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The two main activities of the PhD thesis project are herein described. Firstly, the set-up and application of rapid, 
innovative, and sustainable analytical methods for assessing the quality and purity of virgin olive oils. Secondly, 
the olive pomace valorization by developing sustainable methods for the extraction of phenolic compounds, as 
well as the characterization and shelf-life evaluation of the obtained extracts.

Le due attività principali di questo progetto di dottorato sono di seguito descritte. La prima è focalizzata sullo 

e purezza degli oli di oliva vergini. La seconda, invece, è incentrata sulla valorizzazione della sansa di oliva 

della shelf-life degli estratti ottenuti.
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1. Introduction

This contribution reports the results and next expected activities of two activities concerning: 
(A1) Rapid and sustainable analytical methods for quality and authenticity of virgin olive oils: development and 

application of easy-to-use, innovative and sustainable analytical approaches to evaluate the quality and 
genuineness of virgin olive oils. In particular, a focus is carried out on the study of the volatile fraction by 
gas-chromatographic analyses, as a relevant potential tool to support the sensory analysis (panel test) for 
the determination of the commercial category in virgin olive oils.

(A2) Olive pomace valorisation: set-up of sustainable methods for the extraction of phenolic compounds from 
olive pomace, as well as characterization and shelf-life evaluation of the so obtained phenolic extracts. This 
activity is aimed to produce sustainable extracts potentially usable in different industrial sectors, such as 
pharmaceutical, food and cosmetic.

2. Materials and Methods

2.1 Rapid and sustainable analytical methods for quality and purity of virgin olive oils (A1)
HS-GC-IMS (gas chromatography coupled with ion mobility spectrometry) analyses were performed on an olive 
oil set composed of 119 samples, in order to have a relevant and balanced variety in the commercial categories of 
virgin olive oils (VOOs) among extra virgin (EV, 42), virgin (V, 54) and lampante (L, 23), determined by sensory 
analysis (panel test). The analysis was performed using a GC-IMS Flavourspec® instrument (G.A.S. Dortmund, 
Dortmund, Germany) connected to a nitrogen generator for carrier/drift gas production (Microprogel, Pordenone, 
Italy). Samples were analyzed following the same method reported by Valli et al, 2020. 3D chromatograms (heat 
maps) were obtained. The samples were classified in the commercial category through a previously developed 
prediction approach, based on PLS-DA models, built on the maximum intensity of the areas belonging to 15 
selected volatile compounds (monomers and dimers) as main responsible for fruity and sensory defects (Valli et 
al., 2020). In addition, on the same set a Flash-GC analysis was performed and the prediction of the classification 
of the samples into the three commercial category is now ongoing by applying a previously developed 
chemometric model (Barbieri et al., 2020).

2.2 Olive pomace valorisation (A2)
Firstly, several tests have been carried out on the olive pomace provided by a local mill and stored at -18 °C by 
using solvents, such as ethanol, that are less toxic for the environment than the usual ones adopted for extraction, 
and by applying techniques that could favour this process, e.g. use of ultrasound-assisted extraction.
The procedure, developed and selected for the phenolic compound extraction, is as it follows: 2 g of the freeze-
dried and ground samples were weighed. Then, 20 mL of the ethanol/water mixture (80:20 v/v) were added. The
mixture was shacked and placed in an ultrasound water bath, at room temperature for 30 minutes. Then the solution 
was centrifuged for 15 min at 3500 rpm. The polar phase was carefully removed, and the extraction process was 
repeated twice. Finally, the two extracts were combined, evaporated in a rotary evaporator until dryness and the 
residue was dissolved in 2 mL of methanol/water (1:1 v/v).
Secondly, a sustainable mechanical approach (using a lab scale screw-press) was applied on the olive pomace by 
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adding a mixture of water and food grade ethanol (80:20 v/v) and two types of samples were obtained, one more 
liquid drained from the lower part of the mill and one drier from the frontal part. These were freeze-dried and 
ground, and the phenolic extracts were obtained by applying the procedure detailed above. The study of the 
phenolic fraction was based on the determination of the total reducing molecules content (Folin-Ciocalteu method), 
then a HPLC-MS/MS analysis is now ongoing. 
The A2 activity of this PhD

the EU (Grant agreement No 1811).

3. Results and Discussion

3.1 Rapid and sustainable analytical methods for quality and purity of virgin olive oils (A1)
The results are satisfactory in terms of percentages of correctly classified samples in the different commercial 
categories (see table 1) with respect to the sensory results and the related grade, in according to the previous study 
(Valli et al., 2020).

Table 1 Results of the HS-GC-IMS prediction model on the olive oil samples set.

COMMERCIAL CATEGORY NUMBER OF SAMPLES CORRECTLY CLASSIFIED %
EV 30/42 71.4
V 31/54 57.4
L 16/23 69.6

TOT 79/119 66.4

The next step is to combine data obtained by HS-GC-IMS and Flash-GC methods (data fusion) for providing new 
reliable chemometric models to estimate the VOO quality grade as tools to support the panel test.

3.2 Olive pomace valorisation (A2)
The total reducing molecules content analysis, by Folin-Ciocalteu method, was carried out on the extracts derived 
from the olive pomace as it is, and the two different samples obtained from the application of the mechanical 
approach.

Table 2 Total reducing molecules content of TQ: extract obtained from olive pomace sample as it is, after freeze-drying 
and grounding; SI: extract obtained from the liquid pomace sample drained from the lower part of the mill 
screw press, after freeze-drying and grounding; SF: extract obtained from the drier pomace sample from the 
frontal part, after freeze-drying and grounding.

SAMPLE
TOTAL REDUCING MOLECULES CONTENT

(mg gallic acid/kg sample)
SD

TQ 3294.33b 378.53
SI 7101.32a 423.97
SF 3094.73b 39.15

ANOVA, HSD Tukey, p<0,05

The results of the determination of the total content of reducing molecules, including phenolic compounds, show 
that the richest sample is extract obtained from the liquid pomace sample drained from the lower part of the mill 
screw press (SI), probably due to the effect of the mechanical approach and the addition of the mixture of 
EtOH/H2O, that could favour the concentration of these compounds.

potentially usable 
in different industrial sectors, such as pharmaceutical, food and cosmetic. Meanwhile, also further investigations 
of a potential application and sustainable recovery methods of the drier pomace sample from the frontal part (SF) 
could be interesting.
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