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Abstract 
High-oleic acid safflower oil has been shown to 

have high- temperature  oxidative stabil i ty con> 
parable with that  of hydrogenated vegetable oils. 
This stability, added to the ease of handling at 
low temperatures ,  should make the oil at t ract ive 
as a commercial cooking oil. Epoxidat ion of the 
new safflower oil led to a product  similar to 
epoxidized olive oil but  l ighter in color. 

Introduction 

S At~FLOWER OIL, like other vegetable oils, has in- 
stabil i ty problems which limit its use in cooking. 

Because of its high unsatura t ion (linoleic acid content 
greater  than  75%, I V  ca. 144), it is subject to oxida- 
tive and thermal  deterioration. Precautions dur ing 
packaging and addition of antioxidants and sequester- 
ing agents have successfully extended the shelf life 
of safflower oil (1) but  have not given adequate pro- 
tection to the oil at  high temperatures.  Par t ia l  
hydrogenat ion of vegetable oils followed by winteriza- 
tion produces cooking oils of adequate stability, but  
fu r the r  improvements  in these techniques have been 
termed "both possible and desirable" (2). Such treat-  
ment  may  also add substantial ly to the cost of the oil. 

Recent reference has been made (3) to the good 
qualities of a new var ie ty  of safflower in which the 
oleic acid content of the oil is 75% while the linoleic 
acid is < 1 5 % .  The new var ie ty  (UC-1) developed 
by Knowles (4) is similar in appearance and oil 
content to the commercial US-10 variety.  However, 
because of its lower unsaturat ion,  it should be more 
stable toward oxidation (5) than an oil high in 
linoleate. 

In  addition to its use as a cooking oil, there are 
potential  industrial  applications for  an oil of high 
oleie acid content. I t  can serve as a source of oleic 
acid or be used directly where an oil of intermediate 
unsatura t ion (ca. 88) is desirable. Epoxidat ion of 
the oil would be expected to give a reproducible stable 
product.  In  this paper  we compare the stabili ty of 
this safflower oil with tha t  of other vegetable oils under  
severe conditions of t empera ture  and exposure to 
oxidation. Some results f rom epoxidation reactions 
with this new oil are also reported. 

Methods 
High oleic safflower seeds (UC-1) (4) were obtained 

f rom P. F. Knowles. The seeds were crushed and 
extracted three times with hot Ske]lysolve "B." Ex- 
tracts  were combined and separated f rom a small 
aqueous phase and dried over anhydrous  magnesium 
sulfate. The extract  was filtered and the solvent re- 
moved at 60-70C under  reduced pressure. The clear, 
yellow product,  containing no solids at  0C, amounted 
to 32.5% of the total  weight of the seeds. A port ion 
of the oil was refined and deodorized. I t  was treated 
with a 2% vol of a caustic solution prepared  by 
dissolving 17 g of sodium hydroxide pellets in enough 
water  to make 100 ml of solution. Af te r  being shaken 
vigorously with the caustic solution at room tempera-  
ture for 2 rain, the oil was centrifuged in a laboratory 
centr ifuge for 10 rain and decanted f rom the insoluble 
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and Chemical Modification 

TABLE I 

Oxidat ive  Polymer  ~ormat ion  and Viscosi ty 
Changes in  Cooking Oils a 

Oil 

Viscosity at  25C (stokes) % % 

Before After  Polymer  SoHd 
oxidat ion oxidat ion formed polymer 

UC-1 (crude)  0.65 2.00 29.1 0.20 
UC-1 (refined, deodorized) 0.65 2.50 26.8 0.20 
Commercial  safflower 0.65 4.70 48.1 0.25 
Commercial  safflower 

(deodorized, not  
stabil ized) 0.50 4.00 51.0 0.25 

Commercial soybean 0.65 4.()0 37.0 1.1 
Commercial  cettonseed 0.65 3.20 37.8 0.8 
Commercial  hydrogenated  

f ry ing  oil 0.85 b 2.75 3~.1 0.4 

a Condi t ions :  185C, air at 200 m l / m i n  for 18 hr.  
b Oil was supcrcoo'.ed at 25C. 

material .  Gums removed by this t rea tment  were ap- 
proximate ly  2% of the total weight of the oil. Af ter  
a water  wash (5% vol) the sample was again centri- 
fuged and decanted, then bleached with 1% wt 
special Fi l t rol  bleaching clay at 110-1150 for 15 min. 
Af te r  fil tration the oil was deodorized by steam strip- 
ping for 2 hr  at 203C and 20 mm of mercury,  with 
35% wt of steam. The product  was a light oil with 
bland taste and essentially no odor. 

All the other oils were obtained locally at retail, 
with the exception of the unstabilized high-linoleie 
safflower oil. All the samples had initial peroxide 
values of 1-2 meq/kg  (6) and were used without 
fur ther  t reatment .  

E igh ty -gram samples of the oils were oxidized in 
a 250-ml flask equipped with thermometer,  capil lary 
bubble tube, and condenser connected to a cold t rap  
cooled with d ry  ice-acetone (3). The flask was heated 
in a control led-temperature oil bath  to 185C ± 1C 
while air  was bubbled in a 200 ml /min  ± 10 ml/min,  
Af te r  18 hr under  these conditions the samples were 
cooled and stored under  nitrogen at - 2 5 C  until  they 
were analyzed. At  this t ime all the oils had a strong 
rancid odor. Dur ing early experiments aliquot por- 
tions for determination of peroxide values were re- 
moved. However  these values were consistently low 
(ca. 1) throughout  the oxidation because of rapid 
thermal decomposition of the peroxides as they 
formed. Peroxide values were not determined in 
later runs. 

Viscosities of the oils, both before and af ter  oxida- 
tion, were measured at  25C by using a Gardner  
Bubble Viscometer. Any  solid polymer  formed dur- 
ing the reaction was weighed in the reaction flask 
af ter  it was washed repeatedly with Skellysolve "F."  
Soluble polymer  was determined by converting the 

T A B L E  I I  

Unoxid ized  Oils--]M~ajor F a t t y  Acid Content, %a 

Oils 
Fatty  acids 

1 6 : 0  1 8 : 0  1 8 : 1  18 :2  18 :3  

UC-1 (crude)  5.4 1.7 80.7 12.2 .... 
UC-1 (refined, deodorized) 5.4 1.7 80.7 12.2 .... 
Commercial  safflower 7.1 2.2 12.8 77.9 .... 
Commercial  safflower 

(deodorized, not  stabil ized) 6.9 2.7 13.6 76.8 .... 
Commercial  soybean 11.3 3.6 25.0 53.4 6.7 
Commercial  cottonseed 23.7 3.0 19.4 53.9 .... 
Commercial  hydrogena ted  

f ry ing  oil 24.8 3.8 50.8 20.6 .... 

a De te rmined  by GLC analysis  of methyl  esters. 
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T A B L E  I I I  

Oxidized O i l s - - M a j o r  F a t t y  Acid Content ,  %a,b  

Oils  
F a t t y  ac ids  

1 6 : 0  1 8 : 0  1 8 : 1  1 8 : 2  1 8 : 3  

R e a c t i v i t y  
r a t io  

( l i no l e i c /o l e i e )  e 

UC-1 ( c r u d e )  6.8 2 .1  86 .7  4.4 .... 5 .0  
UC-1 (ref ined,  deodorized)  7.0 3.5 83.3  6.2 .... 2.2 
Commerc ia l  safflower 10.6  3.9 16 .6  68.9  .... 2.6 
Commerc ia l  safflower (deodorized,  not s tab i l ized)  15 .4  4.5 22 .1  58 .0  .... 3 .0  
Commerc ia l  soybean 16.1  5.5 28 .8  45 .7  3.9 2.0 d 
Commerc ia l  cottonseed 31.1  3.2 22 .3  43 .4  .... 3 .6  
Commerc ia l  h y d r o g e n a t e d  f ry ing  oil 38 .6  5.1 52 .8  3.5 .... 2 .8  

a T r a c e  f a t ty  acids  and  d imer  acids  . were  neglected .  
b D e t e r m i n e d  by GLC ana lys i s  of methyl  es ters .  
¢ R e a c t i v i t y  ra t ios  ca lcu la ted  on the a s sumpt ion  tha t  no s a t u r a t e d  f a t ty  ac ids  were  conver ted  to 
d R e a c t i v i t y  ra t io ,  l inolenie :o!e ic ,  2 .9.  

polymer.  

oxidized oils to their  methyl  esters by sodium 
methoxide catalyzed transesterification. A weighed 
amount  of the methyl  esters was distilled up to 185C 
at 0.5 mm of mercury.  Residue in the distillation 
flask was reported as polymer. Values indicated in 
Table I are for soluble plus insoluble polymer.  

F a t t y  acid composition of the fresh and oxidized 
oils was determined by converting the triglycerides to 
methyl  esters as described above, followed by quanti ta-  
tive gas-liquid chromatography (GLC) at 195C on a 
10-ft, ~ - i n .  column packed with diethylene glycol 
succinate on Chromosorb W. Response factors for  
the various esters were obtained at this laboratory.  
Results are shown in Tables I I  and I I I .  Only palmitie 
(16:0),  stearic (18:0),  oleic (18:1),  linoleic (18:2),  
and linolenic (18:3) acids are reported although 
trace amounts of other acids are present  in the fresh 
oils and polymerized acids are found in the oxidized 
samples. Some crude react ivi ty ratios (Table I I I )  
were calculated by assuming that  sa turated acids were 
not oxidized. These acids were then used as internal  
s tandards  to determine the amount  of unsa tura ted  
acids reacted. The amount  of a given acid converted 
was related to its original concentration to obtain its 
relative reactivity. 

Epoxidat ions of high~oleic safflower oil and of olive 
oil were done by t rea t ing  the oils with 1.7 times the 
theoretical amount  of hydrogen peroxide in acetic 
acid, in the presence of Dowex-50, a cation exchange 
resin (7). Oxirane values were determined by t i t ra-  
tion with hydrochloric acid (8), and iodine values 
were obtained by a modified Wijs  nlethod (9). 

Results and Discussion 

Polymerizat ion is the most easily observed of the 
high- temperature  reactions of cooking oils. I t  may 
occur as thermal  polymerization at temperatures  
above 300C (10) or as oxidative polymerization at 
f ry ing  temperatures  (185-200C) (11). Oxidative 
polymerization at  the oil-air interface may  actually 
cause lacquers and varnishes to form, but  these are 
a minor pa r t  of the total polymer.  The quant i ty  of 

varnish appeared  to be great ly  influenced by the de- 
gree of agitat ion and the location of the capil lary 
bubble tube. Increase in the viscosity of the oiI and 
measurement  of the total  polymerized f a t ty  acids 
proved to be more reproducible under  the conditions 
employed. 

The high-oleic safflower oil formed less polymer 
and showed less viscosity increase under  conditions 
of the very  severe test than any  of the other non- 
hydrogenated vegetable oils. I t  was comparable in 
stabil i ty with the hydrogenated oil and had a viscosity 
of 2.25 stokes at  0C. The hydrogenated oil was semi- 
solid at room temperature.  Refined, deodorized UC-1 
oil was about as stable as the crude sample although 
the la t ter  still contained na tura l  phosphatide material .  
Bolland (12) has indicated a react ivi ty  ratio of ca. 
12:1 for  pure  linoleate to pure  oleate. However  Gun- 
stone and Hildi teh (5) show tha t  a small amount  of 
lino]eate mixed with oleate esters catalyzes oxidation 
of the oleates. Hence the vary ing  react ivi ty ratios 
less than  12:1 are not surprising. The overall stabil i ty 
of both refined and unrefined UC-1 oil was greatest 
because of its high oleic acid content. I t  has also 
been shown by Bra tcher  and Kemmerer  (13) that  
the induction period at 50C for UC-1 is approximate ly  
four  times tha t  of s imilarly t reated commercial saf- 
flower oils. This finding indicates that  the shelf life 
of UC-1 should be correspondingly long. 

Some comment should be made regarding the test 
methods. Our oxidation procedure is a very severe 
one and is carried out without addit ion of food, mois- 
ture, or make-up oil. At  an early stage of the experi- 
ments moist cotton balls were added to the oil, follow- 
ing the method of Kr i shnamur thy  et al. (14), but  
this procedure had essentially no influence on polymer 
format ion in the system. Ramel et al. (15) and Per- 
kins and  Van Akkeren (16) have also noted that  
foods actual ly  may  have a protective effect on oils 
used in frying.  Thus, while our method does not 
reproduce actual  f ry ing  conditions, i t  does demon- 
strate effectively the relative oxidative stabilities of 
the various oils at a t empera ture  in the f ry ing  range. 

T A B L E  I V  

E p o x i d a t i o n  of Ol ive  Oil  a n d  / t i gh -Ole i e  Saff lower Oil  

H y d r o g e n  a Convers ion  c 
S t a r t i n g  peroxide  Catalystb T i m e  Temp.  to ox i rane  I .V .  G a r d n e r  
m a t e r i a l  ( % ) ( h r s )  (C)  color cone (%) (%) 

Olive oil 30 2 7 77  76 4 .6  3 
Olive oil 50 2 7 76  79 2 .4  1 
]=iigh-oleic safflower oil 30 20 2 .5  100  45 36 .6  3 
1-Iigh-oleic safflower oil 30 20 6 67 54 30 .3  2 
t t igh-o le ie  safflower oil 30  2 7 79  87 2 .9  0 
t t igh-o le ie  safflower oil 30 20 7 82 81 1.6 2 
t ngh -o l e i e  safflower oil 50 2 7 77  81 0 .4  0 

a l~Iolar r a t i o  of p e r o x i d e : d o u b l e  bonds = 1.7.  
b I n  all  cases the catalys¢ w a s  Dowex-50  ion exchange  res in .  
c P e r c e n t a g e  of o r i g i n a l  double bonds conver ted  to epoxide. 
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Epoxidation of olive oil and high-oleic safflower oil 
led in each case to ]ight-colored semisolid products. 
Conversions were generally higher with unrefined 
UC-1, and there was less color in the epoxidized 
safflower oil, especially at low catalyst concentrations. 
Greenspan and Gall (17) also noted that  high-linoleic 
safflower oil yielded an epoxide of good stability and 
color. The epoxidized UC-1 oil should find market  
potential as a plasticizer and stabilizer. 
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