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Over last years, the increase of the consumer interest in a reliable geographical declaration of foods has led to a European regulation, which establishes a controlled labelling of food products based on geographical indications, such as Protected Designation of Origin (PDO). This legal framework intends to fulfill consumer expectation, and to provide better protection for virgin olive oils from diverse areas of olive growing, with particular sensory and chemical characteristics. The PDOs have proven to be a successful regulatory framework to protect singular virgin olive oils that have distinctive properties. However, sometimes, administrative issues, rather than objective chemical data, support the registration of new PDOs and the demarcation of the geographical areas associated to them.
In this work, three hundred and one virgin olive oil samples, from three different Andalusian PDOs, which actually mean three different situations combining variations in cultivar and pedoclimatic characteristics have been studied. Sixty four chemical compounds from several series of major (fatty acids) and minor (hydrocarbons, alcohols, sterols and methyl sterols) chemical components have been analyzed by several analytical methods, all of them based on gas chromatography, and used to prove the differences between a PDO virgin olive oil and the oils produced in the surrounding areas.
The study of the three PDOs showed that each one has a different degree of difficulty to differentiate from the oils produced in the surrounding areas, according to the complexity of each case of study. The oils from PDOs Estepa and Montoro-Adamuz showed clear differences in their chemical compositions, while the oils from Campiña de Jaén formed a group of samples greatly overlapped with the oils from surrounding areas, probably due to the lack of variation in the cultivar (Picual) throughout the areas. 
The chemical composition of major and minor compounds provides a support to certify the singularity of PDO oils versus others. This information could supplement arguments to approve or deny new PDOs, and later, once a PDO is registered, the chemical information could be useful to detect falsifications and mislabeling.

