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It is well known that oxidative rancidity is the main deteriorative 
change of olive oil during storage. This is due to the oxidation of 
unsaturated fatty acids and the subsequent formation of compounds 
possessing unpleasant taste and odour (1). The oxidation process 
affecting the stability of vegetable oils is often called autoxidation and 
involves a free radical mechanism. It is assumed that hydroperoxide 
groups get attached to the carbon atom of unsaturated fatty 
compounds and subsequently the breakdown of hydroperoxides 
gives a chain reaction of autoxidation (2). 

Of the available methods for the detection of free radicals, only 
spin trapping offers the opportunity to simultaneously measure and 
distinguish among a variety of important chemically or biologically 
generated free radicals. Most of the spin trapping agents used have 
a nitrone-type group which is able to form a nitroxide (spin-adduct) 
during the trapping of the free radical, making it detectable in EPR 
spectroscopy (3). Among several nitrones used as spin traps, DMPO 
has received the most attention, since useful information about the 
nature of the added radical can be obtained from the size of the 
nitrogen as well as of beta- and gamma-hydrogen splittings because 
of the cyclic nature of this molecule (4- 5).In this study we have used 
DMPO as a probe for monitoring free radical formation in virgin olive 
oil. 

When DMPO was added in a fresh olive oil sample a complicated 
multiline EPR signal was recorded immediately after the addition of 
spin trap. This spectrum changes gradually with time and after 
several days was transformed to a three line EPR spectrum. 
Analysis of the multiline spectrum and computer simulation indicated 
that three different DMPO radical adducts were present. Based on 
the hyperfine coupling constants, peroxyl, alkoxyl and carbon-
centred radical adducts were identified, while peroxyl radicals 
represented the majority (-70%) of the adducts formed. Similar 
spectra were recorded when DMPO was added to oxidised (in air) 
triolein, both immediately after the addition of the spin trap and after 
several days. However oxidation of triolein by Cu2+ or Fe2+ resulted 
in the formation of alkoxyl radical adducts almost exclusively. In 
contrast, non-oxidised triolein was EPR silent. The three line 
spectrum may have been produced by replacement of beta 
hydrogen with an oxidising agent and thus the hyperfine splitting is 
provided by the nitrogen atom only. The formation of the multiline 
EPR spectrum was blocked by heating or storage of the olive oil for 
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several months. Nevertheless, heating or storage of oxidised triolein 
do not affect significantly the formation of the multiline spectrum. 

Interestingly, addition of DMPO in olive oil or oxidised triolein 
dissolved in toluene resulted in the formation of a six-line EPR 
spectrum, which upon simulation revealed the presence of alkoxyl 
radical adducts only. The formation of these radical adducts 
persisted in thermal treatment or storage of the olive oil. 

The three line EPR spectrum of the DMPO adduci in olive oil 
reminds that of an immobilised nitroxide free radical with anisotropic 
motion, as indicated by differences of individual linewidths. Thus, if 
we compare the EPR spectra of the amphiphilic spin label 5-doxyl 
stearic acid dissolved in olive oil and isooctane, that is, two solvents 
with different viscosities but with similar low dielectric constants, we 
can observe that the spectrum of the spin label in olive oil is similar 
to that of the three line DMPO adduct. However, the profile of the 
EPR spectrum of a hydrophilic TEMPO-nitroxide in olive oil is similar 
to that of a nitroxide radical tumbling rapidly in solution. This implies 
that the immobilisation of the DMPO adduct in olive oil is not due to 
the higher viscosity of the solvent but to the strong hydrophobic 
interactions between the oil matrix and the lipid chains of the trapped 
radicals. 

In conclusion our results have shown that the formation of stable 
DMPO spin adducts following oxidation reactions in virgin olive oil 
could help to investigate the mechanisms of the oxidation processes 
affecting the stability of the oil. Moreover, EPR spin-trapping 
methodology could be used in parallel with other established 
laboratory tests as an alternative in assessing the quality of virgin 
olive oil. 
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