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Composition 

Abstract 
Changes in composition produced in monoun- 

saturated triglycerides dur ing  the course of in- 
teresterification, before ful l  randomization is 
achieved, have been followed by using thin-layer 
chromatography.  Results indicate that  intraes- 
terification, in which interchanges take place be- 
tween positions on the same molecule, occurs at a 
faster  rate than the general randomization which 
results from intcresterification. 

The reaction is found to proceed according to 
the expression log a a t, where 'a' is the proportion 
of fa t ty  acid components not changed in position 
by the reaction. This expression is of general 
application to tr iglyeeridc interesterifications and 
provides a basic equation in terms of which the 
effects of temperature,  catalysts, and other ex- 
I)eriInental eon(litions can be studied. 

Introduction 

naly~es of ful ly interesterified tr iglyceride mix- 
tures indicate that the compositions do not differ 

significantly from those calculated for fully random 
fatty acid distributions (1-4) .  Only one case of signi- 
ficant differences has been reported, i.e., in the work 
on but te r fa t  by Kuksis et al. (5).  Bu t t e r fa t  is not  
typical,  in tha t  a much wider spread of fa t ty  acid 
chain-lengths is involved, compared with most com- 
mercial fats. Even  so, the differences were not great. 

Bu t  al though the end-product  can be assumed to 
be a random mixture,  the route by which this random- 
ization has been achieved has not been explored so 
little is known regarding the kinetics of the reaction. 
Changes in physical propert ies  provide an a rb i t ra ry  
measure, but  they give no information on the composi- 
tional changes involved, and the results can only be 
applied to the par t icu lar  substrate for which they 
were obtained. 

Following changes in composition is difficult unless 
substrates are used which are as simple as possible. 
In the present work, substrates consisting solely of 
symmetrical  monounsaturated triglycerides (SUS) 
have been chosen as these are the simplest composi- 
tions which will give indications both of the full  ran- 
domization which results f rom interesterifieation and 
of the restricted randomization which results f rom 
intraesterification, i.e., the interchange of fa t ty  acids 
on the same molecule. 

The changes in composition have been followed 
dur ing  interesterification by using the technique of 
thin-layer chromatography on silver nitrate-impreg- 
nated silica gel (6),  which separates tr iglycerides into 
fractions according to the amount  of unsaturat ion in 
the molecule and also separates, to some extent, the 
symmetrical  monounsaturated isomers (SUS) f rom 
the unsymmetr ical  isomers (USS).  

Experimental Section 
Substrates 

The pure triglycerides, 2-oleodipalmitin (POP ) ,  2- 
oleodistearin (SOS),  and palmito-oleostearin (POS) ,  
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were synthesized by s tandard  methods. All gave single 
spots when examined by thin-layer chromatography.  

A mid-fraction was prepared  from cocoa but ter  by 
dissolving cocoa butter ,  100 g, in hexane (1 liter) and 
cooling the solution to 0C. The residue, 78 g, was 
recrystallized from acetone (500 nd) at 0C and 
yielded 33 g of the desired cocoa but ter  fraction 
(CBF) ,  which gave a single spot, corresponding to an 
SITS glyceride, on a thin-layer plate. 

Interesteriflcation 
Interesterifications were carried out, over a range 

of temperatures,  by using sodium and sodium alk- 
oxides as catalysts. The glyceride, I g, was contained 
in a test tube supported in an oil bath on a magnetic 
stirrerhotplatc.  The glyceride was st irred vigorously. 
under  nitrogen at 310C for 2 hr, to dry. The tempera- 
ture  was then adjusted and, when steady at the re- 
quired value, the catalyst  was added. Samples were 
taken immediately before the addition of the catalyst 
and at t imed intervals afterwards.  Samples of ap- 
proximately 50 mg each were removed with a dropping 
pipette, and each sample was dropped immediately 
into a weighed sample tube containing 1% acetic acid 
(1 ml) in light petroleum. 

These were then blown down under  nitrogen until 
the smell of acetic acid could no longer be detected. 
Each sample was made up to a 3% solution in chloro- 
form for spotting on a thin-layer plate. 

Thin-Layer Chromatography 
Silica Gel G, 60 g, was slurried with water (30 ml) 

containing silver ni t ra te  (7 g). The s lurry  was spread 
onto plates, 20cm • 20 cm, by using a Desaga 
spreader. The plates were dried in air for 15 ram, 
then in an oven at 110C for  i hr. 

Af ter  the samples were spotted, the plates were 
developed with a solvent mixture  containing cyclo- 
hexane 60%, di-isopropyl ether 40%, which was 
allowed to run  to 15 cm. This t reatment  separates the 
interesterified mixture into five spots: t r isaturated 

(Sa), symmetrical monounsaturated (SUS),  un- 
symmetrical  monounsaturated (USS),  diunsaturated 
(SUe), and t r iunsatura ted  (Ua). In  only a few cases 

was the separation of SUS and USS sufficient to give 
separate estimation of these components. 

After  removal of the solvent the plates were sprayed 
with 50% phosphoric acid and charred by heating on 
a hotplate at 300C for  half  an hour. Intensities of 
spots were measured by using a Chromoscan Densito- 
meter. All the samples f rom one reaction run  were 
spotted onto one thin-layer  plate which was calibrated 
by comparing the mixture  obtained af ter  one hour of 
reaction time with the composition calculated for a 
ful ly  random distribution. Plates were run  in dupli- 
cate, and compositions not correlating between plates 
were rejected. 

Results 
Table I indicates how R1, the ratio of diunsaturated 

glycerides (SUf) to monounsaturated glycerides 
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T A B L E  I 

S U ~  
0 h o n g e  i n  Ri - - - -  D u r i n g  In teres t er i f i ca t ion  

S s U  

457 

] 2 3 4 5 
S u b s t r a t e  S O S  P O P  P 0 S  C B F  C B F  

T e m p e r a t u r e  l l 0 C  1 0 0 C  1 2 0 C  6 5 C  8 0 C  

C a t a l y s t  a S o d i u m  S o d i u m  e t h o x i d e  S o d i u m  S o d i u m  m e t h o x i d e  S o d i u m  m e t h o x i d e  

t ( m i n . )  R~ 
4 0 . 0 2  
5 0 . 1 6  
6 0 . 3 5  
8 0 , 4 5  

1 5  0 . 5 0  
6 0  0 , 5 0  

t (rain.) Rx t (min.) Ri t (min.) Ri t (min.) Ri 
2 0 . 0 3  5 0 . 0 1  1 0 . 0 3  0 . 3  0 
5 0 . 1 4  7 0 . 0 3  2 0 . 0 9  1 0 . 1 5  

1 0  0 . 2 1  10  0 . 1 8  3 0 . 2 3  2 0 . 3 4  
2 0  0 . 2 9  1 5  0 . 4 0  5 0 . 3 8  3 0 . 4 5  
3 0  0 . 3 7  2 0  0 . 4 7  9 0 . 4 6  5 0 . 4 9  
6 0  0 . 5 0  3 0  0 . 4 9  6 0  0 . 5 0  2 0  0 . 5 0  

4 5  0 . 5 0  6 0  0 . 5 0  
6 0  0 . 5 0  

:~ A d d e d  w e i g h t s  of  c a t a l y s t s  0 . 1 - 0 . 4 % .  

(S2U), changes with time. Since intraesterification 
will have the effect of altering the proportion of 
isomers within a fraction, without altering the total 
proportion of the fraction, R1 will not be affected by 
intraesterifieation. 

Table II lists the values of Re, the ratio of sym- 
metrical monounsaturated glycerides (SUS) to un- 
symmetical monounsaturated glycerides (USS), for 
those cases where separation of the isomers was 
achieved. As R2 is a ratio of isomers within a fraction, 
it will reflect the extent of intraesterification. 

C a l c u l a t i o n  

The process of interesterification can be considered 
as the removal of fat ty acids at random from the gly- 
ceride molecules, the shuffling of these acids, and re- 
placement of them on the glyceride molecules at ran- 
dora. At the stage of partial interesterification, not 
all of the fat ty acids will have been mobilized in this 
way. There will be a residue of partial glycerides 
which retain the fatty acids in their original positions 
but with vacant positions distributed at random. 
Given the proportion of fat ty acids mobilized, the 
distribution of vacant positions can be calculated on 
a simple basis. The triglyceride composition at this 
stage can then be calculated by refilling the vacant 
spaces according to the composition of the mobilized 
fatty acid pool. 

I f  the proportion of unchanged fa t ty  acids A = a 
and the proportion of mobilized fat ty acids B = b, 
where a + b = 1, then, at any stage during inter- 
esteriflcation, the following glyeeridc types will be 
present in the following proportions: 

Unchanged glyceride 

Partially changed 
glycerides ABB ab 2 

BAB ab e 
BBA ab 2 
BBB b 3 

Fully changed glycerides 

Fully changed glycerides 

By starting from a pure trigiyceride SUS and as- 
sumin~ there is no distinct intraesterification, these 
glyceride types become: 

Unchanged glyceride SUS 
fsuB 

t SBS 
Partially changed BUS 

glycerides SBB 
|BUB 
[BBS 

BBB 

The proportion of each triglyceride component can 
be derived by replacing the B acids with the ap- 
propriate acid from the mobilized acid pool. In this 
case the composition of the mobilized acid pool will 
be S 66.7%, U 33.3%. Thus, at the partial interesteri- 
fication stage, the component SUS will be derived as 
follows : 

U n c h a n g e d  t r ig lycer lde  - -  a s 
S U B  w i t h  B r e p l a c e d  b y  S --  ~ X a S b X  0 . 6 6 7  
S B S  w i t h  B rep laced  b y  U --  a~b X 0 . 3 3  
S B B  w i t h  B r e p l a c e d  b y  S a n d  U 2 X a b  ~ X 0 . 3 3  X 0 . 6 6 7  
B U B  w i t h  B r e p l a c e d  b y  2 S  - -  a b  2 X 0 . 6 6 7 2  
B B B  w i t h  ]~ r e p l a c e d  b y  2 S  a n d  U - - -  b s X 0 . 6 7 7  ~ X 0 . 3 3 3  
S o  the  total  propor t ion  of  S U S  w i l l  b e  

a s -~  1 . 6 7 a S b  -~  0 . 8 8 a b  2 -{- 0 . 1 5 b  a 

By substituting b = a - 1 and multiplying by 100, the 
equation for percentage of SUS in terms of 'a' is 

S U S  ~ 7 . 3 a  s d -  3 3 . 3 a  s -4- 4 4 . 4 a  d -  1 4 . 8  

The percentage of the other components can be calcu- 
lated in the same way except that slight variation 
arises for the unsymmetrical glycerides SUU and 
USS. Thus the B's in BUB can be replaced by S and 
U in two ways, giving SUU and UUS. Similarly BBB 
can give rise to USS and SSU, and SUU and UUS. 
A factors of two must therefore be introduced when 
these contributors are worked out. 

The precentages of each component is then given 
by the following equations: 

S U S  ---- 1 4 . 8  -4- 4 4 . 4 a  -}- 3 3 . 3 a  2 ~-  7 . 4 a  s 
S S S  = 2 9 . 6  - -  2 2 . 2 a  2 -  7 . 4 a  a 
U S S  ----- 2 9 . 6  - -  4 4 . 4 a  -{- 1 4 . 8 a  a 
S U U  = 1 4 . 8  -{- 2 2 . 2 a  - -  2 2 . 2 a  s - -  1 4 . 8 a  a 
U S U  = 7 . 4  - -  2 2 . 2 a  -~- 2 2 . 2 a  s - -  1 4 . 8 a  ~ 
U U U  = 3 . 7  - -  1 1 . 1 a  s -Jr 7 . 4 a  s 

S U U  -4- U S U  2 - -  2a a 
F r o m  t h i s  R i -  - -  ( 1 )  

S U S  -d- U S S  4 d-  3 a  ~ -]- 2a a 

AAA a 3 which is the expression plotted in Fig. 1. 
[AAB aeb svs 4 + i2a + 9a~+ 2a~ 

A l s o  R s ~  = - - - - -  ( 2 )  
i ABA a " b  c s s  8 - 1 2 a  + 4a a 

BArk a2b By using Fig. i to derive values for 'a' correspond- 
ing to the experimental values of R1, the values listed 
in Table I I I  are obtained. Plotting log a against t 
shows a straight-line relationship in all cases (Fig. 2). 
The calculation has been applied to one of the Norris 
and Mattil results (Ref. 2 Table IV),  which gives the 
variation in trisaturated glyceride content, during 
interesterification of tripalmitin, P3, and triolein, 03. 

Change in R2 = 

T A B L E  I I  

S U S  
D u r i n g  In teres t er i f i ca t ion  

U S S  

E x p e r i m e n t  N o .  r i m e  ( m i n . )  R s  

2 2 0  1 . 5  
2 3 0  1 . 0  
5 2 1 , 1  
5 5 0 . 5  



458 T H E  J O U R N A L  O F  T H E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  u  4 5  

g 

Intr162 of su$. 

2 - 2 a  3 

0-75 (~5 
I I 

'o_: 
02S 

~ I G .  1. 

For  the glyeeride mixture  P3 -= 32%, 03 = 68%, 
results are : 

AAA P P P  0.32 a a 
0 O O  0.68  a s 

A A B  P P B  0 .32  a'-'b 
O O B  0 .68  a'-'b 

A B A  P B P  0 .32  a :h  
O B O  0 .68  a'-'b 

B A A  B P P  0 .32  a'~b 
B O O  0 .68  a-"b 

A B B  P B B  0 .32  b'-'a 
O B B  0 .68  b~a 

B A B  B P B  0 .32  b'-'a 
B O B  0 .68  bea 

B B A  B B P  0 .32  1)~a 
B]];O 0 .68  b~a 

B B B  ba 

Contributors to P P P  are then : 
U n c h a n g e d  P P P P  0 . 3 2 a  a 
P P B  w i t h  B r ep laced  by P 2 X 0 .32  aeb X 0 .32  
P B P  w i t h  B r ep laced  by P 0 . 3 2 a : b  X 0 .32  
P B B  w i t h  B r ep laced  by P 2 X 0.32b-"a X 0 . 3 2 :  
B P B  w i t h  B r ep l aced  by P 0.32b~a X 0.32~ 
B B B  w i t h  B r ep l aced  by P b a X 0.32a 

which gives a total percentage of P P P  
---- 9 6 . 2 a  - -  1 5 5 . 8 a :  q- 8 8 . 3 a  q- 3.3 

which is the expression plotted in Fig. 3. 
By  using this expression to derive values of 'a' 

corresponding to the experimental  values of P3, the 
values listed in Table IV are obtained. The plot of 
log a vs. t is shown in Fig. 4. Considering the limita- 
tions of the method of analysis available, the experi- 
mental  points show good agreement with a straight- 
line relationship. 

I f  it is assumed that  an intraesterification effect is 
occurring, the calculation must  be modified. To have 

Interesterification of sus. 
~  ~ Chang" ~ '~ with time. 

(Jqumbcr$ refer to exper iment |  

1.2 

t ~rnin~ 
0 I10 210 

FIG. 2. 

any observable effect, intraesterifieation must occur 
at a faster rate than interesterification since the latter 
will include interchanges equivalent to those resulting 
from the former. The effects of intraesterification 
therefore can be calculated if it is assumed that  any 
glyeeride molecule, which has been affected by the 
reaction at all, has been intraesterified. Thus all the 
residual part ial  glycerides must be considered to be 
derived from an intraesterificd mixture, but  the 
unchanged triglycerides will retain their  original 
configuration. 

Then, by s tar t ing from SUS, the part ia l ly  changed 
glycerides are derived from the intraesterification mix- 
ture, i.e., 66.7% USS 33.3% SUS. Results follow: 

AAA S U S  a a 
AA]~ U S B  0 .667a~a  

S U B  0.33a~b 
A B A  U B S  0.667a~b 

S B S  0.333a-"b 
B A A  B S S  0.667aZb 

B U S  0.333a~b 
A B B  U B B  0.667b~a 

S B B  0.333bZa 
B A B  B S B  0.667b~a 

B U B  0.333b-"a 
B B A  B B S  0.667b~a 

B B S  0 .333haa  
BBB b a 

By replacing the B acids as before, the following 
equations are obtained for  percentages of each com- 
ponent in terms of a 

f rom which 

S U S  ~ 1 4 . 8 - ~  1 1 . 1 a  2-~ 7 5 . 0 a  a 
S S S  ~ 29 .6  - -  2 2 . 2 a  e - -  7 .4a  a 
U S S  --~ 29.6-~- 2 2 . 2 a  2 -  5 1 . 8 a  a 
S U U  ---- 1 4 . 8 - -  1 4 . 8 a  3 
U S U  ~ 7 . 4 - -  7 .4a  a 
U U U  --~ 3 . 7 - -  l l . l a  2 ~- 7 .4a  3 

2 - -  2 @  

4 -~ 3a ~ -~- 2@ 

which is identical to equation (1). 

T A B L E  I I I  

Change  in  P r o p o r t i o n  of U n c h a n g e d  F a t t y  Acids  ( a )  D u r i n g  Zn te res t e r i f i ca t ion  

1 ~ 3 4 5 

t t~ t a t a t a t a 

4 0 . 9 9  2 0 .95  
5 0 .77  5 0 .80  
6 0 .50  10 0 .70  
8 0 .30  20 0 .59  

15 0 30  0 . 4 7  
60 0 60  0 

5 
7 

10 
15 
20 
30 
45 
60 

0 .98  
0 . 9 5  
0 .75  
0 .41  
0 .29  
0 .10  
0 
0 

1 
2 
3 
5 
9 

60  

0 .95  
0 .87  
0 .68  
0 .47  
0 .27  
0 

0.3 
l 
2 
3 
5 

20  
60 

1.0 
0 .78  
0 .52  
0 .20  
0 .15  
0 
0 
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T A B L E  I V  

In te res te r i f i ca t ion  of T r i p a l m i t i n  and  Tr io le in  Based  on resul ts  o f  
N o r r i s  and  Mat t i l  a 

F R E E M A N :  G L Y C E R I D E  C H A N G E S  D U R I N G  I N T E R E S T E R I F I C A T I O N  

Intercsteriflcation of P~/.._03_ 

t (min )  a P8% a a 

0 28 0.92 
30 13 0.18 
60 8 0.06 
85 6 0.03 

a Ref.  2. 

But  for R2 the equation is 
4 ~- 3a 2 ~ 20a  s 

R2 : (3)  
8 -~ 6a 2 --  14a a 

Using values of 'a' f rom Table I I I ,  values of Re 
have been derived by a) assuming no distinct intra-  
esterification is occurring (i.e. by using Equat ion 2) 
and b) assuming distinct intraesterification is oc- 
curr ing (i.e., by using Equat ion 3). These values 
are compared with the experimental  values of Re in 
Table V. I t  is apparen t  that  distinct intraesterifica- 
tion is taking place. 

Discussion 

I t  must be stressed that  the concept of mobilized 
fa t ty  acids in the calculation is not to be interpreted 
as a chemical mechanism. I t  means no more than that,  
at a given stage in the randomization, certain f a t ty  
acid moieties are found displaced from their  original 
positions with no assumptions about how the displace- 
ments occur. I t  does not mean, for  instance, that  the 
fa t ty  acids are displaced by a mechanism of hydrolysis 
and re-esterification or that  f a t t y  acids and par t ia l  
glycerides are reaction intermediates in any sense. 

Certain factors might be expected to affect the ran- 
domization which, because of the substrate used or 
the method of analysis, are not revealed by the present 
study. Such factors include a) differences in reac- 
t ivi ty of different f a t ty  acids, b) differences in re- 
activity between p r imary  and secondary ester groups, 
or c) a combination of these result ing in certain f a t ty  
acids which favor certain ester positions. 

Differences in f a t ty  acids can be accommodated 
within the framework of the calculation by introduc- 
ing a suitable factor. Thus the mobilized fa t ty  acid 
pool will be enriched with respect to the more mobile 
fa t ty  acids, and the vacant  positions on the par t ia l ly  
changed glycerides will be correspondingly altered. 
However, for  this effect to be apparent ,  a wider range 
of f a t ty  acid types is required than  has been used in 
the systems which are described. These systems con- 

Interesterification of ~/C~ 
riat!on of P3 con~t, ntwlth ~o" 

~Q* 

0.75 0-5 0.25 

:FIG. 8. 
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~  _Change Of'a' with time. 

1 9  a 

2. 

t (rain) 
2< ,~ ~'o ~'o ,~ s'o 6'o ~o ,,~ ~o go 

Fie-. 4. 

tain essentially only oleic, pahnitic, and stearic acids 
The method of analysis would not reveal differences 
between stearic and palmitic acids as it  does not dis- 
t inguish between corresponding palmitins and stear- 
ins. So the systems contain v i r tual ly  one saturated 
acid and one unsatura ted  acid. 

I f  the extreme case is considered, where the un- 
saturated acid is much more mobile than the saturated 
acid, then in the early stages of the reaction only 
unsa tura ted  acids are mobilized. Also the vacated 
positions on the par t ia l ly  changed glycerides will be 
those originally occupied by unsa tura ted  acids. Thus 
the over-all effect will be that  unsa tura ted  acid is re- 
placed by unsa tura ted  acid. So if only one un- 
saturated acid is present, no interesterification will be 
observed. I f  there is more than one unsa tura ted  acid 
or a wider spread of chain length of sa turated acids, 
then any differences of f a t t y  acid mobili ty should be- 
come apparent ,  provided a suitable system of analysis 
is used. Differences because of chain length could be 
conveniently studied by using gas chromatography 
of triglycerides, for  instance. 

Differences in ester group positions would modify  
the relative distributions of the par t ia l ly  changed 
glycerides. Thus, by supposing acids at  the p r imary  
position are less mobile than those at the secondary 
position, then the proport ion of AAB and B AA type 
glycerides would be decreased in favor  of the AB A 
type glycerides. Similarly the propor t ion of BAB 
type glycerides would he decreased in favor  of the 
ABB and BBA  type glycerides. This is analogous to 
the equilibration of 1 :2-  and 1 :3-  diglycerides and 
1- and 2-monoglycerides. 

These par t ia l  glycerides show wide divergences 
f rom the pure ly  random distr ibution which are not 
apparen t  in the present results. This can be taken 

T A B L E  V 

S U S  
Values  of R~ = 

U S S  

i i i  i i i  

1.5 1.3 8.4 
1.0 0.9 4.3 
1.1 1.0 5.6 
0.5 0.5 1.0 

( i )  Exper imen ta l .  
( i i )  Calcula ted by a s suming  d i s t inc t  in t raes te r i f i ca t ion .  
( i i i )  Calcula ted by a s suming  no d is t inc t  in t raes te r i f i ca t ion .  
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to mean that ,  when all the hydroxyl  positions are 
esterified, differences between p r i m a r y  and secondary 
positions disappear.  However  it may  be that  an inter- 
action of f a t t y  acid effect and ester position effect 
does occur so that,  with a wider  range  of f a t t y  acids, 
the positional differences would become more marked.  
F o r  instance, one can consider the acyl migra t ion of 
par t ia l  glycerides to be a special ease of interesterifica- 
tion in which the hydroxyl  group represents  the ester 
of an acid with a preference for  secondary positions. 

Such var ia t ions f rom the r andom would a l ter  the 
equations re la t ing 'a '  to the percentage of each com- 
ponent,  but  they  would not affect the relation log a 
a t. Thus bear ing in mind these modifications, the 
calculation outlined above can be applied in principle 
to any  mix ture  of glyceridcs of known composition. 

This includes na tura l  fats  which differ f rom the mix- 
tures considered only in the complexi ty of their  com- 
position. So the expression log a a t will have general 
appl icat ion and provides a basic equation in terms of 
which effects of temperature ,  catalysts,  and other re- 
action conditions can be studied. 
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