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ABSTRACT 

Solid fats of very short plastic range and melting 
points about equal to that of butterfat were obtained 
in yields up to ca. 64% by a single, fractional 
crystallization from hexane of byproduct stearines 
from the commercial winterization of cottonseed oil. 
One such product, consisting of approximately four- 
fifths 2-1inoleodipalmitin and one-fifth 2-oleodipalmi- 
tin, melted almost entirely between 22 and 29 C, and 
was harder than butterfat at equal temperatures. Use 
as specialty fats is indicated. 

INTRODUCTION 

Approximately two-thirds of the cottonseed oil pro- 
cured domestically is winterized to make salad oil. Winter- 
ization is generally accomplished by slowly cooling the 
refined oil to solidify an unwanted high-melting fraction 
and then removing tiffs fraction by filtration. Fractional 
crystallization from a hexane solution (solvent winteriza- 
tion) is also practiced. The byproduct stearine or high-melt- 
ing fraction, which amounts to ca. 10-25% of the oil 
processed and has a per pound value equal to about that of 
crude oil, is usually employed in the making of hydrogen- 
ated products. 

This stearine would be expected to be rich in the 
disaturated triglyceride known to occur in cottonseed oil 
(1,2), particularly if the stearine is obtained by solvent 
winterization (3). Further fractionation of a stearine by 
partial crystallization from a solvent would be expected to 
yield a semisolid fat. Thus it should be possible to prepare 
relatively easily from cottonseed oil a semisolid fat without 
resorting to hydrogenation. Such a fat should have proper- 
ties desired in a number  of food uses. 

an S and an L, respectively, to the letter designating the 
type of stearine used. Thus fat A-S is the fat obtained as 
cake from the fractional crystallization of stearine A, and 
oil A-L is the corresponding oil recovered from the filtrate. 

The butterfat and margarine oil used for comparison 
with the semisolid fats from the stearines were extracted 
from samples of USDA grade AA butter and a widely 
distributed brand of oleomargarine, respectively. The mar- 
garine oil had been manufactured from soybean oil. The 
procedure for separating the oil was the same in both cases. 
The butter ( or oleomargarine) was heated to 60-70 C under 
vacuum and stripped with nitrogen to remove the moisture; 
the dried product was mixed with hexane, and the hexane 
solution was separated from the solids by filtration. The 
hexane was removed from the fat by heating under vacuum 
and stripping with nitrogen. 

Well tempered samples of the several fats were examined 
dilatometrically (4), and the data obtained were used to 
calculate the proportions melted at various temperatures 
(5). 

The hardness of well tempered samples of the fats was 
measured at different temperatures using a modification (6) 
of the Brinell method for metals. Relative hardness and 
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EXPERIMENTAL PROCEDURES 

Three stearines from the winterization of cottonseed oil 
were obtained from commercial processors. Each stearine 
was from a different processor and a different section of 
the country. Stearine A was the product of a solvent 
winterization, while stearines B and C were products of the 
more widely practiced nonsolvent winterizations. The 
iodine values and fatty acid compositions of the three 
stearines are recorded in Table I. 

Further fractionation of each stearine to obtain a 
semisolid fat was accomplished by preparing a 20% solution 
by weight of stearine in n-hexane, cooling the solution to 
-15 C and holding it at this temperature for 12 hr, and then 
filtering to remove the liquid phase. The filtration, per- 
formed in a cold chamber at -15 C and with a stainless steel 
funnel equipped with a sintered, stainless steel element, was 
continued unti l  the cake was dry. The cake was not washed. 

In the subsequent discussion the products recovered 
from the cake and the filtrate will be identified by adding 
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FIG. t. Melting behavior of well tempered samples of butterfat 
and the solid fat fraction (A-S) from cottmlseed oil stearine A. 
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TABLE I 

Analytical Data on Cottonseed Oil Stearines, Stearine Fractions and Butterfat  

VOL. 50 

Fatty acid composition a, wt % 

Product Yield, Iodine 
% value Myristic Paimitic Stearic Oleic  Linoleic 

Stearine A 
Original N 71.5 0.7 50.3 2.0 10.6 36.5 
Fat A-S 64.5 55.7 0.2 64.7 0.7 7.1 27.3 
Oil A-L 34.5 103.4 1.2 25.8 2.8 15.8 54.4 

Stearine B 
Original --  97.8 b 0.5 33.3 2.5 13.8 49.5 
Fat B-S 39.6 58.1 b 0.4 60.3 1.8 7.5 29.8 
Oil B-L 59.9 120.4 b 0.7 18.2 2.7 17.2 60.6 

Stearine C 
Original --  104.2 0.6 29.8 2.1 13.9 53.1 
Fat C-S 31.3 60.9 b 0.5 57.5 2.0 7.8 31.9 
Oil B-L 68.7 122.5 b 0.7 17.7 2.2 16.4 62.3 

Butterfat  --  29.7 b 11.2 28.9 13.9 28.9 1.5 

b a O n l y  major fatty acids are reported.  Butterfat  contained at least 17 additional fatty acids. 
Calculated f rom fatty acid composition. 

b r i t t l eness  were measu red  in a less precise m a n n e r ,  as 
descr ibed  below.  

The  f a t t y  acid c o m p o s i t i o n  of  each  of  the  p r o d u c t s  was 
d e t e r m i n e d  by  well e s tab l i shed  gas l iquid  c h r o m a t o g r a p h i c  
p rocedures .  

RESULTS AND DISCUSSION 

C o t t o n s e e d  oil  c o n t a i n s  v i r tua l ly  n o  t r i sa tu ra ted  glyc- 
er ides (1) .  Ma t t son  and  L u t t o n  (7)  f o u n d  ca. 90% of  the  
f a t ty  acids in the  2 pos i t ion  of  c o t t o n s e e d  oil t r iglycerides  
to  be unsa tu r a t ed .  In previous  work  w i th  a s tear ine  a lmos t  
ident ica l  to  s tear ine  A and  o b t a i n e d  f rom the  same 
processor ,  we f o u n d  over  90% of  the  f a t ty  acids in the  2 
pos i t i on  to  be u n s a t u r a t e d  and  the  s tear ine  to  c o n t a i n  less 
t han  0.3% t r i s a tu ra t ed  glyceride (8) .  These  facts,  c o m b i n e d  
wi th  the  f ind ing  t h a t  the  f a t t y  acids f rom fat  A-S c o n t a i n e d  
64 .7% pa lmi t in  acid, 27 .3% linoleic acid and  7.1 oleic acid 
(Tab le  I), ind ica tes  t h a t  the  f r a c t i o n a t i o n  of  s tear ine  A 
p r o d u c e d  a solid fa t  p r o d u c t  ( fa t  A-S) cons is t ing  of  a b o u t  
four- f i f ths  2 -hno l eod ipa l m i t i n  and  one- f i f th  2-o leodipalmi-  
tin. This  solid fa t ,  wh ich  had  an iodine  value of  55.7,  was 
o b t a i n e d  in the  relat ively h igh  yie ld  of  64.5%. 

F r a c t i o n a t i o n  of  s tear ines  B and  C p r o d u c e d  solid fats  
B-S and  C-S, respect ively ,  wh ich  had  a f a t ty  acid compos i -  
t ion  similar  to  t h a t  of  solid fat  A-S (Table  I). However  the  

yields were cons ide rab ly  lower .  This  was to  be expec ted ,  
because  the  w in te r i za t ion  o f  c o t t o n s e e d  oil w i t h o u t  the  aid 
of  a so lvent  resu l ted  in the  occlus ion of some low-mel t ing  
oil w i th  the  fa t  crystals.  The solid fa t  f r om s tear ine  A was 
in e f fec t  der ived f rom c o t t o n s e e d  oil by  two  crys ta l l iza t ions  
f rom a h e x a n e  so lu t ion ,  while the  solid fa ts  f rom s tear ines  
B and  C were der ived f rom c o t t o n s e e d  oil by  one  
c rys ta l l i za t ion  w i t h o u t  so lvent  and  one  c rys ta l l iza t ion  f rom 
a h e x a n e  so lu t ion .  

The  low-mel t ing  oil f r ac t ions  (oils A-L, B-L and  C-L, 
Table  I) r ecovered  f r o m  the  f i l t ra tes  were,  of  course,  s imilar  
to  u n f r a c t i o n a t e d  c o t t o n s e e d  oil in  f a t t y  acid c o m p o s i t i o n .  
P re sumab ly  these  f rac t ions  cou ld  be  used  as c o t t o n s e e d  oil. 

The  percen tages  of  the  fa ts  l iquid  at  given t empe ra tu r e s ,  
ca lcu la ted  f rom d i l a tome t r i c  da ta  on  well t e m p e r e d  sam- 
pies, are r eco rded  in Table  II. Percentages  for  well t e m p e r e d  
samples  of  the  b u t t e r f a t  and  margar ine  oil are i nc luded  for  
compar i son .  All th ree  solid fa ts  f rom the  s tear ines  exh ib i t ed  
a very  shor t  me l t i ng  range,  w i th  the  sho r t e s t  f r om s tear ine  
A. The  b u t t e r f a t  e x h i b i t e d  a cons ide rab ly  longer  me l t i ng  
range,  while the  margar ine  oil e x h i b i t e d  a very  long  me l t i ng  
range.  The  r e m a r k a b l y  sho r t  me l t i ng  range of  fat  A-S is 
c o m p a r e d  graphical ly  w i th  t h a t  of  the  b u t t e r f a t  in Figure 1. 

Ha rdness - t empera tu re  re la t ionsh ips  for  the  solid fa ts  
f rom the  s tear ines  and  those  for  the  b u t t e r f a t  and  marga-  
r ine oil are r eco rded  in Table  III. All samples  were 

TABLE II 

Percentages of Liquid in Fats at Various Temperatures  a 

Liquid content, % 

Temperature ,  Margarine 
C Fat A-S Fat B-S Fat C-S Butterfat  oil  

-20 . . . .  0.0 2.1 

-15 -- -- -- 1.6 12.9 

-10 . . . .  5.5 23.2 

- 5 --  - -  --  13.4 30.3 
0 . . . .  20.7 32.3 
5 - -  - -  0.0 22.7 36.6 

10 N 0 .0  1.2 29.8 43.1 
15 - -  1.4 3.0 43 .0  51.9  
18 0.0 4.1 6.0 58.1 56.6 
21 2.1 10.9 15.1 73.0 62.3 
23 7.3 23.1 28.9 79.6 63.9 
26 43.2 74.2 80.8 83.3 68.5 
29 98 .0  92 .6  94 .6  87 .8  74 .3  
31 99 .0  94 .0  95 .8  90 .7  78 .9  
33 99.5 95.8 97.2 94.3 84.5 
36 100.0 98.1 99.4 98.6 91.9 
39 --  100.0 100.0 100.0 98.2 
41 . . . . . .  100.0 

aWell t empered  samples.  
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TABLE III 

Hardness of  Fat Products a 

Hardness index b 

Temperature, Margarine 
C Fat A-S Fat B-S Fat C-S Butterfat oil 

7 17.5 6.8 5.9 8.6 1~4 
10 15.8 5.5 4.5 5.5 1.0 
12 11.4 5.2 3.7 4.0 0.9 
14 9.5 5.2 3.0 2.8 0.6 
16 7.8 3.2 1.9 . . . .  
18 5.1 3.0 1.5 . . . . .  
20 4.0 1.9 0.5 . . . .  
23 2.4 1.1 . . . . .  

aWell tempered saml~les. 
bMeasured as kg/cm z (Reference 6). 

t e m p e r e d  well  be fo re  be ing  tes ted .  Two of  the  fats,  B-S and  
C-S, had  a h a r d n e s s - t e m p e r a t u r e  r e l a t ionsh ip  qu i te  s imilar  
to  t ha t  of  b u t t e r f a t .  The  o t h e r  fa t ,  A-S, was m u c h  ha rde r  
t han  the  b u t t e r f a t  at  all of  the  tes t  t empe ra tu r e s .  The  
margar ine  oil was qui te  sof t  a t  all t e m p e r a t u r e s ,  wh ich  
would  be e x p e c t e d  o n  the  basis of  i ts  l iquid  c o n t e n t  at  
these  t empera tu res .  

When samples  of  the  fats  f r o m  the  s tear ines  were s tored  
at  r o o m  t e m p e r a t u r e  and  t h e n  placed in the  m o u t h ,  each 
me l t ed  wi th  a pleasing, coo l ing  sensa t ion .  

Because c o c o n u t  oil is f r e q u e n t l y  i n c o r p o r a t e d  in fo rmu-  
la t ions  fo r  e n r o b i n g  f rozen  con f ec t i ons ,  s e m i q u a n t i t a t i v e  
m e a s u r e m e n t s  of  b r i t t l eness  were made  at -22 C wi th  
samples  of  edible  c o c o n u t  oil and  the  solid fats  f rom the  
s tear ines .  Fresh ly  c leaned  steel  s t r ips  (0 .14  m m  th ick  b y  20  
m m  wide by 152 m m  long)  were d ipped  i n to  samples  held  at  
36 C and  t hen  qu ick ly  sol idif ied at  -22 C. Af t e r  ca. 1 h r  the  
samples  were e x a m i n e d  for  b r i t t l eness  b y  slowly ref lexing 
each  strip. The  c o c o n u t  oil s h a t t e r e d  i m m e d i a t e l y ;  fat  A-S 
s h a t t e r e d  a f te r  m o d e r a t e  f lexing;  fa t  B-S cracked  sl ightly 
a f te r  cons iderab le  f lexing,  and  fa t  C-S did n o t  crack a f te r  
cons iderab le  f lexing.  

In re la ted  tests ,  a need le  was pushed  i n t o  small  discs of  
the  fa t  samples  sol idif ied rap id ly  at  -22 C and  held at  this  
t empera tu re .  The  c o c o n u t  oil was the  ha rdes t  and  m o s t  
br i t t le .  Fa t  A-S appeared  to  be near ly  as ha rd  b u t  n o t  as 
br i t t le .  B o t h  fa ts  B-S and  C-S were cons ide rab ly  sof te r  and  

more  waxy,  w i th  fa t  C-S the  sof te r  and  least  waxy  of  the  
two by a small  margin .  

One  can conc lude ,  on  the  basis of  the  da ta  ob t a ined ,  
t ha t  n o r m a l l y  sol id fa ts  r i ch  in 2-1inoleodipalmit in  and  
2 -o leod ipa lmi t in  can be  p r o d u c e d  easily f rom the  s tear ine  
o b t a i n e d  as a b y p r o d u c t  in the  w in te r i za t ion  of  c o t t o n s e e d  
oils. These  fats  have me l t i ng  po in t s  a b o u t  equal  to  t ha t  of  
b u t t e r f a t  bu t  possess a m u c h  sho r t e r  plast ic  range.  They  
shou ld  have u t i l i ty  in  the  f o r m u l a t i o n  of  special food  
p roduc t s .  

REFERENCES 

1. Hilditch, T.P., and L. Maddison, J. Soc. Chem. Ind. 59:162T 
(1940). 

2. Riemenschneider, R.W., C.E. Swift and C.E. Sando, Oil and 
Soap 17:145 (1940). 

3. Cavanagh, G.C., E.J. Cecil and K. Robe, Food Proc. 22 (4):38 
(1961). 

4. Lovegren, N.V., and R.O. Feuge, JAOCS 42:308 (1965). 
5. Singleton, W.S., and A.E. Bailey, Oil Soap 22:295 (1945). 
6. Lovegren, N.V., W.A. Guice and R.O. Feuge, JAOCS 35:327 

(1958). 
7. Mattson, F.H., and E.S. Lutton, J. Biol. Chem. 233 (4):868 

(1958). 
8. Feugr R.O., B.B. Gajee and N.V. Lovegren, JAOCS 50:50 

(1973). 

[Rece ived  May 5, 1972]  


