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T 
I~E ACETOGLYCERIDES to which the present dis- 
cussion will be  confined almost entirely can be 
considered as being derived from fats and oils 

by replacing in the fat  molecule two of the three 
long-chain fa t ty  acid groups originally present with 
either two acetyl groups or one acetyl and one hy- 
droxyl  group. Acetoglycerides therefore are either 
triglycerides containing two acetyl groups per mole- 
cule or diglycerides containing one acetyl group. 
Monoacetotriglycerides are components of some of the 
mixtures which will be discus3ed, but  these triglyeer- 
ides do not possess the unique properties of the aceto- 
glycerides as defined for this discussion. 

The term aeetostearin product  will refer  to prod- 
ucts in which stearic acid is the major but not the 
only long-chain, saturated fa t ty  acid combined in the 
glycerides; the term aceto-olein product  will re fer  to 
products containing sonic glycerides of unsaturated 
acids other than oleic acid. 

The first record of the preparat ion of an aceto- 
glyceride product  is fonnd in a patent  granted to 
Norman in 1920 (22). This patent,  which is con- 
cerned with interesterification in general, contains a 
brief description of a product  prepared by the reac- 
tion between triacetin and tristearin, followed by 
fractional crystallization from solvent. Pract ical ly 
no fur ther  work on acetoglycerides was reported in 
the l i terature until  the last several years, when in- 
vestigators at the laboratories of the Procter  and 
Gamble Company and the Southern Regional Re- 
search Laboratory  independently and  almost simul- 
taneously discovered that acetoglycerides normally 
solidify to a relatively stable, waxy crystalline form. 
Other potentially valuable properties were also dis- 
covered. As a consequence, more than a score of 
articles on acetoglycerides (also called acetin fats or 
acetylated monoglycerides) have appeared in the last 
five years. 

The purpose of this paper is to review the prep- 
aration and properties of acetoglyceride products, 
discuss their potential  uses in connection with foods, 
cosmetics, and pharmaceuticals, and present available 
information on their physiological behavior. 

Information on the physiological effects of inges- 
tion of acetogtycerides is presented because these 
compounds have at t racted considerable interest for 
use with foodstuffs. They can be prepared from edi- 
ble fats. They have physical properties unat tained 
by natural  fats, and these properties have the poten- 
tial of extending the use of f a t ty  substances in the 
fields of edible coatings, lubricants, and plasticizers. 
Notarial metabolism of these materials is a prerequi- 
site to their  use in foodstuffs. 

Methods of Preparation 
While there are many methods of synthesizing 

aeetoglycerides, only about three are suitable for  

i Presented at the 30th Fall 5Ieeting of the American Oil Chemists'  
Society, Chicago, Ill., September 24-26,  1956. 

Contribution from the Department  of Biochemistry and Nutrition, 
School of Medicine, University of Southern California, Los Angeles, 
Calif. 

One of the laboratories  of the Southern Uti l izat ion Research Branch,, 
Agricultural l~eaearch Service, U. S. Department  of Agriculture. 

122 

large-scale use. They are: a) interesterification of 
triacetin and glycerides of the long-chain fa t ty  acids, 
b) acetylation of monoglycerides of long-chain fa t ty  
acids with acetic anhydride,  and c) direct esterifica- 
tion of acetic and fat-forming acids with glycerol. 

By the first-mentioned method, fa t  and triacetin, 
preferably in a mole ratio of 1:6 or more, are inter- 
esterified in the presence of a suitable catalyst. De- 
pending upon the type  of end-product  desired, free 
glycerol nmy also be added to this mixture. When 
sodium methoxide is used as a catalyst, a concentra- 
tion of 0.2-0.4%, based on the weight of the reac- 
tants, is sufficient.. The reaction, which is carried out 
under  an inert  gas, nitrogen, or hydrogen and at 
about 60°C., comes to equilibrium in less than 30 
rain. After  the reaction has reached equilibrium, the 
catalyst is destroyed;  and the uncombined triaeetin 
and any  mono- and diacetin are removed by vacuum 
distillation or stripping. 

The preparat ion of acetoglyceride products f rom 
monoglycerides and acetic anhydride is quite simple. 
The monoglycerides, which may range down to 50% 
in actual content of mouoesters, and the acetic anhy- 
dride are heated under  a dry, inert  atmosphere at 
110°C. for from 1 to 4 hrs. Usually less than one 
mole of anhydride per hydroxyl  equivalent is em- 
ployed. The reaction is stopped by adding water to 
hydrolyze the uncombined anhydride.  Acetic acid is 
removed by washing with water. 

The preparation of acetoglyceride products by es- 
terification of mixtures of acetic and long-chain fa t ty  
acids has not yet been reported in the literature, but  
it undoubtedly can be accomplished. Precautions must 
be taken, of course, to prevent loss of the relatively 
low-boiling acetic acid from the reacting nlixture. 

Like all oil and fat  products intended for edible 
use, the acetoglyceride products must be purified to 
the point where they possess a light color and are 
bland in flavor and odor. This can be accomplished 
by bleaching with activated clay or carbon followed 
by steam deodorization. The latter process must be 
conducted under relatively mild conditions (ap- 
proximately 1 hr. at 175°C. and a pressure of ] 
ram. of mercury)  to prevent the products from be- 
ing degraded. 

Physical and Chemical Properties 
The unique proper ty  of acetoglycerides, one which 

makes them potential ly useful in a number of appli- 
cations, is their ability to exist as nongreasy, plastic 
solids (6, 10, 12, 16). All acetoglycerides exhibit this 
proper ty  though the aceto-oleins solidify at tempera- 
tures too low for  most practical applications. In  
F igure  1 the plasticity of a film of aeetostearin 
product  is contrasted with the brittleness of tristearin. 

Aeetoglyceride products  owe their  plastic behav- 
ior not only to the softness of their  crystals but prob- 
ably also to the shape of the crystals, as shown in 
Figure  2. The acetostearins represented in the figure 
crystallized in a ribbon-like s t ructure  to form a felt- 
like matrix. 

An indication of the degree of plasticity of some 



M A R C H ,  1 9 5 8  A L F I N - S L A T E R  ET AL. :  T H E  P R E S E N T  S T A T U S  OF A C E T O G L Y C E R I D E S  1 2 3  

FIO. 1, A fi lm of a c e t o s t e a r i n  p r o d u c t  ( r i g h t )  a n d  p ieces  of  
a f  t r i s t e a ~ i n  ( l e f t ) .  

acetostearin products  is given in Table I:  products 
1-3 are essentially mixtures of 1,2-diaceto-3-stearin, 
1-aceto-3-stearin, and 1-monostearin; products 4-6  
contain the same compounds in addition to the cor- 
responding palmitins. 

Normal solidification of an aeetoglyceride com- 
pound from the melt produces the waxy form which 
has been established by X-ray studies to be the alpha 
polymorphic form (16, 23), which is not thermody- 
namically stable. However the presence of small 
amounts of other glyeerides stabilize the alpha form 
so that  it will not t ransform when kept  at room 
temperatures for  severaI years. 

The melting points of the waxy forms of the aceto- 
glyeerides, which are the subject of this discussion, 
range from --18.3°C. for  1,2-diaeeto-3-olein (9) to 
47.5°C. for 1-aeeto-3-stearin (23);  1,2-diaeeto-3-ste- 
arin melts at about 35°C. (16, 23). By  the proper  
choice of components, mixtures can be prepared which 
have melting points between the extremes cited. One 
potentially useful mixture  of this type consists of 
approximately equal proportions of diacetostearins 
and diacetopalmitins, which melts at about room 
temperature.  

The density, viscosity, expansibility, solubility, and 
heat capacity of various acetoglyceride compounds 
and products  have been determined and reported. In 
general, the properties mentioned resembled those of 
the glyeerides found in ordinary fats and oils. What  
differences were found would be expected to occur 
on substituting acetic for  a fa t - forming acid in 
glyeerides. 

Because acetostearin products may be useful as 

Fro. 2. P h o t o m i c r o g r a p h s  of  (A)  t r i s t ea r in ,  405 X ; (B )  1,2- 
diaceto-3-stear in,  150 X ; and  (C) 1-aceto-3-stearin,  150 X .  
Crys ta ls  f o r m e d  by  cooling to room t e m p e r a t u r e  a drop of the  
mel t  on a slide. 

TABLE I 
Properties of Acetoste~rin Products Obtained by 

Acetylation of Monostearins (2) 

~donostearin 
used 

1-Monostearin 

Commercial, 
molecularly 
distilled prod- 
uct, 91.5% 
monoester e 

Prod- Melting 
UCt lyangep 
No. °C. 

2, 45.0-48.( 
3~.5-42.( 

3 38.0-39£ 

4 41.0--44.C 
5 32.0-35.5 
6 29~0-31,£ 

a Elongation at break point of 

Hy- 1Y~ono- ~longs 
droxyl glyceride tion," 
value content, % % 

--153-- 17.8 > 8 o o  
78 2.7 > 800 
36 0,3 > 8 0 0  

166 11,4 467 
78 2,8 5~3 
56 0.9 > 8 0 0  

strip measttring 3 x a~ 

M ~xilllll.nl 
l°~t  ,b 

" 1.70 
0.71 
0.49 

1.60 
0.43 
0.32 

1/s i~ches 
when stretched at a rate of 1.0 inch per minute at 22°C. 

s Maximum load necessary to maintain stretching rate in elongation 
test, Values are an indication of strength. 

¢ Contained about equal proportions of monostearin and monopalmitim 

coating materials, the permeabili ty of such products 
ro moisture and the aanospheric gases (carbon diox- 
ide, oxygen, and nitrogen) has been determined (17, 
18). While the products are not absolute barriers to 
water vapor, they are quite good in this property.  
The permeabili ty is only slightly greater than that  
for  nylon, ethylcellulose, and polystyrene. Perme- 
ability of the acetostearins to carbon dioxide was less 
than that  for the ethylcellulose and approximately 
the same as for polystyrene and polyethylene. On 
t:he other hand, polystyrene and ethylcellulose were 
more permeable to oxygen and nitrogen than were 
~he acetostearins. 

In chemical properties the acetoglycerides resemble 
ordinary f a t s  and oils of comparable degrees of un- 
saturation. Baur  (5) has stated that shortenings and 
5quid base stocks for shortenings, both containing 
aeetoglycerides, did not exhibit any evidence of acetic 
acid odor or flavor on being stored at 100°F.(38°C.) 
for one month. On heating acetostearins in air at 
200°C., the changes occurring in color and viscosity 
are relatively small and about comparable to those 
experienced with completely hydrogenated vegetable 
oils (11). One aeetostcarin product  made from com- 
pletely hydrogenated cottonseed oil developed no per- 
oxides and only a mild off-odor and flavor on aeration 
for 1,000 hrs. at 97.7°C.(11). 

Contrary  to what might be expected, the rate of 
hydrolysis of acetoglycerides on contact with water 
appears to proceed at a rate not greatly different 
from that  obtained with a domestic vegetable oil like 
cottonseed oil (11). 

Physiological Properties 
Toxicity. The toxicity of acetostearins was studied 

by Ambrose and Robbins (1, 2), both by feeding 
massive, single doses of tile material  to animals and 
by giving smaller daily doses either in the diet or by 
injection. They found that  a dose as large as 4 g. of 
aeetoglycerides per kilogram of body weight given 
by stomach tube to rats yielded no evidence of tox- 
icity. A daily dose of 80-100 rag. acetostearin/kg. 
of body weight, when given intravenously as a 10% 
emulsion to rabbits for 15 days, was found to be 
nontoxic. A questionable effect on clotting time was 
noticed, but  the material was completely removed 
from the circulatory blood within 30 rain. No pa- 
thology of visceral organs was noted on histological 
examination. 

Guinea pigs when t reated topically with 4 ml. of a 
30% aeetoglyceride emulsion for 45 days showed no 
local irri tation, sensitization, or allergic reactions. 
Feeding experiments carried on for 14 weeks, during 
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T A B L E  I I  
Toxici ty Studies on Acetoglycerides 

An ima l  
tested 

Ra t  

Rabbi t  

Gu inea  
p ig  

R a t  

Dose 

4 g . /kg .  

Method of Du r~t ion 
admin is t ra -  exper iment t  ~ion ....................... 

Stomach tube 1 dose 

I n t r a v e n o u s  15 days  ] 
injection 

DailYtion inunc- 45 days  

14 weeks  I n  diet 

body we igh t  

8 0 - 1 0 0  
m g . /kg .  

E 

4 ml. of 3 0 %  
emulsion 

5, 10, 20% 

Pa tho logy  

No evidence of 
toxicity 

Possible slight effect 
on clott ing t ime  

No pathology of  vis- 
ceral  o rgans  

No local i r r i t a t ion  
No sensit izat ion 
No allergic response  

No deleterious effect 
on growth,  food in- 
take,  or  mor ta l i ty  

which acetostearin was incorporated in the diet at the 
5, 10, and 20% level, resulted in no toxicity as 
judged by any  deleterious effects on growth, food 
intake, and mortal i ty.  

Growth and Longevity. Pure  aeetostearin up to 
4% or pure  aceto-olein up  to 1% included in the 
diet of rats  for  over 1 year  did not interfere  with 
growth or food utilization (1, 2). Comnlercially pre- 
pared  acetostearins f rom hydrogenated  lard or aceto- 
olein f rom cottonseed oil, or lard, when fed in con- 
centrations of 5 to 10% of the diet for 86 weeks, 
showed no interference with growth or food utiliza- 
tion. Aeetostearins fed at a level of 20% had a slight 
inhibitory effect on growth;  at  20% aeeto-oleins had 
no deleterious effect a f ter  60 weeks. 

T A B L E  III 

Growth  Studies  Us ing  Acetoglycerides Incorpora ted  in the  
Diet  of the  R a t  

F a t  

I .  a)  Acetostear in ,  pu re  
b)  Aceto-olein, pu re  

] I .  Acetos tear in  f rom 
hydrogena ted  lard 

I I I .  Aceto-olein f rom cot- 
tonseed oil or  la rd  

IV.  Aeetos tear ins  

V. Aeeto-oleins 

Level  
in diet, % 

5 - 1 0  

5 - 1 0  

20 

2O 

D u r a t i o n  
of ex- 

periment, 
weeks  

57 

86 

86 

60 

60 

(Jonlinent 

No in te r fe rence  wi th  growth  
or  food uti l ization 

No in te r fe rence  wi th  growth  
or  food uti l ization 

No in te r fe rence  with g rowth  
or  food ut i l izat ion 

Slight inhibi tory effect on 
growth  

I No in te r fe rence  with growth  

Other studies involving feeding experiments with 
acetoglycerides were reported by Mattson and co- 
workers (20, 21), who fed ra ther  high levels of these 
fats  to rats  for  short intervals. The nutr i t ional  value 
of these acetoglycerides was compared with tha t  of 
the ord inary  corresponding triglycerides f rom which 
they were prepared.  Soybean oil at  a 2% level was 
added to these diets to provide essential f a t ty  acids 
where the fa t  used had an iodine value of 1. When 
the fats  were added to the diet at  the 50% level, 
ethylcellulose was added to prevent  the fa t  f rom sep- 
ara t ing  out. 

I t  was concluded that  the nutr i t ional  value of the 
acetoglycerides was essentially the same as that  of the 
corresponding normal  or conventioaal  tr iglycerides 
f rom which they were prepared,  as judged by gain 
in body weight, food consumption, and food efficiency 
of the animals on these diets. 

Ambrose and Robbins (2) have reported that ,  in 
eoneentratiGns of 10% in the diet, two samples of 
aceto-olein had no ill effects over several generations 
while two of three samples of acetostearin had an 

TABLE IV 

Experiments in Which the Fat %Vas Incorporated in the Diet at a 
Level of 25% and Fed for Eight Weeks a 

Fat  

t t y d r o g e n a t e d  mix tu re  of soy- 
bean and cottonseed oils 
( 75 /25  mix ture )  

Diaceto t r ig lycer ides  
Ful ly  hydrogena ted  soybean  

oil 
Diaeeto t r ig iyeer ides  

odine 
~alue 

80 

8O 
1 

1 

Gain  
in body 
weigg.ht, 

265 

262 
215 

222 

Food 
consump- 

tion, 
cal. 

3460 
4740  

3360 

~ood 
effi- 

eleney b 

7.6 

7.6 
4.5 

6.6 

2% soybean oil added to these diets. 
1, Gain  in body weight  

X .100, 
Cal. eaten 

apparen t  effect on progeny. Since the diets used in 
these studies contained approximate ly  5% additional 
fa t  (3% being cod liver oil) and since these workers 
(1) found some indications of v i tamin E deficiency 
on this type of diet, it is likely tha t  the apparen t  
effect on reproduct ion of diets containing 10% aeeto- 
stearin resulted f rom a deficiency of vi tamin E. 

Digestibility. Using the method of Augur ,  Rolhnan, 
and Deuel (4), Ambrose and Robbins (3) determined 
the digestibility coefficients of various acetoglyeerides 
fed to both male and female adul t  ra ts  at a level of 
20% of the diet and  compared these coefficients with 
that  for a commercial  shortening, Criseo. 4 Aceto-oleins 

T A B L E  V 

Exper iments  in %Vhich the  F a t  W a s  I n c o r p o r a t e d  in the  Diet  a t  the  
5 0 %  Leve l  and  Fed for  E igh t  Weeks  

Fa t  

H y d r o g e n a t e d  mix tu re  of soy- 
bean and  cottonseed oils 
( 7 5 / 2 5  mix tu re )  

Same  as above plus  ethyl- 
cellulose b 

Diaeeto t r iglycer ides  plus 
ethylcellulose i~ 

Ga in  
iod ine  I in body 
va lue  we~.g.ht, 

80 212 

80 224 

Food 
consump- 

tion, 
cal. 

2800 

2870 

"] 130 

Food 
effi- 

ciency ~ 

7.4 

7.4 

7.2 

" Ga in  in body weight  
Cal. ea ten  X 100. 

~'Ethylcellutose added to p reven t  fat  f rom s e p a r a t i n g  out  on s tanding.  

were found to have the highest digestibil i ty coefficients 
(99%).  Acetostearills had much lower values (80- 
85%),  and these did not correlate with the melt ing 
points of the aeetostearins. A mixture  of 15% aeeto- 
stearin and 5% aceto-olein gave a small improvement  
in digestibility (85%) whereas, with a mixture of 
10% of each of those acetylated fats, digestibility was 
considerably improved (94%) and compared favor- 
ably  with the commercial  shortening (96%).  Ei ther  
slight or no differences in digestibili ty were obtained 

This  p roduc t  is n a m e d  as p a r t  of the exact  exper imenta l  conditions. 
I t  is no t  the policy of the  D e p a r t m e n t  to re ( 'ommend or  endorse  the  
p roduc t s  of any  p a r t i c u l a r  m a n u f a c t u r e r .  

T A B L E  V I  

Exper imen t s  in Which  the  Fa t  W a s  I n c o r p o r a t e d  in the Diet  at  the 
15% Leve l  and  Fed for 12 Weeks  

Fa t  

H y d r o g e n a t e d  mix tu re  of soy- 
bean  and  cottonseed oils 
( 75 /25  mix tu re )  

Monoaeeto t r ig lycer ides  

] Ga in  Food 
Iodino in body I c o n s u m p -  
va lue  weight ,  lion, 

g" 1 cal. 
! 

80 / 314 t 523O 

I so , 290 i 47to 

Food 
effi- 

c i ency ,  

6.0 

6 . 1  

a Gain  in body we igh t  
Cal. eaten X 100. 
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T A B L E  V I I  
Digestibility of Acetoglyeerides and Crisco 

Supplement fed 
in diet 

Control 

AG 3 (aceto-olein 
from cottonseed 
oil ) 

AG 21 (aeeto-olein 
from lard) 

AG 194 (acetoste- 
arin from hydro- 
genated lard ) 

AG 194 ( 1 5 % )  
@AG 3 ( 5 % )  

AG 194 ( 1 0 % )  
+ A G  3 ( 1 0 % )  

Crisco 

Level 
Description added to 

of fat diet, 
% 

Cod-liver oil an:I  .... I 
residual fat 

Fully acetylated, 
I .V .  73.2 

Fully acetylated, 
L V .  42 

Fully acetylated, 
I . V . <  1 

Coefficient 
Total of digesti- 
fat in bility 
diet, ( combined 

% !_ sexes) 

5.9 ...... 

25.0 99.2 

24.5 99.3 

24,0 80,0 

24,1 85,1 

24.0 93,7 

24.4  95.9 

when data for male and female rats were compared. 
Here again, the diet contained an additional 5% fat 
which, depending on the extent of unsaturation, might 
influence these results, particularly those for the di- 
gestibility of aeetostearins. 

Mattson and coworkers (20) have reported on 
their digestibility studies of mono- and diaceto tri- 
glyeerides, prepared from partially and completely 
hydrogenated vagetable oils, and of the corresponding 
conventional triglyeerides. Coefficient of utilization 
values, similar to digestibility coeffieients but based on 
ingested long-chain fatty acids, were calculated. These 
workers concluded that the long-chain fatty acids of 
a diaceto triglyceride (iodine vMue 80) were absorbed 
as well as those of the corresponding triglyeeride 
(87% vs. 87% at the 25% level; 91% vs, 96% at the 
50% level). This conclusion applied also to the mono- 
aeeto triglyeeride (iodine value 80) fed at a 15% level 
(92% vs. 90%). In contrast, the coefficient of utiliza- 
tion of stearie acid was increased markedly over that 
of tristearin by incorporating this fatty acid into a 
diaeetin fat (9% vs. 83%). 

In these studies it should be noted that the diaceto 
triglyeeride of iodine value 80 and the hydrogenated 
oil used in its preparation are better digested at the 
50% level than at the 25% level. 

Herting and coworkers (15) presented data on 
fecal lipides expressed as excretion per day for rats 
fed normal and aeetylated fats. Although fat intake 
is not reported and digestibility coefficients therefore 
cannot be calculated from their data, the data sug- 
gest that cottonseed oil, lard, and acetylated, unsatu- 
rated glycerides are absorbed to a much greater de- 
gree than hydrogenated lard and acetylated, satu- 
rated glyeerides, in accord with tile findings already 
reported. 

T A B L E  VIII 
Digestibility of Mono- and Diaceto Triglycerides and the 

0orresponding Normal Triglycerides 

Type of fat 

Triglyceride ........................... : ...... 
lVIonoaceto-triglyeeride ................. 

Triglyceride .................................. 
Diaceto-triglyeeride ...................... 

Triglyeeride .................................. 
Diaeeto-triglyeeride ...................... 

Triglyeeride .................................. 
Diaeeto-triglyeeride ...................... 

Iodi  
yah 

8C 

8O 
80 

1 
80 
8O 

Coneentra- Coefficient of 
tion in diet, utilization 

% (diges t ib i l i ty )  

15 90 
15 92 

25 87 
25 87 

25 9 
25 83 

50 97 
50 91 

Calloway and Kurtz (7) have reported on the di- 
gestibility of glycerides esterified with butyric acid. 
They report that the digestibility of fully hydrogen- 
ated lard fed at a level of 20% of the diet is enhanced 
by substituting one-third of the fatty acid radicals 
with butyryl groups. However, in simple mixtures, 
tributyrin did not enhance the absorption of lard 
trig]yeerides. 

The mode of digestion of acetylated glycerides has 
been studied in adult rats by Herting' and eoworkers 
(15) and it has been compared with that for cotton- 
seed oil, lard, and hydrogenated lard. The fat con- 
tent of the diets fed was varied from 22 to 33% so as 
to equate the content of fatty acid residues at about 
21.5%. Cottonseed oil and lard exhibited little gas- 
tric lipolysis, but intestinal lipolysis was extensive 
with rapid absorption of the resulting products. Hy- 
drogenated lard exhibited greater gastric lipolysis but 
poor absorption, as evidenced by high fecal fat val- 
ues. The mode of digestion of aeetylated monoglyc- 
erides from hydrogenated lard coincided with that 
of hydrogenated lard. The digestion of aeetylated, 
mixed, saturated and unsaturated monoglyeerides 
from lard was found to be intermediate between that 
of saturated and unsaturated triglycerides. This 
group (14) also reports no elevation in lipide-bound, 
steam-distillable acids in tissue fats of a dog fed a 
diet containing 25 % acetylated monoglycerides. These 
acids were increased in the blood of rats fed acetylated 
monoglyeerides at dietary levels up to 50% but not 
in carcass fat. Only small amounts of free acetic acid 
were found to be present in the gastric contents of 
rats fed acetylated monoglyeerides. 

A b s o r p t i o n .  Ambrose and dobbins (3) studied the 
absorption of aceto-oleins and acetostearins of vary- 
ing melting points in adult male rats during a 4-hr. 
period. The procedure used was essentially that of 
Deuel et al. (8) but differed in the fact that the fat 
was fed as part of the diet rather than given by 
stomach tube. 

It was observed that the absorption of aeeto-oleins 
was better than the absorption of acetostearins, which 
was of about the same order as for Criseo. 4 The aeeto- 
stearins, although varying in melting point, demon- 
strated no significant differences in absorption. 

T A B L E  IX 
Absorption of Various Acetoglycerides and Crisco from the 

Gastrointestinal Tract of Fasting Rats a, b 

I t ~ fe l t ing  I A m m t n t ° C -  Supplement fed Iodine point, absorbed, value % 

Contccol ................................................... i 
Fully acetylated aceto-olein from 

cottonseed oil ( A G  3 ) .  ....................... 
Fully aeetylated aceto-olein from 

lard ( A G  21)  ..................................... 
Partially acetytated acetostearin from 

hydrogenated lard ( A G  31)  .............. 
Fully aeetylate4 acetostearin from 

hydrogenated lard ( A G  26)  .............. 
Fully acetylated acetostearin frmn 

hydrogenated lard ( A G  194)  ............ 
Criseo ...................................................... 

'3 .2 

L2.0 

1.08 

0 .96 

0 .60 

5.0 

57.0 

32.5 

30.7  

76.1 

77.3 

65.7  

62.5 

65.9 

67,6 

a Fat eonsumed averaged 700 rag. 
b Absorption time, 4 hrs. 

Potential Uses 

On the basis of the physiological behavior of the 
acetoglyceride products reported here, it nlay be 
possible that sufficient data will be forthcoming to 
qualify them for use with foods. They already are 
acceptable for use in cosmetics. Assuming that aceto- 
glyeeride products are proved to be without adverse 
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physiological effect and considering their chemical 
and physical characteristics, a number  of potential 
uses can be envisaged. 

Obviously many different products can be prepared, 
and products  can be tailored, within limits, for  spe- 
cific uses. However, for  the purpose of describing 
possible uses, it is convenient to divide the aceto- 
glycerides into three more or less a rb i t ra ry  classes: 
aceto-oleins, low-melting aeetostearins, and high-melt- 
ing aeetostearins. 

Aceto-olei~s. The melting point of mixed aceto- 
oleins can be as low a~ --20°C. Sinmltaneously the 
iodine value can be low; the iodine value of pure 
diaceto-olein is 57.6. Use of such mixtures is indi- 
cated where an oil of very  low melting point and 
good resistance to oxidation is required. 

Work on aceto-oleins at the Southern Regional Re- 
search Labora tory  has been confined largely to the 
development of a special, margarine-like spread for 
the armed forces. A spread is required with an un- 
usually long plastic range and good resistance to 
deterioration. The requirements seem to be fulfilled 
by mixtures consisting essentially of aeeto-oleins, 
part ial ly hydrogenated cottonseed oil, finely ground 
salt, traces of antioxidant,  imitation but ter  flavor, 
and but ter  color. 

The consistency curves shown in Figure  3 show the 
extremes of plastic range which can be attained with 
the mixtures mentioned. 

Another possible use for aceto-olein products might 
be as minor ingredients of enrobing fats. Tests have 
shown (13) tha t  in eoneentrations of 2 to 8% the 
aeeto-olein products  should have a pronounced effect 
in :reducing brittleness in hard  fats when these are 
cooled to low temperatures.  

Aeeto-oleins, as well as acetostearins, have been 
tested in cosmetic preparations (19), and it is 
claimed that  both could be used in a number of 
preparations, inehnling lipsticks, shampoos, and alco- 
holic lotions. The aeetoglycerides are relatively solu- 
ble in alcohol solutions. 

Baur  (5),  in experimenting with compound short- 
enings containing large proportions of aceto-oleins, 
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FI~. 3. Consistency v s .  temperature curves: (1) margarine- 
like product containing essentially 79% accto-olein product, 
18.5% highly hydrogenated cottonseed oil, and 2,5% salt (7) 
nnd (P) ~ commercial margarine. 

found them equivalent or better  than regular  eom- 
mereial shortenings with regard to baking perform- 
anee, workability, creaming volume, and gum and 
foam formation. Also they were more resistant to heat 
damage at high temperature.  The regular  shortenings 
were superior only in having a higher smoke-point. 

Low-Melting Acetostearins. The use of low-melting 
acetostearins is indicated where an oil melting at 
about room temperature  and having an extraordinary 
resistance to oxidation, rancidity,  and polymerization 
is required. One possible use would he as a slab 
dressing in the manufacture  of candy. Another  would 
be to impart  gloss to hard gum-candies. A non-candy 
use might be as an anticlumping oil in packaging 
raisins. 

A possible use for the low-melting aeetostearins 
would be as a coating for processed meats in cold 
storage. 

High-Melting Acetostearins. Potential ly one of the 
most valuable uses for high-melting acetostearin prod- 
uets is as edible, protective coatings on foods. Wh~m 
applied by the dip method as thin, almost invisible 
films to processed meats like f rankfur ters ,  they r e t a r d  
loss of moisture, flavor and odor. The films might 
also serve as protective coatings on cheese, certain 
nuts, fruits,  and baked goods. The fihns can serve as 
carriers for fat-soluble antioxidants. 

Another use might be as ingredients of chocolate- 
type coatings for ice cream bars and candies for the 
purpose of reducing brittleness at low temperatures. 

Summary 
Aeetoglycerides, which are defined as being either 

triglycerides containing two aeetyl groups per mole- 
cule or diglycerides containing one acetyl group, can 
be prepared readily by several procedures, which are 
described. 

The acetoglyeerides exhibit unusual physical prop- 
erties, the unique one of which is their ability to exist 
as nongreasy, plastic solids. Mixtures of saturated 
acetoglycerides can be prepared to melt in the tem- 
perature range of about 27 to 47°C. while mixtures 
of unsaturated aeetoglycerides can melt as low as 
--20°C. In  other physical properties and most chem- 
ieal properties the acetoglycerides resemble those of 
<>rdinary fats. 

Fa i r ly  extensive investigations of the physiological 
behavior of aeetoglyeerides have been made. I t  is 
concluded, f rom the work reported to date, that aeeto- 
glycerides have no deleterious effect on growth or on 
reproduction and that  the mode of digestion of aceto- 
oleins and aeetostearins does not differ appreciably 
from that of the corresponding natural  fats. The 
acetyl group appears to be hydrolyzed and absorbed 
quickly and completely; :no acetate has been demon- 
strated in the feces of aeetoglyeeride-fed rats. The 
rate of absorption of aeeto-oleins exceeds that  of 
acetostearins, but  that for  the latter is not unlike 
that of a commercial shortening. As to over-all di- 
gestibility, that  of aeeto-oleins, fed at levels up to 
50% of the diet, appears to be equal to that  of the 
corresponding normal triglyeerides whereas the di- 
gestibility of acetostearins, at levels up to 25% of 
the diet, when measured in animals pre-fed or simul- 
taneonsly fed sufficient unsaturated fat  to preclude 
essential f a t ty  acid deficiency, is markedly better 
than the absorption of the normal saturated glyeer- 
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ides. When fed as a mixture,  aeeto-olein appears  to 
enhance the digestibility of acetostearin. 

A nmnber  of potential  uses of aeetoglyceride prod- 
ucts as components of foods and cosmetic prepara t ions  
are mentioned. One possible use of acetostearins ap- 
pears to be as a protective coating for food products.  

R E F E R E N C E S  

1. Ambrose, A. M., and  Robbins,  D. J., J .  Am. Pharm.  Assoc., Sci. 
Ed., 45, 2 8 2 - 2 8 4  (1956) .  

2. Ambrose, A. M., and Robbins, D. J., /~ederation Proe., 14, 3 1 4 -  
315 (1955) .  

3. Ambrose, A. M., and  Robbins, D. ft., J .  Nutri t ion,  58, 113 -124  
(1955) .  

4. Augur ,  V., Rollman, H. S., and  Deuel, H.  J .  J r . ,  J .  Nutrit ion, 33, 
1 7 7 -186  (1947) .  

5. Baur ,  F. J., J .  Am. Oil Chemists' Soc., 31, 147-151  (1954 ) .  
6. Baur ,  F. J .  (to Proc te r  and  Gamble Co.), U. S. Pa t  2,615,160 

(1952) .  
7. Calloway, I). H., and  Kurtz ,  G. W., Federa t ion  Proe.,  15, 545 

( t 9 5 6 ) .  
8. Deuel, H. J. Jr . ,  t lalh:aan, L., and  Leonard ,  A.I J .  Nutrit ion, 

20, 2 1 5 - 2 2 5  (1940) .  
9. Feuge, R. O., Gros, Audrey  T., end  Vieknair ,  E. J., J .  Am. Oil 

Chemists'  Sue., 30, 320~325 (1953) .  

lO. Feuge, 1~. 0.,  Vicknair ,  E. J., and  Lovegren, N. V., J .  Am. Oil 
Chemists'  Soc. 29, 11-14 (1952) .  

11. Feuge, R. O., Vicknair ,  E. J. ,  and  Lovegren,  N. V., J .  Am. Oil 
ChemisSs' Soc., 30, 283--287 (1953) .  

12. Feuge,  R. 0.,  Vicknair ,  E. J., and  Markley, K. S. (to the 
United States of America) ,  U. S. Pa t .  2 ,745,749 (1.956). 

13. Gros, Audrey  T., and  Feuge, R. O., J .  Am. Oil Chemists'  Sue., 
81, 377 -383  (1954) .  

14, t l e r t ing ,  n .  C., Ames, S. R., Embree, N. D., and  ]-[arris, P.  L., 
Federat ion Proc. ,  15, 556 (1956) .  

15, t t e r t ing ,  D. C., Ames, S. R., Koukides,  M., and  Har r i s ,  P. L., 
J .  Nutri t ion,  57, 369 -385  (1955) .  

16. Jackson,  F. L ,  and  Lutton,  E. S., J .  Am. Chem. Soc., 74, 4 8 2 7 -  
4829 (1952) ,  

17. Lovegren,  N. V., and  Feuge, R. 0.,  J .  Agr.  Food Chem., 2, 
558-563  (1954) .  

18. Lovegt'en, N. "V., and  Feuge,  R. O ,  J .  Agr.  Food Chem., 4, 
634 -638  (1956) .  

19~ 2¢IcDonough, E. G., and Edman,  W. W., Drug  and  Cosmetic Ind. ,  
76, 170-171,  252, 254 (1955) .  

20. Mattson. F. H.,  Alexunder,  J .  C., Ba~r ,  F. J. ,  and  Relier, H. H.,  
J .  Nutri t ion,  59, 277 (1956) .  

21. Mattson,  F. It . ,  Baur ,  F. J., and  Beck, L. W., Federat ion Proc.,  
14, 443 (1955) .  

22. Norman,  W., and  Clwerke Germania ,  G.m.b.H., Get.  Pat .  417,- 
215 (1920) .  

23. Vicknair ,  E. J., Singleton, W. S., and  Feuge,  I~. 0. ,  J. Phys. 
Chem., 58, 6 4 - 6 6  (1954) .  

[ R e c e i v e d  A u g u s t  9, 1 9 5 7 ]  

Interaction of Sucrose Monolaurate with Other 
Surface-Active Agents 1 
LLOYD OSIPOW, FOSTER DEE SNELL, and JOHN 
Foster D. Snell Inc., New York, New York 

PROCESS f o r  the manufac tu re  of sucrose mono- 
esters of f a t ty  acids has reached a stage of 
develot)ment where commercial  quanti t ies will 

soon be made available. These sucrose esters differ 
fundamenta l ly  f rom ethylene-oxide derived, nonionie 
surface-active agents in that  water  solubility is im- 
par ted  by a mult ipl ic i ty  of hydroxyl  groups ra ther  
than  ether linkages. Da ta  concerning some of the 
surface-active propert ies  of these sucrose esters have 
recently appeared (6). Unlike polyoxyethylene de- 
rivatives containing an equal number  of oxygen 
atoms, the sucrose esters do not exhibit a cloud 
point below 100°C. 

The present  s tudy  is concerned with interaction 
between sucrose monolaurate  and other water-soluble, 
surface-active agents. The problem of interaction be- 
tween surface-active materials  is of considerable im- 
portance and has received a great  deal o f  attention. 
The effect of lauryl  alcohol in enhancing the foam 
stabil i ty of sodium laury l  sulfate i s  well known (1).  
In terac t ion  between cholesterol and other biologi- 
cal ly-act ive materials  and water-soluble,  surface- 
ac t ive  agents has been investigated (5). Inact ivat ion 
of phenolic germicides by polyoxyethylene-der ived 
nonionics has also been discussed (2). In general, 
these studies have been concerned with combinations 
of water-soluble, surface-active agents  and relat ively 
water-il~soluble organic compounds. 

I t  appeared  possible that  the large number  of 
hydroxyl  groups present  in the sugar  esters would 
contribute sufficient hydrogen-bonding  energy for  
m~bstantial interaction with the polar aud ionic 
groups of other water-soluble, surface-active agents. 

Materials and Methods 

~tlerose monolaurate  and sucrose monostearate 
were prepared  according to a procedure previously 
described (6). They were purified by  several re- 

1 Presented a t  the second In te rna t iona l  Congress of Surface Activ- 
it)'. London,  E~gland,  April 8 -12 ,  1957. 

2 Suga r  Research Founda t ion  Inc., 52 Wall street, New York 5, N. ¥ .  

L. HICKSON, 2 

crystall izations f rom ethanol. Sodium lauryl  sulfate  
was p repared  f rom fract ionated C. P. dodeeanol and 
reerystallized f rom ethanol. Absence of a minimum 
in the surface tension-concentration curve for  so- 
dium lauryl  sulfate indicated that  the mater ia l  was 
pure.  Polyethylene glycol 400 monolaurate  (Kessler 
Chemical Company)  and Ninol AA62 E x t r a  (Ninol 
Laboratories  Inc.)  are commercial  materials.  They 
were used without purification. The former  is an 
ester of laurie acid and an ethylene oxide polymer  
of average molecular weight 400. Ninol AA62 E x t r a  
is a lauroyl  diethanolamide with an amide content of 
92%. 

Surface-tension values were determined by the Du 
Nouy r ing method at 27.1 _+ 0.1°C: Measurements 
were made at  intervals of a few minutes unti l  the 
values agreed within 0.2 dynes/era.  

Foam test measurements  were made, using the 
method of Ross and MiTes (7).  The solutions were 
mainta ined at 27.1 --e 0.1°C. Duplicate  determina- 
tions resulted in foam height values, which checked 
within 5 ram. 

A surface viseosimeter was constructed in accord- 
anee with details provided elsewhere (1).  The de- 
flection of the bob could be read accurate ly  to 0.2 
degree. Measurements were made at 27.0 -+- 0.1°C. 

Results 

Surface Tension. Surface- tens ion  values for su- 
crose monolaurate  and sucrose monostearate in dis- 
tilled water  are plotted against  the logar i thm of the 
concentration in F igu re  1. The concentrat ion at 
which the two linear port ions of each curve intersect 
is considered to represent  the CMC value. The un- 
cer ta in ty  in determining these CMC values graphi-  
cally is about ]5%.  These estimated CMC values are 
34 x 10 -5 molar  for  sucrose monolaurate  and 64 x 10 ̀7 
molar for  sucrose monostearate.  The accepted value 
for the lowering of the CMC accompanying an in- 
crease in the length of an unbranched alkyl chain 
is 2 n, where n is the increase in the number  of carbon 


