
CH APTER  III

M ATERIALS AND M ETHODS

M ATERIALS

3.1 Panicum maximum cv TD 53 (purple guinea grass)

P u e p le  g u in e a  g r a ss  (F ig u r e  1 5 )  w a s  c o l le c t e d  fr o m  D e p a r tm e n t  o f  l iv e s t o c k ,  M in is tr y  o f  

A g r ic u ltu r a l, P a k c h o n g  d is tr ic t , 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 .

Figure 15 P u rp le  g u in e a  g r a ss

3.2 Equipments

3 .2 .1  A n a ly t ic a l  b a la n c e  : M e tt le r  T o le d o ,  m o d e l  A G  2 8 5 ,  S w itz e r la n d .

3 .2 .2  A u to c la v e s  : T o m y ,  m o d e l  S S -  3 2 5  a n d  H ir a y a m a , m o d e l  H V - 2 8 ,  Jap an .

3 .2 .3  B io c h e m is tr y  A n a ly z e r  : Y S I  2 7 0 0  S E L E C T , U S A .

3 .2 .4  F e r m e n to r  : B .E . M a r u b ish i, m o d e l  1 0 L , Jap an .

3 .2 .5  G a s  c h r o m a to g r a p h y  ะ S h im a d z u , m o d e l  7 A G , Jap an .

3 .2 .6  H o t p la t e  : E .G .O .,  m o d e l  R K 1 8 7 1 5 ,  P o la n d .

3 .2 .7  H ig h  P e r fo r m a n c e  L iq u id  C h r o m a to g r a p h y  (H P L C )  : A g i le n t  T e c h n o lo g y  L td ., 

m o d e l  1 1 0 0  s e r ie s ,  U S A .
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3 .2 .8  L a m in a r  f l o w  : L a b  s e r v ic e  L td ., C le a n  m o d e l  V 6 ,  T h a ila n d .

3 .2 .9  In c u b a to r  s h a k e r  : N e w  B r u n s w ic k  S c ie n t i f ic ,  m o d e l  I n n o v a  2 3 0 0 ,  U S A .

3 .2 .1 0  p H  m e te r  ะ M e tt le r  T o le d o ,  m o d e l  S e v e n E a s y ,  C h in a .

3 .2 .1 1  P r e c is io n  b a la n c e  ะ M e tt le r  T o le d o ,  m o d e l  P B  3 0 0 2 ,  S w itz e r la n d .

3 .2 .1 2  R e fr ig e r a te d  c e n tr ifu g a t io n  : S o r v a ll ,  m o d e l  B io f u g e  s tr a to s , G e r m a n y .

(R o to r  # 3 3 3 4 ,  H e r a e u s , U S A ) .

3 .2 .1 3  T e s t  s e iv e  : 2 0  m e s h , R e te s c h ,  G e r m a n y

3 .2 .1 4  T e s t  s e iv e  : 4 0  m e s h , R e te s c h ,  G e r m a n y

3 .2 .1 5  S p e c tr o p h o to m e te r  : S p e c tr o n ic  In s tr u m e n ts , m o d e l  S p e c tr o n ic  2 0 ,  U S A .

3 .2 .1 6  W a te r  b a th  : T o la b o ,  m o d e l  T W 2 0 , G e r m a n y .

3 .2 .1 7  W a te r  b a th  sh a k e r  : A m e r e x  In str u m e n t I n c .,  m o d e l  G y r o m a x  9 3 9 X L , U S A .  a n d  

G F L , m o d e l  1 0 8 6 ,  G e r m a n y .

3.3 Chemicals

Chemicals (Analytical grade)

A g a r

A m m o n iu m  h e p ta m o ly b d a te  te tra h y d ra te  ( (N H 4)6M o 70 24.4 H 2o )  

A m m o n iu m  p h o s tp h a te , d ib a s ic  ( (N H 4) 2H P 0 4 )

A m m o n iu m  S u lp h a te  ( (N H 4)2S 0 4)

B a c to -p e p to n e

C a lc iu m  h y d r o x id e  (C a (O H )f l

C itr ic  a c id  ( H 0 C ( C 0 0 H ) ( C H 2C 0 0 H ) . 2 H 20 )

C o p p e r  ( I I )  s u lfa te  ( C u S 0 4.5 H 20 )

D is o d iu m  h y d r o g e n  a r se n a te  ( N a j H A s O ^ H j O )

d i- S o d iu m  h y d r o g e n  p h o s p h a te  d o d e c a h y d r a te  ( N a 2H P 0 4.1 2 H 20 )

E th a n o l (C 2H 5O H )

G lu c o s e  (C 6H 120 6)

H y d r o c h lo r ic  a c id  (H C 1 )

M a g n e s iu m  s u lfa te  h e p ta h y d r a te  ( M g S 0 4.7 H 20 )

P o ta s s iu m  d ih y d r o g e n  p h o s p h a te  (K H 2P O 4)

Company

B e c t o n

M e r c k

M e r c k

M e r c k

B e c t o n

M e r c k

A ja x  F in e c h e m

M e r c k

M e r c k

M e r c k

M e r c k

S ig m a

S ig m a

M e r c k

M e r c k
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P o ta s s iu m  s o d iu m  tartate  (C 4H 4K N a 0 6.4 H 20 )  

S o d iu m  h y d r o x id e  (N a O H )

S o d iu m  s u lfa te  ( N a 2S 0 4)

S u lfu r ic  a c id  ( H 2S 0 4)

T r is o d iu m  c itr a te  d ih y d r a te  ( N a 3C 6H 5(ว7.2 H 2o )  

Y e a s t  e x tr a c t D i f c o

M e r c k

M e r c k

M e r c k

M e r c k

M e r c k

3.4 Microorganism

3 .4 .1  S a c c h a r o m y c e s  c e r e v i s i a e  T I S T R  5 5 9 6  w a s  o b ta in e d  fr o m  T h a ila n d  In st itu te  o f  

S c ie n t i f ic  T e c h n o lo g ic a l  R e s e a r c h  (T I S T R ).

M ETHODS

3.5 Experiments

F lo w  d ia g r a m  o f  e x p e r im e n ts  is  s h o w n  in  F ig u r e  16

P u r p le  g u in e a  g r a ss

P r e tre a tm en ts

P re tr e a tm e n t h y d r o ly s a te P u rp le  g u in e a  g r a ss  r e s id u e

E n z y m a t ic  h y d r o ly s is E n z y m a t ic  h y d r o ly s is  a n d

E th a n o l f e r m e n ta tio n

E th a n o l fe r m e n ta tio n (S im u lta n e o u s  S a c c h a r if ic a t io n

(S e p a r a te  H y d r o ly s is  a n d  F e r m e n ta tio n )  a n d  F e r m e n ta tio n )

Figure 16 F lo w  d ia g r a m s  o f  e x p e r im e n ts
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3.6 Microorganism

3.6.1 Maintenance o f microorganism

S a c c h a r o m y c e s  c e r e v i s i a e  T I S T R  5 5 9 6  g r o w n  o n  y e a s t  p e p to n e  d e x tr o s e  ( Y P D )  

a g a r  s la n t  at 3 0  c  fo r  4 8  h o u r s  w a s  k e p t  at 4  °c a n d  su b c u ltu r e d  e v e r y  w e e k .

3.6.2 Cultivation o f microorganism

A  s in g le  c o lo n y  o f  ร .  c e r e v i s i a e  T I S T R  5 5 9 6  g r o w n  o n  y e a s t  p e p to n e  d e x tr o s e  

a g a r  at 30°c fo r  2 4  h o u r s  w a s  in o c u la te d  to  Y P D  b ro th  a n d  in c u b a te d  at 30 °c ( 2 0 0  r p m ) fo r  2 4  

h o u r s . T h e  c u ltu r e  th e n  tr a n sferr ed  at 1%  ( v /v )  to  th e  s a m e  m e d iu m  a n d  in c u b a te d  at th e  s a m e  

c o n d it io n  w a s  u s e d  a s  in o c u lu m .

3.7 Raw material preparation

P u r p le  g u in e a  g r a ss  ( P a n i c u m  m a x i m u m  c v  T D  53) c o l le c t e d  fr o m  D e p a r tm e n t  o f  

l iv e s t o c k ,  M in is tr y  o f  A g r ic u ltu r a l,  P a k c h o n g  d is tr ic t , N a k h o n  R a tc h a s im a  p r o v in c e ,T h a i la n d  w a s  

o v e n -d r ie d  at 7 0 - 8 0  °c , c u t  a n d  H a m m e r  m i l le d  to  2 0 - 4 0  m e s h  p a r tic le s . T h e  d r ie d  p u r p le  g u in e a  

g r a ss  p a r tic le  w a s  k e p t  in  d e s ic c a to r  fo r  p r e se r v in g . A  5 0 0  g  o f  th e  d r ie d  p u r p le  g u in e a  g r a ss  

p a r tic le  w a s  u s e d  fo r  c h e m ic a l  c o m p o s i t io n  a n a ly s is  ( C e l lu lo s e ,  H e m ic e l lu lo s e ,  L ig n in )  u s in g  

m e th o d  d e s c r ib e d  b y  T e c h n ic a l  A s s o c ia t io n  o f  P u lp  a n d  P a p e r  In d u str y  at D e p a r tm e n t  o f  S c ie n c e  

S e r v ic e ,  M in is tr y  o f  S c ie n c e  a n d  T e c h n o lo g y .

3.8 Pretreatment of purple guinea grass

3.8.1 Effect o f sulfuric acid concentration on cellulose susceptibility

P u rp le  g u in e a  g r a ss  p a r tic le s  (3 %  w /v  , d ry  w e ig h t  b a s is  ( D S ) )  w a s  s u s p e n d e d  in  

1 .0 -3 .5  % (w /v )  s u lfu r ic  a c id  a n d  a u to c la v e d  at 121  °c , 15 lb / in c 2 fo r  3 0  m in . T h e  p re tr e a te d  

p u r p le  g u in e a  g r a ss  s lu rry  w a s  p r e s s - f i lte r e d  th r o u g h  2 0 - 4 0  m e s h  s ta in le s s  s te e l  s i e v e s  th e n  th e  

f iltr a te  w a s  r e c e n tr ifu g e d  at 4  °c, l l , 2 9 2 x g  fo r  10  m in . T h e  p re tr ea ted  p u r p le  g u in e a  g r a ss  

r e s id u a l p a r tic le  w a s  r e s u s p e n d e d  b a c k  in to  p re tr ea tm en t h y d r o ly s a te  a n d  p H  a d ju s te d  to  6 .0 .  T h is  

s te p  w a s  d o n e  to  a s c e r ta in  th a t p u r p le  g u in e a  g r a ss  r e s id u a l p a r tic le  w a s  tr e a te d  w ith  s u lfu r ic  a c id  

b y  th e  s a m e  p r o c e d u r e  a s  w ith  c a lc iu m  h y d r o x id e . C e l lu la s e  G C  2 2 0  ( 6 2 0 0  u n i t s /g  D S  o f  

su b str a te  o r  2 3  u n its  o f  ( 3 -g lu c o s id a s e /g  D S  o f  su b str a te , G e n e n c o r  In te r n a t io n a l, I n c .,  U S A )  w a s  

a d d e d  at a  d o s e  o f  6 9  u n it s /g  D S  o f  su b str a te  o r  0 .2 6  u n its  o f  ( 3 - g lu c o s id a s e  / g  D S  o f  su b str a te
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a n d  in c u b a te d  w ith  s h a k in g  ( 1 2 0  rp m ) at 4 0  °c fo r  7 2  h o u r s . T h e n , th e  s lu rry  w a s  p r e s s - f i l te r e d  

a n d  th e  f iltr a te  w a s  r e c e n tr ifu g e d  at 4  °c, l l , 2 9 2 x g  fo r  1 0  m in . R e d u c in g  s u g a r  l ib e r a te d  in  th e  

su p er n a ta n t w a s  a n a ly z e d  b y  S o m o g y i-  N e l s o n  m e th o d  ( S o m o g y i ,  1 9 5 2 ) .

3.8.2 Effect o f calcium hydroxide or lime concentration on cellulose susceptibility

P u r p le  g u in e a  g r a ss  p a r tic le  (3 %  w /v ,  d ry  w e ig h t  b a s is  ( D S ) )  w a s  s u s p e n d e d  in

1 .5 - 3 .0  % (w /v )  l im e  a n d  a u to c la v e d  at 1 2 1  °c 5 15 lb / in c 2 fo r  3 0  m in . T h e  p r e tr e a te d  p u r p le  

g u in e a  g r a ss  s lu rry  w a s  p r e s s - f i lte r e d  th r o u g h  2 0 - 4 0  m e s h  s ta in le s s  s te e l  s i e v e s  th e n  filtr a te  w a s  

r e c e n tr ifu g e d  at 4  °c, 1 l , 2 9 2 x g  fo r  10  m in  to  se p a r a te  l im e  p o w d e r . T h e  p r e tr e a te d  p u r p le  g u in e a  

g r a ss  r e s id u a l p a r tic le  w a s  r e s u s p e n d e d  b a c k  in to  p r e tr e a tm e n t h y d r o ly s a te  a n d  p H  a d ju s te d  to  

6 .0 .  C e l lu la s e  G C  2 2 0  ( 6 2 0 0  u n it s /g  D S  o f  su b str a te  o r  2 3  u n its  o f  p - g lu c o s id a s e  / g  D S  o f  

su b str a te , G e n e n c o r  I n te r n a tio n a l, In c ., U S A )  w a s  a d d e d  at a  d o s e  o f  6 9  u n i t s /g  D S  o f  su b s tr a te  o r  

0 .2 6  u n its  o f  p - g lu c o s id a s e  / g  D S  o f  su b str a te  a n d  in c u b a te d  w ith  s h a k in g  ( 1 2 0  r p m ) at 4 0  °c fo r  

7 2  h o u r s . T h e n , th e  s lu rry  w a s  p r e s s - f i lte r e d  a n d  th e  f iltr a te  w a s  r e c e n tr ifu g e d  at 4  °c, l l , 2 9 2 x g  

fo r  1 0  m in . R e d u c in g  s u g a r  lib e r a te d  in  th e  su p er n a ta n t w a s  a n a ly z e d  b y  S o m o g y i - N e ls o n  

m e th o d .

3.8.3 Effect o f substrate loading on cellulose susceptibility

A n  a m o u n t  o f  p u r p le  g u in e a  g r a ss  p a r tic le  s u s p e n d e d  in  s u lfu r ic  a c id  o r  l im e  

s o lu t io n  w a s  v a r ie d  (3 , 6  a n d  8 % w /v , D S ) .  C o n c e n tr a tio n  o f  s u lfu r ic  a c id  a n d  r a tio  o f  s u b s tr a te /g  

l im e  u s e d  w a s  r e su lts  o f  3 .8 .1  a n d  3 .8 .2 ,  r e s p e c t iv e ly .  T h e  s lu rry  w a s  a u to c la v e d  at 121  °c, 15  

lb / in c 2 fo r  3 0  m in , p r e s s - f i lte r e d , c e n tr ifu g e d . T h e  p re tr e a te d  p u r p le  g u in e a  g r a ss  r e s id u a l p a r tic le  

w a s  th e n  r e s u s p e n d e d  b a c k  in to  p r e tr e a tm e n t h y d r o ly s a te ,  p H  a d ju s te d  to  6 .0  a n d  h y d r o ly z e d  b y  

C e llu la s e  G C 2 2 0  ( s e e  3 .8 .1  a n d  3 .8 .2 ) .  A f te r  p r e ss - f i ltr a t io n  a n d  r e c e n tr ifu g a t io n  o f  th e  f iltr a te ,  

r e d u c in g  s u g a r  lib e r a te d  in  th e  su p er n a ta n t w a s  a n a ly z e d . O p tim a l su b str a te  lo a d in g  w a s  a n  

a m o u n t  o f  th e  p u r p le  g u in e a  g r a ss  p re tr ea ted  w h ic h  r e le a s e d  m a x im u m  r e d u c in g  s u g a r  in  th e  

c e l lu lo ly t ic  h y d r o ly s is .

3.8.4 Effect o f autoclaving period on cellulose susceptibility

T o  m a x im iz e  r e d u c in g  s u g a r  r e le a s e d , th e  p u r p le  g u in e a  g r a ss  p a r t ic le  w a s  

p re tr e a te d  at o p t im a l su b str a te  lo a d in g  (r e su lt  o f  3 .8 .3 )  w ith  s u lfu r ic  a c id  o r  l im e  s o lu t io n  a s  

d e s c r ib e d  in  3 .8 .3  b u t a u to c la v in g  p e r io d  w a s  v a r ie d ;  0 ,  5 , 1 0 , 1 5 , 3 0 ,  4 5  a n d  6 0  m in . R e d u c in g  

s u g a r  lib e r a te d  in  th e  su p er n a ta n t w a s  a n a ly z e d .
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3.9 Analysis of sugars and byproducts in pretreatment hydrolysate

T h e  p r e tr e a te d  p u r p le  g u in e a  g r a ss  s lu rry  w a s  p r e s s - f i lte r e d  a n d  c e n tr ifu g e d  a s  d e s c r ib e d  

in  3 .8 .1  a n d  3 .8 .2 .  S u p e r n a ta n t o b ta in e d  w a s  p H  a d ju s te d  to  7 .0  a n d  a n a ly z e d  fo r  r e d u c in g  su g a r  

b y  S o m o g y i - N e ls o n  m e th o d ;  g lu c o s e ,  x y lo s e  a n d  p r e tr e a tm e n t b y p r o d u c ts  b y  H ig h  P e r fo r m a n c e  

L iq u id  C h r o m a to g r a p h y  (H P L C ).

3.10 Cellulase hydrolysis

C e llu la s e  h y d r o ly s is  o f  p u r p le  g u in e a  g r a ss  p re tr ea ted  at o p t im a l c o n d it io n  (r e s u lts  o f  

3 .8 .1 - 3 .8 .4 )  w a s  o p t im iz e d  b y  r e s u s p e n d in g  th e  p re tr ea ted  p u r p le  g u in e a  g r a ss  in  1 0 0  m M  o f  

s o d iu m  c itra te  b u f fe r  (p H  5 .0 ) .  A c c e l le r a s e ™ 1 0 0 0  (4 5  F P U /g  D S  o f  su b str a te  o r  4 0 0  u n its  o f  (3- 

g lu c o s id a s e  / g  D S  o f  su b s tr a te )  a t 5 3 , 1 0 6 , 1 5 9 , 2 1 2  F P U /g  D S  o f  su b str a te  ( 4 7 1 ,  9 4 2 ,  1 4 1 3 ,  1 8 8 4  

u n its  o f  ( j - g lu c o s id a s e  / g  D S  o f  su b str a te )  w a s  a d d e d  a n d  in c u b a te d  w ith  s h a k in g  at 1 2 0  rp m , 5 0  

° c  fo r  6 , 1 2  o r  18  h o u r s . T h e  r e a c t io n  m ix ture w a s  c e n tr ifu g e d  at 4  ° c ,  l l , 2 9 2 x g  ( 1 0  m in ) .  

G lu c o s e  in  th e  su p er n a ta n t w a s  a n a ly z e d  b y  g lu c o s e  a n a ly z e r .

3.11 Ethanol production

3.11.1 Ethanol production by Separate Hydrolysis and Fermentation (SHF)

method

S in g le  c o lo n y  o f  ร .  c e r e v i s i a e  g r o w n  o n  Y P D  a g a r  at 3 0  ° c  fo r  2 4  h o u r s  w a s  

in o c u la te d  in to  Y P D  b r o th  ( 5 0 m l)  in  2 5 0  m l a r m e d  f la s k  a n d  in c u b a te d  at 3 0  ° c  ( 2 0 0  r p m ) fo r  2 4  

h o u r s . T h e  c u ltu r e  tra n sferr ed  to  th e  s a m e  m e d iu m  at 1%  ( v /v )  a n d  in c u b a te d  at th e  s a m e  

c o n d it io n  w a s  u s e d  a s  in o c u lu m .

H y d r o ly s a te  o b ta in e d  a fte r  c e l lu la s e  h y d r o ly s is  w h ic h  p H  w a s  a d ju s te d  to  4 .5  

s u p p le m e n te d  w ith  0 .2 % ( w /v ) ( N H 4) ,S O 4 a n d  s te r i l iz e d  b y  a u to c la v in g  a t 1 1 0  ° c ,  1 0  lb / in c 2 fo r  10  

m in  w a s  u s e d  a s  fe r m e n ta t io n  m e d iu m . ร .  c e r e v i s i a e  in o c u lu m  w a s  in o c u la te d  at 1 0 % (v /v )  in to  

th e  f e r m e n ta tio n  m e d iu m , in c u b a te d  at 3 0  ° c ,  o x y g e n  l im it  c o n d it io n  fo r  7 2  h o u r s . O x y g e n  l im it  

c o n d it io n  w a s  p e r fo r m e d  b y  c u lt iv a t in g  4 0  m l c u ltu r e  in  5 0  m l f la s k  w ith o u t  s h a k in g , a n d  th e  

in o c u la te d  f la s k  w a s  c o v e r e d  b y  c o tto n  p lu g , t ig h t ly  w r a p p e d  w ith  p a r a film . A f te r  c e n tr ifu g a t io n ,  

su p er n a ta n t o b ta in e d  w a s  a n a ly z e d  fo r  e th a n o l b y  g a s  c h r o m a to g r a p h y .
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3.11.1.1 Effect o f incubation period on ethanol production

ร. cerevisiae inoculum was inoculated into the fermentation medium 

and incubated at 30 °c, oxygen lim it condition for 72 hours. Every 12 hours, the culture was 

centrifuged at 4 c , 7227xg (10 min). Supernatant obtained was analyzed for ethanol by gas 

chromatography.

3.11.1.2 Effect o f (NH4)2S04 supplementation on ethanol production

Hydrolysate obtained after hydrolysis by Accellerase™1000 hydrolysate 

(result o f 3.10) which pH was adjusted to 4.5 was supplemented by various concentration o f 

(NH4)2S04 (0, 0.2, 0.4, 0.6 %w/v) and used as fermentation medium. ร. cerevisiae inoculum was 

inoculated into the fermentation medium at 10% (v/v), incubated at 30 °c, oxygen lim it condition. 

Incubation period was a result o f 3.11.1.1. After centrifugation, supernatant obtained was 

analyzed for ethanol produced by gas chromatography.

3.11.1.3 Effect o f nutrient supplementation on ethanol production

Hydrolysate obtained after hydrolysis by Accellerase™1000 hydrolysate

(result o f 3.10), which pH was adjusted to 4.5 and contained optimal concentration o f (NH4)2S04 

(result o f 3.11.1.2) was supplemented with 3% (w/v) yeast extract and 0.025% (w/v) (NH4)2HP04 

and used as fermentation medium. ร. cerevisiae inoculum was inoculated into the fermentation 

medium at 10% (v/v) and incubated at 30 °c, oxygen lim it condition for 72 hours. Ethanol 

produced in supernatant obtained after centrifugation o f the culture at 4 °c, 7227xg (10 min) was 

analyzed by gas chromatography.

3.11.1.4 Effect o f inoculum medium on ethanol production

The inoculum prepared as described in 3.6.2, was centrifuged at 4 °c, 

7227xg for 10 min, cell precipitate was re-suspended in YPD with and without glucose at its 

original volumn and used as inoculum. Ethanol fermentation was performed as described in 

3.11.1.3, nutrients supplementation was a result o f 3.11.1.3.

3.11.2 Ethanol production by Simultaneous Saccharification and Fermentation 

(SSF) method

After pretreatment at optimal condition, the pretreated purple guinea grass 

residue was washed with distilled water and suspended in 100 mM sodium citrate buffer pH 5.0 at 

its original volume was simultaneous hydrolyzed by Accellerase™ 1000 (45 FPU/g DS o f
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substrate or 400 units o f P'glucosidase /g DS o f substrate at 50 °c for 6 hours) and fermented by 

ร. cerevisiae inoculum (10% (v/v) at 30 °c, oxygen lim ited condition for 120 hours. After press- 

filtration and centrifugation, supernatant obtained was analyzed for ethanol by gas 

chromatography.

3.11.2.1 Effect o f temperature on ethanol production

An effect o f incubation temperature on the simultaneous 

saccharification and fermentation was performed by varying incubation temperature at 25, 30, 35, 

40 and 50 °c. Ethanol produced in culture supernatant was analyzed by gas chromatography.

3.11.2.2 Effect o f reaction pH on ethanol production

An effect o f reaction pH on the simultaneous saccharification and 

fermentation was performed by resuspending the washed pretreated purple guinea grass residue in 

lOOmM o f sodium citrate buffer at various pH (4.5, 5.0 and 5.5) at its original volume. Then the 

pretreated purple guinea grass slurry was simultaneous saccharified and ethanol fermented as 

described above at optimal temperature (result o f 3.11.2.1). Ethanol produced in culture 

supernatant was analyzed by gas chromatography.

3.11.2.3 Effect o f incubation period on ethanol production

The pretreated purple guinea grass residue was simultaneous 

saccharified and ethanol fermented at optimal temperature and pH (result o f 3.11.2) for 120 

hours. Ethanol produced in culture supernatant was analyzed every 24 hours by gas 

chromatography.

3.11.2.4 Effect o f nutrient supplementation on ethanol production

Yeast extract (3%w/v) and (NH4)2HP04 (0.025%w/v) were added into 

the suspension o f washed pretreated purple guinea grass residue in sodium citrate buffer, and the 

pretreated purple guinea grass residue was simultaneous saccharified and ethanol fermented as 

described above (result o f 3.11.2.3). Ethanol produced in culture supernatant was analyzed every 

24 hours by gas chromatography.

3.11.2.5 Effect o f inoculum medium on ethanol production

The inoculum prepared as described in 3.6.2 was centrifuged at 4 °c, 

7227xg for 10 min, cell precipitate was re-suspended in YPD with and without glucose at its



30

original volumn and used as inoculum. Ethanol fermentation was performed as described in

3.11.2.4, nutrients supplementation was a result o f 3.11.2.5.

3.12 Scale up for ethanol fermentation

The hydrolysate obtained after cellulase hydrolysis was fermented in an in situ 

sterilizable 5L fermentor (B.E. Marubishi, model 10L, Japan) (Figure 17). The cellulose 

hydrolysate (3.0 L) contained 12.0 g/1 o f glucose was used as fermented medium without any 

supplementation. Cell o f ร. cerevisiae inoculum (3.6.2) harvested by centrifugation, resuspended 

in YPD without glucose was used as an inoculum. The agitation o f 100 rpm, temperature 30 °c, 

pH 4.5 ±0.4 and without aeration were maintained throughout the process. The pH was controlled 

at 4.5±0.4 by using 4 N HCL and 5 N NaOH, when required. A  10% (w/v) antifoaming agent 

solution was used for controlling foam when required. Samples were withdrawn and centrifuged 

at 4 °c, 7227xg for 10 min. Cell free supernatant obtained was analyzed for ethanol by gas 

chromatography.

Figure 17 Ethanol fermentation by separate hydrolysis and fermentation method in 5L fermentor

(B.E. Marubishi, model 10L, Japan).
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3.13 Analytical procedure

3.13.1 Analysis o f ethanol by gas chromatography

Sample (100 pi) was injected to Gas chromatography; GC (Shimadzu, model 

7AG, Japan) using Porapak Q column, 3.3cm X 2m (Marubishi, Japan) equipped with flame 

ionization detector (Shimadzu, model 7AG, Japan) using nitrogen gas as carrier gas at flow rate 

o f 50 ml/min .Injection and column temperatures were 240°c and 190°c, respectively. Retention 

time o f ethanol was 2 min. Triplicate measurements were performed for each samples.

3.13.2 Analysis o f sugar and pretreatment byproduct by High Performance L iqu id  

Chromatography

Xylose and glucose were analyzed by High Performance Liquid 

Chromatography; HPLC (Agilent Technology Ltd., model 1100 series, USA) containing 

quaternary pump, online degassor, autoinjector, column thermostat, refractive index detector, and 

Chemstation software. HPLC condition was as followed.

Column Aminex HPX-87P, 300mmx7.8mm (catalog#125-0098) (BioRad, USA)

Flow rate 0.6 ml/min

M obile phase Deionize water

Column temperature 80 °C

Sample 20 JLL1

Pretreatment byproduct was analyzed by High Performance Liquid 

Chromatography; HPLC (Agilent Technology Ltd., model 1100 series, USA) containing 

quaternary pump, online degassor, autoinjector, column thermostat, diode array detector and 

Chemstation software. HPLC condition was as followed.

Column Pinacle I I  C18 5]Llm 250x4.6mm (BioRad, USA)

Flow rate 1 ml/min

M obile phase A: 1% acetic acid

B: MeOH

Column temperature 40 c  

Sample 5 JLil



32

3.13.3 Analysis o f reducing sugar (Somogyi, 1952)

The proper dilution o f sample (1 ml) in a test tube was mixed with alkaline 

copper solution (1 ml), placed in boiling water for 15 minutes, then immediately cool in ice water. 

Next, Nelson solution (1ml) was added, mixed and incubated at room temperature for 30 min. 

The reaction mixture was diluted with addition o f 5 ml o f distilled water, and then measured an 

absorbance at 520 nm (A520 ran). Various glucose concentration plotted v s  their A520 nm were 

used as standard curve to determine glucose concentration o f sample. D istilled water was used as 

a blank control.

3.13.4 Analysis o f glucose by glucose analyzer

Glucose was analyzed by biochemistry glucose analyzer (GC YSI 2700 

SELECT, USA). Sample (100 pi) was injected to the biochemistry glucose analyzer using 

glucose (dextrose) membrane (YSI 2365, USA). Triplicate measurements were performed for 

each sample.
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