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Abstract: The exhausted olive pomace (EOP) is the main residue generated year-round after the 

extraction of the residual oil contained in the olive pomace. Due to its chemical composition, EOP 

is an interesting bioresource for the production of bioenergy and high added-value products. 

Therefore, the purpose of this study was to evaluate the extraction of antioxidants from EOP using 

sequential ultrasound-assisted extraction (UAE) and maceration with constant stirring. Water and 

70% acetone were used as solvents. The total phenolic content was determined by the Folin-

Ciocalteu method, the antioxidant capacity (DPPH and ABTS) was investigated and the phenolic 

extracts were also characterized. 

Keywords: exhausted olive pomace; natural antioxidants; ultrasound-assisted extraction; capillary 
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1. Introduction 

More than 97% of the world’s olive production is concentrated in the Mediterranean region 

[1]and Spain is the world’s leading producer and exporter of olive oil [2]. In Spain, the surface area 

of olive trees was 2.579.001 Ha in 2018 with an olive production of 9.819.569 tons [3]. This activity 

generates every year important amounts of residues such as olive tree pruning, olive mill leaves, 

stones, olive pomace and exhausted olive pomace (EOP). EOP is the residual solid biomass obtained 

after the extraction of the olive pomace oil. According to the chemical composition of EOP, which can 

contains up to 35% of carbohydrates and its high content in non-structural components, around 50%, 

it constitutes a promising feedstock within the context of biorefinery for the production of bioenergy 

and bioactive compounds extraction, such as phenolic compounds [4]. These compounds are natural 

antioxidants with applications in the food industry. In this line, the interest of the food industry for 

replacing synthetic antioxidants by natural antioxidants is increasing [5]. Moreover, these bioactive 

compounds show potential health benefits and therefore, their applications for the pharmaceutical 

and food industries are large. 
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The aim of this work was to obtain antioxidants from the EOP. In this way, ultrasound-assisted 

extraction (UAE) was performed using sequential extraction with water and 70% acetone as solvents. 

UAE is considered an efficient extraction technique because it reduces extraction time, solvent and 

energy consumption with increasing yields [5,6], that translates into savings on an industrial scale. 

Moreover, it was compared with an optimized extraction method using water at 85 °C under 

agitation [7]. All these experiments were carried out with a 10% (w/v) solid load. The extracts obtained 

were lyophilized and characterized in terms of the total phenolic content (TPC) by the Folin-Ciocalteu 

method, and their antioxidant activity was determined by two different in-vitro tests (DPPH and 

ABTS radical scavenging). The phenolic extract profiles were identified by capillary zone 

electrophoresis (CZE). 

2. Methods 

2.1. Raw Material 

EOP was obtained by a local olive pomace industry (“Spuny SA”, Jaén, Spain). This residue was 

partially pitted and pelletized, with an average length of 14.5 mm and an average diameter of 4.6 

mm. This byproduct was characterized in terms of moisture, ash, lignin and carbohydrates according 

to the standard National Renewable Energy Laboratory (NREL) procedure [8]. Aqueous and 

ethanolic extractives were determined using Soxhlet extraction. 

2.2. Ultrasound-Assisted Extraction and Maceration with Constant Stirring 

Exhausted olive pomace was subjected to three consecutive steps of extraction in ultrasound 

using the conditions indicated in Table 1. The extraction time of each extraction step was 30 min and 

two different solvents were used (water and 70% acetone). Additionally, water was used as solvent 

for maceration with constant stirring at 85 °C for 90 min. In all experiments the solid loading was at 

10% (w/v). After each extraction, the samples were filtered under vacuum; an aliquot of the extracts 

was stored in cold and another portion was lyophilized. Liquid and lyophilized extracts were 

characterized in terms of the TPC, antioxidant activity and their phenolic profile, which was 

determined by CZE. The solid recovery yield of each experiment was also determined. The samples 

were filtered through a 0.45 μm nylon membrane filter (SinerLab Group, Madrid, Spain) before 

analysis. 

Table 1. Conditions applied to recover antioxidants from exhausted olive pomace. 

Extraction Method Solvent Time (min) Temperature (°C) Solids (%) 

Ultrasound-assisted extraction Water 30 30 10 

Ultrasound-assisted extraction 70% acetone 30 30 10 

Maceration Water 90 85 10 

2.3. Total Phenolic Content 

TPC was determined by using the Folin-Ciocalteu colorimetric method according to a procedure 

described by [9] with some modifications. Briefly, the extract sample (or water for blank) (0.1 mL) 

was mixed with distilled water (0.4 mL), diluted Folin-Ciocalteu reagent (1:1, v/v) (0.25 mL) and 

Na2CO3 (20% w/v) (1.25 mL). After 40 min incubation at room temperature, the absorbance was 

measured at 725 nm with a microplate reader (Multiskan GO, ThermoFisher Scientific, USA). A 

calibration curve of gallic acid was prepared. The measurements were carried out by triplicate. 

2.4. Antioxidant Capacity 

Two different assays were used to determine the antioxidant activity of the extracts, DPPH (2,2-

diphenyl-1-picrylhydrazyl) according to [10] and ABTS (2,2-azino-bis-3-ethylbenzothiazoline-6-

sulphonic acid) radical scavenging assay according to[11] of a compound to scavenge DPPH, 

resulting in a change of color, while the second assay is based on the quantification of the 
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discoloration of the ABTS radical due to its interaction with hydrogen or electron donor species. Then, 

the absorbance was measured with the aforementioned device at 515 nm and 734 nm, respectively. 

Trolox was used as standard for comparison and a calibration curve was prepared. All samples were 

analyzed by triplicate. 

2.5. Phenolic Profile by Capillary Electrophoresis 

The extracts were analyzed by CZE using a capillary electrophoresis system from Agilent 

Technologies (Waldbronn, Germany), equipped with a diode array detector (DAD), an Agilent 

uncoated fused silica capillary (50 μm) and an effective length of 62/56 cm. The separation buffer was 

15 mM sodium tetraboratedecahydrate with 8% MeOH, which was used as an organic modifier to 

improve separation performance, adjusted to pH 9.1. The separation voltage was 30 kV with a ramp 

of 0.5 min and the current was at 120 μA maximum setting. The capillary temperature was 

maintained at 30 °C during separations. The samples were injected directly under a pressure of 50 

mbar for 5 s into the anode (+). Electropherograms were recorded at 220 nm. The capillary was pre-

conditioned between runs by washing with 0.1 M NaOH (3 min) followed by a buffer (3 min). The 

characterization was performed by the comparison of the migration time and UV spectra with 

standards from an in-house library using Agilent 3D-CE ChemStation data software (Rev B.04.01). 

3. Results and Discussion 

The chemical composition of the EOP showed that it contained: 41.8% of extractives, 20.6% of 

carbohydrates and 21.8% of lignin, as major components [7]. This is in line with previous literature 

[12]and remarks that the extractive fraction should be studied for further valorization of EOP. For 

that reason, in this work two extraction methods were compared to recover the phenolic fraction. 

Table 2 shows the results of the TPC and the antioxidant activity of the water and water-acetone 

extracts of EOP obtained after UAE and maceration with constant stirring. It can be seen that using 

10% solids load by UAE at 30 °C it is recommended to perform three sequential extractions in order 

to recover the highest possible concentration of phenolic compounds. However, using water 

extraction through maceration at 80 °C, higher amounts of phenolic compounds were solubilized in 

the liquid fraction in a single step (Table 2), and totally 4.22 GAE vs. 2.88 GAE using UAE with both 

solvents. This trend was observed by the total solids recovered, which was higher using the 

aforementioned method. This means that the lowest extraction yield was obtained by UAE with 

acetone, 38.53%, and thus the richness of phenolic compounds in these extracts were higher. 

Table 2. Total phenolic content (TPC) and antioxidant activity determined by the DPPH and ABTS 

radical scavenging assays, of the water and water-acetone extracts from exhausted olive pomace at 

10% solid load. 

Extraction Method Solvent Sample 
TPC 

g GAE/L 

DPPH 

g TE/L 

ABTS 

g TE/L 

Ultrasound-assisted extraction Water 

Extract 1 1.37 ± 0.01 1.38 ± 0.09 3.43 ± 0.05 

Extract 2 1.01 ± 0.06 0.98 ± 0.05 1.50 ± 0.12 

Extract 3 0.50 ± 0.03 0.50 ± 0.01 0.99 ± 0.05 

Mixture 0.96 ± 0.03 0.98 ± 0.01 1.94 ± 0.01 

Ultrasound-assisted extraction 70% acetone 

Extract 1 1.28 ± 0.03 1.54 ± 0.01 3.43 ± 0.04 

Extract 2 0.83 ± 0.09 0.90 ± 0.03 1.91 ± 0.05 

Extract 3 0.77 ± 0.00 0.55 ± 0.02 0.83 ± 0.11 

Mixture 0.97 ± 0.01 1.00 ± 0.07 2.04 ± 0.03 

Maceration Water Extract 4.22 ± 0.1 3.04 ± 0.27 6.77 ± 0.47 

GAE: acid gallic equivalents; TE: trolox equivalents. 
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The different extracts, the mixtures obtained by UAE and the water extract obtained by 

maceration, were subjected to a drying process by lyophilization to check if the antioxidant activity 

is maintained. This drying process is highly applied to obtain final products of highest quality [13]. 

Table 3 shows the results obtained. As before, UAE with water-acetone revealed to be more effective 

than with water, with a TPC value of 95.7 versus 74.4 mg GAE/g extract, respectively. The extract 

obtained in an agitated water bath at 85 °C showed a TPC of 65.9 mg GAE/g extract. The antioxidant 

activity of the extracts revealed to be in accordance with the TPC, being the results higher for UAE 

extracts, particularly, using water-acetone. These values are higher than those reported for carob 

kibbles using UAE[14]; 9.4 mg GAE/g dry mass for water and 20.4 mg GAE/g dry mass for 70% 

acetone. They were also higher than those for brewer’s spent grains using maceration[15], 3.6 mg 

GAE/g dry mass for water and 9.90 mg GAE/g dry mass for 60% acetone.These results also revealed 

that the phenolic compounds from EOP are highly polar and a large amount can be obtained using 

water. 

Table 3. Total phenolic content (TPC) and antioxidant activity, determined by the DPPH and ABTS 

radical scavenging assays, of the lyophilized water and water-acetone extracts obtained from 

exhausted olive pomace. 

Extraction 

Method 
Solvent 

TPC 

(mg GAE/g Extract) 

DPPH 

(mg TE/g Extract) 

ABTS 

(mg TE/g Extract) 

UAE Water 74.23 ± 4.57 136.73 ± 3.25 159.35 ± 0.00 

UAE 70% Acetone 95.51 ± 5.29 157.08 ± 8.30 388.14 ± 9.91 

Maceration  Water 66.11 ± 2.62 63.58 ± 0.86 124.72 ± 10.21 

The extracts were also characterized to determine the phenolic composition through CZE. All 

the extracts showed similar profiles. As an example, Figure 1 shows the electropherograms of the 

water-acetone extract obtained by UAE and the water extract obtained by maceration with constant 

stirring. Moreover, it was possible to tentatively identify hydroxytyrosol, tyrosol, catechol, 

pinoresinol, oleuropein derivative and 3 hydroxy benzaldehyde with a >95% matching. 

Among them, hydroxytyrosol was the major compound found in all the extracts, which is also 

considered the most powerful and one of the most powerful antioxidants in olive tree, followed by 

tyrosol. This is interesting since this compound is one of the antioxidants of olive oil that confers 

protection of blood lipids from oxidative stress[16]. As novel food ingredient, the European Food 

Safety Authority has recently concluded that hydroxytyrosol is safe under the proposed uses and use 

levels, to fish and vegetable oils up to 215 mg/kg and to margarines up to 175 mg/kg [17]. 

 

Figure 1. Electropherograms at 200 nm of the water-acetone extract obtained by UAE (a) and the water 

extract obtained by maceration with constant stirring (b). 
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4. Conclusions 

Results showed that EOP presents a significant amount of phenolic compounds, independently 

of the extraction conditions. While the highest solubilization of phenolic compounds was obtained 

using water extraction at 80 °C, UAE with 70% acetone revealed to be more effective for the obtention 

of an extract richer in antioxidants. Hydroxytyrosol was the major compound found in all the 

extracts, which is also considered one of the most powerful antioxidants. Therefore, EOP is a 

promising source of added-value phenolic compounds with antioxidant activity, in particular of 

hydroxytyrosol and its obtention is worth-merit before the exploration of this byproduct for 

bioenergy production. 
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