
CHAPTER III 
METHODOLOGY

3.1 Equipment

•  C E M  C o rp ora tio n  M ars 5 v e r s io n  0 4 9 1 0 4  : M ic r o w a v e  A c c e le r a te d  reaction  
S y ste m s

•  S h im a d z u  C orp oration : H ig h  P erfo rm a n ce  L iq u id  C h ro m a to g ra p h y  (H P L C )  
w ith  a re fra ctiv e  in d e x  d e tec to r  (R I D -1 0 A , S h im a d z u  C o rp ., K y o to , Japan) 
u s in g  an  A m in e x -H P X  8 7 H  c o lu m n  (3 0 0  m m  x 7 8  m m , B io -R a d  L ab , U S A )

•  F T IR  sp ec tro m eter  ( N ic o le t  n ex u s  6 7 0 )

•  U V -V is ib le  sp e c tro p h o to m eter

•  A n a ly t ic a l b a la n ce

•  O v e n

•  W ater bath

•  A u to c la v e

•  M u ffin  fu rn a ce

•  V a c u u m  o v e n

•  S o x h le t  ex tra c tio n

•  R o ta ty  e v a p era tio n

F iltra tio n  setu p
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3.2 Materials

•  S u lfu r ic  a c id  (H2SO4, M erck  C o ., G erm a n y )

•  P h o sp h o r ic  ac id  (H 3 P O 4  L a b sca n  A s ia  C o .)

•  S o d iu m  h y d r o x id e  (N a O H , L a b sca n  A s ia  C o .)

•  A m m o n iu m  h y d ro x id e  (NH4OH, P an reac Q u im ic a  S au )

•  E th an o l (C 2 H 5 O H , J.T . B ak er)

•  H ig h  p u rity  standards : g lu c o s e  (S ig m a  A ld r ich  C h e m ic a ls  C o . In c .,U S A )

•  H ig h  p u rity  standards : x y lo s e  (S ig m a  A ld r ich  C h e m ic a ls  C o . In c .,U S A )

•  H ig h  p u rity  stan dard s : a ra b in o se  (S ig m a  A ld r ich  C h e m ic a ls  C o . In c .,U S A )

3.3 Methodology

3 .3 .1  B io m a ss  P reparation
P ennisetum  purpureum  (.Napier grass), h a rv ested  in  A p ril 2 0 1 1 , w a s  

ob ta in ed  from  S u p u n b u ri p r o v in c e , T h a ila n d . H a rv est str ip s w e r e  tak en  r a n d o m ly  from  
ea ch  quarter o f  th e  f ie ld . N apier grass  (o n ly  le a v e s  and  s te m s )  w a s  w a sh e d  w ith  tap  
w ater, and  d ried  u n d er su n lig h t. It w a s  then  m il le d  to  ob ta in  sm a ll p a rtic le s  u s in g  herb  
grinder. T h e  grou n d  b io m a ss  w a s  th en  stored  in  s e a le d  p la st ic  b a g s  at roo m  tem perature  
u n til further u se .

3 .3 .2  C o m p o s it io n a l A n a ly s is  o f  R a w  B io m a s s  and  P retreated  B io m a ss
T h e  c h e m ic a l c o m p o s it io n  o f  raw  N apier g rass  w a s  m ea su red  u s in g  a 

tw o -s te p  a c id  h y d r o ly s is  m eth o d  d e v e lo p e d  b y  the N a tio n a l R e n e w a b le  E n ergy  
L ab oratory  (N R E L ) (S lu ite r  et a i ,  2 0 0 6 ) .  A ll a n a ly tic a l d e te r m in a tio n s  w e r e  p erfo rm ed  
in  tr ip lica te  and  a v e r a g e d  resu lts .

Prior to  o th er d e ter m in a tio n s , raw  m ater ia l w a s  ex tra c ted  c o n s e c u t iv e ly  
w ith  w a ter  and e th a n o l ( tw o -s te p  ex tra c tio n  p ro ced u re) to  d e term in e  ex tr a c tiv e  in
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b io m a ss . S a m p le  (2  g )  w a s  ad d ed  to  an  ex tractio n  th im b le . T h e  th im b le  w a s  in serted  into  
S o x h le t  tu b e . W ater  (H P L C  gra d e, 190  m L ) w a s  ad d ed  to th e  r e c e iv in g  f la sk  eq u ip p ed  
w ith  th e  S o x h le t  apparatus. A  m in im u m  4 - 5  s ip h o n  c y c le s  per h ou r w a s  se t  b efo re  
r e f lu x in g  for 2 4  h. E th y l a lc o h o l ( 1 9 0  m L ) w a s  ad d ed  and th e  m ix tu re  w a s  c o n tin u ed  
r e f lu x in g  for 12 h. W h en  the r ea c tio n  w a s  c o m p le te , e x tra c ted  so lid  w a s  filtered  and  
a llo w e d  to  dry u s in g  air dry. A ll filtra tes  w ere  c o m b in e d  w ith  a n y  so lv e n t  from  th e upper  
se c t io n  o f  th e  S o x h le t  apparatus. S o lv e n t  w a s  ev a p o ra ted  o f f  u s in g  a rotary evap ora tor  
w ith  a  c o n tr o lle d  tem p era tu re at 4 5  °c. A fter  all so lv e n t  w a s  r e m o v e d , th e  fla sk  w a s  

p la ced  in  a v a c u u m  o v e n  ( 7 5 - 1 0 0  torr) at 4 0  °c for  2 4  h. T h e  f la sk  w a s  th en  w e ig h e d  to  
d e term in e  ex tr a c tiv e .

T h e  ex tra cted  sa m p le  (0 .3  g )  w a s  tak en  th ro u g h  a 72%  su lfu r ic  acid  
h y d r o ly s is  at 3 0  °c for 6 0  m in  u s in g  w ater  bath, fo l lo w e d  b y  a  s e c o n d  4%  su lfu r ic  acid  

h y d r o ly s is  at 121 °c for  6 0  m in  u s in g  a u to c la v e . T h e  a u to c la v e d  h y d r o ly s is  s o lu t io n  w a s  
v a cu u m  filtered  th ro u g h  a f ilte r in g  cru cib le; th e  filtrate w a s  c o l le c te d  fo r  further  
a n a ly s is .

A m o u n ts  o f  m o n o m e r ic  su gars (g lu c o s e , x y lo s e ,  and  a r a b in o se )  w ere  
d eterm in ed  b y  H P L C  (S h im a d z u )  eq u ip p ed  w ith  re fra ctiv e  in d e x  d e tec to r  u s in g  the  
fo l lo w in g  co n d it io n : 2 0  p i in je c tio n  v o lu m e , 0 .0 0 5  M  su lfu r ic  a c id  (H P L C  gra d e) as a 
m o b ile  p h a se  and  a f lo w  rate o f  0 .6 0  m l/m in .

A m o u n t o f  ac id  so lu b le  lig n in  (A S L )  w a s  d e te r m in e d  b y  U V - v is ib le  
sp e c tr o sc o p y . T h e  a b so rb a n ce  o f  th e  filtrate w a s  m ea su red  at 2 0 5  n m , u s in g  a 1 -cm  ligh t  
path c u v e tte  and  a 4%  so lu t io n  o f  H2SO4 as a r e feren c e  b la n k . A m o u n t o f  a c id  in so lu b le  
lig n in  (A IL ) c o n te n t  w a s  d e fin e d  a s  the d if fe r e n c e  b e tw e e n  th e  w e ig h t  o f  f ilter  cak e  
(o v e n -d r ie d  at 105 °c to co n sta n t w e ig h t)  and th e w e ig h t  o f  a sh . T o ta l lig n in  c o n te n t w a s  
the su m  o f  A S L  and A IL . A m o u n t o f  ash  c o n ten t w a s  d e te r m in e d  b y  p la c in g  th e dried  
filter  c a k e  in  th e  m u ff le  fu rn ace at 5 7 5  ๐c  for 2 4  h.

T h e  c o m p o s it io n  o f  so lid  fraction  w a s  a n a ly z e d  for h e m ic e l lu lo s ic  
su ga rs, g lu c o s e , a c id -so lu b le  lig n in  (A S L ) , and a c id - in s o lu b le  lig n in  (A IL ) co n ten ts ,
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u s in g  th e sa m e  p ro ced u re  d e sc r ib e d  in  th e  ra w  b io m a ss , e x c e p t  that n o  ex tra ctio n  w a s  
u sed .

M o r e o v e r , th e  c h a n g e s  o f  th e  c h e m ic a l stru ctu re w e r e  ch ara cter ized  
u s in g  F ou rier  tran sfo rm  in frared  (N ic o le t  n e x u s  6 7 0  F T IR ) w ith  a  r e so lu t io n  o f  1 cm  1 
an d  o v e r  th e  w a v e le n g th  ran ge o f  4 0 0 - 4 0 0 0  c m '1. T h e  s o l id  sa m p le s  w e r e  d r ied  and then  
p r e sse d  in to  a d isc  w ith  K Br.

3 .3 .3  P retreatm en t
M ic r o w a v e  h e a t in g  w a s  u se d  to  d ig e s t  N apier grass  u s in g  d ifferen t  

c a ta ly s ts , as fo llo w s :
3.3.3.1 D ilute A lkaline Pretreatm ent

Prior to  m ic r o w a v e  p retrea tm en t, N apier grass  w a s  su sp en d ed  in  
d iffe r e n t c o n c e n tr a tio n s  o f  a lk a lin e  so lu t io n  ( 0 .5 - 5  % (w /v ) )  u s in g  d if fe r e n t  liq u id -to -  
s o lid  ra tio s (L S R , 1 5 :1 -4 0 : 1 , m L  o f  so lu tio n : g  o f  N apier grass). For a lk a lin e  
p retrea tm en t c o m p a r iso n , NaOH and NH4OH p retrea tm en ts  w e r e  p erfo rm ed . T he  
m ix tu re  w a s  stirred  un til h o m o g e n e o u s  b e fo re  tran sferrin g  to  a T e f lo n - v e s s e l  se a le d  w ith  
a T e f lo n  cap . T h e  m ic r o w a v e  (1 2 0 0  พ )  p retrea tm en t w a s  c o n d u c te d  u n d er variou s  
r ea c tio n  tem p era tu res ( 4 0 - 1 6 0  °C ) and t im e s  ( 5 - 6 0  m in ) . A fte r  th e  p retreatm en t, the  
m ix tu re  w a s  f iltered  to sep ara te  so l id  r e s id u es  from  filtra te  fraction . T h e  liq u id  fraction  
w a s  c o l le c te d  for  m o n o m e r ic  su gar a n a ly s is . M ea su r e m e n t o f  pH  o f  liq u id  fraction  
b e fo r e  and  a fter  p retrea tm en t w a s  p erfo rm ed . T h e  s o l id  r e s id u e s  w e r e  th o rou gh ly  
w a sh e d  w ith  d is t ille d  w a ter  to  neutral p H  and  d ried  in  th e  o v e n . T h en , th e  o v en -d r ied  
sa m p le s  w er e  w e ig h e d  to c o m p a re  w ith  u n p retrea ted  sa m p le  and  w e r e  sto red  in v a lv e  
b a g s  for  further d ilu te  ac id  p retrea tm en t in  th e  tw o -s ta g e  p retrea tm en t s tu d y .

3.3.3 .2  D ilute A c id  Pretreatm ent
T o  o p t im iz e  the p retrea tm en t, N apier grass  w a s  m ix e d  w ith  

d iffe r e n t c o n c e n tr a tio n s  o f  a c id  so lu t io n  ( 0 .5 - 5 .0  % (w /v ) )  u s in g  1 5 ะ 1—45:1  L S R . T h e  
p retrea tm en t tem p era tu re  and  t im e  w ere  v a r ied  from  6 0 - 1 6 0  ° c  ( 1 2 0 0 พ  m ic r o w a v e  
p o w e r )  and 5 - 6 0  m in . F or a c id  p retreatm en t c o m p a r iso n , d iffe r e n t ty p e s  o f  a c id , n a m ely , 
H2SO4 and H3PO4 w er e  u sed . A fte r  the p retrea tm en t, th e  liq u id  fra c tio n  w a s  c o lle c te d
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for  m o n o m e r ic  su ga r  a n a ly s is  u s in g  H P L C . M ea su rem en t o f  pH  o f  liq u id  fraction  b efo re  
and  after p retreatm en t w a s  p erfo rm ed . T h e  so lid  re s id u e s  w er e  th o r o u g h ly  w a sh e d  w ith  
d is t ille d  w a ter  to neutral p H  and  dried  in  th e  o v e n . T h en , the o v e n -d r ie d  sa m p les  w ere  
w e ig h e d  to co m p a re  w ith  u n pretreated  sa m p le  and  sto red  in v a lv e  b a g s  for further  
a n a ly s is .

3.3.3.3 Two-Stage Pretreatm ent (D ilute A lkaline F o llow ed  By Dilute 
A cid  Pretreatm ent)

T h e  s o l id  res id u es  from  the a lk a lin e  p retrea tm en t, h a v in g  the  
h ig h e st  m o n o m e r ic  su ga r  y ie ld , w ere  treated  w ith  d ilu te  ac id , w h ic h  resu lted  in the  
h ig h e st  m o n o m e r ic  su ga r  y ie ld , u s in g  th e  o p tim a l c o n d it io n s  fro m  the d ilu te  acid  
p retreatm en t. T h e  o b ta in in g  so lu t io n  m ix tu re  w a s  filtered  to c o l le c t  th e  liq u id  part, and  
s o lid  r e s id u es  w er e  th o r o u g h ly  w a sh ed  w ith  d is t ille d  w a te r  to n eu tra l p H  b efore  d ry in g  
in  the o v e n  for  further ch a ra cter iza tio n . M e a su rem en t o f  pH  o f  liq u id  fraction  and the  
w e ig h t  o f  th e  so lid  sa m p le  b e fo re /a fter  p retrea tm en t w e r e  p erfo rm ed .

3 .3 .4  C o m p o s it io n  A n a ly s is  o f  T h e  P reh y d ro ly sa tes
T h e  liq u id  fra ctio n  from  th e  p retrea tm en t w a s  a n a ly z e d  for  m o n o m er ic  

su gars. T h e m o n o m e r ic  su g a r  con ten t (g lu c o s e , x y lo s e , and a ra b in o se )  w a s  d eterm in ed  
b y  H P L C  u s in g  2 0  p i in je c tio n  v o lu m e , 0 .0 0 5  M  su lfu r ic  a c id  (H P L C  grad e) as m o b ile  
p h a se , 0 .6  m L /m in  f lo w  rate, 6 5  °c c o lu m n  tem p era tu re, and 15 m in  run tim e. S in c e  
H 3 P O 4  p ro v id ed  its p eak  at th e  sa m e re ten tio n  t im e  as th e  g lu c o s e  p e a k , th erefore , it is 
n e c e ssa r y  to  a n a ly z e  H 3 P O 4  at th e  sa m e c o n d it io n  as th e  p r e h y d r o ly sa te  o f  m ic r o w a v e -  
a ss is te d  H 3 P O 4  sa m p le . T h e  d if fe r e n c e  b e tw e e n  tw o  v a lu e s  w a s  a p p lie d  to  d eterm in e  the  
real g lu c o s e  c o n te n t in  th e  p reh y d ro ly sa te  ( s e e  in  A p p e n d ic e s ) .
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