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1Vfethyl 
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1 8 5 - 1 8 9  2.6 155 I 94 ~ 1.4596 
2 1 6 - 2 2 3  2.5 155 I 94 1.4600 
2 2 4 - 2 3 0  2.6 142 / 90 1.4600 
2 1 6 - 2 1 8  1.0 145 88 1.4600 
214--220 1.0 135 80 1.4620 
1 9 5 - 2 0 0  5.4 128 84 1.4634 
2 2 0 - 2 2 5  2.3 120 75 1.4639 
2 4 3 - 2 4 8  1.0 112 69 1.4634 

...... 6.0 95 57 1.4663 
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t im late 

4 1 
5 1 
7 1 

l0  1 
6 1 
4 1 
5 l 
6 1 
7 1 
5 2 
7 2 
6 l 
6 

sorbing gums formed during the reaction and heating 
and prevented the formation of insoluble resins in 
the still bottoms. 

While the greater par t  of this work was done on 
the production of 2 ethylhexyl esters suitable for use 
in the preparat ion of epoxy plasticizer derivatives, 
it was also decided to prepare a series of tall oil esters 
of other colnmereially-available alcohols. 

Various alcohol sanlples were solicited from Car- 
bide and Carbon Chemicals Company, En jay  Com- 
pany Inc., and Shell Chemical Corporation, A listing 
of these esters prepared from the alcohols by a variety 
of the above methods is presented in Table VI I I .  
Esters of butyl and higher alcohols were made, using 

1.1 mole of alcohol for each mole (280 g.) of fa t ty  
acid. Catalyst concentration was 0.3%. 

The initial ester after a purification treatment of 
water washing, vacumn topping, and drying was dis- 
tilled. Distillation was by batch method, using a 
vaeuunl of 2 4  ram. A small preeut was removed, 
then the main portion of the ester, boiling over the 
distillation range as listed in Table V I I I ,  was col- 
lected and used in subsequent analyses. The residue 
in all instances contained the major portion of color 
bodies. Initial colors are listed for the esters prior 
to distillation. All distillates were clear, water-white 
liquids. 

While the above listings of esters and their proper- 
ties is by no means complete, it does serve to illustrate 
the ease of esterification and variety of useful chemi- 
cal entities which can be prepared froni purified tall 
oil fa t ty  acids, which are now available commercially. 
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Analyses of Lipids and Oxidation Products by Partition 

Chromatography. Dimeric and Polymeric Products * 
E.N. FRANKEL, C.D. EVANS, HELEN A. MOSER, D.G. McCONNELL, and J.C. COWAN, 
Northern Regional Laboratory, 2 Peoria, Illinois 

A liquid-partition chromatographic method was developed to 
determine dimers in fats. Silicie acid treqted with 20q'r meth- 
anol in benzene served as the immobile phase. A mixture of 2% 
methanol in benzene was the mobile solvent. Chromatographic 
separation of free fatty acids from oxidized-deodorized oils 
gave three well-isolated fractions composed of unoxidized acids, 
dimerie or polymeric fatty acids, and polar fraction (ethyl 
ether eluate). Recovery of acidic nmterials from the column 
was essentially quantitative (96-100%), reproducibility was 
good, and the standard error of regression was +--0.26. 

A linear relationship exists between the dimer content of 
deodorized soybean oil and the peroxide value of the oil before 
deodorization. An increase of 1% in dimer concentration cor- 
responds to an increase in peroxide value of approximately 40. 
Dimer content of different vegetable oils varied from 1 to 3%. 

The chromatographic method can be used to estimate the 
degree of oxidation that an oil has received before deodorization 
and to follow various phases of fat oxidation, polymerization, 
and processing. 

T 
~E EXTS~'T OF OXlDaTIO~ in deodorized vegetable 
oils is difficult to determine because deodoriza- 
tion rapidly destroys hydroperoxides. A quanti- 

tative measure of this "hidden oxidatiou" would help 
to predict the quality and future  stability of an oil. 

Presen ted  at spr ing  meeting', A m e r i c a n  Oil Chemists '  Society, Dallas,  
Tex., Apr i l  &-6, 1960. 

s This  is a l abora to ry  of the Nor thern  Util ization Research  and Devel- 
opment  Division,  Agr i cu l t u r a l  Research  Service, U.S.  D e p a r t m e n t  of 
Agr icu l ture .  

Oxidation at different stages of processing and before 
deodorization is detrimental to stability of vegetable 
oils (1,6). This detrilnelltal effect of oxidation in 
soybean oil is attributed to dimerization products 
derived from hydroperoxides by their decomposition 
p r i o r  to or d u r i n g  d e o d o r i z a t i o n  (2). The t e rm 
"dimer" describes polymeric products derived from 
autoxidation and known to be principally dimcric in 
nature. The dimers were isolated from autoxidized- 
deodorized soybean oil and autoxidized-heated fa t ty  
esters and were characterized chemically and spec- 
troscopically (3). They contain approximately _1 nlole 
hydroxyl,  0.5 mole carbonyl, and 2 double bonds per 
mole of dimer. Attempts to show the presence of 
ether linkages and of a 6-membered ring ill their 
s tructure failed. 

The present paper deals with a l iquid-part i t ion 
ehrolnatographie method used to determine dimers in 
oxidized-deodorized or heated fats. Since these diniers 
are derived from fa t ty  aeid hydroperoxides, this chro- 
lnatographie method is useful in estimating the degree 
of oxidation that an oil has received before deodoriza- 
tion. This method also deterlnines and characterizes 
diniers derived by thermal polymerization of conju- 
gated or nonconjugated fa t ty  acids and methyl esters. 
The method has been applied to determine hydroper-  
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oxides in autoxidized fa t ty  acids and fa t ty  acid esters 
(4), to isolate hydroxy  fa t ty  acids and esters, and to 
analyze mixtures of mono-, di-, and triglycerides. 

Experimental  

Materials. Mallinckrodt 's  silieic acid, 100-mesh, 
labelled "suitable for chromatographic analysis by 
the method of Ramsey and Patterson," was the ad- 
sorbent. I t  was dried before use by heating over-night 
in a 1-in. layer at 120~ Reagent-grade solvents were 
not purified further .  The preparat ion of fa t ty  esters, 
their oxidation, and polymerization were described 
previously (3). Dimers used as standards for chro- 
matographic analyses came from molecular distilla- 
tion of oxidized fat ty  esters, i.e., hydroperoxides were 
polymerized at 210~ in nitrogen for 15 rain. Fa t t y  
acids and dimeric acids were prepared by saponifica- 
tion of oils or methyl esters, according to the A.O.C.S. 
Method Ca 6b-53, followed by extraction witb ethyl 
ether to remove unsaponifiable material. So~n solu- 
tions were acidified to a pH below 2, and liberated 
acids were extracted with ether, washed with water. 
and dried over sodium sulfate. 

Chromatoflra~)hy. The liquid-parti t ion method wa.~ 
developed for free fat ty  acids because t i trat ion was 
comparatively easy and sensitive. Application of the 
method to methyl esters of f a t ty  acids may also nrovo 
desirable for certain separations because the effect of 
hydroxyl  and carbonyl groups is largely depressed 
when the dimers are chromatograDhed as free acid~. 
The standard column was 24 x 400 ram. with a frit- 
ted-~lass plate at the bottom and a 500-ml. reservoir 
on the top. The "immobile" solvent consisted of 2 0 ~  
methanol in benzene and the "mobile" solvent of 2.0c/~ 
methanol in benzene (v /v ) .  Immobile solvent (40 ml. 
in 5-ml. portions) and d ry  silicic acid (50 g.) were 
thoroughly mixed in a mortar  with pestle until all 
lumps were completely broken. A volume of 100 
ml. of mobile solvent was added with rapid mixinz 
to s lur ry  the adsorbent. The slurried mixture ,,'~s 
poured in the column in two Portions and packed with 
air pressure to a constant height, always mob~tain- 
ing a solvent head over the adsorbent. The sanmle 
(0.1-0.2 g.) of acids was dissolved in mobile solvent 
and applied to the column when the solvent head was 
a few millimeters above the adsorbent. The sam~,le 
was mixed evenly into the top layer of adsorbeNt with 
a stirring rod. Af ter  using two 5-ml. portions of 
mobile solvent to rinse the top of the column, air 
pressure (5 to 10 p.s.i.) was applied unti l  the sample 
was on the column. The mobile solvent (350 ml.) was 
added, and sufficient air pressure was applied to main- 
rain an elution rate of 60 drops per minute. A col- 
lector was set to obtain 5-ml. fractions. In  highly 
oxidized samples, ethyl ether was added to the column 
at the end of the run to elute a polar fraction. In 
this manner  all material added to the column was 
completely recovered. 

Analytical Methods. Chromatographic separation 
of the acids was followed by t i t rat ion of the frac- 
tions with 0.2 N alcoholic potassium hydroxide (95% 
ethanol) to a thymol blue end-point. The solutiou was 
st irred by a gentle stream of nitrogen during t i trat ion 
with a Gihnont microburette.  A more complete de- 
scription of the method and equipment is given by 
Jones and Stolp (7).  Molecular weights of fractions 
were determined cryoscopieally in wet benzene (3). 

The organoleptic evaluations were made by a taste- 
panel procedure as described by H.A. Moser eta]. (8). 

Results and Discussion 

Init ial ly the chromatographic method was devel- 
oped to separate fa t ty  acid hydroperoxides from un- 
oxidized fa t ty  acids and esters (4). I t  was quickly 
observed that the dimerie acids derived from ther- 
mally-decomposed hydroperoxides had retention vol- 
umes similar to those of the corresponding f a t ty  acid 
hydroperoxides. Consequently optimum conditions for 
separating fa t ty  hydroperoxides were also optinmm 
for separating their corresponding thermal dimeric 
acids from unoxidized material. Figure  1 shows the 

Change in Composition of Eluate with 
Chromatographic Separation of Dimer 

0.200, 
I /  1.30%._1b ~ . . . . . . . . .  - 1.50 o I I ,aO. /" 
I \ Fatty ~ -1.00 

�9 ~ O.lOC I / Acids /' 10.50 -~ 
. . . . . . . .  ~ - ~  . . . . . . . . .  "-',,II----" 0.25 % MeOH .~ 

" o jl \ I ~ I Dinner ~ Acids i D.O0 

0 I00 200 300 400 
Mobile Solvent, MI. (2% Methanolic 6eazene) 

Fro. l.  Relationship between the change in composition of 
eluting solvent and the chromatographic separation of dimer 
acids. 

relationship between elution of dimer acids and sol- 
vent compositional changes in the eluate. In  a run  
without a sample (dotted lille) the concentration of 
methanol in the eluate remained constant at 0.25% 
for the first 250 ml. and then increased sharply to 
1 .3~.  During the column development silicic acid 
absorbs methaNol f rom the mobile phase until  a new 
equilibrium is established. Elution of dimer acids 
(solid line) is coincident with the abrupt  increase 
in the concentration of lnethanol in the eluate which, 
under  these conditions, was from 0.25 to 1.30%. The 
separation between monomeric fa t ty  acids and dimeric 
acids  occurs  when  the c o n c e n t r a t i o n  of m e t h a n o l  
changes in the eluate. Colunm characteristics appear  
similar to those described by van Duin (10), who sug- 
gested simultaneous operation of liquid-liquid parti-  
tion and liquid-liquid interface adsorption when the 
carrier is loaded with less than its maximum capacity 
for the immobile phase. 

Refined soybean oil was oxidized to different levels 
before deodorization. The oxidized oils were deodor- 
ized, then eonverted to acids by alkali saponification 
and ether extractiou. Chromatographic separation of 
soybean fa t ty  acids at four  levels of oxidation is rep- 
resented iN Figure  2. Chromatographic fractions from 
the most oxidized sample were recovered and methyl- 
ated with diazomethane for molecular-weight deter- 
minations.  The first fraction was monomerie (5{.Yi ~. 
299), and the second was dimeric (M.Yr 602). The 
third fractioN, referred to as polar, had a molecular 
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Chromatographic Separation of Dimers from Fatty Acids 
in Oxidized-Deodorized Soybean Oil 
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Fie. 2. Chromatographic separat ion of dimerie acids obtained 
by saponification of autoxidized-deodorized soybean oil. Oils 
oxidized to peroxide values of (1) 8.8, (2) 43.6, (3) 91.6, and 
(4) 859. 

weight of 489, which indicated a complex mixture 
of polymeric and fragmented material. 

Molecularly distilled dimerie acids (3), fraction- 
ated from oxidized-heated methyl oleate and methyl 
linoleate, are represented in Figure  3. The elu*ion 

Chromatographic Fractionation of Dimers 
0.300 

Moleru~ady Distilled 
Methyl Oleote Dimers 

Hydroperoxide Dimer 
..... Methyl Linoleate 74.3% 

- Hydroperoxide Oimer 
~ 0.2Do ~ Secondary 
o Products 

.4~ 38.3g 

Monomers 3 8~ 

, ~ o o . ~  ..... �9 I . ~ ~ 1  ~ ~. 
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Mobile Solvent, MI. [41--Ether, Mi.--~ t 

FIG. 3. Chromatographic separat ion of molecularly-distilled 
dimerie acids obtained by autoxidat ion of methyl oleate and 
methyl linoleate. Methyl oleate oxidized to a peroxide value of 
1110 and methyl linoleate to 2210. 

cu rves  show the  p re sence  of a m ino r  a m o u n t  of 
monomer and of two polymeric fractions. The polar 
fract ion was a major product  in the polymer of oxi- 
dized methyl linoleate. The relative proport ion of the 
polar fract ion increased with the degree of oxidation. 
The formation of the polar fract ion and its relation- 
ship to the peroxide level, the conditions of oxidation, 
or the type of substrate have not been completely 
investigated. 

Table I shows good duplication of dimer aualyses 
on soybean oil that  were oxidized before deodorization 
at three widely different levels. These results, coupled 
with those shown in Figure  4, demonstrate that there 
is a direet relationship between the peroxide value 

TABLE I 
Duplicate Dimer Analysis of Deodorized Soybean Oil 

Peroxide Total 
value before Monomer Dimer Ether elu ate 

deodorization reeovory 

I l t  e .  " k ~ f  . 

8 . 1  

] 39.0  

704 .0  

a)  95 .7  
b) 94 .6  

a) 95.0 
b) 93.0  

a) 57.7 
b) 57.9  

1.7 
1.9 

4.5 
5.1 

25.2 
16.9  

,/, 

21.4  

% 
97.4  
96.3  

99 .5  
9~.1 

96.2  

before deodorization and the concentration of dimer 
af ter  deodorization. The correlation coefficient between 
peroxide value and dimer content at these levels of 
oxidation was calculated to be 0,97. The standard 
deviation of the experimental points about the regres- 
sion line was +0.264. An increase of 15~4. in dimer 
c o n e e n t r a t i o n  is equal  to an increase  in p e r o x i d e  
value of 43.5 me./kg. (Figure  4). A nlanometric de- 

Dimer Content of Deodorized Soybean Oil 

,i.  iiiiiiiiiiiii!iiiiiii" 
, ' "  I Y -- �9 

SO 100 150 
Peroxide Value before Deodorization 

Fro. 4. :Relationship of peroxide content of soybean oil before 
deodorization to the dimerie acid content af ter  deodorization. 

termination of oxygen absorption of soybean oil also 
showed good correlation between oxygen uptake and 
dimer formation (correlation coefficient = 0.97). The 
fornlation of 1% dimer corresponded to an oxygen 
uptake equivalent to a peroxide value of 64 and to an 
iodometric peroxide value of 51. Evident ly  the iodo- 
metric determination of peroxide value does not meas- 
ure the total oxidation occurring in soybean oil. The 
quant i ty  of polar fract ion eluted with ether appears 
to be associated with the difference between iodometric 
peroxide value and oxygen uptake. 

A linear relation was previously reported between 
carbonyl content and peroxide value in soybean oils 
before deodorization (2). The carbonyl method of 
Henick et al. (5),  used in the earlier study, proved 
more  sens i t ive  t h a n  the p r e s e n t  c h r o m a t o g r a p h i c  
method. The difficulty with most calorimetric carbonyI 
methods in the analysis of autoxidized fats is their  
inadequate standard, poor precision, and laek of agree- 
ment between methods. Since the chromatographic 
method determines dimers derived from fa t ty  hydro- 
peroxides, results can be direct ly related to given 
levels of oxidation in the oils. 

A close relationship exists between the flavor score 
of aged samples, their dimer content, and the per- 
oxide level of the oil before deodorization. The ear- 
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relation of dimer content to peroxide level was 0.99 
for soybean oil A and 0.98 for the cottonseed oil (Table 
I I ) .  In cottonseed oil a peroxide level of 60 was re- 

T A B L E  IX 

Flavor Stability and Dimer Content of Oxidized Oils 

Oils 

Soybean oil A 
0-time . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 2  h o u r s  h . . . . . . . . . . . . . . . . . . . . . .  
1 4 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 3 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Soybean oil B 
0-time . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 4 6  h o u r s  . . . . . . . . . . . . . . . . . . . . . . . .  

Soybean oil C 
0 - t i m e  . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 2 0  h o u r s  . . . . . . . . . . . . . . . . . . . . . . . .  

Cottonseed oil 
0-time . . . . . . . . . . . . . . . . . . . . . . . . . .  

92  h o u r s  . . . . . . . . . . . . . . . . . . . . . . . .  
1 4 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 3 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Peroxide 
value 
before 

deodoriza- 
tion 

m e , / k q .  

0 . 7 3  
4 0 . 8  
6 7 . 3  

1 0 8 . 0  
1 5 5 . 0  

8 .1  
6 3 . 9  

1 5 . 3  
1 1 8 . 0  

3 . 2 2  
4 7 . 9  
7 2 . 0  

1 0 7 . 0  
1 3 6 . 0  

F l a v o r  st'o~'e a 

Initial 

7 .8  
5 .8  
5 .1  
5 .5  
4 , 8  

8 .0  
8 . 0  

8 . 2  
5 .8  
6 .2  
6 .1  
4 . 8  

Dimer 
4 - D a y  

storaae 

5 .2  1 .4  
4 . 5  2 . 8  
4 . 5  3.1 
3 .4  4 4 
4 . 0  5 . 6  

6 .4  1 .7  
4 .8  2 .2  

5 .7  1 .4  
3 . 3  3.(1 

5 ,7  2 . 4  
5 .4  3 .4  
5 .6  4 .2  

4 4  
5 . 0  

a Range of 0-1O. 
1) Oxidation t ime at 60~ in presence of oxygen 

quired to produce a 1% increase in dimer content 
whereas two different lots of soybean oil required per- 
oxide values of 41 and 37, respectively. Correlations 
between flavor scores and dimer contents are good 
when a given oil is oxidized to various peroxide lovels. 
The correlation coefficient between score and dimer 
content in the aged samples was - 0 . 8 3  for soybean 
oil A and --0.76 for the cottonseed oil. Data in Table 
If  agree with those previously published (2) and also 
show that the quality of cottonseed oil, like that of 
soybean oil, decreases with increasing dimer eontents. 

Chromatographic analyses of dimers in different, 
freshly deodorized, vegetable oils are given in Table 
III,  The concentration of dimers varies from 1 to 3%. 

T A B L E  I I I  

Dimer Content of Vegetable Oils 

Flavor Score 

Oil Dimer 

Soybean 
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
}a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Safflower 
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cot tonseed  
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C o r n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Initial 4 - D a y  
storage 

8 .1  6 .2  
6 .5  5 .7  
8 .1  4 . 6  
7 , 0  5 . 4  
8 , 0  6 .4  
7 .2  5 .1  

8 , 3  7 .2  
7 .5  6 .1  
8 , 8  5 .9  
8 , 5  5 .5  

6 , 9  5 .5  
8 .2  5 . 7  
8 , 5  5 .5  

1 .0  
1 .4  
1 .7  
1 . 6  
1 .7  
2 . 0  

1 . 0  
1 , 4  
2 .9  
3 .7  

1 ,5  
2 .3  
2 . 6  

1 .5  

Although these oils exhibit a wide difference in oxi- 
dative and flavor stabilities, there is no great variation 
in their dimer contents. Variation in the chemical 
nature of dimers from various fat ty  acid hydroper- 
oxides may cause a corresponding variation in their 
r e l a t i v e  s t a b i l i t y  to o x i d a t i o n  and d e c o m p o s i t i o n .  

Further  studies on the influence of fat dimers on oil 
stability are in progress at this laboratory. 

Since thernlal polymerization possibly occurs dur- 
ing high-temperature deodorization of edible oils, the 
(.hrofnatographie method of analysis  was applied to 
this problem. Conjugated and noneonjugated fatty  
acids and their methyl  esters (free of peroxides) were 
polymerized by heating at 290~ in sealed evacuated 
tubes. Chromatographic analysis of thermal polymers 
was achieved under the same conditions as those used 
for oxidative polymers.  Figure 5 shows that the ther- 
mal polymeric acids are eluted in the same position 

Chromatographic Separation of Thermal Dimer 
From Polymerized Conjugated Linolei( Acid 

a~O.20C 
o 
) r  

r 

0.1o0 

Dimer 
53.6% 

Monomer 

I 3,.370 1 

100 200 

Polymer 
I s.1~ [ 4.3~ 

300 400 500 
Mobile Solvent, MI. I~,ElheL MI.,,.- I 

I ' I G .  5 .  C h r o m a t o g r a p h i c  s e l m r a t i o n  o f  t h e r m a l  d i m e r  a n d  

l m t y m e r  f r o m  c o r ~ j u g a t e d  l i n o l e i c  a c i d  p o l y n l e r i z e d  a t  " 2 9 0 ~  

f o r  4 h r s .  

as the oxidative-thermal dimers. Thus, when free acids 
are chronlatographed, the l iquid-partition chromato- 
graphic method does not distinguish between oxida- 
tive-thermal (hydroperoxide)  and true thermal dimers. 
Laek of model compounds,  representing oxidative di- 
mers and true thermal dimers, has handicapped our 
attempts to separate these two chromatographically.  

Table IV shows the extent of polymerization oecur- 
ring in fatty  acids and their methyl  esters when heated 
at 290~ in sealed evacuated tubes. The greater poly- 
merization occurring in alkali-conjugated acids and 
esters than in normal noneGnjugated acids agrees with 
the findings of Paschke and Wheeler (9) .  A kinetic 
study indicates that the loss of monomerie  material in 
methyl  l inoleate follows initially a first-order reaetion 
(k~ = 0 . 0 3 9  hr.-~). In the alkali-conjugated methyl  
linoleate, monomer loss fol lows second-order kinetics 
(k -~ = 0.00269% -1 h r J ) .  These results conform to the 
mechanism advauced by Paschke and Wheeler that in 
normal noneonjugated fat ty  esters the rate-determin- 
ing step is the first-order, unimoleeular conjugation of 
the esters whereas in alkali-conjugated methyl  esters 
the rate-determining step is the second-order, bimo- 
leeular dimerization reaction. 

Many applications exist for the chromatographi(. 
technique of dimer analysis  both in the edible oil field 
and in industrial  uses of glyeeride oils. The method 
has a greater sensit ivity than distil lation and deter- 
mines small  amounts of either monomer or dimer in 
the presence of larger amounts  of one over the other. 
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T A B L E  I V  
T h e r m a l  Po lymer i za t ion  of F a t t y  Acids  and  T h e i r  Met yl Es te r s  

H e a t i n g  t ime at  290~ Monomer  Po lymer  Po l a r  
�9 ma te r i a l  

Methyl  i inoleate hr. ] %  l e a  J "2"~ 
3 ........................................................ 87 8 to,o I 0.6 
6 ........................................................ ] 82.6 ] 15.9 ] 0.6 

12 ........................................................ I 61.8 [ 30.7 ] 4.0 
24 ........................................................ / 35.9 / 54.~ I 6.8 

[ / 
Alka l i -conjuga ted  methyl  l ino l ea te  a [ / 

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22.2 
4.5 ..................................................... 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 ....................................................... 

L inole ic  acid 
4 ....................................................... 
8 ....................................................... 

12 ...................................................... 

Alka l i -con juga ted  linoleic acid  a 
0 ....................................................... 
1 ....................................................... 
2 ....................................................... 
4 ...................................................... 
6 ...................................................... 

67.9 
47.4 42.7 
41.8 49.9 
34.7 54.4 

64.8 29.3 
42.6 47.9 
36.2 54.3 

97.2 3.2 
58.1 84.1 
40.1 45.2 
31.3 53.6 
27,4 53.0 

4.4 
6.9 
8.2 
8.2 

4.2 
6.3 
8.3 

5.3 
9.4 
9.4 

15.4 

a k 232 m/~ = 7%0 (on methyl  ester  ba s i s ) .  

The m e t h o d  m a y  be used  to s t u d y  basic  f a t  p rocess ing  
a n d  to fo l low compos i t iona l  changes  t ha t  occur  in oils 

sub j ec t ed  to hea t  and  deep  f a t - f r y i n g  condi t ions .  
O the r  fields of a p p l y i n g  the t echn ique  lie in s tud ies  
on fihns a n d  f i lm-fornf ing  p r o p e r t i e s  of oils p r o d u c e d  
by  a u t o x i d a t i o n  and  p o l y m e r i z a t i o n  of hea ted  or  b lown 
oils. 
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Analyses of Lipids and Oxidation Products by 
Chromatography. Fatty Acid Hydroperoxides 

Partition 

E.N. FRANKEL, C.D. EVANS, D.G. McCONNELL, and E.P. ]ONES, 
Northern Regional Research Laboratory, ~ Peoria, Illinois 

A liquid partition chromatographic method was developed 
to isolate and deterndne hydroperoxides in autoxidized fatty 
acids or their methyl esters. By the use of benzene containing 
2 to 4% methanol as the mobile solvent, the hydroperoxides 
were separated from mmxidized fatty acids or methyl esters 
and from secondary and polymeric decomposition products. In 
the analyses of oxidized fatty acids, diethyl ether was neces- 
sary to elute the secondary decomposition products. 

Saponification of autoxidized fatty esters destroyed the 
peroxides as determined iodometrieally, but the re.suiting acids 
contained a fraction which was eluted in the same position as 
hydroperoxide acids. Evidence showed that this fraction is a 
monomeric hydroxy fatty acid containing conjugated cis-tram~ 
and trans-trans unsaturation. 

Fatty ester hydroperoxides were isolated chromatographi- 
cally in yields and purity comparable to those reported in the 
literature by eounterearrent distribution. The concentrations 
of methyl linoleate h?-droperoxide determined chromatographi- 
cally were smaller than indicated by the peroxide value and 
diene conjugation of the autoxidized methyl linoleate. 

I 
SOLACmN of p u r e  f a t  h y d r o p e r o x i d e s  is one of the  

most  diff icult  s teps  in  the  e lue ida t i on  of the  mech-  
a m s m  of f a t  au tox ida t i on .  E a r l y  worke r s  in  th is  

field ob ta ined  h y d r o p e r o x i d e  concen t r a t e s  b y  va r ious  
methods ,  i n c l u d i n g  m o l e c u l a r  d i s t i l l a t i on  (9)  low-tem- 
p e r a t u r e  c ry s t a l l i z a t i on  (20) ,  and  a d s o r p t i o n  chroma-  
t o g r a p h y  (2,3,8,9).  Those p r o c e d u r e s  g e n e r a l l y  give 
low y ie lds  of h y d r o p e r o x i d e s  because  of v a r y i n g  de- 
grees  of decomposi t ion .  More recen t ly ,  p u r e r  hyd ro -  
pe rox ide  concen t ra t e s  were  ob ta ined  in h ighe r  y i e ld s  
b y  e o u n t e r c u r r e n t  so lvent  d i s t r i b u t i o n  (5,13,14,17,22),  

i This  is a l abo ra to ry  of the  N o r t h e r n  Ut i l i za t ion  Resea rch  and  De- 
ve lopment  Div is ion ,  A g r i c u l t u r a l  R, esearch  Service,  U.S.  D e p a r t m e n t  of 
Agr i cu l tu re .  

urea  f r a c t i o n a t i o n  (7 ) ,  and  reverse -phase  p a r t i t i o n  
c h r o m a t o g r a p h y  (4,18).  

This  second p a p e r  in  the  series  p re sen t s  a l i qu id  
p a r t i t i o n  c h r o m a t o g r a p h i c  m e t h o d  fo r  the  isola t ion 
a n d  d e t e r m i n a t i o n  of p u r e  f a t t y  es ters  or  f a t t y  ac id  
hyd rope rox ide s .  This  me thod  has  p r o v e d  use fu l  for  
r o u t i n e  ana lyse s  a n d  for  i so la t ions  in  f a t  a u t o x i d a -  
t ion s tudies .  The method  was also a p p l i e d  to the  
d e t e r m i n a t i o n  of d imer ic  and  p o l y m e r i c  p r o d u c t s  in 
oils (12) ,  h y d r o x y  f a t t y  ac ids  and  esters,  and  p a r t i a l  
g lyee r ides  (10)�9 

Experimental 

The f a t t y  ac ids  and  the i r  me thy l  esters  used  in 
th is  s t u d y  were  ob ta ined  f rom the H o r m e l  In s t i t u t e .  
Sapon i f i ca t ion  of ox id ized  m e t h y l  es ters  was ca r r i ed  
out  a c c o r d i n g  to the  A.O.C.S.  Method  Ca 6b-53, and  
the  ac ids  were  ob t a ined  b y  e ther  e x t r a c t i o n  of the  
ac id i f ied  soaps.  

The  p r o c e d u r e s  for  c h r o m a t o g r a p h y  a n d  t i t r a t i o n  
of ac ids  were  the  same as desc r ibed  for  the  de te r -  
ru ina t ion  of  d imer i c  a n d  p o l y m e r i c  ac ids  (12) .  I n  
h i g h l y  oxid ized  f a t t y  acid  samples ,  e thy l  e the r  was 
a d d e d  to the  co lumn at  the  end  of the  r u n  in  o rde r  to 
e lute  the  p o l a r  f r a c t i o n  of s e c o n d a r y  ox ida t i on  p rod -  
ucts.  The c h r o m a t o g r a p h i c  f r a e t i o n a t i o n  of m e t h y l  
es te rs  was fo l lowed  b y  co l lec t ing  f r a c t i o n s  in t a r e d  
10-ml. beakers ,  e v a p o r a t i n g  the so lvent  on a s team 
pla te ,  a n d  d r y i n g  t h e i r  conten ts  to cons t an t  we igh t  
in a des iccator .  

A u t o x i d a t i o n s  were  c a r r i e d  ou t  a t  37~ on 1- to 


