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Oil Applications 

A b s t r a c t  

Safflower oil has  been used  as an  edib le  oil in 
n u m e r o u s  coun t r i e s  for  m a n y  years .  I n  the  US, 
Commercial  use of safflower oil as an  edible  p r o d -  
uc t  was no ted  in  the  1950's a n d  the  use cont inues  
a t  p rog re s s ive ly  h ighe r  levels each year .  

One use of safflower oil in "d re s s ing"  t y p e  
p r o d u c t s  is r e l a t e d  to the  n a t u r a l  cold  res i s tance  
of the  oil. O the r  a p p l i c a t i o n s  inc lude  oil, ma r -  
g a r i n e  a n d  some i m i t a t i o n  d a i r y  p roduc t s .  A d -  
d i t i o n a l  deve lopmen t  work  has been done on o ther  
food p r o d u c t s  so t h a t  the  scope of usage  could  
be b r o a d e n e d  i f  t he re  should  be inc reased  de- 
m a n d s  fo r  safflower oil. 

The  su scep t i b i l i t y  of safflower oil to ox ida t ion  
has  been min imized  b y  i m p r o v e d  p rocess ing  and  
packag ing .  

F u r t h e r  use of  safflower oil a p p e a r s  to be de- 
p e n d e n t  u p o n  ava i l ab i l i t y ,  p r i c ing ,  good cold re- 
s i s tance  a n d  the role of p o l y u n s a t u r a t e s  in  the  
diet .  

I n t r o d u c t i o n  

S IGNmICANr USE of safflower oil fo r  ed ib le  pu rposes  
in  th i s  c o u n t r y  was not  made  u n t i l  the  1950's;  

since t h a t  t ime,  however ,  i nc reas ing  use of safflower 
oil has  now classif ied the  oil as a m i n o r  b u t  s ign i f ican t  
ed ib le  oil  source.  

A n a l y t i c a l  

The use of safflower oil as an  edible  oil  r aw  m a t e r i a l  
is r e l a t e d  to the  chemica l  and,  p h y s i c a l  p r o p e r t i e s  of 
the  oil. The h igh  l inole ic  ac id  con ten t  of safflower oil 
is a s ign i f ican t  f ac to r  where  h igh  levels  of l inole ic  
ac id  a r e  des i red .  A compar i son  of  p u b l i s h e d  da t a ,  
which  m a y  s t i l l  be sub jec t  to m i n o r  cor rec t ions  (3,11),  
de f in i t e ly  ind ica tes  safflower oil has  the  h ighes t  l in-  
oleic ac id  conten t  w i th  c o r r e s p o n d i n g l y  low levels of 
s a t u r a t e d  ac ids  a n d  m o n o u n s a t u r a t e d  ac ids  as com- 
p a r e d  w i t h  o ther  domes t ic  oils. E x a c t  compar i son  d a t a  
a re  d e p e n d e n t  u p o n  a n a l y t i c a l  me thods  used and  
source  of oil s ample s ;  however ,  the  same p a t t e r n  holds 
t r u e  fo r  bo th  GLC or  s p e c t r o p h o t o m e t r i e  analys is .  

L i q u i d  S a f f l o w e r  Oi l  P r o p e r t i e s  

The h igh  iodine  va lue  a n d  h igh  l inole ic  ac id  con ten t  
of safflower oil i nd i ca t e  the  oil is suscep t ib le  to oxi- 
da t ion .  This  is a c c e n t u a t e d  b y  the r e l a t i v e l y  low con- 
t en t  of g a m m a  tocopherol ,  the  most  s ign i f ican t  n a t u r a l  
a n t i o x i d a n t  p r e s e n t  in the  safflower oil. I n  an  un-  
s tab i l i zed  condi t ion ,  safflower oil  a p p e a r s  to oxidize  
more  r a p i d l y  t h a n  o the r  domest ic  l i qu id  oils. 

Much  of the  e a r l y  edib le  use of safflower oil was as- 
soc ia ted  wi th  r a p i d  ox ida t ion  a n d  subsequen t  loss of 
des i rab le  edible  p rope r t i e s .  Based  u p o n  these p rob-  
lems of r a p i d  ox ida t ion ,  i t  has  been es tab l i shed  on a 
p r a c t i c a l  basis  t h a t  p r o p e r  p a c k a g i n g  in  sealed con- 

TABLE I 

Estimates of US Edible Safflower Oil Consumption 

Millions Millions 
Year of pounds Year of pounds 
1958 0.4 1962 38.0 a 

(2) 1959 1.5 (17) 1963 50.5 
1960 2.0 1964 38.3 
1961 45.0 1965 17.1 

Jan .-July 
Extrapolated data. Figure appears abnormally low. 

TABLE II 
Typical Selected Analytical Values 

Deodorized Safflower Oil, 1963 Crop 

Color, Lovibond 5Y.5R Saponification value 191 
FFA, as oleic 0 . 0 3 %  Unsaponifiable a 0.5% 
R.I. @ 25C 1.4744 Cloud point OF 
Iodine value 145 

,~ The Unsaponifiable Content contains 0.04 to 0.07% total tocopherols 
which are approx. 85% alpha and 15% gamma (14). Average figure 
of 0.037% total tocopherols of which 90% is alpha and 10% is gamma 
on a broad series of samples have been determined (8). 

t a ine r s  or n i t r o g e n - b l a n k e t e d  t anks  or con ta ine r s  can 
l imi t  the  degree  of ox ida t ion .  P r a c t i c a l  shelf  l i fe  be- 
yond  6 mon ths  has been demons t r a t ed .  P r o p e r  pack-  
ag ing  has  also been s u p p l e m e n t e d  wi th  the  use of one 
or more  a n t i o x i d a n t s :  p r o p y l  gal la te ,  b u t y l a t e d  hy- 
d r o x y  anisole,  b u t y l a t e d  h y d r o x y  toluene,  seques tered  
wi th  c i t r i c  or  phosphor i c  acid.  A c t u a l  samples  of 
edible  safflower oil wi th  a n t i o x i d a n t s  in  sealed con- 
t a ine r s  have  been accep tab le  a f t e r  one-year  s to rage  
a t  a m b i e n t  t e mpe ra tu r e s .  

The effects of l igh t  u p o n  the  shelf  l i fe  of safflower 
oil a re  to lower  the  accep t ab l e  l i fe  s igni f icant ly .  I n  
a recen t  ser ies  of tes ts  (13) wi th  d a y l i g h t  f luorescent  
tubes,  i t  is shown t h a t  safflower oil is s ign i f i can t ly  
more  l igh t - s t ab le  t h a n  cot tonseed or soybean  oil. 
However ,  on a p r a c t i c a l  basis  the  use of b rown  bot t les  
or t ins  is s ign i f i can t ly  advan tageous .  

F l a v o r  of edible  safflower oil s to red  a t  a mb ie n t  tem- 
p e r a t u r e s  is gene ra l l y  accep tab le  even a t  mode ra t e  
levels of  ox ida t ion .  A n  i l l u s t r a t i o n  of f lavor s t a b i l i t y  
is a p p a r e n t  f rom a compar i son  of f lavor scores versus  
pe rox ide  va lues  ( P V ) .  I n  one t y p i c a l  tes t  of com- 
merc ia l  oils in  our  l a b o r a t o r y ,  i t  was es tab l i shed  t h a t  
edible  safflower oil a t  P V  of 4 m e / k g  had  an  accept-  
able  ( f a i r )  r a t i n g  of 7.0 on the basis  of a 10-point  
f lavor sco r ing  system. C o r r e s p o n d i n g l y ,  soybean  sa lad  
oil w i th  a f lavor  r a t i n g  of 7.0 had  a P V  of 1.5 m e / k g  
a n d  co t tonseed  sa lad  oil w i th  a f lavor r a t i n g  of 7.0 
had  a P V  of 2.5 me /kg .  I n  some of our  own observa-  
t ions,  occasional  samples  of safflower oil wi th  a P V  of 
8 were s t i l l  cons idered  in  the  same f a i r  c a t ego ry  wi th  
a f lavor  r a t i n g  of 6. There  a re  v a r i a t i o n s  in  oil source,  
p rocess ing  a n d  h a n d l i n g ,  each c o n t r i b u t i n g  to the 
f lavor eva lua t i on  b u t  the  gene ra l  p a t t e r n  of good 
flavor s t a b i l i t y  is cons ide red  typ ica l .  S i m i l a r  resu l t s  
were no ted  b y  o thers  (1,5,14).  

The exac t  basis for  the  good f lavor s t a b i l i t y  has 
no t  been es tab l i shed ;  however ,  the  lack  of l inolenic  
ac id  is a m a j o r  cons ide ra t ion  (7,9,12). A second fac-  
to r  is in  the  i m p r o v e d  h a n d l i n g  of safflower oil. I n  
p a r t i c u l a r ,  c a re fu l  h a n d l i n g  of safflower oil to min-  
imize o x i d a t i o n  p r i o r  to deodor i za t ion  does p roduce  
a good f lavored  oil wi th  good f lavor s tab i l i ty .  A p rac -  
t i ca l  u p p e r  l imi t  for  the  degree  cf ox ida t ion  has  been 
d e t e r m i n e d  to be 10 m e / k g .  

H y d r o g e n a t e d  S a f f l o w e r  Oi l  P r o p e r t i e s  

Safflower oil is r e a d i l y  h y d r o g e n a t e d  in  conven- 
t iona l  p rocess ing  equ ipment .  The h y d r o g e n a t e d  saf-  

TABLE III 
Gross Fatty Acid Composition of American Oils (3,11) 

Saf- Corn Soy- Cotton- Pea- Olive bean seed nut flower oil oil oil oil oil oil 

Polyunsaturates 73-79  56-58 55-69 50-55 24-25 8-15 
Monounsaturates 10-19 28-32 14-35 14-24 53-56 68-76 
Saturates 8-11 12-14 10-17 26-31 20-22 16-17 

416 
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flower oil has improved oxidative stability over the 
liquid oil and, by proper  handling and blending, can 
be used in products such as margarine or shortening. 
The oxidative stability of hydrogenated safflower oil 
is significantly below similar products such as hydro- 
genated cottonseed oil, soybean oil or corn oil when 
both are hardened to the same degree. I t  is difficult 
to produce a plastic hydrogenated safflower oil prod- 
uct having an AOM stability of 100 hr (16) by con- 
ventional processing. This comparatively low stabil- 
i ty of hydrogenated safflower oil may be related to 
the relative proport ions of tocopherol isomers men- 
tioned previously. 

Plasticized hydrogenated safflower oil products  such 
as margarine or shortenings may evidence physical 
crystal changes, or polymorphism. These changes are 
noted visually and the products can be described as 
sandy or oily. Microscopic examinations under  polar- 
ized light confirm the presence of large needle-like 
crystals. X-ray diffraction classifies these large crys- 
tals as beta form. I t  is believed that  this behavior 
is related to the high percentage of C-18 symmet- 
rical type glyeerides formed during the course of 
hydrogenation. 

F rom a practical  standpoint, the tendency to crys- 
tal change can be minimized by careful blending of 
hydrogenated stocks of dissimilar type glyeerides but  
most conveniently by blends of hydrogenated saf- 
flower oils with other types of hydrogenated oils such 
as cottonseed oil. With proper  formulation, crystal  
change or polymorphism is a minor problem. 

The hydrogenation of safflower oil rapidly decreases 
the linoleic acid content and, where a high linoleic 
acid content is desired, hydrogenation does defeat this 
goal. One most practical  method to preserve high lin- 
oleie acid levels in hardened products is to blend 
selected hydrogenated oil stocks with liquid safflower 
oil to the desired hardness. 

In  general, then, hydrogenated safflower oil prod- 
ucts have found little application in industry.  Some 
of the noneconomie reasons relate to lack of crystal  
stability, comparatively low oxidative stability and 
lower linoleie acid levels. 

Applications 
Safflower oil products  are now commonly found on 

many store shelves. Basic products for home use in- 
clude bottled oil, margarine and occasionally canned 
shortening. Other processed foods containing saf- 
flower oil are mayonnaise, salad dressing, french dress- 
ing, nonstandard dressings, frozen desserts (10) and 
bread. Products  such as filled milk, imitation cream, 
imitation sour cream, imitation dried eggs and others 
have been test-marketed and could become rout inely 
available. 

l~{any of these safflower oil products indicate the 
relatively high polyunsaturate  content of the foods. 
In the recent National Diet-Heart  S tudy sponsored 
by the National Inst iute of Health, a number of prod- 
ucts such as cake mixes, cheese products and meat 
produets  were manufac tured  with safflower oil as the 
filling agent. Safflower oil has been used in a number 
of these D-H items because manufacturers  thought  
it was the most appropriate  way to meet D-H specifi- 
cations for desired levels of linoleic acid (15). 

Safflower oiI is par t icular ly  suited for use in a num- 
ber of these food products  due to the high natural  
cold test and good flavor stability at low levels of oxi- 
datie.n. Safflower oil has been experimentally evalu- 
ated in frozen salad dressing (6) where it has been 
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found that  the dressings are stable under  freezing 
conditions of 10-20F and markedly superior to other 
oils in this temperature  range. 

"Compounded" industrial  products or blends of 
liquid safflower oil with hydrogenated vegetable oils 
such as soya, cotton, corn, peanut, safflower or im- 
ported laurie types are or have been produced. "Com- 
pounded" products include margarine oil, all-purpose 
shortening, emulsified cake shortening (both plastic 
and fluid types) and emulsified bread shortening. 
These special products are functionally equivalent to 
s tandard commercial counterparts.  

The natural  cold resistance of safflower oil has a 
functional effect in "compounded" products  in that  
these products remain plastic over long temperature  
ranges. These plastic compounded products can be 
designed to have a maximum amount of linoleie acid 
for a given consistency. This is a major  factor where 
a high content of linoleie acid is desired. One derived 
product, a distilled safflower monoglyeeride, is com- 
mercially available. I t  is an edible product  suitable 
for use as an emulsifier in ic ing  sh o r t en ing ,  
water-in-oil emulsifier, a foam suppressor or related 
applications. 

Future Trends 
There are many factors that  can be considered in 

reference to the fu ture  use of safflower oil in edible 
food products. 

Price and availablility will play a major  par t  when 
relating safflower oil to other major  economic oils such 
as soya, cotton, corn and peanut. In addition to price, 
the physical-chemical properties of safflower oil should 
also be considered in special applications. Here the 
extremely high cold resistance, relatively good flavor 
stability and low color values would tend to increase 
usage while low resistance to oxidation and polymor- 
phic tendencies of the hydrogenated stocks may tend 
to decrease use. 

Probably the largest single factor will be in the nu- 
tri t ional field (3). I f  the results of nutri t ional  studies 
prove that  a high polyunsaturated diet is desirable 
or required, this would be a significant factor in in- 
creasing fu ture  use of safflower oil. Effects of recent 
statements (4) of the American Hear t  Association, 
recommending increased polyunsaturate  fa t  intake 
whenever possible as one point of an 8-point program 
of dietary control, may have an influence on increas- 
ing safflower oil usage. Conversely, if  the high poly- 
unsaturated diet is not proven to be required, the fu- 
ture use will probably continue at relatively low levels. 
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