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Composi6on of Corn Oil 
J. B. BEADLE, D. E. JUST, R. E. MORGAN and R. A. REINERS, 
Moffett Technical Center, Corn Products Company, Argo, Illinois 

Abstract 
The composition of commercial corn oil f rom 

USA corn is remarkably  constant. A total of 103 
samples of refined corn oil produced over a period 
of 2.5 years  were analyzed by the alkali isomeriza- 
tion procedure.  Near ly  86% of the samples had 
an iodine value (I .V.)  within one unit  of the aver- 
age value, 123.6. Linoleic content on a f a t t y  
acid basis, averaged 55.5%; 93% of the values 
were within two units of this value. All samples 
contained small amts of linolenie acid. This uni- 
fo rmi ty  undoubtedly  results f rom the system of 
corn market ing  and buying which br ings grain  
f rom the entire corn belt to the processing plants. 

A number  of corn oils were analyzed by GLC. 
The average linoleic acid content by this method 
was ca. 2.5 units higher than  tha t  found by  the 
isoinerization method. This difference may occur 
because GLC responds to all C-18 dienes equally 
while the alkali isomerization method responds 
only to conjugatable dienes. Possible sources of 
error in both methods of f a t ty  acid analysis are 
discussed. 

Corn oil samples taken over a 16-month period 
were analyzed by GLC. Average values were : 

Consti tuent  f a t ty  acids ( %,  fatty acid basis)  
I .V. 

(Wi~s) C-16:0 C-18:0 C-18:1 C-18:2 C-18:3 C-20:0 

124.4 11.5 2.2 26.6 58.7 0.8 0.2 

Although much of our experience has been with 
the alkali isomerization Inethod, the G[~C tech- 
nique is p re fe r red  because it is s impler and yields 
more informat ion on f a t t y  acid composition. An- 
other impor tan t  advantage is tha t  determinat ion 
of the I.V. of the oil serves as a check on GLC re- 
suits. The I.V. calculated f rom the GLC results, 
making allowance for  1.25% unsaponifiables in the 
case of corn oil, should be within a few units of the 
Wi js  value. 

Oils derived eommercialIy f rom corns grown 
in other countries are generally more sa turated 
than  those f rom USA corn. The I.V. of the sam- 
ples examined varied f rom 107-125, the linoleic 
acid contents f rom 42-56%. The relationship be- 
tween I.V. and linoleic acid content, established 
by  others f rom hybr id  corns holds fa i r ly  well for 
these samples. 

Introduction 

T H E  DEGREE OF U N S A T U R A T I O N  of 0 i l  f rom corn germ 
varies considerably. AOCS tabulat ion of " P h y s i -  

cal and Chemical Characterist ics of 0ils,  Fa ts  and 
W a x e s "  shows a spread of 110-128 in I .V. (1).  A 
much grea ter  spread was found by  Lof land  et al. (2) 
on examination of strains of corn used in breeding 
programs.  I.V. of the oils extracted f rom these corns 
varied f rom 88-147 and the linoleic acid content f rom 
ca. 20-70%. I.V. of the oils f rom the most common 
inbreds used by midwestern corn breeders ranged 
f rom 111-151 (3).  This difference is reflected in the 
I.V. of the oils f rom 25 commercial  midwestern hy- 
brid corns which have been found to v a r y  f rom 115- 
130 (4). 

Despite this wide var ia t ion in the degree of unsatu- 
ra t ion of corn oil f rom the individual  hybrids,  com- 
mercially available corn oil f rom midwestern corn 
(the pre-eminent  USA source) is of relat ively un i form 
composition. The purpose of this paper  is to offer 
evidence to suppor t  this statement,  to discuss methods 
of f a t t y  acid analysis and possible sources of error, 
and to show that  corn oils derived :from corn grown 
in other par ts  of the world may  differ great ly  in com- 
position f rom that  grown in the Midwest. 

Considerable informat ion has been published on the 
composition of commercial ly available domestic corn 
oil. These data  were reviewed and a number  of analy- 
ses, including some extreme values, are cited in Table 
I. Some values are f rom work in which the sources of 
the corn oil are not clearIy identified but  were most 
likely domestic. 

While these l i tera ture  values will be discussed later,  
several observations are at  once evident. The bulk 
of the results by all three of the analyt ical  methods 
(methyl  ester distillation, alkali isomerization and 
GLC) are quite similar for the pr incipal  f a t ty  acids. 
Palmitoleic acid, ahnost invar iably  found by methyl  
ester distillation, was repor ted  by only one of these 
iuvestigators using GLC. Linolenic acid is almost al- 
ways repor ted in results obtained in GLC and alkali 
isomerization. Results by the last two methods are in 
fa i r  agreement.  

Analytical Methods 
Alkali Isomerization. Extreme care is reqaired in 

car ry ing  out the isomerization technique in order to 
obtain reproducible results. The method used in this 
laboratory  is essentially that  of Briee and Swain 
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Method of ana lys i s  

Me es ter  d i s t i l l a t ion  ....... 
Me es ter  d i s t i l l a t ion  ....... 
M e  es te r  d i s t i l l a t ion  ....... 
Me es ter  d i s t i l l a t ion  ....... 
I somer i za t i on  ... . . . . . . . . . . . . .  
I somer i za t i on  . . . . . . . . . . . . . . . .  

I somer i za t i on  ................. 
I somer i za t i on  ... . . . . . . . . . . . . .  
I somer i za t i on  ... . . . . . . . . . . . . .  
I somer i za t i on  ... . . . . . . . . . . . . .  
I s o m e r i z a t i o n  ... . . . . . . . . . . . . .  
I s o m e r i z a t i o n  .... . . . . . . . . . .  
I somer i za t i on  b ... . . . . . . . . . . .  
t s o m e r i z a t i o n  ................. 
G L 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

GLC .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
GLC .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
GLG .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
GLC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
GLC ... . . . . . . . . . . . . . . . . . . . . . . . . . . .  
GLC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

GLC .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
GLC . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

GLO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G L C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

GLC .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I .V .  

W l j s  Calc. 

1 2 6  

1 2 3 . 5  
113  
1 2 5 . 9  
1 2 6 . 1  
126 .8  

126 .0  

126  117.4 
118 .5  

i ~ "  117.3 
125.3 

i~2~ 121.9 
........ 1 2 0 , 8  

1 2 3 , 4  
125 .0  

........ 123 .6  
125 .3  

........ 1 3 5 , 7  

Cons t i t uen t  f a t t y  ac ids  ( %,  f a t t y  ac id  bas i s )  

T o t a l  
0 - 1 2 : 0  0 - 1 4 : 0  0 - 1 6 : 0  C - 1 8 : 0  0 - 2 0 : 0  s a t u r a t e s  0 - 1 6 : 1  0 - 1 8 : 1  C - 1 8 : 2  0 - 1 8 : 3  

1.4 10 .2  3 .0  
0.5 9.7 3 .6  
0.2 9.9 2.9 
0.1 8.1 2 .5  

0.1 0.8 12 .7  2 .7  
13 2 

0 .4  0.2 13 .0  2.3 
10 .7  3.2 

13 .3  1 .6  
11 .7  1 .7  

0.0 10 .7  2 .0  
12 .4  1.7 

0.2 12.2  0.7 
10 .0  2 .7  

8.3 1.3 

0.2 

14 .6  
13.8  
13.2  
1 0 . 7  

14,7  a 

12 .5  
8.8 

13.5  
10.8  

15.8  
15 
15.9  
13.9  
14.3  a 
14 .9  
13 .4  
12.7  
14.1  
13.1  
12 .7  

9.6 

1.5 4 9 . 6  3 4 . 4  
0.2 30 .4  55 .6  
0.5 30 .1  56.2  0.0 
1.2 30 .1  56 ,3  

35 .9  47 .7  1.7 
52 0 

36 .1  54 .9  
2 7 , 1  55 .0  0 .5  
35 .5  55 .7  

55.9  0.7 
28 .9  56 .8  0 .6  
32 .9  56 .8  

56 .8  0 .7  
57 .2  O.4 

3 0 . 7  53 .5  
31  54  
28 .8  54 ,4  
28 .4  54 .7  3,0 
2 9 . 7  54 .8  1.2 
2 8 . 7  56 .2  0.2 

0.3 2 8 . 6  57 ,0  0.7 
0.0 29 .1  57.2  1.0 

27 .7  57 .4  0.8 
26 .9  60,0  
26 .7  60 .3  0.8 
23 .3  66 ,5  0.9 

t R e f e i e n c e  

8 
9 

10 
12 
13 
12 
11 
14 
15 
16  
17 
19 
2O 
21 
22 

9 
23  
16 
24  
25 
26 
27 
18 

a Ca lcu la ted  f rom th i s  a u t h o r ' s  resul t s .  
b I somer ized ,  u s i n g  po t a s s ium t e r t i a r y  bu toxide  r eagen t .  

(28,29,30) in which isomerization is conducted at  
180 ± 0.5C for 45 rain in an 11% solution of potas- 
sium hydroxide in glycerol. The equations used to 
determine f a t ty  acid composition are those given in 
the 1952 article. 

Several precautions are necessary for reproducible 
results. Time and temp of isomerization must be 
closely controlled as well as sample size and mixing 
of sample and reagent. Isomerization time (45 rain) 
is controlled in our laboratory to within ±0 .5  rain. 
The alkaline glycerol solution is held at 180C for 
20 ± I min prior  to sample introduction. A 100 ± l-  
mg sample is used for  corn oil. The oil is s t irred into 

the alkaline glycerol solution by removing the tube 
from the bath 60 sec after  the sample has been intro- 
duced, placing it in a tube mixer for  60 sec, then 
replacing the tube in the bath for 60 sec. This proce- 
dure is then repeated and the sample tube reintro- 
duced into the bath. By  the end of the second mixing 
the sample should be clear, indicating that  saponi- 
fication is underway. The bath temp must be con- 
trolled within ±0.5C. A high temp thermistor in 
conjunction with an electronic controller has proven 
satisfactory. Good agitation of the bath is essential. 
These precautions are probably useful in the analysis 
of all polyunsaturated vegetable oils. 

T A B L E  I I  

F a t t y  Ac id  Composi t ion of Ref ined  Corn Oil  by Alka l i  I s o m e r i z a t i o n  a n d  by GLC 

D a t e  oil processed  

5-61 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-62 . . . . . . . . . . . . . . . . . . . . . . . . . .  

6-62 . . . . . . . . . . . . . . . . . . . . . . . . . .  

8-62 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8-62 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8-62 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8-62 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8-62 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8-62 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8-62 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8-62 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8-62 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 -62 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10-62 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2-63 .. . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 -63  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 -63  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 -63  . . . . . . . . . . . . . . . . . . . . . . .  . . . .  

4 -63  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 -63  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 -63  . . . . . . . . . . . . . . . . . . .  

I .V .  

~Vijs Calc. 

124 .2  
1 2 3 . 7  1 2 5 . 4  

125 ,0  
124 ,0  1 2 5 . 4  

124 ,3  125 .6  

1 2 3 . 7  125 .2  

1 2 4 , 0  125 .2  

1 2 3 . 9  124 ,7  

123 .7  124 .6  

124 .2  126 ,0  

124 .5  126 .1  

124 ,0  1 2 5 . 6  

124 .1  125 .4  

124 .0  126 ,0  

123 .7  124 .6  
124 .2  

124 .1  124 .6  
124 .7  

1 2 4 . 4  1 2 5 . 5  
126 ,3  

124 .5  126 .5  
124 .5  125 .1  
125 .0  125 .7  
125 .0  125 .9  
1 2 4 . 0  125 .2  

Alka l i  i somer i za t ion  a GLC a 

T o t a l  T o t a l  
s a t u r a t e s  C - 1 8 : 1  0 - 1 8 : 2  C - 1 8 : 3  C - 1 6 : 0  C - 1 8 : 0  C - 2 0 : 0  s a t u r a t e s  0 - 1 8 : 1  C - 1 8 : 2  C - 1 8 : 3  

11 .5  0.4 14.2  26 .8  57 .6  
14 ,4  29 .0  55 .8  11.4  0.3 13 .6  27.2  58.7  

11 .4  0.2 13.9  27 .1  58 .5  
11.3  .... 13.2 27 .3  58 .8  14.2  29 .0  55 .8  

13 .5  30 .3  55 .3  0 .8  
13 .0  31 .0  5 5 . 4  0 .5  
13 .9  29 .1  56 .3  0 .7  
13 .6  2 9 . 6  56 .2  0.6 
14 .8  29 .1  55 .8  0 .7  
14,5  28 .7  56 .1  0.7 
13 ,8  2 9 . 7  55 .8  0 .7  
l :&2 2 8 . 8  56 .3  0+6 
14 .2  29 .1  55 .9  0 .7  
14 .8  27 .8  56 .7  0 .6  
14 ,4  28 .9  56 .0  0.7 
14.8  28 ,0  56 .5  0.6 
14.2  28 .6  56 .5  0.7 
14 .1  28 .8  56 .4  0 .6  
13 .4  2 9 . 9  56 .0  0 .7  
13 .5  29 .8  56.1  0 .7  
14 ,4  2 8 . 6  56 .0  0.9 
14.3 28 .8  56 .1  0.8 
14,3  28 .8  56 .0  0 .8  
13.9  2 9 . 5  55 .8  0 .8  
14.1  29 .2  55 .8  0 .8  
13.8  29 .9  55 .5  0 .8  
13.8  29 .9  55 .5  0 .8  
14,5  28 .8  56 .0  0 .7  

14.2  28 .8  56.3  0.7 

14 .5  27 .9  56 .9  0 .7  

2.3 1.2 
1.9 0.8 
2.3 0 ,8  
1.9 0 ,7  

11 .4  1.8 .... 13 .2  27 .1  59 .2  0 .6  

11,2  2.1 .... 13 .3  27 .4  58 .5  0.8 

11,1  1.8 .... 12 .9  27 .6  58 .4  0 .8  

11 ,6  1.8 .... 13 .4  27 .5  58 .3  0 .7  

11,5  2.3 .... 13 .8  2 7 . 4  58.0  0.9 

11.1  1.9 .... 13 .0  27 .3  59 .0  0,8 

11.2 1.6 .... 12 .8  27 .5  58 .8  0 .9  

11 .4  1.8 .... 13 .2  27 .1  58 .9  0.8 

11 .6  1.7 .... 13 .3  27 .2  58 .7  0.8 

11 ,4  1,6 .... 13 .0  27 .3  59 .0  0 .8  

11.4  2.2 0.2 13.8  26 .9  58 .7  0 .6  
11 .6  2 .4  0.2 14.2  26 .5  58 ,5  0 .7  
11 .6  2.3 0.2 14.1 26 .5  58 .6  0.8 
11.5  2.2 0,2 13.9  2 6 . 7  58 .7  0.7 
11.4  2.1 0.2 13.7  2 6 . ¢  59 .2  0.7 
11 .5  2.3 0.2 14.0  2 6 . 6  59 ,7  0 .7  
11 .7  2,2 0.2 14.1 2 6 . 1  5 9 , 6  1.0 
11.8  2.2 0.2 14.2  26 .4  58,9  0.8 
11 .4  1,9 0.3 13 .6  26 .1  59 .4  0.8 
11.5  2.3 0.2 14.0  26 .2  59 .2  1.0 
11.7  2.3 0.2 14.2 26 .0  59 .0  0.9 

a Resu l t s  expressed  as % ,  f a t t y  ac id  bas is .  
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Under  these conditions ).nd, of course, otherwise ad- 
hering s t r ic t ly  to the pL~lished procedure,  excellent 
reproducibi l i ty  was obt,ah;{ed. Results of replicate de- 
terminat ions on 11 f in is~; t  corn oil samples are shown 
in Table I I .  Although most of these samples were 
taken dur ing  Aug. 1962, no two samples were taken 
on the same day. The max difference in  linoleic acid 
content between replicate determinations is 0.8%. 

Gas-Liquid Chromatography'. GLC has been widely 
applied to determine the f a t ty  acid composition of 
corn oil. Much of the popular i ty  of this method 
is due to its apparen t  simplicity. However,  our ex- 
perience indicates tha t  m a n y  pitfalls  await  even the 
skilled analyst.  

All GLC analyses repor ted here were carried out 
on a Beckman Gas Chromatograph,  Model GC-2A, 
equipped with a mechanical in tegrator  (Disc Ins t ru-  
ments, Inc.)  and  a flame ionization detector. The 
copper column (0.25 in x 7.5 f t )  was packed with 
diethylene glycol suceinate (20%) on 60/80-mesh, acid 
washed Chromosorb W and was operated at  194C with 
a helium flow rate  of 106 m l / T i n  measured at 194C. 
A 0.8-rag sample was used. These operat ing parame-  
ters permi t ted  complete resolution of all components 
of interest  so that  all peak areas could be measured 
with the integrator.  The ins t rmnent  was standardized 
with a known mixture  of pure  methyl  esters s imulat ing 
the composition of corn oil. The pure  compounds 
were purchased either f rom Lachat  Chemicals, Inc. or 
f rom Applied Science Laboratories.  

Two major  problems were encountered in apply ing  
the GLC method to corn oil: the prepara t ion  of the 
methyl  esters for  injection into the column, and 
column carry-over.  Although sodium methoxide cata- 
lyzed methyl  transesterification has been widely used 
to prepare  glyeerides for  GLC (31), applicat ion to 
corn oil led to incomplete reaction. Reaction under  

6O 
56 
52 
4B  

4 4  
n 40 
~36 
u) 32 

28 
2 4  
2 o  

12 
8 
4 

1 

"1 
4 
J 
.1 

"1 
4 

l 

I, ', 
120 122 1 2 4  126 

I O D I N E  V A L U E  

52, 55 57 59 

L I N O L E I C  A C I D  ( % )  

32 
2 8  
24 
2o 

u) 16 

8 
ol 
Z 4 i 

I,,'.51,;51,,'.51 17,5 
10.5 12.5 14.5 16.5 

S A T U R A T E D  
F A T T Y  A C I D S  (%) 

~ z s  e4.s 26.s as.s ao.s a z s  a4.s s6.s 

O L E I C  AC I D (°/Q) 

I 'm.  1. The composi t ion  of 103 corn oil samples  as de te rmined  
by  the a l k a l i  i somer iza t ion  method.  

r igorously anhydrous  conditions gave 93% yields of 
methyl  esters f rom corn oil. The method finally 
adopted was one in which ca. 0.8 g of corn oil is 
saponified with alcoholic potassium hydroxide solu- 
tion and evaporated as described by  Benedict  (32) 
except that  no benzene is added. The soaps are dis- 
solved in water,  acidified with 1.0 N HC1 and the 
f a t t y  acids extracted with petrolemn ether. Af te r  
removal of the solvent under  a s t ream of nitrogen, 
the f a t t y  acids are esterified with boron trifluoride- 
methanol reagent  using a 15-min reaction time and the 
esters then recovered by petroleum ether extraction 
(33). The solvent is again evaporated under  ni trogen 
and the methyl  esters are dissolved in xylene to form 
ca. an 8% solution. 

Analysis  of pure  t r iglyceride mixtures  by  this 
method showed tha t  methyl  esterification was ca. 97% 
complete. The recovered methyl  esters were found to 
have the same f a t t y  acid composition as the original 
triglyeerides. Similar ly high yields of methyl  esters 
were at ta ined on applicat ion of this method to corn oil. 

Possibly the most serious source of error in GLC 
work is carry-over  (34). This is a poorly understood 
phenomenon in which components f rom a previous 
analysis remain on the column and appear  as con- 
st i tuents in subsequent analyses. Carry-over  presents 
a par t icu lar ly  difficult problem in the analysis of 
f a t t y  acids present  in only small quantities. Fo r  ex- 
ample, on one occasion a polyester column was stand- 
ardized using a methyl  ester mixture  containing 33% 
methyl  arachidate.  The undiluted esters were injected 
into the instrument.  A sample of corn oil was analyzed 
next  and found to contain 3.1% araehidie acid. Re- 
peated analyses af ter  this anomalous result  showed 
the araehidic acid content of this sample to be only 
0.4%. 

By s tandardizing daily with a methyl  ester mixture  
of composition similar to tha t  of corn oil, column 
carry-over  is minimized or at least recognized. The 
known mixture  is injected into the column as an 8% 
solution in xylene. Inject ion of undiluted methyl  
esters increased carry-over.  Although our experience 
is largely with corn oil, the same precautions undoubt-  
edly are desirable in the analysis  of other oils. 

All f a t t y  acids analyses are expressed on a f a t t y  
acid basis. In  calculating the I.V. of the oil f rom GLC 
f a t t y  acid analysis, a factor  of 0.9435 was used whieh 
accounts for  the conversion of the f a t ty  acids to glyc- 
erides and the presence of 1.25% unsaponifiables in 
eorn oil. 

The results of a number  of GLC analyses of corn 
oil are given in Table I I  and are in fa i r  agreement  
with results obtained by the alkali isomerization 
method. 

Phosphorus. AOCS Official Method Ca 12-55 is used 
with the following exception: The phosphomolybdate 
is reduced in H2SO4 with ascorbic acid. 

Color-Spectrophotometric. Crude corn oil is diluted 
1:10 (v /v )  with carbon tetrachloride and the differ- 
ence between the absorbance at  450 mt~ and 600 mt~/ 
era, mult ipl ied by  1000, is repor ted as the color. 

Refining-Chromatographic. AOCS Official Method 
Ca 9f-57. 

Iodine Value. AOCS Official Method Cd 1-25. 
Free Fatty Acids. AOCS Official Method Ca 5a-40. 
Unsaponifiable. AOCS Official Method Ca 6a-40. 
Oil. Corn, ground through a i - ram screen (Wiley 

mill) ,  is dried at 100C in a vaeumn oven for  one hr, 
than  a 5-g sample extracted with carbon tetraehloride 
for  24 hr in a modified Bu t t  extractor.  
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Results and Discussion 

USA Oil. Over a period of about  2.5 years, 103 
samples of finished corn oil were taken at i r regular  in- 
tervals  and their  f a t t y  acid composition determined 
by the alkali isomerization method. Most of these 
samples were of oil processed at the Argo p lan t  of 
the Corn Products  Co. ; some were of oil processed a t  
the Bayonne or San Francisco plants. Results are 
shown in F igure  1. 

The composition of corn oil over this period was 
quite constant. The I.V. averaged 123.6 ranging  f rom 
120.2-126.3 with 85% of the values fall ing between 
122.6-124.5. The same narrow distr ibution is evident 
in the linoleie acid contents. The average is 55.5 and 
the range f rom 53.1-58.6%, but  93% of the samples 
fell within the 53.6-57.5% range. The values for  satu- 
ra ted f a t t y  acids and for  oleic acid show considerable 
spread around their  averages of 14.1 and 29.7%, re- 
spectively. This is to be expected as these values re- 
flect errors both in the determinat ion of I.V. and lino- 
leic acid content. Linolenic acid was found in all 
samples. The average value is 0.6% ; the range is f rom 
0.1-0.9%. Approx  0.1% conjugated tr iene is present  
in all samples. 

The true ranges of the f a t t y  acid composition of 
these oils are probably  nar rower  than indicated by 
these data since some of the early samples were ana- 
lyzed before the need for the precautions discussed 
earlier was appreciated.  The values obtained over this 
2.5-year period by  alkali isomerization are in good 
agreement  with those repor ted in the l i tera ture  (Table 
I )  determined by the same method. Only two of the 
linoleic acid and two of the linolenic acid values cited 
are outside the range  of those reported here. 

As must  be expected of na tura l  products,  some vari-  
ations in the I.V. of corn oil may  occur over a period 
of several years. The average I.V. of 72 samples taken 
over 18 months  dur ing 1.957 and 1958 was 125.4. This 
is not  too different f rom 123.6, the value obtained more 
recently.  

Although the GLC data  are in fa i r  agreement  with 
the results obtained by alkali isomerization, significant 
differences are apparen t  on close examination. F i f teen  
of the corn oil samples shown in Table I I  were analyzed 
by both methods and the average results are shown 
below: 

P r o p e r t i e s  of 
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Cons t i tuen t  f a t ty  ac ids  ( % ,  f a t ty  ac id  bas i s )  
I ,V ,  

To ta l  Oleic L ino le i e  L ino l en i e  
W i j s  Calc. S a t u r a t e s  

Alka l i  isom. 124 ,0  ........ 14.2 29 .1  56 .1  0.7 
GLC ........ 1 2 5 . 7  13 .4  27 .2  58 .7  0.8 

Most impor tan t  is the difference in linoleic acid 
content. Ca. 2.5% (based on oil wt) more linoleic 
acid is found in corn oil by GLC analysis than by 
alkali isomerization. Both the content of oleic acid 
and that of total saturated fatty  acids are lower by 
GLC than by alkali isomerization. Linolenie acid 
contents are the same by both methods. Although the 
I.V. calculated from the GLC data are consistently 
higher than those obtained by the Wijs  method, the 
difference is small and of doubtful  significance. 

The differences found in the tinoleic acid content 
of corn oil by these two methods are not in accord with 
the experience of some other investigators analyzing 
similar oils. Kauffman et al. (35) found good agree- 
ment between the results by these methods when 
determining the linoleic acid content of cottonseed and 
soybean oils (oils similar to corn in linoleic content).  
Excellent agreement between the two methods was 
obtained by Herb et al. (36) on analysis of sesame oil 
and safflower oil. French (9) applied the two methods 
to a variety of oils and showed generally good agree- 
ment between the two. Corn oil was one of the ex- 
ceptions. The reported linoleic acid content was 54.8% 
by GLC and 47.7% by alkali isomerization. However, 
the I.V. by the AOCS method agreed well with that 
calculated from the GLC data. After examining soy- 
bean, sunflower and corn oil, Craig and Murty (37) 
concluded that there was fair agreement between I.V. 
as determined by the Wijs method and that calculated 
from GLC data. There were, however, very significant 
differences in fatty acid composition by the two meth- 
ods. The data of Wolff from the analysis of 10 samples 
of corn oil by both methods show good agreement for 
linoleic acid contents (39) .  

Recently, Sreenivasan et al. (16) showed that not 
all the C-18 dienes in corn oil were the 9,12-isomers. 
These authors show that 3.9% of the linoleic acid in 
corn oil was not conjugated after heating at 180C for 
25 rain in the ethylene glycol-potassium hydroxide 
reagent. Some evidence is presented to indicate that. 
a diene with the first double bond at C-11 position is 
present.  

T A B L E  I I I  
V a r i o u s  Commerc ia l  Corn  Samples  and  of the  Crude  0 i l s  D e r i v e d  T h e r e f r o m  

Or ig in  of corn 

Rhodes i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rhodes i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
K e n y a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T a n g a n y i k a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
So. Af r i c a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No. Amer i ca  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U S A  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No. A m e r i c a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ango la  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Congo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Angola  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T u r k e y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ango la  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
K e n y a  .......................................... 
l~[oroeco . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A r g e n t i n a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Y u g o s l a v i a  .................................. 
Y u g o s l a v i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
France . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U S A  (co rn  bel t )  b . . . . . . . . . . . . . . . . . . . . . . . .  
]~1exico ( J a l i s c o )  . . . . . . . . . . . . . . . . . . . . . . . . .  
B r a z i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Colombia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B r a z i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B r a z i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Colombia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U S A  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Color Type  
Oil  in  
k e r n e l  

( % d.b.)  I .V .  Color a 

Oil  p rope r t i e s  

F F A  

( %  as 

W h i t e  
W h i t e  
W h i t e  
W h i t e  
W h i t e  
W h i t e  
W h i t e  
W h i t e  
W h i t e  
W h i t e  
W h i t e  
W h i t e  
W h i t e  
Yel low 
Yel low 
Yenow 
Yel low 
Yellow 
Yel low 
Yel low 
W h i t e  

W h i t e  

D e n t  
D e n t  
D e n t  
D e n t  
Dent 
Dent 
Dent 
Dent 
F l i n t  
F l i n t  
F l i n t  
F l i n t  
F l i n t  
F l i n t  
F l i n t  
F l i n t  
D e n t  
D e n t  
Dent 
Dent 
Dent 

4.9 
4.9 
4.9 
5.2 
4.2 
5.7 
4.8 
4.2 
5.2 
4 .3  
4 .8  
5 .5  
5.1 
4 ,8  
5,0 
5~2 
4 .9  
4 .9  
4 .7  
4 ,8  

107 .6  
107 .6  
1 0 8 . 4  
1 1 1 . 6  
111 .8  
1 1 4 . 5  
1 1 9 . 1  
122 ,9  
110 .4  
110 .5  
111 ,5  
114 .1  
1 1 4 . 5  
1 1 0 . 4  
113 .3  
124 .2  
1 1 4 . 5  
1 2 3 . 4  
1 2 3 . 7  
1 2 5 , 4  
110 .4  
1 1 2 . 5  
1 1 3 . 4  
1 1 3 . 6  
113 .9  
1 1 5 . 4  
1 2 1 . 6  

oleic) 

97 
117  
139  

86 
96 

108  
128  
144  
111 
117  
145 

96 
1 3 0  

202  
2 0 8  
2 0 8  
2 6 0  
2 6 6  
2 3 4  

1 4 4  
4 1 6  
2 1 0  
3 0 4  
323  
2 2 0  

99 

1 .56  
1 .60 
1 .58  
1 .86  

2 .07  

2 .40  
1 .46  
2 . 0 0  

1 . 9 6  

1 .83 
2 . 7 1  
1 .82  
2 .20  
2 . 7 0  
2 .69  
2 .00  
5 .12  
1 .10 

U n s a p o u a -  
fiable 
(%) 

1.39 
1 .42 
1 .47 
1 .21 
1 .48  
1 .44  

1 .48  
1 .05  
1 .61  

1 .43  

1 .33 
1 .25  
1 .22 
1.86 

1 .46  
2 .07  
1 .38  
1 .26 

Phos-  
pho rus  
(%) 

0 . 0 6 7  
0 . 0 5 6  
0 . 0 4 7  

0 .031  
0 . 0 5 7  

0 . 0 3 1  
0 . 0 6 8  
0 . 0 4 6  

0 . 0 4 9  

0 , 0 4 5  
0 . 0 5 4  
0 . 0 3 2  
0 . 0 2 6  

0 .032  
0 . 0 3 1  
0 . 0 4 2  

0 .053  

a Spec t rophotomet r ic ,  
b A v e r a g e  of oil p roduced  in  1 9 5 7  a n d  1958  a t  Argo,  I lh  p lan t ,  Corn  P r o d u c t s  Co. as j udged  by the ana lys i s  of 72 samples  t a k e n  over  th i s  per iod.  
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T A B L E  I V  

F a t t y  Acid  Composi t ion  of Some F o r e i g n  Corn  Oils 

O r i g i n  

Mexico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ango la  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

So. A f r i c a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Braz i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

No. A m e r i c a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Colombia ............................................................. 

F r a n c e  ................................................................ 

Kernel.  p rope r t i e s  

Color T y p e  

D e n t  

F l i n t  

D e n t  

D e n t  

D e n t  

Oil b 

Crude  
Ref ined 
C r u d e  
Ref ined  
Crude  
Ref ined  
C r u d e  
l~ofined 
C r u d e  
Ref ined  
C r u d e  
Ref ined  
C r u d e  
Ref ined  

Oil p rope r t i e s  

C o n s t i t u e n t  f a t t y  acid  ( % f a t t y  ac id  bas i s )  a 

I .V .  

110.4 
110.4 
111.5 
112.6 
111.8 
112.6 
113.6 
113.6  
114.5 
115.0 
115.4 
116.4 
123.7 
123.9 

Tota l  
s a t u r a t e s  

14.1 
15.3 
15.8 
15.7 
14.7 
15.1 
16.0 
15.2 
16.1 
14.7 
16.1 
14.9 
12,8 
12.9 

W h i t e  

W h i t e  

W h i t e  

W h i t e  

Yellow 

C~18:1 C-18 :2  

43.9 42.0  
41.5 43.2 
39,3 44.9  
38.2 46.1 
41.1 44.2 
39.5 45.4  
36.5 47.5 
38.1 46.7  
35.3 48.6  
37.4  47.9 
34.2 49.7  
35.5 49.6  
31.3 55.9 
30,S 56.3 

a D e t e r m i n e d  by  alkal i  i somer iza t ion .  
b Ref ined oil p r e p a r e d  f r o m  c rude  by  c h r o m a t o g r a p h y  on a l u m i n a  co lumn (Official  Method Ca 9f -57) .  

The occurrence of such dienes presents a ready ex- 
planation for our findings. The GLC linoleic acid 
values include all the Cd8  dienes since these are not 
separated on packed polyester columns of this length 
(7.5 f t ) .  On the other hand, the isomerization method 
has been standardized using cis, cis-9,12-octadeeadie- 
noic acid and, although other spatial and positional 
isomers may conjugate under  the influence of alkali, 
the degree of conjugation is not the same as that  of 
the cis, cis-9,12 compound. Thus the alkali isomeriza- 
tion results correspond approx to the content of cis, 
cis-9,12-octadecadienoic acid. 

I t  seems likely that  the same situation exists with 
regard to the analysis of oils other than corn oil. 
Sreenivasan et al. found 3.2% nonconjugatable C-18 
diene in cottonseed oil and 2.5% in safflower oil. 

The GLC conditions generally used in this labora- 
tory  are such that  the minor constituents are not ob- 
served. However, by decreasing the at tenuat ion at 
the appropria te  times, the f a t ty  acids present in only 
small amt can be quanti tat ively determined. Laurie, 
myristic, palmitoleie and araehidic acids have been 
found when the appropriate  GLC operating conditions 
have been used. Typical  results for  the first three of 
these acids are shown below : 

F a t t y  acids  ( % ,  f a t t y  ac id  bas i s )  

Sample  C-12 :0  C-14 :0  C-16 :1  

A 0 .015 0 .016 0 .06 
B 0.006 0.055 0.1 
C 0.013 0 .014 0.1 

Values for araehidic are shown in Table II .  They 
range from 0.2-0.4%. Baldwin and Sniegowski (7) 
using the distillation technique found 0.2% araehidie 
acid in corn oil. 

Lauric,  myristic, palmitoleic and arachidie acids 
were present in all corn oils examined. Analysis by the 
methyl ester distillation technique regular ly  showed 
the presence of palmitoleic acid (Table I ) .  Our re- 
sults confirm this earlier work. 

There is little doubt that  linolenic acid is a con- 
st i tuent  of corn oil. Crespo (38) has isolated a 
hexabromostearic acid from Argentine corn oil af ter  
appropriate  manipulation. 

F rom December, 1962 unti l  March, 1964 samples 
of corn oil were obtained every three months and 
analyzed by GLC. A total of 42 samples were exam- 
fried. The average results are shown below'. 

Cons t i tuen t  f a t t y  acids  ( % ,  f a t t y  ac id  bas i s )  
I.'V'° 

( W i j s )  C-16 :0  C-18 :0  C*18:1 C-18 :2  C-18 :3  C-20 :0  

124.4 11.5 2.2 26.6 58.7 0.8 0,2 

As in the case of the samples analyzed by the alkali 
isomerization procedure, these also showed remarkably 
little var ia t ion;  for  example the I.V. ranged from 
123.7-125.5, the dienoic acids f rom 57.8-60.1%. 

With  few exceptions, our results agree fair ly well 
with those reported in the l i terature (Table I) for  
USA corn oil. The linoleic acid values reported by 
Longeneeker (5) and French  (9) seem low as judged 
by our experience. The value for this acid reported by 
Fleischman et al. (18) appears too high. 

Imparted Corn Oil. While oil prepared from com- 
mercially available midwestern corn is of relatively 
constant composition, that  derived f rom corn grown 
in other parts  of the world varies considerably. To 
determine the degree of this variation, samples of 
crude oil were obtained f rom corn wet milling plants 
throughout  the world. These plants separate corn 
into its components by the same process used in this 
country.  Many varieties of corn are processed. Some 
plants purchase corn on the world market, other proc- 
ess only locally grown corn. Since we hope to relate 
corn oil propert ies to the type of corn and the country  
of origin, samples of corn and of the crude oil derived 
from them were obtained front plants outside the USA. 
The samples were taken only when the plant  had been 
running on a single kind of corn for some time. In  
all cases the oil was expressed f rom the dried wet 
milled corn germ by mechanical screw- presses. This 
group of samples, then, is representative of commer- 
cially produced oils f rom corns which are grown on a 
large scale in various par ts  of the world. 

Surprisingly,  the ranges of protein and oil contents 
of these kernels (9.1-10.8% and 4.2-5.7%, respec- 
tively) were well within those of USA grown corns. 
The most significant variat ion was found in crude oil 
properties, par t icular ly  in iodine value. The lat ter  
ranged f rom 107.6-124.2 (Table I I I ) .  This variation 
may result f rom genetic characteristics or climatic 
conditions which exert a considerable influence on 
I.V. (2,15,40,41). 

As might be anticipated, crude oil from yellow corn 
is appreciably darker  colored than that  f rom white 

T A B L E  V 

Re la t ionsh ip  B e t w e e n  I . V .  a n d  Linole ie  Acid  Conten t  of 
Corn  O i l s - - R e g r e s s i o n  E q u a t i o n  C o n s t a n t s  

S t a n d a r d  P Cons tan t s  a 
Source  of d a t a  I dev ia t ion  

Th i s  report ,  c rude  oils ............................... 1,1 
Sn i egow sk i  a n d  B a l d w i n  (15)  . . . . . . . . . . . . . .  - -61 .1  0 .9{ ] 1.0 
Lof land,  Q u a c k e n b u s h  a n d  B r u n s o n  (2)  [ - -57 .4  0.87 3.0 
T h i s  report ,  re f ined  oils . . . . . . . . . . . . . . .  - -61 .8  t 0.95 l 0.32 

a F o r  equa t ion  y = a ~ bx w h e r e  y : p e r c e n t a ge  linoleic acid  on f a t t y  
ac id  bas i s  a n d  x = I . V .  
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TABLE V I  

Fatty Acid Composition of Imported Corn Oils 

95 

Origin of oil 

Germany ........................... 

Germany .......................... 

G ermany ........................... 

Germany .............................. 

~ ernlany ............................ 

Brazil .................................. 
Mexico .............................. 
Colombia ............................. 

I .V. 

Wi js  Calc. 

125.9 
124.8 

125.2 
125.0 

125.5 
124.8 

126.4 
125.3 

125.1 
123.9 
113 114.4 
109 110.1 
114.9 113.6 

Method 
of analysis 

Constituent fat ty acids ( % fatty acid basis) 

GLC 
Isomerization 
GLC 
Isomerization 
GLC 
Isomerization 
GLC 
Isomerization 
GLC 
Isomerization 
GLC 
GLC 
OLC 

Total 
C-12 :O C-14:0 C-16:0 C-18:0 0-20:0  saturates  C-18:1 C-18:2 C-18:3 

0.006 0.064 11.3 2.3 0.4 14.1 26.9 56.3 2.7 
13.4 30.3 54.8 1.4 

0.009 0.028 11.1 2.1 0,4 13.6 26.6 57.7 1.6 
14.7 27.5 56.3 1.4 

0.011 0.014 11.2 2.1 0.4 13.7 26.7 57.2 2.0 
14.1 29.0 55.6 1.4 

0.015 0.016 11.1 2.1 0.3 13.5 26.7 58.2 1.7 
14.7 27.3 55.5 1.5 

. . . . . . . . . . . . . . . .  11.0 2.1 0.3 13.4 27.4 58.0 1.1 
13.1 31.5 5 i .5  0.9 

0.023 0.042 13.7 2.4 0.5 16.7 32.4 49.1 1.2 
0.024 0.042 12.6 3.9 0.6 17.1 37.2 44.3 1.1 
................ 14.9 1.2 0.2 16.3 34.3 48.6 0.6 

corn despite the effect of oil recovery methods (Table 
I I I ) .  The free f a t t y  acid content of these oils is within 
normal  limits except for  one sample f rom Colombia 
which was unusual ly  high (5 .1%).  Again with one 
or two exceptions both unsaponifiable and phosphorus 
contents were in the usual range. 

Impor ted  oils are of ca. the same phosphorus con- 
tent  as USA oils but of slightly higher unsaponifiables 
content. Seventy-two samples of crude USA corn oil 
were analyzed in 1957 and 1958 (Table i [ I ) .  Un- 
saponifiables averaged 1.25%, ranging  f rom 1.00- 
1.47%. Corresponding values for phosphorus content 
are 0.054% and 0.038-0.070%. 

Evidence in the l i tera ture  indicates tha t  as the 
I.V. of corn oil declines, its linoleic acid content like- 
wise declines. This relationship is based on the analy- 
sis of various hybrids of widely different oil content 
(2,15). The f a t t y  acid compositions of seven samples 
of imported corn oil as determined by the alkali 
isomerization method are given in Table IV. In  spite 
of the divergent  genetic background and climatic con- 
ditions under  which these samples were grown, about 
the same relationship between liuoleie acid content and 
I.V. holds for  these samples as for  those where genetic 
characteristics were the chief variable (Table V) .  
Possibly this is an indication that  the genetic factor  is 
dmninant.  

The isomerization method for analysis of f a t t y  acid 
composition may  be appl ied with more confidence to 
refined oils than  to crude oils. In  Table IV  the results 
of analysis of the refined oils p repared  f rom the crude 
oils are also shown. The chromatographic  method for 
determining neutra l  oil was used to prepare  the re- 
fined oil. The s tandard  error  of estimate of the regres- 
sion equation based on the analyses of the refined oils 
is much lower than tha t  f rom the analyses made on the 
crude oils (Table V) .  

More recently a number  of imported corns oils have 
been analyzed by  GLC and by the alkali isomerization 
method. The results are shown in Table VI.  The five 
German samples were obtained f rom Deutsche Maizena 
Werke  G.m.b.H. and were produced early in 1962 
when sizable amounts  of yellow USA corn were being 
processed. Compar ing the results by the isomerization 
and GLC procedures, the differences are the same mag- 
nitude as found previously. The linoleic acid values 
are higher and the oleie and total  saturates  lower by 
the GLC analysis. These samples are unusual  chiefly 
in their  high linolenie acid content compared to typi-  
cal USA oils. K a u f m a n n  and Mankel (42) also found 
high ]inolenic acid values on examining a German corn 
oil. 

The results of the GLC analysis of the Brazilian, 
Mexican and Colombian oils (Table V I )  agree fa i r ly  
well with the values repor ted in Table I V  for  oils f rom 

these countries. An exception is the value for  linolenic 
acid where results of the GLC analyses were in the 
expected range. Both the Brazil ian and Mexican oils 
contained more tauric and arachidic acids than found 
in USA oils. 
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