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Olive mill waste water (OMWW) is a major environmental issue in the Mediterranean. We address

this problem by investigating the wastes for the presence of biologically active compounds already

detected in both olive oil and pomace. Two initial OMWW samples were filtered using two

microporous filtering media: (a) clayey diatomite and (b) zeolitic volcanic tuffs, obtaining three

filtered samples from each. All initial and filtrated samples were tested for their activity on platelet

activating factor (PAF)-induced aggregation. The results showed that the initial samples contain

biologically active compounds (PAF inhibitors) and that in their respective last-eluted filtered

samples these compounds are purified. These eluted samples, along with their corresponding initial

OMWW, were further separated with HPLC and the purified fractions responsible for the aforemen-

tioned biological activity, were further studied using chemical determinations and MS analysis. It was

confirmed that the PAF inhibitor present in these fractions resembles the one isolated from olive oil.

These results offer a new approach on the OMWW handling by offering an alternative use of this

waste as starting material for nutritional and/or pharmaceutical purposes in the future.
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INTRODUCTION

Olive mill waste water (OMWW) is a heavily polluting by-
product in all the olive oil producing countries (1). In the
Mediterranean Basin alone, OMWW accounts for 10-12 � 106

m3 of pollution each year (2). OMWW is considered one of the
“heaviest” biomechanical byproducts mostly due to its organic
load, with biochemical oxygen demand (BOD5) and chemical
oxygen demand (COD) that can reach up to 100 and 220 g/L,
respectively. Many different methods for the degradation of the
wastes have been proposed, the majority of them involving
physicochemical and microbial treatment of the wastes (1, 3),
while only a few propose extraction of compounds with high
biological activity (4, 5). The organic load of OMWW varies
greatly according to the harvesting season, the cultivar, the
climate and the extraction procedure, so it is difficult to standar-
dize their exact composition. Statistical analyses from a number
of studies pointed out that 60% of their dry weight are sugars,
followed by phenolic/polyphenolic compounds and oil resi-
dues (1).

Several studies have investigated the antioxidant properties
of olive oil phenolic compounds (6-10) and their ability to

modulate the endothelial function by inhibiting the production
of cytokines (11, 12). In another study oral administration of
hydrolyzed olive vegetation water (OVW) in mice, a condensed
form of OMWWalso rich in phenolics, significantly inhibited the
production of the inflammatory cytokine TNF-R (13). The
decrease could not be attributed to hydroxytyrosol, the major
phenolic compound present in the OVW, suggesting that another
compound, probably a nonphenolic one, decreases TNF-R pro-
duction both in vivo and in vitro.

Platelet activating factor (PAF) (14), a potent lipidmediator, is
synthesized by several different cell types following activation, e.
g., platelets, monocytes, macrophages, foam cells and endothelial
cells. PAF has been implicated in the propagation of inflamma-
tory responses (15), therefore it has been suggested that it is a key
molecule in inflammatory diseases, such as atherosclerosis (16). A
set of in vitro studies reported the presence of PAF inhibitors in
the polar lipid fractions of olive oil byproducts, including the
OMWW (17), as well as in the polar lipid extracts of olive oil
(OOPL) and pomace (PPL) (orujo). PAF agonists are considered
the best PAF inhibitors. These molecules act through PAF
receptor, inhibiting PAF biological actions at low concentrations
while inducing platelet aggregation at significantly higher con-
centrations (up to 4 orders of magnitude). The antiatherogenic
properties of these agonists/inhibitors were studied when dietary
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supplementation of either OOPL or PPL on cholesterol-fed
rabbits significantly inhibited the development of atheromatous
lesions (18, 19).

The focus of the present study was to investigate and prove the
presence of PAF inhibitors in OMWW and the effectiveness of
different filtering media for their purification and isolation. The
filtering media and the filtration procedure were designed to
simulate, in small scale, an efficient and economic waste manage-
ment system that can be installed in olive oil mills, even at the
small “family” mills that represent the majority of the olive mills
in Greece.

The raw materials that were used as adsorbents in the study
were selected considering their abundance in the olive producing
countries, their low cost, minimum ore-processing (20), and
efficiency for the given application.

MATERIALS AND METHODS

Instrumentation. The photometric measurements were obtained by a
Helios β spectrophotometer (Spectronic Unicam, Cambridge, U.K.)
equipped with a 7-position automated sample changer. High performance
liquid chromatography (HPLC) was performed on a Hewlett-Packard
(Agilent Technologies, Waldbronn, Germany) series 1100, equipped with
a 100 μL loop Rheodyne (7725 i) injector, a degasser G1322A, a quat-
gradient pump G1311A, and an HP UV spectrophotometer G1314A as a
detection system. The spectrophotometer was connected to a Hewlett-
Packardmodel HP-3395 integrator-plotter. The analysis of the chromato-
graphs was performed via the Agilent Chemstation software. Phenolics
were separated on a Nucleosil-300 7 μm C-18 reverse column (250 �
4.6 mm i.d.) from M-Z Analysentechnik (Woehlerstrasse, Mainz,
Germany) with a C-18 ODS (20 � 4.0 mm i.d.) precolumn cartridge.
Separation of polar lipids was carried out on a Sphereclone 5 μm NH2

normal phase column (250� 4.6 mm i.d.) from Phenomenex (Hurdsfield,
Cheshire, U.K.) with an NH2 silica (20 � 4.0 mm i.d.) precolumn
cartridge. All HPLC analyses were performed at room temperature.
PAF-induced aggregation was measured in a Chrono-Log (Havertown,
PA) aggregometer coupled to a Chrono-Log recorder (Havertown, PA).
The electrospray ionizationmass spectrometry (ESMS) was performed on
an electrospray MS-LCQ-Deca (Thermo Finnigan Ltd., Hertfordshire,
U.K.), low-flow mass spectrometer.

Scanning electron microscopy (SEM) was performed on a JEOL JSM-
5600 microscope with an OXFORD LINK ISIS energy dispersive X-ray
microanalyzer in the National and Kapodistrian University of Athens
(NKUA), Athens, Greece. Conditions: acceleration voltage 20 kV, beam
current 0.5 nA, lifetime 50 s, beam diameter <2 μm. The X-ray
fluorescence was performed on a SIEMENS SRS 3400 at TITANCement
Company SA, at the Kamari plant, Greece. The X-ray diffraction
measurements were carried out at NKUA, Athens, Greece, on a Siemens
model 5005 X-ray diffractometer in combination with the DIFFRACplus
software package. The diffractometerwas operated usingCuKR radiation
at 40 kV and 40 mA and employing the following scanning parameters:

0.020�/s step size. The raw files were evaluated by use of the EVA 10.0
program of the Siemens DIFFRACplus-D5005 software package.

Materials. All reagents and chemicals were of analytical grade
supplied fromMerck (Darmstadt,Germany). The solvents used forHPLC
analyseswere purchased fromRuthburn (Walkerburn, Peebleshire,U.K.).
All standards, bovine serum albumin (BSA), BN 52021 and DPPH were
obtained from Sigma (St. Louis,MO). Olivemill wastewater samples were
collected by a 3-phase (OMWW) centrifugal olive mill, in Kyparissia,
Peloponnesus, Greece, and the pressing olive mill (OVW) of the Waste
Management Laboratory, Department of Environment, University of
Aegean,Mytilene, Greece. The term olive mill wastes (OMW) will be used
from now on for both types of wastes.

The microporous minerals used for the solid phase extraction (SPE)
were (a) clayey diatomite (filter A) originated from Thessaly, Central
Greece, and (b) zeolitic volcanic tuffs (filter B) originated from Almeria,
Spain, and Samos Island, Greece.

Filter Preparation. The raw materials collected from the field were
dried overnight at 75 �C and crushed and sieved in order to achieve the
desirable granulometry. The clayey diatomite, being soft, underwent
calcination at 800 �C in order to avoid its fluidization during the
experiment. The calcination of the sample does not affect its adsorption
capacity (21). The commercially used adsorbents commonly have grain
size ranging from 0.3 to 1.7 mm. In the present study different grain sizes
were tested. In order to achieve flow rates up to 1 L/h through the filtering
device different combinations of rawmaterials and/or granulometrieswere
used (Figure 1). The design of the device maximizes the time that the
OMWW stay over themicroporous filters. The device is a laboratory scale
reproduction of commercially used filtering tanks; specifically it is con-
structed from INOX steel, its dimensions are 30� 20� 20 cm, thewidth of
the separator panels is 0.1 mm and the panels separate the bath into four
volumetrically equal chambers as shown in Figure 1. The final weight of
both the mineral filters was 7.0 kg, specifically in filter A were used 4.0 kg
of 3.5-1.7 mm and 3.0 kg of 1.7-0.3 mm. In filter B were used 4.0 kg of
Clinoptilolite-type zeolitic tuff and 3.0 kg of Mordenite-type zeolitic tuff.

Extraction of Total Lipids and Phenols. Total lipids (TL) were
extracted according to the Bligh-Dyer method (22) and were further
separated into polar lipids (PL) and neutral lipids using the countercurrent
distribution (23). Briefly, 10.0 mL of the TL solution was separated using
this method and the resulting PL were evaporated under nitrogen current
and diluted in 10.0 mL of chloroform/methanol (1:1 v/v) solution. The
mineral filters were homogenized, and a small sample was treated as
above.

For the extraction of phenols 2.5 L of methanol is added to 1 L of the
initial sample of OMW in order to achieve methanol/water 60/40. The
mixture is then washed with 1.25 L of n-hexane twice (24), thus obtaining
the phenol-rich extract (PR).

HPLC Separation of OMWW Polar Lipids. Separation of polar
lipids was performed on a normal phase NH2 column with a gradient
elution system (17). The following solvents and elution profiles were used:
solvent A, acetonitrile/methanol (60:40 v/v); solvent B, methanol (100%);
solvent C, water (100%); elution profile, 0-35 min, 100% A (isocratic
elution); 35-40 min, 40-100% B (linear gradient); 40-45 min, 100% B;

Figure 1. Schematic representation of the filtering device, the fluid flow and the granulometries of the sieved raw materials used.
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45-50 min, 0-100% C (linear gradient); 50-60 min, 100% C. The flow
rate for the separation of the lipid classes was 1 mL/min, and the UV
detector was operating at 208 nm.

HPLC Separation of OMWPhenols. From the initial 10mL of PL
solution, 7.5 mL was injected into the HPLC through injections of 100 μL
each. The distinctive peaks of the chromatograph were collected sepa-
rately, and in the absence of a peak the samples were collected according to
their elution time. Each of the collected HPLC fractions was evaporated
using a flash evaporator and dissolved in chloroform/methanol (1:1 v/v) to
a final volume of 10.0 mL.

Separation was performed on a Nucleosil-300 C-18 column and a
stepped gradient elution system (24) with the following solvents and
elution profiles: solvent A, water/acetic acid (100:1 v/v); solvent B,
methanol/acetic acid (90:1); solvent C, acetonitrile; elution profile, 0-30
min, 90%A/9%B/1%C to 70%A/27%B/3%C (gradient linear); 30-35
min, 70%A/27%B/3%C (isocratic elution); 35-45min, 60%A/36%B/
4%C (gradient linear); 45-60min, 50%A/45%B/5%C; 60-70min, 0%
A/90% B/10% C; 70-80 min, 0% A/90% B/10% C (isocratic elution).
The flow rate for the separation of the lipid classes was 1 mL/min, and the
UV detector was operating at 280 nm.

Biological Assay. TL and PL, as well as the purified fractions
obtained by the above-mentioned HPLC separations, were tested for their
biological activity to induce aggregation or to inhibit PAF-induced
aggregation on washed rabbit platelets. PAF and the examined samples
were evaporated under nitrogen current and redissolved in 2.5 mg of
bovine serum albumin (BSA)/mL of saline. The aggregatory effect of a
given sample is expressed by reference to a nine point regression curve as
PAF concentration. In order to determine the inhibitory effect of each
sample, the platelet aggregation induced by PAF (5 � 10-11 M, final
concentration) was measured in the absence (0% inhibition) and in the
presence of various volumes of each sample. Consequently, the plot of
percent inhibition (ranging from 20 to 80%) versus different sample

volumes is linear. From this curve, the concentration of the sample that
inhibited 50% PAF-induced aggregation was calculated, and this value
was defined as IC50. Desensitization experiments were performed using
PAF and the HPLC fractions. The fractions that exhibited aggregatory
activity were further studied in the presence of the specific PAF receptor
inhibitor BN 52021 (0.1 μM) (25). The experiments were repeated thrice
with different batches of washed platelets.

Treatment with PAF-acetylhydrolase. The effect of rabbit plasma
PAF-acetylhydrolase (PAF-AH), an enzyme specific to short or inter-
mediate length sn-2 chains, was examined on the fractions that induced
platelet aggregation. Briefly, 50 μL of Tris buffer (50mM, pH 7.4) and the
examined sample in BSA (2.5 mg/mL saline) were added to a prewarmed
(37 �C) test tube. The aggregatory activity of this solution is considered the
activity at zero time. Afterward rabbit serum PAF-acetylhydrolase was
added to the test tube and at different time intervals aliquots were taken to
test their ability to induce aggregation onwashed rabbit platelets (25). The
same procedure is followed with PAF at concentrations that induce the
same aggregation with the tested samples.

Chemical Determinations. Phenol Determination. Samples are
evaporated under nitrogen current, and 3.5 mL of water and 0.1 mL of
Folin-Ciocalteu reagent are added to them. The samples are shaken, and
after 3 min, 0.4 mL of Na2CO3 35% (w/v) is added. The sample mixture is
left to react for 1 h, and the samples are measured at 725 nm (26). The
results are expressed by reference to a six point regression curve, as μg of
gallic acid equivalents per mL of sample (μg GAE/mL).

o-Diphenol Determination. Samples are evaporated under nitro-
gen current, and 3.6 mL of ethanol 50% is added. The samples are shaken,
400 μL of Na2CO3 5% w/v in aqueous ethanol 50% is added and the
samples are left to react for 15 min. The samples are measured at
370 nm (27). The results are expressed by reference to a six point regression
curve, asμg of caffeic acid equivalents permLof the sample (μgCAE/mL).

Determination of the Different Phenolic Classes. Samples are
evaporated under nitrogen stream, and 400 μL of ethanol 95% acidified
with HCl 0.1% is added. The samples are shaken, and 3.6 mL of HCl 2%
(v/v) is added. The samples are then measured at 320 nm for the
determination of hydroxycinnamic acid using caffeic acid as standard
and at 360 nm for the determination of flavonoids using quercetin as
standard. The results are expressed as μg of caffeic acid or quercetin
equivalents per mL of the sample for the quantification of hydroxycin-
namic acid and flavonoids respectively (28).

SugarDetermination. Sugar determinationwas carried out accord-
ing to themethod ofGalanos andKapoulas (29). The results are expressed
by reference to a six point regression curve as μg of glucose per mL of the
sample (μg Glu/mL).

Determination of the Antioxidant Activity of the Samples
with the DPPH Assay. The assay is based on the scavenging of 2,2-
diphenyl-1-picrylhydrazyl radical (DPPH•) (30). Various concentrations
were made for each tested sample in ethanol. DPPH• was then added in
these ethanol solutions, and the whole mixture was incubated at 37 �C for

Table 1. Mineralogical Analysis of the Microporous Filters

semiquantitative analysisa

zeolitic tuffs

minerals clayey diatomite Almeria Samos

clinoptilolite ND ND MJ (∼90%)

mordenite ND MJ (∼70%) ND

vermiculite TR ND ND

smectite MD MD TR

opal-Ab MJ [∼50%] ND ND

opal-CTc ND MD TR

illite/muscovite MD TR TR

feldspars TR TR TR

quartz TR TR TR

aMJ: major component. MD: medium component. TR: minor to trace component.
ND: not detected. bPoints opal-A being amorphous as detected by SEM and by the
hump of the XRD diagram at 20-26�. c Points opal-CT being a semicrystalline silica
polymorph.

Table 2. Chemical Analysis of the Microporous Filters

% content

zeolitic tuffs

oxides clayey diatomite Almeria Samos

Na2O 1.01 1.92 0.52

K2O 2.47 2.15 4.85

CaO 1.30 2.05 2.40

MgO 1.85 1.06 1.65

MnO NDa 0.03 0.06

Fe2O3t 4.65 1.44 2.56

TiO2 0.76 0.11 0.17

Al2O3 15.20 11.29 15.28

SiO2 67.20 67.50 61.33

P2O5 ND 0.04 0.05

LOI 5.53 11.39 11.04

SrO ND 0.13 0.12

total 99.88 99.11 100.03

aND: not detected.

Figure 2. SEM images of the clayey diatomite of Elassona-Sarantaporo.
(A) Disc-shaped diatom frustules, that represent the opal-A. Their micro-
porous structure is obvious. (B) Cylindrical diatom frustules predominate in
the clayey diatomite, hosted in a smectite-vermiculite (bentonitic) rich
groundmass. The porous structure of the minerals is clearly shown.
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30 min. Scavenging of DPPH• was determined by measuring the absor-
bance of samples at 516 nm. DPPH-EC50 represents the sample concen-
tration that induced 50% scavenging of DPPH• and is expressed as μL of
the extract. The concentration of DPPH is calculated prior to the sample
measurements.

Mass Spectrometry. Data were acquired over the appropriate m/z
range and spectra processed using theXCalibur software suppliedwith the
mass spectrometer; MS-LCQ-Deca (Thermo Finnigan), low flow mass
spectrometer. Samples were dissolved in a small volume of HPLC grade
methanol/water (70:30, v/v) 0.01 M in ammonium acetate.

Electrospray samples are typically introduced into the mass analyzer
at a rate of 3 μL/min. Nitrogen of purity 99.99% is used as nebulizing gas
and as bath gas with flow rate 3 μL/min. The spectrum analysis was
conducted in the ion space of 50-1500 m/z, and the conditions for the
highest intensity of the summits with the lowest rupture were those
that are shown below: spray voltage = 5 kV, capillary voltage = 7 V,
capillary temperature = 275 �C, lens-entrance voltage = -54 V, lens
voltage = -22 V.

Mass Spectrometry Data Analysis. TheMS data were processed by
a software application, which was developed in order to automatically
handle the MS interpretation, since manual interpretation of MS and
processing of the results often requires a great amount of time. It must be
noted that, to the best of our knowledge, this is a new approachof software
that attempts to extract information fromMSbased on unknown samples.
The software will be further developed in order to simultaneously quantify
the studied compounds, and the entire application will be published in
detail elsewhere. Briefly, the application was developed for execution
under Microsoft Windows XP Operating System, and more specifically,
theGraphicalUser Interface (GUI)was implemented inVisualBasic.NET
2008 while the time-consuming functions were implemented in GNU C,
for superior performance.

TheMS data are extracted in a tabulated ASCII format file from the
mass spectrometer software (XCalibur), which is used as an input file
for the developed application. Initially the data are filtered, based on
the desired range for them/z and the intensity values, given by the user.
The filter data are then sought exhaustively for values that comply with
the restrictions and conditions of each studied compound in the MS.
Such restrictions can be the difference in them/z values at positive- and
negative-ion electrospray ionization mass spectrometry (ESI MSþ/
MS-), on the desired range for the m/z and the intensity values, that
could be candidates for the possible molecular weights (M) of the
studied compound. Using thesem/z values for theM, one can search for
the existence of expected fragments [M - X] that are specific for the
various compound classes or even the existence in ESI MSþ/MS- of
fragments that added can provide the fragment of themolecular weight.
This procedure reveals m/z values that could be candidates for the
calculation of possible M and X group(s) of the molecule. Finally, one
can detect the m/z values that comply to all (or to the desired
combinations) of the aforementioned restrictions. So, one could have
themolecular weight along with some (or all) constituents of the studied
molecule, and;arranging the puzzle;could elucidate the structure of
the unknownmolecule. In the case of missing some pieces of the puzzle,
with a feedback procedure one may find out the group(s) that matches
to the missing constituents of the studied molecule. All the above-
mentioned user choices are given via the GUI, and the results are also
presented on screen and additionally extracted to an output file.

RESULTS AND DISCUSSION

Raw Materials. The microporous raw materials used as filters
in the present study are abundant in the olive producing countries
and also of low cost. Both the microporous raw materials used
have good adsorbing capacity for the organic load of OMW as
shown in previous studies (31, 32). The raw materials were
characterized mineralogically, chemically and texturally using
XRD, XRF and SEM respectively.

The clayey diatomite (filter A) mainly consists of small, well-
preserved diatom frustules (biogenic opal-A) and clayey mineral
microparticles (Table 1 and Figure 2). Furthermore, the raw
material is characterized by the predominance of silica and
alumina (Table 2). The zeolite rich volcanic tuffs (filter B) mainly
consist of the zeolite minerals mordenite (Almeria) or clinoptilo-
lite (Samos). The Almeria sample also contains the silica poly-
morph opal-CT, which forms small lepispheres, and the clay

Figure 3. SEM images of the zeolitized tuffs studied. (A) Fibrous aggre-
gates of mordenite crystals (Almeria). (B) Euhedral clinoptilolite crystals
forming tabular aggregates (Samos).

Table 3. Nomenclature and Description of the Samplesa

sample name description

Kyparissia OMWW/Filter A (Diatomite)

KA P 1 L of initial OMWW extracted for the recovery of phenols

KA L 1 L of initial OMWW extracted for the recovery of total lipids

KA 1 1st liter of filtered OMWW extracted for the recovery of total lipids

KA 2 2nd liter of filtered OMWW extracted for the recovery of total lipids

KA 3 3rd liter of filtered OMWW extracted for the recovery of total lipids

Kyparissia OMWW/Filter B (Zeolites)

KB L 1 L of initial OMWW extracted for the recovery of total lipids

KB 1 1st liter of filtered OMWW extracted for the recovery of total lipids

KB 2 2nd liter of filtered OMWW extracted for the recovery of total lipids

KB 3 3rd liter of filtered OMWW extracted for the recovery of total lipids

Mytilene OVW/Filter A (Diatomite)

MA P 1 L of initial OVW extracted for the recovery of phenols

MA L 1 L of initial OVW extracted for the recovery of total lipids

MA 1 1st liter of filtered OVW extracted for the recovery of total lipids

MA 2 2nd liter of filtered OVW extracted for the recovery of total lipids

MA 3 3rd liter of filtered OVW extracted for the recovery of total lipids

Mytilene OVW/Filter B (Zeolites)

MB L 1 L of initial OVW extracted for the recovery of total lipids

MB 1 1st liter of filtered OVW extracted for the recovery of total lipids

MB 2 2nd liter of filtered OVW extracted for the recovery of total lipids

MB 3 3rd liter of filtered OVW extracted for the recovery of total lipids

a The letters “M” or “K” stand for “Mytilene” or “Kyparissia”, respectively, whereas
the letters “A” or “B” indicate the filtering media. The third letter, either “L” or “P”,
stands for the extraction method used, lipids or phenols, and the numbers
correspond to the first, second and third liters that went through the filtering media.

Table 4. Results of the Biological Assay of the Sample TL

sample name inhibition (IC50)
a aggregation

KA P 0.28 ( 0.06 NDb

KA L 0.16 ( 0.04 ND

KA 3 0.3 ( 0.07 1.1 ( 0.2c

KB L 0.2 ( 0.09 0.9 ( 0.08c

KB 3 d 0.25 ( 0.09c

MA P 0.18 ( 0.08 ND

MA L 0.16 ( 0.04 ND

MA 3 d ND

MB L 0.24 ( 0.07 ND

MB 3 4.3 ( 0.8 ND

a The results of IC50 are expressed in μL of the initial extract.
bND: not detected.

c Slow non-PAF-like platelet aggregation. d Very potent inhibition of PAF-induced
aggregation, with IC50 lower than 0.1 μL.
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mineral smectite. The results are presented in Table 1. The
chemical analysis of the minerals consisting filter B characterizes
them as aluminosilicate minerals (Table 2). SEM analysis re-
vealed that mordenite has its characteristic fibrous structure
whereas clinoptilolite has tabular form (Figure 3).

Filtering of the OMW. Both OMWW from the two different
olive oil mills were divided in half, and the first half passed

through filter A and the second half through filter B. Fifteen liters
of OMW was poured through the given filtering media, and the
first 3 L that went through the exit of the filtering bath was
collected separately to obtain 3 samples. The same procedure was
applied for the 4 different filtering media/OMW.

The filtered OMW and 1 L of the initial OMWwere extracted
to recover its TL, whereas another 1 L of the initial OMW that

Table 7. Results of the Chemical Determinations of the Samplesa

sample

biol

activ

sugars

(μg Glu/mL)
Folin-Ciocalteau

(μg GAE/mL)
o-diphenols

(μg CAE/mL)
hydroxycinnamic

(μg CAE/mL)
flavonoids

(μg QAE/mL)

KA P fr 1 797.3( 23.1 56.3( 6.2 10.6 6.8 25.9

KA P fr 3 55.1( 12.3 10.7( 3.9 7.3 6.5 2.7

KA P fr 5 þ 45.8( 13.1 5.7( 3.3 4.5 3.7 0.0

KA P fr 6 þ 52.3( 22.2 5.3( 12.6 3.8 3.8 0.0

KA P fr 7 þ 49.15( 23.5 21.9( 7.4 12.5 13.4 2.0

KA L fr 1 94.7( 32.1 43.8( 6.2 9.6 30.5 25.7

KA L fr 4 þ 24.3 ( 3.2 3.8( 1.1 3.4 2.6 0.0

KA L fr 5 þ 25.5( 3.7 3.4( 2.3 2.8 3.3 0.0

KA L fr 7 þ 29.5( 4.5 11.4( 4.2 4.3 3.6 8.9

KA 3 fr 1 95.9( 11.5 21.0( 3.3 10.9 14.9 17.3

KA 3 fr 5 þ 19.1( 2.6 3.4( 2.1 3.2 0.9 0.4

KA 3 fr 6 þ 23.2( 3.6 7.8( 1.1 3.0 4.0 0.0

MA L fr 1 132.9( 19.4 88.8( 8.5 24.3 25.5 27.1

MA L fr 3 þ 19.5( 3.4 4.0( 3.6 3.4 3.2 0.0

MA 3 fr 1 131.7( 19.2 82.9( 3.6 15.2 15.4 12.4

MA 3 fr 5 þ 15.4( 1.1 2.8( 1.2 2.7 3.3 0.0

MA 3 fr 6 þ 16.2( 3.3 2.4( 1.1 2.8 3.6 0.0

MB L fr 1 169.5( 13.5 112.4( 12.6 29.0 20.6 17.4

MB L fr 3 þ 25.1( 3.8 4.9( 1.6 4.0 3.9 0.0

MB L fr 4 22.9( 4.1 2.8( 1.1 2.7 2.7 0.0

MB L fr 6 þ 22.1( 4.3 2.2( 1.0 2.0 2.9 0.0

MB L fr 7 34.3( 3.1 11.4( 3.9 5.9 6.8 2.0

MB 3 fr 1 þ 136.2( 15.5 77.4( 14.6 13.3 33.3 40.9

MB 3 fr 2 19.2( 3.5 3.0( 1.6 4.8 5.7 3.6

MB 3 fr 4 þ 27.7( 7.6 3.4( 1.6 3.3 4.5 0.0

MB 3 fr 8 þ 26.9( 6.1 9.0( 3.1 6.0 6.7 1.6

MA P 21729.6( 356.6 5459.2( 45.6 3180.0 1168.9 621.0

MA L 45.1( 6.2 598.4( 22.5 ø ø ø

MA 1 48.8( 3.2 481.3( 12.6 ø ø ø

MA 2 42.4( 3.1 366.0 ( 10.6 ø ø ø

MA 3 32.4( 5.3 386.9( 11.7 ø ø ø

MB L 212.8( 11.1 670.4( 23.3 ø ø ø

MB 1 49.6( 4.1 359.7( 13.3 ø ø ø

MB 2 51.5( 2.2 343.7( 8.4 ø ø ø

MB 3 45.5( 2.2 319.7 ( 8.7 ø ø ø

KA P 12840.7( 190.1 2167.5( 56.8 3150.0 588.8 154.9

KA L 27.4( 5.3 278.4( 12.5 ø ø ø

KA 1 33.3( 3.5 231.7( 10.1 ø ø ø

KA 2 23.7( 3.3 180.5( 9.8 ø ø ø

KA 3 25.5 ( 6 142.8( 7.8 ø ø ø

KB 3 fr 1 214.6( 1.5 32.0( 3.2 ø ø ø

KB 3 fr 2 þ 25.5( 3.4 4.0( 1.6 ø ø ø

KB 3 fr 3 17.4( 2.4 2.0( 0.5 ø ø ø

KB 3 fr 4 6.0( 1.4 5.3( 1.3 ø ø ø

KB 3 fr 5 þ 36.9( 4.6 1.0( 0.3 ø ø ø

KB 3 fr 6 þ 12.4( 3.5 1.4( 0.6 ø ø ø

KB 3 fr 7 13.3( 3.7 3.2( 1.0 ø ø ø

KB L fr 1 264.6( 12.2 38.4( 3.7 ø ø ø

KB L fr 2 15.5( 5.3 3.6( 0.1 ø ø ø

KB L fr 3 þ 22.4 ( 9.4 6.3( 1.7 ø ø ø

KB L fr 4 11.0( 3.5 3.6( 1.3 ø ø ø

KB L fr 5 þ 15.1( 3.7 2.6( 1.6 ø ø ø

KB L fr 6 þ 15.5( 3.8 1.0( 0.4 ø ø ø

KB L fr 7 18.7( 4.2 3.0( 0.4 ø ø ø

KB L fr 8 9.2( 2.1 2.3( 0.3 ø ø ø

KB L fr 9 36.5( 3.1 9.4( 1.7 ø ø ø

aResults are expressed as μg of the standard (GLU, glucose; GAE, gallic acid) used for the quantification of results as mentioned in Materials and Methods, per mL of the
samples as defined in the text. Results are mean ( standard deviation from triplicate analyses. The samples marked with (ø) were not tested.
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went though filter A was extracted to recover the phenols. The
nomenclature anddescription of the samples are shown inTable3.

Biological Assay.The TL samples produced as described above
were tested regarding their biological activity on washed rabbit
platelets. The results (Table 4) indicated that all the initial samples
exhibited biological activity by inhibiting PAF induced platelet
aggregation. The collected samples from each filtration also
inhibited PAF-induced aggregation at different potencies than
that of their respective initial (unfiltered) sample. The comparison
between the initial samples and their third extracted liter in all the
samples (with the exception of MB 2) points out that a better
separation/purification of the biologically active compounds
present in the initial samples was achieved through the filtration
using the aforementioned microporous materials.

Previous studies have reported that the PL fraction contains
the biologically active lipids that inhibit PAF-induced aggrega-
tion (17, 25). Therefore, PL fractions exerting notable biological
activity, as well as the initial samples, were then separated using
HPLC with a NH2 silica column. The collected HPLC fractions
were tested for their biological activity. The results (Tables 5

and 6) show that the majority of the fractions inhibited PAF-
induced aggregation. The rest of the fractions exhibited a dual
activity of inhibiting PAF-induced aggregation in low concentra-
tions, but inducing platelet aggregation in high concentrations

Figure 4. Positive (A) and negative (B) ion ES/MS of fraction 5 of sample KB 3.

Table 8. The Antioxidant Activity of Selected HPLC Fractionsa

sample DPPH-EC50 (μL) sample DPPH-EC50 (μL)

KA P fr 1 115.8( 11.2 MA 3 fr 5 782.8( 12.6

KA P fr 3 423.0( 19.3 MA 3 fr 6 727.6( 60.6

KA P fr 5 .800.0 MB L fr 1 32.5( 3.5

KA P fr 6 .800.0 MB L fr 3 700.7( 25.7

KA P fr 7 289.8( 17.3 MB L fr 4 .1500.0

KA L fr 1 187.0( 11.5 MB L fr 6 566.9( 22.2

KA L fr 5 .1200.0 MB L fr 7 771.8 ( 11.1

KA L fr 7 366.6( 13.5 MB 3 fr 1 68.2( 2.9

KA 3 fr 1 484.4( 16.7 MB 3 fr 2 .300.0

KA 3 fr 5 .1200.0 MB 3 fr 4 .900.0

KA 3 fr 7 .600.0 MB 3 fr 8 338.5( 19.2

MA L fr 1 60.9( 4.6 KA P 2.45( 0.03

MA L fr 3 .900.0 MA P 0.66( 0.03

MA 3 fr 1 77.2( 5.2

aResults are expressed as μL of samples, as defined in the text, that inhibited
DPPH radical by 50%. Results are mean ( standard deviation from triplicate
analyses.



Article J. Agric. Food Chem., Vol. 57, No. 22, 2009 10561

therefore acting as PAF-agonists. However, the majority of
highly potent PAF-agonists are eluted after 35 min as previously
reported (17, 25). BN 52021 inhibited the PAF-like aggregation
induced by these fractions. Moreover, the fractions desensitized
the PAF-induced platelet aggregation, whereas incubation of
the aforementioned fractions with PAF-AH resulted in their

time-dependent inactivation. This inactivation was similar to that
observed when incubating PAF with PAF-AH. All these suggest
that the biologically active lipids present in the HPLC fractions
act through the PAF signaling pathway and that an acetyl group
is present at the sn-2 position of a glycerol backbone. The activity
of the PAF agonists increases in the HPLC fractions of the
samples filtered through themicroporousmineral filters (Tables 5
and 6). This increment can be attributed to the removal of the
coeluted PAF antagonists, which can also inhibit the activity of
the agonists, masking their effect on platelets.

Chemical Determinations. The initial and filtered OMWaswell
as the fractions collected from HPLC were further characterized
by a series of chemical determinations and the DPPH assay.
Regarding the HPLC fractions, results (Tables 7 and 8) revealed
that the majority of the phenolic compounds eluted with
short retention times, whereas the majority of the compounds
acting as PAF agonists eluted with longer retention times
(Tables 5-8).

From the phenolic content of the samples in conjunction with
the sugar determination and the different phenolic subclass
determinations (Table 7) it became apparent that fraction 5 of
sample KB 3 and fraction 6 of sample KB L had the best
enrichment in sugars against their phenolic content, pointing
out that the PAF agonist present in these fractions is a glycolipid
(contains sugar moieties) without phenolic moieties. The reten-
tion times (RT) (Tables 5 and 6) of these two collected samples
further confirm this, since they are eluted in the area of the

Figure 5. Positive (A) and negative (B) ion ES/MS of fraction 6 of sample KB L.

Figure 6. Tandem mass spectrum of ion [265]-.
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chromatogramwhere PAF agonists mainly containing sugar and
no phenolic moieties are eluted (17, 25).

Additionally the antioxidant activity of some selected HPLC
fractions and that of the initial samplesKA P andMAPmeasured
by the DPPH assay correlate with their phenolic content but not
with the anti-PAF activity (Tables 5-8).

MS Spectra. In order to verify the chemical structure of the
biologically active lipid, fraction 5 of sample KB 3 and fraction 6
of sample KB L were further analyzed bymass spectrometry. The
comparison of the mass spectra from the two samples indicates
the enrichment or purification of the biologically active fraction
of sample KB 3 as pointed out from the increased abundance of
specific fragments as opposed to the initial sample (Figures 4

and 5). This increment correlates with the higher biological
activity of the fraction (Table 5) suggesting that these fragments
correspond to the biologically active lipid. Use of the software
specifically developed for this analysis further contributed in the
interpretation of the spectral data. Specifically by applying
desired restrictions on the differences in the m/z values and
seeking for the existence of (expected) fragments, the software
automatically located particular m/z values in the spectrum.
These spectral data in conjunction with the aforementioned data
obtained from the biological assay support the proposed chemical
structure for the molecule as presented in Figure 7. The molecule
in question is a glycerol glycolipid with molecular weight 1075
AMU, evident by [1074]- (24), [1076]þ (31) and the sodiated
[1098]þ (25). The most abundant negative [473]- (100) and
positive [479]þ (100) fragments represent the glycerol backbone
substituted at the sn-3 position by a glucose and its sodiated
analogue respectively. The presence of acetic acid at the sn-2
positionpointed from the biological assay is further certified from
fragment [1015]þ (30) and the tandem mass spectra of [473]-,
which also fragments to [311]- (61) (data not shown). The loss of
aH2O from the terminal sugarmoiety gives rise to [265]- (85) and
the sodiated [813]þ (39). In Figure 6 is presented the tandemmass
spectrum of fragment [265]- with the characteristic abundant
fragment of HSO4

- at m/z = [97]-. The second most abundant
positive fragment [435]þ (90), along with [411]- (35) after the loss
of H2O, corresponds to the loss of the two terminal sugar
molecules, whereas the remaining molecule generates the frag-
ments [661]- (50) and [645]þ (35). Finally the loss of all four sugar
moieties generates the fragments [295]þ (17) and [311]- (61) while
the sugar fragment generates [779]- (44) and [763]þ (34). The
fragmentation pattern of [311]-, in particular the absence of a
fragment, indicates a glyceryl-ether bond with an unsaturated
13 carbon chain at the sn-1 position as shown in the pro-
posed molecular structure. The molecular structure of this
agonist is similar to that of agonists/inhibitors reported in other
studies (17, 25, 33).

Phenolic Content. In order to assess differences between the two
different filtering media (A and B) regarding the adsorption of
phenolic compounds, chemical determinations and RP-HPLC
analysis were performed on the samples (Table 7, Figure 8). The
comparison of some representative samples (Figure 8) indicates
the adsorption of phenols from the filtering media. The compar-
ison of the initial MA L with the successive filtered ones through
the clayey diatomite extracts and the extract from the filter
indicates that the phenolic compounds are adsorbed by the clayey
diatomite (Filter A). Some of these adsorbed phenolic com-
pounds are pointed out in the chromatograms with arrows
(Figure 8). Indicative of the adsorption from MA 1 to MA 3 is
the reduction of the relative intensity of the peak that elutes at
20 min. The comparison of the filter’s extract with the extract of
the initial sample further confirms the selective adsorption of
several phenolic compounds on the filter A, including the afore-
mentioned peak at 20 min.

The better adsorption efficiency of the clayey diatomite,
compared to that of the zeolitic tuffs used, can be attributed to
the higher percentage of the smectite-vermiculite minerals it
contains. These bentonitic minerals are commonly activated by
acidic solutions. The high acidity of the OVW samples promotes
Hþ cations to substitute Mg2þ, Fe3þ, Ca2þ and Al3þ from the
crystal structure of smectite, through cation exchange mechan-
isms increasing its porosity and subsequently the adsorption
efficiency of the filtering media (34). The porosity increment
can possibly be further amplified through the chelation of the
cations released from the smectitic crystal, by the flavonoids
present in the wastes (35).

OMW handling is a major environmental issue in all the olive
producing countries. The phenomenon is climaxed in the Med-
iterranean Basin in which the majority of the Mediterranean
countries are the main olive oil producers worldwide. The limited
water recycling/renewal causes oxygen deprivation due to the
high BOD5 and COD of OMW. Furthermore the high concen-
trations of phenolic compounds in conjunction with the high
acidity of OMW create a biotoxic environment at the end points
in the sea, disrupting the ecology.UsingOMWfor other purposes
can render thewaste useful andmay even solve the environmental
issues that result from its disposal.

The present study demonstrates that the used microporous
materials can separate the OMW samples in order to obtain
samples enriched in biologically active compounds that are
mainly PAF inhibitors and the phenolic compounds adsorbed
on the filtering media that can be re-extracted. Finally the used
microporous material can find applications in the construction
sector, producing lightweight aggregates or insulation bricks.

Although further studies need to bemade in order tomaximize
efficacy of the proposed filtering method, the results are very

Figure 7. The proposed chemical structure of the biologically active lipid isolated in HPLC fraction 5 of sample KB 3.
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promising, since in thisway the filters can be further used after the
OMW filtration Moreover, the enriched samples in PAF inhibi-
tors can possibly be used in the future as starting materials to
either obtain health beneficiary dietary supplements or isolate
these active compounds for pharmaceutical purposes.
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