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©  Method  for  interestarifying  an  edible  oiL 

©  A  method  for  treating  an  edible  oil  rich  in  linoleic  acids 
so  as  to  increase  its  solid  fat  content  comprises  the  directed 
interesterification  under  isothermal  conditions  of  an  oil 
containing  at  least  60%  pufa  and  12.5  to  16%  safa,  with 
preferably  at  least  a  part  of  the  safa  being  hydrogenated, 
having  been  cooled  to  its  interesterification  temperature  at  a 
cooling  rate  of  between  5°C/min  and  5°C/s.  The  method  is 
simple  to  perform  and  produces  an  oil  which  can  be 
employed  directly  in  margarine  manufacture.  The  oil  can  be 
a  mixture  of  an  oil  high  in  pufa  such  as  natural  sunflower  and 
safflower  seed  oil  and  an  oil  high  in  safa  such  as  fully  or 
partially  hardened  sunflower  or  safflower  seed  oil.  The  initial 
rapid  cooiing  rate  can  increase  the  rate  of  development  of 
solid  fat  phase  during  the  interesterification  step. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   f o r   t r e a t i n g  

an  e d i b l e   o i l ,   to   an  o i l   so  p r e p a r e d   and  to   m a r g a r i n e  

p r o d u c e d   f rom  t h e   s a i d   o i l .  

An  o i l   s u i t a b l e   f o r   u se   in  m a r g a r i n e   m a n u f a c t u r e   i s  

c o n v e n t i o n a l l y   p r e p a r e d   f rom  a  m i x t u r e   of  t r i g l y c e r i d e s  

o b t a i n e d   f rom  a  v e g e t a b l e ,   a n i m a l   a n d / o r   a  m a r i n e   s o u r c e   b y  

f u l l   or  p a r t i a l   h y d r o g e n a t i o n   of  any  u n s a t u r a t e d   f a t t y  

a c i d s   p r e s e n t .   O t h e r   m e t h o d s   of  r a i s i n g   t h e   m e l t i n g   p o i n t  

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

c o n t e n t   a t   a m b i e n t   t e m p e r a t u r e   a r e ,   h o w e v e r ,   k n o w n .   O n e  

of   t h e s e   m e t h o d s   is   s o - c a l l e d   d i r e c t e d   i n t e r e s t e r i f i c a t i o n  

of   t h e   t r i g l y c e r i d e   m i x t u r e   and  i s   f o r   e x a m p l e   d e s c r i b e d ,  

m a i n l y   in  r e l a t i o n   to   p l a s t i c   s h o r t e n i n g s ,   by  Eckey   in  h i s  

US  P a t e n t   S p e c i f i c a t i o n   No.  2 , 4 4 2 , 5 3 2 .   In  e s s e n c e ,   t h e  

m e t h o d   c o m p r i s e s   t he   a d d i t i o n   of  a  c a t a l y s t   to  t h e   o i l  

m i x t u r e   to  c a u s e   r a n d o m   r e d i s t r i b u t i o n   of  t h e   f a t t y   a c i d s ,  

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

of  t h e   t r i g l y c e r i d e s   p r e s e n t   c r y s t a l l i s e s   o u t   of  s o l u t i o n .  

The  s a i d   t r i g l y c e r i d e   or  t r i g l y c e r i d e s   f o r m e d   by  t h e   r a n d o m  

a c t i o n   of  the   c a t a l y s t   and  c r y s t a l l i s i n g   o u t   of  s o l u t i o n  

c a u s e   t h e   s t a t i s t i c a l   d i s t r i b u t i o n   of  t h e  

i n t e r e s t e r i f i c a t i o n   p r o d u c t s   f o r m e d   to   be  u p s e t .   F u r t h e r  

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



an  a t t e m p t   to  r e s t o r e   t h e   e q u i l i b r i u m   and  c o n t i n u e s   t o  

c r y s t a l l i s e . .   Once  s u f f i c i e n t   of  t h e   s o l i d   t r i g l y c e r i d e  
has   f o r m e d   to   b r i n g   t h e   m i x t u r e   to   an  o v e r a l l   d e s i r e d  

s o l i d   p h a s e   c o n t e n t   t h e   r e a c t i o n   i s   s t o p p e d .   V a r i o u s  

e l a b o r a t i o n s   to   t h e   b a s i c   c o n c e p t   a r e   d e s c r i b e d   in  t he   US 

s p e c i f i c a t i o n .   The  a l l - l i q u i d   t r i g l y c e r i d e   m i x t u r e   c a n ,  
f o r   e x a m p l e   p r i o r   to   i n t e r e s t e r i f i c a t i o n ,   be  f i r s t   s l i g h t l y  

c o o l e d   to  c r y s t a l l i s e   some  of   t h e   h i g h   m e l t i n g   t r i g l y c e r i d e  

w h i c h   s u b s e q u e n t l y   a c t s   as  s e e d   c r y s t a l s .  

In  r e c e n t   y e a r s   a  d e m a n d   h a s   e x i s t e d   f o r   m a r g a r i n e  

o i l s   w h i c h   a r e   h i g h   in  p o l y u n s a t u r a t e d   f a t t y   a c i d s   ( p u f a ) .  

To  r e t a i n   an  o v e r a l l   h i g h   d e g r e e   o f   u n s a t u r a t i o n   and  y e t  

i n c r e a s e   t h e   s o l i d   p h a s e   c o n t e n t   o f   t h e   o i l ,   t h e   use   o f  

d i r e c t e d   i n t e r e s t e r i f i c a t i o n   in  a  v a r i e t y   of  m o d i f i e d   f o r m s  

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

v a r i o u s   m o d i f i c a t i o n s   a r e   i n t e n d e d   to   a c c e l e r a t e   t he   b a s i c  

p r o c e s s   w h i c h   i s   d e s c r i b e d   in  US  S p e c i f i c a t i o n   N o .  

2 , 4 4 2 , 5 3 2   and  w h i c h   c a n ,   in  some  i n s t a n c e s ,   t a k e .  s e v e r a l  

d a y s   to   p e r f o r m .  

UK  P a t e n t   S p e c i f i c a t i o n   No.  1 , 3 8 1 , 7 2 1   d e s c r i b e s   a  

p r o c e s s   f o r   d i r e c t e d   i n t e r e s t e r i f i c a t i o n   of  g l y c e r i d e  

e s t e r s   in  w h i c h   t h e   m i x t u r e   i s   a l t e r n a t e l y   s u b j e c t e d ,   a t  

l e a s t   t h r e e   t i m e s ,   to   a  t e m p e r a t u r e   b e l o w   t h e   c l o u d   p o i n t  

o f   a  r a n d o m i s e d   m i x t u r e   of   t h e   t r i g l y c e r i d e s ,   f o l l o w e d   by  a  

t e m p e r a t u r e   a b o v e   t h e   c l o u d   p o i n t   of   t h e   m i x t u r e .   T h e  

s p e c i f i c a t i o n   a s s e r t s   t h a t   s u i t a b l e   m a r g a r i n e   o i l   can  b e  

p r e p a r e d   f r o m ,   f o r   e x a m p l e ,   s u n f l o w e r   o i l ,   a f t e r   o n l y   24  

h o u r s   of  s o - c a l l e d   t e m p e r a t u r e   c y c l i n g .   E u r o p e a n   P a t e n t  

A p p l i c a t i o n   No.  79  1 0 3 4 1 9   ( P u b l i c a t i o n   No.  0 , 0 0 9 , 2 0 7 )  

d e s c r i b e s   a n o t h e r   d i r e c t e d   i n t e r e s t e r i f i c a t i o n   p r o c e s s  

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

o c c u r s   in  a  n u m b e r   of   c l o s e l y   s p e c i f i e d   h e a t i n g   and  c o o l i n g  

s t e p s .  



A l t h o u g h   s u c c e s s f u l   in  i n c r e a s i n g   t h e   s o l i d   f a t  

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

p r o c e s s e s   d e s c r i b e d   in  UK  S p e c i f i c a t i o n   No.  1 , 3 8 1 , 7 2 1   a n d  

E u r o p e a n   S p e c i f i c a t i o n   No.  9 , 2 0 7   e a c h   r e q u i r e s   c l o s e  

m o n i t o r i n g   and  c o n t r o l   of  t h e   t e m p e r a t u r e   of  t h e   m i x t u r e  

w i t h   a  c o n s e q u e n t   i n c r e a s e   in  m a n u f a c t u r i n g   c o s t s   a n d  

e q u i p m e n t .  

In  o u r   p e n d i n g   p a t e n t   a p p l i c a t i o n   E u r o p e a n   P a t e n t  

A p p l i c a t i o n   No.  82  3 0 1 2 0 0   we  d e s c r i b e d   a  m e t h o d   f o r  

t r e a t i n g   a  t r i g l y c e r i d e   o i l   in  w h i c h   t h e   r e a c t i o n   r a t e s  

a t t a i n e d ,   as  m e a s u r e d   by  i n c r e a s e   in  s o l i d   f a t   c o n t e n t ,   a r e  

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

t e c h n i q u e s .   The  m e t h o d   d e s c r i b e d   in  EP  82  3 0 1 2 0 0  

c o m p r i s e s   s u b j e c t i n g   an  o i l   r i c h   in   p u f a   and  h a v i n g   a  

c e r t a i n   s a f a   ( s a t u r a t e d   f a t t y   a c i d )   c o n t e n t - t o   d i r e c t e d  

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

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

need   f o r   a  s u c c e s s i o n   of   c l o s e l y   m o n i t o r e d   and  c o n t r o l l e d  

d i f f e r e n t   s t e p s   and  t h u s   l e a d s   to   a  c o s t   r e d u c t i o n .  

We  h a v e   now  d i s c o v e r e d   an  i m p r o v e m e n t   to   t h e   m e t h o d  

d e s c r i b e d   in  EP  82  3 0 1 2 0 0   w h i c h   can   r e t a i n   t h e   c o s t  

a d v a n t a g e s   of  t h e   i s o t h e r m a l   m e t h o d   and  y e t   can  l e a d   t o   a  

d e c r e a s e   in  t h e   t i m e   r e q u i r e d   to   a c h i e v e   a  c e r t a i n   s o l i d  

f a t  c o n t e n t   in  t h e   o i l .  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s   p r o v i d e d  

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

. r i c h   in  l i n o l e i c   a c i d   c h a r a c t e r i s e d   in  t h a t   t h e   o i l   h a s  

a   p u f a   ( p o l y u n s a t u r a t e d   f a t t y   a c i d )   c o n t e n t   of  a t   l e a s t   60% 

and  a  s a f a   ( s a t u r a t e d   f a t t y   a c i d )   c o n t e n t   of  b e t w e e n   1 2 . 5 %  

and  16%,  t he   m e t h o d   c o m p r i s i n g   b r i n g i n g   t he   o i l   i n t o  

c o n t a c t   w i t h   an  i n t e r e s t e r i f i c a t i o n   c a t a l y s t ,   c o o l i n g   t h e  

r e a c t i o n   m i x t u r e   a t   a  c o o l i n g   r a t e   w i t h i n   t h e   r a n g e   of   f r o m  

a b o u t   5°C  p e r   m i n u t e   to   a b o u t   5°C  p e r   s e c o n d   to  a  



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

o c c u r   and  m a i n t a i n i n g   t h e   r e a c t i o n   m i x t u r e   u n d e r   i s o t h e r m a l  

c o n d i t i o n s   a t   s a i d   t e m p e r a t u r e .  

I t   i s   to   be  u n d e r s t o o d   t h a t   t h e   p r e s e n t   i n v e n t i o n  

e x t e n d s   to   o i l s   t r e a t e d   by  t h e   p r e s e n t   p r o c e s s   and  t o  

m a r g a r i n e   p r e p a r e d   f rom  t h e   s a i d   o i l s .   T h r o u g h o u t   t h e  

p r e s e n t   s p e c i f i c a t i o n   a l l   p e r c e n t a g e s   a r e   by  w e i g h t   and  t h e  

t e r m s   " o i l "   and   " f a t "   a r e   u s e d   i n t e r c h a n g e a b l y .   By 
" i s o t h e r m a l   c o n d i t i o n s "   we  mean  a  t e m p e r a t u r e   w h i c h   i s  

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

o c c u r   w i t h o u t   d e v i a t i n g   f rom  t h e   p r e s e n t   i n v e n t i o n .   T h e  

t e r m   " f a t t y   a c i d s "   i s   t a k e n   to  m e a n   f a t t y   a c i d   m o i e t i e s  

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

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

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

i n t e r e s t e r i f i c a t i o n   c a t a l y s t   i s   a c t i v a t e d .   The  a c t i v a t i o n  

t e m p e r a t u r e   s u i t a b l y   l i e s   w i t h i n   t h e   r a n g e   of  f rom  45°C  t o  

7 5 ° C .   Where   an  a c t i v a t i o n   t e m p e r a t u r e   in  t h e   r e g i o n   o f  

70°C   i s   s e l e c t e d   t h e   t e m p e r a t u r e   n e e d   o n l y   be  m a i n t a i n e d  

m o m e n t a r i l y .   W h e r e   h o w e v e r   an  a c t i v a t i o n   t e m p e r a t u r e   i s  

s e l e c t e d   in  t h e   r e g i o n   of   50°C  t h e   r e a c t i o n   m i x t u r e   i s  

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

b e f o r e   c o o l i n g   c o m m e n c e s .   S u i t a b l e   c a t a l y s t s   f o r   use   i n  

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

e t h o x i d e ,   s o d i u m   m e t h o x i d e ,   p o t a s s i u m   m e t h o x i d e   a n d  

s o d i u m / p o t a s s i u m   a l l o y s .   The  c o n t r o l l e d   c o o l i n g   s t e p   c a n  

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

a s   a  p l a t e   h e a t   e x c h a n g e r .  

The  e d i b l e   o i l   u s e d   in  t h e   p r e s e n t   p r o c e s s   may  c o n s i s t  

o f   one   o r   more   n a t u r a l l y   o c c u r r i n g   o i l s .   P r e f e r a b l e  

h o w e v e r   a t   l e a s t   a  p a r t   of  t he   s a f a   c o n t e n t   of   t he   o i l  

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

h y d r o g e n a t e d   f a t t y · a c i d s   c o m p r i s e   3  to   5%  of  t h e   e d i b l e  



o i l   s u b j e c t e d   to   t h e   p r e s e n t   p r o c e s s .   The  p u f a   c o n t e n t   o f  

t h e   e d i b l e   o i l   i s   p r e f e r a b l y   p r o v i d e d   in  t o t a l   by  l i n o l e i c  

a c i d .  

P r e f e r a b l y   a l l   o i l s   h a v e ,   i f   n e c e s s a r y ,   b e e n   r e f i n e d  

p r i o r   to   t he   p r e s e n t   p r o c e s s   to  r e m o v e   f o r   e x a m p l e   any  f r e e  

f a t t y   a c i d s   p r e s e n t .   S u i t a b l y   t he   e d i b l e   o i l   can  c o m p r i s e  

a   b l e n d   of   o i l s   c o m p r i s i n g   one  or  m o r e ,   p r e f e r a b l y  

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

one   o r   more   o i l s   h a v i n g   a  h i g h   s a f a   c o n t e n t .   By  " h i g h "   we 

m e a n   a t   l e a s t   35wt%,   p r e f e r a b l y   a t   l e a s t   50  wt%,  m o r e  

p r e f e r a b l y  a t   l e a s t   70  wt%.  The  o i l   h a v i n g   a  h i g h   s a f a  

c o n t e n t   can   f o r   e x a m p l e   be  a  f u l l y   or  p a r t i a l l y  

h y d r o g e n a t e d   o i l   and  may  be  a  f u l l y  o r   p a r t i a l l y  

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

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

i n t e r e s t e r i f i e d   w i t h   a n o t h e r   f a t .   In  a  p r e f e r r e d  

e m b o d i m e n t   of  t he   p r e s e n t   p r o c e s s   an  o i l   h a v i n g   a  h i g h   p u f a  

c o n t e n t   i s   m i x e d   w i t h   an  o i l   h i g h   in  s a f a   to   p r o d u c e   a  
b l e n d   of   o i l s   h a v i n g   t h e   r e q u i r e d   f a t t y   a c i d   c o m p o s i t i o n .  

S u i t a b l y   t h e   b l e n d   of  o i l s   c o m p r i s e s   f rom  95  to   97% 

n a t u r a l l y   o c c u r r i n g   o i l   h a v i n g   a  h i g h   p u f a   c o n t e n t   and  5  t o  

3%  o i l   h a v i n g   a  h i g h   s a f a  c o n t e n t .   The  p r o c e s s   can   a n d  

p r e f e r a b l y   i s   p e r f o r m e d   in  t h e   a b s e n c e   of  any   s o l v e n t .  

E x a m p l e s   of  o i l s   h a v i n g   a  h i g h   p u f a   c o n t e n t   w h i c h   h a v e  

b e e n   f o u n d   to  be  p a r t i c u l a r l y   s u i t a b l e   f o r   u s e   in  t h e  

p r e s e n t   p r o c e s s   i n c l u d e   s u n f l o w e r   o i l   and  s a f f l o w e r   s e e d  

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

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

s a f f l o w e r   s e e d   o i l   has   b e e n   f o u n d   to   l i e   in   t h e   r a n g e   o f  

f r o m   a b o u t   - 5 ° C   to  a b o u t   12°C ,   p r e f e r a b l y   f rom  a b o u t   0°C  t o  

8°C  and  i s   m o s t   p r e f e r a b l y   a b o u t   3°C  a t   w h i c h   t e m p e r a t u r e  
t h e   t r i g l y c e r i d e s   c r y s t a l l i s i n g   ou t   of  s o l u t i o n   c o m p r i s e  

s u b s t a n t i a l l y   a  m i x t u r e   o f  t r i s a t u r a t e d   g l y c e r i d e s   and  m o n o  
u n s a t u r a t e d   t r i g l y c e r i d e s .  



By  m e a n s   of  t h e   p r e s e n t   p r o c e s s  i t   i s   p o s s i b l e   t o  

p r o d u c e   an  o i l   w h i c h   can   be  e m p l o y e d   in  t h e   m a n u f a c t u r e   o f  

m a r g a r i n e   as  t h e   s o l e   f a t t y   i n g r e d i e n t   in   t h e   f a t t y   p h a s e ,  

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

s a t u r a t e d   f a t t y   a c i d s   ( p / s   r a t i o )   of  a t   l e a s t   3 . 7 5 .  

P r e f e r a b l y ,   h o w e v e r ,   t h e   f a t   b l e n d s   a r e   s e l e c t e d   w i t h i n   t h e  
l i m i t s   of  t h e   p r e s e n t   i n v e n t i o n   to   a c h i e v e   a  p / s   r a t i o   o f  

a t   l e a s t   4  and  m o r e   p r e f e r a b l y   of   a t   l e a s t   4 . 5 .  

P r e f e r a b l y ,   t h e   b l e n d   o f   o i l s   c o n t a i n s   a t   l e a s t   65%  p u f a  

and  b e t w e e n   1 2 . 5   and  15%  s a f a .  

E m b o d i m e n t s   of   t h e   p r e s e n t   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   by  way  of   e x a m p l e   o n l y   w i t h   r e f e r e n c e   to   t h e  

a c c o m p a n y i n g   d r a w i n g   w h i c h   i l l u s t r a t e s   in  g r a p h   fo rm  t h e  

i n c r e a s e   in   s o l i d   c o n t e n t   of   r e a c t i o n   m i x t u r e s   a s  

i n t e r e s t e r i f i c a t i o n   p r o c e e d s .  

E x a m p l e  1  

A  b l e n d   of   4 . 5   wt%  s u n f l o w e r   s e e d   o i l   h a r d e n e d   to   a  

m e l t i n g   p o i n t   of   69°C  and  9 5 . 5   wt%  s a f f l o w e r   s e e d   o i l ,   t h e  

b l e n d   h a v i n g   a  p u f a   c o n t e n t   of  a b o u t   73wt%  and  a  s a f a  

c o n t e n t   o f   a b o u t   14  wt%,  was  h e a t e d   in  a  c l o s e d   v e s s e l   t o  
5 0 0 C .   0.6%  by  w e i g h t   w i t h   r e s p e c t   to   t h e   o i l   b l e n d   o f   d r y  

NaOEt   was  s u c k e d   i n t o   t h e   v e s s e l   and  t h e   t e m p e r a t u r e   h e l d  

b r i e f l y   a t   50°C  to   a c t i v a t e   t h e   c a t a l y s t .   The  m i x t u r e   o f  

o i l   and   c a t a l y s t   was  p a s s e d   t h r o u g h   a  p l a t e   h e a t   e x c h a n g e r  

a t   a  c o n t r o l l e d   r a t e   o f   c o o l i n g   to  a t t a i n   a  t e m p e r a t u r e   o f  

3 ' C .   The  m i x t u r e   was  t h e n  r e t a i n e d   a t   3°C  f o r   a t   l e a s t   24 
h o u r s .   S a m p l e s   w e r e   t a k e n   p e r i o d i c a l l y   f r o m   t h e   r e a c t i o n  

m i x t u r e   and  a s s e s s e d   f o r   t h e i r   s o l i d   f a t   c o n t e n t   a t   3 ' C .  

N20  v a l u e s   of  t h e   same  s a m p l e s   we re   a s s e s s e d   a f t e r  

d e s t r u c t i o n   of  t h e   c a t a l y s t .   I n t e r e s t e r i f i c a t i o n   r e a c t i o n  

w a s  s t o p p e d   by  a d d i t i o n   of   w a t e r .  

Two  s e p a r a t e   e x p e r i m e n t s   were   p e r f o r m e d   a c c o r d i n g   t o  

t h e   a b o v e   p r o c e d u r e .   In  one  e x p e r i m e n t   t h e   r a t e   o f  



c o o l i n g   in  t he   p l a t e   h e a t   e x c h a n g e r   was  0 . 5 ° C / s e c   and  in  a  

c o m p a r a t i v e   e x p e r i m e n t   t h e   r a t e   of  c o o l i n g   w a s  

10-3  C / s e c .   The  r e s u l t s   a r e   i l l u s t r a t e d   g r a p h i c a l l y   i n  

t h e   f i g u r e .   The  two  f u l l   l i n e s   in  t he   f i g u r e   r e p r e s e n t  

t h e   s o l i d   f a t   c o n t e n t   when  m e a s u r e d   a t   3°C  and  2 0 ° C  

r e s p e c t i v e l y   as  a  f u n c t i o n   of   i n t e r e s t e r i f i c a t i o n   t i m e   of  a  

r e a c t i o n   m i x t u r e   c o o l e d   a t   a  r a t e   of  0 . 5 ° C / s   a n d  

i n t e r e s t e r i f i e d   i s o t h e r m a l l y   a t   a  t e m p e r a t u r e   of  3 °C .   T h e  

d a s h e d   l i n e s   r e p r e s e n t   t h e   same  v a r i a b l e s   a l s o   as  a  

f u n c t i o n   of  i n t e r e s t e r i f i c a t i o n   t ime   of  a  r e a c t i o n   m i x t u r e  

s u b j e c t e d   to  a  c o o l i n g   r a t e   to   3 'C  of  1 0 - 3 ° C / s .  

The  more   r a p i d   i n c r e a s e   in   s o l i d   f a t   c o n t e n t   as  t h e  

i n t e r e s t e r i f i c a t i o n   r e a c t i o n   p r o c e e d s   i s   c l e a r l y   shown  f o r  

t h e   m i x t u r e   of  o i l   and  a c t i v a t e d   c a t a l y s t   s u b j e c t e d   t o  t h e  

f a s t e r   c o o l i n g   r a t e .  

To  p r o v i d e   an  o i l   s u i t a b l e   f o r   u se   in  m a r g a r i n e  

m a n u f a c t u r e   in  t h e   a b s e n c e   of  f u r t h e r   a d d e d   h a r d   f a t ,   t h e  

i n t e r e s t e r i f i e d   o i l   s h o u l d   e x h i b i t   an  N  v a l u e   of  a t  

l e a s t   4,  p r e f e r a b l y   a t   l e a s t   5.  The  i n t e r e s t e r i f i e d   o i l  

s u b j e c t e d   to  an  i n i t i a l   c o o l i n g   r a t e   of   0 . 5 ° C / s   r e a c h e s  

an  N20  v a l u e   o f  5   w i t h i n   24  h o u r s   o r   l e s s .  
I n t e r e s t e r i f i c a t i o n   of  t he   c o m p a r a t i v e   r e a c t i o n   m i x t u r e   f o r  

a  t o t a l   t i m e   of  60  h o u r s   was  n e c e s s a r y   to   a c h i e v e   a  N 20 
v a l u e   of  5 .  

E x a m p l e   2 

E x p e r i m e n t s   w e r e   p e r f o r m e d   on  two  s e p a r a t e   100  k g  
b a t c h e s   of  an  o i l   b l e n d   c o m p r i s i n g   4 .5   wt%  s u n f l o w e r   s e e d  

o i l   h a r d e n e d   to  a  m e l t i n g   p o i n t   of  69°C  and  9 5 . 5   wt% 

s a f f l o w e r   s e e d   o i l   and  h a v i n g   a  p u f a   c o n t e n t   of  a b o u t   73wt% 

and  s a f a   c o n t e n t   of  a b p u t   14  wt%.  In  e a c h   c a s e   t h e   b a t c h  

of   o i l   was  h e a t e d   to   7 0 ° C ,   0 .8wt%  w i t h   r e s p e c t   to  t h e   o i l  

of   NaOEt  was  s u c k e d   in   and  t h e   r e s u l t i n g   m i x t u r e  

i m m e d i a t e l y   t h e r e a f t e r   s u b j e c t e d   to   c o o l i n g   a t   a  



p r e d e t e r m i n e d   c o o l i n g   r a t e   u n t i l   a  t e m p e r a t u r e   of   3°C  w a s  

r e a c h e d .   Each   m i x t u r e   was  r e t a i n e d   a t   3°C  f o r   10  h o u r s   a t  

t h e   end   of   w h i c h   t i m e   t h e   i n t e r e s t e r i f i c a t i o n   r e a c t i o n   w a s  

s t o p p e d   and  t h e   s o l i d   f a t   c o n t e n t   of  e a c h   b a t c h   w a s  

m e a s u r e d   a t   1 0 ° C ,   2 0 ° C ,   30°C  and  35°C  r e s p e c t i v e l y  

in   t e r m s   of   N  v a l u e s .   In  one  e x p e r i m e n t   t h e   c o o l i n g   r a t e  

was  a r r a n g e d   to   be  0 . 5 ' C / m i n   and  in  a n o t h e r   e x p e r i m e n t  

5 ° C / m i n .   The  r e s u l t s   in   t e r m s   of   t h e   N  v a l u e s   a r e   g i v e n   i n  

T a b l e   I  b e l o w .  

The  g r e a t e r   d e v e l o p m e n t   of   s o l i d   f a t   c o n t e n t   can   b e  

s e e n   in   t h e   c a s e   of   t h e   e x p e r i m e n t   h a v i n g   t h e   f a s t e r  

c o o l i n g   r a t e .  

E x a m p l e   3 

E x p e r i m e n t s   w e r e   p e r f o r m e d   to  c o m p a r e   t h e  

i n t e r e s t e r i f i c a t i o n   t i m e   r e q u i r e d   to   a c h i e v e   c e r t a i n   N 

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

t e m p e r a t u r e   and  r e a c t i o n   m i x t u r e s   s u b j e c t e d   to  t e m p e r a t u r e  

c y c l i n g .   In  e a c h   c a s e   t h e   m a t e r i a l s   and  p r o c e d u r e  

d e s c r i b e d   in  E x a m p l e   1  w e r e   f o l l o w e d ,   e a c h   r e a c t i o n   m i x t u r e  

b e i n g   c o o l e d   f r o m   an  a c t i v a t i o n   t e m p e r a t u r e   of   5 0 ° C  

a t   a  r a t e   o f   0 . 5 ° C / s .   Of  t h e   f o u r   e x p e r i m e n t s   p e r f o r m e d  

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

t e m p e r a t u r e   of   3°C  f o r   24  h o u r s   w h i l s t   in  t h e   o t h e r   t h r e e  

- e x p e r i m e n t s   t h e   t e m p e r a t u r e   was  c y c l e d   s i x   t i m e s   o v e r   a  t w o  

h o u r   c y c l e   and  t h e n   h e l d   c o n s t a n t   a t   3°C  f o r   a  f u r t h e r   12  

h o u r s .   Each   c y c l e   c o n s i s t e d   of   a  30  m i n u t e   p e r i o d   a t   a  



s e t   low  t e m p e r a t u r e ,   a  30  m i n u t e   p e r i o d   d u r i n g   w h i c h   t h e  

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

t e m p e r a t u r e ,   a  30  m i n u t e   p e r i o d   a t   t h e   s e t   h i g h  

t e m p e r a t u r e   and  a  30  m i n u t e   c o o l i n g   p e r i o d   to  r e t u r n   to  t h e  

s e t   low  t e m p e r a t u r e .  

The  r e s u l t s   in  t e r m s   of  N10,   N20  and  N35  a f t e r  
24  h o u r s   i n t e r e s t e r i f i c a t i o n   a r e   g i v e n   in   T a b l e   I I   b e l o w .  

The  " h i g h "   and  " l ow"   r e f e r   to   t h e   s e t   h i g h   and  l o w  

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

The  l a s t   e n t r y   is   t h e   i s o t h e r m a l   d i r e c t e d  

i n t e r e s t e r i f i c a t i o n   e x p e r i m e n t .   The  r e s u l t s   i n d i c a t e  

t h a t   i s o t h e r m a l   d i r e c t e d   i n t e r e s t e r i f i c a t i o n   in  c o m b i n a t i o n  

w i t h   r a p i d   c o o l i n g   y i e l d   as  good   i f   n o t   b e t t e r   r e s u l t s   t h a n  

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

E x a m p l e   4 

E m p l o y i n g   an  o i l   b l e n d   of   4 . 5   wt%  s u n f l o w e r   o i l  

h a r d e n e d   to   a  m e l t i n g   p o i n t   of  69°C  and  9 5 . 5   wt%  s a f f l o w e r  

s e e d   o i l ,   as  in  E x a m p l e   1,  t o g e t h e r   w i t h   0 .8   wt%  NaOEt  t h e  

e f f e c t   of  d i f f e r e n t   t e m p e r a t u r e s   f o r   the   i s o t h e r m a l  

d i r e c t e d   i n t e r e s t e r i f i c a t i o n   was  i n v e s t i g a t e d .   In  e a c h  

c a s e   t he   p r o c e d u r e   of  E x a m p l e   1  was  f o l l o w e d ,   e m p l o y i n g   a  

c o o l i n g   r a t e   of  0 . 5 ° C / s .  



The  r e s u l t s   in   t e r m s   of  N 1 0 , N 2 0   and  N35  v a l u e s  

a f t e r   24  a n d · 7 2   h o u r s   i n t e r e s t e r i f i c a t i o n   r e s p e c t i v e l y   a r e  

g i v e n   in   T a b l e   I I I   b e l o w .  

F o r   t h e   p r e s e n t   o i l   b l e n d   and  t e m p e r a t u r e s   i n v e s t i g a t e d  

t h e   m o s t   e f f i c i e n t   i n t e r e s t e r i f i c a t i o n   t e m p e r a t u r e   in  t e r m s  

of   r a t e   o f   i n c r e a s e   in   SFC  w i t h   r e a c t i o n   t i m e   is   + 3 ° C .  

E a c h   of  t h e   o i l s   p r e p a r e d   in  E x a m p l e s   1,  3  and  4 

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

m a n u f a c t u r e   of   m a r g a r i n e   a c c o r d i n g   to   c o n v e n t i o n a l  

p r a c t i c e .   The  p r e s e n t   o i l s   a r e   p r e f e r a b l y   u s e d   i n  

m a n u f a c t u r e   of  m a r g a r i n e   as  soon   as   p o s s i b l e   a f t e r   t h e i r  

t r e a t m e n t .  



1.  Method  f o r   t r e a t i n g   an  e d i b l e   o i l   h a v i n g  

t r i g l y c e r i d e s   r i c h   in  l i n o l e i c   a c i d   c n a r a c t e r i s e d   in  t h a t  

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

a t   l e a s t   60%  and  a  s a f a   ( s a t u r a t e d   f a t t y   a c i d )   c o n t e n t   o f  

b e t w e e n   12.5%  and  16%,  t h e   m e t h o d   c o m p r i s i n g   b r i n g i n g   t h e  

o i l   i n t o   c o n t a c t   w i t h   an  i n t e r e s t e r i f i c a t i o n   c a t a l y s t ,  

c o o l i n g   t h e   r e a c t i o n   m i x t u r e   a t   a  c o o l i n g   r a t e   w i t h i n   t h e  

r a n g e   of  f rom  a b o u t   5°C  p e r   m i n u t e   to  a b o u t   5°C  p e r   s e c o n d  

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

o c c u r   and  m a i n t a i n i n g   t h e   r e a c t i o n   m i x t u r e   u n d e r   i s o t h e r m a l  

c o n d i t i o n s   a t   s a i d   t e m p e r a t u r e .  

2.  Method  a c c o r d i n g   to   C l a i m   1  w h e r e i n   t h e   r e a c t i o n  

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

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

c o n t a c t   w i t h   t he   o i l   i s   a c t i v a t e d .  

3.  Me thod   a c c o r d i n g   to   C l a i m   2  w h e r e i n   t h e  

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

a c t i v a t e d   l i e s   w i t h i n   t h e   r a n g e   of  f rom  a b o u t   45°C  to  a b o u t  

7 5 ' C .  

4.  Method  a c c o r d i n g   to   any  one  of  t h e   p r e c e d i n g  
c l a i m s   w h e r e i n   t h e   o i l   i s   d i r e c t e d   i n t e r e s t e r i f i e d   a t   a  

t e m p e r a t u r e   w i t h i n   t h e   r a n g e   of  f rom  a b o u t   - 5 ° C   to  a b o u t .  

1 2 ° C .  

5.  Method  a c c o r d i n g   to  C l a i m   4  w h e r e i n   t h e   o i l   i s  

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

of   f rom  a b o u t   0°C  to  a b o u t   8 ° C .  

'6.  Method  a c c o r d i n g   to   any  one  of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t he   o i l   i s   s u b j e c t e d   to  d i r e c t e d  

i n t e r e s t e r i f i c a t i o n   f o r   l e s s   t h a n   24  h o u r s .  



7 .   M e t h o d   a c c o r d i n g   to   any  one  of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   o i l   h a s   a  p u f a   c o n t e n t   of   a t   l e a s t   6 5 % .  

8.   M e t h o d   a c c o r d i n g   t o   any  one  of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   o i l   h a s   a  s a f a   c o n t e n t   of   b e t w e e n   1 2 . 5 %  

and   1 5 % .  

9.   M e t h o d   a c c o r d i n g   to   any  one  of   t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   a t   l e a s t   a  p a r t   of   t he   s a f a   c o n t e n t   of  t h e  

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

1 0 .   M e t h o d   a c c o r d i n g   to   a n y  o n e   of  t h e   p r e c e d i n g  

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

o i l   h a v i n g   a  h i g h   p u f a   c o n t e n t   and  a t   l e a s t   one  o i l   h a v i n g  

a  h i g h   s a f a   c o n t e n t .  

11 .   M e t h o d   a c c o r d i n g   to   C l a i m   10  w h e r e i n   t h e   o i l  

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

h y d r o g e n a t e d   o i l .  

12 .   M e t h o d   a c c o r d i n g   t o   C l a i m   10  or   C l a i m   11  w h e r e i n  

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

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

a n o t h e r   o i l .  

1 3 .   M e t h o d   a c c o r d i n g   t o  C l a i m   11  or   C l a i m   12  w h e r e i n  

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

f u l l y   o r   p a r t i a l l y   h y d r o g e n a t e d   s u n f l o w e r   o i l   a n d / o r  

s a f f l o w e r   s e e d   o i l .  

1 4 .   M e t h o d   a c c o r d i n g   to   any  one  of  C l a i m s   10  to  1 1  
w h e r e i n   t h e   o i l   h a v i n g   a  h i g h   p u f a   c o n t e n t   i s   s e l e c t e d   f r o m  

s u n f l o w e r   o i l ,   s a f f l o w e r   s e e d   o i l   and  a  m i x t u r e   t h e r e o f .  

15 .   M e t h o d   a c c o r d i n g   to   any  one   of  C l a i m s   10  to   14 

w h e r e i n   t h e   o i l   c o m p r i s e s   95  to   97%  o i l   h a v i n g   a  h i g h   p u f a  



c o n t e n t   and  5  t o   3%  o i l   h a v i n g   a  h i g h   s a f a   c o n t e n t .  

16 .   M e t h o d   a c c o r d i n g   to   any  one  of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   o i l   i s   a  m a r g a r i n e   o i l .  

17 .   O i l   p r e p a r e d   by  a  m e t h o d   a c c o r d i n g   to   any  one  o f  

t h e   p r e c e d i n g   c l a i m s   h a v i n g   a  p u f a : s a f a   r a t i o   of  a t   l e a s t  

3 . 7 5 .  

18.   M a r g a r i n e   c o n t a i n i n g   an  o i l   a c c o r d i n g   to  C l a i m  

1 7 .  
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