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ABSTRACT 

The sunflower, Ilelianthus annuus, is a crop which 
has been neglected in American agriculture. Sun- 
flower oil from seed grown in the northern U.S. 
typically contains 70% linoleic acid and has a high 
ratio of polyunsaturated to saturated fatty acids. This 
makes it desirable as an edible oil in light of evidence 
linking saturated fats to high blood cholesterol and 
incidence of heart disease. In contrast sunflower oil 
from seed produced in the South generally contains 
40-50% linoleic acid. Preliminary studies indicate that 
southern oil with a lower content of linoleic acid is 
slightly more stable than northern oil. The effect of 
planting dates, location and environmental tempera- 
tures on the fatty acid composition of northern and 
southern sunflower oils is reported. Studies also show 
that potato chips fried in sunflower oil are more 
flavorful after storage for four weeks than similarly 
treated chips fried in cottonseed-corn oil mixtures. 
Sunflower protein is highly digestible (90%) and 
possesses a high biological value (60%). Protein 
isolates prepared by the conventional method of 
extraction are greenish in color due to oxidation of 
chlorogenic acid. However research underway indi- 
cates that development of a nearly white isolate is 
possible. Analysis of chemical, physical and organ- 
oleptic properties indicate that dehulled sunflower 
kernels can be used in various food products. De- 
fatted meal also can be used as a partial wheat 
substitute in bread and other bakery products. 

1 P resen ted  a t  the  A O C S  Meet ing ,  A t l a n t i c  Ci ty ,  O c t o b e r  1971 

INTRODUCTION 

The sunflower, Helianthus annuus, is a native American 
wffdflower which belongs to the largest family of flowering 
plants, the Compositae, It is a neglected crop in American 
agriculture because the significant developments in sun- 
flower breeding which led to the establishment of sun- 
flower as a cultivated crop in the U.S. occurred abroad. The 
commercial sunflower of today is believed to have orig- 
inated in Peru or Mexico (1). It was introduced into Europe 
by the Spaniards in the 16th century and spread over that 
continent and finally into Russia where selection of 
superior varieties took place. This was the first significant 
development in sunflower breeding. These improved vari- 
eties were introduced into the U.S. in 1893 through the 
American Consul-General at St. Petersburg, and within a 3 
year span, Oregon reported yields of 1500-2500 lb. of seed 
per acre from a sowing of 10 lb. to the acre (i) .  In 
succeeding years sunflowers became a staple crop in many 
parts of the U.S. The following was reported in 1943: 
"American sunflowers grow luxuriantly in much of the 
country. Much of the seed finds its way into commerce but 
largely as bird and poultry feed. Missouri raises the largest 
commercial crop, even exceeding Kansas where the sun- 
flower is the state flower. California is also raising the seed 
for market" (1). The report goes on to say that the 
sunflower seed oil industry was discontinued in the U.S, 
because the labor cost in this country was higher than the 
labor cost in other countries producing vegetable oils, 
However in succeeding years large-seeded, tow-oil varieties 
continued to be grown on a small scale in North Dakota 
and Minnesota for wild bird feed and for confectionary use. 
These varieties contain 21-33% oil (2-4). Acreage of the 
low-off varieties did not exceed 10,000 until 1957. During 

T A B L E  I 

Ave ra ge  C o m p o s i t i o n  o f  Se lec t ed  C o m m e r c i a l  Oi l seed  Meals  a 

S u n f l o w e r  mea l  C o t t o n s e e d  mea l  

Solvent Solven t  
Expe l le r  e x t r a c t e d  Expe l l e r  extracted 

S o y b e a n  mea l  

So lven t  e x t r a c t e d  

Moi s tu re  7 .0  "7.0 7 .0  9 .0  11 .0  
Ash  6 .8  7 .7  6.1 6.5 5 .8  
C r u d e  f ibe r  13 .0  11 .0  11 .0  11 .0  6 .0  
E t h e r  e x t r a c t  7 .6  2 .9  5.8 1.6 0 .9  
P ro t e in  ( N x 6 . 2 5 )  4 1 . 0  46 .8  4 1 . 4  4 1 . 6  4 5 . 8  

aSee R e f e r e n c e  8. 

T A B L E  II 

Fatty A c i d  C o m p o s i t i o n  o f  Oil f r o m  S u n f l o w e r  Seed  G r o w n  a t  D i f f e r e n t  L o c a t i o n s  

F a t t y  acid  c o m p o s i t i o n  o f  oil ( a rea ,  %) 

P l an t ing  l o c a t i o n  Va r i e ty  Pa lmi t i c  S t ea r i c  Ole ic  L ino le ic  L ino len ic  
O t h e r  

f a t t y  ac ids  

C a n a d a  a P e r e d o v i k  6.1 3.7 16.4  73 .7  --- 
C a n a d a  a A r m a v i r e c  6 .0  4 .3  18.1 7 1 . 6  --- 
M i n n e s o t a  b Pe redov ik  5 .6  6.5 19.1 6 7 . 0  0.1 
M i n n e s o t a  b Mingren  5.5 4 .7  19.5 68 .6  0.1 
Davis,  Calif .  c P e r e d o v i k  7 .0  4.5 25 .0  61 .9  d 0 . 1  
Five Poin t s ,  Calif .  c P e r e d o v i k  6.5 3.9 36.7  51.5  ( 0 . 1  

1.7 
1,7 
1.5 
1.3 

aSee Reference 21.  Mean f a t t y  acid  c o m p o s i t i o n  o f  seed  f r o m  10 l o c a t i o n s  in 1 9 6 4 .  
bSee R e f e r e n c e  3. 

C R o b e r t s o n ,  J . A . ,  U S D A ,  A R S ,  R.B.  Russel l  Agr ic .  Res .  C e n t e r ,  A t h e n s ,  Ga . ,  u n p u b l i s h e d  d a t a .  
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TABLE II1 

Average Fatty Acid Composition of Sunflower Varieties Grown in the South 

Fatty acid composition of oil (area, %) 

Saturates Oleic Linoleic 
Number of 

Planting location varieties Range Average Range Average Range Average 

College Station, Tex. a 8 8.7- 9.9 9.2 37.2-59.0 49.2 31.6-52.5 41.3 
Experiment, Ga. b 21 7.3-11,3 9.1 29.3-60.0 44.6 29.9-61.8 45.9 
Cotton Belt c 12 9.3-11.8 10.9 38.3-58.8 49.4 31.4-49.7 39.6 
Cotton Belt d 7 10.2-12.3 11.5 37.3-55.7 46.6 33.8-50.5 41.6 

aSee Reference 22. 
bsee Reference 23. 
CSee Reference 4. From 2-12 sunflower hybrids were grown at 9 locations in the Cotton Belt. 
dSee Reference 4. From 4-7 sunflower open pollinated varieties were grown at 9 locations in the Cotton Belt. 

TABLE IV 

Fatty Acid Composition of Sunflower Varieties Grown in the South in 1969 a 

Composition of oil (area, %) 
Number of 

Planting location varieties Saturates Oleic Linoleic 

Clemson, S.C. 10 11.0 43.6 45.6 
Crossville, Ala. 11 11.3 44.8 43.5 
Experiment, Ga. 22 11.6 44.8 43.3 
Tifton, Ga. 19 11.2 53.0 35.3 
Baton Rouge, La. 8 10.1 54.2 34.4 
College Station, Tex. 22 9,7 57.6 32.2 

Average --- 10.8 49.7 39.1 

aSee Reference 4. Data are average of high-oil hybrid and open pollinated varieties. 

t h e  l a s t  4 years ,  t he  acreage has  var ied  f rom 
9 2 , 0 0 0 - 1 4 2 , 0 0 0  (5) .  

A l t h o u g h  p r o d u c t i o n  of  high-oi l  variet ies  in the  U.S. 
s ta r ted  in the  1940's ,  p resen t  day in te res t  began  in 1963 
when  new high-oil  variet ies ,  r ep resen t ing  the  second  m a j o r  
i m p r o v e m e n t  abroad ,  were b r o u g h t  f rom Russia to  Canada.  
These  variet ies  y ie lded b e t t e r  than  previously  g rown  vari- 
eties, were disease and  pes t  res is tant ,  and the  seed con-  
t a ined  40-50% oil. In  1967 they  were grown commerc ia l ly  
for  the  first  t ime  in the  U.S. Most  of  the  sun f lower  seed 
p r o d u c t i o n  since t hen  has been  in N o r t h  D a k o t a  and  
Minnesota .  In 1970 the  to ta l  harves ted  acreage of  h igh  oil 
varieties in these two  s ta tes  was 70 ,000  acres. This  yea r  i t  
has  been  es t ima ted  t ha t  there  are 4 0 5 , 0 0 0  acres o f  b o t h  the  
b i rd  feed  and  oilseed types  u n d e r  cu l t iva t ion .  This  is a 90% 
increase over  last  yea r ' s  c rop  (5).  

Beginning  in 1968 sunf lowers  have been  g rown as a crop 
in the  Sou th .  The  in t e r e s t  in  this  reg ion  is due to  a general  
decl ine in c o t t o n  acreage wh ich  has  resul ted  in m a n y  
c o t t o n s e e d  mills having  excess capac i ty ,  in some cases as 
h igh  as 30-40%. There  was also a need  to p rov ide  an 
add i t iona l  cash c rop  to farm opera to r s  in  this  area to  ut i l ize 
idle l and  or  to  replace  c rops  of marg ina l  p rof i t .  As a resul t  
of  these factors ,  in 1968 the  Na t iona l  C o t t o n s e e d  P roduc t s  

Associa t ion  p r o m o t e d  trial p l an t ings  of sunf lowers .  Af te r  3 
years  of  trial  p lant ings ,  G a n d y  (6)  r epo r t ed  t ha t  "obse rva -  
t i o n s . . ,  o f  fa rm tr ial  p lan t ings  suggest  t h a t  where  a h igh  
level of good m a n a g e m e n t  has  prevai led,  sunf lowers  can  be 
a p ro f i t ab le  and  compe t i t i ve  c rop  in ce r ta in  areas of  the  
C o t t o n  Belt. Harves ted  yields in excess of  2000  lb. of  seed 
per  acre had  been  o b t a i n e d  wi th  lower  p r o d u c t  inpu t s  
c o m p a r e d  to  o t h e r  c rops . "  He also s ta ted ,  " w h e n  unfavor -  
able wea the r  cond i t i ons  occur ,  sunf lowers  appea r  to  re- 
spond  b e t t e r  than  c o t t o n ,  co rn  grain s o r g h u m s  and  
s o y b e a n s . "  

There  still exis t  cer ta in  p r o d u c t i o n  p rob lems  such  as the  
sunf lower  head  m o t h ,  p l an t  diseases, weeds,  birds,  and  p o o r  
harves t ing  t echn iques  wh ich  m u s t  be cons idered .  In addi- 
t ion  the  c rop  has been  vexed by  variet ies t h a t  vary  in he igh t  
and  ma tu r i t y .  In spite of these p rob lems ,  the  success of  
sunf lowers  as a subs tan t ia l  c rop  in the  U.S. will d e p e n d  on  
yields  per  acre and  price pa id  the  farmer .  M. K i n m a n ,  ARS 
ag ronomis t  a t  the  Texas  A&M E x p e r i m e n t  S t a t i on ,  has  
deve loped  i m p r o v e d  sun f lower  hybr ids  which  yie ld  up to 
30% more  than  the  open  po l l ina ted  varieties.  These  hyb r id s  
are more  u n i f o r m  in he igh t  and  m a t u r i t y ,  thus  s i m p h f y i n g  
harves t ing  of  the  c rop  and  m a k i n g  i t  m o r e  p ro f i t ab l e  for  the  
fa rmer  (7) .  

TABLE V 

Fatty Acid Composition of 
Sunflower Varieties Grown at Crossville, Alabama in 1969 a 

Temperature b Composition of oil (area, %) 

Planting date Maximum Minimum Mean Saturates Oleic Linoleic 

April 17, 1969 95.9 F 67,0 F 81.5 F 11.2 44.9 43.6 
May 22, 1969 92.2 F 64.2 F 78.2 F 11.8 37.6 50.3 

aSee Reference 4. Data is average of 2 hybrid and 6 open pollinated high oil varieties. 
bMean daily temperature from fertilization to maturity. 
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TABLE VI 

Flavor Evaluation of Potato Chips Stored at Room Temperature a 

Frying 
Sample time, hr Initial 

Flavor scoresb, c 

2 Weeks 4 Weeks 

Sunflower 7"41~t * • 2 

Cottonseed-corn 70:30 2 5 .7J  
Sunflower 12 7 ~2 ~+ 

f 
Cottonseed-corn 70:30 12 6 .8J  
Sunflower 20 7.2~+ 

Cottonseed-corn 70:30 20 6.9J  

7.4~** 6.6~+ 

6 .51 5 .8J  

6 .7 ]  5.9} 7% 
7.01 6.5/ 

aSee Reference 27. 
bScoring scale of 1-10. 

C+Denotes no significant difference; **Denotes significance at the 1% level. 

TABLE VII 

Composition and Properties of Vegetable Oils 

241 

Composition and property Alabama sunflower oil Minnesota sunflower oil Cottonseed oil 

Iodine value 
Peroxide value (meq/kg) 
% Free fatty acids, as oleic 
Color 
Stability, 8 hr AOM 
Fatty acid content, %a 

16:0 
18:0 
18:1 
18:2 

120 131 107 
0.21 0.41 0.60 
0.04 0.03 0.45 

1 Yellow, 0.1 red 2 Yellow, 0.3 red 6 Yellow, 0.9 red 
18.9 37.2 35.9 

6.5 6.5 21.5 
5.0 4,3 3.2 

37.2 22,5 23.2 
50.5 66.4 49.8 

aCorrected data, calculated by use of response factors determined with standard methyl ester mixtures 
(Hormel GLC No. 13). 

SUNFLOWER USES 

Sunf lowers  are p roduced  for  three  m a r k e t s - b i r d  feed, 
h u m a n  food,  and  oil. Recrea t iona l  feeding of  wild birds,  
caged birds,  hamsters ,  squirrels  and  o the r  pets  consumes  
large a m o u n t s  of  sunf lower  seed. Sunf lower  seed may  be 
dehul led  and  ea ten  w i t h o u t  processing.  The dehu l l ed  seed 
may be roas ted  in oil and  sal ted,  or  used as n u t m e a t s  and  in 
candy ,  salads and  bakery  goods. The  seed also m ay  be 
sal ted in the  shell and  ea ten  d i rec t ly  as in the  case of  
peanu t s  (2).  

Sunf lower  oil is a h igh  qua l i ty  oil for  cook ing  and  salad 
oil uses. In Europe  it  has been  used extens ive ly  in 
sho r t en ing  and  margar ine .  The oil is unusua l ly  good for  
f ry ing foods,  popp ing  co rn  and  for  o the r  cul inary  processes  
where  a l iquid oil w i th  a h igh smoke  p o i n t  is desired.  In 
add i t ion  sunf lower  oil wi th  a h igh l inoleic acid c o n t e n t  can 
be used  for  a n u m b e r  of  indust r ia l  purposes  such  as the  
m a n u f a c t u r e  o f  n o n y e l l o w i n g  a lkyd  resins for  the  pa in t  
indus t ry .  

Sunf lower  meal  r ema in ing  a f te r  oil ex t r ac t i on  is a h igh 

quality protein source for inclusion in livestock rations (8). 
The composition of the meal varies according to the 
composition of the seed and the method of processing. The 
average c o m p o s i t i o n  of selected commerc ia l  oilseed meals  is 
shown  in Table I. 

The  oil t ype  of  sun f lower  seed has a hul l  c o n t e n t  o f  
22-28%. This  hull  m u s t  be r emoved  if  m a x i m u m  yield of  oil 
and  a h igh qua l i ty  meal  are to  be ob ta ined .  I f  the  hu l l  is n o t  
r emoved  a meal  of  excessively h igh  f iber  c o n t e n t  will be 
ob ta ined  which  would  p re sen t  a p r o b l e m  in feeding 
n o n r u m i n a n t  animals.  In general  h igh qual i ty  sunf lower  
meal  shou ld  con t a in  n o t  over  10% crude  f iber ,  n o t  less t h a n  
40% crude  p ro t e in  and  less than  5% oil (9). Sun f lower  meal  
is de f ic ien t  in lysine for  growing pigs. Fo r  y o u n g  ch ickens  
the meal  is de f ic ien t  in lysine,  leucine and  t h r e o n i n e  and  
border l ine  in the sul fur  c o n t a i n i n g  amino  acids (3).  Feed ing  
s tudies  by  Waldroup  et al. (10)  show t h a t  sun f lower  meal  
can be effect ively  used in bro i le r  diets  to  replace up  to  50% 
of  soybean  oil meat .  

Sunf lower  also offers  a p romis ing  new  source  o f  p ro t e in  

TABLE VIII 

Effect of Heating on the Linoleic Acid Content of Vegetable Oils 

Per cent of total fatty acids 

Minnesota sunflower oil Alabama sunflower oil Cottonseed oil 
Hours 
heated Uncorrected a Corrected b Uncorrected a Corrected b Uncorrected a Corrected b 

0 63.2 63.2 48.1 48.1 47.5 47.5 
120 46.5 28.8 35.1 25.5 45.4 42.5 
Per cent 
decrease 26.4 54.4 27.0 47.0 4.4 10. S 

aUncorrected data, calculated by area per cent. 
bCorrection factor-ratio of the concentration of saturated acids before and after heating. 
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FIG. 1. Change in free fatty acids of vegetable oils upon heating. 

for human food. Biological studies reviewed by Clandinin 
(9) show that high quality sunflower protein is equal to 
soybean protein and superior to most vegetable proteins in 
terms of digestibility and is quite comparable in biological 
value. However a major problem in making protein isolate 
from sunflower seed meal, by the conventional methods of 
extraction at alkaline pH followed by precipitation at the 
isoelectric pH, is the development of a dark green color 
which limits the use of sunflower protein isolates in the 
food industry. This color is due to oxidation of chlorogenic 
acid, a tannin-like compound that functions as part of the 
oxidase systems in plants and is present in appreciable 
amounts in sunflower seed (11,12). 

Cater et al. (13) reported that extraction of sunflower 
meal with 0.25% aqueous sodium sulfite at alkaline pH 
followed by isoelectric precipitation and extraction of the 
precipitate with 50% isopropanol produced an isolate which 
was nearly white. However the isolate still contained 
compound(s) which imparted a tan to brown color to the 
protein solution at progessively more alkaline pH's. 

Talley et al. (14) investigated the food uses of sunflower 
seeds, meal and flour. They found that dehuUed and 
roasted kernels were very acceptable as a nut  substitute in 
cakes, cookies and pies, and they successfully substitute 
10-20% wheat flour with sunflower meal in bread. 

P R O P E R T I E S  OF THE O I L  

Crude sunflower oil is yellow in color and when refined 
is very light yellow or pale. The oil has a relatively low level 
of natural antioxidants (15) and wax esters are present 
which have their origin in the hull fraction. These esters 
probably contribute to cloud formation in chilled oil 
(16,17). Oxygenated fatty acids, which have been identified 
in sunflower oil, may have an adverse effect on its stability 
and nutritional properties (18,19). However the role of 
these components in oil quality has yet to be determined 
since they appear in the seed generally after prolonged 
storage (20). 

The fatty acid composition of sunflower oil makes it 
desirable for use as an edible oil. It is relatively low in the 
saturated fatty acids, palmitic and stearic, and it contains 
only small amounts of palmitoleic, linolenic, arachidic, 
behenic and lignoceric acids. The tow content of linolenic 
acid is primarily responsible for its excellent storage 
qualities. The oleic and linoleic acid composition of 
sunflower oil is quite variable ranging from 13.9-60.0% for 
oleic acid and from 29.9-76.4% for linoleic acid 
(3,4,21-23). These two fatty acids vary inversely with each 
other. 

Table IT shows that the oil of seed grown in the northern 

MINNESOTA 
SUNFLOWER OIL 

ALABAMA 
SUNFLOWER OIL 

COTTONSEED OIL 

24 ' - - -41~ - 7'2 96  .................. ~o 
HOURS HEATED AT 182 C 

FIG. 2. Change in color intensity of vegetable oils upon heating. 
Total absorbance was determined by multiplying dilution of heated 
oils in cyclohexane by absorbance at 400 nm. 

U.S. and Canada contains about 70% linoleic acid and has a 
high ratio of polyunsaturated to saturated fatty acids. This 
makes it desirable as an edible oil in light of evidence 
linking saturated fats to high blood cholesterol and inci- 
dence of heart disease (24). The northern oil has an iodine 
value of t30-138 and can be classified as a semidrying oil 
which may be used as an edible or as an industrial product. 
In contrast sunflower oil from seed produced in the South 
generally contains 40-50% linoleic acid (Table III) and has 
an iodine value of 105-121. This indicates that the southern 
oil would be ideal as an edible oil from the stability and 
flavor aspects. 

The degree of unsaturation of sunflower oil has been 
found to be largely dependent upon the climatic conditions 
during the growing season (4,22). However Putt et al. (21) 
have reported that oil quality is under genetic control, and 
that breeding for different levels of oleic and linoleic acid is 
a practical objective. 

The effect of environmental temperatures on the fatty 
acid composition of sunflower seed grown at six locations 
in the South is shown in Table IV. The oil of sunflowers 
grown at the warmer locations (southern Georgia, Louisiana 
and southeast Texas) had a lower linoleic acid, a slightly 
lower saturated fatty acid and a higher oleic acid content  
than those grown at the somewhat cooler locations (South 
Carolina, northern Alabama and central Georgia) (4). 
Similar results were obtained with sunflower varieties 
grown at two locations in California (Table II). The oil 
from seed produced at the warmer location of Five Points, 
California, had a 16.8% lower linoleic acid content  than oil 
from seed produced in the cooler climate of Davis, 
California. 

The high-oil open pollinated sunflower varieties which 
were introduced from Russia are higher in oil content  than 
any of the American hybrids (4,22). In Russia a variety is 
now being grown which has a 52% oil content,  and 
scientists at the Oilseed Research Institute at Krasnodar 
reportedly are breeding varieties that may have an oil 
content of 55-60% (25). 

On the basis of the limited data available, the total oil 
content of sunflower seed produced in the cooler climates 
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FIG. 3. Change in iodine value of vegetable oils upon heating, 

of the North appears to be higher than the oil of seed of 
similar varieties grown in the South. Earle et al. (3) report a 
range of 39.7-51.4% oil content for high-oil type varieties 
grown in northern U.S. and Canada, whereas Robertson et 
al. (4) report a range of 28.8-44.7% for introductions grown 
at nine locations in the Cotton Belt. However analysis of 
the seed from a date of planting study in Alabama (Table 
V) by Robertson et al. (4) showed that the earlier plantings 
which had a mean daily temperature of 81.5 F from 
fertilization to maturity had a 5.5% greater oil content  than 
the later planting which had an average daily temperature 
of 78.2 F during the same growth period. Canvin (26) has 
reported that the oil content of sunflower seed produced in 
temperature controlled growth cabinets increased with 
increasing temperatures from 50-70 F but then decreased at 
temperature of 80 F. The effect of climatic conditions on 
the fatty acid composition of sunflower oil needs further 
study. 

FLAVOR AND STABI LITY 
STUDIES ON SUNFLOWER OI L 

Sunflower oil is f inding acceptance as a cooking fat for 
potato chip frying. Evans and Shaw (27) conducted a 20 hr 
potato chip frying test to compare northern produced 
sunflower oil with a mixture of 70% cottonseed and 313% 
corn oil which is a standard potato chip frying oil. The 
flavor evaluation of potato chips stored at room temper- 
ature is shown in Table VI. Potato chips fried in sunflower 
oil and stored at room temperature generally received the 
higher flavor scores of each evaluation by the taste panel. 
Also the color of the chips fried in sunflower oil was equal 
to that of the chips fried in the cottonseed-corn oil 
mixture. 

Sunflower oil produced in the southern part of the U.S. 
which has a lower content  of tinoleic acid and lower iodine 
value should have better keeping qualities and stability 
characteristics than oils with higher linoleic acid content. 
To investigate this relationship we have undertaken a study 
to compare the effect of deep-fat frying conditions on 
sunflower oil produced in Alabama and Minnesota with 
cottonseed oil. 

The vegetable oils used in the study were refined and 
deodorized and contained no antioxidants. The compo- 
sition and properties of the oils are shown in Table VII. 
Approximately 3.5 liters of each vegetable oil were heated 
at 182 C +4 C with a minimum amount of stirring in a 5 qt 
household deep-fat fryer. The oils were heated for a period 
of 8 hr during single time intervals and allowed to cool to 
room temperature overnight. This heating and cooling cycle 
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FIG. 4. Change in viscosity of vegetable oils upon heating. 

was repeated until the oil was subjected to a total of 120 hr 
of actual heating. The data obtained are shown in Figures 
14. 

As expected the free fatty acids, color and viscosity 
increased and the iodine value and linoleic acid content of 
the oils decreased. In each of the oils there was only a small 
increase in free fatty acid concentration. The color of the 
cottonseed oil changed very little (as measured by absorb- 
ance at 400 nm), but the color of both sunflower oils 
changed from a pale yellow to a dark brown color during 
the heating. The color of the Minnesota sunflower oil 
increased sharply after 48 hr of heating and the Alabama oil 
after about 72 hr of heating. The iodine value of the 
sunflower oils decreased to about 94 indicating a sub- 
stantial decrease in unsaturation. 

There was only a small change in the viscosity of the 
cottonseed oil, whereas the viscosity of the sunflower oils 
increased rapidly after 60 hr of heating. The viscosity curve 
for the Alabama oil appeared to be following the Minnesota 
oil to a higher viscosity; however at the end of the heating 
the Minnesota sunflower oil was more viscous than the 
Alabama sunflower oil. The apparent tendency for the 
Alabama oil to be less viscous than the Minnesota oil upon 
heating was not confirmed because we didn' t  have another 
sample of Alabama sunflower oil. Since Rock and Roth 
(28) have shown a direct relation between viscosity and the 
amount of nonourea-adducting fatty acids, this increase in 
viscosity of the sunflower oils is probably due to a greater 
amount of polymerization. 

The effect of heating on the linoleic acid content  of the 
vegetable oils is shown in Table VIII. The fatty acid 
composition was determined by gas liquid chromatography 
area normalization. Since the saturated fatty acids are 
relatively stable to heating, any increase in saturated fatty 
acids must be compensated for by a decrease in acids more 
prone to thermal decomposition. Kilgore (29) assumed the 
saturated fatty acid composition to be constant throughout 
heating and recalculated the values obtained for oleic and 
linoleic acids using a correction factor, the ratio of 
saturated fatty acids before and after heating. Using this 
approach to estimate the linoleic acid concentration in the 
heated oils, the linoleic acid content (Table VIII) of the 
Alabama oil decreased 47.0% and the Minnesota oil 54.4%, 
whereas the linoteic acid of the cottonseed oil decreased by 
only 10.5%. The uncorrected values, calculated by area 
per cent, are shown for comparison. The results indi- 
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cate that  cot tonseed oil is more stable to in te rmi t ten t  
heat ing than the sunf lower  oils. The southern oil appears to 
be slightly more stable than the nor thern  oil, but  no t  by as 
much  as would  be expected  f rom the fat ty acid compo-  
sition of  the two oils. These studies are being con t inued  to  
further  assess the stability of  southern  produced sunflower 
oil. 
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