
R E S U L T S  A N D  D I S C U S S I O N
C H A P T E R  IV

4 .1  R ic e  B r a n  L ip a s e  E x t r a c t io n ,  P u r i f ic a t io n  a n d  A c t iv i t y

T h e  p u r i f ic a t io n  o f  T h a i  R B L  w a s  c a r r ie d  o u t  in  th r e e  s te p s ,  i .e .,  
e x t r a c t io n  ( S te p  I) , f r a c t io n a t io n  w i th  a m m o n iu m  s u l f a te  ( S te p  I I ) ,  a n d  
D E A E - c e l lu lo s e  c o lu m n  c h r o m a to g r a p h y  ( S te p  I I I ) .  A s  s u m m a r iz e d  in  T a b le
4 .1 ,  th e  “ c r u d e  e x t r a c t”  w ith  s p e c if ic  a c t iv i ty  2 1 .9  m U /m g  w a s  o b ta in e d  f ro m  
e x t r a c t io n  s te p .  T h e  c ru d e  e x t r a c t  w a s  f u r th e r  p u r i f ie d  b y  f r a c t io n a t io n  w ith  
a m m o n iu m  s u l f a te  to  o b ta in  “ c r u d e  R B L ” w ith  th e  s p e c i f ic  a c t iv i ty  2 3 2 .1  
m U /m g .  In  o r d e r  to  o b ta in  “ c ru d e  R B L  s o l id ” , th e  ly o p h i l iz a t io n  w a s  
a p p l ie d .  G e n e r a l ly ,  th e  a c t iv i ty  o f  e n z y m e  is  s ig n i f ic a n t ly  d e c r e a s e d  b e c a u s e  
o f  th e  e n z y m e  d é n a tu r a t io n  d u r in g  ly o p h i l iz a t io n .  In  th e  p r e s e n t  c a s e ,  th e  
s p e c i f ic  a c t iv i ty  w a s  d e c r e a s e d  fo r  a  h a l f  to  b e  1 2 2 .6  m U /m g .

T a b le  4 .1  T y p ic a l  d a ta  in  R B L  p r e p a r a t io n  p r o c e s s ,  u s in g  1 0 0 0  g  o f  r ic e  
b r a n  a s  a  s ta r t in g  m a te r ia l

S te p  o f  
p u r i f ic a t io n

I te m
C ru d e  e x t r a c t  

(S te p  I)
C ru d e  R B L  

(S te p  II)
P u r i f ie d  R B L  

( S te p  I I I )

V o lu m e  ( m L ) 1 0 1 0 .0 6 2 .0 1 2 8 .0
A c t iv i ty  ( m U /m L ) 169.1 1 1 1 1 .6 4 0 0 .0
T o ta l  a c t iv i ty  (บ ) 1 7 0 .7 6 8 . 8 5 1 .2
P r o te in  ( m g /m L ) 7 .7 4 .8 0 . 6
S p e c i f ic  a c t iv i ty 2 1 .9 2 3 2 .1 6 6 7 .8
( m U /m g )
O v e r a l l  y ie ld  (% ) 1 0 0 .0 4 0 .3 3 0 .0
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T h e  c r u d e  R B L  w a s  p u r i f ie d  b y  D E A E - c e l lu lo s e  c o lu m n  
c h r o m a to g r a p h y .  F ig u r e  4 .1  s h o w s  th e  p r e s e n c e  o f  e n z y m e  a n d  th e  
h y d r o ly t ic  a c t iv i ty  b e lo n g in g  to  e a c h  f r a c t io n  a f te r  p u r i f ic a t io n .  T h e  
p r e f e r r e d  l ip a s e  w a s  d e te c te d  f ro m  h y d r o ly t ic  a c t iv i ty  a n d  fo u n d  a t  th e  
f r a c t io n  n u m b e r  2  to  4 0  a m o n g  v a r io u s  e n z y m e  f r a c t io n s .  A f te r  c o l le c t in g  
th e s e  f r a c t io n s  to g e th e r ,  th e  s p e c i f ic  a c t iv i ty  o f  p u r i f ie d  R B L  w a s  d e te r m in e d  
to  b e  6 6 7 .8  m U /m g .  T h e  a c t iv i ty  w a s  f o u n d  to  b e  th i r ty  t im e s  h ig h e r  th a n  
th a t  o f  c r u d e  e x t r a c t  a n d  th re e  t im e s  h ig h e r  th a n  th a t  o f  c r u d e  R B L .
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F ig u r e  4 .1  P r e s e n c e  o f  R B L  a n d  h y d r o ly t ic  a c t iv i ty  o f  th e  f r a c t io n s  p u r i f ie d  
f r o m  D E A E - c e l lu lo s e  c o lu m n  c h r o m a to g r a p h y .



4 .2 .1  R ic e  B r a n  L ip a s e  I m m o b i l iz a t io n  v ia  P h y s i s o r p t io n  
In  o r d e r  to  o b ta in  im m o b i l iz e d  R B L  w ith  h ig h  a c t iv i ty ,  tw o  f a c to r s  

w h ic h  a re  th e  r a t io  o f  fu m e d  s i l ic a  to  R B L  a n d  ty p e s  o f  c a r r ie r  w e r e  s tu d ie d .

4 .2 .1 .1  E ffe c t o f  F u m e d  S ilica : R B L  R a tio  
T h e  r a t io  o f  fu m e d  s i l ic a  to  R B L  o n  p h y s i s o r p t io n  

im m o b i l iz a t io n  w a s  s tu d ie d  in  te r m s  o f  %  im m o b i l iz a t io n  a n d  im m o b i l iz e d  
R B L  a c t iv i ty  ( F ig u r e  4 .2 ) .  T h e  r a t io  w a s  v a r ie d  f ro m  1 :3 0  to  1 :5 0  g /m L . T h e  
%  im m o b i l iz a t io n  w a s  in c re a s e d  w h e n  in c r e a s in g  th e  a m o u n t  o f  e n z y m e .  A t 
th e  r a t io  o f  1 :4 0 , th e  im m o b i l iz a t io n  w a s  a c h ie v e d  fo r  3 7  % , w h ic h  w a s  c lo s e  
to  3 9  %  in  th e  c a s e  o f  1 :5 0 . T h is  im p l ie d  th a t  th e  im m o b i l iz a t io n  b y  
p h y s i s o r p t io n  m e th o d  m ig h t  b e  s a tu r a te d  a t  th e  r a t io  1 :40 .

4 .2  R ic e  B r a n  L ip a s e  I m m o b i l iz a t io n

Ratio of fumed silica ะ RBL / g/ml

F ig u r e  4 .2  P e r c e n t  im m o b i l iz a t io n  o f  R B L  o f  fu m e d  s i l ic a  a n d  c r u d e  R B L  
a t v a r io u s  r a t io s .
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4 .2 .1 .2  E ffe c t o f  C a rr ie r  T ypes
T h r e e  c a r r ie r  ty p e s ,  i .e . ,  fu m e d  s i l ic a ,  a lu m in a ,  a n d  c e l i te  o n  

%  im m o b i l i z a t io n  a n d  a c t iv i ty  w e r e  s tu d ie d .  A s  s h o w n  in  F ig u r e  4 .3 a )  a n d  
4 .3 b ) ,  f u m e d  s i l i c a  p r o v id e s  p h y s i s o r p t io n  a t 3 8  %  im m o b i l iz a t io n  w h i l e  th e  
a c t iv i ty  is  21  m U /m g ,  w h ic h  a re  h ig h e r  th a n  th o s e  o f  o th e r  c a r r ie r s .  T h is  
m ig h t  b e  e x p la in e d  in  t e r m s  o f  th e  p r o p e r t ie s  o f  e a c h  c a r r ie r ,  i .e . .  s u r f a c e  
a r e a ,  p o r e  s iz e ,  a n d  p H .

F u m e d  s i l i c a  h a s  th e  h ig h e s t  s u r f a c e  a re a ,  3 2 0  m 2/g ,  w i th  v e r y  s m a l l  
p o r e  s iz e ,  7 Â , c o m p a r in g  to  th a t  o f  a lu m in a ,  150  m 2/g ,  a n d  c e l i te ,  3 m 2/g , 
w h ic h  h a s  th e  p o r e  s iz e  5 0  Â  a n d  17 p m , r e s p e c t iv e ly .  T h u s ,  th e  
im m o b i l iz a t io n  v ia  p h y s is o r p t io n  o n  th e  s u r f a c e  c o u ld  fo rm  e f f e c t iv e ly  in  th e  
c a s e  o f  f u m e d  s i l ic a .  I t  s h o u ld  b e  n o te d  th a t  h ig h  %  im m o b i l iz a t io n  d o e s  n o t  
a lw a y s  g iv e  h ig h  a c t iv i ty .  C e l i te  g a v e  2 8  %  im m o b i l iz a t io n  w h i le  th e  
a c t iv i ty  w a s  o n ly  7 m U /m g . In  th is  c a s e ,  th e  a p p r o p r ia te  pFI o f  c a r r ie r  
s u r f a c e  fo r  l ip a s e  w a s  c o n s id e re d .  A iz o n o  e t a l  ( 1 9 7 3 )  r e p o r t e d  th a t  th e  p H  
s ta b i l i ty  o f  ja p o n ic a  R B L  w a s  in  th e  r a n g e  o f  4  to  9 . A l th o u g h  o u r  w o r k  w a s  
d e a l t  w i th  T h a i  R B L , w e  a s s u m e d  th a t  th e  s ta b i l i ty  o f  o u r  T h a i  R B L  b e  in  th e  
s a m e  r a n g e  a s  th a t  o f  ja p o n ic a  R B L . T h e  p H  o f  fu m e d  s i l ic a ,  a lu m in a ,  a n d  
c e l i te  s u r f a c e  a r e  5 , 6 , a n d  10, r e s p e c t iv e ly .  T h e  lo w  a c t iv i ty  o f  im m o b i l iz e d  
R B L  o n  c e l i te  m ig h t  c o m e  f ro m  th e  h ig h  p H  o f  th e  c e l i te  s u r f a c e ,  w h ic h  
in d u c e d  th e  e n z y m e  d é n a tu r a t io n  a f te r  R B L  w a s  in t r o d u c e d  to  th e  s u r f a c e .

4 .2 .2  R ic e  B r a n  L ip a s e  I m m o b i l iz a t io n  v ia  C o v a le n t  B o n d in g
F o r  p r a c t ic a l  u s e ,  th e  r e u s e  o f  c a ta ly s t  is r e q u i r e d  fo r  th e  p r o c e s s  d u e  

to  th e  e c o n o m ic  r e a s o n .  A l th o u g h  p h y s i s o r p t io n  im m o b i l iz a t io n  is  a  s im p le  
a n d  e a s y  m e th o d ,  th e  m a in  p r o b le m  is  th e  e a s e  o f  e n z y m e  d e s o r p t io n .  T h e  
c o v a le n t  im m o b i l iz a t io n  is  a n  a l te r n a t iv e  m e th o d .  T h u s ,  it is  o u r  in te r e s t  to  
s tu d y  th e  im m o b i l iz a t io n  v ia  c o v a le n t  b o n d in g  o f  T h a i  R B L  o n  th e  c a r r ie r .
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silica

Fumed Alumina Celite 
silica

Figure 4.3 a) P ercen t im m obilization  o f  R BL and b) hydro ly tic  activ ity  
o f  im m obilized  R B L , onto various types o f  carriers.
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S c h e m e  4 .1  P reparation  o f  S i-A PT E S-G lu

OH  
OH

F um ed silica
+ -------------- ►

O C H 2C H 3

H 3 H 2 C C ^ S i  — (C H 2 )3 —  N H 2 
O C H 2 C H 3

Si-A PTES

HC (C H 2 ) 3 CH
3-am in opropy ltrie tho xysilane  

(A P T E S ) G lu taraldehyde

° > . -  (C H 2 ) 3 —  n  
- o x  X O C H 2 C H 3

° X S i —  (C H 2 ) 3 —  N H ' 
- o '  X O C H 2 C H 3

,CH — (C H 2 ) 3— CH

S i-A PT E S-G lu

S c h e m e  4 .2  S chem atic draw  o f  R B L  im m obilization  v ia covalen t 
bonding

S i-A P T E S -G lu

Im m obilized  RBL
R B L
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Silica  is know n for the reactive surface and can be coup led  w ith  
o rganic  species easily. In the p resen t w ork, the covalen t bon d ing  betw een 
Thai R B L  and  silica  w as attem pted. F irst, the reactive silica  (S i-A PT E S-G lu) 
w as p repared  b y  m odifying the surface o f  the fum ed silica w ith  A P T E S  and 
g lu ta ra ldehyde  consequently  (Schem e 4.1). 3 -am inopropy ltrie thoxysilane  
(A P T E S ) w as used  as coupling agent, ow ing to  its good leav ing  group, the 
e thoxy group , w h ich  can be rem oved easily  by  reacting  w ith  hyd ro xy  group 
o f  the silica  surface. G lu taraldehyde w as used as a spacer to  connect R B L  to 
the m odified  silica  (S i-A PT E S) v ia  covalent bonding  be tw een  the am ino 
groups o f  enzym e and m odified  silica  (Schem e 4.2). T he successfu l o f  
su rface m odifica tion  w as evaluated by D R IF T -F T IR  and e lem ental analysis 
(E A )techn iques. By com paring the FT IR  spectrum  o f  the m od ified  silica  (Si- 
A P T E S ) to  the starting  m aterials (F igure 4.4), i.e., fum ed silica and A PT E S, 
the characteristic  peaks at 2984 c m '1 and 2888 c m '1 o f  C -H  stre tch ing  and at 
3290 c m '1 o f  N -H  stretching are identified. This im plied that S i-A P T E S  w as 
obtained.

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm'1

Figure 4.4 F T IR  spectra o f  (a) fum ed silica, (b) A P T E S , (c) S i-A P T E S  by 
D R IF T -F T IR .

T4G000244
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A fte r that, S i-A PTES w as further reacted w ith g lu tara ldehyde, as 
show n in F igu re  4.5 , the peak  o f  c = 0  stretching o f  a ldehyde group is 
observed  at 1720 cm ’1. This suggested  the successful coup ling  o f  aldehyde 
group on the su rface  o f  S i-A PTES. T he E A  result (Schem e 4 .3 ) in fo rm ed  the 
effic iency  o f  the su rface m odification . By vary ing  the am ount o f  S i0 2 (X 
value) to be coup led  on A P T E S -G lu , it w as found that the calcu la ted  c ,  H, 
and N  va lues are close to the found values w hen X  is equal to  20. In another 
w ords, every  20 m olecu les o f  S i0 2 w as bonded w ith  A P T E S -G lu  1 m olecule. 
T he reactive  silica, then, w as used as a carrier in covalen t im m obilization . 
B ecause  the a ldehyde group at the surface o f  reactive silica is reactive , it can 
be reacted  w ith  am ino group o f  the enzym e even at room  tem pera tu re . In 
o rder to  p reven t the enzym e dénaturation  and com pare the im m obilization  
e ffic iency  to  physisorp tion  m ethod, reaction  tim e w as done in the sam e 
condition , i.e., 1 h. It w as found that the im m obilization  w as ach ieved  50%  
and the activ ity  w as 9 m U /m g.

4.2.3 C om parison  o f  R ice B ran E ipase Im m obiliza tion  v ia  
P hysiso rp tion  and C ovalen t B onding 

T he im m obilized  R BL from  physisorp tion  and covalen t bon d in g  w ere 
com pared  in term s o f  % im m obilization  and activity. By considering  the % 
im m obilization , as show n in F igure 4.6a), covalen t bon d ing  give 50 % 
im m obilization , w hich  is h igher than physisorp tion  for 12 %. T his m igh t be 
because reac tiv e  silica had the abundant reactive groups on the surface, 
w h ich  reac ted  and form ed the covalent bonds w ith  enzym e m olecu les. In the 
case o f  phy sisorp tion , the desorption  easily  occurred, w hich  leaded  to  low  % 
im m obilization .

It is know n that enzym e show s the activity only at a certain  
conform ation . Flere, the covalent bond ing  o f  the enzym e occurred  at am ino 
group m ight m ake the conform ation changed.



27

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm1

F ig u r e  4.5 F T IR  spectra o f  (a) S i-A PTES, (b) g lu taraldehyde, and
(c) S i-A P T E S -G lu  by D R IFT-FTIR .

S c h e m e  4 .3  E lem ental analysis o f  S i-A PT E S-G lu

$ i — (C H 2 )3— Nt 
OCH2C H 3

ร เ— (CH2)3— N R  
O C H 2CH 3

ÎH — (CH2)
oÏÏ
CH

Si-A PT E S-G lu

X = 20 % c %  H %  N

Calcd. 1 1 . 6 6 2.07 1.81

Found 11.80 2.05 1.89
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a) 60

O 5 0  "

Physisorption

Physisorption

Covalent
bonding

Covalent
bonding

F ig u r e  4 .6  a) P ercen t im m obilization  o f  RJBL and hydro ly tic  activ ity  o f  
im m obilized  R B L, onto fum ed silica v ia physisorp tion  and covalen t 
bonding .



29

4.2 .4  E ffect o f  R ice B ran L ipase Purity  on Im m obiliza tion
C rude R B L  w as applied to  both physisorp tion  and covalen t bonding  

im m obiliza tion  onto fum ed silica. In addition to R B L, crude R B L  consists o f  
ano ther p ro te in s and m aterials as im purities, w hich are able to  b ind onto the 
carrier. I f  the am ount o f  im purities binded onto carrier is h ig h er than  that o f  
R B L , the im m obilized  R BL w ill give low activity.

In o rder to  im prove the activity  o f  im m obilized  R B L , the enzym e 
purity  w as considered . By using purified  enzym e, the possib ility  o f  enzym e 
b ind ing  onto  carrier is increased, since in this case, m ost p ro te in s b inded  onto 
carrier w ere  R B L . T he activity o f  im m obilized  silica w as im proved.

A s show n in F igure 4.7a) and 4.7b), %  im m obilization  o f  purified  
R B L from  physisorp tion  and covalent bonding  are still m ain ta ined , w hereas, 
the activ ity  o f  im m obilized  R BL w ith  m ore purity  from  both  im m obilization  
m ethods are im proved  about tw o tim es (F igure 4 .8a) and 4 .8b)), as com pared 
to  the case o f  crude enzym e. This inferred that the activ ity  im provem ent o f  
im m obilized  R B L  w as achieved by using the purified  enzym e.

4 .3  T h e r m a l  S t a b i l i t y  o f  R ic e  B r a n  L ip a s e  S o lid  in  T o lu e n e

Z ak and K libanov (1984) found that dry PPL  perfo rm ed  catalytic  
activ ity  for m any hours at 100°c  in organic m edia. It is an im portan t issue to 
use enzym e at e levated  tem perature because the reaction  rate is increased  due 
to  k inetic  effect. Thus, it is our in terest to find the range o f  tem perature  
w hich  T hai R B L still m aintained the activity.

T he therm al stability  o f  crude R BL solid  in to luene w as investigated  
by su spend ing  R B L  in to luene at various incubated  tem peratu re  for 24 h.

As a result, the activity of immobilized RBL via covalent bonding (9
mU/mg) was lower than that via physisorption (21 mU/mg) (Figure 4.6b)).
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b) 60

Crude RBL Purified RBL
F ig u r e  4 .7  P e rc e n t im m o b iliz a tio n  o f  c ru d e  an d  p u r if ie d  R B L  o n to  
fu m e d  s ilic a  v ia  a) p h y s iso rp tio n  an d  b) c o v a le n t b o n d in g .
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Crude RBL Purified RBL
F ig u r e  4 .8  H y d ro ly tic  ac tiv ity  o f  im m o b iliz e d  R B L  o b ta in e d  fro m  
im m o b iliz a tio n  w h e n  u s in g  c ru d e  an d  p u r if ie d  R B L  in th e  c a ses  o f  
a) p h y s iso rp tio n  an d  b ) c o v a le n t b o n d in g .



3 2

T h e  th e rm a l s ta b ility  o f  c ru d e  R B L  so lid  an d  th a t o f  c o m m e rc ia l  c ru d e  
P P L  a re  sh o w n  in  F ig u re  4 .9 . O n ly  22  %  o f  th e  R B L  a c tiv ity  w a s  d e c re a se d  
w h e n  in c re a s in g  te m p e ra tu re  u p  to  100°c, w h e re a s  a c tiv ity  o f  P P L  w as 
d e c re a se d  u p  to  28 % . T h is  su g g e s te d  th a t th e  th e rm a l s ta b il i ty  o f  T h a i R B L  
b e  as h ig h  as c o m m e rc ia l lip a se . A iz o n o  et al. (1 9 7 3 ) re p o r te d  th a t, in 
a q u e o u s  s o lu tio n , th e  R B L  a c tiv ity  d e c re a se d  d ra m a tic a lly  a b o v e  40°c an d  
d e n a tu re d  c o m p le te ly  a t 60°c. In  o u r case , T h a i R B L  w a s  tre a te d  in  o rg a n ic  
m e d ia  a n d  fo u n d  th e  a c tiv ity  w as  m a in ta in e d  ev en  a t 100°c. T h is  im p lie d  
th a t  T h a i R B L  co u ld  b e  u se d  as a c a ta ly s t in  o rg a n ic  m e d ia  fo r 
p o ly e s te r if ic a t io n  a t h ig h  te m p e ra tu re  w ith  a c o n s id e ra b le  a c tiv ity .

100 r

>
๐(ซิ
>
(ซ
0
ûE

-J______ I--------------1------------- 1-----------------1
20 40 60 80 100

Temperature / ° c

F ig u r e  4. 9 T h e rm a l s ta b ility  o f  tw o  ty p e s  o f  l ip a se  in  to lu e n e : o )  free  R B L ;
a n d  •  ) P P L .
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4 .4  R ic e  B r a n  L ip a s e - C a t a ly s e d  P o ly e s t e r if ic a t io n

4 .4 .1  R ic e  B ra n  L ip a se -C a ta ly se d  P o ly e s té rif ic a tio n  
T h e  p o ly m e riz a tio n  o f  ad ip ic  ac id  an d  1 ,4 -b u ta n ed io l (S c h e m e  4 .4 ) 

w ith  R B L  c a ta ly s t  w a s  p e rfo rm e d  u n d e r v a r io u s  re a c tio n  te m p e ra tu re s  and  
tim e s .

S c h e m e  4 .4  P o ly m e riz a tio n  o f  ad ip ic  ac id  and  1 ,4 -b u ta n ed io l

T h e  F T IR  o f  s ta r tin g  m o n o m e rs  an d  th e  o b ta in e d  p ro d u c t a re  
c o m p a re d , as  sh o w n  in  F ig u re  4 .1 0 . T h e  o b ta in e d  p ro d u c t sh o w s  th e  
c h a ra c te r is tic  p e a k  at 1745 c m ' 1 b e lo n g in g  to  c = 0  s tre tc h in g  o f  e s te r 
c o m p o u n d . F ig u re  4.11 sh o w s th e  p ro to n  re so n a n c e s  a t Ô 2.31 an d  4 .1 6  p pm , 
a s s ig n e d  to  m e th y le n e  a d ja c en t to  e s te r if ie d  o x y g en  ( -C H 2O C O -) and  
m e th y le n e  a d ja c e n t to  e s te r if ie d  c a rb o n y l (-C H 7C O O -), re sp e c tiv e ly . In  
a d d itio n  to  th e se  2  p ea k s , th e  m u ltip le t ly in g  b e tw e e n  Ô 1 .6 - 1 . 8  p p m  re fe rre d  
to  th e  m e th y le n e  ( -C H 2-) o f  1 ,4 -bu ty l an d  a d ip a te  m o ie tie s . T h e  re su lts  from  
F T IR  an d  ’H -N M R  im p lie d  th a t p o ly ( 1 ,4 -b u ty l a d ip a te )  w a s  o b ta in e d .

T h e  m o le c u la r  w e ig h t o f  th e  o b ta in e d  p o ly e s te r  w a s  d e te rm in e d  b y  gel 
p e rm e a tio n  c h ro m a to g ra p h y  (G P C ) b ased  o n  p o ly s ty re n e  s ta n d a rd s . A s 
sh o w n  in  F ig u re  4 .1 2 , th e  m o le c u la r  w e ig h t o b ta in e d  fro m  all o f  re a c tio n s  are
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4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm ' 1

F ig u r e  4 .1 0  F T IR  sp e c tra  o f  (a ) ad ip ic  ac id , (b ) 1 ,4 -b u ta n ed io l, an d  
(c ) th e  o b ta in e d  p ro d u c t.

F ig u r e  4 .11  'H -N M R  sp e c tru m  o f  p o ly ( 1 ,4 -b u ty l a d ip a te ).
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F ig u r e  4 .1 2  G P C  c h ro m a to g ra m  o f  p o ly ( 1 ,4 -b u ty l a d ip a te ).

Reaction time / day
F ig u r e  4 .1 3  M o le c u la r  w e ig h t ra tio  o f  th e  o b ta in e d  p ro d u c t w h e n  the  
re a c tio n  p ro c e e d e d  at v a rio u s  re a c tio n  te m p e ra tu re s : o  ) 30°C;# ) 40°C; 
A ) 60°C; A) 80°C; and  □  ) 100°c.
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f o u n d  in  tw o  g r o u p s  o f  m o le c u la r  w e ig h t ,  i .e .,  5 2 7  (ท= 3 )  a n d  1 839 (ท=9), 
w ith  a  n a r r o w  p o ly d is p e r s i ty  ( 1 .3 - 1 .4 ) .  T h e  e f f e c ts  o f  r e a c t io n  t e m p e r a tu r e  
a n d  t im e  o n  th e  m o le c u la r  w e ig h t  o f  th e  o b ta in e d  p r o d u c t  w e r e  s tu d ie d .  
F ig u r e  4 .1 3  s h o w s  th a t  a t 3 0 °  a n d  4 0 ° c , th e  m o le c u la r  w e ig h t  r a t io  d e c r e a s e s  

a lo n g  th e  r e a c t io n  t im e  b u t  in c r e a s e s  w h e n  th e  r e a c t io n  w a s  o p e r a te d  a t  6 0 ° , 

80°, a n d  1 0 0 °c . T h is  m ig h t  b e  b e c a u s e ,  a t lo w  te m p e r a tu r e ,  th e  w a te r  b y ­
p r o d u c t  w a s  r e m a in e d  o r /a n d  in c re a s e d  c o n t in u o u s ly  in  th e  r e a c to r .  T h e  
r e v e r s e  r e a c t io n  o r  h y d r o ly s is ,  th u s ,  w a s  s ig n i f ic a n t .  H o w e v e r ,  a t h ig h  
te m p e r a tu r e ,  th e  k in e t ic  r a te  o f  r e a c t io n  in c r e a s e d  a s  w e l l  a s  w a te r  w a s  
e v a p o r a te d  f ro m  th e  s o lu t io n .  A s  a  r e s u l t ,  th e  e q u i l ib r iu m  o f  h y d r o ly s i s  a n d  
e s te r i f i c a t io n  w a s  s h if te d  to  e s te r i f ic a t io n  d ir e c t io n ,  le a d in g  to  th e  h ig h  
m o le c u la r  w e ig h t .

4 .4 .2  R ic e  B ra n  L ip a s e - C a ta ly s e d  P o ly e s té r i f ic a t io n  v ia  p o ly o l
U p  to  n o w . th e  m o s t  r e p o r te d  p o ly e s te r  s y n th e s e s  w i th  l ip a s e  c a ta ly t ic  

s y s te m  h a v e  b e e n  c a r r ie d  o u t  b y  u s in g  tw o  m o n o m e r s .  P o ly e s te r i f i c a t io n  
f ro m  m o n o m e r  a n d  p o ly m e r ,  th u s ,  is  a n  in te r e s t in g  p o in t  to  s tu d y  th e  l ip a s e  
r e a c t iv i ty  a n d  to  o b ta in  lo n g  c h a in  p o ly m e r .

P o ly e s te r i f i c a t io n  v ia  p o ly m e r  c h a in  w a s  c a r r ie d  o u t  b y  u s in g  a d ip ic  
a c id  a n d  p o ly ( e th y le n e  g ly c o l)  M W  2 0 0  a s  s ta r t in g  m a te r ia ls  in  R B L  c a ta ly s t  
s y s te m  ( S c h e m e  4 .5 ) .

S c h e m e  4 .5  P o ly m e r iz a t io n  o f  a d ip ic  a c id  a n d  p o l y e t h y l e n e  g ly c o l )
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T h e  s u c c e s s  o f  th e  r e a c t io n  w a s  o b s e r v e d  b y  th e  c = 0  p e a k  o f  e s te r  
c o m p o u n d  a t  a b o v e  1 7 2 0  c m ’1. C o m p a r in g  th e  F T I R  s p e c t r u m  o f  th e  
o b ta in e d  p r o d u c t  to  th e  s p e c t r a  o f  a d ip ic  a c id  a n d  P E G  ( F ig u r e  4 .1 4 ) ,  th e  
o b ta in e d  p r o d u c t  s h o w s  th e  p e a k  a t 1 7 4 7  c m '1.

F ig u r e  4 .1 5  s h o w s  'H - N M R  s p e c t r u m  o f  th e  o b ta in e d  p r o d u c t  
d i s p la y in g  th e  p e a k  a t  5 4 .1 5  p p m  a s s ig n e d  to  m e th y le n e  a d ja c e n t  to  

e s te r i f i e d  o x y g e n  ( - C H 2O C O -)  a n d  5  2 .2 8  p p m  a s s ig n e d  to  m e th y le n e  
a d ja c e n t  to  e s te r i f i e d  c a b o n y l  ( -C F E C O O -) .  A d d i t io n a l ly ,  th e  p r o to n  
r e s o n a n c e  o f  m e th y le n e  ( - C H 2-)  f ro m  a d ip a te  m o ie ty  w a s  a p p e a r e d  a t  5  1 .5 9  
p p m  w h i l e  th a t  o f  m e th y le n e  a d ja c e n t  to  o x y g e n  ( -C F E O -)  f ro m  P E G  m o ie ty  

w a s  o b s e r v e d  a t  Ô 3 .6 2 . T h u s ,  i t  w a s  c la r i f ie d  th a t  p o ly ( p o ly ( e th y le n e  g ly c o l)  
a d ip a te )  w a s  o b ta in e d .

T h e  m o le c u la r  w e ig h t  o f  th e  o b ta in e d  p o ly e s te r  w a s  d e te r m in e d  b y  g e l 
p e r m e a t io n  c h r o m a to g r a p h y  (G P C ) ,  u s in g  p o ly s ty r e n e  s ta n d a r d s  c u rv e .  
F ig u r e  16 s h o w s  tw o  g ro u p s  o f  m o le c u la r  w e ig h t  id e n t i f ie d ,  i .e . ,  1 7 9 5  (ท= 6 )  
a n d  5 0 8  (ท= 2 ) .  C o n s id e r in g  F ig u r e  4 .1 2  a n d  4 .1 6 ,  it c a n  b e  c o n c lu d e d  th a t  
T h a i  R B L  h a s  a  l im i t  o f  p o ly e s te r  c h a in  p r o d u c t io n  to  p r o d u c e  p o ly e s te r  a t 
M W  ~  1 8 0 0 , w h ic h  m a y  b e  d u e  to  th e  s p e c i f ic  c h a r a c te r i s t i c  a c t iv e  s i te  o f  
T h a i  R B L .  F ig u r e  4 .1 7  s u g g e s ts  th a t  th e  r e a c t io n  d e p e n d  o n  th e  t im e  a n d  
te m p e r a tu r e .  T h e  r a t io  o f  h e x a m e r :d im e r  in c r e a s e d  a lo n g  th e  r e a c t io n  t im e  

w h e n  th e  r e a c t io n  w a s  o p e r a te d  a t  h ig h  t e m p e r a tu r e  (6 0 ° , 80°, a n d  1 0 0 °C ) . 
T h is  r e s u l t  s h o w e d  th e  s a m e  t r e n d  to  p o ly e s te r i f i c a t io n  o f  a d ip ic  a c id  a n d  1 ,4 - 
b u ta n e d io l .
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Wavenumber / cm ' 1

F ig u r e  4 .1 4  F T I R  s p e c t r a  o f  ( a )  a d ip ic  a c id ,  (b )  p o l y e t h y l e n e  g ly c o l ) ,  

a n d  ( c )  th e  o b ta in e d  p ro d u c t .

oII
- C H 2- C H 2- C H 2- C H 2- C - O - C H 2- C H 2- O - C H 2- C H 2- O - C H 2- C H 2- 0 - C H 2- C H 2-

12.0 10.0 8.0 6.0 4.0 2.0 0.0
6  / ppm

F ig u r e  4 .1 5  'H - N M R  s p e c t r u m  o f  p o ly ( p o ly ( e th y le n e  g ly c o l )  a d ip a te ) .
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F ig u r e  4 .1 6  G P C  c h r o m a to g r a m  o f  p o ly ( p o ly ( e th y le n e  g ly c o l )  a d ip a te ) .

Reaction time / day
F ig u r e  4 .1 7  M o le c u la r  w e ig h t  r a t io  o f  th e  o b ta in e d  p r o d u c t  w h e n  th e  

r e a c t io n  p r o c e e d e d  a t  v a r io u s  re a c t io n  te m p e r a tu r e s :  o )  30°C; • )  40°C; 
A ) 60°C ; ▲  ) 80°C; a n d  □  ) 100 °c .
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