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1. Introduction  

Phenolic antioxidants are important compounds whose main feature is the increase of the resistance 

toward oxidative damage, presenting many benefits, such as anti-ageing and anti-inflammatory effects 

[1]. The by-products of the olive industry have attracted interest as a source of phenolic antioxidants, 

being the vegetable water a significant source of antioxidants that could be recovered from the vegetable 

water obtained in olive mills by liquid-liquid extraction [2]. Terpenoids, which are the most diverse plant 

origin compounds in nature, have been applied in the green extraction of a wide variety of compounds 

from aqueous streams due to their hydrophobicity, as well as natural hydrophobic eutectic solvents, a 

mixture of two natural compounds that form a liquid solvent at room temperature [3]. 

 

2. Experimental  

The olive vegetable water provided by Fejidosa (Mohedas de Granadilla, Cáceres, Spain) was 

characterised by measuring its content in total phenols by the Foulin-Ciocalteu method using gallic acid 

(GAE) as standard. The content of the phenolic antioxidants tyrosol, catechol and caffeic acid was also 

quantified through HPLC. Identical methods were later used to determine the phenol content after the 

extraction and back-extraction experiments and to calculate the respective extraction yields. 

To select the most suitable solvents, the activity coefficients at infinite dilution of the antioxidants in 42 

terpenoids, 11 deep eutectic solvents, and 5 conventional solvents were calculated using COSMOtherm 

software. Subsequently, extractions were performed at 303.2 K and four different solvent-to-feed ratios 

(S/F) with the selected solvents (4 terpenes, 2 eutectic solvents, and 2 conventional solvents) and, finally, 

with the four most promising ones, successive cycles of extraction and back-extraction were made, to 

concentrate the phenolics in the back-extraction stage and, at the same time, studying the reuse of the 

solvent. Finally, the phenolic antioxidants were recovered as a solid that was analysed by FTIR. 

 

3. Results and Discussion  

The olive vegetable water showed a total phenolic content of 356.4 GAE mg/L, whereas the tyrosol, 

catechol and caffeic acid contents were 156.50 mg/L, 27.15 mg/L, and 26.80 mg/L, respectively. Using 

COSMOtherm, the terpenes eucalyptol, geraniol, citronellol, and lavandulol, as well as the eutectic 

solvents (menthol + borneol) and (menthol + camphor), and the conventional methyl isobutyl ketone 

(MIBK) and diisopropyl ether, showed the lowest infinite dilution coefficients. These solvents were tested 

with real olive vegetable water, showing the performance geraniol, eucalyptol, MIBK and (menthol + 

camphor) with extraction yields between 75 and 90% for the terpenoids. Also, three extraction and back-

extraction cycles were performed, reusing the solvents with fresh olive vegetable water, with no 

significant reduction in the extraction yields. Finally, the phenolics were concentrated in basic aqueous 

phase in the backextraction stage, achieving a 50-fold concentration with respect to the initial content, and 

were recovered as solids and analysed by FTIR, showing the characteristic bands of the three extracted 

antioxidants: tyrosol, caffeic acid, and catechol. 

 

4. Conclusions  

In this work, a sustainable technology for the recovery of three antioxidants from a real olive vegetable 

water has been developed. Using natural green solvents such as eucalyptol and geraniol, high extraction 

yields have been achieved, allowing the recovery of antioxidants as a solid. The reuse and regeneration of 

the green solvents have been carried out satisfactorily, confirming the circularity of the process. 
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