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Abstract: The table olive industry generates high amounts of wastewater annually during the alkaline
treatment, fermentation, and washing steps of olives. High conductivity and salt content, as well
as the high organic and biophenol contents of these waters, is a worldwide problem, especially in
the Mediterranean region, which is the major table olive producing area. There is a wide variety
of bioactives found in wastewater derived from table olive processing. The main compounds of
table olive wastewater, such as those derived from phenolic, hydrocarbon, and sugar fractions, can
be recovered and reused. In this review, the table olive manufacturing processes and the volumes
and composition of wastewater generated from the different methods of table olive processing
are discussed. In addition, biophenols of table olive water and their biological activities are also
introduced. The high concentrations of valuable biophenols, such as tyrosol and hydroxytyrosol,
show promising potential for valorizing table olive wastewater; however, more research is needed in
this area.

Keywords: wastewater; table olives; valorization; phenolic compounds; levulinic acid; oleuropein; tyrosol

1. Introduction

Annually, around 3 million tonnes of table olives are produced, with around 31%
contribution from the European region. In the 2018/2019 season, the annual global table
olive production was around 2.5 million tonnes (up to 2.9 million tonnes in 2019/2020) [1].
This high production results in a large amount of processing wastewater, which poses
a threat to the environment due to its high salinity and conductivity, and high organic
and phenolic compound contents. The wastewater problem is mainly concentrated in the
Mediterranean area, where most table olives are produced. For example, countries such as
Spain produce around 540,000 tonnes of wastewater [2].

This industry has a significant economic impact in the Mediterranean countries. The
European Union contributes around 31% of the global olive production (approximately
900 thousand tonnes), Spain and Greece being the main contributors [2,3]. It is also worth
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noting that the other important production centers from the Mediterranean countries,
such as Egypt, Turkey, Algeria, and Morocco, together contribute around 50% of the
global production. Figure 1 shows the main producing countries of table olives during the
2019/2020 season.

40

Distribution of table olives production (%)

EU Egypt Turkey Algeria Morocco Syria Peru USA  Others
non-EU

Country

Figure 1. Main producing countries of table olives during the 2019/2020 season (Statista, 2019/2020).

2. Table Olive Manufacturing Processes

The fruit of the olive tree cannot be consumed directly once collected, since it has an
extremely bitter taste. This flavor is given by a glycosylated seco-iridoid compound called
oleuropein [4]. Along with oleuropein, the other seco-iridoid glycosides present in olives,
although in smaller quantities, are ligstroside and demethyloleuropein (Figure 2) [4].

0] o) .
V\@ R = CHy; R' = OH Oleuropein
Y or -
HO o) o R = CH3; R' = H Ligstroside
HO ., NN O R R = H; R' = OH Demethyloleuropein
oH OH o)

Figure 2. Structure of the main seco-iridoid glycosides present in olives.

Since the ancient times, different methods have been developed to eliminate this
acidity or bitterness and make olives an edible fruit. In the early twentieth century, sodium
hydroxide (NaOH) was used to hydrolyze oleuropein, which resulted in the two most
important production processes: (i) the Spanish green olive process and (ii) the Californian
black olive process (Figure 3).
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Figure 3. Different treatments for table olives [5].

The first treatment consists of immersing the olives in a solution of NaOH and, after a
few days, eliminating this solution by inducing different washes to eliminate any remaining
NaOH. On the other hand, the second type differs from the first treatment, as once the
solution of NaOH has been removed, the olives are left in the air for 24 h before washing.
The NaOH solution and the washing waters do not have any further application, and
therefore, they are discarded in the two treatments, hence the great production of polluting
water [5]. There are also other treatments that do not use NaOH for the acidity removal
process, the Greek style being the most widely used, since it is the most economical. When
the Greek style is used, the olives are placed directly in brine and left there for months
or years in order to remove the bitterness completely. There is an increased use of the
Greek-style treatment, as it has a low level of pollution, and it is in full agreement with the
actual trends to consume products as natural and least treated as possible [6].

3. Table Olive Wastewater

Considering the large volume of table olive production, as well as the main processes
used for this purpose, it is possible to form an idea that the main source of environmental
pollution is that produced by the discharges of liquid effluents [5]. All of the wastewaters
from table olive processing cause a serious environmental problem because of their chemical
characteristics and the huge volumes produced [7].

Those involving lye treatment and extensive washings for alkali removal are the
most polluting (i.e., Californian-style black-ripe, Spanish-style green, Californian-style
green-ripe olives). The production of Californian-style black-ripe olives has the largest
pollutant potential (maximum total volume of 6 L/kg olives produced). On the other
hand, processing based on untreated olives (i.e., naturally black, green or turning-color
olives) generates lesser quantities of wastewater (1 L/kg olive produced) from the fermen-
tation brine (Figure 4). Complete information on the amounts of wastewaters produced
by table olive processing should also include those derived from post-treatment (e.g.,
packaging) [6,8].

A few years ago, nature was responsible for eliminating or degrading the waste of
this industry. However, the excessive increase in table olive production has overwhelmed
this capacity for degrading these wastewaters by nature, rendering such previously in-
nocuous wastes a threat. Water, as an essential resource for life, needs efficient use. The
problem lies in the amount of water demanded by this industry, as seen above, which
is estimated as 2000 m® per tonne of olives. In addition, companies need large areas to
establish natural evaporation ponds, which could involve both authorization and admin-
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istrative problems [9]. Therefore, in view of the difficulty of companies in expanding the
processes, increased control and administrative sanctions, waste treatment becomes almost
indispensable or mandatory. There are mainly two types of effluents: those generated in the
industry, from the different processing processes, and those generated by precipitation [10].
The unbiodegradable organic load, as well as the chemical load of water produced at
different stages of the industrial process, will depend on the type of processing carried
out. As mentioned above, the treatment of table olive uses chemicals, such as NaOH or
sodium chloride (NaCl), and large amounts of clean water for the degreasing, washing,
brine and packaging phases. The chemical characteristics and high volume are the main
environmental problems related to these wastewaters. Other problems to consider are
pH, high conductivity due to its high saline content or waters strongly colored by the
polyphenols that are part of the fruits [5]. Olives treated with NaOH need up to five times
more water than those treated naturally, and they also need more energy resources and
labor to be treated [10].

Table olive wastewater (L/kg olives

produced)

Californian-style Spanish-style Californian-style Naturally black Naturally green
black-ripe olives  green olives green-ripe olives olives or turning color
olives

Different methods

Figure 4. Average volumes of wastewaters generated from the different methods of table olive
processing [6].

In general, the streams of water formed in the different processes are mixed and
stored in evaporation ponds. This technique has several associated problems, such as bad
odors, insect proliferation and underground aquifer contamination. Although they are not
permitted facilities, in Spain, for example, they are still operational [3]. There is a current
trend to change the way human beings are acting in order to do as little damage to the
environment as possible. Possible solutions are summarized in two ways: control of water
consumed and control of waste produced. To carry out the control of the water consumed,
it is necessary to know, on the one hand, the water consumed at each point of the process,
and on the other hand, the volume of the effluent produced. In factories that possess a
high level of efficiency, around 2-3 L of water per kilogram of olives are employed, while
in the least efficient ones, it is possible to reach up to 15 L per kilogram of olives [11].
Among the different measures for the reduction in waste and according to different studies,
the processes with most industrial applications in the reduction or elimination of these
pollutants are the following;:
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e Reuse of cooking bleach: it is a simple operation and requires few complementary
installations, as a pump and an auxiliary tank are sufficient. It is a very profitable
process, as it takes advantage of the high amounts of NaOH that would be lost.
This reduces the volume of discharges, saves water and avoids a large amount of
polluting matter.

e  Washing elimination: it has been seen that the use of a single washing step could
provide a fermentation and a final product that do not differ from those obtained by
performing more washes.

e  DPurification and reuse of brines: until now, the reuse of brines has not been very
successful in the industry, as they present suspended solids that give it turbidity
(mainly by lactic fermentation). Considering the high polluting power of fermentation
brines, which have a large amount of lactic acid, the regeneration of these has been
studied for later use.

Two systems have been developed to remove suspended solids and color:
Adsorption on active carbon and tangential filtration. One of the main advantages of
this method is its versatility, since the properties of the treatment can be adjusted
according to the purpose that will be given to the generated brine, thus making the
cost as fair as possible and without additional costs [12]. If the brine is intended for
packaging, all color must be removed, which demands more amounts of active carbon.
However, if it is used for other procedures in the same industry, filtration would be
enough, which would be conducted with less active coal. Likewise, the type of coal is
decisive, since the chosen one will have one behavior or another. An example is the
number of polyphenols that retain each other [13].

e  Ultrafiltration through a membrane of a certain pore size (most commonly used on
an industrial level). The essential part of this type of treatment is the type of filter
membrane, as well as its pore size [14-16]. In order to achieve a good rinsing of
the brine, it is necessary to use a pore size equal to or less than 1 kDa. Some vari-
ables to consider when using this technique are pressure (permeation increases with
pressure, operating as much as possible), initial concentration of suspended solids
(more, less flow) and temperature (increasing this decreases viscosity, and therefore,
favors filtration).

Wastewaters produced during acidity removal and washing processes occur in a very
short period of time (between September and November) and in small geographical areas,
while wastewaters obtained in the fermentation process are obtained throughout the year in
packaging plants. Because of this and the different chemical characteristics they possess (the
former have high pH values, whereas fermentation waters have low pH values, together
with each stream possessing different amounts of suspended oils, polyphenols, etc.), it is
necessary to perform different treatments for each wastewater stream [17-19].

Nowadays, biorefineries include a wide range of technologies to separate the main
components of waste generated in industrial and agri-food processes (carbohydrates,
proteins, fats, etc.), which are considered renewable raw materials that can be reused
or recycled to produce energy (biofuels) or to obtain other high-value-added chemicals
that meet environmental needs [18-20]. Within Europe and North America, it has been
estimated that each person generates around 280-300 kg of food waste per year. These
crop-derived residues (such as wheat, barley, rye, oats, or maize) could help to meet energy
needs. However, the main drawback of using this waste is that crops have time variations
or limitations. It is therefore logical to also consider waste from other sources, such as
forest waste, which is the most important source of renewable energy in Europe [21].
Therefore, the waste generated in the processes, both industrial and agri-food, represents
an alternative, since it is a renewable source. Proper treatment of waste to obtain high-value-
added compounds requires a deep understanding of its chemical composition and structure
for successful fractionation [22,23]. The following section addresses the identification of
the main components found in these wastewaters and which value-added products could
be obtained from them [24].
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4. Composition of Table Olive Wastewater

As mentioned above, the olive industry generates large volumes of wastewater, char-
acterized by high biochemical oxygen demand (BOD) and chemical oxygen demand (COD).
On the other hand, these waters contain significant amounts of food components (proteins,
fats, sugars, fiber, phenolic compounds, etc.) with remarkable nutritional, biological, and
functional properties [25].

Olive is a fruit characterized by a low sugar content, a high concentration of oil, and a
bitter taste caused by oleuropein. Due to the high phenolic compound content of olives,
wastewaters from both olive o0il production and table olive processing can be sources
of species with a high antioxidant capacity (Table 1). These phenolic compounds are of
great interest to the food, pharmaceutical, and cosmetic industries due to their antioxidant
properties [26]. They can mitigate the effect of reactive species involved in ageing and
inflammatory, coronary, and degenerative diseases, as well as being potential antitumor
compounds [27]. The concentration and types of phenols are highly variable in wastewater
from table olive processing, as these depend on factors such as harvest, region, variety,
treatment, etc. Thus, it is complicated to predict what type of phenols are present in these
waters. For this reason, most authors who deal with the management of these wastewaters
do not measure free phenolic compounds but rather the global parameters that are taken
into account in their entirety, such as total phenols and antioxidant capacity. Total phenols
are measured spectrophotometrically according to the Folin-Ciocalteu method, and the
results are expressed in mg/L of gallic acid or in mg/L of tyrosol, while antioxidant capacity
is measured by total antioxidant activity (TAA) or DPPH (2,2-diphenyl-1-picrylhydrazyl)
radical-scavenging activity [28].

Table 1. Physicochemical parameters and chemical analysis of wastewater corresponding to the three
stages of processing of Spanish green olives [25].

Parameters Debittering Process Washing Process Fermentation Process
Wastewaters Wastewaters Wastewaters

COD (mg/L) 9390 13,630 18,910

BODs5 (mg/L) 3115 4640 6050

pH 12.99 11.52 4.30
Conductivity (ms/cm) 11.13 10.17 53.10
Color 1.96 1.44 0.49

Total phenols (mg/L) 211.2 446.1 182.1
Total phenolic compounds (mg/L) 80.39 117.23 76.41
Benzoic acid 0.93 1.50 0.80
2-Phenoxyethanol 1.39 2.76 0.27
Cinnamic acid 1.67 1.23 N.D
Tyrosol 16.33 47.40 16.83
Phenylacetic acid 8.09 1.79 1.69
3,4-Dimethoxybenzoic acid 1.86 10.91 3.96
Vanillic acid 5.55 543 2.69
Hydroxytyrosol 9.69 16.21 6.09
3,4-Dihydroxybenzoic acid 10.26 1.52 0.26
Syringic acid N.D 10.25 4.59
4-Hydroxycinnamic acid 4.18 6.00 1.33
Dibutyl phthalate 7.03 9.71 32.82
Gallic acid 5.09 0.96 3.89
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Table 1. Cont.

Parameters Debittering Process Washing Process Fermentation Process
Wastewaters Wastewaters Wastewaters
Ferullic acid 2.00 1.56 1.00
Caffeic acid 6.32 N.D 0.19
Total organic acids (mg/L) 27.38 27.20 157.23
Total amino acids (mg/L) 31.82 46.31 13.74
Total sugars (mg/L) 149.33 1934 63.99

R
(@] O\/\Q
Y OH NaOH

With respect to phenolic compounds, their concentration is usually measured by
high-resolution liquid chromatography (HPLC). In table olive processing water, tyrosol
and hydroxytyrosol are the predominant polyphenols. The oleuropein molecule is hy-
drolyzed in the acidity reduction process, generating hydroxytyrosol and elenolic acid
glucoside. Regarding tyrosol, it is obtained to a lesser extent from the hydrolysis of ligstro-
side (Figure 5). Therefore, we do not find either oleuropein or ligstroside in wastewater
equivalents [3]. The levels of elenolic acid glucoside decrease rapidly due to the conversion
of this compound into elenolic acid and glucose (Figure 5) through the acidic conditions
produced by the microbial action (it is a substrate for lactic acid bacteria) [29]. In previous
study, Huertas-Alonso et al. (2021) observed that the hydroxytyrosol content of table
olive wastewaters was between 2 to 6 times higher than the tyrosol content, depending on
washing time after alkaline treatment. Furthermore, the first washing wastewater sample
contained higher tyrosol content than the debittering wastewater (48 mg/L residue vs.
126 mg/L residue) [10]. Biophenols from Greek-style olive oil and table olive wastewater
were concentrated and recovered by an adsorption resin. The main phenols found in the
table olive wastewater were hydroxytyrosol, tyrosol, hydroxytyrosol4-O-glucoside, and
11-methyl-oleoside [30].

HO R
HO — HO +
H,0O OH
HO™ N 2 HO
o}
R = OH Oleuropein R = OH Hydroxytyrosol
Elenolic acid glucoside
R = H Ligstroside R = H Tyrosol
OH
AH?
+
Hzo O\
Elenolic acid glucoside Glucose Elenolic acid

Figure 5. Oleuropein, ligstroside, and elenolic acid glucoside hydrolysis [31].

In view of the compounds obtained after the hydrolysis of oleuropein, the valorization
of these waters can be divided into two pathways. On the one hand, (i) obtaining phenolic
compounds, such as hydroxytyrosol and tyrosol, and on the other hand, (ii) the valorization
of the sugar-rich fraction, in which one of the compounds is elenolic acid glucoside, whose
structure contains a glucose molecule [32].
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5. Biological Activities

Based on the literature data, the biological activities, including antioxidant, antimicro-
bial, cytotoxicity, and anti-inflammatory activities, of the wastewater streams derived from
table olive processing are shown in Table 2. The biological activities of olive phenols, such
as oleuropein, verbascoside, hydroxytyrosol, tyrosol, luteolin, and apigenin 7-O-glycosides,
as well as phenolic acids, which are minor constituents of olive fruits, have been widely
evaluated [33]. In the phenolic fraction of table olive wastewater, the main compounds
are hydroxytyrosol and tyrosol. Hydroxytyrosol is a phenolic compound found in olive
leaves and ester-shaped fruit or after degradation, in its free form. The main activity of this
compound is as antioxidant, being one of the highest among polyphenols [34]. Antioxi-
dant implies that it will be a powerful free radical scavenger, which is formed in different
metabolic processes of cells and is a very reactive chemical species [3]. Free radicals are
highly reactive and unstable chemical species (millisecond life), characterized by having
one or more uneven electrons. They are formed as reaction intermediates from a homolytic
rupture of a bond. Excess of free radicals can induce lipid and protein oxidation, altered
cell membrane integrity, and DNA damage, causing serious pathologies, such as cancer
(particularly mouth, pharynx, and oesophagus), Parkinson’s, diabetes, or Alzheimer’s.
Therefore, applying an external source of antioxidants can provide substantial help in
preventing cellular oxidative stress and its consequences [35]. Free radicals are generated
in the body due to the presence of oxygen, although their production is increased by envi-
ronmental pollution, smoking, high-fat diets, excessive exposure to solar radiation, etc. [36].
For instance, polyphenols are of great interest to the food [37], pharmaceutical [27], packag-
ing [38], and cosmetic (sun creams) [39] industries due to their particular characteristics.
The way these free radicals act is well known. They react with other molecules by snatching
an electron to stabilize themselves, causing the other molecules to become a radical. This
molecule will react with another molecule following the chain. Thus, this process can
cause major changes in species, such as DNA or proteins. Bouaziz et al. [40] reported the
ethyl acetate extract of olive table wastewater showed high hydroxytyrosol and tyrosol
concentrations of 690 and 98 mg g/L dry weight extract, respectively. DPPH and ABTS
(2,2"-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)) scavenging radical activities of table
olive wastewater extract were 8.91 ICs (ng/mL) and 2.06 (TEAC (Trolox equivalent an-
tioxidant capacity) mmol). In addition, the extract had growth inhibition effects on human
cells in a dose-dependent manner. HeLa and DG75 cell lines showed the highest sensitivity
to the cytotoxic actions of the extract [40]. In a similar study, Belaqziz et al. [41] observed
table olive processing wastewater extracts had high DPPH radical scavenging activities.
The extract had high antibacterial activity against S. aureus at a concentration of 5 mg [41].

Table 2. Main biophenols in table olive wastewater and their respective biological activity.

Biological Activity Remarks [Ref]
Hydroxytyrosol was isolated from table olive effluents (4127 pmol of Trolox/mmol of [42]
active molecule)
Antioxidant
DPPH and ABTS scavenging radicals activities of table olive wastewater extract were 8.91 [40]
ICs5¢ (ng/mL) and 2.06 (TEAC mmol)
Table olive processing wastewaters extracts had high DPPH radical scavenging activities [41]
Table olive wastewater extract had growth inhibition effects on human cells in a
Cytotoxicity dose-dependent manner. HeLa and DG75 cell lines showed the highest sensitivity to the [40]
cytotoxic actions of the extract
Anti-inflammatory Hydroxytyrosol isolated from tabl.e olive effluents mh}blted the gene expression of any [42]
pro-inflammatory cytokine

Antimicrobial Positive activity against S. aureus was demonstrated from table olive processing wastewaters [41]
Table olive wastewaters showed in vitro antimicrobial activity against the bacteria Erwinia [43]

amylovora and Pseudomonas syringae, and the Oomycota Phytophthora sp
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6. Identification of Phenolic Compounds in Olive Waste

Chromatographic techniques, including gas chromatography (GC) and HPLC, are
the major separation methodologies to quantify phenolics in both olive oil and table olive
processing wastewaters. Although in some cases these methods are employed directly to
detect those fractions, which are known to be present in samples using an external stan-
dard, the comprehensive and accurate profiling of phenolic composition requires further
identification processes [41]. There have been multiple identification techniques established
for the structural determination of phenolic compounds in olive-related products, which
tend to be hyphenated techniques, integrating separation and quantification, such as gas
chromatography-mass spectrometry (GC-MS), capillary electrophoresis mass spectrometry,
and liquid chromatography mass spectrometry (LC-MS). Mass spectrometry (MS) shows
the advantages in analyzing phenolics, such as high accuracy and sensitivity. Particu-
larly, the Fourier transform ion cyclotron resonance MS (FI-ICR-MS) is able to identify
the compounds and compare their abundance without sample pre-treatments, including
separation and purification steps. Although it is less sensitive than MS [44,45], nuclear
magnetic resonance (NMR) spectroscopy is capable of simultaneously detecting numerous
metabolites through readily sampling pre-treatment procedures in a non-invasive, selective,
and fast way. In addition, it also shows superior structural elucidating capability, especially
the ability to provide information about isomeric and isobaric compounds [46].

'H- and '3C-NMR spectroscopy, involving one-dimensional (1D) and two-dimensional
(2D) techniques, has been employed for the analysis of complex mixtures, such as olive
oil, olive fruit, and olive mill wastewater [47] for characterization, authentication, and
discrimination purposes. For example, the structure elucidation by comprehensive 'H/13C-
NMR spectroscopy revealed that the major phenolic components of representative green
olive drupes from Italy and Greece included tyrosol, hydroxytyrosol, vanillin, vanillic
acid, phloretic acid, (+)-pinoresinol, (+)-1-acetoxypinoresinol, and dehydrodiconiferyl alco-
hol [48]. The detection of the olive-derived phenolic components is performed according to
the chemical shifts of multiple model compounds assigned.

'H-NMR is used to analyze the polar polyphenols and to provide information about
lipid fractions, including fatty acid composition and unsaturation degrees, as well as
some other minor components, while 3C-NMR can help characterize the stereochemistry
information of unsaturation. Relative to 'H- and '*C-NMR spectroscopy, ' P-NMR requires
the derivatization step for detecting and quantifying phenolic compounds. A relatively
wide range of 3!P chemical shifts contributes to simplifying the analysis process of > P-NMR
spectra. In addition, the 100% natural abundance of the 3! P and the use of a known amount
of internal standard allow the measurement of absolute concentration of compounds, thus
making normalization unnecessary [49]. Based on the identification of the phosphitylated
phenolics through the reaction of hydroxyl and carboxyl groups of polyphenols with the
phosphitylating reagent (Figure 6), Christophoridou et al. employed 3! P-NMR spectroscopy
to quantify phenolic compounds of olive oil using phosphitylated cyclohexanol as internal
standard [50]. However, there are some drawbacks encountered during the analysis of NMR
spectrometry, which causes ambiguous assignments, such as strong signal overlapping and
variation in intensities owing to the presence of a wide range of chemical components with
different concentration distributions [10].

e} 20
P-Cl+ HXR > :[ P-X-R + HCI

\\‘\ O
X=0,C00

Figure 6. The derivatization of the hydroxyl and carboxyl groups of polyphenols with 2-chloro-
4,4,5,5-tetramethyldioxaphospholane.
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To deal with the problems mentioned above, chromatographically coupled NMR
technologies have been developed and optimized [46]. Chromatography technologies,
such as preparative or semipreparative LC, column chromatography, and thin-layer chro-
matography, were first employed to isolate polyphenols, followed by the subsequent
off-line analysis by means of NMR spectroscopy. For example, Owen et al. employed semi-
preparative HPLC to isolate and purify the phenolic compounds of brined olives, and then
the purified compounds were subjected to structure elucidation using 'H- and '*C-NMR
spectroscopies [51]. However, the fractionation and separation procedures followed by
off-line NMR analysis is time and labor consuming. Thus, the online hyphenation of NMR-
based structure elucidation and the powerful separation technique has been proposed,
and its applicability has been widely evaluated in different types of sample matrices [52],
concluding that the LC-NMR systems and their mode selection rely on the specific samples.
A major improvement in the NMR spectroscopy sensitivity has been obtained by incorpo-
rating a solid-phase extraction (SPE) system after LC separation and before NMR analysis.
Christophoridou et al. used LC-SPE-NMR to achieve the simultaneous determination of
four types of oleuropein and the identification of new phenolic compounds, which have
not been reported previously [53].

7. Conclusions

The olive production is approximately 800 thousand tonnes worldwide, with Spain
and Greece being the main contributors in the Mediterranean, but the use of water in the
industrial process is huge, at 2000 m® per tonne of olives, which makes the wastewater
generated a great threat to the environment but also a source of organic compounds that
can be recovered and used. Some solutions to avoid the water contamination problem,
such as better control or reuse of the water consumed and control of the waste generated,
were revised. The processes for the recovery of biophenols in the waste were discussed.
Furthermore, some uses were proposed, as well as the generation and use of high-value
products from the recovered organic fractions, such as those derived from phenolic, hydro-
carbon, and sugar fractions, were elaborated. Finally, the techniques for the identification
and quantification of biophenols in olive-related products were revised.
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