
Each technological process for obtaining 
and/or storage of vegetable foods is 

associated with a specific transformation 
of their carotenoid pigments.

This fact makes these bioactive 
constituents appropriate as quality 
indicators for final product quality. 
And also demonstrate their potential 
applicability as a tool for process 
traceability. 

Carotenoids are widely affected by heat 
treatment and undergoing reactions of 

isomerization and auto-oxidation with the 
destruction of chromophore groups in 

vegetable foods thermally processed (1-4). 

Lutein and β-carotene are the major 
carotenoids in virgin olive oil (VOO) but 
also believed 5,6-epoxy-xantophylls as 

neoxanthin, violaxanthin and 
antheraxanthin (5).
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INTRODUCTION OBJETIVE

MATERIALS AND METHODS

Virgin olive oils obtained from 
a single industrial mill 
(Cooperativa Sor Ángela de la 
Cruz, Estepa, Seville) to avoid 
any effect of pedoclimatic and 
agricultural parameters and 
the industrial variables of the 
extraction systems in the 
comparative studies. 
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The objective of this work was focused 
on identifying and characterizing the 
thermodegradation reactions of the 
carotenoid pigments present in the 

virgin olive oil (VOO),
in order to predict the behaviour of 

these markers towards the variables 
thermal regulating, the critical points of 

their processing and storage. 

The kinetics of the degradation 
reactions of β-carotene, lutein, and the 
5, 6-epoxy-xantophylls were studied at 

different temperatures:
(60, 80, 100 and 120 °C) 
in order to determine the 

thermodynamic parameters of these 
reactions in three VOO samples with 
high, medium and low pigmentation.
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Measure: 
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E1%= 2592 (6).

HPLC 
Reversed phase

Liquid-phase extraction

Extraction and Analysis 
of Carotenoid Pigments

- 3µm C18 Spherisorb ODS2 (Teknokroma)(20cm x 0.46 cm). 
- Elution gradient: 1.25 mL/min; (A) water/ion-pair reagent/methanol 
(1:1:8, v/v/v) and (B) acetone/methanol  (1:1 v/v) (7). 
- Identification (6, 7):

- co-chromatography with standards 
- spectral characteristics (6, 7). 

- Detection: 450nm, 430nm
- Quantification: calibrate curves (amount vs integrated peak area). 

Distribution between N,N-dimethylformamide (DMF) and Hexane

Kinetic parameters

Thermodynamic Study

Heat treatment: At least 128 aliquots (32 for each of the four assay temperatures) 
were separated from each oil lot (samples N, D, and J). These aliquots were put into 
glass tubes that were sealed in the absence of air and placed in thermostatted
ovens at the temperatures fixed for each experiment. For each oil lot, two samples 
were analysed for each time/temperature pair. The samples were removed from the 
thermostatted ovens at fixed time intervals, depending on each experiment, to
obtain a total of at least 16 duplicate samples. The samples were cooled rapidly in 
an ice bath and then kept at -20 ºC until analysis of the pigments. 
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Heat treatment by sample

Pigment concentration (nmol/kg) vs time (h) least-squares non-linear 
regression analysis
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CONCLUSIONS

RESULTS AND DISCUSSION

Kinetic study. The qualitative pigments profile 
is that typical of a virgin olive oil (6, 7) with 
lutein and β-carotene as majority carotenoids, 
and violaxanthin, luteoxanthin, auroxanthin, 
neoxanthin, antheraxanthin, mutatoxanthin and  
β-cryptoxanthin as minority xanthophylls. In 
accord with the results of qualitative and 
quantitative changes in pigments, the reaction 
mechanisms proposed for these compounds 
are shown in figure 1 and it encompasses three 
different types of reactions: cis-isomerization, 
reorganization of the group 5,6-epoxide to 5,8-
furanoide and oxidative rupture of the polyene
chain (decolouration). 

- No isokinetic ratio was found for any of the reactions comprising the mechanism of heat degradation 
of carotenoids. Thus it can be concluded that the mechanism of these reactions are  not affected in 
any of its steps by the type of oily matrix, so that the thermodynamic parameters characterised 
here can be extrapolated to any type of VOO matrix.

In accord with the mechanism proposed, the 
corresponding kinetic  equations are expressed and from 
the balance of material of all the species, the 
concentration of colourless compounds with time is 
obtained. 

From the proposed kinetic equations and by non-linear 
regression analysis of the experimental data, the rate 
constants for each of the proposed reactions in the 
mechanism were estimated. 

Figure 2 exemplifies, for the treatment at 120 ºC of the 
high-pigmentation matrix (sample N ), the concentration 
changes found and the regressions estimated for lutein
and their cis-isomers (Fig. 2A ) and violaxanthin and their 
isomers 5,8-furanoids (luteoxanthin and auroxanthin) 
(Fig. 2B ). The values of rate constants together with their 
standard error were estimated. The determination
coefficient (R2) obtained for each reaction studied 
indicate a good fit of the experimental data to the 
equations proposed, and demonstrate that the first-
order mechanism is appropriate for describing the 
thermal degradation of the carotenoids in the VOO.

- No significant difference (t-test p≤0.05) was found in the thermodynamic parameters characterising 
the reactions, obtained in the three lots of VOO of differing pigment content. No effect of the type of 
matrix on the reaction mechanism was found enabling all the matrices to be considered a single 
reaction medium. 
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