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used as reference materials and solutions of ethanol
in water as media. Errors due to variation in tem-
perature have been analyzed for the systems and ap-
paratus employed.

Acknowledgments
The technical assistance of F. P. Cooper is grate-
fully acknowledged. The author is also indebted to
N. T. Gridgeman for statistical analysis and discus-
sion, and to E. O. Hughes for generous help in the
preparation of the manuscript.

Acetin Fats.

Sivs: DENSITY oF TRIGLYCERIDES AND HSTERS 147

REFERENCES
1. Barbour, H. G., and Hamilton, W. F., Am. J. Physiol., 69, 654-
61 (1924).

2. Barbour, H. G., and Hamilton, W. F., J. Biol. Chem., 68, 625-
40 (1926).

3. Cohn, M., in “Preparation and Measurement of Isctopic Tracers,”
D. W. Wilson, A, O. C. Nier, and S. P, Reiman, editors, Edwards,
Ann Arbor, 1946, pp. 51-59.

4. Frilette, V. J., and Hanle, J,, Ind. Eng. Chem., Anal. Ed., 19
924-7 (1947).

5. Guthrie, C., J. Lab. and Clin. Med., 17, 1158-62 (1932),
6. Hoiberg, A. J., Ind. Eng. Chem., Anal. Ed., 14, 323-25 (1942).

i

[Received October 20, 1953]

I. Products Made from Mixed Acetin Fats

FRED J. BAUR, Chemical Division, The Procter and Gamble Company, Cincinnati, Ohio

HE introduetion of acetyl groups into glyceride

molecules results in the formation of fats with

interesting and unusunal properties (1-5). These
properties permit the designing of products that are
either improved versions of existing types or repre-
sent new materials. The present report deals with fats
which contain both the possible types of mixed acetyl
glycerides, namely, mono- and diacetyl triglycerides,
beside the normal triglyeerides. The terms ‘‘mono-
aceting’’ and ‘‘diacetins,”’ respectively, are used in
this paper for these monocacetyl and diacetyl triglye-
erides. The general term ‘‘acetin fats’ is proposed
for these mixed acetyl glycerides regardless of melt-
ing point. The preparation and use of acetin fats
containing predominantly oleic as the high molecu-
lar weight fatty acid have been described by Feuge
et al. (6).

The most useful effect of the introduction of acetyl
groups into glyceride molecules is the pronounced
lowering of the melting point. Heretofore the use
of a low melting fat called for an unhydrogenated
or only slightly hydrogenated oil. Such highly un-
saturated oils, e.g., cottonseed or soybean oil, do not
have the oxygen stability or keeping quality of par-
tially hydrogenated oils, a fact which has limited their
current use in the production of plastic shortenings.
Existing commercial shortenings are made principally
from a partially hydrogenated oil or basestock which
is stiffened by the addition of a low 1.V. hydrogen-
ated fat or hardstock to give the so-called all-hy-
drogenated type shortening. Improved techniques of
hydrogenation and plasticizing have significantly im-
proved the overall plasticity of these products, but
they still do not approach the plastic range of the
so-called compound or blended type shortenings which
consist of hardstock in oil and which show relatively
little change in plasticity from a refrigerator temper-
ature of between 40° to 50°F. to a.room temperature
of up to about 100°F. The aim of equal or increased
oxygen stability and wider plastic range, in compari-
son with eonventional shortenings, was accomplished
in plastic fats made from acetin fat basestocks by
virtue of the lower melting points of the component
acetyl glycerides. As an illustration of the potenti-
alities of this new type of fat, the properties of acetin
fat shortenings will be described.

Preparation of Acetin Fats
The mixed acetin fats may be prepared by a num-
ber of methods. The two methods most often em-

ployed involve interesterification of normal fats and
oils with triacetin or acetylation of a superglycer-
inated fat. In the first method a low-temperature
interesterification catalyst is added to a mixture of
triacetin and conventional triglycerides composed of
fatty acids of the desired molecular weight range and
degree of unsaturation. The usual refining, bleach-
ing, and deodorization steps as well as inactivation
of the catalyst must be instituted somewhere in the
processing. Deodorization of acetin fats yields a bland
product and removes the small gquantity of triacetin
present. A more detailed description of a prepara-
tion is given below.

To a refined and dried or deodorized oil or fat in
the liquid state is added the selected quantity of
triacetin. The amount of triacetin! is chosen on the
basis of the content of acetyl groups desired in the
final interesterification product. To the mixture of
oil or melted fat and triacetin is added about 0.3%
of a low-temperature interesterification catalyst, such
as sodium methoxide or sodium metal, as a suspension
in an inert solvent such as xylene. With agitation the
two-phase mixture rapidly becomes homogeneous as

1Figures 1 and 2 express the molar and weight concentrations of
the various triglycerides present after random interesterification of
triacetin and tristearin. Figure 3 shows the weight percentage con-
centrations of the component glycerides in the triacetin-free fats.
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interesterification occurs. The interesterified mix is
maintained at about 100°F.; or higher if necessary to
maintain a homogeneous mix. Within about one-half
hour random interesterification is complete. The in-
teresterification catalyst is inactivated by acidulation
or water-washing. If acidulation is employed, the ex-
cess acid is removed by a refining or water-washing
step. Water-washing removes a substantial portion
of the triacetin present. This may be avoided by use
of a dry-refining process. Usually it is desirable to
remove all triacetin from the acetin fat. This may be
accomplished by deodorization. Normal deodorization
conditions serve to prepare a bland product as well
as remove any triacetin present which may be unde-
girable from a performanee standpoint. Too high a
temperature or too low a pressure or a combination
thereof during deodorization is to be avoided as par-
tial distillation of diacetyl triglycerides may occur.
The resulting acetin fat may be used as a salad oil,
margarine oil, ete., or compounded with a higher
melting glyceride to give shortenings, margarines, or
similar produects.

Melting Behavior of Acetin Fats
The data in Table I indicate the degree to which
melting points of partially hydrogenated fats may
be lowered by the introduction of acetyl groups. A
reduction in complete melting point of 25-35°F, is
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obtained when the original fat has a melting point
above about 90°F. This reduetion is gained, of course,
with equivalent or superior keeping quality.

The properties of fats both performance-wise and
nutritionally are much more closely allied to the
solid contents or percentage of solids in the fat over
a temperature range than to melting point. A rela-
tive expression of solids contents can be obtained by
dilatometric examination. Figure 4 presents SCI
(solid content index) data on three acetin fats made
from hydrogenated soybean oil of I.V. 51 whose
melting behavior is shown in Table T. The overall
change in solids is quite marked and serves to illus-
trate why the performance differences of these fats
are so striking.

Plasticity of Acetin Fat Shortenings

Both the compound or blended and the all-hydio-
genated type shortenings can be made from acetin
fats by adding hard fat and plasticizing in an ac-
cepted manner. In each instance the acetin fat short-
enings have a marked superiority in keeping quality.
The shortening type obtained is determined by the
melting behavior of the base stock used. For a com-
pound type shortening an acetin oil or liquid acetin
fat is used. For the all-hydrogenated type an acetin
fat is chosen which exhibits some change in solids
over the practical temperature range. In each case

TABLE I
Melting Behavior of Some Acetin Fats of Various Jodine Values and Acetic Acid Contents

Original Oil or Fat Acetin Fat
c

e . S RV B Inc.c M.P. Cmp. scIv | sor

o, l (°F.) Acid» °Q. (°F.) °C (°F.) T0°F, 92°F

Soybean Oil.... 133 8.9 (48.0) 15.5 109.0 —25 (—13) —6.0 (21.2) | .. | e
Cottonseed 110 9.5 (49.1) 15.5 88.3 —10 (+14) 2.0 (35.6) | ... | e
Coconut Oil 9 25.2 {(77.4) 16.9 7.2 —12 (-+10) 12.0 (58.6) | ... | ...
Hydrogenated Soybean Oil... 51 54.0 (129.2) 114 44.1 27.2 (81.0) 43.6 (110.5) 29.2 11.0
Hydrogenated Soybean Oil 51 54.0 (129.2) 15.4 42.4 35.0 (95.0) 409 | (105.6) | 271 9.5
Hydrogenated Soybean Oil... 51 54.0 (129.2) 179 40.2 17.7 (63.9) 34,4 (93.9) 5.8 3.3
Hydrogenated Cottonseed Oi 42 50.8 (123.4) 13.0 36.8 | 26.9 (80.4) 36. (98.2) 16.9 3.8

aValues calculated from the quantities of triacetin and normal fat used in the interesterification assuming random interesterification and a

triacetin-free product.
b Solid content index.
¢ Incipient.



Arrin 1954
0
10
20
x
a
Zz 304
=
w 40
-
=
[e)
© BO! x sovBEAN OIL IV 5I
a < SOYBEAN OIL ACETIN FAT,
3 60 IV 44; 11.4% ACETIC ACID
7] * SOYBEAN OIL ACETIN FAT,
IV 42, 154% ACETIC ACID
70| * SOYBEAN OIL ACETIN FAT,
IV 40; 179% ACETIC ACI
80

50 60 7O 80 90 100 1O 120 130

TEMPERATURE °F

Fig. 4. Dilatometric curves of some soybean oil IV 51 ace-
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the melting behavior is controlled by proper selection
of the molecular weight and degree of saturation of
the component high-molecular-weight acids and . by
the amount of acetic acid introduced into the acetin
fats. Acetin fats yielding essentially a compound
type shortening upon formulation may be made from
animal or vegetable fats of O, to C,, fatty acid
composition whose iodine values are as low as 55-60.
All-hydrogenated type shortenings may be made from
C, to C,, fats whose iodine values are as low as 40.
1t is obvious that the high degree of saturation or
hydrogenation that can be tolerated in acetin base-
stocks eliminates keeping quality as a problem with
this type of shortening.

Table II illustrates the different types of short-
ening that can be prepared from acetin fats. The
relative plasticity of the shortenings was measured
by use of an A.S.T.M. grease penetrometer-200-g.
needle weight. The first shortening listed, made from
hydrogenated cottonseed oil (CSO) of 1.V. 74 and
6% (SO 1.V. 8, may be regarded as similar to the
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all-hydrogenated commercial type. The last short-
ening illustrates how a wide plastic range acetin fat
shortening can be prepared without the addition of
hard fat by simply forming the hard fat in situ by
directed interesterification.

Figure 5 shows more clearly the change in plastie-
ity with change in temperature, again as measured
by the A.8.T.M. penetrometer. It is noted that the
plastieity of the control shortening made from CSO
I.V. 8 in CSO 1.V. 74 is inferior to the acetin prod-
net made from CSO 1.V, 74. The wide plastic range
of the acetin fat product is simply a reflection of the
fact that the base stock is contributing little to the
change in solids over the temperature range.

Texture of Acetin Fat Shortenings

Fresh acetin fat shortenmings, particularly those
made from partially hydrogenated oils of 1.V. about
70-80, have textures equal to or superior to normal
all-hydrogenated type shortenings. Texture differ-
ences between normal fats and acetin fat shortenings
become more pronounced upon aging. Much less firm-
ing was encountered in the acetin shortenings after
two months’ storage at 50-100°F. In most instances
the acetin fat shortenings remained soft and pliable
whereas normal commercial type shortenings became
dry and ribby. Firming in commereial shortenings is
particularly pronounced when the shortening has been
exposed to relatively high temperatures, that is, about
120°F. The so-called heat damage to the shortening
caused by such exposure is seen when the shortening
is returned to normal storage temperature, about
70°F. The commercial shortening then is dry, ribby,
and very firm. Its plasticity as measured by depth
of penetration is decreased by one-half. Acetin fat
shortenings, particularly of the compound type, are
less soupy at the high temperature and show con-
siderably less firming on returning to normal tem-
perature. Hence they are extremely resistant to heat
damage.

Flavor of Acetin Fats

Flavor stability testing on acetin fats has been
somewhat limited. However neither in shortenings
nor liquid base stocks stored at temperatures up to
100°F. for one month has any evidence of acetic acid
odor or flavor been observed. Flavor development
appears to be typical of the original base oil or fat.

TABLE II
Consistency of Some Acetin Fat Shortenings as Illustrated by Penetration Datas

X}R{aight o
atio- o .
Triacetin : I. }7 q . Acetic Penetration at
. Normal of Hardstoe Acid
Normal Basgestock Basestock Acetin (Hard Fat) in

—used in Bage- Shorten-

the Interes- stock ing 50°F. | 60°F. | 7O°F. | 80°F. | 90°F.

terification
Cottonseed O3 IV74uneacn] .., 69 Cottonseed 011 IV8 0 108 139 213 270 395
Cottonseed 03 IV74... . 1:5 64 119, Cottonseed O3 IV8 101 197 213 233 24.5 228
Cottonseed Gil IV74... 1:2 58 12% Uottonseed Oil IV 15.8 204 209 220- 220 4| L.
Cottonsesd Oil IVT74... 1:5 64 159% Lard IVS 9.7 215 209 243 231 260
Soybean Qil IV73...cvcvvniennnd s 4.59, Cottongeed Qil IVS ¢ 63 88 135 160 247
Soybean Oil IV73....... 1:5 63 139 Cottonseed Qil IV8 9.9 191 214 222 228
Cottonseed Qil IV62....cccvcnens| s 62 3¢, Cottonseed 0il. IV8 Q 54 64 90 125 188
Cottonseed Qil IV62... 1:2 49 12 Cottonseed Qil IV8 15.8 203 216 245 247 223
Cottonseed Qil IV51... None 0 19 20 39 30 33
Cottonseed Qil IV51... 1:5 44 109% Cottonseed Qil IV8 10.3 97 121 197 240 285
Cottonseed Oil IV51... 1:2 42 9.5% Cottonseed §il IV8 16.2 151 161 208 248 281
Cottonseed 0il IV74 1:5 64 None-directed interesterified 114 151 164 176 211 293

7

2A.8.T.M. grease penetrometer—200-g. needle weight. Values presented represent depth of penetration in mms./10.
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Performance of Acetin Fat Shortenings

The performance of these shortenings, as far as fla-
vor, odor development, and texture are concerned, has
been mentioned. With regard to baking performance,
workability, ereaming volume, and gum and foam
formation the acetin fat shortenings are equivalent
to or better than the control commercial shortenings.
Typical data are given in Table I1I obtained from the

TABLE III

Performance Comparison of an Acetin Fat Shortening with a Control
(All-Hydregenated Type) Shortening

\ Acetin Fat ) Control

Shortening Shortening

White cake vol, cc./1b. (4% % of a com- |

mercial superglycerinated fat added).... 1,200 1,170
Creaming, volume—9% air incorporated

during Creaming........ocovevecriieireeeranriraeecenan 163 160
Foam—produced under deep-fat {rying

conditionsS...eiinnneen Ae” 14"
Smoke point, “F........cciiinnn.. 305 420

shortening prepared from CSO L1V, 74. The single
exception to comparable or superior performance to
control shortenings is in a lower smoke point. Acetin
fats without exception smoke at about 300°F. This
somewhat low smoke point is caused by the higher
volatility of component diacetyl triglycerides. If
desired, these can be removed by distillation. The
resulting acetin fats which are composed of normal
triglycerides and monoacetyl triglycerides have a
smoke point of about 400°F. They retain however
a substantial portion of the beneficial lowering of
melting point due to the acetyl content.

Discussion

The general utility of acetin fats lies in the fact
that introduction of acetic acid into the glyceride

Vor. 31

molecule lowers the melting point. This means that
oils can be hydrogenated to a lower I.V. than for-
merly, thus increasing the stability of a product
against oxidation. It also means that unhydrogen-
ated oils or fats which are normally too hard to use
as base stocks and the like can now be utilized. In
this category tallow is outstanding.

In general, the mixed acetin fats can be substi-
tuted for or replace normal triglyceride fats in any
edible fat use, provided the smoke point limitation
is kept in mind. A low smoke point is not a problem
if, as has been mentioned, the component diacetyl
triglycerides are removed. The actual extent to which
acetin fats could replace mormal fats can be deter-
mined only by extensive investigation. However a
number of potential uses appears definite. The use
of acetin fats in the preparation of compound and
all-hydrogenated shortenings has been deseribed. The
compound type shortening is adaptable to serve as a
spread useful under extreme climatic conditions.

These mixed acetin fats may also be utilized in the
second largest edible fat usage, i.¢., as a spread. The
primary qualification of a good margarine fat is an
equitable balance between two diametrically opposed
requirements, t.e., the margarine must be sufficiently
low melting to melt substantially at body tempera-
ture, yet sufficiently high melting to have adequate
heat resistance. Margarine oils satisfying this quali-
fication can be produced from partially hydrogen-
ated acetin fats of exceptionally low I.V. and hence
good oxidative keeping quality. Table I presented
data on an oil from CSO L.V. 42 interesterified with
triacetin that has the desired complete melting be-
havior. The second main qualification of a marga-
rine fat is spreadability. Spreadability is exemplified
by little change in plasticity over the practical tem-
perature range of 40-100°F. The acetin fat mentioned
above is at least equal to the best of commercial mar-
garine oils in spreadability.

Essentially two approaches can be applied to acetin
fats to render them superior to normal margarine oils
in spreadability. The first approach is to apply the
interesterification process in such a manner that the
number of mixed glycerides composed solely of high-
molecular-weight saturated and isooleic acids is in-
creased. The composition of these intermediate melt-
ing glycerides can be so selected as to give a product
which shows little change in solids until about 100°
F., at which point melting is quite sharp. The second
and a similar approach would be to add from an out-
side source the proper intermediate-melting glyceride
directly to the selected acetin oil.

Acetin salad oils can be prepared directly from
vegetable oils. For example cottonseed oil cannot be
used as a salad oil without winterizing. An acetin fat
made from CSO containing 21.9% acetic acid shows
sufficient chill test stability at 40°F. to suggest its
use as a comparatively oxygen-stable salad oil. Simi-
larly coconut oil or hydrogenated coconut oil can be
be made into a salad oil. Removal of the component
diaceting from the salad oils yields frying or cooking
oils of improved keeping qualities.

In many instances mixed acetin fats may be sub-
stituted for normal fats when improved keeping qual-
ity is desired. In some instances they can replace
existing normal fat products and perform better in
a certain usage or even permit a new use. To illus-
trate this point, attention is directed to the fact that
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mixed acetin fats yield wide plastic range products
of a keeping quality heretofore unknown. Utility in
many other edible fat products will no doubt become
apparent as the fats are investigated further.

The unique properties of mixed acetin fats also
suggest many potential applications to inedible uses.
Some of the more promising ones include plasticiz-
ers for various polymers, a replacement for palm oil
in tinning, and as hydraulic oils.

Summary

The most striking effect of the introduction of the
acetyl group into the glyceride molecule is the reduc-
tion in melting point. This effect permits the prep-
aration of low melting fats and oils, or acetin fats,
of a high degree of saturation and of a significantly
increased oxidative keeping quality.

Mixed acetin fats containing monoacetyl (monoace-
tins), diacetyl (diacetins), and normal triglycerides
were made by random interesterification of normal
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fats or oils with triacetin, followed by removal of the
residual triacetin.

in general, mixed acetin fats may replace normal
triglycerides in any edible fat use. Edible fat prod-
ucts including shortenings, margarines, or spreads,
salad oils, and frying oils were made from acetin fats
and oils.

Suggested inedible use applications of the acetin
fats and oils include plasticizers, tinning oils, and hy-
draulic oils.
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Reactions of Fatty Acid Chlorides. 1. Preparation of

Fatty Acid Anhydrides

N. O. V. SONNTAG, J. R. TROWBRIDGE, and |. J. KREMS, Research and Development Department,
Colgate-Palmolive Company Inc., Jersey City, New Jersey

URING the course of a program of research on
chemical utilization of fatty acid chlorides it
became evident that although there have been

reported a variety of synthetic methods, there does
not exist a systematic survey of the preparation of
the anhydrides of the higher fatty acids. This com-
munieation deals with an investigation of various syn-
theses including a newer one employing fatty acid
chlorides and the application of the optimum to the
preparation of the anhydrides of the fatty acids from
decanoie to stearic including oleic. Furthermore there
are presented revised and new physical data deter-
mined by modern techniques on materials of unam-
biguous purity.

Aliphatic aeid anhydrides have been prepared al-
most exclusively from either the alkali or silver salts
of acids and the corresponding acid chlorides, (B),
(23, 37, 41, 44) ; from certain acids and acetic anhy-
dride, (C), (18, 19, 26, 28, 43); from the acid chlo-
ride, corresponding acid and pyridine, (D), (4) or
from the acid chloride-pyridine adduct and water,
(E), (2):

(B) RCOC! 4 RCOOM — 5 (RCO),0 + MCl

(C) 2RCOOH 4 (CH,(0):0 ——— (RCO).0 + 2CH,C00H

(D) RCOCL + RCOOH + GHN —— (RC0).0 +

CGH,NHCL
(E) 2RCOCHs;NC1 + H.0

- (RCO).0 + 2CG:H;NHC]

The suggestion of Zetzsche (45) that anhydrides
could be easily prepared from the acid chloride and
acetic anhydride, based upon his observation that
benzoic anhydride could be obtained from benzoyl
“chloride and acetic anhydride, has apparently never
been applied to aliphatic acid anhydrides. In the
aromatic series the conversion of phthaloyl chloride to

phthalic anhydride with maleic or succinic anhydrides
at 140-200° in the presence of zine chloride has been
reported by Kyrides (24) .

(0] (6]
N —COC1 CH:—O// N —C//
\. ZnCL \.  OH.coCl
+ 0 - 0+
—CO0C1 C]“H C/ (“/ cr.coa
74 ] \ \/ \

Acetyl chloride has been used to convert efficiently
dicarboxylie acids such as glutarie, adipie, and sebacic
acids to anhydrides (12, 27, 42). Yields of 55-75%
of acid anhydrides have also been claimed by heating

" the acid to 120-125°, adding excess acetyl chloride

dropwise, heating to 180°, and fractionating the prod-
uets under vacuum (13). These reactions may be
postulated as proceeding in three ways based upon
known experimental evidence.

(I) 2RCOOH &—=—= (RCO):0 + H:0
R'COC1 4 H.0 &= = R'COOH -+ HC1

2RCOOH + R'COCl === (RC0).0 4 R'COOH + HCl
(IT) 2RCOOH =—— (RC0).0 + H.0
2R'C0CY + H:0 ==—= (R'CO):0 4 2HCl

2RCOOH + 2R'COCl &==——= (RCO0).0 + (R'C0).0 +
2HC1

(ITI) 2RCOOH + 2R'COCI =—= 2RCOOCOR’ + 2HCl
2RCOOCOR’ =——= (RCO0):0 + (R'CO).0

2RCOOH + 2R'COCl &=———= (RC0).0 + (R'CO).0 +
2HC1



