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I N a preceding paper  "ace t in  f a t s "  or fa ts  contain- 
ing both the possible types  of mixed acetyl glyc- 
erides, namely mono- and diacetyl t r i g l y c e r i d e s ,  

besides the normal  tr iglycerides have been discussed. 
Fo r  brevi ty,  the te rms " m o n o a c e t i n s "  and "diace t -  
ins , "  respectively, are used throughout  this pape r  
for  these acetyl group-containing triglycerides. 

Sa tura ted  tr iglycerides containing two acetyl groups 
for each molecule, the "d i ace t i n s , "  have found con- 
siderable interest. They are unique in that  they fo rm 
waxy or non-greasy and highly flexible solids (1). 
These proper t ies  suggest ut i l i ty  for  these fats  as coat- 
ings, par t icular ly  for  foodstuffs. 

The prepara t ion  and propert ies  of some diacetin 
fats, or acetostearins as they were called, have been 
reported by  Feuge et al. of the Southern Regional 
Research Labora to ry  (2, 3). Their  method of prep-  
arat ion involved the direct acetylation of monostea- 
rin. Variat ions in complete melt ing points and melt- 
ing point ranges between 30 ° and 60°C. were obtained 
by  variat ions in the pur i ty  of the monostearin and in 
the degree of acctylation. In  the present  repor t  an 
al ternate method of p repa r ing  diaeetin fa ts  together 
with the characterization of diacetin fats. made f rom 
some common vegetable oils are described (4). 

Preparation of Diacetin Fats 

The diaeetin fats  described herein were p repared  
by  the random interesterification of the selected nor- 
real fa t  with tr iacetiu in the presence of a low-tem- 
pera ture  interesterification catalyst.  In  this method, 
a f ter  removal or inactivation of the catalyst, the in- 
teresterified fa t  is subjected to molecular or vacuum 
steanl distillation. Excess tr iacetin is removed first, 
and the next f ract ion is composed of diacetin fats. 

In  the selection of the normal  fa t  to be used, the 
only requirements are tha t  the fa t  be dry and rela- 
t ively devoid of free acid or any  o~her mat te r  tha t  
may neutralize the catalyst. F o r  most practical  uses, 
a completely hydrogenated normal  fa t  is selected as 
the s tar t ing mater ial  or the diaeetins are hydrogen- 
ated af ter  isolation. 

The prepara t ion  of a diacetin fa t  is described be- 
low in more detail. First ,  the s tar t ing fa t ty  material  
should be selected by  considering the I.V., the high- 
molecular-weight f a t t y  acids, and the total f a t ty  acids 
desired in the final product.  This fa t  or oil, refined 
and dried, is mixed with tr iacetin and about  0.3% 
of an interesterification ca ta lys t .  Us ua l l y  sodium 
methoxide or sodium as a suspension in an inert  sol- 
vent such as xylene is used. The mixture  is kept at 
a t empera ture  sufficiently high so tha t  all components 
are liquid. This tempera ture  is held for  a period of 
about  one-half hour, whieh is more than sufficient 
time for completion of random interesterification. 
Following this, the catalyst  is inactivated with acid, 
water,  or other means. Any  excess acid is removed 
by  refining or water-washing followed by  drying. The 
neut ra l  acctin f a t  is then vacuum steam-distilled un- 
der a pressure of 2 to 3 mm. Hg. Under  these condi- 
t ions any triacetin remaining f rom the water-washing 

or refining steps is removed at a distillation tempera-  
ature of about  130 ° to 140°C. Removal  of tr iacetin is 
substant ial ly complete at  160°C. T h e  tempera ture  is 
raised unti l  the diacetins s tar t  to distill: The distilla- 
tion tempera ture  depends upon the component  high- 
molecular-weight f a t t y  acids of the diaeetins. F o r  an 
oil such as cottonseed oil, the initial diacetin distilla- 
tion t empera tu re  is about  200°C. ; for  a lower-molec- 
ular-weight oil, such as coconut oil, the tempera ture  
is around 170 ° to 1S0°C. Table I shows the distillation 

TABLE I 

Distillation and Analytical Data. on Hydrogenated Diacetins 
from Some Oommon Vegetable Oils 

Oil Sourco 

Co~onseed Oil 
Soybean Oil 
R a p ~ e e d  Oil 
Coconut O~ 

Range of Head 
Distillation 

Temperature,  
°e. 1-3 ram. 

Hg. P ressure  

200-2&0 
200-24,0 
210-270 
170-220 

Butyro 
ni~cati n [ Iodine I Acid I R.e.frac- ~apo n .o ~ lue T.. , ~lv~ Value va value Index at 

/ I / 48°°. 
~ 8 5 . 9 ) , /  o . a - I ~ - I  21.~ 
3Sl.9(384.2) / o.6 I o.9 I 22.o 
367.0(365.o) 1.0 I 0.9 I 24.0 
459.7(461.0) 0.1 i 0.8 I 15.1 

aV~Io_es in paremtheses are calculated values. 

data  of diacetins f rom a number  of common vegetable 
oils. Separat ion of the diacetins may also be accom- 
plished by  molecular distillation. The distillation cuts 
in either method are quite sharp, and  the yield of 
diacetin fa ts  is very close to theory. The desired yield 
is controlled therefore by  the amount  of tr iacetin used 
in the original random interesterification. The prod- 
ucts f rom the distillation are usually colorless and 
f requent ly  quite bland so tha t  no. fu r the r  deodoriza- 
tion or any other processing techniques are required 
for  edible usage. 

The analytical  data  on diacetin fa ts  f rom some of 
the common oils, namely cottonseed, soybean, rape- 
seed, and  coconut, are also sho,wn in Table I. They 
are given for  the completely hydrogenated diacetin 
fats. The data i l lustrate the extent to which the dia- 
cetin fa ts  are freed f rom the triacetin, on one hand, 
and separated f rom the monoacetin fats  or those 
triglycerides containing one acetic acid group per 
molecule, on the other hand. Separat ion of the mon- 
oacetins can be accomplished by  fu r t he r  molecular 
distillation of the still residue. The distillation resi- 
due as well as the removed triaeetin may  be reused 
in the process. 

Thermal Examination of the Diacetin, Fats 

The melt ing points of the hydrogenated as well as 
nnhydrogenated  diacetin fats  f rom cottonseed, soy- 
bean, rapeseed, and coconut oils are given in Table 
I I .  The melting points  are those of the a lpha  or 
sub-alpha polymorphic forms. The data on the hy- 
drogenated diacetins i l lustrate how the melt ing point 
of this type of f a t  can be changed by  varying the 
component high-molecular-weight f a t ty  acids. This is 
also i l lustrated in Table I I I  where the melt ing points 
of a number  of the pure  unsymmetr ica l  diaeetyl tri- 
glycerides are given. The data on the 1-palmitoyl 
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TABLE I I  

Thermal and  X-Ray Data  on Diacetins from Some Common 
Vegetable Oils 

Melting Ranges,  °(3. 

Hydrogena ted  Diaeeti:ns 
Sub-alpha-3 c 

Alpha-3 a 

Unhydrogenated  Diacetlm 
Sub-alpha-3 

., ~ I Cottonseed ] Soybean I R~peseed I Coconut 
n ~ource i Oil I Oil i Oil I Oi 1 

Hydrogena ted  Diacetins 129.4 - 31.4 ]32.4 - 32.6 I 41.0 -44.3 ] -19 .0  - 2.5 
Unhydrogenated  Diaeetins I 4.6 l -4 .7  I - 7 . 5  I -16 .3  

(Complete melting point)  I ] I I 
X-Ray Data  : Long Spacings, X. 

Hydrogena ted  n iaee t ins  I 37.5 & 
Su -alp a-3. k35.8 28.5 

Alpha-3 b 135 5 37.2 
Unhydrogenated  Diacetins 7 

Sub-alpha-3 33.4 33.8 Too diffuse 27. 

Short  Spacings,  ~ ,  

4.10S 4 .11S I 4.05S 
3:66M I 3.66M l 3.63M 
4.08S I 4.11S 1 4.08S 
2 .37VVW I 2 .35VVW I 

4.10S I 4.10S 4 .12S 
3.66M 3.67M 3.66M 

4.13S 
3.74M 

4.10S 
3.73M I 

aValue  for 1-stearoyl diacetin, 37.1 ( 5 ) ;  for  1-palmitoyl diace~in, 
34.7 (5 ) ;  for  1-behenoyl diaeetin, 41.1. 

bValuo for  1-stearoyl diaoetin, 36.5 ( 5 ) ;  for 1-palmitoyl diaoetln, 
34.1 (5 ) ;  for  1-behenoyl diacetin, 40.3. 

¢~alues  for 1-stearoyl diacetin and  1-palmitoyl diacetin, 4 .13V8 and  
3.65M (5 ) ;  for 1-behenoyl diacetin, 4.11VS ~nd 3.71M. 

dValues for 1-stearoyl diaeetin and  1-palmitoyl diacetin, 4 . 1 3 ¥ 8  and  
2 .41VW (5) ;  for 1-behenoyl diacetin, 4.12VS. 

and stearoyl diacetin are taken from Jackson and 
Lutton (5). The melting point of these diacetin fats 
can also be varied by the presence of other compo- 
nents, such as triacetin, monoacetins, or unhydrogen- 
ated diacetins. Data illustrating this are given in 
Table IV. Interestingly, the melting range of the di- 
aeetins is not significantly changed, but the presence 
of these various materials merely serves to change 
the complete melting point. When dealing solely with 
triglycerides, the melting point of the diacetin fats 
can be varied anywhere from about --20°C. up to 
about 53°C. For  higher melting points it is necessary 
to go to incomplete or partial glyceride products, 
such as the acetostearins which have been reported 
by Feuge et al. (2, 3). However these products have 
the disadvantage of tending to decompose during 
deodorization. 

Diacetin fats made from oils which show a very 
limited range in molecular weight of their fat ty acid 

TABLE I I I  

Melting Points  of Alpha-3 Forms of Some P u r e  Diacetyl  Triglycerides 
and  Their  Corresponding Monoglycerides 

C%mplete 
C~mplete Melting Poin t  

Melting Point- of Stable 
Glyceride Alpha-Poly- Form of 

morphic Form, Ovrr~sponding 
°C. Monoglycer- 

ide, °C, 

1-Palmltoyl Diaeetin ......................... I 22 .4 (5 )  76.0 
1-Stoaroyl Diacetin ........................... [ 34.1 (5) 81.0 
2-Stearoyl Diacetin ........................... 31.2 74.5 ( 7 ) 
1-Behenoyl Diacetin .......................... 53.1 87.2 

TABLE IV 

Varia t ion in Melting Point  Range of Hydrogena ted  Diaeetins from 
Soybean and Cottonseed Oils Caused by the Presence of 

Some Miscellaneous Components 

Malting 
Oil Source of Point  

Diacetins Cons t i tuen t -% Range,  
°C 

Soybean Oil Tr iace t in -15  29.4-30.3 
Soybean Oil Hydrogena ted  Soybean 0il  Monoacet ins-30 34.0-35.6 
Cottonseed Oil Unhydrogena ted  Cottonseed Oil Diaee t lns-20  24.0-28.9 
Cottonseed Oil Hydrogena ted  Coconut Oil Diacet ins-20 25.3-27.0 
Cottonseed Oil Hydrogena ted  Rapeseed. Oil n i a c e t i n s - 4 0  31.8-36.0 
Cottonseed Oil Hydrogena ted  Cottonseed Oil Monoaeet ins-25 32.4-33.3 

components  have extremely sharp melting points. 
This is true, for example, of diacetins made from 
completely hydrogenated cottonseed and soybean oils 
which contain only Clo and Cls chain length fat ty 
acids. As an illustration of the sharpness of melting 
of these diacetins, Figure 1 compares curves from 
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TEMPERATURE OF 

Pro .  1. C o m p a r a t i v e  d i l a t o m e t e r  c u r v e s  f o r  h y d r o g e n a t e d  
s o y b e a n  e l l  ( S B O - H )  d i a c e t i n s  a n d  c o c o a  b u t t e r .  

dilatometric examinat ion of hydrogenated soybean 
oil diaeetins and cocoa butter. I t  is seen that the 
soybean diacetins melt quite sharply and, in doing 
so, have about the ~me melting properties as cocoa 
butter. 

Polymorphism of the Diacetins 

The polymorphism of individual pure diaeetyl tri- 
glyeerides has been described by Jackson and Lutton 
(5) of these laboratories. The behavior of the di- 
acetin fats discussed in this report is given in Table 
II. Shown are data on both hydrogenated and unhy- 
drogenated diaeetins of cottonseed, soybean, rapeseed, 
and coconut oils. The polymorphism was studied by 
the usual X-ray and melting point techniques used 
in these laboratories. A General Eleetrie XRD unit 
with a 0.025" pinhole system was used to obtain 
fiat film patterns. Short-spacing determinations were 
made with a sample-to-film distance of 5 em., while 
10-era. distanCe was used for long-spacing and de- 
tailed short-spacing determinations. 

In general, the only forms observed for the diae- 
etins are the alpha and sub-alpha forms. The sub- 
alpha form is in reversible solid-to-solid equilibrium 
with the alpha form at a transition temperature usu- 
ally about 10 ° to 15°C. below the alpha m.p. and 
is stable at tenlperatnres below this transition tem- 
perature. For the hydrogenated cottonseed, soybean, 
and rapeseed oil diacetins both forms were observed. 
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The alpha polymorphic form is obtained on cooling 
the liquid diacetins. To obtain the sub-alpha form 
it is necessary to chill quickly to about 0°C. Pres- 
ence of triacetin, monoacetins, or other partial glyc- 
erides in these diacetins does not significantly affect 
the polymorphic behavior. For hydrogenated coco- 
nut oil only the sub-alpha form was observed. The 
long spacings which are shown in Table II  for these 
diacetins are two in number, and correspond to 1- 
stearoyl diacetin and 1-1auroyl diacetin, respectively. 
Whether the diacetins exist in either the alpha or 
sub-alpha forms is of little practical importance since 
both forms show the waxy, translucent, highly flexi- 
ble nature. 

The unhydrogena ted  diacetins exist only in the 
sub-alpha form. Long-term storage of cottonseed oil 
diacetins for several months near the complete melt- 
ing point failed to yield any alpha form. Mixtures of 
hydrogenated and nnhydrogenated diacetins give the 
alpha form when the content of hydrogenated di- 
acetins approaches 40 %. Mixtures of hydrogenated 
high-molecular-weight diacetins and hydrogenated co- 
conut oil diacetins also give the alpha form when the 
content of high-molecular-weight hydrogenated diace- 
tins approaches 40%. 

Pure 1-stearoyl diacetin has a stability in the alpha 
polymorphic form of about three weeks at room tem- 
perature (5). The practical hydrogenated diacetins 
have been stored in the alpha form for as long as 3 
to 4 years at room temperature with no transforma- 
tion to a higher melting or more stable polymorphic 
form. One sample of cottonseed oil diacetins after 
storage for five years at room temperature was ob- 
served however to have a very small percentage of 
high melting material present. This particular ma- 
terial was opaque and brittle, reminiscent of normal, 
completely hydrogenated fat. X-ray diffraction char- 
acterization of it indicated that it was the beta form 
and composed primarily of 1-stearoyl diacetin. As 
the length of time required to produce the beta poly- 
morphic form is. so long, for all practical purposes, 
the mixed diacetins are stable in the waxy-translu- 
cent form. Not only is the solid-solid transformation 
of the alpha form to the higher melting beta form 
exceedingly slow, but it is also difficult to obtain the 
beta form from the melt. Liquid diacetins stored 
above the alpha melting point and below the beta 
melting point failed to show any crystallization after 
months of storage. Seeding with beta diacetins or 
with the beta form of 1-stearoyl diacetin did not has- 
ten beta crystallization from the melt. No beta prime 
form has ever been observed for these materials. 

Typical X-ray diffraction patterns on the sub-alpha, 
alpha, and beta forms of this type of fat  are given 
in Plate I. 

Discussion 

There are five main characterizing features of the 
diacetin fats. These are: a) their waxy-translucency, 
b) their sharp melting point at relatively low tem- 
peratures, c) their flexibility, d) their oxidative sta- 
bility, and e) their great stability in the alpha poly- 
morphic form. The first three properties or features 
are related to and are an outgrowth of the last prop- 
erty, i.e., the fact that the diacetin fats are almost 
indefinitely stable in the alpha polymorphic form. 

The alpha polymorphic form of fats. is noted for 
its translucency (6). The usual commercial fats show 

PL~T~ 1. X-ray diffraction pat terns  of typical hydro- 
genated diaeetlns. 

only fleeting existence in this form. At best it is only 
a matter of minutes or seconds before conversion to 
the more stable forms, beta prime or beta, takes place. 
Plate 2 pictures the translucency of diacetin fats as 
illustrated by 1-stearoyl diacetin. 

Soybean oil, I.V. 

~ % : ! ~ : ~ g ~ ~ : ~  :: ~ : ~  ~ : ~ : ~  ~ ~ ~ ~ : ~ ; ; : ~ s ~  ~ 

1-Ste~royl di~cetin 

PL-<T]~ 2. Comparison of waxy, translucent hydrogenated 
diacetins (alpha form) and corresponding saturated high 
molecular weight hard fat .  

The hydrogenated diacetin fats, by virtue of their 
lack of unsaturated material, are very stable to oxi- 
dation. This property is, of course, valuable when 
the material is used for coatings or similar applica- 
tions. There has never been noticed any significant 
amount of hydrolytic ranc id i ty  encountered  with 
these fats. Hydrolysis would, of course, give rise to 
acetic acid odors and flavors which would not be de- 
sirable in an edible use. 

As the hydrogenated diacetins are completely satu- 
rated fats, they have fairly sharp melting points. This 
is particularly the case when the component high- 
molecular-weight acids vary little in chain length, 
such as diacetins made from soybean and cottonseed 
oils. The alpha melting point of a fat is considerably 
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lower than the melting point of its most stable phase. 
Since the diaeetins exist in the a l p h a  polymorpbic 
form, they have relatively low melting points. As 
derived from completely hydrogenated vegetable oils 
such as soybean, cottonseed, corn, peanut,  and the like, 
the melting points are very close to body temperature.  

The melting points of the diacetins can be changed 
by  varying a number  of factors. By altering the con- 
sti tuent high-molecular-weight  saturated acids in a 
completely hydrogenated product, the melting point 
can be varied between about 0 ° and 50°C. I f  the 
high:molecular-weight acids are a mixture of unsatu- 
rated and saturated acids as in natural  oils and fats, 
the melting point range can be varied between about 
--20°C. or below to 20°C. As the component high- 
molecular-weight acids are changed from a mixture  
as represented by a natural  oil or h y d r o g e n a t i o n  
product  to a pure single fa t ty  acid, the range in 
melting points ob t a inab l e  is widened whereas the 
sharpness of melting of the product  is narrowed. To 
obtain melting points higher than about 50°C., mix- 
tures of glycerides including part ial  glycerides are 
used. 

The alpha polymorphic stability and related prop- 
erties o2 fats containing diacetins are a result of the 
component diacetyl t r i g l y c e r i d e s .  The great  phase 
stabili ty of the diacetin fats as they are prepared is 
due to the simple fact that  they are mixtures. I t  has 
been found that  as one goes from 1-stearoyl diacetin 
to a mixture with 2-stearoyl diacetin, stability in the 
alpha form increases. If  one fu r the r  complicates the 
mixture by adding 1-palmitoyl diacetin, the stability 
is still greater. Interestingly, the compositions of the 
mixtures which give the greatest stability correspond 
with, roughly, the mixtures that one obtains in the 
part icular  process as described. Since this process 
involves random inter.esterifieation, it should give rise 
to 2/3 unsymmetrical  diaeetins (where the high-mo- 
lecular-weight acid is in the 1-position) and ~4 sym- 
metrical diaeetins (where the high-molecular-weight 
acid is in the middle or 2-position). Phase studies on 
synthetic mixtures of 1-stearoyl diacetin and 2-ste- 
aroyl diacetin have shown that  compositions Close to 

symmetrical and 2~ unsymmetrical  have the great- 
est alpha stability. 

The main use which has been suggested for  the 
diaeetins is for  coatings. The great  flexibility and 
translucency of the h y d r o g e n a t e d  products  make 
them promising for  this purpose. The hydrogenated 
products  may also be used as an icing fat, as a frozen 
dessert fat, as a filling fat, or any product  requir ing 
a fa t  which melts near body temperature.  A high 
melting product  such as can be made from rapeseed 
oil or incompletely acetylated superglycerinated Clo- 
Cks oils may be used as a chicle substitute, 

The unhydrogenated diacetins o r  diacetins made 
from low-molecular:weight oils, such as coconut oil, 
could be utilized as salad oils. F rom coconut oil such 
a product  would have exceptional oxidative stability. 

These oils could be compounded with hard  fa t  or hy- 
drogenated normal fats to yield shortenings of wide 
plastic range f rom 0 ° to 50°C. Additional compound- 
ing with various additives such as salt, coloring, and 
flavoring would give a margarine type product  or 
spread. 

Inedible uses other than coatings include carriers 
for  medicinals, vehicles for drug products, and as 
plasticizers. 

Summary 
Mixed diacetyl triglycerides (diacetins) are unique 

in that  they form waxy-translucent,  non-greasy, a n d  
highly flexible solids. 

D iace t in  fats  were prepared from a number  of 
common vegetable oils by random interesterification 
with triacetiu followed by removal of first the ex- 
cess triacetin, then the diacetins by distillation. Both 
the hydrogenated or completely saturated diacetins 
and the unhydrogenated products  were characterized 
by melting point b e h a v i o r  and X - r a y  diffraction 
patterns. 

The waxiness and flexibility of diacctin fats  is a 
result of their  existence in the alpha polymorphic 
form. This polymorphic form and hence these prop- 
erties are, for  practical  purposes, stable at room tem- 
perature  or near  their  melting point. The stabilikv is 
due to the fact  that  the diacetins are a mixture of 
symmetrical and 2~ unsymmetrical  diacetyl trigtyc- 
erides and contain more than one h igh-molecu la r -  
weight fa t ty  acid. 

The hydrogenated diacetin fats are very stable to 
oxidation. When made from C~6-Cls oils or fats,  these 
materials have very  sharp melting points, i.e., a melt- 
ing range of 2°C. or less, slightly below body tem- 
perature.  Variation in melting behavior without loss 
in wax iness  or flexibility can be obtained over a 
range of --20 ° to 60°C. by  varying the constituent 
high-molecular-weight  acids a n d / 0 r  the degree of 
esterification. 

Diacetin fats, especially the completely saturated 
derivatives, are useful as coatings. Other edible fa t  
uses include icing fats, filling fats, dessert fats, salad 
oils, and as base stocks for shortening or margarine 
formulation. Suggested inedible uses are as carriers 
or vehicles for  medicinals or drug products and as 
plasticizers (8). 
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