
4 . 1  M i c r o e m u l s i o n  S t u d i e s  f o r  E s t e r i f i c a t i o n  R e a c t i o n

T h e  N a D E H P / i s o o c t a n e / w a t e r  m i c r o e m u l s i o n  s y s t e m  w a s  p r e p a r e d  b y  

m i x i n g  a p p r o p r i a t e  a m o u n t  o f  h e x a n o l  a s  a  c o s u r f a c t a n t  i n  i s o o c t a n e  c o n t a i n i n g  1 0 0  

m M  H D E H P  w i t h  1 0 0  m M  N a O H  i n  t h e  a q u e o u s  p h o s p h a t e  b u f f e r  ( 2 5 0  m M )  w i t h  

v a r y i n g  c o n c e n t r a t i o n s  o f  N a C l  f r o m  0  t o  4 . 0  M .  N a D E H P  w a s  f o r m e d  d u r i n g  t h e  

m i x i n g  o f  o r g a n i c  a n d  b r i n e  p h a s e s .  T h e  r e a c t i o n  c a n  b e  r e p r e s e n t e d  a s :

H D E H P  +  N a O H  ----------------- ►  N a D E H P  +  H 2 0  ( 4 . 1 )

4 . 1 . 1  P h a s e  T r a n s i t i o n :  E f f e c t  o f  S a l t  a n d  C o s u r f a c t a n t  

T h e  e f f e c t s  o f  s a l t  a n d  c o s u r f a c t a n t  c o n c e n t r a t i o n  o n  N a D E H P  w / o  

m i c r o e m u l s i o n  f o r m a t i o n  a r e  s h o w n  i n  F i g u r e  4 . 1 .  I t  w a s  f o u n d  t h a t  N a D E H P  

r e v e r s e  m i c e l l e s  w e r e  n o t  f o r m e d  w i t h o u t  a d d i n g  N a C l  o r  c o s u r f a c t a n t  t o  t h e  

m i c r o e m u l s i o n  s y s t e m .  I n c r e a s i n g  N a C l  a n d  c o s u r f a c t a n t  c o n c e n t r a t i o n  w a s  f o u n d  t o  

f a c i l i t a t e  t h e  f o r m a t i o n  o f  t h e  r e v e r s e  m i c e l l e s .  W h e n  N a C l  c o n c e n t r a t i o n  w a s  

f u r t h e r  i n c r e a s e d ,  t h e  s y s t e m  c h a n g e d  f r o m  W i n s o r  I I I  m i c r o e m u l s i o n  ( b i c o n t i n u o u s  

s t r u c t u r e )  t o  W i n s o r  I I  ( w a t e r  i n  o i l )  m i c r o e m u l s i o n .  W h e n  h e x a n o l  a s  a  c o s u r f a c t a n t  

w a s  a d d e d ,  w / o  m i c r o e m u l s i o n  w a s  f o r m e d  a t  l o w e r  N a C l  c o n c e n t r a t i o n .

0  m M  H e x a n o l  a s  a  c o s u r f a c t a n t

0 M  0 . 5  M  1 . 0  M  1 .5  M  2 . 0  M  2 . 5  M  3 . 0  M  3 . 5  M 4 . 0  M

►

[ N a C l ]
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2 0  111M  H e x a n o l  a s  a  c o s u r f a c t a n t

0 M  0 . 5  M  1 . 0  M

ะ ._____2 ะ =

-— '
------------ -

1 .5  M 2 . 0  M  2 . 5  M

[ N a C l ]

3 . 0  M  3 . 5  M  4 . 0  M  

 ►

4 0  n iV l H e x a n o l  a s  a  c o s u r f a c t a n t

0 M 0 . 5  M 1 . 0  M 1 .5  M  2 . 0  M  2 . 5  M 3 . 0  M

[ N a C l ]

3 . 5  M  4 . 0  M  

------------------- ►

5 0  r n M  H e x a n o l  a s  a  c o s u r f a c t a n t

0 M  0 . 5  M  1 . 0  M  1 .5  M  2 . 0  M  2 . 5  M  3 . 0  M  3 . 5  M  4 . 0  M

[ N a C l ]

►

F i g u r e  4 . 1  P h a s e  b e h a v i o r s  o f  N a D E H P / i s o o c t a n e / N a C l  a q u e o u s  s o l u t i o n  w i t h  

h e x a n o l  a s  a  c o s u r f a c t a n t  a t  v a r i o u s  c o n c e n t r a t i o n s  ( 3 5 ° c  a n d  p H  7 . 4 ) .
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4 . 1 . 2  W a t e r  c o n t e n t  a n d  m i c e l l a r  s i z e  i n  N a D E H P  พ / o  m i c r o e m u l s i o n  

A f t e r  r e v e r s e  m i c e l l e  w a s  f o r m e d ,  t h e  w a t e r  c o n t e n t  ( e x p r e s s e d  i n  t e r m s  o f  

t h e  w a t e r  t o  s u r f a c t a n t  m o l a r  r a t i o ,  พ ก )  a n d  r e v e r s e  m i c e l l a r  s i z e  ( R h )  i n  w / o  

m i c r o e m u l s i o n  ( t h e  u p p e r  p h a s e )  s y s t e m  o f  N a D E H P / i s o o c t a n e  w e r e  m e a s u r e d  b y  

c o u l o m e t e r  a n d  d y n a m i c  l i g h t  s c a t t e r i n g  ( D L S ) ,  r e s p e c t i v e l y ,  a t  v a r i o u s  N a C l  a n d  

s u b s t r a t e  c o n c e n t r a t i o n s  ( s e e  A p p e n d i x  A ,  T a b l e  A - l ,  A - 2 ) .  F i g u r e  4 . 2  p r e s e n t s  t h e  

r e l a t i o n s h i p  b e t w e e n  t h e  w a t e r  c o n t e n t  a n d  m i c e l l a r  s i z e .

5 0  ๅ

4 0  -

3 0  -

2 0  -

1 0  -

0  -  

0

A

A

J A

5  1 0  1 5  2 0

พ 0  1 [ H 2 0 ] / [ N  a D E H P ]

A

2 5  3 0

F i g u r e  4 . 2  T h e  r e l a t i o n  b e t w e e n  W o  a n d  t h e  h y d r o d y n a m i c  r a d i u s ,  R h  f o r  1 0 0  m M  

N a D E H P / i s o o c t a n e  r e v e r s e  m i c e l l e s  a t  3 5 ° c .

T h e  r e s u l t s  s h o w e d  t h a t  t h e  w a t e r / N a D E H P  m o l a r  r a t i o  ( พ ก ) ,  i s  d i r e c t l y  

p r o p o r t i o n a l  t o  t h e  s i z e  ( r a d i u s )  o f  d i s p e r s e d  w a t e r  d r o p l e t s  a s  a l s o  o b s e r v e d  b y  

H a y e s  a n d  G u l a r i  ( 1 9 9 0 ) .  I n  t h i s  s t u d y  t h e  r e v e r s e  m i c e l l a r  s i z e  ( R h )  d u r i n g  t h e  

r e a c t i o n  w a s  v a r i e d  i n  t h e  r a n g e  o f  4 . 6 - 1 9 . 5  n m  ( A p p e n d i x  A ) .

4 . 1 . 3  D e t e r m i n a t i o n  o f  W a t e r  c o n t e n t

4 . 1 . 3 . 1  E f f e c t  o f  s a l t  a n d  c o s u r f a c t a n t  c o n c e n t r a t i o n  o n  w a t e r  c o n t e n t  

T h e  m i c r o e m u l s i o n  s y s t e m s  o f  1 0 0  m M  N a D E H P / i s o o c t a n e /  

2 0 ,  4 0 ,  5 0  m M  h e x a n o l  a s  a  c o s u r f a c t a n t  p r e p a r e d  a t  v a r i o u s  c o n c e n t r a t i o n s  o f  N a C l  

f r o m  0 . 5  t o  4 . 0  M ,  w e r e  s t u d i e d  f o r  w a t e r  c o n t e n t  a n d  t h e  r e s u l t s  a r e  p r e s e n t e d  i n  

F i g u r e  4 . 3 .
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C o s u r f a c t a n t

F i g u r e  4 . 3  E f f e c t s  o f  N a C l  a n d  h e x a n o l  a s  a  c o s u r f a c t a n t  o n  w a t e r  c o n t e n t  o f  1 0 0  

m M  N a D E H P / i s o o c t a n e / 0 . 5 - 4 . 0  M  N a C l  ( a q ) .

T h e  r e s u l t s  s h o w e d  t h a t  t h e  w a t e r  t o  s u r f a c t a n t  m o l a r  r a t i o  

( พ ก )  d e c r e a s e d  a s  N a C l  c o n c e n t r a t i o n  i n c r e a s e d .  I n  t h e  s a m e  w a y ,  v a r y i n g  

c o n c e n t r a t i o n  o f  c o s u r f a c t a n t  f r o m  2 0  t o  5 0  m M  r e s u l t e d  i n  d e c r e a s i n g  w a t e r  c o n t e n t  

( F i g u r e  4 . 3 ) .  T h e  d e c r e a s e  i n  w a t e r  c o n t e n t  m i g h t  b e  d u e  t o  t h e  s c r e e n i n g  e f f e c t  o f  

N a C l ,  w h i c h  d e c r e a s e s  i o n i c  r e p u l s i o n  b e t w e e n  t h e  s u r f a c t a n t  h e a d  g r o u p s ,  l e a d i n g  t o  

c l o s e r  p a c k i n g  o f  h y d r o p h i l i c  h e a d  g r o u p  o f  t h e  s u r f a c t a n t  m o l e c u l e s  f o r m i n g  t h e  

r e v e r s e  m i c e l l e .  T o  c o m p a r e  t h e  e f f e c t s  o f  s a l t  a n d  c o s u r f a c t a n t ,  t h e  d e c r e a s e  i n  

w a t e r  c o n t e n t  d u e  t o  i n c r e a s i n g  t h e  a m o u n t  o f  N a C l  w a s  m o r e  p r o n o u n c e d  t h a n  

i n c r e a s i n g  t h e  a m o u n t  o f  c o s u r f a c t a n t .  V a r y i n g  s a l t  a n d  c o s u r f a c t a n t  c o n c e n t r a t i o n s  

c a n  b e  u s e d  t o  c o n t r o l  a  h y d r o d y n a m i c  r a d i u s  ( F i g u r e  4 . 2 )  a n d  a m o u n t  o f  w a t e r  

w h i c h ,  i n  t u r n , h a s

s i g n i f i c a n t  e f f e c t  t h e  e s t e r i f i c a t i o n  c a t a l y z e d  b y  l i p a s e  i n  r e v e r s e  m i c e l l e  

( A n u n u k u l p r a s e r t ,  2 0 0 1 ) .

A s  s a l t s  c a n  a f f e c t  o n  t h e  r e a c t i o n  r a t e  b y  d e c r e a s i n g  e n z y m e  a c t i v i t y ,  l o w  

c o n c e n t r a t i o n s  o f  s a l t  i n  t h e  r a n g e  o f  0 . 2 - 1 . 0  M  w e r e  u s e d  t o  f o r m  r e v e r s e  m i c e l l e s  

f o r  t h e  s u b s e q u e n t  e s t e r i f i c a t i o n  r e a c t i o n  i n  t h i s  s t u d y .  C o n s e q u e n t l y ,  a n  a p p r o p r i a t e  

a m o u n t  o f  c o s u r f a c t a n t  u s e d  w a s  s e t  a t  5 0  m M  ( F i g u r e  4 . 1 ) .
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T a b l e  4 . 1  E f f e c t s  o f  c a p r y l i c  a c i d  a n d  o l e i c  a c i d  o n  w a t e r  c o n t e n t  o f  w / o  

m i c r o e m u l s i o n  f o r m e d  b y  1 0 0  m M  N a D E H P / 5 0  m M  h e x a n o l  a s  a  c o s u r f a c t a n t  i n  

i s o o c t a n e / 0 . 5  M  N a C l  ( a q )

Water content was also found to depend on the substrate

concentration, especially fatty acid, as shown in Tables 4.1 and 4.2.

[ f a t t y  a c i d j ,  m M  

w i t h  7 5 m M  h e x a n o l

พ 0

n o  s u b s t r a t e 1 5 . 2

5 0  m M  c a p r y l i c  a c i d 9 . 1

5 0  m M  o l e i c  a c i d 8 . 3

7 5  m M  o l e i c  a c i d 7 . 6

1 5 0  m M  o l e i c  a c i d 4 . 6

T a b l e  4 . 2  E f f e c t  o f  h e x a n o l  o n  w a t e r  c o n t e n t  o f  พ / o  m i c r o e m u l s i o n  f o r m e d  b y  1 0 0  

m M  N a D E H P / 5 0  m M  h e x a n o l  a s  a  c o s u r f a c t a n t  i n  i s o o c t a n e / 0 . 7 5  M  N a C l  ( a q )

h e x a n o l ]  5 m M  

w i t h  5 0  m M  o l e i c  a c i d

พrr  0

7 5  m M 7 . 4  '

1 0 5  m M 7 . 2

1 3 5  m M 7 . 0

1 6 5  m M 7 .1

1 9 5  m M 7 . 0

2 2 5  m M 7 .1

U p o n  a d d i n g  s u b s t r a t e s ,  t h e  s i z e  o f  r e v e r s e  m i c e l l e  w a s  

s m a l l e r  a s  t h e  w a t e r  t o  s u r f a c t a n t  m o l a r  r a t i o s  ( พ ก )  d e c r e a s e d  a t  t h e  s a m e  N a D E H P  

c o n c e n t r a t i o n .  T h e  r e s u l t s  s h o w e d  t h a t  o l e i c  a c i d  h a s  m u c h  s t r o n g e r  e f f e c t  o n  พ ก  

t h a n  c a p r y l i c  a c i d .  I t  m i g h t  b e  d u e  t o  t h e  c l o s e r  p a c k i n g  o f  s u r f a c t a n t  h e a d  g r o u p s  o f  

t h e  l o n g e r  c h a i n  o n e  ( o l e i c  a c i d ) .  I n  c o n t r a s t ,  w h e n  h e x a n o l  w a s  i n c r e a s e d  f r o m  7 5  

m M  t o  2 2 5  m M ,  t h e  e f f e c t  o n  w a t e r  c o n t e n t  w a s  n o t  a s  s i g n i f i c a n t  a s  o b s e r v e d  i n  

F i g u r e  4 . 3  a n d  T a b l e  4 . 1 .
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m M  t o  2 2 5  m M ,  t h e  e f f e c t  o n  w a t e r  c o n t e n t  w a s  n o t  a s  s i g n i f i c a n t  a s  o b s e r v e d  i n  

F i g u r e  4 . 3  a n d  T a b l e  4 . 1 .

A l l  t h e  r e s u l t s  s h o w n  a b o v e  w e r e  o b t a i n e d  f r o m  t h e  s y s t e m  w i t h o u t  t h e  

p r e s e n c e  o f  l i p a s e .  T a b l e  4 . 3  p r e s e n t s  t h e  w a t e r  c o n t e n t  o f  w / o  m i c r o e m u l s i o n  

s y s t e m  b e f o r e  a n d  a f t e r  t h e  a d d i t i o n  o f  l i p a s e .  T h e  r e s u l t s  s h o w e d  t h a t  i n  t h e  

p r e s e n c e  o f  l i p a s e  i n  t h e  r e v e r s e  m i c e l l e ,  t h e  w a t e r  c o n t e n t  i n c r e a s e d  a n d  s o  d i d  t h e  

r e v e r s e  m i c e l l a r  s i z e  ( R h ) .  T h e s e  r e s u l t s  c o n f i r m e d  t h a t  l i p a s e  a d d e d  t o  t h e  a q u e o u s  

s o l u t i o n  ( l o w e r  p h a s e )  w a s  t r a n s f e r r e d  a n d  e n c a p s u l a t e d  o r  h o s t e d  i n  t h e  r e v e r s e  

m i c e l l e  i n  t h e  u p p e r  p h a s e .  W h e n  l i p a s e  w a s  t r a n s f e r r e d  f r o m  t h e  a q u e o u s  p h a s e  t o  

t h e  r e v e r s e  m i c e l l e ,  t h e y  b r o u g h t  s o m e  s o l u b i l i z e d  w a t e r  m o l e c u l e s  a l o n g  s o  t h e  

i n c r e a s e  i n  t h e  m i c e l l a r  s i z e  w a s  o b s e r v e d .

T a b l e  4 . 3  W a t e r  c o n t e n t  ( W o )  o f  w / o  m i c r o e m u l s i o n  f o r m e d  b y  1 0 0  m M  

N a D E H P / 5 0  m M  h e x a n o l  a s  a  c o s u r f a c t a n t  i n  i s o o c t a n e / 0 . 5  M  N a C l  ( a q )  b e f o r e  a n d  

a f t e r  i n j e c t i n g  l i p a s e

S u b s t r a t e W o
W i t h o u t W i t h

l i p a s e l i p a s e

N o  s u b s t r a t e 1 5 . 8 1 6 . 5

5 0  m M  c a p r y l i c  a c i d /  

7 5  m M  h e x a n o l 1 0 . 7 1 1 . 1

5 0  m M  o l e i c  a c i d /  

7 5  m M  h e x a n o l 7 . 7 7 . 8

7 5  m M  o l e i c  a c i d /  

1 0 0  m M  h e x a n o l 7 . 2 7 . 5

T h e  r e s u l t s  o b t a i n e d  i n  t h i s  p a r t  o f  s t u d y  c l e a r l y  s h o w e d  t h a t  t h e  a m o u n t  o f  

w a t e r  w h i c h  c o n t r o l s  a  r a t e  o f  e s t e r i f i c a t i o n  c a t a l y z e d  b y  e n c a p s u l a t e d  e n z y m e  i n  t h e  

r e v e r s e  m i c e l l e  c a n  b e  m o d i f i e d  b y  c h a n g i n g  t h e  s y s t e m  p a r a m e t e r s  s u c h  a s  N a C l  

c o n c e n t r a t i o n ,  t y p e  a n d  c o n c e n t r a t i o n  o f  f a t t y  a c i d ,  a n d  c o s u r f a c t a n t  c o n c e n t r a t i o n .
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4 . 2  S t a b i l i t y  o f  T h a i  R i c e  B r a n  L i p a s e

4 . 2 . 1  S t o r a g e  S t a b i l i t y  o f  t h e  E x t r a c t  L i p a s e  a t  4 ° c

A f t e r  l i p a s e  w a s  e x t r a c t e d  w i t h  p h o s p h a t e  b u f f e r  ( F i g u r e  3 . 1 ) ,  t h e  e x t r a c t  

o b t a i n e d  w a s  s t o r e d  i n  r e f r i g e r a t o r .  T h e  a c t i v i t y  o f  t h e  l i p a s e  i n  t h e  e x t r a c t  s o l u t i o n  

( a q u e o u s  b u f f e r )  w a s  d e t e r m i n e d  a s  a  f u n c t i o n  o f  s t o r a g e  t i m e  u s i n g  e s t e r i f i c a t i o n  

r e a c t i o n  o f  7 5  m M  h e x a n o l  w i t h  5 0  m M  o l e i c  a c i d  i n  t h e  m i c r o e m u l s i o n  s y s t e m  

c o n t a i n i n g  1 0 0  m M  N a D E H P / 5 0  m M  c o s u r f a c t a n t  i n  i s o o c t a n e / 0 . 5  M  N a C l ,  a n d  

l i p a s e  c o n c e n t r a t i o n  o f  0 . 0 2 5  m g / m l .  I t  w a s  f o u n d  t h a t  r i c e  b r a n  l i p a s e  a c t i v i t y  

r e m a i n e d  a l m o s t  1 0 0 %  f o r  a p p r o x i m a t e l y  2 4  h  a n d  t h e r e a f t e r  a  s h a r p  d e c r e a s e  i n  t h e  

a c t i v i t y  w a s  o b s e r v e d .  U n t i l  t h e  f o u r t h  d a y ,  t h e  e n z y m e  a c t i v i t y  w a s  f o u n d  t o  b e  l e s s  

t h a n  1 0 %  o f  t h e  i n i t i a l  a c t i v i t y  a s  s e e n  i n  F i g u r e  4 . 4 .

1 2 0

* >
1 0 0

o  nO
cd cN
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F i g u r e  4 . 4  E f f e c t  o f  s t o r a g e  t i m e  o n  t h e  a c t i v i t y  o f  t h e  e x t r a c t e d  r i c e  b r a n  l i p a s e  k e p t  

a t  4 ° c  a s s a y e d  i n  r e v e r s e  m i c e l l e .

T h e r e f o r e ,  t h e  e s t e r i f i c a t i o n  r e a c t i o n s  c a t a l y z e d  b y  T h a i  r i c e  b r a n  l i p a s e  w e r e  

a l w a y s  c a r r i e d  o u t  u s i n g  f r e s h l y  e x t r a c t e d  e n z y m e  w i t h i n  1 d a y  a f t e r  t h e  e x t r a c t i o n .  

F u r t h e r m o r e ,  t h e  a c t i v i t y  a n d  s t a b i l i t y  o f  e x t r a c t e d  l i p a s e  h a v e  b e e n  s h o w n  t o  b e  v e r y  

s e n s i t i v e  t o  t h e  e x t r a c t i o n  c o n d i t i o n s .  T o  a v o i d  a n y  v a r i a t i o n  t h a t  m i g h t  o c c u r ,  t h e
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e x t r a c t i o n  w a s  c a r e f u l l y  c o n d u c t e d  a t  f i x e d  c o n d i t i o n s  a n d  l i p a s e  o b t a i n e d  f r o m  t h e  

s a m e  b a t c h  w a s  u s e d  f o r  t h e  s a m e  s e t  o f  e x p e r i m e n t s .

4 . 2 . 2  S t a b i l i t y  o f  L i p a s e  E n c a p s u l a t e d  i n  R e v e r s e  M i c e l l e  

A f t e r  t h e  e n z y m e s  w e r e  t r a n s f e r r e d  f r o m  t h e  a q u e o u s  p h a s e  o f  

m i c r o e m u l s i o n  i n t o  t h e  r e v e r s e  m i c e l l a r  i n  t h e  u p p e r  p h a s e ,  t h e  s t a b i l i t y  o f  l i p a s e  

e n c a p s u l a t e d  i n  r e v e r s e  m i c e l l e s  w a s  e x a m i n e d  a s  a  f u n c t i o n  o f  t i m e .  A s  s h o w n  i n  

F i g u r e  4 . 5 ,  t h e  d e a c t i v a t i o n  o f  l i p a s e  f r o m  T h a i  r i c e  b r a n  w a s  o b s e r v e d  a f t e r  1 0  m i n  

o f  i n c u b a t i o n  a n d  t h e r e  w a s  n o  a c t i v i t y  r e m a i n e d  a f t e r  5  h .  A t  t i m e  ~  0 ,  l o w  a c t i v i t y  

w a s  o b s e r v e d  w h i c h  i s  e x p e c t e d  t o  b e  d u e  t o  t h e  f a c t  t h a t  m o s t  o f  t h e  e n z y m e s  w e r e  

s t i l l  i n  a q u e o u s  p h a s e ,  i t  t o o k  a  f e w  m i n u t e s  f o r  t h e m  t o  b e  t r a n s f e r r e d  t o  t h e  u p p e r  

p h a s e  w h e r e  t h e  r e a c t i o n  o c c u r r e d .
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F i g u r e  4 . 5  E f f e c t  o f  i n c u b a t i o n  t i m e  o f  l i p a s e  i n  r e v e r s e  m i c e l l e s  o n  l i p a s e  a c t i v i t y  i n  

t h e  e s t e r i f i c a t i o n  o f  7 5  m M  h e x a n o l  w i t h  5 0  m M  o l e i c  a c i d  i n  1 0 0  m M  N a D E H P / 5 0  

m M  c o s u r f a c t a n t  i n  i s o o c t a n e / 0 . 5  M  N a C l  m i c r o e m u l s i o n ;  l i p a s e  c o n c e n t r a t i o n  

0 . 0 1 0 m g / m l ,  พ ก = 8 . 3 ,  p H  7 . 4 ,  T = 3 5 ° c .

4 . 2 . 3  E f f e c t  o f  T e m p e r a t u r e  o n  S t a b i l i t y  o f  L i p a s e

I n  t h i s  s e c t i o n ,  r i c e  b r a n  l i p a s e  w a s  k e p t  a t  t h r e e  d i f f e r e n t  t e m p e r a t u r e s  ( 4 ,  

2 5 ,  3 5  ° C )  i n  t h e  a q u e o u s  s o l u t i o n  a n d  i n  t h e  r e v e r s e  m i c e l l e  f o r  c o m p a r i s o n .  T h e
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a c t i v i t y  o f  l i p a s e  w a s  a s s a y e d  i n  r e v e r s e  m i c e l l e  a t  t h e  s e l e c t e d  t i m e ;  r e a c t i o n ,  

r e a c t i o n  c o n d i t i o n s ,  a n d  s u b s t r a t e  c o n c e n t r a t i o n s  w e r e  t h e  s a m e  a s  i n  F i g u r e  4 . 5 .

F r o m  t h e  r e s u l t s  s h o w n  i n  F i g u r e  4 . 6 ,  i t  w a s  c l e a r l y  s e e n  t h a t  e n z y m e  a c t i v i t y  

d e c r e a s e d  m o r e  r a p i d l y  a t  h i g h e r  t e m p e r a t u r e .  T h e  m e d i u m  i n  w h i c h  w a s  s t o r e d ;  

a q u e o u s  o r  r e v e r s e  m i c e l l a r  m e d i a  h a d  s h o w n  t o  h a v e  l i t t l e  e f f e c t  o n  t h e  a c t i v i t y  o f  

l i p a s e ,  a l t h o u g h  l i p a s e  e n c a p s u l a t e d  i n  r e v e r s e  m i c e l l e  s h o w e d  s l i g h t l y  h i g h e r  

a c t i v i t y  t h a n  t h a t  k e p t  i n  t h e  a q u e o u s  s o l u t i o n  a t  h i g h e r  t e m p e r a t u r e .

I n c u b a t i o n  T i m e ,  h

F i g u r e  4 . 6  T h e  e f f e c t  o f  t e m p e r a t u r e  o n  t h e  s t a b i l i t y  o f  l i p a s e ;  ( ♦ , ๐ )  t h e  s t a b i l i t y  o f  

l i p a s e  i n  a q u e o u s  s o l u t i o n  a s s a y e d  i n  r e v e r s e  m i c e l l e ,  ( • 5 A )  t h e  s t a b i l i t y  i n  r e v e r s e  

m i c e l l e .

4 . 3  L i p a s e - C a t a l y z e d  E s t e r i f i c a t i o n

T h e  e n z y m a t i c  a c t i v i t y  o f  T h a i  r i c e  b r a n  l i p a s e  e n c a p s u l a t e d  i n  N a D E H P  

r e v e r s e  m i c e l l e s  w a s  d e t e r m i n e d  f r o m  t h e  i n i t i a l  r a t e  o f  t h e  e s t e r i f i c a t i o n  r e a c t i o n .  

T h e  r e v e r s e  m i c e l l a r  s y s t e m  o f  1 0 0  m M  N a D E H P / 5 0  m M  c o s u r f a c t a n t / N a C l  i n  

i s o o c t a n e  w a s  u s e d  i n  t h i s  p a r t  o f  t h e  s t u d y .  T h e  s u b s t r a t e s  u s e d  i n  t h i s  s t u d y  w e r e  

h e x a n o l  a n d  t w o  f a t t y  a c i d s ;  c a p r y l i c  a n d  o l e i c  a c i d s .  S a l t  c o n c e n t r a t i o n  w a s  v a r i e d  

t o  c o n t r o l  t h e  w a t e r  c o n t e n t  o f  t h e  s y s t e m .  T h e  e f f e c t  o f  t y p e  a n d  c o n c e n t r a t i o n  o f
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s u b s t r a t e s  o n  e n z y m e  a c t i v i t y  w e r e  a l s o  i n v e s t i g a t e d .  A l l  r e a c t i o n s  w e r e  c o n d u c t e d  

a t  3 5 ° c  a n d  p H  7 . 4 .

4 . 3 . 1  E f f e c t  o f  W o

F i g u r e  4 . 7  p r e s e n t s  t h e  e f f e c t  o f  t h e  w a t e r  c o n t e n t  ( e x p r e s s e d  a s  พ ก )  o n  t h e  

a c t i v i t y  o f  l i p a s e  i n  e s t e r i f i c a t i o n  r e a c t i o n  u s i n g  b o t h  t y p e s  o f  t h e  s u b s t r a t e s .  W o  w a s  

a d j u s t e d  b y  v a r y i n g  s a l t  c o n c e n t r a t i o n .

8 0  -1

d
0 ------------------------------------------------------------------

6  7  8  9  1 0

พ  0  = [ H 2 0 ] / [ N a D E H P ]

F i g u r e  4 . 7  T h e  e f f e c t  o f  พ ก  o n  t h e  a c t i v i t y  o f  l i p a s e ;  0 . 0 2 5  m g / m l  i n  t h e  

e s t e r i f i c a t i o n  o f  7 5  m M  h e x a n o l  w i t h  ( a )  5 0  m M  c a p r y l i c  a c i d ;  ( b )  5 0  m M  o l e i c  a c i d .
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T h e  r e s u l t s  s h o w e d  t h a t  l i p a s e  a c t i v i t y  f o l l o w e d  a  r a t h e r  s h a r p  b e l l - s h a p e d  

p r o f i l e  a s  r e p o r t e d  i n  o t h e r  s t u d i e s  u s i n g  d i f f e r e n t  m i c e l l a r - e n c a p s u l a t e d  e n z y m e s  

( H a y e s  a n d  G u l a r i ,  1 9 9 0 ;  S t a m a t i s  e t  a l . , 1 9 9 4 ) .  T h e  m a x i m u m  a c t i v i t y  w a s  

o b s e r v e d  a t  W o  =  8  f o r  b o t h  r e a c t i o n s ,  a b o v e  t h i s  v a l u e  a  s l i g h t  d e c r e a s e  o f  e n z y m e  

a c t i v i t y  w a s  o b s e r v e d .  T h i s  o p t i m u m  v a l u e  a p p e a r s  t o  b e  s p e c i f i c  f o r  p a r t i c u l a r  t y p e  

o f  l i p a s e  a n d  m i c r o e m u l s i o n  s y s t e m .  F o r  t h i s  s t u d y ,  a t  W o  =  8 ,  r i c e  b r a n  l i p a s e  i n  

N a D E H P  r e v e r s e  m i c e l l a r  s y s t e m  m i g h t  b e  l o c a t e d  i n  c l o s e  c o n t a c t  w i t h  l i p o p h i l i c  

s u b s t r a t e s ,  t h u s  r e s u l t i n g  i n  a  m a x i m u m  a c t i v i t y .

4 . 3 . 2  E f f e c t  o f  F a t t y  A c i d  C h a i n  L e n g t h

T h e  r o l e  o f  s u b s t r a t e  c h a i n  l e n g t h  i n  e s t e r i f i c a t i o n  r e a c t i o n  c a t a l y z e d  b y  r i c e  

b r a n  l i p a s e  w a s  i n v e s t i g a t e d  u s i n g  c a p r y l i c  a c i d  ( C 8 )  a n d  o l e i c  a c i d  ( C l 8 ) ,  

r e p r e s e n t i n g  a  s h o r t  c h a i n  a n d  l o n g  c h a i n  s u b s t r a t e ,  r e s p e c t i v e l y .  T h e  r e a c t i o n s  w e r e  

c a r r i e d  o u t  a t  t h e  s a m e  w a t e r  c o n t e n t  o f  r e v e r s e  m i c e l l e .  F i g u r e  4 . 8  d e m o n s t r a t e s  

h i g h  a c t i v i t y  o f  t h e  r i c e  b r a n  l i p a s e  f o r  e s t e r i f i c a t i o n  o f  h e x a n o l  w i t h  l o n g  c h a i n  f a t t y  

a c i d ,  i n d i c a t i n g  t h a t  r i c e  b r a n  l i p a s e  h a s  a  p r e f e r e n c e  f o r  t h e  l o n g  c h a i n  f a t t y  a c i d .  

T h i s  s e l e c t i v i t y  m i g h t  b e  r e l a t e d  t o  t h e  l o c a l i z a t i o n  o f  t h e  l i p a s e  m o l e c u l e s  w i t h i n  t h e  

r e v e r s e  m i c e l l a r  m i c r o s t r u c t u r e  d u e  t o  t h e  h y d r o p h o b i c / h y d r o p h i l i c  c h a r a c t e r s  o f  t h e  

e n z y m e  a n d  t h e  a v a i l a b i l i t y  o f  s u b s t r a t e .

C a p r y l i c  a c i d  O l e i c  a c i d

F i g u r e  4 . 8  E f f e c t  o f  f a t t y  a c i d  c h a i n  l e n g t h  o n  t h e  a c t i v i t y  o f  l i p a s e  i n  t h e  

e s t e r i f i c a t i o n  o f  7 5  m M  h e x a n o l  w i t h  2 5  m M  f a t t y  a c i d ;  e n z y m e  c o n c e n t r a t i o n  0 . 0 1 0  

m g / m l  ( ท ) ,  5 0  m M  f a t t y  a c i d ;  e n z y m e  c o n c e n t r a t i o n  0 . 0 1 7  m g / m l  ( p ) .
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4 . 3 . 3  E f f e c t  o f  F a t t y  A c i d  C o n c e n t r a t i o n

T h e  e f f e c t  o f  f a t t y  a c i d  c o n c e n t r a t i o n  w a s  s t u d i e d  b y  u s i n g  d i f f e r e n t  

c o n c e n t r a t i o n s  o f  o l e i c  a c i d  a n d  c a p r y l i c  a c i d ,  r a n g i n g  f r o m  1 5  t o  6 5  m M ,  a n d  

h e x a n o l  a t  a  f i x e d  c o n c e n t r a t i o n  ( 7 5  m M ) .  S i n c e  f a t t y  a c i d  c a n  a l s o  a c t  a s  a  

c o s u r f a c t a n t ,  i n c r e a s i n g  f a t t y  a c i d  c o n c e t r a t i o n  c a u s e s  a  d e c r e a s e  i n  m i c e l l a r  s i z e  

w h i c h  i s  p r o p o r t i o n a l  t o  t h e  v a l u e  o f  พ ก  a s  s h o w n  i n  T a b l e  4 . 4 .

T a b l e  4 . 4  E f f e c t  o f  f a t t y  a c i d  c o n c e n t r a t i o n  o n  w a t e r  c o n t e n t

[ o l e i c  a c i d ] ,  m M W o [ C a p r y l i c  a c i d ] ,  m M W o

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

3 0 8 . 4 0 3 5 7 . 6 7

4 5 7 . 9 0 5 0 7 . 4 0

6 0 6 . 9 0 6 5 6 . 7 3

F i g u r e  4 . 9  E f f e c t  o f  f a t t y  a c i d  c o n c e n t r a t i o n  o n  t h e  a c t i v i t y  o f  l i p a s e  i n  t h e  

e s t e r i f i c a t i o n  o f  7 5  m M  h e x a n o l  w i t h  1 5 - 6 0  m M  o l e i c  a c i d ;  พ ก  9 . 3 7 - 6 . 9 ,  e n z y m e  

c o n c e n t r a t i o n  0 . 0 1 0  m g / m l ,  ( □ )  a n d  2 0 - 6 5  m M  c a p r y l i c  a c i d ;  พ ก  9 . 1 5 - 6 . 7 3 ,  e n z y m e  

c o n c e n t r a t i o n  0 . 0 1 7  m g / m l  ( ท ) .
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F i g u r e  4 . 9  s h o w s  t h e  e n z y m a t i c  a c t i v i t y  o f  l i p a s e  f o r  t h e  e s t e r i f i c a t i o n  

r e a c t i o n  a s  a  f u n c t i o n  o f  f a t t y  a c i d  c o n c e n t r a t i o n .  I t  c a n  b e  s e e n  t h a t ,  w h e n  t h e  

c o n c e n t r a t i o n  o f  f a t t y  a c i d  i n c r e a s e d ,  t h e  l i p a s e  a c t i v i t y  i n c r e a s e d  u p  t o  a  m a x i m u m  

v a l u e .  H o w e v e r ,  t h e  d e c r e a s e  o f  e n z y m e  a c t i v i t y  w a s  o b s e r v e d  w h e n  f a t t y  a c i d  

c o n c e n t r a t i o n  w a s  f u r t h e r  i n c r e a s e d .  M o r e o v e r ,  i t  w a s  f o u n d  t h a t  t h e  m a x i m u m  

l i p a s e  a c t i v i t y  w a s  o b t a i n e d  w h e n  พ ก  w a s  a b o u t  8  ( T a b l e  4 . 5 ) ,  w h i c h  a g r e e d  w e l l  

w i t h  t h e  r e s u l t s  o b s e r v e d  i n  t h e  p r e v i o u s  s e c t i o n .  T h i s  m i g h t  b e  d u e  t o  t h e  c o m b i n e d  

e f f e c t  o f  f a t t y  a c i d  c o n c e n t r a t i o n  a n d  t h e  c h a n g e  i n  W o . T h e  p r e s e n c e  o f  h i g h  a m o u n t  

o f  f a t t y  a c i d  w i t h i n  m i c e l l a r  i n t e r f a c e  c o u l d  s t a r t  t o  c a u s e  a n  i n h i b i t o r y  e f f e c t .  

F u r t h e r m o r e ,  i t  c o u l d  a l s o  c a u s e  a  d e c r e a s e  i n  a  m i c e l l a r  s i z e  w h i c h  l e a d s  t o  a  l o w e r  

w a t e r  c o n t e n t  i n  t h e  s y s t e m  ( พ ก ) ,  r e s u l t i n g  i n  a  d e c r e a s e  i n  t h e  e n z y m e  a c t i v i t y .

4 . 3 . 4  E f f e c t  o f  H e x a n o l  C o n c e n t r a t i o n

A s  h e x a n o l  c o n c e n t r a t i o n  w a s  i n c r e a s e d  f r o m  2 0  t o  1 2 0  m M  i n  t h e  

e s t e r i f i c a t i o n  o f  o l e i c  a c i d  a t  a  c o n s t a n t  f a t t y  a c i d  c o n c e n t r a t i o n  ( 4 0  m M ) ,  a  d e c r e a s e  

i n  t h e  w a t e r  c o n t e n t  ( พ ก )  o f  t h e  s y s t e m  w a s  n o t  s i g n i f i c a n t  ( A p e n d i x  D 4 ) .

F i g u r e  4 . 1 0  s h o w s  t h e  l i p a s e  a c t i v i t y  o f  t h e  e s t e r i f i c a t i o n  r e a c t i o n  a s  a  

f u n c t i o n  o f  h e x a n o l  c o n c e n t r a t i o n .  T h e  r e s u l t s  s h o w e d  t h a t  w h e n  t h e  c o n c e n t r a t i o n  o f  

h e x a n o l  i n c r e a s e d ,  t h e  a c t i v i t y  o f  l i p a s e  i n c r e a s e d  u p  t o  a n  a l c o h o l  c o n c e n t r a t i o n  o f  

7 5  m M .  A t  h i g h e r  h e x a n o l  c o n c e n t r a t i o n s ,  t h e  l i p a s e  a c t i v i t y  w a s  q u i t e  c o n s t a n t .  T h e  

r e s u l t s  s h o w e d  t h a t  l i p a s e  a c t i v i t y  f o l l o w s  a  h y p e r b o l i c  s h a p e  a s  r e p o r t e d  b y  S t a m a t i s  

e t . a l  ( 1 9 9 3 )  f o r  t h e  a c t i v i t y  o f  p .  s i m p l i c i s s i m u m  l i p a s e  e n c a p s u l a t e d  i n  A O T  r e v e r s e  

m i c e l l e .
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Figure 4.10 Effect o f hexanol concentration on the activity o f lipase in the 
esterification o f 40 mM fatty acid with 20-120 mM hexanol; พก 7.80-7.29, enzyme 
concentration 0 . 0 2 0  mg/ml.

4.3.5 Water Content after Reaction
According to the esterification reaction shown in Scheme 2.1, water is one 

o f the products formed during the reaction. As the result, the water content in the 
reverse micellar system after the reaction should increase. Table 4.5 shows the 
water contents before and after reaction at the various NaCl concentrations. All the 
results showed an increase in the water content after the reaction. Moreover, it was 
found that the amount o f water produced (observed as a difference o f the water 
content before and after the reaction) depended on the reaction conversion. The 
higher conversion, the higher amount o f water produced.
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T a b le  4 .5  W a te r  c o n te n t ( พ ก )  b e fo re  a n d  a fte r  re a c tio n  in  th e  e s te r i f ic a t io n  o f  50  m M

o le ic  a c id  w i th  75 m M  h e x a n o l

[NaCl], M พ0= [H 20]/ [NaDEHP] % conversion
Before reaction After reaction

0 . 2 8.9 9.6 87.63
0.5 8.3 8.9 81.45
0 . 8 7.5 7.9 77.63
1 . 0 6.5 7.3 77.09

In this study, it was found that the activity o f rice bran lipase that defined as 
the rate o f esterification o f fatty acids with hexanol in NaDEHP reverse micelle 
strongly depended on the reverse micellar structure, water content, type and 
concentration o f substrate. The results obtained in this study agreed well with those 
reported in other studies using similar reverse micellar system (Hayes and Gulari, 
1990; Stamatis et al., 1993). Thai rice bran lipase has a preference for long chain 
fatty acid. This selectivity appears to be related to localization o f enzyme molecule in 
micellar microstructure, due to the hydrophobic/hydrophilic character o f protein as 
well as the optimum water content that is specific for particular type o f enzymes. 
Rice bran lipase showed a strong dependence on the water content in microemulsion 
and the optimum was about 8  while Anukulprasert (2001) reported พก -  6 for R. 
delemar lipase in the same NaDEHP reverse micellar system.

Moreover the lipase activity as represented by the rate o f esterification was 
studied and the reaction conversion was also determined. The conversion was shown 
to vary from 27 to 8 8 % but the conversion was not clearly depenence on the system 
parameters, i.e. salt, type and substrate concentration. The highest conversion 
obtained was 87.63 % from the esterification of 50 mM oleic acid with 75 mM 
hexanol (Table D l-1). All reaction conditions employed in this study yielded high 
conversion because the rice bran used was always fresh and the extraction conditions 
were well controlled.
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4.4 Chemical Analyses

4.4.1 Determination of Fatty Acid Concentration by Spectrophotometric
Method

Fatty acid concentration was determined using the spectrophotometric 
assay developed by Lowry and Tinsley (1976 ) as follows: 0.1 ml o f organic solution 
(upper phase) was added to screw-cap vial containing 4.9 ml o f isooctane and 1 ml of 
cupric acetate-pyridine (5% w/v, pH 6.0). After centrifugation at 3000 rpm for 1 
min, free fatty acid was determined in the upper organic phase. The absorbance was 
measured at 715 nm using UV-VIS spectrophotomete. Investigation o f other 
components in the reverse micelle (upper phase) and the aqueous phase was also 
verified by UV-VIS spectrophotometer. It was found that the absorbance of 
phosphate buffer, hexanol, and lipase did not interfere with the absorbance o f fatty 
acid except NaDEHP. Thus, in order to calculate the actual rate o f reaction, the 
absorbance o f microemulsion without fatty acid was used as a background to subtract 
from the absorbance measured during the reaction.

4.4.2 Identification o f Ester Product by FT-IR
The samples from upper phase o f microemulsion were taken before and after 

the reaction to identify the production of ester by FT-IR. The absorbance peaks of 
carbonyl o f ester band was at 1740 cm ' 1 and fatty acid band at 1700 cm ' 1 (Appendix 
E). In the esterification o f 50 mM caprylic acid and 50, 100 mM oleic acid with 
hexanol (Figures 4.11-4.12), the peaks o f ester after the reaction did not appear. It 
might be due to the concentration of ester product from the esterification was too low 
to be observed. The intensity o f fatty acid peak was obviously decreased in all 
experiments. In Figures 4.13-4.14, higher substrate concentration and the optimum 
conditions (i.e., low salt concentration, Wo~8 ) were used to get a higher amount of 
ester product. The IR spectra observed from the esterification clearly showed an 
ester peak at 1740 cm'1.
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Before reaction 
After reaction

Figure 4.11 Spectra o f before and after esterification o f 50 mM caprylic acid with 75 
mM hexanol in microemulsion system of 100 mM NDEHP/isooctane/50 mM 
cosurfactant/0.5 M NaCl.

Before reaction 
After reaction

(a) (b)

F ig u r e  4 .1 2  S p e c tra  o f  b e fo re  a n d  a fte r  e s te r if ic a t io n  o f  o le ic  a c id  w i th  75  m M

h e x a n o l in  m ic ro e m u ls io n  sys te m  o f  100 m M  N D E H P /is o o c ta n e /  50  m M

c o s u r fa c ta n t/0 .5  M  N a C l:  o le ic  a c id  (a ) 50  m M  and  (b )  100 m M .
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1700 cm-' Before reaction 
After reaction

Figure 4.13 Spectra o f before and after esterification o f 150 liiM oleic acid with 100 
mM hexanol in microemulsion system of 150 mM NDEHP/isooctane/ 50 mM 
cosurfactant/0.25 M NaCl.

Before reaction 
After reaction

1700 cm ' 1

Figure 4.14 Spectra o f before and after esterification o f 200 mM oleic acid with 150 
mM hexanol in microemulsion system of 200 mM NDEHP/isooctane/ 50 mM 
cosurfactant/0.25 M NaCl.
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