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Oxidative Stability of Edible Oils – Chemistry & Measurement 
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There are differences between thermal and oxidative degradation of fats and oils during storage 
and food processing. Different types of reactions lead to deterioration of fats and oils. At room 
temperature or moderate temperature three different reaction types have to be taken into 
consideration. The main reaction pathway for oxidation reactions follows a radical chain reaction 
between unsaturated fatty acids and oxygen that is called autoxidation. The extent of 
autoxidation depends on different factors and especially the fatty acid composition and the 
presence of antioxidants are important. Much faster than autoxidation is the photo-oxidation 
which is initiated by light that either activates a sensitizer like riboflavin or that is transferred to 
activate singulet oxygen by a sensitizer like chlorophyll. Enzymatic oxidation is catalysed by 
enzymes like lipoxygenase that lowers the activation energy for the abstraction of a hydrogen 
atom from the unsaturated fatty acid. Thermal oxidation takes place at higher temperature when 
the energy that is necessary for the abstraction of the hydrogen atom is supplied in form of 
thermal energy. The position of the hydrogen atom in the fatty acid molecule is decisive for the 
formation of free radicals and the reaction rate. Especially for fatty acids with two or more 
double bonds the energy necessary for the removal of the hydrogen atom is quite low and 
therefore the reaction rate in comparison to saturated fatty acids is much higher. That is the 
reason why oils with higher amounts of unsaturated fatty acid are much more susceptible to 
oxidation reactions.  
During deep-fat frying the frying medium is exposed to temperatures between 160 and 180°C 
depending on the product being fried. This results in a number of chemical reactions, including 
oxidation and polymerisation of unsaturated fatty acids and a huge number of reaction products 
like volatile chain-scission products, non-volatile oxidized derivatives and dimeric, polymeric, or 
cyclic substances are formed. These products differ from those produced at room temperature. 
At 30°C dimers are formed from peroxy and alkoxy radicals to a very low extent since other 
reactions of the autoxidation are more predominant forming smaller reaction products. On the 
other side at higher temperature dimers are predominately formed by alkyl radicals that result in 
COC linkages. In the frying process volatile and non-volatile compounds are formed. The 
volatile products mainly consist of short-chain hydrocarbons, aldehydes, ketones, alcohols or 
carboxylic acid as degradation products from fatty acids. The non-volatile compounds account 
for the greatest part of the degradation products with di- and trimers but also high molecular 
compounds or polar components.  
During the frying process the composition and the properties of the frying medium change. 
Physical parameters give some indication on the deterioration of the oil during frying, but they 
are influenced by the type of oil, so that the significance of these parameters to assess oil 
quality is only limited. Also chemical parameters change during frying, but there are two 
parameters, the content of polar compounds and di- and oligomer triacylglycerols, that describe 
the oil quality independent on the type of fat. 
There are a number of analytical methods that are routinely used to monitor lipid oxidation in 
foods systems, but there is no analytical method for detecting all oxidative changes in all food 
and to predict exactly the storage life or heat stability of frying oil because of the different 
reaction pathways for the degradation of fats and oils under different conditions such as 
temperature or accessibility to oxygen. 
For measuring the oxidative stability different methods are available that base either on the 
measurement of the oxygen consumption or on the amount of generated oxidation products. 
Examples are the Oxygen Bomb or Oxidograph that consider the oxygen consumption or the 
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Schaal Oven or Shift test with the peroxide value as endpoint. The recommended standard 
methods for the measurements of the oxidative stability are the Oil Stability Index (OSI) or the 
Rancimat method that use the conductivity as measure for the endpoint. 
The principle of the Rancimat test is that oil is heat-treated at higher temperature whereas air is 
purged through the oil. This air steam transfers volatile products from the oil to a measuring 
vessel filled with demineralized water. With progressing degradation of the oil increasing 
amounts of short-chain acids such as formic acid are formed which results in a drastically 
increase of the conductivity in the vessel. During the measurement the conductivity is recorded 
against the measuring time and the induction period or oxidation time is calculated by 
determining the inflection point of the resulting curve. For the prediction of the frying stability or 
the applicability of antioxidants under frying condition the method has two drawbacks. First, the 
temperature is low in comparison to the frying process and second the surplus of oxygen by the 
constant purging with air is not comparable to the frying process. 
In a comparison, different types of oil were treated at 170°C for 8 h to simulate the frying 
process and then different parameters were measured by NIR spectroscopy. The results show 
no correlation between the induction period measured by the Rancimat and the content of polar 
compounds, polymer triacylglycerols and the anisidine value of the oils after heat-treatment, 
while a good correlation was found between the three parameters measured in the oil after 
heat-treatment. 




