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Abstract 
A procedure for the quantitat ive analysis of 

component triglycerides by thin-layer chroma- 
tography (TLC) with silver nitrate-silieic acid 
coated plates in combination with lipase hydroly- 
sis is described. The method is demonstrated on 
synthetic tr iglyceride mixtures and applied to sev- 
eral natural  fats. 

The results indicate that  the fa t ty  acids of natu- 
ral  fats are not distributed among the triglycer- 
ides in accordance with any simple mathematical 
formula and methods based on mathematical dis- 
t r ibution patterns cannot be generally applied. 

Introduction 

S ILICIC ACID I3/[PREG!gATED with silver ni t rate  is being 
used widely in various ramifications for the analy- 

sis of triglycerides af ter  the method of de Vries (1). 
In accordance with the known proper ty  of the argenta- 
tion of olefinic linkages (2,3), de Vries (1,4) demon- 
strated that  triglycerides may be fract ionated by col- 
umn chromatography on silieic acid impregnated 
with silver ni t rate  on the basis of the degree and 
geometric configuration of the unsaturation.  The use 
of silver ni t ra te  as an adsorbent for  TLC fraetionation 
was first demonstrated by Morris (5).  Barre t  et al. 
(6) expanded the TLC technique to the separation 
of triglyeerides and developed a method for the deter- 
mination of triglyeerides based on the densitometry 
of charred spots similar to that  employed by Pr ivet t  
and Blank (7) except that  phosphoric acid was used 
instead of sulfuric acid-chromic acid in the charring 
procedure. Recently the analysis of triglycerides by 
a combination of analytical techniques in conjunction 
with fractionation by silicic acid impregnated with 
silver ni t ra te  has been described by a number of in- 
vestigators (8-10).  Various aspects of the analysis 
of triglyeerides by multiple procedures, which include 
a fract ionation with silicie acid impregnated with 
silver nitrate,  have been elaborated on by Kaufmann  
et al. (11), Litehfield (12) and McCarthy (13). De- 
scribed here is a simple method for the application of 
the technique in conjunction with lipase hydrolysis. 

Experimental 
Materials and Methods. Tripalmit in and triolein, as 

well as the methyl  esters used in this study, were ob- 
tained f rom The Hormel  Inst i tute  and were of >99% 
puri ty .  The preparat ion of the diaeid triglycerides 1- 
oleo-2,3-dipallnitin and 1-palmito-2,3-diolein used in 
the s tandard tr iglyceride mixtures has been previously 
described (7).  Corn oil and fresh prime steam lard 
were obtained from commercial sources. A sample 
of ra t  liver tr iglycerides was obtained from a group of 
animals receiving 10% lard as their sole source of 
dietary fat. The fa t  was extracted from the freshly 

1 Suppor ted  in part by a grant  from the Special Dairy  Industry Board 
of the l~ational Dairy Council and U.S. Pub l ic  Health Service Grant No. 
:HE 05735.  

excised livers of the animals with chloroform :metha- 
nol (2:1,  v /v ) .  The triglycerides were then separated 
from the other lipid components by silicie acid col- 
umn chromatography.  The homogeneity of the triglyc- 
eride fract ion was determined by silieic acid TLC. 

Triglyceride mixtures. Two mixtures were prepared 
by a combination of interesterifieation and randomiza- 
tion to provide a triglyceride composition with a wide 
variation in unsaturation.  One mixture  was prepared 
from an approx equal molar mixture  of methyl pal- 
mitate, oleate and linoleate. Another  mixture  was 
prepared from an approx equal molar mixture  of 
methyl  palmitate, oleate and linolenate. These mix- 
tures of esters were simultaneously interestcrified and 
randomized by st irr ing them with triacetin containing 
ca. 0.2% sodium methoxide under  a high vacuum at 
room temp for one hr (dur ing this time the methyl  
acetate was removed and collected in a cold t rap)  and 
then at 60C for two hr to complete the randomization. 
The triglyeerides formed in the reaction were freed 
of impurities by silieie acid column chromatography. 
The tr iglyceride composition was determined f rom' the  
f a t ty  acid composition by calculation on the basis of 
a random distribution of the fa t ty  acids as shown in 
the results (Table I I I ) .  

F a t t y  acid composition of triglycerides was deter- 
mined by GLC of the methyl  esters. Methylation was 
carried out by heating 1-10 mg sealed in a glass am- 
pule with 2 ml of 5% tIC1 in methanol under  an 
atmosphere of nitrogen in a boiling water  bath for 
about one hr. 

GLC was carried out with an F & M Scientific Co. 
Model 609 Flame Ionization instrument  equipped with 
a 6 f t  x 1/~ in. column packed with 8% ethylene glycol 
suecinate polymer (EGSS-X phase, Applied Science 
Laboratory)  on Chromosorb P at 175C and a carrier  
gas flow of 55 ml/min.  

TLC of triglycerides was carried out on 20 x 20 em 
chromatoplates coated with silicic acid impregnated 
with silver ni t ra te  as described by Barrc t  et al. (6).  
Two solvents were employed. The low unsaturated 
triglycerides (3 and less double bonds) were chro- 
matographed with 0.8% methanol in chloroform. Tri- 
glyecrides containing more than three double bonds 
were ehromatographed with 2-3% methanol in chloro- 
form, depending on the degree of unsaturation.  

Triglyceride Structural Analysis. A sample of 10- 
20 Ing of triglyceride, free of other lipids, was chro- 
inatographed in bands on a 20 x 20 cm chromatoplate 
in one or both of the solvent systems described above. 
The bands of separated triglyeerides were located by 
spraying the chromatoplate with 2,7-dichlorofluores- 
ceiI1 (0.1% in ethanol) and viewing it  under  UV light. 
Each band was marked and scraped off the plate into 
a 100-ml beaker containing 20 nil of 5% methanol 
in ethyl ether. A precisely known wt (usually ca. 
0.5 rag) of methyl  pentadecanoate was added to the 
solution which was then fitlered through a small sin- 
tered glass funne l  and washed several times with 
fresh 5% methanol in ether. An amt of low boiling 
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I)  .................................................................... 
1 5 : 0 "  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

THE J O U R N A L  OF T H E  A ' M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  

TABLE I TABLE III 

Fa t ty  Acid Coraposition of Selected F rac t ion  in  the Analys is  of Analys is  of a ]~andomized )~ix ture  A, F i g u r e  1, 
Ra t  L i v e r  Triglycer ides  

TG type 
Total  B-Monoglyc- 

f rac t ion  erides 

4.2 5,3 
52.9 90.0 

2.0 4.7 
40.9 

S : s a t u r a t e d  acids. 
IV[ = monoenoic acids, 
D ~--dienoic acids. 
* R e p r e s e n t s  added i n t e rna l  s t andard .  

petroleum ether (bp 35-60C),  equal to about one-third 
of the volume, was added to the filtrate which was then 
washed three times with ca. 30 mI of distilled water.  
The solution was dried over anhydrous  sodium sulfate, 
filtered, reduced in volume to 1-2 ml by evaporation 
and t ransfer red  to a small ampule. The last traces of 
solvent were then evaporated under  reduced pressure. 
The sample was sealed in an atmosphere of ni trogen 
with ca. 2 ml of d ry  5% methanolie HC1 and heated 
in a boiling water  bath for  one hr. The methyl  esters 
were recovered, diluted to a known volume with car- 
bon disulfide and analyzed by  GLC. 

Another  sample of each f ract ion was obtained f rom 
addit ional  chromatoplates for  lipase hydrolysis.  The 
hydrolysis  technique was similar to the general pro- 
cedure described by Mattson and Volpenhein (14) 
scaled down to a semi-micro method. The monoglyc- 
erides produced by the lipase hydrolysis  were isolated 
by prepara t ive  TLC bY the general technique used 
for  the analysis of these compounds (15,16) and 
methyla ted  with d ry  methanolic HC1 as described 
above. The f a t t y  acid composition of the/3-monoglyc- 
erides was then determined by  GLC of the recovered 
methyl  esters. 

The amt  of each tr iglyceride fract ion was deter- 
mined on the basis of the GLC analysis of the known 
wt of the in ternal  s tandard.  The distr ibution of the 
f a t t y  acids among the tr iglycerides in each f ract ion 
was determined f rom the total  f a t t y  acid composition 
and that  of the fl-monoglyeerides obtained by lipase 
hydrolysis as i l lustrated by the following example : 

Triglyeeride mixture  
~ S = sa tu ra ted  fa t ty  acids 

1 ~  1~ D = dienoic fa t ty  acids 
M ~ monoenoic fa t ty  acids 

I I I  

S 
s 1- I_--. s 
I I I  

This mixture  of tr iglycerides (I,  I I  and I I I )  was 
obtained as a single band on the chromatography  of 
the sample of ra t  l iver triglycerides, the complete 
analysis of which is tabulated in the results (Table V) .  
I t  should be pointed out tha t  only when the amounts 
of I and I I  are relat ively low in relation to I I I  are 
all of these tr iglycerides found in the same hand. The 
tr iglyceride composition of any  band can be readi ly  
determined f rom a consideration of its R~ value and 
f rom its f a t t y  acid composition. Correction for  over- 
lapping of bands also can be made f rom a eonsidera- 

P P P  
P P O  
P O 0  
0 0 0  

T A B L E  I I  

Analysis  of a S t a n d a r d  Mixture  of Triglycer ides  

1 2 3 AV I Known  Abs. 
error 

- - ; 6 % - -  25.---~-- +06  
t 22.0 22.a I -0 .4  

22.6 23,2 - -0 .6  
I 29.2 I 28.8 I -~0.4 

25.6 27.0 ~6.1 
20.4 22.1 23.4 
25,6 19,6 22.6 
28.4 31,4 27.9 

p z pa lmi t i c  acid. 
0 ~- oleic acid. 
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P P P  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P P O  .............................................................. 
F O P  .............................................................. 

~ 0 0  .............................................................. 

O P O  .............................................................. 

0 0 0  .............................................................. 

P P L  .............................................................. 

P L P  .............................................................. 

POL .............................................................. 

O P L  .............................................................. 

OLP .............................................................. 

O O L  .............................................................. 

OLO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F L L  .............................................................. 
L P L  .............................................................. 
e L L  .............................................................. 

LOL .............................................................. 

L L L  ............................................................. 

Calc. 
F o u n d  Rand .  

5.2 
10.4 

4.3 
8.4 
5.0 
4.7 
8.7 
3,3 
7.3 
7.4 
6.8 
6.4 
3.8 
5,3 
2.7 
5.3 
3.0 
2.0 

4.9 
9,5 
4.8 
9.3 
4,7 
4.6 
7.4 
3.7 
7.2 
7.2 
7.2 
7.1 
3.6 
5.6 
2.8 
5.5 
2.7 
2.1 

P ~ pa lmi t ic  acid. 
O ~ oleic acid. 
L ---- l inoleic acid. 

tion of the f a t t y  acid composition in relation to those 
of adjoining bands unless the resolution is very  poor. 
The f a t ty  acid composition of the total f ract ion and 
that  of the fl-monoglycerides produced by  ]ipase hy- 
drolysis is summarized in Table I. 

The 15:0 represents  0.50 mg of added standard.  
Therefor% the total  amt  of the f ract ion = [ ( S + D + M) / 
15:0]  × 0.50 mg = [(4.2 + 52.9 + 2.0)/40.9] × 0.50 = 
0.72 rag. In  this par t icu lar  analysis the total  sam- 
ple = 5.91 ms.  Therefore,  the percentage of this frac- 
tion = (0.72/5.91) × 100 = 12.2%. Since the amt  of 
monoenoie acid (M) in this fract ion arises entirely 
f rom I I I ,  the amt  of I I I =  ( % M / % 1 5 : 0 )  × 0.50 mg ---- 
(52.9/40.9) × 0.50---- 0.65 mg. The amt  of I + I I  = 
0.72 m g -  0.65 mg---0.07 rag. The individual  amt  of 
I and I I  are calculated f rom the relative amt  of S and 
D acids in the monoglyeerides. I t  can be seen that  
together  they make up 10% of the total  f a t t y  acids. 
S makes up 53% and D 47% of this f ract ion (the 
10%, Table I ) .  Therefore,  the amt  of I = (53/100) × 
0.07 and the amt  of I I  = (47/100) × 0.07 which is 0.04 
and 0.03 ms,  respectively. The percentage of each 
of types I, I I  and I I I  in the total  = 0.7, 0.5 and 11.0% 
as repor ted in the results (Table  V) .  

I t  may  be observed that  percentage composition of 
each tr ig]yceride type in the above example may  also 
be calculated direct ly f rom the f a t ty  acid composition 
of the fl-monoglyceride and tha t  of the total  fraction. 
Fo r  an example of the appl icat ion of the method of 
calculation to a more complex mixture  of triglycerides,  
the reader  is re fer red  to another  repor t  (17) f rom this 
laboratory  on the applicat ion of the method to milk 
fat. 

R e s u l t s  a n d  D i s c u s s i o n  

The type of separat ions of t r iglycerides tha t  may  
be effected by silver nitrate-silicic acid adsorbents 
with mixtures  of chloroform-methanol  is i l lustrated in 
F igure  1. Identification of the components of each 
band in F igure  1 was made on the basis of f a t t y  acid 
composition, comparison of Rf values of simple tri-  
glycerides of different degrees of unsa tura t ion  and 
f rom a consideration of the f a t t y  acid composition of 
the original preparat ion.  Nine separate  bands can be 
distinguished in the chromatography  of t r iglyeeride 
mixture  A, and 8 bands in tr iglyeeride mix ture  B 
using a solvent system of 0.8% methanol in chloro- 
form. The results in F igure  1 show that  the fractiona- 
tion of tr iglycerides does not occur s tr ict ly on the basis 
of the total  unsaturat ion.  Tha t  some bands  contain 
mixtures  of t r iglyceride classes, a class being defined 
as those with the same total  unsaturat ion,  shows tha t  



F E B R U A R Y ,  1 9 6 5  

TABLE IV 

T r i g l y c e r i d e  Structural  Analys i s  of N a t u r a l  F a t s  

S S S  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S S M  . . . . . . . . . . . . . . . . . . . . . . . . . .  
S M S  . . . . . . . . . . . . . . . . . . . . . . . . . .  
S M M  . . . . . . . . . . . . . . . . . . . . . . . . .  
M S M  . . . . . . . . . . . . . . . . . . . . . . . . .  
M M M  . . . . . . . . . . . . . . . . . . . . . . . .  
S S D  . . . . . . . . . . . . . . . . . . . . . . . . . .  
S D S  . . . . . . . . . . . . . . . . . . . . . . . . . .  
SlVID . . . . . . . . . . . . . . . . . . . . . . . . .  
M S D  . . . . . . . . . . . . . . . . . . . . . . . . . .  
S D M  . . . . . . . . . . . . . . . . . . . . . . . . . .  
M M D  . . . . . . . . . . . . . . . . . . . . . . . . .  
M D M  . . . . . . . . . . . . . . . . . . . . . . . . .  
S D D  . . . . . . . . . . . . . . . . . . . . . . . . . .  
D S D  . . . . . . . . . . . . . . . . . . . . . . . . . .  
M D D  . . . . . . . . . . . . . . . . . . . . . . . . .  
D M D  . . . . . . . . . . . . . . . . . . . . . . . . .  
D D D  . . . . . . . . . . . . . . . . . . . . . . . . .  

L a r d  

F o u n d  R a n d o m  

2 . 4  4 . 9  
2 4 . 1  1 3 . 8  "~ 

t r  6 .9  t 
3 . 5  1 9 . 7  

2 9 . 8  9 . 8  J 
8 . 5  1 4 . 0  
4 . 5  } 3 .1  
O.1 1 .5  
O.1 4 . 4  

1 4 . 5  4 . 4  
0 .3  4 . 4  
4 . 3  6 .3  
2 .3  3 . 1  

2 . 4  1 .5  

3 .2  2 . 1  

t r  0 .2  

B L A N K  E T  A L .  : T R I G L Y C E R I D E  S T R U C T U R E  D E T E R M I N A T I O N  

C o r n  o i l  

F o u n d  R a n d o m  

tr ---~ trace. 
S ~ s a t u r a t e d  a c i d s .  
M ---- monoenoic  acids.  
D ~ d i e n o i c  a c i d s .  

R e d u c -  
t i o n  

ozonoly-  
s i s  ( 7 )  

t r  0 . 3  .... 

1 .6  1 .7  1 .0  

4 . 6  3 . 4  3 . 4  

3 . 9  2 . 4  2 . 2  

2 . 7  3 .3  2 . 7  

5 . 6  4 . 6 ]  
0 . 6  4 . 6  ~ 1 4 . 9  
7 .7  4 . 6  I 
8 . 0  9 . 5  ~ 1 3 . 5  
5 .2  4 . 7  

1 3 . 9  9 .1  1 5 . 5  
0 . 5  4 . 6  

1 9 . 2  1 8 . 9  ~ 2 6 . 6  
5 .0  9 . 5  } 

2 1 . 5  1 8 . 9  2 0 , 3  

the type of f a t t y  acids, as well as the total  unsatura-  
tion, influence the separation. A common example of 
this type of over lapping of classes is tha t  of triolein 
and monolinoleo-dipalmitin. The same type  of over- 
lapping of t r iglyceride classes have also been observed 
by  K a u f m a n n  et al. (10) using benzene-ether solvent 
mixtures.  Since de Vries (4) and Subbaram and 
Youngs (9) reported a f ract ionat ion of tr iglycerides 
by total unsaturat ion,  presumably  their  system was 
not as efficient or the finite separat ions within classes 
went unrecognized. Another  faetor  which influences 
the fraet ionat ion by silver nitrate-silicic acid TLC is 
the concn of the components. General ly a component  
will have a higher relative R~ value when it is present  
as a major  component than  when it is a minor compo- 
nent. 

The precision and accuracy of the method described 
here is indicated f rom the analysis of the s tandard  
mixture  of tr iglycerides and the analysis of mixture  A 
of randomized tr iglycerides (Fig.  1) show in Table I I  
and I I I ,  respectively. 0.8% Methanol in chloroform 
was used as the developing solvent in both of these 
analyses. 

The silver nitrate-l ipase procedure,  like the ozonoly- 
sis method (7),  provides an analysis of tr iglycerides 
on the basis of the number  and type  of unsa tura ted  
f a t t y  acids. However,  the silver nitrate-l ipase method 
gives, in addition, informat ion on positional arrange-  
ment  and, because of the characteristics of the argenta-  
tion, a more detailed analysis of the more highly un- 

T A B L E  V 

Structura l  A n a l y s i s  of  R a t  L i v e r  T r i g l y c e r i d e s  

T r i g l y c e r i d e  A g N O a - - - L i p a s e  technique 
t y p e  % % 

sss .................................. 1.s sss 1.s 
ss~  ................................. 6.9 ~ ~ r ~  
S S D  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 0 . 7  J ~ u  7 . 6  
S M S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 . 3  ) ~ T ~  1 0 . 8  
S D S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5  ~ ~ u ~  
S M M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 5 1 . 3  "l 
S ] ~ D  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 .9  ~ S U U  6 1 . 5  
SD~/I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 .3  | 
M S M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4  ) U S U  1 .8  
D S M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 4  
M M M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 . 0  ] 
:MMD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .4  ~ U U U  1 3 . 6  
M D M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .2  ] 
O t h e r s *  . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 9  2 .9  

V a n d e r W a I  
m e t h o d  

(20) % 

2 .3  

5 , 6  

1 8 . 5  

4 4 , 0  

3 ,3  

2 6 . 3  

S --~ s a t u r a t e d  a c i d s .  
]~  ~ m o n o e n o i c  a c i d s .  
D ~- d i e n o i e  a c i d s .  
U ---- u n s a t u r a t e d  f a t t y  a c i d s .  
* C o n t a i n s  a m i x t u r e  of SDe,  :~ID2 a n d  D3. 
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F I G .  1 ,  A - - R a n d o m i z e d  m i x t u r e  o f  t r i g l y c e r i d e s  p r e p a r e d  
f r o m  p a ] m i t a t e ,  o ] e a t e  a n d  l i n o l e a t e .  B - - R a n d o m i z e d  m i x t u r e  
o f  t r i g l y c e r i d e s  p r e p a r e d  f r o m  p a h n i t a t e ,  o l e a t e  a n d  l i n o ] e n a t e .  
P = p a l m i t i c  a c i d ,  O = o l e i e  a c i d ,  L = l i n o ] e i c  a c i d ,  L n  = l i n o -  

l e n i c  a c i d .  

sa tura ted  glycerides. That  the separat ion does not 
occur as a simple funct ion of the number  of double 
bonds, but  is influenced by the consti tuent f a t t y  acids, 
is well demonstrated f rom the results on the random- 
ized sample (Table I I I ) .  

The amt  of each f ract ion separated by silver ni trate-  
TLC may  be determined by  a glycerol analysis as 
described by  Litchfield et al. (8) or by  the oxidation 
technique described by Ju r r i ens  et al. (18), for ex- 
ample. However,  since a f a t t y  acid analysis must  be 
made in any  event, the use of a methyl  ester as an 
internal  s tandard  is very convenient for the determi- 
nat ion of the amt  of mater ial  in each fraction. 

Applicat ion of the method to na tura l  fats  is illus- 
t ra ted  by the results in Table I V  on corn oil and lard. 
In  these analyses the less unsa tura ted  tr iglycerides 
were developed in a solvent system of 0.8% methanol 
in chloroform and a second plate developed in 2% 
methanol in chloroform was  used to separate  the 
higher unsa tura ted  triglycerides.  The random distri- 
bution for  these fats  is calculated merely  for  com- 
parison with the experimentM values. Comparison 
of the present  results on corn oil and those previously 
obtained by ozonolysis reduction (7) were in good 
agreement  as shown in Table IV. Unfor tunate ly ,  the 
same sample of lard  which was analyzed previously 
(7) was not available for re-analysis and because lard 
varies in composition (19) results on different samples 
are not str ict ly comparable.  

I t  is apparen t  f rom the results of the analysis of 
lard  and the sample of r a t  l iver tr iglycerides which 
is presented in Table V tha t  no single mathematical  
relationship is applicable to these fats. The deviation 
f rom a random pa t t e rn  is not large in corn oil, but  
is probably  real. Vande rWal ' s  (20) method of tri- 
glyceride s t ruc tura l  analysis is also not applicable to 
ra t  l iver triglycerides. I t  is suspected tha t  mathe- 
matical  derivation of the distribution of f a t t y  acids 
among tr iglycerides are incidental and such relation- 
ships can lead to only rough approximat ions  of the 
actual composition of na tura l  fats. 

A C K N O W L E D G M E N T  

I n t e r e s t  and technical  a s s i s t a n c e  d u r i n g  t h e  c o u r s e  of  t h i s  w o r k  b y  
Franc i s  Light ly  and D a v i d  S c h l i c h t i n g .  



9 0  T t ~ E  J O U R N A L  OF T H E  A M E R I C A N  0 I L  C H E M I S T S '  S O C I E T Y  V O L .  4 2  

R E F E R E N C E S  

1. de Vries, B., Chem. Ind.  1049 (1962) .  
2. ScholfieId, C. R., E. P. Jones, R. 0 .  Butterfield and H. J .  Dutton,  

Ann,  Chem. 85, 1588 (1963) .  
3. Nichols, P.  L., Jr . ,  J. Am. Chem. Soc. 74, 1901 (1952) .  
4. de Vries, B., JAOCS 41, 403 (1964) ,  
5, Morris, L. J-., Chem. Ind.  (London)  1238 (1962) .  
6. Bar re t t ,  C. B., 3~. S. J .  Dallas and  1~. B. Padley,  JAOCS 40, 580 

(1963) .  
7. Privet t ,  O. S., a n d  :~I L. Blank,  Ibid. 40, 70 (1963) .  
8. Litchfield, C., /3{. F a r q u h a r  a n d  t~. Raiser,  Ibid. 41, 588 -592  

( i 9 6 4 ) .  
9. Subbaram,  1VI. I%., a n d  C. G. Youngs, Ibid. 41, 445 (1964) .  
10. Kau fmann ,  t I .  B., and  EI. Wessels, Fette, Seifen, Anstriehmittel  

66, 81 (1964) .  
11, Kau fmann ,  If.  P., and  H.  Wessels, Ibid. 66, 13 (1964) .  

12. Litehfield, C., and  R. Reiser, "Analys is  of Triglycerides by  /ffulti- 
pie Chromatographic  Techniques,"  presnted at  The World  Fa t  Congress, 
H a m b u r g  (1964) .  

13. :M:cCarthy, lYl. J., and  A. Kuksis ,  JAOCN 41, 527 -530  (1964) .  
14. )/iattson, ~. Iff., and  1~. A. Volpenhein, J .  Lipid  Res. 2, 58 (1961) .  
15. t~rivett, 0 .  S., :~. L, Blank and W. O. Lundberg ,  JAOCS 88, 

312 (1961) .  
16, Privet t ,  O. S., and  ~t2. L. Blank,  g. Lipid Res. 2, 37 (1961) .  
17. Blank,  ~i. L., and  0 .  S. Privet t ,  J'. D a i r y  Sci. 47, 481 (1964) .  
18. Ju r r iens ,  G., B.  de Vries a n d  L. Schouten, J .  Lipid  Res. 5, 267 

(1964) .  
19. V a l i d e ~ ' a I ,  R.. J. ,  H .  5. As~, E. G. Pe rk ins  a n d  G. IE. Chaeko, 

"Specific Orienta t ion in Fa t  l~{olecules," JAOCS in press. 
20. VanderWal ,  1~. J., Ibid. 37, 18 (1960) .  

[Received June 25, 1964--Accepted September 8, 1964] 

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 


