
CHAPTER II
THEORETICAL BACKGROUND AND LITERATURE REVIEW

Theoretical Background
2.1 Glycerol

G ly c e r o l ,  o r  1 ,2 ,3 -p ro p a n e t r io l ,  is  a  t r ih y d r ic  a lc o h o l .  I t is  a  c o lo r le s s ,  
o d o r le s s ,  s w e e t - ta s t in g ,  s y r u p y  l iq u id .  I t m e l ts  a t  1 7 .8  °C , b o i l s  w i th  d e c o m p o s i t io n  a t 
2 9 0  ° c , a n d  i t  is  m is c ib le  w i th  w a te r  a n d  e th a n o l  ( P e r r y  a n d  G r e e n ,  1 9 9 7 ) . T h e  
c h e m ic a l  f o r m u la  f o r  g ly c e r o l  is  บ 3บ ร (0 บ ) 3 . I t  is  h y g r o s c o p ic — it  a b s o r b s  w a te r  
f ro m  a ir— th is  p r o p e r ty  m a k e s  i t  v a lu a b le  a s  a  m o i s t e n e r  in  c o s m e t ic s .  M o re o v e r ,  
g ly c e r o l  is  in  th e  f o rm  o f  its  e s te r s  ( g ly c e r id e s )  in  a ll  a n im a l  a n d  v e g e ta b le  f a ts  a n d  
o i l s  ( P a c h a u r i  e t  a l . ,  2 0 0 6 ) .

2.1.1 The role of glycerol as commodity chemicals feedstock. .
S in c e  th e  p e t ro le u m - b a s e d  f u e l  is  i r r e c o v a b le  e n e r g y  s o u r c e  a n d  h a s  

e n v i r o n m e n ta l  a n d  h u m a n  e f f e c ts ,  b io d ie s e l  is  a  v e r y  a t t r a c t iv e  a l t e r n a t iv e  fu e l 
b e c a u s e  it  is  o b ta in e d  f ro m  r e n e w a b le ,  d o m e s t ic  r e s o u r c e  a n d  f r ie n d ly  e n v i r o n m e n t .  
O n e  o f  c o m m e r c ia l  p r o d u c t io n  r o u te s  o f  b io d ie s e l  is  t r a n s e s t e r i f i c a t io n  o f  v e g e ta b le  
o i l  w i th  a lc o h o l  w h ic h  p r o v id e  g ly c e r o l  a s  a  b y p r o d u c t  a b o u t  1 0 %  b y  w e ig h t  
( F ig u r e  2 .1 ) .

RiCOOCH2 HOCH2 R[COOCH3

R2COOCH + 3 CII3OII ______ ^  HOCH + R2COOCH3

R3COOCM2 I1 0 C1 I2
R3COOCH3

Triglyceride Glycerol Methyl esters

Figure 2.1 T r a n s e s te r i f i c a t io n  o f  t r ig ly c e r id e  w i th  m e th a n o l .
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T h e  g lo b a l  p r o d u c t io n  o f  b io d ie s e l  h a s  b e e n  d r a m a t ic a l ly  in c re a s e d .  
A s  a  r e s u l t ,  a  la r g e  s u r p lu s  o f  g ly c e ro l  f ro m  b io d ie s e l  p r o c e s s  c a u s e s  a  d e c l in e  in  
g ly c e r o l  p r ic e  le a d in g  to  th e  e n t i r e  b io d ie s e l  p r o d u c t io n  p r o c e s s  to  b e  le s s  
c o m p e t i t iv e .  H o w e v e r ,  g ly c e r o l  c a n  b e  u s e d  a s  a  f e e d s to c k  in  m a n y  p r o c e s s e s ,  
th e r e f o r e ,  m o r e  u s e  o f  g ly c e r o l  c a n  h e lp  r e l i e f  p r ic in g  d e c l in e  p r o b le m .

A  n u m b e r  o f  o p p o r tu n i t ie s  fo r  g ly c e r o l  u t i l i z a t io n  h a v e  b e e n  id e n t i f i e d  
a s  s u m m a r iz e d  in  F ig u r e  2 .2 . T h is  f ig u re  p r o v id e  a n  o v e r v ie w  a n a lo g o u s  to  s im ila r  
d ia g r a m s  d e v e lo p e d  f o r  p e t ro c h e m ic a l  u n i t  o p e ra t io n s .  W i th in  th e  c o n te x t  o f  
b io r e f in e r y ,  F ig u r e  2 .2  is  s u g g e s te d  a s  a  s ta r t in g  p o in t  fo r  d e f in i t i o n  o f  “ g ly c e r o l  
f a m i ly ”  ( Z h e n g  e t  a l . ,  2 0 0 8 ) .

Figure 2.2 C o m m o d i ty  c h e m ic a ls  f ro m  g ly c e r o l  ( Z h e n g  e t  a l . ,  2 0 0 8 ) .
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2.2 Monoglyceride
A  m o n o g ly c e r id e ,  o n e  o f  g ly c e r o l  d e r iv a t iv e s ,  is  a  g ly c e r id e  c o n s is t in g  o f  

o n e  fa t ty  a c id  c h a in  ( a n d  tw o  h y d r o x y l  g r o u p s )  b o n d e d  to  a  g ly c e r o l  m o le c u le  
th r o u g h  a n  e s te r  l in k a g e .  M o n o g ly c e r id e s  c a n  b e  c la s s i f ie d  in to  tw o  g r o u p s ;  1- 
m o n o g ly c e r id e  a n d  2 - m o n o g ly c e r id e ,  b a s e d  o n  th e  p o s i t i o n  o f  th e  e s te r  b o n d  o n  
g ly c e r o l  m o ie ty .  T h is  e s te r s  h a v e  m a n y  a p p l ic a t io n s ,  s u c h  a s  e m u ls i f y in g  a g e n ts  in  
f o o d ,  c o s m e t ic s ,  p h a r m a c e u t ic a l s  o r  d e t e r g e n t s  ( S a g a lo w ic z  e t  a h ,  2 0 0 6 ) .

Figure 2 .3  S tr u c tu r e  o f  m o m o g ly c e r id e s :  (a )  1- m o n o g ly c e r id e ,  (b )  2 - m o n o g ly c e r id e .

In  f o o d  s c ie n c e ,  s ta b i l i ty  o f  fo o d  e m u ls io n  s y s te m s  a r e  n e c e s s a r y .  P ic h o t  
a n d  c o w o r k e r s  ( 2 0 0 9 )  s tu d ie d  th e  s ta b i l i ty  a g a in s t  c o a le s c e n c e  o f  v e g e ta b le  o i l - in ­
w a te r  “ fo o d  g r a d e ”  e m u ls io n s  in  th e  p r e s e n c e  o f  s u r f a c t a n t  ( m o n o o le in  o r  
m o n o o le a te - 1  - g ly c e r in e )  a n d  c o l lo id a l  p a r t i c le s  ( h y d r o p h i l i c  s i l ic a ) .  T h e y  f o u n d  th a t  
th e s e  m ix e d  e m u ls i f i e r  s y s t e m s  w e r e  f o u n d  to  in d u c e  lo n g - te r m  e m u ls io n  s ta b i l i ty  
a g a in s t  c o a le s c e n c e  v i a  a  s y n e r g is t i c  “ tw o  p a r t”  m e c h a n is m  in  w h ic h  b o th  th e  
s u r f a c t a n t  a n d  c o l lo id a l  p a r t i c le s  c o m p o n e n ts  h a v e  s p e c i f i c  f u n c t io n s .  T h e  r o le  o f  
m o n o o le in  is  to  in i t i a l ly  d e la y  th e  r e - c o a le s c e n c e  p h e n o m e n a  a n d  in d u c e  f u r th e r  
d r o p le t  b r e a k - u p  d u r in g  e m u ls i f i c a t io n  b y  r a p id ly  c o v e r in g  th e  n e w  in te r f a c e  a n d  
r e d u c in g  in te r f a c ia l  t e n s io n  in  o r d e r  to  a l lo w  th e  t im e  f o r  th e  h y d r o p h i l i c  s i l ic a  
p a r t i c le s  to  a s s e m b le  a t  th e  o i l /w a te r  in te r f a c e  a n d  p r o v id e  lo n g - te r m  s ta b i l i ty .



หอaijดกลาง ถูนย์วิทยทรั,ทยใกร 
ชุทาลงกรณ์มหาวิทยาลัย

2.2.1 Monoglyceride Production
T h e r e  a re  m a n y  w a y  to  m a n u f a c tu r e  m o n o g ly c e r id e  b u t  o n  th e  

in d u s t r i a l  s c a le  o n ly  th r e e  p r o c e s s e s  a r e  p o p u la r :  (1 )  D i r e c t  e s te r i f i c a t io n  o f  g ly c e ro l  
w i th  f a t ty  a c id ,  (2 )  T r a n s e s te r i f i c a t io n  o f  t r ig ly c e r id e s  w i th  a lc o h o l  a n d  (3 )  
G ly c e r o ly s is  o f  t r ig ly c e r id e s .

2.2.1.1 Direct esterification of glycerol with fatty acid
M a in  c o n s u m e r  o f  m o n o g ly c e r id e  is  th e  fo o d  in d u s t r y  a n d  

q u a n t i t i e s  r e q u i r e d  a re  so  h ig h  th a t  s e v e ra l  w o r ld w id e  c o m p a n ie s  h a v e  s p e c ia l iz e d  o n  
m o n o g ly c e r id e  a s  th e i r  m a in  p r o d u c t io n .  M o n o e s te r s  w i th  c ] ô/c 18 a c id  g r o u p s  a re  
p r e f e r r e d .  P r o d u c ts  w i th  4 0 - 6 0 %  m o n o  c o n te n t  c a n  b e  a c h ie v e d  b y  d i r e c t  
e s te r i f ic a t io n  w h ic h  is  s h o w n  b e lo w .

Main Reaction:
R C O O H  
A c id

Secondary Reaction:
R C O O C 3H 7O 2 +  
M o n o g ly c e r id e

+ C3H8O3 w

G ly ce rin e

R C O O H  
A c id

r c o o c 3h 7o 2 +  H 20
M o n o g ly c e rid e  W ate r

( R C 0 0 ) 2C 3H 60  +  H 20  
D ig ly c e r id e  W a te r

S e c o n d a r y  r e a c t io n  o f  d i r e c t  e s te r i f i c a t io n  w h ic h  r e d u c e s  th e  
c o n c e n t r a t io n  o f  m o n o g ly c e r id e s  c a n n o t  b e  a v o id e d  a s  i t  h a p p e n s  s im u l ta n e o u s ly .  
T h e  c o n c e n t r a t io n  o f  m o n o g ly c e r id e s  a t  th e  e n d  o f  r e a c t io n  is  4 0 - 6 0 % . I t  s h o u ld  b e  
n o t ic e d  th a t  w a te r ,  is  c r e a te d  b y  d i r e c t  e s te r i f ic a t io n ,  m a k e  u n c o n t r o l l e d  f o a m in g  
o c c u r r e d  b y  to o  s u d d e n  w a te r  f o rm a t io n .

2.2.1.2 Transestérification of triglycerides
T ra n s e s te r i f i c a t io n  is  th e  r e a c t io n  o f  t r ig ly c e r id e s  ( o r  o th e r  

e s te r s )  w i th  a lc o h o l  to  p r o d u c e  a lk y l  e s te r s  a n d  g ly c e r o l ,  t y p ic a l ly  in  th e  p r e s e n c e  o f  
a c id  o r  b a s e  c a ta ly s t s  ( H u b e r  e t  a h , 2 0 0 6 ) .

T r a d i t io n a l ly ,  b a s ic  c a ta ly s ts  s u c h  a s  K O H  a n d  C a ( O H ) 2 c a n  
b e  in d u s t r i a l ly  u s e d  in  th e s e  p r o c e s s e s .  H o w e v e r ,  th e  d r a w b a c k s  w h ic h  a re  r e s u l te d
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f ro m  th e  u s e  o f  b a s ic  c a ta ly s ts  a re : ( i)  n e u t r a l iz a t io n  s te p  is  r e q u i r e d ,  ( i i )  th e  
f o r m a t io n  o f  s a l ts  a n d  ( i i i )  th e  h ig h  r e a c t io n  te m p e ra tu re .

F o r  th is  ro u te ,  th e  m o n o g ly c e r id e s  c a n  b e  a c h ie v e d  v ia  th e  
r e a c t io n s  a r e  s h o w n  b e lo w :

Main Reaction:
( R C O O ) 3C 3H 5 +  c 3h 8o 3 ^

T rig ly c e rid e  G ly ce rin e  

Secondary Reaction:
1 ( R C 0 0 ) 2C 3H 60  +  1 c 3h 8o 3 ^  2  r c o o c 3h 7o 2

D ig ly c e rid e  G ly ce rid e  M o n o g ly ce rid e

2.2.1.3 Glycerolysis of triglycerides
G ly c e r o ly s is  is  th e  p r o c e s s  o f  b r e a k in g  a  c h e m ic a l  b o n d  w i th  

th e  u s e  o f  g ly c e r in .  T h e s e  r e a c t io n s  a r e  o f te n  c a ta ly z e d  b y  th e  a d d i t io n  o f  a n  a c id  o r  
b a s e . G ly c e r o ly s is  is  a  s p e c ia l  c a s e  o f  t r a n s e s t e r i f ic a t io n  w h ic h  is  u s e d  fo r  
s y n th e s i z in g  e m u ls i f i e r s  o r  l ip o p h i l ic  s u r f a c ta n t s  f ro m  s im p le  e s te r s ,  f a ts , 
t r ig ly c e r id e s ,  c a r b o x y l ic  a c id  a n h y d r id e s ,  o r  f r e e  f a t ty  a c id s .  T h e  p r o c e s s  is  u s e d  to  
p r o d u c e  m o n o g ly c e r id e s  a n d  d ig ly c e r id e s ,  a n d , in  ra re  c a s e s ,  p o ly m e r s  ( w h e n  
d ic a r b o x y l ic  a c id s  a r e  u s e d ) .

T h e  r e v e r s e  o f  th is  p r o c e s s ,  b r e a k in g  a p a r t  to  r e le a s e  g ly c e r in ,  
is  s a p o n i f ic a t io n  o r  h y d r o ly s is  i f  w a te r  is  u s e d  a n d  is  t r a n s e s t e r i f i c a t io n  i f  a  d i f f e r e n t  
a lc o h o l  o r  g ly c o l  is  u s e d . (h t tp : / / e n .w ik ip e d ia .o r g /w ik i /G ly c e r o ly s is )

G ly c e r o ly s is  o f  f a ts  a n d  o i l s  w i th  g ly c e r o l  h a s  b e e n  in te n s iv e ly  
p a te n te d  a s  w id e n in g  in d u s t r i a l  u s e s  w e r e  fo u n d  f o r  m o n o g ly c e r id e  in  th e  19 4 0 s  a n d  
1 9 5 0 s  ( N o u r e d d in i  e t  a l . ,  1 9 9 7 ). T h is  r e a c t io n  c a n  b e  o c c u r r e d  a t  h ig h  te m p e r a tu r e  in  
th e  p r e s e n c e  o f  b a s ic  c a ta ly s t .  I n d u s tr ia l  g ly c e r o ly s is  w a s  c a r r ie d  o u t  a t  te m p e r a tu r e  
a b o v e  4 7 3  K , w i th  N a O H  o r  K O H  a s  a  c a ta ly s t  ( C o r m a  e t  a l . ,  1 9 9 7 ).

R C 0 0 C 3H 70 2 +  ( R C 0 0 ) 2C 3H 60  
M o n o g ly ce rid e  D ig ly ce rid e

http://en.wikipedia.org/wiki/Glycerolysis
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CHU-OH
I _ÇHOCOR 

CH 2-OH  
p-monoester

EOH OH
OH

CH,OCOR
I rÇH-OHÏ "
c h 2o c o r

1,3-Diester

( C o r m a  e t  a l . ,  1 9 9 7 ) .

2.3 Protecting group in organic synthesis
A  p r o te c t in g  g r o u p  o r  p r o te c t iv e  g r o u p  is  in t r o d u c e d  in to  a  m o le c u le  b y  

c h e m ic a l  m o d i f i c a t io n  o f  a  f u n c t io n a l  g r o u p  in  o r d e r  to  o b ta in  c h e m o s e le c t iv i ty  in  a  
s u b s e q u e n t  c h e m ic a l  r e a c t io n .  I t  p l a y s  a n  im p o r ta n t  r o le  in  m u l t i s t e p  o r g a n ic  
s y n th e s is .  In  m a n y  p r e p a r a t io n s  o f  r e a c t iv e  o r g a n ic  c o m p o u n d s ,  s o m e  s p e c i f i c  p a r ts  
o f  th e i r  m o le c u le s  c a n n o t  b e  s ta b le  in  th e  r e q u i r e d  r e a g e n t s  o r  c h e m ic a l  
e n v i r o n m e n ts .  T h e n ,  th e s e  p a r ts ,  o r  g r o u p s ,  m u s t  b e  p r o te c te d .  W h e n  th e  p r o te c t in g  
g r o u p  o r  p r o te c t iv e  g r o u p  is  in t r o d u c e d  in to  a  d e s i r e d  f u n c t io n a l  g r o u p ,  th is  s te p  is  
c a l l e d  in t r o d u c t io n  o r  p r o te c t io n  s te p . A f te r  th e  d e s i r e d  s te p  is  c o m p le te d ,  th e  
p r o te c t iv e  g r o u p  is  r e m o v e d  a n d  g iv in g  b a c k  th e  o r ig in a l  f u n c t io n a l  g r o u p . T h is  s te p  
is  c a l le d  c le a v a g e  o r  d e p r o te c t io n  s te p .( h t tp : / / e n .w ik ip e d ia .o r g /w ik i /P r o te c t in g  

g r o u p )

A n o th e r  r o le  o f  p r o te c t iv e  g r o u p  is  w h e n  a  c h e m ic a l  r e a c t io n  is  to  b e  c a r r ie d  
o u t  s e le c t iv e ly  a t  o n e  r e a c t iv e  s ite  in  a  m u l t i f u n c t io n  c o m p o u n d ,  o th e r  r e a c t iv e  s i t e s  
m u s t  b e  t e m p o r a r i ly  b lo c k e d .  A  p r o te c t iv e  g r o u p  m u s t  f u lf i l l  a  n u m b e r  o f  
r e q u i r e m e n ts .  I t  m u s t  r e a c t  s e le c t iv e ly  in  g o o d  y ie ld  to  g iv e  a  p r o te c te d  s u b s t r a te  th a t  
is  s ta b le  to  th e  p r o je c te d  r e a c t io n s .  T h e  p r o te c t iv e  g r o u p  m u s t  b e  s e le c t iv e ly  r e m o v e d

ÇHOCOR
c h 2o h

1.2-Diester

Figure 2.4 G ly c e r o ly s is  o f  t r ig ly c e r id e s  w i th  g ly c e r o l

http://en.wikipedia.org/wiki/Protecting


8

in  g o o d  y ie ld  b y  r e a d i ly  a v a i la b le ,  p r e f e r a b ly  n o n to x ic  r e a g e n t s  th a t  d o  n o t  a t t a c k  th e  
r e g e n e r a te d  f u n c t io n a l  g ro u p . T h e  p r o te c t iv e  g r o u p  s h o u ld  f o r m  a  d e r iv a t iv e  th a t  c a n  
e a s i ly  b e  s e p a r a te d  f ro m  s id e  p r o d u c ts  a s s o c ia te d  w i th  i t s  f o r m a t io n  o r  c le a v a g e .  T h e  
p r o te c t iv e  g r o u p  s h o u ld  h a v e  a  m in im u m  o f  a d d i t io n a l  f u n c t io n a l i ty  to  a v o id  f u r th e r  
s i te s  o f  r e a c t io n  ( G r e e n e  e t  a l . ,  2 0 0 7 ) .

2.3.1 Hydroxy Protecting Group
T h is  s tu d y  f o c u s e s  o n  h y d r o x y l  p r o te c t in g  g r o u p  b e c a u s e  th e  

g ly c e r o l ,  a  tr io l  c o m p o u n d , is  th e  p r o te c t io n  ta rg e t .  T h e r e  a r e  m a n y  c o m p o u n d s  th a t  
c a n  b e  u s e d  a s  a  p r o te c t in g  g r o u p  f o r  g ly c e r o l ,  s u c h  a s  a c e ta l s ,  e th e r s ,  s i ly l  e th e rs ,  
e s te r s ,  c a r b o - n a te s  a n d  m a n y  o th e r s .

2.3.1.1 O-alkylidene group
T h e  O - a lk y l id e n e  g r o u p  is  w e l l - k n o w n  a s  th e  m o s t  u s e fu l  

g r o u p s  o n  c a r b o h y d r a t e s  a n d  p o ly o ls  s u c h  a s  g ly c e r in  a n d  its  h o m o lo g s .  O - a lk y l id e n e  
g r o u p s  c a n  fo rm  a c e ta l /k e ta l  c o m p o u n d s  v ia  th e  r e a c t io n  o f  a ld e h y d e s /k e to n e s  w i th  
c is  v ic in a l  h y d r o x y l  g r o u p s  o n  p o ly o ls  (B h a t i  e t. a l . ,  1 9 8 0 ). O n e  ty p ic a l  O - a lk y l id e n e  
g r o u p ,  O - is o p r o p y l id e n e  g r o u p ,  is  e a s i ly  o b ta in e d  th r o u g h  r e a c t io n  o f  c is  v ic in a l  
h y d r o x y l  g r o u p s  w i th  a c e to n e  in  th e  p r e s e n c e  o f  a n d  a c id  c a ta ly s t ,  a s  s h o w n  in  F ig u r e
2 .5  ( บ r a ta  e t. a h , 1 9 9 8 ).

R-----Ç H - — ÇH—- R' + j
H 7 -H 20 R----CH---- CH— R'

/  \
OH OH k CH3 -  h-v+h2o X

Polyols Acetone O-isopropylidene

Figure 2.5 O - is o p r o p y l id e n e  g r o u p  f o r m a t io n  v i a  th e  r e a c t io n  o f  c is  v ic in a l  
h y d r o x y l  g r o u p s  w i th  a c e to n e

S u c h  c o m p o u n d s  c a n  b e  c r y s ta l l iz e d  a n d  a ls o  d i s t i l l e d  in  h ig h  
v a c u u m  w i th o u t  d e c o m p o s i t io n  ( S c h m id t ,  1 9 6 3 ). T h e y  a re  u s u a l ly  s ta b le  in  a lk a l i ,  
b u t  a r e  h y d r o ly z e d  in  a q u e o u s  a c id . F u r th e r m o r e ,  h y d r o ly s i s  o f  s u c h  O -
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i s o p r o p y l id e n e  c o m p o u n d s  le a d s  to  r e g e n e r a t io n  o f  a c e to n e ,  w h ic h  c a n  b e  r e c y c le d  i f  
e f f e c t iv e  s e p a r a t io n  m e th o d s  a re  u s e d .

Literature Reviews
C h o u d h u r y  e t  a l . ,  ( 1 9 6 2 )  s tu d ie d  th e  d i r e c t  e s te r i f ic a t io n  r e a c t io n  w i th  v a r io u s  

s a tu r a te d  a n d  u n s a tu r a te d  f a t ty  a c id s  a t  1 8 0  ๐c  th e  r e a c t io n  te m p e r a tu r e  a n d  in  th e  
p r e s e n c e  a n d  a b s e n c e  o f  a lk a l i  c a ta ly s ts .  T h e  r e s u l t in g  m o n o g ly c e r id e  is  in  th e  r a n g e  
o f  5 5 - 6 0 %  o f  th e  f a t ty  p r o d u c t  a t  e q u i l ib r iu m  s ta g e  o f  th e  r e a c t io n .  T h e  N a O H  5 a s  a  
c a ta ly s t ,  in c r e a s e s  th e  in i t ia l  r a te  o f  r e a c t io n  a n d  h e lp s  in  d e p r e s s in g  d ig ly c e r id e  
f o rm a t io n .

Table 2.1 E s te r i f ic a t io n  o f  1 m o le  f a t ty  a c id  w i th  3 m o le  g ly c e r o l  a t  1 8 0  °c w i th /  
w i th o u t  a lk a l i  c a ta ly s t  ( C h o u d h u r y  e t  a l . ,  1 9 6 2 )

Type of saturated/ 
unsaturated 
fatty acids

% Composition 
(Without catalyst)

% Composition 
(With catalyst)

Mono- Di- Tri- Mono- Di- Tri
1. L a u r ie  a c id 5 2 .3 4 4 .1 3 .6 6 0 .4 3 7 .5 2 .1

2 . M y r i s t ic  a c id 50 .1 4 7 .3 2 .6 5 9 .2 3 6 .9 3 .9

3 . P a lm i t ic  a c id 4 9 .9 4 6 .8 3 .3 5 8 .8 3 8 .4 2 .8

4 . S te a r ic  a c id 4 8 .1 4 6 .8 5.1 5 7 .2 38 .1 4 .7

5. O le ic  a c id 5 3 .2 4 3 .1 3 .7 6 1 .2 3 7 .0 1 .8

6 . L in o le ic  a c id 5 3 .6 4 4 .0 2 .7 6 1 .5 3 6 .5 2 . 0

M u k h e r je e  e t  a l . ,  ( 1 9 8 9 )  s tu d ie d  e s te r i f ic a t io n  o r  a c id o ly s is  r e a c t io n  o f  o le ic  
a c id  w i th  g ly c e r o l ,  m o n o o le o y lg ly c e r o l s ,  d io l e o y lg ly c e r o ls  a n d  t r io le o y lg ly c e r o l  
u s in g  tw o  im m o b i l i z e d  m ic r o b ia l  l ip a s e  p r e p a r a t io n s :  “ L ip a s e  G ”  f ro m  P é n ic i l l iu m  
sp . A n d  รท- 1 ,3 - s p e c if ic  “ L ip o z y m e ”  f ro m  M u c o r  m ie h e i .  L ip a s e  G  e f f e c t iv e ly  
c a ta ly z e s  th e  e s te r i f i c a t io n  o f  o le ic  a c id  w i th  g ly c e r o l  y ie ld in g  m o n o o le o y lg ly c e r o l s
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a s  m o s t  p r e d o m in a n t  p r o d u c t .  L ip o z y m e  a ls o  c a ta ly s e s  b u t  p r o v id e s  lo w e r  
e s te r i f ic a t io n  r a te  a n d  p r e d o m in a n t  p r o d u c ts  f o r m e d  a re  d io l e o o y lg ly c e r o l s ,  f o l lo w e d  
b y  m o n o o le o y lg ly c e r o l s  a n d  t r io le o y lg ly c e r o l .  T h is  s tu d y  s h o w s  th a t  L ip a s e d  
e s te r i f ic a t io n  is  a  s u i ta b le  a l t e r n a t iv e  fo r  th e  p r e p a r a t io n  o f  m o n o -  a n d  
d i a c y lg ly c e r o ls  u n d e r  m i ld  c o n d i t io n s .  H o w e v e r ,  in  th e  in d u s t r i a l  s c a le ,  th e  c o s t  o f  
l ip a s e  a n d  th e  c a p a c i ty  a r e  c o n c e rn e d .

B a r r a u l t  e t  a h ,  ( 1 9 9 7 )  r e p o r te d  th e  a c t iv i ty  o f  A m b e r ly s t  3 1 , p r o v id in g  a  
m o n o o le in s  y ie ld  o f  4 9 %  a f te r  2 4  h o u r s  a t  3 6 3  K , w i th  m o la r  r a t io  o f  r e a c ta n t  o f  6 .3 . 
T h e  a d v a n ta g e s  a re  lo w e r  r e a c t io n  te m p e r a tu r e  a n d  e a s y  c a ta ly s t  r e m o v a l .  H o w e v e r ,  
th e r e  a r e  m a n y  d r a w b a c k s  a ls o  s u c h  a s  to o  lo n g  r e a c t io n  t im e  a n d  lo w  y ie ld  o f  
m o n o o le in s .

B e c a u s e  th e  r e a c t io n  c o n d i t io n s  a f fe c t  th e  p r o d u c t io n  o f  1- m o n o g ly c e r id e  
w h e n  u s in g  a  z e o l i te  o f  f a u ja s i te  ty p e  a s  s o l id  c a ta ly s t .  S a n c h e z  a n d  c o w o r k e r s  
( 1 9 9 7 )  r e p o r te d  th e  e f f e c ts  o f  q u a n t i t i e s  o f  c a ta ly s t ,  t e m p e r a tu r e  r a n g e  o f  in d u s t r i a l  
in te r e s t  a n d  a c id /a lc o h o l  r a t io .  T h e y  f o u n d  th a t  th e  r a te  o f  r e a c t io n  in c r e a s e s  w i th  
te m p e r a tu r e  a n d  th e  c o n c e n t r a t io n  o f  c a ta ly s t .  H o w e v e r ,  th e  r a te  o f  r e a c t io n  d e c r e a s e  
f o r  lo n g  r e a c t io n  t im e . M o r e o v e r ,  w h e n  th e  r a t io  o f  a c id /a lc o h o l  is  d e c r e a s e d ,  th e  r a te  
o f  r e a c t io n  is  in c re a s e d .

B a n c q u a r t  e t  a h ,  ( 2 0 0 1 )  s tu d ie d  th e  u s e  o f  s o l id  b a s ic  c a ta ly s t s  ( M g O , 
C e Û 2, L a 2 0 3  a n d  Z n O )  f o r  g ly c e r o l  t r a n s e s t e r i f i c a t io n  in  a b s e n c e  o f  s o lv e n t .  T h e y  
f o u n d  th a t  th e s e  c a ta ly s t  a r e  a c t iv e  b u t  th e  s e le c t iv i ty  o f  m o n o - ,  d i -  a n d  t r ig ly c e r id e  is  
s im i la r  to  h o m o g e n e o u s  b a s ic  c a ta ly s t .

C o r m a  e t  a h , ( 1 9 9 7 )  s tu d ie d  g ly c e r o ly s is  o f  t r io le in  a n d  r a p e s e e d  o i l  u s in g  
s o l id  b a s e  c a ta ly s ts  s u c h  a s  C s - M C M - 4 1 ,  C s - S e p io l i t e ,  M g O  a n d  c a lc in e d  
h y d r o ta lc i t e s  w i th  d i f f e r e n t  A l /A l- M g  r a t io s .  T h e  r e s u l t s  s h o w  th a t  a t  5 1 3  K , M g O  
a n d  lo w  A1 h y d r o ta lc i t e s  a r e  s u f f ic ie n t ly  b a s i c  f o r  c a r r y in g  o u t  th e  t r a n s e s t e r i f i c a t io n  
w i th  m o n o g ly c e r id e  y ie ld s  h ig h e r  th a n  9 0 %  a n d  m o r e  th a n  7 5 %  s e le c t iv i ty .

A b r o  e t  a h , ( 1 9 9 7 )  s tu d ie d  th e  u s e  o f  v a r io u s  s o l id  c a ta ly s t s  ( z e o l i te ,  c la y  
a n d  io n - e x c h a n g e d  r e s in )  f o r  e s te r i f ic a t io n  o f  g ly c e r o l  w i th  o le ic  a c id . T h e  r e s u l t s  
s h o w  th a t  c a t io n ic  e x c h a n g e d  r e s in  is  th e  b e s t  c a ta ly s t  f o r  s e le c t iv e  p r e p a r a t io n  o f  
m o n o o le y l  g ly c e r id e  in  m i ld  c o n d i t io n .  It s e e m s  th a t  th e  a c t iv i ty  is  in f lu e n c e d  b y  th e
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r e s in  s t r u c tu r e ;  d e p e n d in g  o n  i ts  c r o s s l in k in g ,  a c ts  a s  a  s h a p e  s e le c t iv e  c a ta ly s t .  T h e  
b e n e f i t s  o f  th e  s w e e l in g  o f  io n - e x c h a n g e d  r e s in s  o n  th e  o v e r a l l  c a ta ly s t  p e r f o r m a n c e  
in  g ly c e r o l  e s te r i f i c a t io n  e v id e n c e  th e  p o s i t iv e  in f lu e n c e  o f  in c r e a s in g  o f  a c c e s s ib i l i ty  
o f  th e  r e a c ta n t  to  th e  a c t iv e  c e n te r s .  H e n c e ,  th e  s e r ie s  o f  th e  o r d e r e d  m e s o p o r o u s  
m a te r ia l s  is  c o n c e r n e d  f o r  th e  a l t e r n a t iv e  s o l id  c a ta ly s ts  w h ic h  o f f e r  th e  p o s s ib i l i t y  to  
o v e r c o m e  th e  p o r e - s iz e  l im i ta t io n  c h a r a c te r i s t ic  o f  z e o l i te  m a te r ia l s  ( M â r q u e z -  
A lv a r e z  e t  a l . ,  2 0 0 4 ) .

B o s s a e r t  e t  a l . ,  ( 1 9 9 8 )  r e p o r te d  f o r  th e  f i r s t  t im e  th e  p r e p a r a t io n  o f  
m e s o p o r o u s  s u l f o n ic  a c id  a s  s e le c t iv e  h e te r o g e n e o u s  c a ta ly s t s  a n d  c o m p a r e d  th e  
c a ta ly t ic  a c t iv i ty ,  f o r  e s te r i f ic a t io n  o f  g ly c e r o l  w i th  la u r ic  a c id , o f  s i l ic e o u s  
m e s o p o r o u s  m a te r ia l s  ( s i l ic a  g e l ,  M C M - 4 1 ,  a n d  H S M )  w i th  p r o p y l s u l f o n ic  a c id  
g r o u p s  to  H - U S Y  a n d  A m b e r ly s t - 1 5 .  T h e  a u th o r s  f o u n d  th a t  m e s o p o r o u s  m a te r ia ls  
w i th  s u l fo n ic  g r o u p s  w e r e  m o r e  a c t iv e ,  b u t  th e y  c o u ld  n o t  c o r r e la te  th e  a c t iv i ty  w i th  
th e  n u m b e r  o f  a c id  g r o u p s ,  n o r  c o u ld  o b s e r v e d  th e  s h a p e - s e le c t iv i ty .  H o w e v e r ,  it  c a n  
b e  c o n c lu d e d  th a t  th e  g o o d  a c c e s s ib i l i ty  to  a c t iv e  s i te s  s e e m e d  to  b e  a n  im p o r ta n t  
c a ta ly t ic  f a c to r .

C o r m a  e t  a l . ,  ( 1 9 9 2 )  r e p o r te d  th e  a c t iv i ty  o f  z e o l i t e  fo r  e s te r i f ic a t io n  
b e tw e e n  o le ic  a c id  a n d  g ly c e r id e  o v e r  H Y  z e o l i te ,  a t  4 5 3  K , o b ta in in g  a  m o n o o le in s  
y i e ld  o f  8 3 %  a f te r  5 h o u r s  o f  r e a c t io n ,  w i th  a  m o la r  r a t io  o f  r e a c t a n t  o f  1.

J é r ô m e  e t  a l . ,  ( 2 0 0 4 )  r e p o r te d  “ o n e - p o t”  a n d  s e le c t iv e  s y n th e s i s  o f  
m o n o g ly c e r id e  w h ic h  w a s  c a ta ly z e d  a t  3 8 3  K  b y  g u a n id in e  c a ta ly s t s  e i t h e r  in  a  
s o lv e n t  o r  w i th o u t .  T h e  r e s u l t s  s h o w n  th a t  th e  s u p p o r te d  g u a n id in e  d e r iv a t iv e s  a f f e c t  
to  in c r e a s in g  o f  m o n o g ly c e r id e s  y ie ld .  M o r e o v e r ,  a t  th e  e n d  o f  t r a n s e s t e r i f ic a t io n ,  
th e  s o l id  c a ta ly s t  w a s  r e u s e d .

S e v e ra l  r e s e a r c h  g r o u p s  e m p lo y e d  p r o te c te d  g ly c e r o l s .  F o r  e x a m p le ,  u s in g  
1 ,2 - O - i s o p r o p y l id e n e  g ly c e r o l  in s te a d  o f  g ly c e r o l ,  h ig h ly  p u r e  m o n o g ly c e r id e s  w a s  
s y n th e s i z e d  ( Y u  e t  a l . ,  2 0 0 3 ) .  Y u  a n d  c o w o r k e r s  ( 2 0 0 3 )  s tu d ie d  th e  
t r a n s e s t e r i f i c a t io n  o f  1 ,2 - O - i s o p r o p y l id e n e  g ly c e r o l  w i th  m e th y l  s t r e a r a te  a n d
N a 2C 0 3  w a s  u s e d  a s  th e  c a ta ly s t  a s  s h o w n  in  F ig u r e  2 .6 . T h e  r e s u l t s  s h o w  th a t  th e  
y i e ld  a n d  p u r i ty  o f  m o n o g ly c e r id e  a re  v e r y  h ig h  ( o v e r a l l  y ie ld :  9 2 % ) . T h e  s e le c t iv e
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a n d  e f f ic i e n t  d e p r o te c t io n  o f  th e  a c e to n id e  w a s  a c c o m p l is h e d  b y  u s in g  A m b e r ly s t -  
15 - E th a n o l  s y s te m  in  w h ic h  th e  p u r i f i c a t io n  o f  p r o c e d u r e  w a s  v e r y  s im p le .

h3c  ๐ ''''^

1,2 -O -isop r  opy lid en e  
g lycero l 1 ,2-O -iso p rop yK d en e g lycero l 

m o n o stea ra te

A c id ic  R e s in

o

G ly cero l m on o stea ra te

Figure 2.6 T r a n s e s te r i f i c a t io n  o f  1,2 - O - is o p r o p y l id e n e  g ly c e r o l  a n d  m e th y l  s te a ra te .

C o r m a  e t  a h ,  (2008) s tu d ie d  th e  e s te r i f i c a t io n  o f  k e t a l iz e d  s o r b i to l  w i th  
o le ic  a c id  o v e r  v a r io u s  s o l id  a c id  c a ta ly s ts ,  a s  s h o w n  in  F ig u r e  2.7. T h e y  f o u n d  th a t  
th e  f o r m a t io n  o f  k e t a l i z e d  s o r b i to l s  m a k e  th e  f o r m a t io n  o f  u n d e s i r e d  p r o d u c t s  l ik e  d i-  
a n d  t r i e s te r s  d e c r e a s e d ,  e s p e c ia l ly  w h e n  m o r d e n i te  w a s  u s e d  a s  a  c a ta ly s t ,  a n d  h a v e  a  
g o o d  s e le c t iv i ty  to  m o n o e s te r .  H o w e v e r ,  th e  r e a c t io n  te m p e r a tu r e  a f f e c t  th e  
f o r m a t io n  o f  u n d e s i r e d  r e a c t io n  l ik e  e th e r i f i c a t io n  a n d  a n h y d r i z a t io n  so  th e  r e a c t io n  
te m p e r a tu r e  s h o u ld  n o t  a b o v e  200 °c. M o re o v e r ,  th e  r e la t iv e  s m a l l  a m o u n t  o f  a c id  
s i te s  m a k e  th e  lo n g  r e a c t io n  t im e  r e q u i r e d
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[— OH ๐ ๐
1

L
T j— OH

H
l_l CH3COCH3/ H+

H H O H /
HO 0 = — h /  acid catalyst 0 -= ' ๆ ) / ' R1COOH

H OH H 1— 0 H o acid catalyst
H OH

-O H
H

ะ  o X
H

L o X
polyhydric alcohol acetal of polyhydric alcohol

Figure 2 .7  T w o - S te p  p r o c e s s  fo r  s o r b i to l  e s te r  p r o d u c t io n .

T h e r e  a r e  m a n y  r e s e a r c h  w h ic h  c o n c e rn  a b o u t  h o w  to  s y n th e s iz e  1 ,2 - 0 -  
i s o p r o p y l id e n e  g ly c e r o l .  M o re o v e r  i t  is  a  r a w  m a te r ia l  f o r  m o n o g ly c e r id e s  
p r o d u c t io n .  I t  is  th e  in te r m e d ia te  f o r  d ie s e l  a n d  b io d ie s e l  a d d i t iv e  s y n th e s i s .  G a r d a  
a n d  c o w o r k e r s  ( 2 0 0 8 )  s tu d ie d  o n  n e w  a c e ta l  ( 2 ,2 - d im e th y l - l ,3 - d io x o l a n - 4 - y l ) m e th y l  
a c e ta te  f o r  d ie s e l  a n d  b io d ie s e l  a d d i t iv e  w h ic h  is  n o t  o n ly  im p r o v e s  b io d ie s e l  
v i s c o s i ty  b u t  a ls o  m e e ts  th e  r e q u i r e m e n ts  e s ta b l i s h e d  b y  d ie s e l  a n d  b io d ie s e l  f u e ls  b y  
E u r o p e a n  a n d  A m e r ic a n  S ta n d a r d s  (E N  1 4 2 1 4  a n d  A S T M  D 6 7 5 1 ,  r e s p e c t iv e ly )  fo r  
o th e r  im p o r ta n t  p a r a m e te r s  s u c h  a s  f la s h  p o in t  a n d  o x id a t io n  s ta b i l i ty .  T o  r e a c h  th a t  
a im , th e y  s ta r te d  w i th  A c é to n a t io n  o f  g ly c e r o l  a n d  f o l lo w e d  b y  A c y la t io n  o f  h y d r o x y  
g r o u p  a s  s h o w n  in  F ig u r e  2 .8 .
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Glycerol Acetone 1,2-isopropylidene glycerol

A c20 ,  NEt3 
4 h r.t.

(2,2-dimethyl-I*3-dioxolane-4-yl)methyl acetate Triacetin

Figure 2.8 A c é to n a t io n  o f  g ly c e r o l  a n d  A c y la t io n  o f  h y d r o x y  g r o u p

A s  s a m e  s tu d y , c h a r a c te r iz a t io n  o f  1 ,2 - i s o p r o p y l id e n e  g ly c e r o l  w a s  
s u c e e d e d  b y  g a s  c h r o m a to g r a p h y  w i th  a  f la m e  io n iz a t io n  d e te c to r  ( F I D ) ,  f o r  r e a c t io n  
m o n i to r in g  a s  s h o w n  in  F ig u r e  2 .9  a n d  F o u r i e r - T r a n s f o r m  I n f r a r e d  S p e c t r o s c o p y  
( F T - I R )  a n d  g a s  c h r o m a to g r a p h y  w i th  m a s s  s p e c t ro s c o p y ,  f o r  id e n t i f i c a t io n  a s  s h o w n  
in  F ig u r e  2 .1 0  a n d  2 .1 1 ,  r e s p e c t iv e ly .
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Figure 2.9 S y n th e s i s  m o n i to r in g  o f  1 ,2 - is o p ro p y l id e n e  g ly c e r o l  b y  G a s  
c h r o m a to g r a p h y  w i th  F ID :  (A )  5 h . o f  r e a c t io n  t im e ,  (B ) - 1 0  h . o f  r e a c t io n  t im e ,  a n d  
(C )  16 h . o f  r e a c t io n  t im e .

Figure 2.10 IR  s p e c t r u m  o f  1 ,2 - is o p ro p y l id e n e  g ly c e r o l .
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mJz

Figure 2.11 M a s s  s p e c t ru m  o f  1,2 - i s o p r o p y l id e n e  g ly c e r o l .

Y u  a n d  c o w o r k e r s  ( 2 0 0 3 )  s tu d ie d  o n  u s in g  1 ,2 - O - is o p r o p y l id e n e  g ly c e r o l  
in s te a d  o f  g ly c e r o l  fo r  t r a n s e s t e r i f ic a t io n  w i th  m e th y l  s te a r a te  in  o r d e r  to  a v o id  
a c y la t io n  p r o b le m , m o r e o v e r ,  h ig h ly  p u r e  g ly c e r o l  m o n o s te a r a te  w a s  s y n th e s iz e d .

Analysis of Monoglycerides
O n e  o f  d i f f ic u l t  p r o b le m s  in  g ly c e r id e s  a n a ly s i s  is  d i f f e r e n t ia t io n  a n d  

c h a r a c te r iz a t io n  o f  1- a n d  2 - m o n o g ] y c e r id e s .  In  1 9 6 1 , S u s i  a n d  c o w o r k e r s  
in v e s t ig a te d  th e  m ix tu r e  o f  1 - a n d  2 - m o n o g ly c e r id e s  ( in  a b s e n c e  o f  d i -  a n d  
t r ig ly c e r id e s )  u s in g  N e a r - I n f r a r e d  s p e c t ro s c o p y .  T h e  m a in  d i f f e r e n c e  b e tw e e n  th e  
tw o  is o m e r s  is  O H  g r o u p s  in  d i f f e r e n t  in t r a m o le c u la r  e n v i r o n m e n t  s o  th i s  m e th o d ,  
w h e r e  g r e a te s t  e m p h a s is  is  o n  c h e m ic a l  g r o u p s  a n d  b o n d s  in v o lv in g  h y d r o g e n  a to m s ,  
is  w e l l  s u i te d  to  in v e s t ig a t io n .

T h e  a b s o r b a n c e  o f  a  m ix tu r e  o f  1 - a n d  2 - m o n o g ly c e r id e s  a t  a  g iv e n  
w a v e le n g h t  is  g iv e n  b y  th e  r e la t io n s h ip :

(1 )  A  =  (C ik ,+ C 2k 2)b

(2 )  c  =  Cl +  c 2

W h e re ,  A  is  th e  to ta l  a b s o rb a n c e ;  Cl a n d  C2 a re  th e  m o la r  c o n c e n t r a t io n s  o f  
1- a n d  2 - m o n o g ly c e r id e s ;  k l  a n d  k 2 a r e  th e  m o la r  a b s o r p t iv i t i e s  o f  1- a n d  2 -  
m o n o g ly c e r id e s ;  b  is  th e  p a th  le n g th  in  c m . R e a r r a n g e m e n t  a n d  y ie ld s :
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(3 )  %  m o n o g ly c e r id e s .̂c, X100̂
c 2

( A - c k 2b ) 1 0 0  

( k ,  -  k 2) b c

Figure 2.12 A b s o r b a n c e  o f  1- a n d  2 - m o n o g ly c e r id e s  a t  1 .4 3 0  m ic r o n s  a s  a  fu n c t io n  
o f  c o n c e n t r a t io n .  O p e n  c i r c le s — m o n o p a lm i t in ;  c lo s e d  c i r c le s — m o n o s te a r in s ;  
t r i a n g le s — m o n o o le in s .

F ro m  c o m p a r i s o n  b e tw e e n  c o m p o s i t io n  d a ta  c a lc u la t io n  ( f r o m  e q u a t io n ( 3 ) )  
a n d  k n o w n  a m o u n t  o f  1- a n d  2 - m o n o g ly c e r id e s ,  S u s i  a n d  c o w o r k e r s  c o n c lu d e d  th a t  
th e  c o m p u te d  d a ta  a r e  m o r e  e x a c t  th a n  th a t  c o u ld  b e  e x p e c te d  f ro m  m e a s u r e m e n ts  in  
f u n d a m e n ta l  in f r a r e d  r e g io n  a n d  a p p r o a c h  th e  a c c u r a c y  a t t a in a b le  in  บ V  r e g io n  o n  
s a m p le s  w i th  c o m p a r a b le  d i f f e r e n c e s  in  a b s o r b a n c e .  A l th o u g h  th e  p r o c e d u r e  is  n o t  
s u i ta b le  t r a c e  a n a ly s i s ,  i t  c o n s t i t u t e s  a  r a p id  m e th o d  fo r  r a th e r  a c c u r a te  e s t im a t io n  o f  
th e  a b u n d a n c e  o f  p o s i t i o n  i s o m e r s  in  m ix tu r e  o f  1 - a n d  2 - m o n o g ly c e r id e s .

M o r e o v e r ,  th e  s t r u c tu r e  o f  1- a n d  2 - m o n o g ly c e r id e s  w e r e  r e a d i ly  
d i f f e r e n t ia te d  b y  N u c le a r  M a g n e t ic  R e s o n a n c e  s p e c t r o s c o p y  ( N M R ) , a  t e c h n iq u e  
w e l l  e s ta b l i s h e d  in  o r g a n ic  c h e m ic a l  a n a ly s is ,  a n d  m a y  a ls o  b e  u s e d  to  d is t in g u is h  
1 ,2 -  a n d  1 ,3 - d ig ly c e r id e s  a n d  t r ig ly c e r id e s .  F ig u r e  2 .1 3  i l lu s t r a t e s  th e  g e n e ra l  p a t te r n



18

o f  p e a k s  p r o d u c e d  b y  p r o to n s  a t t a c h e d  to  g ly c e r o l  c a r b o n s  o f  m o n o - ,  d i -  a n d  
t r ig ly c e r id e s .  T h is  d i a g r a m  in d ic a te s  o n ly  a p p r o x im a te  p o s i t i o n s  o f  p e a k s  a n d  n o t  
th e i r  p r o p e r  s p l i t t in g .  T h e  c h e m ic a l  s h i f t  o f  p r o to n s  a t t a c h e d  to  g ly c e r o l  c a r b o n s  m a y  
b e  a l t e r e d  s l ig h t ly  b y  th e  c h e m ic a l  s t r u c tu r e  o f  th e  f a t ty  a c id s  a t t a c h e d  to  th e  
g ly c e r o l ,  b u t  th e  p a t te r n s  s h o u ld  in  g e n e ra l  r e s e m b le  th o s e  d e p ic te d  in  th i s  f ig u re  
( S e r d a r e v ic h  e t. a l . ,  1 9 6 6 ).

Figure 2.13 D ia g r a m  s h o w in g  a p p r o x im a te  p o s i t io n s  o f  p e a k s  d u e  to  p r o to n s  
a t t a c h e d  to  g ly c e r o l  c a r b o n s  in  N M R  s p e c t r a  o f  m o n o - ,  d i-  a n d  t r ig ly c e r id e s .

P o u i l lo u x  e t  a l . ,  ( 1 9 9 9 )  s tu d ie d  th e  r e a c t io n  o f  g ly c e r o l  w i th  f a t ty  a c id s  in  
th e  p r e s e n c e  o f  io n - e x c h a n g e  r e s in s  p r e p a r a t io n  o f  m o n o g ly c e r id e s .  T h e y  a n a ly z e d  
th e  p r o d u c t  o f  e s te r i f i c a t io n  w i th  h ig h  p e r f o r m a n c e  l iq u id  c h r o m a to g r a p h y  e q u ip p e d  
w i th  a  l ig h t  s c a t t e r in g  d e te c to r  u s e  fo r  d e t e c t io n  o f  h ig h  m o le c u la r  w e ig h t
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c o m p o u n d s  s u c h  a s  f a t ty  c o m p o u n d s .  T h e  c h r o m a to g r a p h ic  c o lu m n  a n d  tw o  ty p e s  o f  
e lu e n ts :  ( i)  c h lo r o f o r m  ( s ta b i l iz e d  w ith  e th a n o l)  a n d  ( i i )  m ix tu r e  o f  m e th a n o l ,  w a te r ,  
c h lo r o f o r m  a n d  a m m o n ia  w e r e  u s e d .

I n  2 0 0 1 , H o lc a p e k  a n d  c o w o r k e r s  s tu d ie d  o n  c h r o m a to g r a p h ic  t e c h n iq u e s  
w h ic h  a re  c o m p a r e d  w i th  r e s p e c t  to  th e i r  s u i ta b i l i ty  f o r  a n a ly s is  o f  a c y lg ly c e r o ls  a n d  
m e th y l  e s te r s  o f  f a t ty  a c id s .  T h e y  r e v ie w e d  a b o u t  c h r o m a to g r a m  o f  r a p e s e e d  o i l  
p a r t i a l ly  t r a n s e s t e r i f i e d  w i th  m e th a n o l  u n d e r  c o n d i t io n :  c o m b in e d  a q u e o u s - o r g a n ic  
a n d  . n o n a q u e o u s  r e v e r s e d - p h a s e  g r a d ie n t  e lu t io n  ( l in e a r  g r a d ie n t  f ro m  
a c e to n i t r i l e / w a t e r ^ O ^ O  in  0  m in  to  1 0 0 %  a c e to n i t r i le  in  2 0  m in ,  h o ld - u p  s te p  to  3 6  
m in , 'th e n  to  2 - p r o p a n o l /a c e to n i t r i le = 6 :4  in  13 2  m in )  a s  s h o w n  in  f ig u re  2 .1 4 .

Figure 2.14 T h e  c h r o m a to g r a m  o f  r a p s e e d  o i l  p a r t i a l ly  t r a n s e s t e r i f i e d  w i th  
m e th a n o l .

C o r m a  e t  a l . ,  ( 2 0 0 5 )  s tu d ie d  g ly c e r o ly s is  o f  g ly c e r o ly s is  o f  f a t ty  m e th y l  
o le a te  o v e r  v a r io u s  h e te r o g e n e o u s  c a ta ly s ts .  T h e  p r o d u c t s  w e r e  a n a ly z e d  b y  g a s  
c h r o m a to g r a p h y .  T h e  f a t ty  m e th y l  e s te r  c o n v e r s io n  to  th e  d i f f e r e n t  r e a c t io n  p r o d u c ts  
is  g iv e n  b y  th e  f o l lo w in g  e q u a t io n :
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M o la r  C o n v e r s io n  (% ) ( I Q O X A ^ W - . + 2 A J /rFJ, + 3A„/tF,„) 
A „„,>F ท,»» + 2A J,/rFJ, + 3 A a /tFw + A ME/rFME

A ls o ,  th e  s e le c t iv i ty  to  m o n o g ly c e r id e s  w a s  c a lc u la t e d  a c c o r d in g  th e  
f o l lo w in g  e q u a t io n :

S e le c t iv i ty  to  m o n o g ly c e r id e  (% )  = -------------— (A  tnonon /rFmono )------------------
A 1110110/ rF mo110 + 2 A di/rF di + 3 A tri/ r F tri

W h e r e  : Amono, A di, A trj a n d  A m e  =  th e  r e s p e c t iv e  a r e a s  o f  th e  p e a k s  c o r r e s p o n d in g  
to  m o n o g ly c e r id e s  , d ig ly c e r id e s ,  t r ig ly c e r id e s  a n d  f a t ty  a c id  m e th y l  e s te r s  
a n d  rF  a re  th e i r  r e s p e c t iv e  r e s p o n s e  f a c to r s .

M a z o r  e t  a h ,  ( 1 9 9 1 )  in v e s t ig a te d  r e g io s e le c t iv i ty  o f  th e  e s te r i f ic a t io n  b y  
u s in g  C -1 3  N M R  s p e c t r o s c o p y .  P o s i t io n a l  i s o m e r s  o f  m o n o - ,  d ig ly c e r id e s  a r e  e a s y  to  
d e t e c t  b e c a u s e  e a c h  i s o m e r  g iv e s  a  d i s t in c t iv e  r e s o n a n c e  p a t te r n  o f  th e  g ly c e ro l  
b a c k b o n e  c a r b o n  a to m s .
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