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Abstract: Olive leaves are a source of valuable compounds with applications in the phytopharmacy
sector, among others. Nevertheless, there are untapped olive resources that can give new clues for
the discovery of natural bioactive compounds. Therefore, in this study the antioxidant composition
of exhausted olive pomace (EOP) and a new byproduct, the residual fraction from olive pit clean-
ing (RFOPC), was characterized and compared to olive leaves, which have been extensively stud-
ied as a source of bioactive compounds. The chemical characterization showed that all of these
byproducts contain high amounts of extractives; in all cases it was higher than 26%. This is inter-
esting since the extractive fraction contains non-structural compounds, including phenolic com-
pounds and triterpenic acids. Then, ultrasound-assisted extraction was applied to recover phenolic
compounds from this fraction using an aqueous—ethanolic solution. All the extracts showed anti-
oxidant properties and the total phenolic content ranged from 69 (RFOPC) to 140 (EOP) g of gallic
acid equivalents/kg dry weight. The profile obtained by liquid chromatography-mass spectrometry
was different, suggesting some chemical differences in the phenolic composition. Moreover, some
triterpenic acids were characterized, which suggest that multifunctional ingredients can be ob-
tained.

Keywords: agro-industrial waste; exhausted olive pomace; hydroxytyrosol;, multifunctional ex-
tracts; olive leaves; triterpenic acids

1. Introduction

Besides olive oil, olive leaf and fruit extracts are currently applied as key ingredients
of nutraceuticals and dietary supplements due to their cardiovascular health promoting
properties, among other effects. These extracts contain phenolic compounds, like hy-
droxytyrosol and their derivatives, e.g., oleuropein, hydroxytyrosol glucoside and/or
verbascoside [1-3], which have shown therapeutic potential in in vitro, in vivo and clin-
ical studies [4-6]. Morevoer, hydroxytyrosol consumption seems to be safe, and not
genotoxic or mutagenic in vitro [7]. The hydroxytyrosol cluster varies in composition,
qualitatively and quantitatively, depending on the olive product, cultivar, origin, pedo-
climatic conditions, and extraction method, among other factors [1-3,8,9].

Today, the olive oil industry generates a huge amount of byproducts/wastes, con-
sisting of leafy and defatted fruit residues, i.e., olive mill leaves and olive pomace. In
Spain, olive pits are partially recovered from the olive pomace, and are used as biofuel to
produce heat [10]. Moreover, the cleaning of this byproduct to enhance their fuel prop-
erties and the extraction of the residual oil in the olive pomace generates other wastes
known as residual fraction from olive pit cleaning (RFOPC), or pulp, and exhausted olive
pomace (EOP), respectively [3]. The characterization of these sources for the production
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of bioactive components is an important step toward sustainable development and it is
also a new way to find new potential sources of hydroxytyrosol derivatives. Therefore, in
this work, olive leafy biomass, EOP, and RFOPC have been compared as antioxidant
sources using colorimetric assays and high-performance liquid chromatography anal-
yses.

2. Material and Methods
2.1. Olive-Derived Biomasses and Chemical Characterization

Olive-derived biomasses were supplied by local companies in Jaén (Andalusia,
Spain). Olive leaves were obtained in June 2019, also in this region. They had moisture
levels up to 10% and were milled before analysis and extraction using an Ultra Centrif-
ugal Mill ZM 200 (Retsch GmbH, Haan, Germany).

The chemical composition of the samples was determined according to the standard
procedure from the National Renewable Energy Laboratory (NREL). This included a
previous two-step extraction procedure with water and ethanol to determine the content
of extractives and the analysis of lignin, carbohydrates, and ash [11]. Moreover, the pro-
tein content was estimated by considering the nitrogen content as determined by ele-
mental analysis (TruSpec Micro, Leco, St. Joseph, MI, USA) and using a conversion factor
of 6.25.

2.2. Extraction Method

The samples were extracted using an aqueous ethanol solution (47%, v/v) at 6% (w/v)
for 50 min using an ultrasonic bath (Ultrasons, J.P. Selecta, Barcelona, Spain) [12]. After
centrifugation, the supernatants were collected and filtered before analysis (nylon filters
of 0.45 um pore size) (SinerLab Group, Madrid, Spain).

2.3. Measurement of the Total Phenol Content and Antioxidant Capacity

The determination of the total phenol content (TPC), based on the Folin—Ciocalteu
method and the ABTS™ (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammo-
nium salt) radical scavenging assay, were determined according to Medfai et al. [8] in a
Bio-Rad iMarkTM microplate absorbance reader (Hercules, CA, USA) at 750 nm. The
TPC results were expressed as gallic acid equivalents (GAE) using a curve of gallic acid
from 25 to 300 pug/mL. Moreover, the ABTS results were expressed as Trolox equivalents
(TE) using a curve of Trolox from 6 to 330 pM.

2.4. Reversed-Phase High Performance Liquid Chromatography Analyses

Reversed-phase (RP)-high performance liquid chromatography (HPLC) analyses
were performed using a Shimadzu Prominence UFLC chromatograph (Kyoto, Japan)
equipped with a diode array detector (DAD). The column used was a C18 BDS
HYPERSIL column (250 mm x 4.6 mm, 5 pum) (Thermo Fisher Scientific Inc., Waltham,
Massachusetts, USA). A ternary gradient was applied using an aqueous solution of or-
thophosphoric acid (0.2%, v/v), methanol, and acetonitrile according to Gémez-Cruz et
al. [13]. The elution flow was 1 mL/min, the oven temperature was set at 30 °C, and the
volume of sample injected was 20 pL. Hydroxytyrosol, luteolin 7-O-glucoside, and
oleuropein were quantified at 280 nm by comparison with external calibration curves
obtained using their commercial standards. Similarly, maslinic and oleanolic acids were
quantified at 210 nm. All the standards were supplied by Extrasynthese (Genay, France).

Additionally, accurate mass analyses were performed using an HPLC (Agilent 1200)
coupled to quadrupole-time-of-flight (QTOF)-MS and MS/MS (Agilent 6530B) via elec-
trospray ionization according to Ammar et al. [14].
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3. Results and Discussion
3.1. Chemical Composition and Antioxidant Characteristics

The chemical characterization showed that all these byproducts contain high
amounts of extractives; in all cases the content was higher than 26%. Particularly, it was
the major component in OL and EOP. Since this fraction contains bioactive compounds
[3], it seems reasonable to explore it. Therefore, the extracts obtained by ultra-
sound-assisted extraction (UAE) were evaluated in terms of TPC and antioxidant activity
using an aqueous ethanol solution as a food/pharma grade solvent. The results are shown
in Figure 1. OL has the highest TPC value, but the EOP extract showed the highest anti-
oxidant properties. Since there was no correlation (r = 0.452), it is expected that the phe-
nolic profiles were different.
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Figure 1. Total phenolic content (TPC) and antioxidant activity determined by the ABTS™ assay of
aqueous ethanol extracts from of olive-derived biomasses: OL (olive leaves), EOP (exhausted olive
pomace), and RFOPC (residual fraction from olive pit cleaning).

3.2. HPLC Profiles and Quantitative Analysis

The liquid extracts were analyzed by RP-HPLC-DAD to compare their phenolic
profiles. Figure 2 shows the chromatograms at 280 nm and the peaks corresponding to
hydroxytyrosol, luteolin 7-O-glucoside, and oleuropein. All these compounds were pre-
sent in OL and EOP, while only hydroxytyrosol was detected in RFOPC. The presence of
oleuropein was clearly high in OL, while hydroxytyrosol was high in EOP, as the inten-
sity of the peaks was higher in their corresponding chromatograms. Nonetheless, the
total solid extraction yield was low in RFOPC, and so the richness in hydroxytyrosol is
enhanced in the dry extract.
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Figure 2. Chromatograms obtained at 280 and 210 nm of the aqueous ethanolic extracts of olive leaves (OL), exhausted
olive pomace (EOP), and residual fraction from olive pit cleaning (RFOPC).
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Moreover, Figure 3a depicts the concentration of these compounds in OL, EOP, and
RFOPC extracts. This highlights that, besides olive pomace [3], EOP is a rich source of
hydroxytyrosol, which can, in part, promote the antioxidant activity of the extract. This
was the only phenolic compound whose content showed certain positive correlation with
the antioxidant activity (r = 0.862). In fact, the antioxidant activity in vitro of this com-
pound is higher than that of its derivative oleuropein by almost double [15]. Extracts
richer in hydroxytyrosol than in oleuropein have also revealed a higher ability to atten-
uate the formation of advanced glycation end products, which are associated with
chronic diseases and the aging process [16]. Moreover, extracts rich in oleuropein and
hydroxytyrosol possessed hypolipidemic and hepatoprotective properties, but it was
mainly the hydroxytyrosol-rich extract that enhanced the antioxidant status and attenu-
ated the liver inflammation and apoptosis in rats treated with a high-fat diet [17].

Furthermore, triterpenic acids were also detected in all the extracts. The content of
maslinic acid and oleanolic acid ranged between 1.8 and 5.7, and 0.4 and 1.5 g/kg dry
weight, respectively, and it shows that multifunctional extracts can be obtained, since
these compounds can provide, for example, cardioprotective properties [18]. Extracts
richer in these compounds can probably be produced by modulating the polarity of the
solvent [19].
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Figure 3. Content (g/kg dry weight) of selected phenolic compounds (a) and triterpenic acids (b) in the extracts of olive
leaves (OL), exhausted olive pomace (EOP) and residual fraction from olive pits cleaning (RFOPC).

Finally, the analysis by RP-HPLC-QTOF-MS and -MS/MS confirmed the presence of
these bioactive compounds in the extracts. Moreover, it revealed the presence of other
phenolic compounds in the extracts, including six novel trilignols in RFOPC, which could
contribute to the antioxidant properties of the extracts.

4. Conclusions

Besides OL, the waste products derived from olive pomace, EOP and RFOPC, are
promising sources of added-value phenolic compounds with antioxidant activity.
Among them, EOP contained the highest amount of hydroxytyrosol, which is also con-
sidered one of the most powerful antioxidants. Nonetheless, the extracts also presented
triterpenic acids and other phenolic compounds whose characterization is of merit since
they can contribute to the functional properties of the extracts.
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