e  and  
x y la n a se  a c t iv it ie s  req u ired  for  e f f ic ie n t  m o n o m e r ic  su g a r  r e le a se  [ 1 1 ],
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(C)

0% NaOH 
-*-0.75% NaOH 
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Figure 4.2 G lu c o s e  c o n c e n tr a tio n  o b ta in ed  from  e n z y m a tic  h y d r o ly s is  o f  p retreated  
c o m  c o b s  at d if fe r e n t  c o n d it io n s . (A )  6 0 °C ; ( B )  8 0 °C ; (C ) 1 0 0 °C ; (D )  1 2 0 ° c .
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F ig u r e s  4 .2  and  4 .3  s h o w  th e  g lu c o s e  and  to ta l su g a r  c o n cen tra tio n  
o b ta in ed  from  e n z y m a tic  h y d r o ly s is  o f  p retreated  c o m  c o b s . T h e  resu lts  in d ica ted  
that there w a s  n o  s ig n if ic a n t  d if fe r e n c e  in  g lu c o s e  c o n c e n tr a tio n  b e tw e e n  5 an d  10  
m in . A n d  a s p retrea tm en t t im e  and  N a O H  c o n c e n tr a tio n  in c r e a se d , g lu c o s e  
co n cen tra tio n  s lig h t ly  in crea sed . A c c o r d in g  to  an in c r e a se  in  p retrea tm en t  
tem p eratu re, p retrea tm en t t im e , and N a O H  c o n c e n tr a tio n , e n z y m a tic  h y d r o ly s is  
im p ro v ed . A m o n g  th e  v a r ia b le s  s tu d ied , th e  p retrea tm en t tem p era tu re  h ad  th e  m o st  
s ig n if ic a n t  im p a ct o n  e n z y m a tic  h y d r o ly s is . H o w e v e r , h ig h e r  p retrea tm en t 
tem p era tu re ( 1 0 0  ° c  and 1 2 0  °C ) pretreated  w ith  N a O H  o f  2%  g a v e  h ig h e r  g lu c o s e  
c o n cen tra tio n  than  that p retreated  w ith  N a O H  o f  3% . A s  a  re su lt  o f  h ig h er  
tem p era tu re an d  h ig h er  N a O H  c o n cen tra tio n  d u rin g  p retrea tm en t, resu lt in  h ig h er  
so lid  lo s s  w h ic h  le a d in g  to  le s s  to ta l su ga r  r e lea sed . In a d d it io n , th e  p retrea tm en t 
w ith  2%  N a O H  at 1 0 0 ° c  for  3 0  m in  is  g o o d  e n o u g h  for  m a x im iz e d  g lu c o s e  
co n cen tra tio n . A n d  th e h ig h e s t  g lu c o s e  c o n cen tra tio n  c a n  reach  up  to  3 2 .5 3  g /L  and  
to ta l su gar w a s  r e le a se d  4 5 .6 0  g /L .
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(D)

0%  N a O H  
“• “ 0 .7 5 %  N a O H  

1 %  N a O H  
2%  N a O H  

- * " 3 % N a O H

0 5 10 15 20 25 30 35
Time (min)

F ig u r e  4 .3  T h e  to ta l su gar c o n c e n tr a tio n  o b ta in e d  fro m  e n z y m a tic  h y d r o ly s is  o f  
p retreated  c o m  c o b s  at d iffe r e n t c o n d it io n s . (A )  6 0 °C ; (B )  8 0 °C ; (C ) 1 0 0 °C ; (D )
1 2 0 ° c .

It ca n  b e  c o n c lu d e d  that lo w e r  tem p era tu res  fo r  N a O H  p retreatm en t  
w a s  n o t fa v o r a b le  to  e n h a n c e d  to ta l su ga r  r e le a se d  b e c a u se  th e  c r o s s l in k  b e tw e e n  
lig n in  an d  c a r b o h y d ra tes  w e r e  n o t in terru pted  s u ff ic ie n t ly  to  reach  h ig h  su gar  
p ro d u ctio n . M o r e o v e r , h ig h e r  s o l id  lo s s  re su lte d  in  le a d in g  to  le s s  to ta l sugar  
p ro d u ctio n .
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Time (h)

F ig u r e  4 .4  G lu c o s e  c o n c e n tr a tio n  and to ta l su g a r  c o n c e n tr a t io n  fro m  e n z y m a tic  
h y d r o ly s is  o f  p retrea ted  c o m  c o b s  w ith  2%  N a O H  3 0  m in u te s  at 1 0 0 ° c  (o p tim u m  
c o n d it io n ).

F ig u r e  4 .4  in d ic a te s  g lu c o s e  c o n c e n tr a t io n  and  tota l su gar  
co n ce n tr a tio n  fro m  e n z y m a tic  h y d r o ly s is  o f  p retreated  co r n  c o b s  w ith  2%  N a O H  3 0  
m in u te s  at 1 0 0 ° c  (o p tim u m  c o n d it io n ). T h e  resu lt sh o w n  that w h e n  h y d r o ly s is  after  
4 8  h , th ere  w a s  n o  s ig n if ic a n t  d ifferen t in  g lu c o s e  c o n c e n tr a t io n  an d  to ta l su gar  
c o n c e n tr a tio n  s lig h t ly  in c r e a se d . T h u s, it ca n  b e  c o n c lu d e d  th at 4 8  h  is  an ap p ropriate  
t im e  to  p r o d u ce  g lu c o s e  and  o th er  su gars.

4 .4 .6  C o m p o s it io n  o f  C o m  C o b s  A fte r  P retrea tm en t an d  E n z y m a tic
H y d r o ly s is
P retreated  c o m  c o b s  b y  2%  N a O H  at 1 0 0  ๐c  fo r  3 0  m in u te s  w a s  

a n a ly z e d  for  c h e m ic a l c o m p o n e n ts . A s  s e e n  in  T a b le  4 .4 ,  p retrea ted  c o m  c o b s  
c o n s is te d  o f  4 2 .6 %  c e l lu lo s e ,  3 9 .0 4 %  h e m ic e l lu lo s e s ,  an d  7 .5 9 %  lig n in . C o m p ared  
w ith  th e c h e m ic a l c o m p o n e n ts  o f  u n trea ted  c o m  c o b s ,  it s h o w e d  that N a O H  
p retrea tm en t red u c e d  lig n in  b y  6 6 .2 7 %  b e c a u se  o f  its  s o lu b i l iz a t io n  in  th e  N a O H
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a q u e o u s . T h e r e fo r e , it  is  c lea r  that th e  m ajor e f fe c t  o f  N a O H  p retrea tm en t is  to  
red u ce  l ig n in . O n  th e  o th er  h an d , c o m  c o b s  a fter e n z y m a tic  h y d r o ly s is  c o n s is te d  o f  
3 9 .9 6 %  c e l lu lo s e ,  2 6 .3 7 %  h e m ic e l lu lo s e s ,  and  1 0 .9 6 %  lig n in . T h e  resu lt  s h o w  that 
after e n z y m a tic  h y d r o ly s is , c e l lu lo s e  c o n ten t d e c r e a se d  c o m p a r e d  w ith  a fter  
p retrea tm en t b e c a u s e  it is  c o n v er ted  in to  g lu c o se .

Table 4.4 C o n te n t o f  c e l lu lo s e , h e m ic e l lo s e , and lig n in  in  c o m  c o b s

C e l lu lo s e  (% ) H e m ic e llu lo s e  (% ) L ig n in  (% )

B e fo r e  p retrea tm en t 4 2 .6 3 9 .0 4 7 .5 6

A fte r  p retrea tm en t 7 5 .7 3 1 9 .4 7 2 .5 5
A fte r  e n z y m a tic  
h y d r o ly s is 3 9 .9 6 2 6 .3 7 1 0 .9 6

4 .4 .7  S u r fa c e  M o r p h o lo g y  b y  S E M
T h e  p h y s ic a l structure c h a n g e s  o f  th e  c o m  c o b s  p retrea ted  b y  d ifferen t  

m e th o d s  w e r e  im a g e d  b y  s c a n n in g  e le c tr o n  m ic r o s c o p e  (F ig u r e  4 .5 ) .  A s  s h o w n  in  
F ig u re  4 .5 A , th e  te x tu r e  o f  raw  c o m  c o b s  s e e m  to  b e  r ig id  and  n o  p o re  w a s  
p resen ted . A fte r  p retrea tm en t w ith  0 .7 5 %  N a O H  at 6 0 ° c  for  2 0  m in u te s  (F ig u re  
4 .5 B ) , th e  p retrea ted  c o m  c o b s  lo o k  so ft  and  p o r e s  w e r e  ap p ea red . A n d  a fter  
p retrea tm en t w ith  0 .7 5 %  N a O H  at 1 0 0 ° c  fo r  2 0  m in u te s  (F ig u r e  4 .5 C ) , the  
p retrea ted  c o m  c o b s  h a s  m o re  p o ro u s  m e a n in g  that p retrea tm en t s te p  ca n  h e lp  
e n z y m a tic  a c c e s s ib i l i ty  b y  in c r e a s in g  su r fa ce  area o f  th e  b io m a s s  m ater ia l.
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(A )  (B )

F ig u r e  4 .5  S c a n n in g  e le c tr o n  m ic r o s c o p e  im a g e s  o f  c o m  c o b s . (A )  R a w  c o m  c o b s  
w ith o u t  treatm en t; ( B )  C o m  c o b s  a fter  p retrea tm en t w ith  0 .7 5 %  N a O H  at 6 0 ° c  for  
2 0  m in u tes;  (C )  C o m  c o b s  a fter p retrea tm en t w ith  0 .7 5 %  N a O H  at 1 0 0 ° c  fo r  2 0  
m in u te s;  (D )  C o m  c o b s  a fter  p retrea tm en t w ith  2%  N a O H  at 1 0 0 ° c  fo r  3 0  m in u tes .

T h e r e fo r e , p retrea tm en t tem p era tu re , p retrea tm en t t im e , and  N a O H  
c o n c e n tr a tio n  a f fe c te d  o n  an  in c r e a s in g  su r fa c e  area . A n d  in  th e  o p tim u m  
p retrea tm en t c o n d it io n s , it ca n  in c r e a se  th e  su r fa c e  area  o f  c o m  c o b s  fro m  0 .9 9 4  m 2/g  
to  1 .3 7 5  m 2 /g .
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Table 4 .5  B E T  su r fa ce  area , to ta l p ore v o lu m e , an d  a v e r a g e  p o r e  d ia m e te r  o f  
sa m p le s

Sample Surface area
(m2/g)

Total pore 
volume
(cm3/g)

Average pore 
diameter 

(nm)
U n treated  c o m  c o b s 0 .9 9 4 0 0 .0 0 1 8 7 .3 3 6 3
P retreated  c o m  c o b s  w ith  2%  
N a O H  at 1 0 0  ๐c  for  3 0  m in 1 .3 7 4 8 0 .0 0 2 5 7 .1 1 2 6

4 .4 .8  X - r a v  D iffr a c t io n  A n a ly s is
C r y sta llin ity  is  b e lie v e d  to  b e an  im p o rtan t fea tu re  a ffe c t in g

e n z y m a tic  sa c c h a r if ic a t io n  o f  c e l lu lo s e  [ 8 ], C r y sta llin ity  in d e x  re fers  a s  a m ea su re  o f  
ord ered  o r ie n ta tio n  o f  c e l lu lo s e  c r y s ta llite s  and  it w o u ld  b e  in cr e a se d  w h e n  r e m o v in g  
o f  a m o rp h o u s c o m p o n e n ts  (h e m ic e llu lo s e  and  l ig n in )  a s  w e l l  a s  d isru p tio n  o f  
h y d r o g e n  b o n d in g  w ith in  and  in  b e tw e e n  c e l lu lo s e  c h a in s , w h ic h  o c c u r  in  a h ig h  
e n e r g y  trea tm en t p r o c e s s  su c h  a s  s te a m in g  [1 2 ] . B e c a u se  , o f  l ig n in  r em o v a l, 
c r y sta llin ity  in d e x  in  p retreated  c o m  c o b s  w ith  N a O H  an d  m ic r o w a v e  c o u ld  in crea se . 
M o r e o v e r , h ig h e r  N a O H  co n ce n tr a tio n  and  h ig h e r  p retrea tm en t tem p era tu re  le a d in g  
to  h ig h er  l ig n in  r e m o v a l re su lt  in  m o re  c r y s ta llin ity  in d e x .

Table 4.6 C ry sta llin ity  in d e x  (% ) o f  u n trea ted  and  trea ted  c o m  c o b s

Sample
U n trea ted  c o m  c o b s

P retreated  c o m  c o b s  w ith  N a O H  o f  0%  for  3 0  m in  at 1 0 0  ° c

P retreated  c o m  c o b s  w ith  N a O H  o f  2% for  3 0  m in  at 6 0  ° c  
P retreated  c o m  c o b s  w ith  N a O H  o f  0 .7 5 %  for  3 0  m in  at
1 0 0  ° c
Pretreated  c o m  c o b s  w ith  N a O H  o f  2% for  5 m in  at 1 0 0  °c 
P retreated  c o m  c o b s  w ith  N a O H  o f  2% fo r  3 0  m in  at 1 0 0  °c

Crystallinity
index
2 9 .0 6

1 6 .3 9

2 9 .6 7

3 2 .2 6

3 2 .9 2

3 6 .0 1
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4 .4 .9  C o m p a r iso n  o f  T ota l S u gar  C o n c en tra tio n  O b ta in ed  fro m  D iffe r e n t  
P retreatm en t M eth o d s
T h is  part is  to  co m p a re  to ta l su ga r  o b ta in e d  fro m  th e  p retrea ted  c o m  

c o b s  at th e  o p tim u m  c o n d it io n s  o f  m ic r o w a v e  a s s is ts  N a O H  w ith  o th er  m e th o d s. 
T a b le  4 .7  s h o w s  to ta l su ga rs ob ta in ed  from  e n z y m a tic  h y d r o ly s is  o f  p retrea ted  c o m  
c o b s  w ith  2%  N a O H  w ith  a u to c la v e  121 ๐c  for 6 0  m in  w e r e  4 5 .1 7  g /L  , w h ic h  c lo s e  
to  tota l su ga r  o f  p retrea ted  c o m  c o b s  w ith  2%  N a O H  w ith  m ic r o w a v e  1 0 0  ° c  for  3 0  
m in . T h e re fo re , it c a n  b e  c o n c lu d e d  that m ic r o w a v e  a s s is ts  N a O H  ca n  b e  p ro d u ced  
tota l su ga r  c o n c e n tr a tio n  at sh orter p retrea tm en t t im e  an d  lo w e r  p retrea tm en t  
tem p era tu re. O n  th e  o th er  h an d , m ic r o w a v e  a s s is ts  N a O H  ca n  b e  p ro d u ced  h ig h e r  
tota l su gar co n ce n tr a tio n  than  c o n v e n tio n a l h e a tin g .

Table 4.7 C o m p a r iso n  o f  to ta l su gar c o n c e n tr a tio n  o b ta in e d  fro m  d iffe r e n t  
p retrea tm en t m e th o d s

Method Glucose
(g/L)

Xylose
(g/L)

Total
Sugar
(g/L)

2%  N a O H  w ith  m ic r o w a v e  10 0  ๐c  fo r  3 0  m in 3 2 .5 2 10 .41 4 5 .6 0

2%  N a O H  w ith  a u to c la v e  121 ° c  for  6 0  m in 3 3 .7 5 1 1 .4 2 4 6 .8 5
2%  N a O H  w ith  c o n v e n tio n a l h e a tin g  1 0 0  ° c  
for 3 0  m in 2 2 .4 4 1 3 .3 0 3 7 .4 6

4 .4 .1 0  E th an o l P ro d u ctio n
F or c o m  c o b s  p retreated  u n der o p tim a l c o n d it io n s , th e  h y d r o ly sa te  

from  e n z y m a tic  h y d r o ly s is  w a s  ad ju st p H  w ith  C a (O H ) 2  u n til th e  p H  o f  so lu t io n  
reach  n eu tra l pH . T h e n , c lea r  su gar so lu t io n  (w ith o u t  p r e c ip ita te )  w a s  fe r m e n te d  at 
3 7  ๐c  fo r  1 to  3 d a y s . T h e  saccharomyces cerevisiae y e a s t  w a s  u se d  in  th is  stu d y . 
A fter  that, 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 c o n c e n tr a t io n  b y  G C  
in stru m en t. F ig u re  4 .5  s h o w s  th e h y d r o ly z a te  o f  c o m  c o b s  p retrea ted  u n d er  o p tim a l  
c o n d it io n s , w h ic h  c o n ta in e d  tota l su gar 4 5 .6 0  g /L , ca n  p r o d u ce  th e  m a x im u m  eth a n o l 
o f  9 .41  g /L . M o r e o v e r , lo n g e r  ferm en ta tio n  t im e  le a d s  to  le s s  e th a n o l p ro d u ctio n , 
w h ic h  c a u se d  b y  s o m e  in h ib ito rs  d u rin g  ferm en ta tio n .
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F ig u r e  4 .6  E th a n o l p r o d u ctio n  fro m  h y d r o ly z a te  o f  c o m  c o b s  p retrea ted  u n d er  
o p tim a l c o n d it io n s .

4 .5  C o n c lu s io n s

T h e  resu lts  s h o w e d  that th e  so d iu m  h y d r o x id e  p retrea tm en t w ith  m ic r o w a v e  
o n  c o m  c o b s  w a s  e f f e c t iv e  in  im p r o v in g  e n z y m a tic  h y d r o ly s is  a c c e s s ib ili ty . T h e  
o p tim u m  c o n d it io n s  w e r e  fo u n d  at 2%  N a O H  at 1 0 0  ๐c  for  3 0  m in u te s  w h ic h  co u ld  
r e d u c e  lig n in  b y  6 6 .2 7 %  and  in crea sed  in  su r fa ce  area b y  3 8 .3 1 % . A n d  th e  h ig h e st  
g lu c o s e  c o n c e n tr a t io n  ca n  reach  u p  to 3 2 .5 3  g /L  and  to ta l su g a r  4 5 .6 0  g /L  w a s  
r e le a se d . M o r e o v e r , m ic r o w a v e  a s s is ts  N a O H  ca n  p r o d u c e  h ig h  to ta l su gar  
c o n c e n tr a tio n  at sh orter  p retrea tm en t t im e  and lo w e r  p retrea tm en t tem p era tu re  
co m p a r e d  w ith  c o n v e n tio n a l m eth o d .



52

4.6 Acknowledgements

T h e  au th ors w o u ld  lik e  to  than k  th e  S u s ta in a b le  P e tro leu m  and  
P e tr o c h e m ic a ls  R e se a r c h  U n it , C en ter  for  P e tr o le u m , P e tr o c h e m ic a ls , and  A d v a n c e d  
M a ter ia ls , C h u la lo n g k o r n  U n iv e r s ity , T h a ila n d . T h e  a u th o rs a ls o  s in c e r e ly  th an k fu l 
to  B & c  P u la sk i C o rp o ra tio n  L im ited , N o v o z y m e s  In c ., K I E th a n o l C o m p a n y  
L im ite d , and B o o n  R a w d  B r e w e r y  C o ., L td . for p r o v id in g  m ater ia l su p p o rt su ch  as  
c o m  c o b s , c e l lu la s e  e n z y m e , S a c c h a r o m y c e s  c e r e v is ia e  y e a s t , and  B e v e r a g e  C o o ler . 
T h eir  co n tr ib u tio n  to  th is  th e s is  w o rk  is  h ig h ly  ap p rec ia ted .

4.7 References

[1 ] A lv ir a , P ., T o m a s -P e j o , E ., B a lle s te r o s , M ., and  N e g r o , M .J . (2 0 0 9 )  
P retrea tm en t t e c h n o lo g ie s  for  an  e f f ic ie n t  b io e th a n o l p ro d u c tio n  p r o c e ss  
b a se d  o n  e n z y m a tic  h y d r o ly s is :  A  r e v ie w . B io r e so u r c e  T e c h n o lo g y , 
1 0 1 ( 1 3 ) ,  4 8 5 1 - 4 8 6 1 .

[2 ] T a h e r z a d e h , M .H . an d  K arim i, K .H . ( 2 0 0 8 )  P retrea tm en t o f  L ig n o c e l lu lo s ic  
W a s te s  to  Im p ro v e  E th an o l and  B io g a s  P ro d u ctio n : A  R e v ie w .  
In tern a tio n a l Jou rn al o f  M o le c u la r  S c ie n c e s , 9 ( 9 ) ,  1 6 2 1 - 1 6 5 1 .

[3 ] B in o d , P .R ., S in d h u , R .V ., S in g h a n ia , R .T ., V ik ra m , S .R ., D e v i ,  L .L ., 
N a g a la k s h m i, S .Y . ,  K u rien , N .B . ,  S u k u m a ran , R .J ., an d  P a n d ey , A .H .
( 2 0 0 9 )  B io e th a n o l p ro d u ctio n  fro m  r ice  straw : A n  o v e r v ie w . B io r e so u r c e  
T e c h n o lo g y . 1 0 1 (1 3 ) ,  4 7 6 7 ^ 1 7 6 4 .

[4 ] Z h u , S .D . ,  พ น , Y .X .,  Y u , Z .N ., L ia o , J .T ., an d  Z h a n g , Y . ( 2 0 0 5 )  
P retrea tm en t b y  m ic r o w a v e /a lk a li o f  r ice  stra w  an d  its  e n z y m ic  h y d r o ly s is . 
P r o c e s s  B io c h e m is tr y , 4 0 (9 ) ,  3 0 8 2 - 3 0 8 6 .

[5 ] K e s h w a n i, D .P ., C h e n g , J ., B u m s , J .S ., L i, L .G ., and  C h ia n g , v.c. (2 0 0 7 ,  
J u n e) M ic r o w a v e  P retreatm en t o f  S w itc h g r a ss  to  E n h a n c e  E n z y m a tic  
H y d r o ly s is . P a p er  p resen ted  at T h e  2 0 0 7  A S A B E  A n n u a l In tern ation al 
M e e t in g , A S A B E  M in n e a p o lis  C o n v e n tio n  C en ter , M in n e a p o lis , 
M in n e so ta .



53

[6 ] G h o s e , T .K . ( 1 9 8 7 )  M e a su r e m e n t o f  c e l lu la s e  a c t iv ity . In tern ation a l U n io n  
o f  P u re and  A p p lie d  C h e m istr y . 5 9 (2 ) , 2 5 7 - 2 6 8 .

[7] K u m ar, P .V ., B arrett, D ., D e lw ic h e , M .C ., and  S tr o e v e , P .T . (2 0 0 9 )  
M e th o d s  fo r  P retreatm en t o f  L ig n o c e l lu lo s ic  B io m a s s  fo r  E ff ic ie n t  
H y d r o ly s is  an d  B io fu e l  P ro d u ctio n . In d ustria l an d  E n g in e e r in g  C h em istry  
R e se a r c h , 4 8 ( 8 ) ,  3 7 1 3 - 3 7 2 9 .

[ 8 ] L i, c . ,  K n ie r im , B ., M a n isse r i, c . ,  A rora  R ., S c h e lle r , H ., A u er , M ., V o g e l ,
K ., S im m o n s , B .,  and  S in g h , ร . ( 2 0 1 0 )  C o m p a r iso n  o f  d ilu te  ac id  and  io n ic  
liq u id  p retrea tm en t o f  sw itc h g r a ss :  B io m a s s  r e c a lc itr a n c e , d e lig n if ic a t io n  
an d  e n z y m a tic  sa c c h a r if ic a t io n . B io r e so u r c e  T e c h n o lo g y , 1 0 1 (1 3 ) , 4 9 0 0 -  
4 9 0 6 .

[9] R h im , Y .R ., Z h a n g , D ., R o o n e y , M ., N a g le ,  D .,  F airb roth er, D ., H erm an ,
c . ,  and  D r e w r y , D . ( 2 0 1 0 )  C h a n g e s  in  th e  th e r m o p h y s ic a l p ro p er tie s  o f  
m ic r o c r y s ta ll in e  c e l lu lo s e  a s  fu n c tio n  o f  c a r b o n iz a t io n  tem p era tu re . C arb on , 
4 8 ( 1 ) ,  3 1 - 4 0 .

[1 0 ] W a n g , Z .Y ., K e sh w a n i, D ., R e d d in g , A .,  and  C h e n g  J. ( 2 0 1 0 )  S o d iu m  
h y d r o x id e  p retrea tm en t an d  e n z y m a tic  h y d r o ly s is  o f  c o a s ta l B erm u d a  grass. 
B io r e so u r c e  T e c h n o lo g y , 1 0 1 (1 0 ) , 3 5 8 3 - 3 5 8 5 .

[1 1 ] M c In to sh , ร . an d  V a n c o v , T . ( 2 0 1 0 )  E n h a n c e d  e n z y m e  sa c c h a r if ic a t io n  o f  
S o r g h u m  b ic o lo r  stra w  u s in g  d ilu te  a lk a li p retrea tm en t. B io r e so u r c e  
T e c h n o lo g y , 1 0 1 (1 7 ) , 6 7 1 8 -6 7 2 7 .

[1 2 ] S ah a , p ., M a n n a , ร .,  C h o w d h u r y , ร .,  S e n , R ., R o y , D .,  and A d h ik a r i, B .
( 2 0 1 0 )  E n h a n c e m e n t o f  te n s i le  stren g th  o f  l ig n o c e l lu lo s ic  ju te  f ib ers  b y  
a lk a li-s te a m  trea tm en t. B io r e so u r c e  T e c h n o lo g y , 1 0 1 (9 ) , 3 1 8 2 - 3 1 8 7 .


	CHAPTER IV RESULTS AND DISCUSSION
	4.1 Abstract
	4.2 Introduction
	4.3 Experimental
	4.4 Results and Discussion
	4.5 Conclusions
	4.6 Acknowledgements
	4.7 References


