
The Use of Solid Triglyceride Stearines as Fluid 
Shortening Ingredients 
L. L. LINTERIS, and S. W. THOMPSON, Lever Brothers Company, Edgewater, New Jersey 

F 
LUID SHORTENINGS could offer the housewife advan- 
tages compared with plastic shortenings in ease 
of measuring and blending with other ingredients. 

Simple liquid oils however do not have the aerating 
action in the mixing of the conventional type of cake 
batters which is a p r imary  function of the plastic 
shortenings. The successful use of salad oils in cakes 
has been confined to the chiffon type wherein beaten 
egg whites act as the aerat ing agent. 

The addition of emulsifiers to the liquid oils to 
produce fluid shortenings with improved culinary 
:properties is covered in patents to Cross et al. (1) 
and Trempel (2). Permanent ly  pumpable dispersions 
of beta-phase stearines in liquid oils, which however 
have no aerat ing action in cake batter  mixing, have 
been patented by Hohnan and Quimby (3), and 
Mitchell (4, 5). 

This paper  describes the study of various stearine 
suspensions in salad oil with respect to cake-batter 
aerat ing effect, fluidity and permanence of fluidity, 
and settling tendency. The term stearine herein ap- 
plies to  predominant ly  saturated acid triglycerides, 
which are substantially insoluble in liquid oil. 

The mechanism of cake-batter aeration is discussed 
by Carlin (6) and Bailey (7). Briefly, air is t rapped 
by the bat ter  while it is being mixed and becomes 
dispersed in the form of fine bubbles in the fat  drop- 
lets throughout  the batter. The baking process pro- 
duces steam from the water and carbon dioxide gas 
f rom the baking powder action. These gases penetrate 
and great ly expand the previously produced, fine air- 
bubbles in the oil droplets. Very few new bubbles are 
formed by the baking powder or steam, and if the 
fine bubbles are not present in the fat  of the batter  
when it goes to the oven, the cake will be coarse- 
textured and of poor quality. Liquid oils, such as 
salad oils, do not accomplish the required aeration 
during the mixing of batters and are therefore un- 
satisfactory for cake making. 

When a plastic shortening is overheated or melted 
and allowed to resolidify slowly at room temperature,  
it may lose much of its batter-aerat ing ability. This 
is not caused by the loss of occluded gas in a tex- 
tura ted shortening but ra ther  to a change in crystal 
structure. The normal texturat ion of vegetable-oil 
shortening produces solids of 1 to 5 micron particle 
size in the beta-prime phase and with considerable 
interlocking of crystal lattices. Slow solidification 
results in coarse crystals, usually in the beta-phase 
polymorphie form and less interlocked. I t  was rea- 
soned therefore that  a satisfactory fluid shortening 
would require solid ingredients in the form of fine 
particles having aerating action in cake-batter mixing 
but  at the same time having little tendency to form 
interlocked crystals. 

The role of emulsifiers in cake baking is well known. 
They improve texture by causing the air bubbles in 
the fat  component of the batter  to be smaller and more 
numerous. I t  is to be expected that  some form of 
emulsifier is desirable in a fluid shortening. 

Experimental 
Most of the experimental  shortening formulations 

prepared in this s tudy contained cottonseed salad oil 
as the liquid phase so as to obtain pourabil i ty at lower 
temperatures. The stearines tested as solid-phase com- 
ponents were prepared on a laboratory scale by con- 
ventional hydrogenat ion procedures from common oils 
and fats or solvent-separated fractions of these fats. 
The dispersions were prepared in most cases by melt- 
ing the stearines in the salad oil at 175°F. and allow- 
:ing the blend to cool over-night in an 85°F. room. 
Deviations f rom this procedure will be noted when 
used. The stearine dispersions were held at least 24 
hrs. at room temperature  prior  to baking. Yellow 
layer cakes of conventional formula, prepared by a 
creaming method, were used as the test for batter- 
aeration efficiency. The creaming method, which mixes 
the sugar and shortening prior to the addition of other 
ingredients, was found to be most sensitive to the bat- 
ter-aeration proper ty  of the dispersions. With this 
method the air bubbles in the batter  are relatively 
large, and the bat ter  volume, which is the reciprocal 
of the specific gravity, is high and correlates fair ly 
well with the volume of the resulting cake. 

A detailed procedure for the creaming cake follows: 

~ELLOW LAYE]~ CAKE 

Creaming  Method 

Formula Grams 

]~ lou r - -So f t a s i l k  ..................................................... 200 
S u g a r - - F r u i t  F i n e  .................................................. 200 
B a k i n g  p o w d e r - - C a l m n e t  ....................................... 10 
Sal t  ............................................................................ 3 
Shor ten ing  ................................................................ 100 
Whole mi lk  ................................................................ 180 
E g g s  ( f resh )  ............................................................ 100 
Vani l la  ...................................................................... 4 

Mixing Method (Sunbeam M i x m a s t e r ) .  Cream, sugar ,  sal t ,  
and  shor ten ing  2 min.  on No. 4 se t t ing .  Scrape bowl and  add 
eggs.  Mix  2 rain. oil :No. 4 se t t ing .  Scrape bowl. Add  l/2 milk,  
then s i f t ed  flour and  bak ing  powder,  and  mix  smooth. Add  
ba lance  of mi lk  and  flour, mix  1lj2 rain. 

Take b a t t e r  volume. Settle 380 g. into each of two 8-in. 
greased,  l ayer -cake  pans.  B a k e  a p p r o x i m a t e l y  23 rain. a t  
375°F.  Take  cake volume and  score the day a f t e r  cakes are 
baked. 
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Fluidi ty  and settling tendencies of the dispersions 
were noted periodieally at storage temperatures over 
the range f rom 50 to ](){}°F. Observations were quali- 
tative in nature.  

Table I shows the cake-test results obtained with 
5% dispersions of several common stearines. As seen 
from the bat ter  volumes, palm oil stearine was the 
only one which produced an appreciable aerat ing 
effect. The addition of the stearines, except for 
soybean, resulted in cake volumes slightly better than 
obtained with liquid oil but  considerably inferior  to 
that  obtained with plastic shortening. The effect of 
adding distilled monoglyeerides of lard stearine fa t ty  
acids, Myverol 18:00, to some of the same stearine 
dispersions is also shown in Table I. This addition 
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T A B L E  i 

Cake -~[ak ing  Act ion  of Y a r i o u s  S t ea r ine s  as 5 %  Dispe r s ions  in  Cottonseed Sa lad-Oi l  

S t e a r i n e  
Iod ine  

Yel low laver  cake  [ c r e a m i n g  method)  

W i t h o u t  added  emuls i f ie r  W i t h  1 . 2 %  Myversol  1 8 : 0 0  a emuls i f ier  added 
value  

B a t t e r  Cake  B a t t e r  Cake  
vol. ( c c . / g . )  vol. (cc . )  T e x t u r e  vol. ( c c . / g . )  vol. (cc . )  T e x t u r e  

None . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .98  1 0 0 0  H a r d  0 .90  1 0 0 0  H a r d  
Soybean oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " ~  0 .96  1 0 0 0  1Vfed. h a r d  0 .96  1 0 6 0  H a r d  
Cottonseed oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 .94  1 0 8 0  1Vfed. hard_ 1 .03 1 1 5 5  Med.  h a r d  
P a l m  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 .05  1 0 8 0  lVied, h a r d  0 .93  1 1 5 5  Med. h a r d  
:Her r ing  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0 .89  1 0 5 5  Med.  h a r d  - -  ~ - -  
L a r d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 0 . 9 4  1 1 0 0  Med. h a r d  0 .85  1000  Med. h a r d  
P l a s t i c  s h o r t e n i n g  . . . . . . . . . . . . . . . . . . . . . . . . . .  - -  1 .23  1 2 1 0  Soft 1 .23 1 2 1 0  Soft 

a Dis t i l l ed  nmnoglycer ide  of 9 3 %  assay.  

slightly improved the bat ter  volume with cottonseed 
oil stearine but  actual ly reduced the amount  of aera- 
tion with pa lm and lard stearines. The cakes made 
with the cottonseed and pa lm stearine formulas  were 
slightly larger  than  before, but  coarse and hard.  

F lu id i ty  observations on these " i n a c t i v e "  stearines 
(Table I I )  reveal that  soybean oil and lard  stearines 
which are s t rong beta-phase formers  remained fluid 
at the storage temperatures .  Addit ion of Myverol  
18:00 to these stearine dispersions (Table I I )  im- 
paired their  fluidity somewhat, except in the case of 
the lard, where it will be remembered f rom Table I 
that  it destroyed some of the bat ter -aera t ing  proper ty .  

T A B L E  I I  

F l u i d i t y  of V a r i o u s  S t e a r i n e s  as 5 %  Di spe r s ions  in 
Cottonseed S a l a d - 0 i l  

F l u i d i t y  obse rva t ions  a f t e r  one week  

W i t h  1 . 2 %  Myvero l  
S t ea r ine  W i t h o u t  added  emuls i f ier  18 : 00 a added  

a t 5 5 ° F ,  a t 7 0 ° F ,  a t 9 5 ° F ,  a t 5 5 ° F ,  a t 7 0 ° F ,  a t 9 5 ° F  

None Good Good Good - -  - -  
Soybean oil Good Good Good F a i r  Good Good 
Cottonseed oil Good Good F a i r  P o o r  P o o r  P o o r  
P a l m  oil Good Good Solid Solid P o o r  Solid 
Herr ing" oil Good F a i r  F a i r  P o o r  P o o r  P o o r  
L a r d  Good Good Good Good Good Good 

a Dis t i l led  monog lyce r ide  of 9 3 %  assay.  

The precipi tated solids in a number  of stearine 
dispersions were filtered out, X- ray  diffraction meas- 
urements  were made, and the results were in terpre ted  
according to the terminology of Lut ton  (8, 14). F rom 
the crystal-phase-form results and particle-size obser- 
vations shown in Table I I I ,  it can be concluded that  
the aera t ing  act ivi ty of the stearines is not direct ly 
related to the phase of the solids or the crystal  size. 
Some of the dispersions which had a coarse struc- 
ture were put  through a homogenizer to obtain a 
fine dispersion. Cake-batter  aerat ing action was not 
improved irrespective of whether  they were in the 
beta or beta-prime form. 

T A B L E  I I I  

C rys t a l -Phase  F o r m  of V a r i o u s  S t e a r i n e s  W h e n  Al lowed to P r e c i p i t a t e  
f rom Cot tonseed Salad-Oi l  a t  85°F .  Ambien t  T e m p e r a t u r e  

S t e a r i n e  

oybean ... . . . . . . . . . . . . . . . . . . . . . . . .  
ot tonseed . . . . . . . . . . . . . . . . . . . . . .  
a |m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
unf[oveer . . . . . . . . . . . . . . . . . . . . . . .  
' eanut  
7hale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
[ e r r ing  
a rd  

Iod ine  
va lue  

Crys ta l  
phase  of 
solids ~ 

]~-t- T r a c e  fl' 

~+~' 
fl 
fl' q- T r a c e  fl 

Crys ta l  size 
( as p rec ip i -  

t a t ed )  

Coarse  
Coarse  
Coarse  
Med.  fine 
Coarse  
F i n e  
F i n e  
Med.  fine 

a 5% s t e a r i n e  in salad-oi l  a l lowed to cool f rom 1 7 5 ° F .  ove r -n igh t  i n  
85°F .  P r e c i p i t a t e d  solids f i l tered out  and  examined  by X - r a y  d i f f rac t ion  
measuren len t s .  

In the search for "ac t ive"  stearines from natural  
sources, rapeseed oil and mustardseed oil were tested. 
These oils contain 40-50% erucic acid, which on hy- 
drogenation yields behenic acid conta in ing  triglyc- 
erides. Data  on Table IV  show the cake-making 

T A B L E  I V  

Cake -Mak ing  Act ion  of Rapeseed-  and  M u s t a r d s e e d - 0 i i  S t e a r i n e s  as 
P r e e c i p i t a t e d  5 %  Di spe r s ions  in  Cottonseed Sa lad-Oi l  

Yel low l aye r  cake ( c r e a m i n g  me thod)  
S t e a r i n e  

T y p e  1 I.V. 

Rapeseed  I 
M u s t a r d s e e d  ] 1 
M u s t a r d s e e d  / 30 
Rapeseed  
Rapeseed  / 27  
M u s t a r d  seed / 
M u s t a r d  seed 30 
:Plastic s h o r t e n i n g  - -  

}¢[yver ol a 
18:oo(%) 

1.2 
1.2 
1.2 
1.2 

B a t t e r  
vol. 

( Cc./g. ) 

1.15 
1 .17  
1 .31 
1 .13 
1 .38 
1 .19  
1 .28  

Cake  
vol. 
(ce.) 

1 1 2 0  
1 1 5 0  
1165  
1140  
1210  
5210  
1210  

T e x t u r e  

Med.  soft  
Soft  
Soft  
Soft  
Meal. h a r d  
Soft 
Soft  
Soft  

a Dis t i l l ed  monoglyce r ide  of 9 3 %  assay.  

propert ies  o f  these stearines as 5% dispersions in 
salad oil with and without emulsifier. I t  can be read- 
ily seen tha t  rapeseed- and mustardseed-oil  stearine 
dispersions produce fa i r  cakes even without emulsi- 
fier; bet ter  cakes are obtained with the lower iodine 
value variations. The addit ion of 1.2% Myverol  18:00 
improves the volumes and gives a more desirable 
cake. RSO stearine showed a fas ter  decrease in aerat-  
ing action with increased iodine value than  MSO 
stearine. 

Various levels of 1-IV RSO stearine were tested for  
cake performance,  aera t ing  action, and retent ion of 
fluidity with the results shown in Table V. The data  
demonstrate  tha t  a 5% level offers the best combi- 
nation of properties.  

T A B L E  V 
Effect  of Rapeseed-Oi]  S t e a r i n e  Concen t r a t i on  in  F lu id  S h o r t e n i n g s  a 

on C a k e - B a t t e r  A e r a t i o n  a n d  F l u i d i t y  

Yel low layer  cake  ( c r e a m i n g  method)  

R S O  s t ea r i ne  
(I-IV) % 

1 ... . . . . . . . . . . . . . . . . . . . .  
2 .. . . . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . . . . . .  
4 ... . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . .  

B a t t e r  
vol. 

(ee./g.) 
0 .90  
0 .98  
1 .07  
1 .12 
1 .31  
1 .35  
1 .32 
1 .33  

Cake  T e x t u r e  (co.) 

1 0 0 0  t I a r d  
1 0 0 5  I~ard  
1 0 9 5  H a r d  
1 1 1 5  Soft  
1165  Soft  
1 1 9 5  Soft  
1 1 3 0  Soft  
1 1 7 0  Soft  

F l u i d i t y  
a f t e r  1 wk.  
a t  5 0 - 9 0 ° F .  

Good 
Good 
Good 
Good 
Good 

F a i r  a t  5 0 ° F .  
F a i r  a t  50°F .  
F a i r  a t  50°F .  

a D i spe r s ions  in  cot tonseed salad-oi l  w i th  1 . 2 %  Myverol  1 8 : 0 0  added.  

Flu id i ty  and settling tendency observations on 
rapeseed- and mustardseed-oil  stearine dispersions, 
Table VI,  demonstrate  that  1-IV RSO and 30-IV 
MSO yield the most stable dispersions at  the 60- 
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T A B L E  VI 

Relat ive  F lu id i t y  and Settling" Tendencies  of l~apeseed- and Mustardseed- 
Oil S tear ines  as 5% Dispers ions  in  Cottonseed Salad-Oil  

Stear ine  type I.V. 

~SO ...... 1 
~[SO ....... 1 
VISO ..... 30 
~SO ...... 1 
~SO.. 27 
VISO ...... 1 
~ISO ...... 30 

)/[yverol 
18:00 
% 

O 
0 
0 

1.2 
1.2 
1.2 
1.2 

F lu id i t y  
60 -100°F .  

Good 
Fair 
Good 
Good 
Good 
F a i r  
Good 

Set t l ing  
tendency 

Very  s l ight  
Solidifies 
Sl ight  
S l igh t  
Sl ight  
Solidifies 
S l igh t  

100°F. storage temperatures .  The I-IV MSO stearine 
dispersions soon gelled on standing, even at room 
temperature ,  but  the higher iodine value MSO ste- 
urine retained its fluidity much longer. 

Prolonged storage and cycling tempera tures  caused 
both the rapeseed and mustardseed stearine disper- 
sions to lose fluidity. This loss of fluidity was con- 
siderably minimized by using blends of 1-IV rape- 
seed- and 30-IV mustardseed-oil  stearine as the dis- 
persion components. 

Examinat ion  of precipi ta ted solids f rom 5 % blends 
of rapeseed- and mustardseed-oil  stearines in salad oil 
gave the results in Table V I I .  As can be seen, a dif- 

T A B L E  VII 

Crysta l -Phase  Form of Rapeseed- a nd  Mustardseed-Oil  S tear ines  
as Prec ip i ta ted  from 5% Solut ion in Cottonseed 

Salad-Oil by Slow Cooling 

Crystal  phase of solids a 
S tear ine  

Cooled 
at  

70°F. 

Cooled 
at  

85°F.  
Iod ine  Cry.stal 

size Type va lue  

RSO ................. 1 ~' ~ F ine  
RSO ................. 217 /3' [] F ine  
MSO ................ B' /3 F ine  
MSO ................ 15 ~' - -  F ine  
MSO ................ 30 ;9' - -  F ine  

Solids filtered f rom oil and examined by X-ray diffract ion meas- 
urements.  

ferenee in crystal  phase was produced by the differ- 
ence in cooling rates. Baking tests made on disper- 
sions p repared  by cooling 1-kg. samples of material  
at ambient tempera tures  of 70 ° and 85°F. showed 
equal aera t ing  action for a given stearine irrespec- 
tive of this difference in cooling rate. Therefore  it 
can be concluded that  there is no direct correlation 
between crystal-phase form and the cake-batter aerat-  
ing action. 

I t  has been repor ted in the l i terature  that  peanut  
oil contains somewhat more than  1% of disaturated 
triglycerides, in which one f a t ty  acid per mol is Coo 
or longer chain length. F r o m  the experience with 
the rapeseed- and mustardseed-oil  stearines, it was 
speculated that  an active f ract ion could be separated 
f rom peanut  oil by winterization. The d iagram on 
Table V I I I  shows the modification of the solvent- 
winterization process of Boucher and Skau 9 used to 
obtain a 4% yield of a winter-oil  stearine Frac t ion  B 

T A B L E  V I I I  

Solvent  Win te r i za t ion  of P e a n u t  Oil 

I 
P e a n u t  Salad-Oil 
Y ie ld - -ca .  92% 

Less Sa tura ted  Win te r -Oi l  
Stear ine  ( F r a c t i o n - - C )  

33.3% P e a n u t  Oil 
R e f i n e d - - I V - 9 1  

10.0% Hexane  
( Skellysolve-B ) 

56.7% Acetone 

Cooled to --15°C. for 
16 hrs. and filtered 

Winter -Oi l  S tear ine  
F rac t ion  A--8% :yield 

Reprec ip i ta ted  from acetone/hex- 
ane 8 5 : 1 5  solvent  in  1 :5  oil/sol- 
ven t  r a t i o - - 1 6  hrs. at --15°C. 

Win te r -Oi l  S tear ine  Concentra te  
F r a c t i o n - - B  
Y i e l d - - 4 % ,  IV-57 

having an iodine value of 57. This fraction, rich in 
long-chain acids, was hydrogenated to stearines of 
various iodine values for testing. Data in Table I X  
show the excellent batter-aerating action of the 2 
iodine value Fract ion B even without  added emulsi- 
fier. The 20-IV stearine did not have good activity 
with or without  emulsifier. 

Fluidi ty  and settl ing tendencies of dispersions con- 
taining Fract ion B stearine are shown ou Table X. 
It can be noted from the data that a 5% dispersion 
of peanut-oil,  winter-oil  stearine, hydrogenated to 
2-IV, in a salad oil substrate gives a dispersion which 
is stable in f luidity over the 50 - ]00°F .  temperature 
range and resists settling. 

The solids from the dispersions were separated, and 
X-ray  diffraction measurements  were made. From 
data in Table X I  it is evident that these stearines 
can be made to precipitate in either the beta-prime 
or the be:ta-phase by a slight alteration of the coob 
ing rate. The long spacing data indicate a double- 
chain-length structure orientation of the triglycerides 
in the crystals. 

T A B L E  IX 

Cake-Making Action of Hydrogt-nated F rac t i on  B from P e a n u t  Oil as a 
P rec ip i t a t ed  Dispers ion in  Cottonseed Oil 

Yellow layer  cake (creaming method) PNO-WO-St.  Emuls i f ie r  
F rac t ion  B ] Myverol  

s tear ine I 1 8 : 0 0  
I .V. I % 

_ _  2 0  I 1:2 

Plas t ic  shor ten ing  ......................... 

Ba t t e r  Cake 
vol.-cc./g, c.e, 

1.21 1200 
0.90 1040 
1.24 1265 
0.99 1000 

1.28 1210 

Texture  

Soft 
H a r d  
Soft 
I-Iard 

Soft 

Active stearines precipitate f rom solution in the 
beta-prime phase when chilled more quickly and in 
the beta-phase when cooled more slowly. Both these 
cooling rates produced " a c t i v e "  dispersed solids as 

TAB LE X 

F lu id i t y  and Set t l ing  Tendencies  of Hydrogena ted  F ruct ion B from P e a n u t  Oil as 5% Dispers ions  in Oil 

F lu id i t y  a Set t l ing  
PNO-WO-St.  F rac t ion  B I.V. 

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Oil media  

CSO 
CSO 
CSO 
CS-Salad-o i l  

Emuls i f ier  
Myverol  1 8 : 0 0  50_70OF. 70_100OF. 

0 
0 

1.2 
1.2 

50 -70°F .  7O-1O0°F. 

F a i r  Good 
F a i r  Good 
F a i r  Good 
Good Good 

None 
None 
None 
None 

Trace 
Some 
None 
None 

a F lu id i ty  R a t i n g s  : G o o d - - u n d e r  4000 eps 
F a i r - - 4 0 0 0 - 6 0 0 0  cps 
P o o r - - o v e r  6000 cps 

Brookfield No. 3 s p i n d l e - - 1 2  r.p.m. 
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shown by baking tests. Both cooling rates produced 
a fine particle size ; the greater portion of the particles 
was under  1 micron. 

In  observing the stearine suspensions which re- 
mained fluid at storage temperatures  in the 50- 
100°F. range over a period of time, it was found 
that  the stearine settled somewhat, especially at the 
higher temperatures.  The addition of powdered beta- 
phase stearine as an anti-settling agent was found 
beneficial. Soybean stearines of 1 to 30 IV were 
prepared (3) in the beta-phase by thermal t reatment  
and powdered in a hammer mill with d ry  ice. When 
the powdered, beta-phase soya stearines were added 
at a 5 to 8% concentration to dispersions of 5% 
"active" stearine in salad oil, settling was materially 
retarded without adverse effect on fluidity. 

To investigate which triglycerides in the "active" 
stearines were most desirable with respect to bat ter  
aeration and fluidity, rapeseed-oil  and winter-oi l  
stearine from peanut  oil were solvent-fractionated. 
The procedure of Hilditch and Meara (10, 11, 12), 
which is diagrammatically shown on Table XII ,  was 

T A B L E  X I  

Crys ta l l iza t ion  H a b i t s  of H y d r o g e n a t e d  Peanut -Oi l ,  Win te r -Oi l  
S t ca r ine  ( F r a c t i o n  B )  Solids a 

X - R a y  Di f f rac t ion  M e a s u r e m e n t s  

Cooled at  85°F.  
F r a c t i o n  B 

s t ea r ine  
I .V .  

Cooled at L o n g  7o--°F- 

P h a s e  s p a ~ n g s  

~ --~' 4 8 6  
20 /~' 49.1 

2 50.5 

L o n g  
P h a s e  s p a ~ n g s  

~' + t r  f~ 48.6  
/~ 48.2 
fl 50.5 

Cr.ystaI 
s i z e  

F i n e  
F i n e  
F i n e  

Solids s e p a r a t e d  by f i l t ra t ion f r o m  a 5 %  d i spe r s ion  i n  cot tonseed 
sa lad  oil p r e p a r e d  by mel t ing  at 170°F.  and  cooling as no ted  above.  

applied to rapeseed oil. According to these workers, 
their original rapeseed oil contained about 28% of 
mono C22-acid triglycerides and 55% di C22-acid 
tr iglycerides;  the former were concentrated in Frac- 
tion A and the lat ter  in Fract ion C. Af ter  hydrogena- 
ton of the fractions to 1 IV, their  contents of mono 
and di beheno glyeerides were roughly estimated by 
using the saponification values of the fractions and 
of the 1 IV rapeseed oil. An assumption was made 
that our original oil was of approximately the same 
composition as the one examined by Hilditch. 

Table X I I I  gives cake performance and fluidity- 
evaluation results obtained with 5% stearines in 

T A B L E  X I I  

Solvent  F r a c t i o n a t i o n  of Rapeseed  Oil 

F1 I 0 1 F r a c t i o n  
Y i e l d - - 1 4 %  
I . V . - - 1 2 7  

Rapeseed  Oil 114 I .V .  
1.4 in  ace tone  

Cooled to 4°F .  a n d  
fi l tered a f t e r  5 hrs .  

P p t . - - 8 6 %  
1 : 5 in  acetone 

Cooled to 35°F.  
held 24 hrs .  a n d  
f i l tered and  
r e p r e c i p i t a t e d  at  35°F .  

I 
F i l . - - F r a c t i o n  B 

Y i e l d - - 3 8 %  
I . V . - - 1 1 1  

I 
Ppt .  T r a c t i o n  A 

Y i e l d - - 4 8 %  
I . V . - - l O 5  

T A B L E  X I [ I  

A p p r o x i m a t e  Compos i t ion  and  P e r f o r m a n c e  of S t ea r ines  D e r i v e d  f r o m  
Rapeseed  Oil and  I t s  So lven t -Separa ted  F r a c t i o n s  

t Saponi f ica t ion  I 
Or ig ina l  v a l a e  a f t e r  Monobehena te  

I .V .  complete  I ( % )  I - - I  - ydr°gen- ti°n/ - 
Rapeseed oil ............ / 113 I 176.5 / 28 
F r a c t i o n  A ............... 105 174.3 20 
T r a c t i o n  C ............... / 127 I 179.0 I 60 

D ibehena t e  (%) 

55 
80 
40 

Rapeseed  oil ............ 
F r a c t i o n  A .............. 

F r a c t i o n  C ............... 

Yellow L a y e r  Cake  a 

B a t t e r  vo lnme 
( c c . / g m . )  

:1.27 
1.17 

1.26 

Volume m 
(cc.)  t e x t u r e  

1110  I Sof t  

1160  ] Soft  

D i s p e r s i o n  
f lu id i ty  

Good 
Solid a f t e r  5 
days  at  105°F.  

Good 

a S t e a r i n e - - 5 %  in sa lad  oil, 1 . 2 %  lVIyverol, 1 8 : 6 0  added.  

salad oil. The stearines were prepared from the 
original oil and from Fract ions A and C. The 
product  of Fract ion C containing 60% monobeheno 
distearin produced the better  cake and retained its 
fluidity to a greater  extent. I t  was concluded that  
the monobeheno triglyceride is more desirable than 
the dibeheno triglyceride. 

The fat ty-acid composition of the solvent-separated 
peanut  oil fract ion was calculated from methyl-ester 
distillation data. The composition of this fract ion is 
compared with peanut  oil in Table XIV. A threefold 

T A B L E  X I V  

Fa t ty -Acid  Composi t ion  of F r a c t i o n  B f r o m  P e a n u t  Oil E n r i c h m e n t  of 
L o n g - C h a i n  Acid Conten t  by the  Solvent  W i n t e r i z a t i o n  

P N O - W O  
P e a n u t  s t ea r ine  b 

Fatty acid  oila F r a c t i o n  B 
I .V .  57 

C 1 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 1 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cls-- -Stear ie  ................................. 
Oleic .................................... 
Linole ie  ............................... 

C~o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C ~ 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C ~ 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(%) 
0.5 

7.8 

3.1 
56.0 
26.0 

2.4 

(%) 
1.0 

18.5 

4 .4  
40.8  
12.6 

9.0 

13.7 

a D a g e  f r o m  Hi ld i tch .  
b B y  dis t i l la t ion of methyl  e s te r s  and  calcula t ion f r o m  I . V . - T . V .  

concentration of the long-chain acids was affected by 
the solvent-winterization process. 

Using the method of Handschumacher,  Thompson, 
and McIntyre  (13) for  the concentration of disatu- 
rated triglycerides, the triglycerides of the peanut- 

T A B L E  X V  
Concen t r a t i on  of D i s a t u r a t e s  and  Remova l  of T r i u n s a t u r a t e s  by  Acetone  

Crys ta l l iza t ion  of Peanu t -Oi l ,  Win t e r - O i l  S t ea r ine  ( F r a c t i o n  B)  

I 
Fi l t r a t e  

T r a c t i o n  B 
1 : 4  in  ace tone  

72 hrs .  a t  32°F .  

P r e c i p i t a t e  
1 : 1 0  in  acetone 

24 hrs .  a t  60°F .  

F i l t r a t e  Disaturate-- - -  
r i ch  f r ac t i on  
Y i e l d - - 7 7  % of 
F r a c t i o n  B 
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TABLE X V I  

Estimate of Triacid Tl'iglyceride Content of Fraction B 
from Peanu t  Oil a 

Analytical constants 
Iodine value ......................................... 
Thioeyanogen vahte ............................. 

Calculated fat ty acids as triglycerides 
Ole in - -% ............................................ 
L ino le in - -% ........................................ 
S a t u r a t e d - - %  ..................................... 

Calculated triglyeerides 
Monosaturated ..................................... 
Disaturated .......................................... 
Triacid ................................................. 

Disa tara ted  
PNO-WO-St. enriched 
(Fract ion B) Fraction B 

yield 77% 

50.1 
42.9 

41 
9 

50 

71 
67 

38.9 
31.9 

28 
8 

64 

8 
92 

~A second solvent-winterization of ~eanut oil to obtain a Fraction B 
in 4.5% yield. 

oil, winter-oil stearine were examined. A diagram of 
the process is given on Table XV. After  the removal 
of the t r iunsaturated triglycerides, it was possible by 
using sinlultaneous equations to calculate the content 
of disatnrated triglycerides present in the enriched 
fract ion (Table XVI) .  The value of 71% disaturated 
triglycerides was calculated to be present in Fract ion 
B f rom the data obtained on the enriched fraction 
and then the figure was corrected for the saturated 
Cls component to give an estimate of 67% triacid 
triglyeerides. These tr iaeid triglycerides result from 
the disaturated triglycerides already present in the 
Fract ion B from the hydrogenat ion of the C~8 un- 
saturated acids present in the disaturated triglycer- 
ides. I t  can therefore be concluded that  the active 
principle of peanut-oil, winter-oil stearine is probably 
triacid tr iglyeeride or solid solutions in which they 
are the major  components. 

Discussion 
The propensity of some stearine triglycerides at 

ca. 5% concentration in cottonseed salad oil to pre- 
cipitate as fine particles which can promote aeration 
in the mixing of cake batters  is related in a general 
way with the presence of long-chain fa t ty  acids and 
a suitable diversity of f a t ty  acids in the constituent 
triglyceride. Composition versus performance data 
strongly suggest, for example, that  tr istearin is in- 
active regardless of particle siz~', phase, or thermal 
t reatment  whereas the diacid triglyeeride, beheno- 
distearin, is an effective, batter-aerating agent. The 
general type of triacid triglycerides represented by 
SPBe also appears to form active dispersions. The 
batter-aeration proper ty  does not correlate directly 
with the crystal phase or molecular orientation as 
measured by X-ray diffraction techniques. For  exam- 
ple, both beta-prime phase and beta-phase, rapeseed 
stearine solids are active when precipitated by proper  
thermal treatment,  but  soybean stearine is inactive 
in either phase regardless of thermal treatment.  

The above conclusions were not drawn from tests 
made with pure triglycerides but  ra ther  from test 
materials rich in the tr iglyceride in question. As 
indicated by the long spacings of X-ray  diffraction 
measurements, solid solutions were involved in most 
c a s e s .  

In  contrast  to the tendency of plastic shortenings 
to lose their  texture and become fluid on high-tem- 
perature  exposure (95 to 110°F.) most experimental 
fluid-shortenings had a tendency to solidify at such 

temperatures. This solidification tendency was, in 
some cases, related to the presence of unstable phases, 
but  this was not t rue for nmstardseed stearine 1 IV, 
for  which the 5% dispersion eventually lost fluidity 
even though it was completely beta-phase. The solidi- 
fication tendency seems more likely to be related to 
the leaching out of ingredients initially present in 
solid solution and their redeposition as long, inter- 
locked, crystal lattices (11). 

All formulas containing dispersed solids tended 
to settle out and form a clear, oil layer. A specific 
gravi ty difference of about  0 1  exists between the so l  
ids and the liquid oil phase at room temperature.  At 
higher temperatures  the specific-gravity difference is 
increased while the viscosity of the liquid oil phase 
is materially reduced. Both the foregoing changes 
promote a much faster rate of settling at higher 
storage temperatures.  The rate of settling however 
was slower than calculated by Stoke's law, assuming 
spherical-shaped particles. The decreasing of the 
particle size of the solids and the adding of finely 
divided stearines, which were inactive in cake-making 
and without tendency to solidify, were the best ways 
found to inhibit settling. Thus the addition of pow- 
dered, beta-phase, soya stearine of 1- to 10-microns 
particle size was quite effective in inhibiting settling. 

Summary 
One deficiency of liquid oils as all-purpose short- 

enings is their  failure to cause the aeration in the 
mixing of conventional cake batters which is a nor- 
nial function of the shortening ingredient. The addi- 
tion of substantially insoluble, solid triglycerides in 
very finely divided form to liquid oils, with the object 
of improving their cake performance but not destroy- 
ing fluidity, has been studied. Stearines made from 
rapeseed and mustardseed oils and certain peanut-oil 
fractions possessed the desired properties. The effec- 
tive triglycerides in these stearines were of the mono- 
behenodistearin and stearopahnitobehenin type. 

Acknowledgment 
The cooperation of the Physical, Analytical, and 

Foods Evaluat ion sections of Lever Brothers Research 
Division is grateful ly  acknowledged. In  particular,  
the authors are indebted to J. E. Gannon for the bak- 
ing tests, and to F. Ryer  and Miss G. Cook for the 
X-ray diffraction measurements. 

R E F E R E N C E S  

1. Cross, S. T., and Griffin, W. C. (Atlas Powder Co.), U. S. 2,746,- 
868 (1956).  

2. Trempel, L. G., and Frink,  M. E. (A. E. Staley Manufactur ing  
Co_), U. S. 2,532,523 (1950).  

3 • Holman, G. W,, Quimby, 0. T. (Procter  and Gamble Co.), U. S. 
2,521,219 (1950) .  

4. Mitchell, P. J,, J r .  (Procter  and Gamble Co.), U. S. 2,521,242 
(1950). 

5. Mitchell, P. J., Jr. (Procter and Gamble Co.), U. S. 2,521,243 
(1950) .  

6. Carlin, G. T., Cereal Chem., 21, 189 (1944).  
7. Bailey, A. E., " Indus t r ia l  Oil and Fat  Products ,"  2rid ed., pp. 

295-304,  New York, Interseience Publishers Inc., 1951. 
8. Lutton, E. S., J.  Am. Oil Chemists' Soc., 27, 276 (1950) .  
9. Boueher, i~. E., Skau, E. L., J.  Am. Oil Chemists' Soc., 28, 501 

(1951). 
10. Hilditch, T. P., Laurent, P. A., Meara, J. Soc. Chem. Ind. (Lon- 

don), 66, 19 (1947). 
ii. Hilditch et al., 5. Soc. Chem. Ind. (London), 57, 363T (1938). 
12. I-lilditeh et rd., J.  Soe. Chem. Ind.  (London),  59, 47T (1940).  
13. Handschumaker ,  E., Thompson, S. ~V., McIntyre, J.  E., Oil and 

Soap, 20, 133 (1943).  
I4. Lutton, E. S., J. Am. Oil Chemists' Soc., 32, 49 (1955).  

[ R e c e i v e d  3/fay 21, 1957]  


