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ABSTRACT 

This paper gives analytical data on the composi- 
tion of 14 selected consumer-available liquid vege- 
table oils, including soybean, soybean-cottonseed 
blends, corn, safflower, peanut, olive and apricot 
kernel oils. Label information identified six samples 
as specially processed or refined and three samples as 
cold pressed with no preservative added; the labels of 
the remaining five samples did not mention process- 
ing. Data are given for fatty acid composition, t rans  
content, location of the double bonds in the un- 
saturated fatty acids, percent conjugation, tocopherol  
content, fatty acid composition of the 2-poisition of 
the triglycerides, polyunsaturated to saturated fatty 
acid (P/S) ratio, and the ratio of a-tocopherol  to 
polyunsaturated fatty acids (a-T/P). The ranges of 
v a l u e s  f o u n d  were :  con juga ted  unsaturation, 
0.18-1.09%; a-tocopherol,  0.01-0.60 mg/gm; total 
tocopherol 0.14-1.52 mg/gm; P/S, 0.5-8.7; and ~-TP, 
0.03-2.26. The compositions of the fatty acids on the 
2-position and on the 1,3-position of  the triglycerides 
were compared with those calculated by the Evans' 
hypothesis and found to agree well for all but olive 
and apricot kernel oils. 

INTRODUCTION 

The consumption of vegetable oils in the form of salad or 

1Mention of a trademark or proprietary product 
does not constitute a guarantee or warranty of the 
product by the U.S. Department of Agriculture, and 
does not imply its approval to the exclusion of other 
products that may also be suitable. 

2 Deceased 

cooking oils has increased dramatically in recent years (1). 
In the period 1947-49, liquid vegetable oils comprised 
6.5% of all fat consumed in the United States. By 1973, 
this usage had risen to 16.3%, and oils were second only to 
the meat, poultry, and fish groups as sources of dietary fat; 
vegetable margarine and shortening contributed only 6.8 
and 10.0%, respectively (1). Since vegetable oils have a 
major role in providing dietary polyunsaturated fatty acids, 
it is desirable that the composition and structure of these 
oils be adequately described to provide basic information to 
nutritionists and others concerned with the use and investi- 
gation of dietary fat. This need is particularly acute for 
products directly available to the consumer. 

This report gives detailed information on the fatty acid 
composition, positional and geometrical isomers of the 
total fatty acids of the triglycerides, the identities and 
structures of the fatty acids at the 2-position of the tri- 
glycerides, and the tocopherol composition of a group of 
14 consumer-available oils. This is part of a continuing ef- 
fort to provide information on the major food fats regard- 
ing lipid compositional features of  known or suspec ted  
nutritional significance (2). 

MATERIALS 

The 14 oils were bought in retail stores in the Washing- 
ton, D.C., area on May 19, 1972. They included both 
national and private or store brands of seven different seed 
oils (Table I). The label information designated six of the 
oils as "Specially Processed" or "Specially Refined" and 
three as "Cold Pressed." Labels on the remaining five oils 
gave no information about processing. An effort was made 
to include the more popular oils; hence a greater number of 
samples containing soybean oil were selected. The three 

TABLE [ 

Description of Oils Analyzed 

Brand Where Oil used Processing Additives 
Bought a 

Wesson A Soybean oil Specially processed Polyglycerols 
Cottonseed oil 

Nu-Made A Soybean oil Specially processed BHA,  BHT, methyl silicone 
Cottonseed oil 

Giant A Soybean oil Specially processed Methyl silicone, oxystearin, 
BHA, BHT 

Crisco A Soybean oil Specially processed BHA,  BHT, polysorbate, poly- 
glycerol, methyl silicone 

Kraft A Soybean oil Specially processed Oxystearin, BHA, BHT, methyl 
silicone 

Hollywood A Soybean oil Cold pressed None 
Ann Page A Corn oil Specially processed No information 
Nu-Made A Corn oil No information No information 
Mazola A Corn oil No information Isopropyl citrate, methyl silicone 
Saffola A Safflower oil No information Citric acid, propy! gallate 
Hollywood A Safflower oil Cold pressed None 
Planters A Peanut oil No information No information 
Progresso A Olive oil No information No information 
Golden Harvest B Apricot kernel oil Cold pressed None 

aA = Suburban supermarket; B = small suburban health food store 
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TABLE 1! 

Fatty Acid Composition of Food Oils 

Oil 1 4 : 0  1 6 : 0  1 6 : 1  1 8 : 0  1 8 : 1  U n k n o w n  1 8 : 2  U n k n o w n  1 8 : 3  2 0 : 0  2 0 : 1  2 2 : 0  2 4 : 0  

W e i g h t  p e r c e n t  o f  total  fatty a c i d  m e t h y l  e s t e r s  

W e s s o n  S B O / C S O  0 . 1  1 2 . 1  0 . 1  4 . 2  3 3 . 4  T r .  4 6 . 7  - -  3 . 0  0 . 3  - 0 . 1  - -  

N u - M a d e  S B O / C S O  0 . 1  1 0 . 8  0 . 2  5 . 0  3 5 . 0  0 . 1  4 4 . 1  - -  3 . 4  0 . 3  - 0 . 2  - -  

G i a n t  S B O  T r .  b 1 0 . 1  - -  4 . 8  4 0 , 8  0 . 1  4 0 , 8  0 . 2  2 . 7  0 . 3  T r .  0 , 2  - -  

C r i s c o  S B O  T r .  8 . 9  - 3 . 9  4 7 . 2  0 . 1  3 6 . 7  0 . 2  2 . 7  0 . 3  T r .  0 . 2  - 

K r a f t  S B O  T r .  1 0 . 0  - 5 . 0  4 5 . 8  0 . 1  3 6 . 6  0 . 4  2 . 0  - - 0 . 2  - 

H o l l y w o o d  S B O  T r .  1 0 . 6  - -  4 . 1  2 4 . 7  - -  5 2 , 6  - -  7 . 6  0 . 3  - -  0 . 2  - -  

A n n  P a g e  C O  - 1 1 . 4  - 2 . 2  2 6 . 1  - -  5 8 . 5  - -  1 . 4  0 . 4  0 . 2  - - 

N u - M a d e  C O  - 1 1 . 3  - -  2 . 2  2 6 . 4  - 5 8 . 3  - -  1 . 2  0 . 4  0 . 1  - - -  

M a z o l a  C O  - 1 1 . 5  - 1 . 8  2 5 . 1  - 6 0 , 5  - -  0 . 6  0 . 4  T r .  - -  - 

S a f f o l a  S F O  0 . 1  6 . 4  - 2 . 3  1 1 . 6  - 7 9 . 3  - -  - 0 . 3  - - - 

H o l l y w o o d  S F O  0 . 1  6 . 5  - 2 . 4  1 1 . 2  - 7 9 . 5  - -  - -  0 . 2  - - - 

P l a n t e r s  P O  - 1 0 . 2  - 2 . 4  4 7 . 1  - 3 3 . 2  - - 1 . 3  1 . 1  3 . 1  1 . 5  

P r o g r e s s o  O O  - 1 0 . 5  0 . 8  3 . 1  7 8 . 6  - 6 . 2  - -  0 . 5  0 . 3  T r .  - - 

G o l d e n  H a r v e s t  A K O  - 5 . 2  0 . 8  1 . 2  5 8 . 7  - 3 3 , 4  - 0 . 7  . . . .  

a S o y b e a n  o i l  = S B O ;  C o t t o n s e e d  o i l  = C S O ;  C o r n  o i l  = C O ;  S a f f l o w e r  o i l  = S F O ;  P e a n u t  o i l  = P O ;  O l i v e  o i l  = O O ;  A p r i c o t  k e r n e l  o i l  = A K O  

b T r .  = T r a c e  ( < 0 . 1 % )  

cold pressed oils were included because of the growing 
populari ty of "natural"  or unprocessed foods. Apricot 
kernel oil is one of the specialty oils for which there is 
limited composit ional  data. 

The samples were stored under nitrogen at - 4 0  C until 
used. 

METHODS 

Fatty Acids 
The fat ty acid composit ion was determined by  gas liquid 

chromatography (GLC) on 10 f t x  1/8 in. glass columns 
packed with 10% EGS on 100/120 mesh Gas Chrom Q (Ap- 
plied Science Laboratories, Inc., State College, PA), held at a 
column temperature of 150 C. Methyl esters were prepared 
by transesterification with BF3/methanol  (3). Peak areas 
were measured with an electronic integrator. Peak identities 
and quantitative accuracy were determined from known 
standards for each fatty acid reported.  

Trans-unsaturation 

Relative amounts of the cis and trans geometric isomers 
were determined by a combinat ion of silver nitrate thin 
layer chromatography (TLC) (4) and GLC. Methyl esters 
prepared by transesterification with BF3/methanol  (3) were 
separated on Silica Gel G containing 5% AgNO 3 (Analtech, 
Inc., Newark, DE) with petroleum ether/diethyl  ether 
(95/5 V/V) as the developing solvent. The plates were air- 
d r i e d ,  sprayed with 2,7-dichlorofluorescein (0.1% in 
ethanol) and viewed under UV light. The principal zones in 
order of decreasing Rf values were the saturated, trans 
monoene, cis monoene plus trans-trans diene, cis-trans plus 
trans-cis diene, and cis-cis diene esters. The unsaturated 
zones were scraped from the plates and treated with chlo- 
ride ion to break up the silver ion complex (5). The methyl 
esters were eluted with diethyl ether, freed of solvent in a 
stream of nitrogen, dissolved in isooctane, mixed with 
methyl heptadecanoate as a qualitative and quantitative 
internal standard, and analyzed by GLC as described above. 

Positional Isomers 
The positional isomers of the monoene fat ty  acids were 

determined by the ozonolysis method described earlier (2), 
with minor modifications. These modifications were the use 
of CS 2 as a solvent during ozonolysis and the reduction of 
the ozonides with tr iphenylphosphine (TPP)I It was neces- 

sary to divert the TPP from the analytical column by means 
of a pre-column and a switching valve. Due to its toxici ty,  
TPP must be vented through an adequate hood. 

Conjugation 
The  percentage  of conjugated double bonds was 

d e t e r m i n e d  spectrophotometr ical ly  by AOCS Official 
Method Cd 7-58 (6). 

Peroxide Value 
The peroxide value was determined by AOCS Official 

Method Cd 8-53 (6). 

Glyceride Analysis 
The positional distributions of  the fat ty acids within the 

glycerides were determined by a combination of enzyme 
hydrolysis, TLC, and GLC (2). Pancreatic tipase (EC 
3.1.1.3, glycerol ester hydrolase) was used to effect the 
lipolysis of the fat ty  acids at the 1- and 3-positions. The 
mixture of 2-monoglycerides and acids from the 1- and 
3-positions were separated by TLC and the fatty acid com- 
position of the recovered 2-monoglyceride was determined 
by GLC. 

Tocopherol Determination 
The oils were saponified under N 2 with pyrogaUol added 

as an antioxidant.  Tocopherols were then partially freed of 
other unsaponifiables by TLC, converted to trimethylsilyl 
ethers, and analyzed by GLC (7). The internal standard 
5,7-dimethyltocol (8) was added prior to saponification. 

RESULTS AND DISCUSSION 

Conjugation and Peroxide Value 
The oils contained no detectable peroxide; amounts of 

conjugated unsaturation ranged from 0.18 to 1.09%. 

Fatty Acids 
The fatty acids in the oils (Table II) were principally 

16:0, 18:1, and 18:2, with lower amounts of 18:0, and, in 
the soybean oils, 18:3. Except for the long chain fat ty acids 
in peanut oil, which totaled 7.0% of total  fatty acid methyl  
esters, other acids occurred in amounts of less than 1%. The 
processed soybean-cottonseed oil blends contained slightly 
higher amounts of 18:2 than did the processed soybean oil, 
but less than the unprocessed cotd pressed soybean oil. The 
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cold pressed s o y b e a n  oil was also h igher  in 18:3  t h a n  the  
processed  s o y b e a n  oils (7 .6% vs. 2.0-2.7%),  b u t  was no  less 
sa tu ra ted ,  suggest ing t h a t  these  p rocessed  oils were selec- 
t ively h y d r o g e n a t e d  to  the  m o n o e n e .  T w o  of  the  th ree  co rn  
oils were essent ia l ly  the  same in f a t t y  acid c o m p o s i t i o n  and  
d i f fered  f rom the  t h i rd  on ly  in hav ing  sl ightly less 18 :2  and  
more  18:1 and  18:3.  The  two  saf f lower  oils were essent ia l ly  
ident ica l  in t he i r  f a t t y  acid compos i t i ons .  T he  f a t t y  acid 
compos i t i ons  of  p e a n u t  oil and  olive oil were as e x p e c t e d ;  
the  f o r m e r  c o n t a i n e d  small  a m o u n t s  of  long  cha in  sa tu ra tes  
and  22 :1 ,  and  t he  l a t t e r  was h igh in 18:1 and  low in poly-  
unsa tu ra tes .  

Apr i co t  ke rne l  oil is of  in t e res t  s ince i t  is said to  be  the  
pr inc ipa l  food  oil in the  Pakis tan  p rov ince  of  Hunza ,  where  
the  people  are n o t e d  for  the i r  longevi ty  (9).  Art ic les  in the  
popu l a r  press have  specu la ted  on  the  in f luence  of  diet ,  and  
par t icu lar ly  on  the  in f luence  of  the  food  fats,  in this  regard.  
The  oil was cha rac t e r i zed  by  an unusua l ly  low sa tu ra te  con-  
t en t  (6 .4%) and  by  a h igh  p o l y u n s a t u r a t e s / s a t u r a t e s  (P/S)  
rat io,  exceeded  on ly  by  t h a t  of  saf f lower  oil. 

The  P/S ra t ios  in Table  III were ca lcu la ted  by  dividing 
the  to ta l  po lyunsa tu r a t e s ,  regardless of  s t ruc tu re ,  by  the  
to ta l  sa tura tes ,  regardless  of  chain  length .  Saf f lower  oil had  
the  h ighes t  P/S ra t io  (8.6,  8.7)  fo l lowed b y  ap r i co t  ke rne l  
oil (5 .3) ,  and  co rn  oil (4.3,  4.3, 4.5).  The  lowes t  P /S  ra t ios  
were those  of  p e a n u t  oil (1 .8)  and  olive oil (0 .5) .  Rat ios  of  
18:2  to  the  sum of  16 :0  and  18:0 ,  s o m e t i m e s  used ins tead  
of  to t a l  P / t o t a l  S, d i f fe red  l i t t le  f rom those  in Table  III, 
excep t  for  p e a n u t  oil, wh ich  had  a ra t io  of  1 8 : 2 / ( 1 6 : 0  + 
18:0)  of  2.6. 

Glyceride Structure 
The f a t t y  acids at  the  2-pos i t ion  were pr inc ipa l ly  18:1 

and  18;2, a c c o m p a n i e d  by  on ly  m i n o r  a m o u n t s  of  o t h e r  
acids (Table  IV). This  is in ag reemen t  wi th  the  general  rule 
t h a t  in vegetable  oils 18:2  is p re fe ren t i a l ly  es ter i f ied  at  the  
2-pos i t ion  and  s a tu r a t ed  acids at  the  I- and  3-posi t ions .  The  
percen tages  of  18 :2  at  the  2 -pos i t ion  were 3 to  23% h igher  
t h a n  those  f o u n d  in the  t o t a l  f a t t y  acids. With  the  excep-  
t ion  of  p e a n u t  and  apr ico t  ke rne l  oils, the  pe rcen tage  of  
18:1 at  the  2 -pos i t ion  equal led  or  exceeded  t h a t  in the  
total .  

Because of  the  a m o u n t  o f  work  requ i red  to  d e t e r m i n e  
f a t t y  acid pos i t i ona l  d i s t r i bu t ion  in t r ig lycer ides ,  a t t e m p t s  
have been  m a d e  to  re la te  pos i t iona l  d i s t r i b u t i o n  to  the  
more  easily d e t e r m i n e d  to ta l  f a t t y  acid com pos i t i on .  One  
of  t he  more  successful  a t t e m p t s  was t h a t  o f  Evans  e t  al. 
(10)  who  p roposed  the  fo l lowing rules govern ing  the  dis- 

TABLE llI 

Ratios of Polyunsaturated to Saturated Fatty Acids (P/S) a 

Brand b P/S Ratios 

Wesson SBO/CSO 3.0 
Nu-Made SBO/CSO 2.9 
Giant SBO 2.8 
Criseo SBO 3.0 
Kraft SBO 2.6 
Hollywood SBO 4.0 
Ann Page CO 4.3 
Nu-Made CO 4.3 
Mazola CO 4.5 
Saffola SFO 8.7 
Hollywood SFO 8.6 
Planters PO 1.8 
Progresso OO 0.5 
Golden Harvest AKO 5.3 

Sum of all polyunsaturated acids 
aCalculated as: 

Sum of all saturated acids 
bSoybean oil = SBO; Cottonseed oil = CSO; Corn oil = CO; Saf- 

flower oil = SFO; Peanut oil = PO; Olive oil = CO; Apricot kernel oil 
= AKO 

t r i b u t i o n  of  f a t t y  acids in vegetable  fats:  (a) 16:0 ,  18 :0  and  
acids w i t h  cha in  l eng ths  grea te r  t han  18 are r a n d o m l y  dis- 
t r i b u t e d  b e t w e e n  pos i t ions  1 and  3; (b)  18:1 and  18:3 are 
r a n d o m l y  d i s t r ibu ted  in all t h ree  pos i t ions ;  and  (c) all re- 
ma in ing  pos i t ions  are filled w i th  18:2.  The  d i s t r i bu t ions  
f o u n d  by  analysis  are c o m p a r e d  wi th  h y p o t h e t i c a l  values 
ca lcu la ted  b y  the  Evans '  rules in Table  V. The  h y p o t h e t i c a l  
ca lcu la ted  values for  corn ,  saff lower ,  peanu t ,  and  cold 
pressed s o y b e a n  oil agreed wi th in  4 mole  % wi th  t he  values 
f o u n d  b y  analysis.  The  processed  s o y b e a n - c o t t o n s e e d  and  
s o y b e a n  oils agreed a lmos t  as well, b u t  were cha rac t e r i zed  
by  cons i s t en t l y  l ower  a m o u n t s  of  18: 2 and  h ighe r  a m o u n t s  
of  18:1 at  the  2 -pos i t ion  t h a n  the  a m o u n t s  ca lcu la ted  by  
the  Evans '  rules. This  d i sc repancy  m a y  be  e x p e c t e d  in 
h y d r o g e n a t e d  oils. The  Evans '  rules assume t h a t  all 18:1 is 
r a n d o m l y  d i s t r ibu ted ,  and  t h a t  18 :2  is p re fe ren t i a l ly  esteri-  
fled at  the  2-pos i t ion .  The  18:1 f o r m e d  f rom 18:2  dur ing  
h y d r o g e n a t i o n  has  the  d i s t r i bu t i on  o f  the  p a r e n t  18:2, 
r a t h e r  t h a n  t h a t  of  na tu ra l ly -occur r ing  18:1.  This  c i rcum- 
s tance  resul ts  in an  ove re s t ima t ion  of  18 :2  and  an  under -  
e s t i m a t i o n  of  18:1.  Ne i the r  olive oil n o r  ap r i co t  ke rne l  oil 
c o n f o r m e d  to  t he  h y p o t h e t i c a l  d i s t r i bu t ion :  ol ive oil  con-  
t a ined  12 mole  % less 18 :2  and  apr ico t  ke rne l  oil 14 mole  % 

TABLE IV 

Composition of Fatty Acids at the 2-Position of the Triglycerides 

Brand a 16:0 18:0 18:lcis 18:ltrans 18:2 18:3 

Weight percent of total fatty acid methyl esters 

Wesson SBO/CSO 1.3 0.6 33.7 3.3 59.6 1.6 
Nu-Made SBO/CSO 1.4 1.4 28.4 9.6 56.9 2.5 
Giant SBO 0.6 0.5 29.3 15.1 52.2 2.4 
Crisco SBO 0.4 0.7 35.2 16.2 45.6 2.1 
Kraft SBO 0.3 0.8 41.3 10.5 46.5 1.0 
Hollywood SBO 0.4 - 25.1 -- 68.4 6.0 
Ann Page CO 1.4 0.1 26.1 -- 71.6 0.7 
Nu-Made CO 0.9 -- 28.7 - 70.0 0.4 
Mazola CO 1.2 - 26.0 - 72.8 - 
Saffola SFO 0.2 - 11.9 - 87.9 - 
Hollywood SFO 0.2 - 11.7 - 88.1 - 
Planters PO 1.0 - 43.6 - 55.4 - 
Progresso OO 0.5 - 90.7 - 8.5 0.4 
Golden Harvest AKO 0.6 - 46.4 - 53.9 - 

aSoybean oil = SBO; Cottonseed oil = CSO; Corn oil = CO; Safflower oil'= SFO; Peanut 
oil = PO; Olive oil = CO; Apricot kernel oil = AKO 
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more  18:2 at  the  2-pos i t ion  t h a n  would  be e x p e c t e d  by  the  
Evans '  hypo thes i s .  

Altered Fatty Acid Composition 
Only the  five "Spec ia l ly  P rocessed"  oils c o n t a i n i n g  soy- 

bean  oil had  m o r e  t h a n  t race  a m o u n t s  of  trans unsa tu ra -  
t ion ,  as s h o w n  b y  in f ra red ,  and  on ly  these  five were sub- 
j ec ted  to  f u r t h e r  e x a m i n a t i o n  for  the i r  to t a l  trans m o n o e n e  
and  d iene  c o n t e n t s  (Tab le  VI),  pos i t iona l  i somers  of  the  
m o n o e n e  f r ac t i on  (Fig. 1), and  the  a m o u n t s  of  trans 
m o n o e n e  a t  the  2 -pos i t ion  (Tab le  IV). Most  of  the  trans 
m o n o e n e  was p r e sen t  as 18:1 trans, which  varied in a m o u n t  
f rom 4.8 t o  10.9 wt  % of  the  to ta l  f a t t y  acid m e t h y l  esters;  
the  trans diene (c t  + tc)  was on ly  0.8 to  4 .0  wt  %. No 
trans-trans d iene  was f o u n d .  The  ra t ios  o f  t he  trans 
m o n o e n e  at the  2 -pos i t ion  to  t h a t  in the  to ta l  were:  Wesson 
SBO/CSO, 0.5;  Nu-Made SBO/CSO,  2.0;  G ian t  SBO, 1.9; 
Crisco SBO, 1.5; and  Kraf t  SBO, 1.1. This  t e n d e n c y  for  the  
2-pos i t ion  t o  have  more  trans m o n o e n e  t h a n  t he  t o t a l  is to  
be  expec ted ,  s ince 18:2,  whose  h y d r o g e n a t i o n  resul ts  in 
18: I t  f o r m a t i o n ,  is h igher  at  t he  2-pos i t ion  t h a n  at  the  1- + 
3-posi t ions in  the  or iginal  oil. 

The  pos i t i ona l  i somers  of t h e  18 :1c  f r ac t ions  (Fig. 1) 
were pr inc ipa l ly  A9,  a c c o m p a n i e d  b y  small  a m o u n t s  of  
A10,  A1 1, a n d  A12;  in th ree  of  the  oils, A8;  and,  in  t w o  of  
the  oils, A6. The  favored  i§omers in the  18: I t  f r ac t ions  
were A9, A10  and  A l l ,  w i th  smal ler  a m o u n t s  of  A8 and  
A12.  

Tocopherols 
Only alpha,  g a m m a ,  and  de l ta  t ocophe ro l s  were f o u n d  

(Table  VII).  A l p h a  t ocophe ro l ,  t he  f o r m  of  grea tes t  in t e res t  
since i t  has t h e  h ighes t  v i t amin  E act iv i ty ,  was f o u n d  in all 
the  oils. Sa f f lower  oil was the  r i ches t  in  th i s  f o r m ;  ap r i co t  
kerne l  oil, t h e  poores t .  

The  var ia t ions  in  t o c o p h e r o l  c o n t e n t  wi th in  a given oil 
t ype  migh t  b~ due  to  na tu r a l  var ia t ions  in  the  or ig inal  oils 
or  to  losses caused  by  handl ing ,  s torage,  or  process ing.  Cold 
press ing m a y  be  cons ide red  less des t ruc t ive  t h a n  o t h e r  

TABLE VI 

Geometrical Isomers of Oils Containing Processed Soybean Oil 

Soybean-Cottonseed Soybean 

Wesson Nu-Made Giant Crisco Kraft 

Weigh t  p e r c e n t  o f  t o t a l  f a t t y  ac id  m e t h y l  es te r s  

1 8 : 1 c  2 6 . 8  30 .7  33 .0  36 .3  36 .5  
1 8 : 1 t  6 .7  4 . 8  7 . 8  10 .9  9 .3  
1 8 : 2 c t  

+ 2 .5  0 .8  0 .7  1.2 4 . 0  
1 8 : 2 t c  
1 8 : 2 c c  4 4 . 2  4 3 . 3  40 .1  35 .5  32 .6  

TABLE VII 

Tocopherol Composition and Alpha Tocopherol 
to Polyunsaturated Fatty Acid (PUFA) Ratios 

Tocopherols Alpha-T 
Brand a alpha gamma delta PUFA 

mg/100 g mg/g 

Wesson SBO/CSO 13 63 20 0.26 
Nu-Made SBO/CSO 11 81 18 0.23 
Giant SBO 10 80 22 0.23 
Crisco SBO 14 102 37 0.36 
Kraft SBO 5 42 11 0.13 
Hollywood S BO 9 68 23 0.15 
Ann Page CO 12 46 4 0.23 
Nu-Made CO 22 66 5 0.38 
Mazola CO 18 75 - 0.30 
Saffola SFO 48 - - 0.61 
Hollywood SFO 60 - -- 0.75 
Planters PO 21 15 -- 0.63 
Progresso OO 14 - -- 2.26 
Golden Harvest AKO 1 17 2 0.03 

aSoybean oil = SBO; Cottonseed oil = CSO; Corn oil = CO; Saf- 
flower oil = SFO; Peanut oil = PO; Olive oil = OO; Apricot kernel oil 
= AKO 
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FIG. 1. Positional isomers in cis- and trans-octadecenoate fatty acids in salad oils containing processed soybean oi l  
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m e t h o d s  of  oil ex t r ac t i on ,  and  tocophe ro l s  migh t  be ex- 
pec t ed  to  be  h igher  in cold  pressed oils. This  was in fact  
t rue  for  saf f lower  oil;  t he  cold pressed oil c o n t a i n e d  25% 
more  a lpha  t o c o p h e r o l  t h a n  the  non-co ld  pressed  oil. On  
the  o t h e r  hand ,  the  a m o u n t s  o f  all th ree  t o c o p h e r o l  fo rms  
in t he  cold-pressed s o y b e a n  oil were exceeded  by  the  
a m o u n t s  in  one  or more  of  the  th ree  processed  s oybean  
oils. These  two  obse rva t ions  suggest  t ha t  the  m e t h o d  of  
e x t r a c t i o n  may  be less i m p o r t a n t  t h a n  o t h e r  fac tors  in 
d e t e r m i n i n g  the  v i t am i n  E c o n t e n t  of  an oil. 

The  ra t io  of  a lpha  t o c o p h e r o l  to  p o l y u n s a t u r a t e d  f a t t y  
acid has  been  suggested as a measure  of  the  adequacy  of  
d ie ta ry  v i t amin  E (11) .  T he  r e c o m m e n d a t i o n  has b e e n  
m a d e  t ha t  a ra t io  of  0.6 mg  of a lpha  t o c o p h e r o l  to  lg  of  
p o l y u n s a t u r a t e d  fa t ty  acid be m a i n t a i n e d  (11) .  Since vege- 
tab le  oils are ma jo r  d ie ta ry  sources  of  b o t h  v i t amin  E and  
p o l y u n s a t u r a t e d  f a t t y  acids,  th is  ra t io  for  the  var ious oils 
(Tab le  VII)  is of  in te res t .  Of  the  14 oils, on ly  saff lower ,  
peanu t ,  and  olive oil had  the  r e c o m m e n d e d  ra t io  of  0.6 or 
higher.  The  s o y b e a n - c o t t e n s e e d ,  s oybean  and  corn  oils, 
wh ich  c o n s t i t u t e  the  bu lk  of  the  oils c o n s u m e d  in the  
U n i t e d  States ,  all h ad  ra t ios  m u c h  lower  t h a n  0.6. Apr i co t  
ke rne l  oil was lowes t  w i th  a ra t io  of  0.03.  On the  basis of  
these data ,  i t  wou ld  be  di f f icul t  to  m a i n t a i n  the  recom-  
m e n d e d  in take  of  v i t am i n  E on  a h ighly  u n s a t u r a t e d  d ie t  
based  on  the  more  c o m m o n l y  used oils unless  o t h e r  foods  
r ich in a lpha  t o c o p h e r o l  were inc luded .  Most  d ie ta ry  a lpha  
t ocophe ro l ,  however ,  comes  f rom vegetable  oils. A ra t io  of  
0.6 seems unrea l i s t ica l ly  high,  and  it  has  r ecen t ly  b e e n  sug- 
gested t h a t  some  lower  ra t io ,  poss ibly  0.2,  m ay  be  adequa t e  
(12).  A t  this  lower  level, m o s t  o f  these  oils con t a i n  e n o u g h  
a lpha  t o c o p h e r o l  to  ba lance  the i r  po lyunsa tu ra t e s .  Only  the  

apr icot  ke rne l  oil and  two of  the  soybean  oils had  ra t ios  
be low 0.2. 

The research conducted by the Agricultural Research Service, 
USDA, on the commercial vegetable oils as reported in this manu- 
script has been limited to analyses of their lipid composition. The 
data are reported solely as factual information and are limited to the 
samples analysed. No warranty or guarantee is made or implied that 
other samples of these products will have the same or similar com- 
position. It is the policy of the USDA not to endorse those com- 
mercial products used in research over those which were not 
included in the research. 
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