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The t ransformat ion  of glyceride sys tems on the principle of the uniform distribution of the fatty acid 
residues in the molecule of the glycer ides  to obtain a fat with given s t ruc tura l  and mechanical  proper t ies  is 
of great  scientific and prac t ica l  interest .  Since fats are  mixtures  of various t r ig lycer ides ,  the composition 
and quantitative rat io of the fatty acid radicals  in the t r ig lycer ides  exert  an influence on their  physical  prop-  
er t ies .  The quantitative rat io of the four groups of glycerides GS3, GS2U, GSU2, and GU 3 differs in oils with 
different t r ig lyeer ide  composit ions and it may be brought into a state of equilibrium by t ranses ter i f ica t ton.  
In the t ranses te r i f ica t ion  of fats under suitable conditions, a change in their  glyceride composition takes 
place; an equilibrium composition is formed which corresponds to the amounts of saturated and unsaturated 
fatty acids. 

The phenomenon of the t ranses ter i f ica t ion  of t r ig lycer ides  as es te rs  of mixtures of fatty acids and 
glycerol  has previously at t racted the attention of many workers  [1-3]. We have studied the t r anses te r i f i ca -  
tion of animal fats and of mixtures  of them with vegetable oils. 

Fat* Mp, *C Hardness,'l" g/cm 
47.5 630 

Beef 39,1 qi--~ 

48, I 640 
Mutton 39, 8 3"~ 

40.2 204 
Bone 33.6 "--~ 

On t ranses ter i f ica t ion,  as a result  of intermoleeular  and in t ramolecular  r ea r rangements  of the acid 
radicals  in the t r ig lycer ides  of animal fats ,not only does their  melting point fall ,but so also does the i r  hard-  
ness  [4]. 

The glyceride composit ions (%} of beef and mutton fats before and after  t ranses ter i f ica t ion  are given 

Fat GS s GSzU GSU 2 GU 3 
Beef 14,1 53.4 '29.0 3.5 

11 ,'-'~ ~ 34 .---7 8 ,--~ 
Mutton 18.9 39,1 32.7 8,3 

14.8 42,3 36,0 6.9 

below. 

These figures show that the t ranses ter i f ica t ion  of animal fats under the given conditions leads to an 
intermolecular  redistr ibution of the fatty acid radicals  in the t r ig lycer ides  of the fats. 

Thus, by the t ranses ter i f ica t ion  of high-melt ing animal fats it is possible to obtain modified fats com- 
pletely satisfyIng the requirements  relat ing to melting point and hardness  set for fatty bases for bakers '  
and confect ioners '  a r t ic les .  To obtain different modified fats with given proper t ies  it is desirable to sub- 
j ec t to t r anses te r i f i ca t ionno t  only individual fats of plant or animal origin,but also various mixtures  of them. 

* Here and below, the numera tor  corresponds  to the fat before t ranses ter i f ica t ion and the denominator after.  
Hardness calculated by Kaminski i ' s  method. 

Tashkent Polytechnic Institute. Translated from Khimiya Pr i rodnykh Soedinenii, No. 1, pp. 13-15, 
January -Februa ry ,  1973. Original ar t ic le  submitted April 2, 1972. 

© 19 75 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

10 



TABLE 1 

Mixture, % 
beef cotton- 
fat seed 

oil 

10 90 

20 80 

40 60 

50 50 

TABLE 2 

9,2 
- i V  
19,4 

39,1 

41.5 

Acid 
No.,mg 
KOH 

0,30 
0 ~  
0,34 
0 ~  
0,57 

0,62 
0--~ 

I No., 
~o 

103,1 
104,6 
86,06 
88,76 
79,9 

74,1 
7S,3 

Mixture, % 
beef 
fat 

50 

40 

:otton- 
;eed 
~il 

50 

GSq 

17,1 

15,3 

3SzU 

39,2 

32.2 

3SUz ]GU3 

31,3 13,4 
14,o 

34,3 18,2 
~o.2 

m 

,ff 

/g 

5 

Fig. 1. Di la tomet r ic  cu rves  of a 
mix tu re  of cot tonseed oil and beef  
fat .  1) Before  es ter i f ica t ion;  2) 
a f t e r  es te r i f ica t ion .  

In o rde r  to obtain a finished f r ee  base  for  the production of m a r -  
gar ine ,  we have t r a n s e s t e r i f i e d  mix tu res  of na tura l  cottonseed oil 
with beef  fat in var ious  p ropor t ions  (Table 1). 

It can be seen f r o m  t h e t a b l e s t h a t  in the t r anses t e r i f i ca t i on  
of a mix tu re  of cot tonseed oil and beef  fat the unsa tura ted  acids 
readi ly  substi tute the sa tu ra ted  fats ,  leading to a fall  in the mel t ing  
point. The g lycer ide  composi t ions  of two of the mix tu res  before  
and a f t e r  t r anses t e r i f i ca t i on  a r e  given in Table  2. 

The ra t io  between the amounts  of solid and liquid phases  in 
the mix tu re  before  and a f t e r  t r anse s t e r i f i c a t i on  (50 : 50) was d e t e r -  
mined d i la tomet r iea l ly  (Fig.  1). A p a r a l l e l i s m  exis ts  between the 
dilatation and the cons is tency  of a fat .  According to the l i t e r a tu re  
[6], in fa ts  the mel t ing  of which t akes  p lace  over  a nar row range of 
t e m p e r a t u r e s ,  the curve  of the dilatat ion as a function of the t e m -  
pe r a tu r e  is a lmos t  ve r t i ca l .  In fa ts  pos se s s ing  good p las t ic  p rop -  
e r t i e s ,  the d i l a tomet r ic  curves  a r e  horizontal ,  which shows that the 
given fat mel ts  over  a wide range of t e m p e r a t u r e s .  It can be seen  
f rom the graph that  the t r anse s t e r i f i c a t i on  product  obtained f rom a 
mix tu re  of cottonseed oil and beef  fat  approx ima tes  to an ideal p l a s -  
t ic  fat.  

T ranses t e r i f i c a t i on  is not usual ly  a reac t ion  that  takes  place 
spontaneously;  in fats ,  for  example ,  it t akes  place  only under  the 
action of ca ta lys t s .  

The exchange of fatty acid r ad ica l s  can take  place  only when 
a definite act ivat ion energy  is avai lable .  Consequently,  under  o r -  
d inary conditions the reac t ion  t akes  place  e x t r e m e l y  slowly, at a 
p rac t i ca l ly  i m m e a s u r a b l e  velocity.  Cata lys ts  sha rp ly  lower  the 
energy  b a r r i e r  of the act ivat ion of  the fat  pa r t i c l e s ,  and the acid 
rad ica l s  in the t r i g lyce r ides  undergo exchange at compara t ive ly  
low t e m p e r a t u r e s  with r a t e s  fully sufficient for  the p e r f o r m a n c e  
of the t r anses t e r i f i ca t ion  p r o c e s s  under  industr ia l  conditions. 

E X P E R I M E N T A L  

For  the t r anse s t e r i f i c a t i on  of animal  fa ts  and mix tu res  of 
them with cot tonseed oil we used as ca ta lys t  sodium methoxide in 

powdered  f o r m  (0.2% of the weight of the fat,  calculated as meta l l i c  sodium). T r a n s e s t e r i f i c a t i o n  was p e r -  
f o rmed  at 45-55°C in a l abo ra to ry  t r anse s t e r i f i c a t i on  appara tus  fi t ted with a mechanica l  s t i r r e r  with four 
necks  fo r  the introduction and d i scharge  of iner t  gas,  a t h e r m o m e t e r ,  and funnel for  the addition of oil and 
ca ta lys t .  

S U M M A R Y  

It has been es tab l i shed  that  by the es te r i f ica t ion  of na tura l  fats  and of mix tu re s  of them it is poss ib le  
to obtain new, modified,  fa ts  with given s t r u c t u r a l - m e c h a n i c a l  p r o p e r t i e s .  
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