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During the past year three samples were sent out 
to: 12 laboratories. Two of these samples were second 
cut linters, and one was hull fiber. The fol lowing 
table gives the average analysis  of the three samples 
sent out : 

L a b .  No.  

] . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 . ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
12  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

No.  of 
Tests 

Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A 
Linter 

7 8 . 7  
7 8 . 4  
7 9 . 0  
7 8 . 8  
7 7 . 9  
7 8 . 9  
7 9 . 0  
7 8 . 9  
7 8 . 1  
7 8 . 8  
7 8 . 7  
7 9 . 5  

- - 7 8 . 7  

B 
Linter 

7 3 . 9  
7 3 . 6  
7 4 . 6  
7 4 . 3  
7 3 . 8  
7 3 . 6  
7 4 . 0  
7 4 . 6  
7 3 . 8  
7 4 . 4  
7 3 . 8  
7 4 . 4  

7 4 . 1  

C 
Fiber 

6 7 . 3  
6 7 , 0  
6 7 . 4  
6 7 , 3  
6 7 , 4  
6 6 . 7  
6 7 . 2  
6 7 . 6  
6 7 . 0  
6 7 . 4  
6 8 . 4  
6 7 . 1  

6 7 . 3  

Over-all 
A v g .  for 
the Yr. 

73.3 
7 3 . 0  
7 3 . 7  
7 3 . 5  
7 3 . 0  
7 3 . 1  
7 3 . 4  
7 3 . 7  
7 2 . 9  
7 3 . 5  
7 3 . 6  
7 3 . 7  

7 3 . 4  

With a few exceptions the cheek analyses were very 
good. In the case where a laboratory was a little out  
of line, attention was called to the poor test. As 
seen from the above table, the over-all averages of 
the analyses were very good. 

During  the past  year several inquiries have been 
made in regard to the type of wire used on the screen 
on the yield washer. The standard method does not 
give details of  the wire to be used so it is thought  
advisable to include the specific specifications of the 

& 

wire which have been used from the beginning of 
this test. The screen wire used is a 60-mesh nickel 
screen with the fol lowing specifications: 

1V£esh, Tyler designation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 0  

Number of Bureau of Standards designation . . . . . . . . . . . . .  6 0  

A . S . T . M .  designation (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . .  2 5 0  

Opening, in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 ' 9 7  

Opening, mm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4 6  

Diameter of wire, in .......................................................... 0 0 7 0  

Diameter of wire, mm ....................................................... 1778 

The following tolerances, are allowed: 

Openings ....................................................... 4% 

Diameter ....................................................... 10% 

Recommendations  

It is recommended a) that samples be sent out at 
least three times a year to all laboratories  equipped 
to run the cellulose yield, and b) that the specifica- 
t ions  of the wire used on the yield washer be in- 
cluded in the standard A.O.C.S. method. This can 
be considered a clarification of the present method 
as no new equipment is being used. 

E. C. AI~sLm P.D. C~mTIE~ 

W .  S .  HUDE', E.H. T]~NE,IVT 
R. E. K N I P P L E  L . N .  R O G E R S )  

chairman 

Consistency of Fats Plasticized with Acetoglycerides I 
AUDREY T. GROS and R. O. FEUGE, Southern Regional Research Laboratory, ~ 
New Orleans, Louisiana 

M O D I F I C A T I O N  of cottonseed, peanut,  and sim- 
ilar 0ils by  the introduction of acetic acid to 
produce a large proportion of diacetoglycer- 

ides results in unusual  oil products  (4) .  The melting,  
cloud, and pour-points are generally higher than those 
of the original oils, but plasticity at low temperatures 
is greatly increased. Increased plasticity results from 
the fact that low-melt ing compounds,  like 1,2-diaceto- 
3-olein, melt ing point of - -18.3°C.,  are formed, and 
that these and certain higher melt ing acetoglycerides 
sol idify into a waxy  or plastic form (1, 4, 5, 6, 7, 9, 
10).  The modified oils are more saturated than the 
original oils and hence should have a better keeping 
quality. Also they can bo rendered flavorless and 
odorless by ordinary oil-processing techniques. 

The acetylated oils, as they will  be referred to here- 
after, may  have some important uses in the food field. 
However  their use in foods must  await  the completion 
of feeding and other physiological tests now under 
way. 

One potential  use for aeetylated oils is in the for- 
mulat ion of a margarine-like spread having an ex- 

1Presented at the 27th Fall Meeting of the American Oil Chemists' 
Society, Chicago, Ill., Nov .  2-4 ,  1 9 5 3 .  

One of the laboratories of the Bureau of Agricultural and Indus- 
trial Chemistry, Agricultural Research Administration, U .  S. Depart- 
ment  of Agrieult.ure. 

ceptionally long plastic range. Representatives of  
the armed forces have indicated the need for such 
an item in individual  operational rations. Their re- 
quirements include physical  and chemical stabil ity 
at temperatures ranging from - -40  ° to 100°1%(--40 ° 
to 38 °C.) ,  spreadabil ity at temperatures between 40 ° 
and 100°F. (4  ° and 38°C.) ,  appearance and accepta- 
bil i ty comparable to margarine or butter, and a stor- 
age life of at least 6 months at 100°F . (38°C. ) .  Ex- 
periments have shown that mixtures of acetylated oil, 
hard fat, salt, traces of antioxidant,  imitation butter 
flavor, and butter color may meet the requirements.  

A related use for acetylated oils might  be in the 
plasticizing of commercial  margarine oils to produce 
products having a moderately  greater: plastic range 
than those presently available. Some commercial  mar- 
garine oils undergo great changes in consistency with 
small  variations in room temperature.  

A somewhat different use for acetylated oils might  
be in the plasticizing of hard fats. which are some- 
times used in the form of a chocolate type of coatings 
for ice c r e a m  bars and certain hard candies. Fre- 
quently,  when such products are stored at low tem- 
peratures, the coatings become harder than desirable 
and tend to shatter. 

3 7 7  
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To obtain a be t ter  indication of the performance 
of acetylated oils in the above-mentioned uses, vari-  
ous tests were made in which the consistency of mix- 
tures containing acetylated oiIs and  a hard  fa t  or 
margar ine  oil, or the hardness of mixtures  contain- 
ing acetylated oil and hard  fa t  were measured. The 
results of these tests are described in the present  
communication. 

Materials and Testing Procedures 
Materials. Most of the aeetylated oils were pre- 

pared  in the labora tory  b y  interester i fying a refined 
and bleached na tura l  oil with tr iacet in at a mole ratio 
of one oil to six of triaeetin. The interesterification 
was conducted under  dry  hydrogen for  30 minutes 
at 50°C. ; 0.2% of sodium methoxide, on an oil basis, 
was used as the catalyst.  The interesterification pro- 
cedure was the same in other details as that  described 
by  Eckey (2). The reaction product  was washed 
with dilute acid to destroy the catalyst,  washed with 
water, heated in a pot  still under  reduced pressure 
to remove most of the uncombined tr iacet in,  s t r ipped 
with steam while at a t empera ture  of 200°C. and 
under  a par t ia l  vacuum, and bleached with neutral  
act ivated clay and carbon. Two acety]ated oils were 
obtained f rom a commercial firm which is producing 
them on a pi lot-plant  scale. 

The aeeto-olein product  was p repared  f rom com- 
mercial  oleie acid (233 LL Elaine, E m e r y  Industr ies  ~) 
essentially as described previously (4).  The acid was 
fu r the r  purified by  distillation and converted into a 
mixture  of mon0-, di-, and triglycerides containing 
64.8% of monoglycerides, the mixture  was aeetylated 
with acetic anhydride,  and the reaction product  was 
purified by  removing unreacted acetic anhydride and 
acetic acid. 

The propert ies of the various aeetoglyceride prod- 
ucts are described in Table I. 

T A B L E  [ 

P r o p e r t i e s  of  A e e t o g l y e e r i d e  P r o d u c t s  

P r o d u c t  

A e 6 t y } a t e d  c o t t o n s e e d  oil : 
/k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A e e t y l a t e d  p e a n u t  o i l  
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A c e t o - o l e i n  p r o d u c t  . . . . . . . . . . . . . .  
A c e t y I a t e d  s o y b e a n  o i l  . . . . . . . . .  
A e e t y l a t e d  l a r d  b . . . . . . . . . . . . . . . . . .  

A e e t y l ,  
% 

1 4 . 1  
1 7 , 9  

0 .6  
6 .1  

1 1 . 7  
1 4 . 9  
1 5 , 2  
1 9 , 8  

I o d i n e  
v a l u e  

8 2 . 2  
7 3 . 2  

9 1 A  
8 3 . 7  
7 3 . 9  
6 2 . 8  
9 6 . 8  
4 2 . 0  

L i n o l e i e  
a c i d ,  % 

2 4 . 5  
,"12.9 

2 6 . 0  
3 9 . 0  

l:i 

H y d r o x y l  
v a l u e  

0 . 0  
0 . 4  

1 .0  
0 .0  
0 .0  
4 .0  
0 .0  
0 . 4  

J~r e,~ 
fatt~y 

a c i d s ,  a 
% 

0 , 0 5  
0 . 7 2  

0 , 1 4  
0 . 0 6  
0 . 1 0  
0 , 8 7  
0 . 1 0  
0 . 9 2  

a C a l c u l a t e d  a s  o l e i c  a c i d .  
b O b t a i n e d  f r o m  a c o m m e r c i a l  f i r m .  

The hard  fa ts  were p repared  in the laboratory  by  
hydrogenating'  cottonseed oil (iodine value, 108.3) un- 
der moderately  selective conditions. Four  products  
were p repared  having iodine values of 55.2, 39.8, 29.3, 
and 1.5, respectively. 

The monostearin which was p repared  by  a com- 
mercial firm f rom relatively pure  stearie acid, con- 
tained over 90% of monoglyeerides. I t  had an iodine 
value of 5.3 and a melt ing point  of 73°C. 

~ T h i s  p r p d u c t  i s  n a m e d  m e r e l y  a s  p a r t  o f  t i m  e x a c t  e x p e l " i m e n t a l  
c o n d i t i o n s .  N a m i n g  i t  d o e s  n o t  c o n s t i t u t e  a n  e n d d r s e m ~ n t  of  ~ h i s  p r o d -  
u c t  o v e r  t h o s e  of  o t h e r  m a n u £ a c t u r e r s .  

The margar ine  oil was also obtained f rom a com- 
mercial  source. The oil had an iodine value of 76.7, 
a linoteie acid content of 2.4%, and a mel t ing point 
of 35'.5° C. 

The salt used in the margarine-l ike spread formu- 
lations was a chemically pure  grade which had been 
ground to pass a 100-mesh sieve. 

Testing Procedures. Consistency was measured by  
two different procedures. One used the mieropene- 
t rometer  appara tus  and technique described by  Feuge 
and Bailey (3). This. procedure comprises solidify- 
ing the melted samples in copper blocks chilled to 
0°C., temper ing  the  samples for  16 hours at 0°C., 
warming the samples slowly to the test temperatures,  
and measur ing the depth to which a needle penetrates 
when dropped under  specified conditions. 

In  the other procedure the cone penetrometer  ap- 
para tus  and technique specified in Method D 217-48 
of the American Society for  Testing Materials were 
used except that  the weight of the cone and mov- 
able at tachments  was 50 g. instead of 150 g. The 
procedure, whieh was designed for  testing petroleum 
greases, measures the depth to which the cone pene- 
t rates a sample in 5 seconds when the cone just  
touches the surface of the sample at the s tar t  of the 
test. 

In  the measuring of consistencies with the cone 
penetrometer  each test sample was solidified at 7 ° to 
10°C., worked at  room temperature ,  held at the test  
t empera ture  for a length of time sufficient to pro- 
duce constant and reproducible results, and tested 
with the penetrometer  which also had been heated 
or cooled to the test temperature .  Necessary holding 
times at the test tempera tures  were found to be: 100 
hours at --20°C.,  20 hours between 0 ° and 20°C., 
and 4 hours at room tempera ture  and above. 

The effect of addition of aeetoglycerides on the 
hardness of a fat  was determined by. means of the 
Shore durometer  method described by  War th  (11.). 
For  these tests the aceto-olein product  and hard fa t  
were mixed at 75°C., poured into a heated mold 
measuring 0.25 in. x 1.5 in. x 3 in., and then cooled 
to room tempera ture  at a moderate and  uni form 
rate, af ter  which the block of solid fa t  was removed 
f rom the mold and held at  the test t empera ture  for 
16 hours before measurements  were made. 

Acetyl contents were determined by the method 
of Matehett  and Levine (8).  Hydroxy l  values were 
determined by  the method of West et at. (12) except 
that  the ratio of acetic anhydride  to pyridine used 
was 1 :3  instead of 1:7. All other determinations 
were made according to the Official and Tentative 
Methods of the American Oil Chemists '  Society. 

Margarine-Like Spread 
One of the requirements of the spread desired by  

the armed forces is that  it remain spreadable over 
the tempera ture  range of 40 ° to 100°F. (4 ° to 38°C.). 
This means that  the spread should have a consistency 
of about  160 at room tempera ture  as measured by  
the cone penetrometer,  and this consistency should 
be mainta ined about  20°C. above and below room 
temperature .  A consistency of 160 is about  that  pos- 
sessed by  commercial margar ine  a t  24°C. 

A logical method of extending the plast ic range of 
an acetylated oil-hard fa t  spread above  room tem- 
pera ture  is to employ a ha rd  fa t  component having 
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Fro. 1. Relation of consistency to temperature for mixtures 
containing 79% of acetylated oil, 18.5% of hydrogenated cot- 
tonseed oil (iodine value, 1.5), and 2.5% of salt :  (A) ,  acety- 
]ated lard;  (B) ,  acetyl~ted cottonseed oil B ;  (C,), acetylated 
soybean oil; (D) aceto-olein product;  (E) ,  acetylated cotton- 
seed oil A;  and (F ) ,  acetylated peanut  oil C. 

the highest possible melting point. The amount  by 
which the plastic range is extended below room tem- 
erature depends in large measure on the composi- 
tion of the acetylated oil. 

To establish the effect of the latter, spreads were 
prepared with various kinds of acetylated oils. Each 
spread contained 79% of acetylated oil, 18.5% of hy- 
drogenated cottonseed oil of iodine value 1.5, and 
2.5% of salt. The consistencies, determined for these 
samples are recorded in Figure  1. 

All of the oils, With the exception of the aeeto-olein 
product  (curve D, Figure  1) produced spreads hav- 
ing consistency curves of a decided sigmoid shape, 
with the more nearly horizontal section of  the curves 
being in the temperature  range of about 0 ° to 45°C. 
Because the aceto-olein product  was ahnost free of 
completely saturated triglycerides, the spread made 
with it had a fa i r ly  soft consistency even at --20°C. 
When comparing consistencies at room temperature,  
the aeetylated lard produced the softest mixture even 
though it possessed the lowest iodine value (Table I ) .  
Pa r t  of the behavior of the acetylated lard-contain- 
ing spread can be a t t r ibuted to its high content of 
acetyl (19.8%), but  other factors must also have been 
involved. Acetylated cottonseed oil B, which had an 
acetyl content of 17.9%, produced a spread of about 
the same consistency as that  for  acetylated cotton- 
seed oil A, which had an acetyl content of 14.1%. 
Of course, the relative proportions of the long chain 
fa t ty  acids in the two oils may have been differ- 
ent. The acetylated peanut  oil produced the firmest 
spread, but  this oil also contained tbe least amount 
of acetyl. 

The effect of acetyl content on the consistency of 
a spread is bet ter  i l lustrated in Figure  2. Here are 
represented the consistency curves for spreads simi- 
lar  to those described above but  in which the acety- 
lated oils were all derived from the same peanut  oil 
and differ f rom each other only in acetyl content. I t  
is evident that  the consistency becomes softer as the 
acetyl content increases. While a ful ly acetylatcd 
peanut  oil, one consisting entirely of diaeetoglycerides 
and containing 19-20% of acetyl, was not prepared 
and examined, undoubtedly,  such an oil would be 
preferred  for margarine-like spreads. 

An important  factor entering into the formulation 
of margarine-like spreads of wide plastic range is the 
proport ion of hard fat  used. The spread can be made 
softer or firmer at a given temperature  by  varying 
this proportion. However, as is evident f rom Figure  
3, there is a definite limit to the range of variation. 
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FIG. 2 Consistency curves showing the effect of acetyl con- 
tent  of peanut  oil in mixtures containing 79% of peanut  oil, 
18.5% of hydrogenated cottonseed oil (iodine value, 1.5), and 
2.5% of salt. 

Fo r  spreads containing almost completely hydrogen- 
ated cottonseed oil and highly aeety]ated oils, i t  ap- 
pears that  the content of hard  fat  must be close to 
18.5%. At  this percentage the consistency curve has 
a fa i r ly  long almost horizontal section in the region 
of room temperature,  indicating an almost constant 
consistency in this region, as is desired. Decreasing 
the percentage of hard  fat  to 9.25 eliminates the 
section of almost constant consistency, and increas- 
ing the percentage to 25 hardens the spread more 
than is desired. 

The degree of hydrogenation of the hard  fat  used 
in a spread formulat ion would also be expected to 
influence the shape of its consistency curve. This 
effect is i l lustrated in Figure  4. The spreads repre- 
sented in these curyes differ f rom those represented 
in the preceding figures in that  they contain no salt. 
I t  is evident that  decreasing the degree o f  hydrogen-' 
ation of the hard  fat  component softens the spread 
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Fro. 3. Consistency curves showing the effect of amount of 
hydrogenated cottonseed oil (iodine value, 1.5) in mixtures 
containing agetylated lard, the hydrogenated cottonseed oil, 
and 2.5% of salt. 

at all tempera tures  and lowers the t empera ture  at  
which the spread loses its plastic properties.  Fo r  
alI pract ical  purposes a hydrogenated cottonseed oil 
cannot be used as the hard  fa t  component  if its 
iodine value is greater  than about 55. However  va- 
riations in iodine value f rom 1 to about  29 do not 
have a great  influence on the consistency-temperature 
relationship. 

Another  factor  which has an effect on the con- 
sisteney of the margarine-l ike spreads is the amount  
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F'm. 4. Consistency curves showing the effect o f  the degree 
of hydrogenation, in ?~erms of iodine value, o f  cottonseed oil 
wbe~ incorporated into mixtures containing 81.5% of acety- 
lated,cottonseed oil B a.nd 18.5% of hydrogenated cottonseed 
oil. 

of salt incorporated.  F rom casual considerations it 
might  be expected tha t  the replacement  of a portion 
of the liquid oil with salt would result  in a firmer 
mixture.  Actual ly  the addit ion of salt softened the 
spread. The effect is shown quant i ta t ively in Fig- 
ure 5. No definite reason for  the action of the salt 
can be given. 

I t  appears  tha t  other normal ly  solid materials, may 
have an unexpected influence on the consistency of 
spreads. In  an a t tempt  to extend the p]astie range 
of margarine-l ike spreads, monostearin was sabsti- 
tuted for  the almost completely hydrogenated cotton- 
seed oil. The monostearin was higher melt ing and 
less soluble than  the hydrogenated oil. Cont rary  to 
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~IO. 5. Effect of salt on the consistency curves of mixtures con- 
taining acetylated cottonseed oils and 18.5% of hydrogenated 
cottonseed oil (iodine value, 1.5): (A),  79% of aeetylated 
cottonseed oil B and 2.5% of salt;  (B) 79% of aeetylated cot- 
tonseed oil A and 2.5% of salt; (C) 81.5% of acetylated 
cottonseed oil B and no salt; and (D), 81.5% of acetylated 
cottonseed oil A and no salt. 

expectations, substi tution resulted in a spread which 
was softer and became fluid at a lower temperature ,  
as is shown in F igure  6. 

Unlike the phenomena observed with salt, that  
with monostearin appears  to have a logical explana- 
tion. The monostearin solidified in a relatively grainy 
mass which tended to bleed. Undoubtedly the crys- 
tals were of a larger  size and different shape than 
those fo rmed f rom the hydrogenated cottonseed oil 
under  similar  conditions, and the proport ion of liq- 
uid oil enmeshed by the monostearin was relatively 
smaller. 

M o d i f i e d  M a r g a r i n e  Oil 

When commercial  margar ines  are stored at low 
tempera tures  (5 ° to 15°C.), they generally become 
quite firm. At  room tempera tures  (about  25°C.) 
sma l l  increases in t empera ture  result  in relatively 
large softening effects. These characterist ics are con- 
sidered to be a direct reflection of the propert ies of 
the oils used in their  formulations.  
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Tests were made to determine if  addi t ion of the 
aceto-olein produc t  to a commercial  margar ine  oil 
would result  in the la t te r  being somewhat less firm 
a t  10°C., which is about  the t empera tu re  a t  which 
margar ine  is stored in a domestic re f r igera tor .  A t  
such a t empera ture  margar ine  oil a l ready  contains a 
l iquid  phase. A moderate  increase in its amount  
would not be expected to produce a marked  change 
in the physical  proper t ies  of the margar ine  oil un- 
less the added component had a marked  effect on the 
viscosity of the l iquid  phase or the character is t ics  of 
the crystals  in the solid phase. The results  of the 
tests shown in F i g u r e  7 indicate tha t  addi t ion of the 
aeeto-olein produc t  did  soften the margar ine  oil a t  
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FIG. 6. Relation of consistency to temperature for mixtures 
i~ which hydrogenated cottonseed oll (iodine va~ue, 1.5) has 
been replaced all or in part by monostearin: (A), 79% of 
aceto-olein product, 18.5% of monostearin, and 2.5% of salt; 
(B), 79% of aceto-olein product, 9.25% of monostearin, 9.25% 
of hydrogenated cottonseed oil (iodine value, 1.5), and 2.5% 
of salt; (C), 79% of aceto-olein product, 18.5% of hydrogen- 
ated cottonseed oil (iodine value, 1.5), and 2.5% of salt. 

the  lower tempera tures  but  softened it even more at  
the higher  temperatures .  

Another  way in which an acetoglyceride might  be 
incorpora ted  in margar ine  oil would be as a mix ture  
with ha rd  fat.  The percentage of the mixture  to be 
added  would depend upon the consistency-tempera- 
ture  character is t ics  desired. The curves in F igu re  8 
show such a use may  be desirable. However, rela- 
t ive ly  large propor t ions  of the mix ture  would be 
required.  In  pract ice,  care would have to b e  exer- 
cised in the choice of a hard  fa t  so tha t  the final 
p roduc t  would not produce a waxy sensation in the 
mouth. 

Possibly the best  use of acetoglyeerides in marga-  
r ine  oil would be in the p repara t ion  of a b lended type  
of p roduc t  consisting of a ha rd  fa t  and a normal ly  
l iquid oil which has been acetyla ted to a l imi ted  ex- 
tent.  An  indicat ion of what might  be accomplished 
with such a mixture  is i l lus t ra ted  in F igu re  9. Over 
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FIG. 7. Effect of aeeto-olein product on the eonsisteney of a 
eommereiM margarine oil. Percentages on the curves indicate 
the content in weight percentage of aceto-olein product. 

the t empera tu re  range of 10 ° to 30°C. the change in 
consistency for  such a mixture  is less than  tha t  for  a 
mixture  containing the unacety la ted  oil and  ha rd  fat .  
Both of the mixtures  undergo less change in consist- 
eney than does a commercial  margar ine  oil. 

I t  should be emphasized that  the curves in F i g u r e  
9 are only an indicat ion of what  can be accomplished. 
In  practice,  i t  p robab ly  would be desirable to sacrifice 
some of the good plast ic  proper t ies  of the acetoglyc- 
er ide-conta ining mix ture  for  other considerations like 
good mouthing qualities. 
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mixture of 86% of aceto-olein product and 14% of hydrogen- 
ated cottonseed oil (iodine value, ]..5) to commercial marga- 
rine oil. Percentages on the curves indicate proportion of the 
mixture on a total weight basis. 
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FIG. 9. Relation of consistency to temperature: (A),  91% 
of acetylated peanut oil B and 9% of hydrogenated cottonseed 
oil (iodine value, 1.5); (B),  91% of peanut oil and 9% of 
hydrogenated cottonseed oil (iodine value, 1.5) ; and (C!), com- 
mercial margarine oil. 

M o d i f i e d  H a r d  F a t s  

Slabs of fa t  consisting of a hydrogenated cotton- 
seed oil and vary ing  percentages of the aceto-olein 
product  were prepared.  The hardnesses of these slabs 
were then tested at different tempera tures  to obtain 
an indication as to whether or not acetoglyeerides 
are effective in reducing the brit t leness of ha rd  fats  
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FIG. 10. Relation of the hardness of hydrogent~ted cotton- 
seed oil of iodine value 1.5 to content of aceto-oleh~ product, 
measured at the temperatures indicated. 

when stored at low temperatures.  In  these tests, it 
was assumed that  hardness was directly proport ional  
to brittleness. The results are summarized in Fig- 
ures 10 and 11. 

I t  i~ indicated by  the curves that  small amounts 
of aeetoglycerides in hard  fats  would be Useful in 
reducing brit t leness at low temperatures .  At  2°C. 
(Figure  10) the hydrogenated  cottonseed oil was 
too hard for  measurement  but, as small amounts of 
aceto-olein produc t  were incorporated, the hardness 
decreased rapidly.  As more and more aeeto-olein 
product  was added, the relative effect of each per- 
centage uni t  of increment  decreased. 

In  tests at another temperature ,  24.9°C., the hard- 
ness of the hydrogenated cottonseed oil (Figure  10) 
was 89 units. When 2% of aeeto-olein product  was 
incorporated, the hardness was reduced 13 units. An 
additional 2% of aeeto-olein decreased the hardness 
only an addit ional 2 units. 
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~'IG. 11. l~elation of the hardness of hydrogenated cotton- 
seed oil of iodine value 39.8 to content of aceto-olein product, 
measured at the temperatures indicated. 

As the tempera ture  at which the mixture was 
tested increased, the degree of softening accomplished 
by  incorporation of 1 or 2% of aceto-olein product  
decreased. 

The curves in F igure  11 show the same effects but  
to a lesser degree. The hydrogenated  cottonseed oil 
represented in F igure  11 was originally softer  than 
that  represented in F igure  10. Hence it  mus t  be 
concluded that  small amounts  of aceto-olein product  
show their  greatest  softening effect when used with 
the harder  or more highly hydrogenated fats. This 
is logical because the less highly hydrogenated fats  
usually contain a small amount  of liquid fat, and a 
small increase in this amount  would not  produce a 
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marked effect. However aeetoglycerides because of 
their  low-melting components might be considered 
desirable as ingredients in coatings containing rela- 
tively soft fats if they are to be handled at low 
temperatures.  

Summary 
Several normally liquid, natural  oils were modified 

by ester interchange or glycerolysis and aeetylation 
to produce acetoglycerides. An aeeto-olein product  
was also prepared from commercial oleic acid. These 
products together with two similar products obtained 
from a commercial firm were tested to determine 
their abili ty to plasticize fats. 

Plastic mixtures of the acetoglycerides and hydro- 
genated cottonseed oils, in which the former  predom- 
inated, were prepared by  cooling and simultaneously 
stirring solutions of the two components. Usually, 
finely ground salt was added as a th i rd  ingredient. 
Consistency measurements were made to determine 
whether or not the mixtures could be used in mar- 
garine-like products which would remain spreadable 
over a wide temperature  range. 

Results of the measurements indicated that  mar- 
garine-like products of wide plastic range could be 
prepared by  acetylating lard and cottonseed, soy- 
bean, and peanut oils to an acetyl content ranging 
from about  12 to 20%. As the acetyl content in- 
creased, the consistency characteristics of the mix- 
tures improved, that is, the spreads became softer at 
room temperature  and still possessed a very  wide 
plastic range. The latter extended generally from 
15°C. to above 40°C. 

The proport ion of hydrogenated cottonseed oil re- 
quired for  the margarine-like spreads was determined 
to be about 18.5%. Variations of a few percentage 
units resulted in marked changes in consistency. In- 
creasing the iodine value of hydrogenated cottonseed 
oil to about 30 lowered the upper  limit of the plastic 
range only moderately. Increasing the iodine value 
to about 55 lowered the upper  limit markedly. 

The substitution of 2.5% of finely ground salt for 
an equal proportion of the liquid, aeetylated oil in the 
margarine-like products resulted in a softer spread. 
The substitution of monostearin for  all or par t  of the 
hydrogenated cottonseed oil also resulted in a softer 
spread. 

Tests were made to determine whether or not aceto- 
glycerides could be used to improve the plastic prop- 
erties of commercial margarine oil. I t  was concluded 
that simple addition of aeetoglycerides to margarine 
oil does not result  in any improvements. Addition of 
an aeetoglyceride-hard fat  mixture  improved the plas- 
tic range, provided addition was at a level of about 
50%. A mixture of hard  fat  and peanut  oil acety- 
lated to a limited degree was found to have a much 
longer plastic range than did commercial margarine 
oil, and the consistency of the mixture  was relatively 
constant Over the temperature  range of 15 ° to 30°C. 

Small amounts (1 to 8%) of aeeto-olein product  
incorporated in highly hydrogenated cottonseed oil 
were effective in reducing the hardness of the lat ter  
when it was cast in block form. The effect of the 
aceto-olein product  decreased as the temperature  in- 
creased and the degree of hydrogenation of the hard 
fat  decreased. 
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