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APPENDICES

Appendix A Analytical Procedures

1. Detergent analysis

Figure A1 S c h e m a tic  o f  d eterg en t a n a ly s is  p ro ced u re  f lo w  d iagram .

1.1 N eu tra l d e te r g e n t f ib er  (N D F )
N eu tra l D e te r g e n t  F ib er (N D F )  is  c e l l  w a ll c o n s t itu e n ts  w h ic h  are n ot  

d is s o lv e  in  n eu tra l s o lu t io n . N D F  c o n s is t s  o f  h e m ic e l lu lo s e , c e l lu lo s e ,  lig n in , cu tin ,  
and keratin .
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R e a g e n ts
1. D is t i le d  or d e io n iz e d  w a ter
2 . A c e to n e  (A R  gra d e)
3 . S o d iu m  su lp h ite
4 . N e u tr a l d e terg en t

P r o ced u res
1. D ry  c r u c ib le  at 1 0 0  ° c  for  1 h , a fter that c o o l  to  ro o m  tem peratu re  

at d e s ic c a to r s , an d  th e n  w e ig h  (W i) .
2 . W e ig h  1 .0 2  g  o f  d ried  sa m p le  an d  w e ig h  ( พ 2 ).
3 . A d d  0 .5  g  o f  so d iu m  su lp h ite  in to  cru c ib le .
4 . P la c e  c r u c ib le  fro m  n o .3 in  H o t E x tra c tio n  U n it  1 0 2 0
5. A d d  1 0 0  m L  o f  n eutra l d e terg en t in to  c o lu m n  and  r e flu x  for  6 0

m in u tes .
6 . R in s e  sa m p le  in to  c r u c ib le  w ith  m in im u m  o f  h o t ( 9 0 ° C - 1 0 0 ° C )  

w a ter  u n til th e  p H  o f  so lu t io n  reach  n eutra l pH .
7 . W a sh  sa m p le  in  c r u c ib le  w ith  2 5  m L  o f  a c e to n e  fo r  3 t im e s .
8 . D ry  sa m p le  at 1 0 0  ° c  for  5 h , a fter  that c o o l  to  r o o m  tem p era tu re at 

d e s ic c a to r s , an d  th e n  w e ig h  ( พ 3 ).
9 . A s h  r e s id u e  in  c r u c ib le  for  2  h  at 5 5 0  ° c ,  a fter  that c o o l  to  ro o m  

tem p era tu re  at d e s ic c a to r s , and  th en  w e ig h  ( พ 4 ).
10 . D e te r m in e  % N D F :

%NDF = W* ~ Wi X 1 0 0

1 .2  A c id  d e te r g e n t f ib er  (A D F )
A c id  d e te r g e n t f ib er  (A D F )  is  c e l l  w a ll  c o n s t itu e n ts  w h ic h  are n ot  

d is s o lv e  in  a c id  s o lu t io n . A D F  m a in ly  c o n s is t s  o f  c e l lu lo s e  an d  lig n in , an d  sm a ll 
a m o u n t o f  cu tin . T h e r e fo r e , lo s s  o f  p rod u ct in  a c id  s o lu t io n  s h o u ld  b e  h e m ic e llu lo s e .
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R e a g e n ts
1. D is t i le d  or  d e io n iz e d  w a ter
2 . A c e to n e  (A R  grad e)
3 . S u lfu r ic  a c id  (H 2 S O 4)

P ro c e d u r e s
1. D ry  c r u c ib le  at 10 0  ๐c  for  1 h , a fter  that c o o l  to  r o o m  tem peratu re  

at d e s ic c a to r s , an d  th e n  w e ig h  ( พ ! ) .
2 . W e ig h  1 .0 2  g  o f  dried  sa m p le  and w e ig h  ( พ 2 ).
3 . A d d  0 .5  g  o f  so d iu m  su lp h ite  in to  c r u c ib le .
4 . P la c e  c r u c ib le  from  n o .3 in  H o t E x tr a c tio n  U n it  1 0 2 0
5 . A d d  1 0 0  m L  o f  a c id  d e terg en t in to  c o lu m n  and r e flu x  for  6 0

m in u tes .
6 . R in se  sa m p le  in to  c r u c ib le  w ith  m in im u m  o f  h o t ( 9 0 ° C - 1 0 0 ° C )  

w a ter  un til th e  p H  o f  s o lu t io n  reach  n eutra l p H .
7 . W a sh  sa m p le  in  c r u c ib le  w ith  2 5  m L  o f  a c e to n e  for  3 t im e s .
8 . D ry  sa m p le  at 10 0  ๐c  fo r  5 h , a fter  that c o o l  to  r o o m  tem p era tu re at 

d e s ic c a to r s , an d  th en  w e ig h  ( พ 3 ).
9 . A s h  r es id u e  in  cru c ib le  fo r  2 h  at 550 °c, after  that c o o l  to  ro o m  

tem p era tu re at d e s ic c a to r s , an d  th en  w e ig h  ( พ 4).
10 . D e te r m in e  % A D F :

%ADF = พ ,- พ ,
พ:r

xioo

11. D e te r m in e  %  H e m ic e llu lo se :

VoHemiceUidose = %NDF -  % ADF
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1.3 A c id  d e terg en t lig n in  (A D L )
A c id  d e terg en t lig n in  (A D L )  is  c e ll  w a ll  c o n s t itu e n ts  w h ic h  are n ot  

d is s o lv e  in  a c id  s o lu t io n . A D F  m a in ly  c o n s is t s  o f  c e l lu lo s e  and  lig n in , an d  sm a ll  
am o u n t o f  cu tin . T h e r e fo r e , lo s s  o f  p rod u ct in  ac id  s o lu t io n  sh o u ld  b e  h e m ic e llu lo s e .

R e a g e n ts
1. D is t i le d  or  d e io n iz e d  w a ter
2 . . 72 %  S u lfu r ic  a c id  (H2SO4)

P ro ced u res
1. F ill  c r u c ib le , w h ic h  c o n ta in s  th e  sa m p le  fro m  A D F  a n a ly tic a l, ab o u t  

h a lf  fu ll w ith  72%  H 2 S O 4 and  stir.
2 . R e f il l  w ith  7 2 %  H 2 S O 4 and  stir  at h o u r ly  in te r v a ls  a s  a c id  d ra in s a w a y .
3 . ' A fte r  3 h , f ilte r  o f f  a s  m u ch  a c id  a s  p o s s ib le  w ith  v a c u u m  and  w a sh  

c o n te n ts  w ith  h o t w a ter  u n til free  from  acid .
4 . D ry  sa m p le  at 10 0  ° c  fo r  5 h , a fter that c o o l  to  r o o m  tem p era tu re  at 

d e s ic c a to r s , an d  th en  w e ig h  ( พ 3 ).
5 . Ig n ite  c r u c ib le  in  m u ff le  fu rn ace  for  2  h at 5 5 0  ๐c ,  a fter  that c o o l  to  

ro o m  tem p era tu re  at d e s ic c a to r s , and  th en  w e ig h  ( พ 4).
6 . D e te r m in e  % L ign in :

%ADL = W* ^ Wi X 1 0 0

7. D e te r m in e  %  C e llu lo se :

%Cellulose = %ADF -  %ADL
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2. Monosaccharide analysis
M o n o sa c c h a r id e  m a in ly  c o n s is t s  o f  g lu c o s e , x y lo s e ,  a ra b in o se . T h e  so lu b le  

su ga rs in  th e  liq u id  fra c tio n  o f  p r o c e ss  sa m p le s  c a n  b e  q u a n tifie d  b y  H P L C  w ith  
re fra c tiv e  in d e x  d e te c t io n .

R e a g e n ts
1. D is t i le d  or  d e io n iz e d  w a ter
2. H ig h  p u rity  su ga rs for  stan dard s - g lu c o s e , x y lo s e , an d  a ra b in o se

P r o c e d u r e s
1. P rep are a  s e n e s  o f  su ga r  ca lib ra tio n  stan d ard s in  H P L C  gra d e w a ter  at 

c o n c e n tr a t io n s  ap p ro p ria te  for  c rea tin g  a ca lib ra tio n  c u r v e  fo r  e a c h  su ga r  o f  in terest.
2 . P rep are a  se t  o f  m u lt i-c o m p o n e n t  sta n d a rd s c o n ta in in g  g lu c o s e , x y lo s e ,  

and  a ra b in o se  in  th e  ran g e  o f  0 .2  - 2 0 .0  g /L .
3 . A n a ly z e  th e  ca lib ra tio n  stan d ard s, th e  c a lib ra tio n  v e r if ic a t io n  stan dard s, 

and th e  sa m p le s  b y  H P L C  u s in g  a  L ich ro sp h er  c o lu m n  fo r  g lu c o s e , x y lo s e , and  
a ra b in o se . T h e  f o l lo w in g  in stru m en ta l c o n d it io n s  are u se d  fo r  th e  L ich ro sp h er  
c o lu m n :

S a m p le  v o lu m e : 10 pL .
E luan t: 0 .4 5  p m  f iltered  and d e g a sse d  H P L C  gra d e  w a ter .
F lo w  rate: 1 . 6  m L /m in .
C o lu m n  tem p era tu re: 25 °c.
D etec to r :  re fra c tiv e  in d ex .
R u n  tim e : 2 0  m in u te s  data c o l le c t io n  p lu s  a 15 m in u te  p o st-ru n .

4 . T h e  re te n tio n  t im e  o f  standard w a s  sh o w n  in  th e  fo llo w in g :

Standard L ich ro sp h er  c o lu m n  (m in u te s )
G lu c o s e 9 .6 3 3
X y lo s e 5 .4 6 6

A r a b in o se 6 .4 3 3
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5. C rea te  a  ca lib r a tio n  cu rv e  for  e a c h  su g a r  to  b e  q u a n tifie d  u s in g  lin ear  
re g r e ss io n . F rom  th e s e  c u r v e s  a s  s h o w  in  F ig u re  A 2 , d e te r m in e  th e  co n ce n tr a tio n  in  
g /L  o f  th e  su g a rs  p resen t in  e a c h  sa m p le  a n a ly z e d  b y  H P L C , co r r e c te d  fo r  d ilu tio n .

(a)

2 5  1—  

2 0

?
I  15 j
I
I 10 Ioบ

5 -j

0  i
0 .0 0

(b )

5 -

0  f -  
0 .0 0

S t a n d a r d  G l u c o s e

----- 1------------ ๅ----------------!------------T------------r --------  โ------------ r .    r  - --------1
5 0 0 0 .0 0  1 0 0 0 0 .0 0  1 5 0 0 0 .0 0  2 0 0 0 0 .0 0  2 5 0 0 0 .0 0  3 0 0 0 0 .0 0  3 5 0 0 0 .0 0  4 0 0 0 0 .0 0  4 5 0 0 0 .0 0

A r e a

S t a n d a r d  X y lo s e

5 0 0 0 .0 0  1 0 0 0 0 .0 0  1 5 0 0 0 .0 0  2 0 0 0 0 .0 0  2 5 0 0 0 .0 0
A r e a
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(c)
S t a n d a r d  A r a b i n o s e
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A r e a

3000 .00  3500.00

F ig u r e  A 2  C a lib ra tio n  c u rv e  for  ea c h  sugar: (a ) g lu c o s e , (b )  x y lo s e ,  and  (c )  
a ra b in ose .

4000.00
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A p p e n d ix  B  E x p e r im e n t a l  D a ta  f o r  C h a p t e r  4

T a b le  B 1  G lu c o s e  p ro d u ced  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 .

% N a O H t im e (m in )
G lu c o s e  (g /L )

60 ๐c 80 °c 100 °c 120 ๐C
0 5 1 0 .9 7 8 3 3 1 1 .4 2 7 3 4 1 3 .2 3 1 5 2 1 1 .5 0 5 3 5

0 1 0 1 1 .1 4 0 8 7 1 1 .1 3 7 6 7 1 1 .3 1 6 1 1 1 .6 7 6 6 7

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

0 3 0 1 2 .3 3 5 6 4 1 1 .9 7 7 1 1 1 .9 1 5 3 2 1 2 .2 6 5 9 5

0 4 0 — — 1 1 .7 0 9 2 8 —

0 .7 5 5 1 3 .4 7 1 5 9 16 .5 5 3 2 0 .4 9 0 4 2 2 1 .2 2 2 3 7

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

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

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

0 .7 5 4 0 — — 2 4 .4 3 8 0 9 —

1 5 1 3 .7 7 7 1 9 1 7 .6 7 9 1 2 5 .5 3 1 6 2 9 .0 6 2 7 2

1 1 0 1 4 .9 8 6 1 7 1 9 .2 7 7 1 2 2 6 .2 8 2 4 1 2 8 .1 8 3 9 4

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

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

1 4 0 — — 2 7 .6 2 3 3 7 —

2 5 1 6 .2 7 2 7 8 2 2 .7 5 2 1 1 2 8 .5 0 4 6 4 2 5 .8 8 1 5 7

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

2 2 0 1 9 .9 4 3 4 1 2 4 .3 3 8 1 6 3 0 .5 8 3 8 1 2 8 .3 2 0 2 1

2 3 0 2 0 .4 3 3 2 3 2 6 .1 5 1 6 4 3 2 .5 2 0 9 1 2 4 .5 7 4 3 3

2 4 0 — — 3 0 .5 3 1 2 5 —
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%NaOH time(min)
Glucose(g/L)

60 °c 80 °c 100  ° c 120 ๐c
3 5 16.83793 18.03171 23.43332 28.69463
3 10 19.11521 21.4888 24.12222 29.00808
3 20 20.58978 27.58698 30.14113 24.89909
3 30 20.71136 28.79714 32.70288 21.92731
3 40 — — 31.64322 —

Table B2 T o ta l su ga r  p ro d u ced  from  e n z y m a tic  h y d r o ly s is  o f  p retreated  c o m  co b s .

%NaOH time(min) Total sugar (g/L)
60 °c 80 °c 100  ° c 120  °c

0 5 10.97833 14.45323 13.23152 11.50535
0 10 11.14087 14.16356 11.3161 11.67667
0 20 12.27033 14.61568 12.88947 12.68416
0 30 12.33564 15.00299 11.91532 12.26595
0 40 — — 11.70928 —

0.75 5 17.70473 21.74537 30.625 33.22271
0.75 10 18.378 23.23229 34.49888 39.0267
0.75 20 19.41281 22.58141 35.1195 33.15632
0.75 30 19.27732 30.32762 35.74125 30.40006
0.75 40 — — 36.37012 —

1 5 18.63193 23.59948 37.13343 39.48754
1 10 19.696 25.33247 38.12337 40.25582
1 20 20.66845 23.74201 39.17178 34.23544
1 30 21.83925 32.17321 40.69488 30.96744
1 40 — — 40.9058 —



% N a O H tim e (m in )
T o t a l  s u g a r  ( g /L )

60 °c นOO0
0 1 0 0 ๐ c 120 ° c

2 5 23.34057 30.90422 40.04875 36.25031
2 10 20.93682 34.6932 39.44466 39.7752
2 20 26.04626 33.05928 42.85034 37.03061
2 30 26.80584 36.66956 45.60271 34.30326
2 40 — — 44.71757 —

3 5 23.15645 23.18557 31.73111 38.96563
3 10 24.45071 30.23255 33.06957 38.97319
3 20 26.43469 35.52239 40.43325 31.43203
3 30 26.44558 40.71544 42.98738 27.94916
3 40 - — 43.54283 —
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