
C H A P T E R  III  
E X P E R I M E N T A L

3 .1  M a t e r ia l s

F re sh  r ic e  b ran  w as p u rc h a se d  from  M a n a th a n y a  P h a n ic h  C o ., L td . 
R ic e  b ra n  o il w a s  a p ro d u c t from  T h a i E d ib le  O il C o ., L td . P h e n o lp h th a le n e , 
p o ta s s iu m  h y d ro g e n  p h th a la te , d ip o ta ss iu m  h y d ro g e n  p h o sp h a te , an d  s ta n d a rd  
b u f fe r  p H  4 , 7 , and  10 w ere  o b ta in e d  fro m  A ja x  C h e m ic a ls , U S A . 
A m m o n iu m  su lfa te  w as  o b ta in e d  from  A ja x  C h e m ic a ls , U S A , an d  g ro u n d  by  
m o rta r  b e fo re  u se . A d ip ic  ac id , p o ta ss iu m  d ih y d ro g e n  p h o sp h a te , so d iu m  
c h lo rid e , iso p ro p y l e th e r, 1 ,4 -b u tan ed io l, p o ly (e th y le n e  g ly c o l)  M W  2 0 0  and  
6 0 0 0 , c e lite  5 4 5 , and  a lu m in a  w ere  p u rc h a se d  from  F lu k a , S w itz e rla n d . 
A c e to n e , to lu e n e  an d  te tra h y d ro fu ra n  w ere  b o u g h t fro m  J.T . B a k e r, U S A . 
H e x a n e , a b s o lu te  e th an o l, c a lc iu m  c h lo rid e , so d iu m  h y d ro x id e , an d  fu m ed  
s ilic a  w e re  o b ta in e d  from  A ld rich , U S A . D E A E -c e llu lo se , a n d  p o rc in e  
p a n c re a tic  l ip a se  (P P L ) w ere  p u rch a se d  from  S ig m a , U S A .

3 .2  E q u ip m e n t

3.2.1  F o u r ie r  T ra n sfo rm  In fra red  S p e c tro p h o to m e te r  (F T IR )
FTIR spectra were obtained from VECTOR 22 Bruker Spectrometer

equipped with deuterated triglycine sulfate (DTGS) detector. An absorbance
mode was used with 64 scans and 4 cm'1 resolution.
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3 .2 .2  U ltra v io le t-V is ib le  S p e c tro p h o to m e te r  (U V -V is )
R ic e  b ra n  lip a se  so lu tio n  an d  its c o n c e n tra tio n  w e re  q u a lita tiv e ly  an d  

q u a n ti ta t iv e ly  a n a ly z e d  by  a L a m b d a -16 U V -V is  sp e c tro p h o to m e te r , P e rk in - 
E lm e r.

3 .2 .3  G el P e rm e a tio n  C h ro m a to g ra p h y  (G P C )
G P C  c h ro m a to g ra m s  w e re  p e rfo rm e d  by  W a te rs  G P C  6 0 0 E  a tta c h e d  

w ith  R I (W a te rs  4 1 0 ) and  uv d e te c to rs  (W a te rs  4 8 6 ). T h re e  c o lu m n s , 
S ty ra g e l H R  0 .5 , H R  4E , and  H R  5E  w e re  c o n n e c te d  in se rie s  an d  u se d  w ith  
H P L C  g ra d e  T H F  as th e  e lu en t. T h e  flo w  ra te  w as  m a in ta in e d  a t 1 m L /m in  
th ro u g h o u t th e  e x p e rim e n t. R e fra c tiv e  in d e x  d e te c to r  w a s  u se d  fo r 
d e te rm in a tio n  th e  m o le c u la r  w e ig h t o f  p o ly es te r .

3 .2 .4  H ig h  S p eed  R e frig e ra te d  C e n tr ifu g e
A  h ig h  sp e e d  re fr ig e ra te d  c e n tr ifu g e  (S o rv a l S u p e r T -2 1 )  w a s  u se d  fo r 

s e p a ra tio n  th e  r ic e  b ra n  p a r tic le s  an d  rice  b ra n  lip ase .

3 .2 .5  L v o p h iliz e r
T h e  r ic e  b ra n  lip ase  so lu tio n  w as ly o p h iliz e d  by  F le x i-D ry  F T S  sy s te m s  

fro m  S to n e  R id g e , N e w  Y o rk , U S A .

3 .2 .6  N u c le a r  M a g n e tic  R e so n a n c e  (N M R )
'H -N M R  sp e c tra  w ere  o b ta in e d  fro m  A C F  2 0 0  M FIz, B ru k e r, 

S w itz e rla n d . D e u te ra te d  c h lo ro fo rm  w as  u se d  as a so lv e n t. T h e  sa m p le s  
w ere  ta k e n  w ith  64  scans.



13

3 .2 .7  E le m e n ta l  A n a ly s is  (E A )
T h e  p e rc e n t  e le m e n ts  w e re  o b ta in e d  from  Y an a k o  C H N  C o rd e r  M T -3 , 

M T -5  w ith  c o m b u s tio n  te m p e ra tu re  950°c. T h e  sa m p les  w e re  ru n  u n d e r  H e  
(f lo w  ra te  2 0 0  m L /m in ) an d  0 2 (f lo w  ra te  20  m L /m in ).

3 .3  M e t h o d o lo g y

3.3.1  P re p a ra tio n  o f  R ice  B ran
F re sh  r ic e  b ra n  w as e x c lu d e d  fro m  b ro k e n  g ra in s , r ice  h u ll, an d  in se c ts  

by  35 m e sh  s ize  s ie v in g  m ach in e .

3 .3 .2  P u r if ic a tio n  o f  R ice  B ra n  L ip a se
3 .3 .2 .1  E xtraction  o f  L ipase fr o m  R ice B ran (Step I)
T h e  s ie v e d  r ic e  b ra n  (1 0 0 0  g) w as su sp e n d e d  in 3 .0  L  o f  10 m M  

c a lc iu m  c h lo r id e  an d  s tirre d  fo r  3 h  in  ice  b a th . T h e  R B L  so lu tio n  w as  
f ilte re d  to  re m o v e  r ic e  b ra n  p a r tic le s . T h e  tu rb id  so lu tio n  w a s  c e n tr ifu g e d  at 
4°c, 10 0 0 0  rp m  fo r 10 m in u te s . T h e  s lig h tly  tu rb id  su p e rn a ta n t w a s  o b ta in e d  
an d  d e s ig n a te d  as “ c ru d e  e x tra c t” .

3 .3 .3 .2  F ractiona tion  w ith  A m m onium  Sulfate (Step II)
A m m o n iu m  su lfa te  p o w d e r  w as g ra d u a lly  a d d e d  to  th e  c o n s ta n t

s tir r in g  o f  c ru d e  e x tra c t till 6 0 %  sa tu ra tio n . T h e  tu rb id  so lu tio n  w a s  left 
o v e rn ig h t. T h e  so lu tio n  w a s  c e n tr ifu g e d  a t 4°c, 15 0 00  rp m  fo r 10 m in u te s  to  
o b ta in  b ro w n  p re c ip ita te . T h e  p re c ip ita te  w a s  su sp e n d e d  in a sm all a m o u n t o f  
1 m M  c a lc iu m  c h lo rid e  so lu tio n  (~ 1 .5  m l). A m m o n iu m  su lfa te  w a s  re m o v e d  
b y  d ia ly s is  in 1.5 L  o f  1 m M  c a lc iu m  c h lo rid e  o v e rn ig h t in ice  b a th . T h e  
so lu tio n  w a s  c e n tr ifu g e d  a t 4°c, 15 0 0 0  rp m  fo r 10 m in u te s . T h e  c le a r  
su p e rn a ta n t w a s  d e s ig n a te d  as “ c ru d e  R B L  so lu tio n ” . C ru d e  e n z y m e  so lu tio n



1 4

w as  d ried  b y  ly o p h iliz in g  to  o b ta in  R B L  so lid . T h e  so lid  w as  s to re d  a t 4°c 
u n til u se .

3 .3 .2 .3  D iethylam inoethyl(D E A E )-cellu lose  C olum n  
C hrom atography (Step III)

“ T h e  p u r if ie d  R B L ” w as  o b ta in e d  as fo llo w s . T h e  c ru d e  e n z y m e  
so lu tio n  w a s  d ia ly z e d  in 10 m M  p h o sp h a te  b u ffe r  c o n ta in in g  1 m M  c a lc iu m  
c h lo rid e , p H  7 .0  a t 4°c fo r 1 day . A fte r  rem o v a l o f  th e  in so lu b le  p a r tic le s  by  
c e n tr ifu g a tio n , th e  su p e rn a ta n t w as tre a te d  w ith  p o ly (e th y le n e  g ly c o l)  M W  
6 0 0 0  to  re m o v e  w a te r  u n til the  v o lu m e  w as 5 m L . T h e  c o n c e n tra te d  c ru d e  
e n z y m e  w as  a p p lie d  o n to  a D E A E -c e llu lo se  co lu m n  (20<t> m m  X  150 m m ) 
w h ic h  w a s  e q u ilib ra te d  w ith  pH  7 .0  b u ffe r  (1 0  m M  p h o sp h a te  c o n ta in in g  1 
m M  c a lc iu m  c h lo rid e ) . T h e  sam e  b u ffe r  w as  u sed  as a m o b ile  p h a se  an d  the  
c o lu m n  w a s  o p e ra te d  w ith  a flow  ra te  1 m L /m in .

T h e  c o lle c tio n  o f  e n z y m e  w as  d o n e  by th e  fo llo w in g  s te p s . T h e  sa m p le  
w as  tak e n  fo r  5 m L  in tu b es . E ach  tu b e  w as  a n a ly z e d  fo r th e  p ro te in  a m o u n t 
by  m e a s u r in g  th e  a b so rb a n c e  at 280  n m . T h e  a c tiv ity  o f  each  fra c tio n  w as 
m e a su re d . S im ila rly , th e  m o b ile  p h a se  w as  c h a n g e d  ag a in  to  p H  7 .0  b u ffe r  
(1 0 0  m M  p h o s p h a te  co n ta in in g  1 m M  c a lc iu m  c h lo rid e )  a f te r  a n o th e r 
d e c re a s in g  o f  th e  a b so rb a n c e  at 2 8 0  n m  w as  d e te c te d . F in a lly , th e  co lu m n  
w a s  w a sh e d  w ith  p H  7 .0  b u ffe r  (1 0 0  m M  p h o sp h a te  c o n ta in in g  1 M  so d iu m  
c h lo r id e  a d d itio n a lly  to  1 m M  ca lc iu m  c h lo rid e )  a f te r  all o f  e n z y m e  w as 
c o lle c te d . T h e  frac tio n s  h av in g  ac tiv ity  w ere  co llec te d  to g e th e r  an d  u se d  as 
“ p u r if ie d  R B L ” .

3 .3 .3  R ice  B ran  L ip a se  Im m o b iliz a tio n
3 .3 .3 .1  Rice Bran L ipase Im m obiliza tion  via P hysisorp tion  

F u m e d  silica , a lu m in a  o r c e lite  w as ch o sen  as a c a rrie r. T h e  
c ru d e  R B L  so lu tio n  (30 , 4 0 , and  50 m L ) o r p u r if ie d  R B L  so lu tio n  (4 0  m L ) 
w as  m ix ed  w ith  th e  c a rr ie r  (1 g) in a 2 5 0  m L  flask . T h e  su sp e n s io n  w as
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sh a k e n  at ro o m  te m p e ra tu re  fo r 1 h. T h e  im m o b ilize d  R B L  w as  c e n tr ifu g e d  
a t 4°c, 15 0 0 0  rp m  fo r 5 m in u te s  to  e x c lu d e  e x cess  R B L  so lu tio n . A fte r  
w a sh in g  w ith  50 m M  p h o sp h a te  b u ffe r, p H  7 .0 , the  im m o b iliz e d  R B L  w as  
d ried  u n d e r  v a c u u m  at ro o m  te m p e ra tu re  and  s to red  at 4°c u n til u se .

3 .3 3 .2  R ice Bran L ipase Im m obiliza tion  via C ova len t B ond ing  
T o  a c tiv a te  fu m e d  s ilic a  su rface , fu m ed  s ilica  (4  g) w a s  re fu x e d  

in 2 0 0  m L  o f  3 -a m in o p ro p y ltr ie th o x y s ila n e  in to lu e n e  (5 %  v /v )  fo r  o v e rn ig h t. 
A f te r  f iltra tio n , th e  a c tiv a te d  s ilica  (S i-A P T E S ) w as w a sh e d  w ith  to lu en e , 
a c e to n e , an d  d is til le d  w a te r, re sp e c tiv e ly , and  d ried  at 5 0 ° c  fo r  o v e rn ig h t. 
T h e  o b ta in e d  s ilic a  (3 g) w as  ad d ed  to  60  m L  o f  g lu ta lra ld e h y d e  (5 %  v /v )  and  
the  re a c tio n  m ix tu re  w as  s tirre d  at ro o m  te m p e ra tu re  fo r 2 h. A f te r  w a sh in g  
w ith  d is tille d  w a te r , th e  a c tiv a te d  s ilic a -g lu ta ra ld e h y d e  (S i-A P T E S -G lu )  an d  
4 0  m L  o f  c ru d e  R B L  o r p u r if ie d  R B L  w ere  m ix ed  in 250 m L  fla sk . T h e  
m ix tu re  w a s  sh a k e n  at ro o m  te m p e ra tu re  fo r 1 h. T h e  im m o b iliz e d  R B L  w as 
c e n tr ifu g e d  a t 4 ° c .  15 000 rp m  fo r 5 m in u te s  to  e x c lu d e  e x c e ss  R B L  so lu tio n . 
T h e  im m o b iliz e d  R B L  w a s  w a sh e d  w ith  50 m M  p h o sp h a te  b u ffe r , p H  7 .0 , 
d ried  u n d e r  v a c u u m  at ro o m  te m p e ra tu re  and  s to re d  a t 4 ° c  u n til u se .

3 .3 .4  H y d ro ly tic  A c tiv ity  o f  R ice  B ra n  L ip a se
3 .3 .4 .1  H ydrolytic  A c tiv ity  o f  R ice Bran L ipase Solu tion  
R B L  a c tiv ity  w as  m e a su re d  by titra tio n  te c h n iq u e . A  r ic e  b ran  

oil so lu tio n  w as  p re p a re d  in a 250  m L  fla sk  from  th e  m ix tu re  o f  r ic e  b ra n  oil 
(1 m L ), 10 m M  c a lc iu m  c h lo rid e  (1 m L ), 0 .05  M  p h o sp h a te  b u f fe r  p H  7 .0  (4 
m L ), an d  d is til le d  w a te r  (2 m L ). T h e  so lu tio n  w as  h ea te d  to  35°c in s h a k in g  
b a th  fo r 15 m in u te s  and  th e  p re p a re d  R B L  so lu tio n  (2 m L ) w a s  a d d e d . T h e  
m ix tu re  w as  sh a k e n  at 35°c fo r 1 h, fo llo w e d  by a d d in g  a c e to n e :e th a n o l (1 :1 ) 
(20  m L ) to  te rm in a te  the  h y d ro ly tic  re a c tio n . T h e  so lu tio n  w a s  c e n tr ifu g e d  at 
10 0 0 0  rp m  fo r 10 m in u te s . T h e  fa tty  ac id  w as  d e te rm in e d  by  t i tra t in g  the
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a q u e o u s  p h a se  w ith  0 .05  N  so d iu m  h y d ro x id e  u s in g  p h e n o lp h th a le n e  as an  
in d ica to r . T h e  c h a n g in g  o f  pH  w as  a lso  c o n firm e d  by  a p H  m e ter. T h e  
p ro c e d u re s  w e re  re p e a te d  fo r th e  c o n tro l b a tch  w ith o u t th e  a d d itio n  o f  the  
R B L  so lu tio n . T h e  sp e c if ic  a c tiv ity  w a s  e v a lu a te d  fro m  th e  a v e ra g e  v a lu e s  o f  
th e  fa tty  a c id  in  m ic ro m o le  (p m o le )  u n it p e r  1 m in u te  p e r  m g  p ro te in , as 
sh o w n  in  e q u a tio n  (3 .1 );

S p e c if ic  a c tiv ity  (m U /m g ) =  a c tiv ity  (m U /m L ) (3 .1 )
a m o u n t o f  p ro te in  (m g /m L )

T h e  a m o u n t o f  p ro te in  w as d e te rm in e d  by  e q u a tio n  (3 .2 );

a m o u n t o f  p ro te in  (m g /m T ) =  ^ RBL (3 .2 )1%
^280

w h e re  A r b l  is a b so rb a n c e  at 280  n m  o f  rice  b ra n  lip ase  so lu tio n  
is m o la r  e x tin c tio n  c o e ff ic ie n t o f  r ice  b ran  lip ase

3 .3 .4 .2  H ydrolytic  A c tiv ity  o f  R ice B ran L ipase S o lid  
R ice  b ra n  lip ase  so lu tio n  w a s  p re p a re d  by  d is s o lv in g  2 0 0  m g  rice  

b ra n  lip a se  so lid  in 2 m L  d is tille d  w a te r. T h e  a c tiv ity  w a s  m e a su re d  as in
3 .3 .4 .1 .

3 .3 .4 .3  H ydrolytic  A c tiv ity  o f  Im m obilized  R ice B ra n  L ipase  
Im m o b iliz e d  ric e  b ran  lip ase  (1 0 0  m g ) w as  a d d e d  in to  r ic e  b ran  

o il so lu tio n  an d  th e  a c tiv ity  w as  m e a su re d  as in 3 .3 .4 .2 .

3 .3 .5  P e rc e n t Im m o b iliz a tio n  o f  R ic e  B ran  L ip a se  o n to  C a rr ie r  
P e rc e n t im m o b iliz a tio n  w as  d e te rm in e d  b y  c a lc u la tin g  th e  lo ss o f  rice  

b ran  lip ase  a c tiv ity  as the  e q u a tio n  sh o w n  in (3 .3 );
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%  Im m o b iliz a tio n  =  A 0 - A l (3 .3 )
Ao

w h e re  A 0 is r ic e  b ra n  lip ase  a c tiv ity  b e fo re  im m o b iliz a tio n  
A i is r ic e  b ra n  lip ase  a c tiv ity  a fte r  im m o b iliz a tio n

3 .3 .6  T h e rm a l S tab ility  o f  R ice  B ra n  L ip a se  S o lid  in  T o lu e n e
R ice  b ra n  lip ase  so lid  ( l g )  w as  a d d e d  in to  to lu e n e  (25  m L ) w h ic h  w as 

p re v io u s ly  h e a te d  a t v a r ie d  te m p e ra tu re s  (3 0 °, 4 0 ° , 60°, 80°, a n d  100 °C ). T h e  
m ix tu re  w a s  s tir re d  fo r 24  h . A fte r  f iltra tio n , rice  b ra n  lip a se  so lid  w a s  d ried  
u n d e r  v a c u u m  at ro o m  te m p e ra tu re . T h e  re m a in in g  a c tiv ity  w a s  m e a su re d  as 
๒ 3 .3 .4 .1 .

3 .3 .7  R ic e  B ra n  L ip a se -C a ta ly se d  P o ly e s té r if ic a tio n
3 .3 .7 .1  Rice Bran L ipa se-C ata lysed  P olyesterifica tion  
T w o  R B L  ca ta ly tic  sy s tem s  o f  p o ly m e riz a tio n  w e re  s tu d ie d . F o r 

th e  firs t sy s te m , an  e q u im o la r  a m o u n t o f  ad ip ic  ac id  (1 .4 6  g, 10 m m o le )  and
1 ,4 -b u ta n e d io l (0 .9  g, 10 m m o l) w e re  u se d  as s ta r tin g  m a te r ia ls . A d ip ic  ac id  
w a s  a d d e d  in to  to lu e n e  (50  m L ) fo llo w e d  by  R B L  (1 .1 8  g, 5 0 %  to ta l w e ig h t 
o f  s ta r t in g  m a te r ia ls )  and  1 ,4 -b u tan ed io l. T h e  m ix tu re  w a s  su sp e n d e d  in  th e  
so lv e n t a t v a r ie d  te m p e ra tu re s  (3 0 °, 4 0 ° , 6 0°, 80°, an d  100 °C ). W h e n  th e  
re a c tio n  tim e  h as  re a c h e d  1, 3, 5, an d  7 d ay s, th e  su sp e n s io n  w a s  f il te re d  to  
s e p a ra te  R B L  fro m  th e  so lu tio n  m ix tu re  an d  w a sh e d  th o ro u g h ly  w ith  to lu en e . 
T h e  c o lle c te d  so lu tio n  w as re m o v ed  o u t th e  so lv e n t to  o b ta in  c ru d e  p ro d u c t. 
T h e  c ru d e  p ro d u c t w a s  e x tra c ted  by  h ex a n e . T h e  h e x a n e  so lu tio n  w as  
e v a p o ra te d  to  g e t th e  p u r if ie d  p ro d u c t. T h e  p ro d u c t w a s  c h a ra c te r iz e d  by  
F T IR , 'H -N M R  an d  G P C .
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3 .3 .7 .2  R ice  B ra n  L ip a s e -C a ta ly s e d  P o ly e s te r if ic a tio n  v ia  
P o ly o l

A n  e q u im o la r  a m o u n t  o f  a d ip ic  a c id  (1 .4 6  g , 10 m m o le )  a n d  p o ly  
( e th y le n e  g ly c o l  ( 2 .0 0  g , 10 m m o l)  w a s  u s e d  a s  s ta r t in g  m a te r ia l  a n d  r ic e  b ra n  
l ip a s e  (1 .7 3  g , 5 0 %  to ta l  w e ig h t  o f  s ta r t in g  m a te r ia ls )  w a s  a p p l ie d  a s  a
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