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The dry olive residue (DOR) obtained from the olive oil extraction process has toxic components
against plants and microorganism growth, particularly monomeric phenols. In this investigation nine
saprobic fungi were found to be capable of completely removing these phenols from the solid after
20 weeks of growth, although the rate depended on the type of fungi and phenol. Results showed
that most of the fungi tested first eliminated o-diphenols and then non-o-diphenols. However, some
fungi did not follow this trend. Phanerochaete chrysosporium first removed hydroxytyrosol and tyrosol
and later their glucosides and, in contrast, Paecylomyces farinosus hydrolyzed hydroxytyrosol and
tyrosol glucosides at the first stage, 2 weeks of growth, and then eliminated all monomeric phenols.
The behavior of this fungus seems of great interest for recovering phenolic antioxidants from the
DOR. Similarly, differences in DOR decolorization capacity among the fungi tested were also observed.
Coriolopsis rigida showed the highest capacity, followed by Phebia radiata, Pycnoporus cinnabarinus,
and Pha. chrysosporium. Therefore, both decolorization and monomeric phenol elimination pointed
out that saprobic fungi could be used to detoxify the DOR obtained from the two-phase system of
the olive oil extraction process.

KEYWORDS: Dry olive oil residue; phenolic removal; saprobic fungi; decolorization

INTRODUCTION cogeneration of electric power. However, some problems have

At present two processes are used for the extraction of olive P€€n raised lately such as the low residual level of oil in the
oil: the two-phase and the three-phase systems. The latter isunextracted solid cake, changes in cogeneration subsidies, and

applied in Italy, Greece, and other Mediterranean countries, the discovery of polycyclic aromatic hydrqcarbons in oliye oiI'
whereas the two-phase is widely used in Spain, which is the POmace, which make the study of alternative uses for this solid
main olive oil producing country. byproduct necessary.

Industries working under the three-phase system generate two Several methods have been proposed for olive-mill waste-
main residues: a solid waste (olive pomace) and an aqueousvaters and olive pomace disposal, based on evaporation ponds,
liquid known as olive-mill wastewater (OMW), which is a thermal concentration, physicochemical and biological treat-
highly pollutant matrix. To reduce this pollution, the new two- ments, as well as their application to agricultural soils as an
phase system was developed during the past decade, and iorganic fertilizer either directly or after a composting process
produces only a solid byproduct called “alpeorujo” (AL). It (3,4). However, olive-mill wastewater and olive pomace contain
contains a higher proportion of water than the olive pomace phytotoxic components capable of inhibiting microobial growth
and a great amount of lignin, cellulose, hemicellulose, and (5, 6) and germination and vegetative growth in plangs There
phenolic compounds (2). AL can be stored and treated with  is a controversy over what the phytotoxic components of the
a second centrifugation by adding fresh water to extract the olive residues are. Most researchers have reported a high
residual oil, but it produces a new contaminated wastewater asphytotoxicity against plant and microbial growth by low
well as a solid residue. Alternatively, AL can be dried and molecular mass phenols (8), but high molecular mass
subjected to chemical extraction with hexane, which has beenpolyphenols or lignin-like polymers have also shown toxic
a common practice for the olive pomace of the old two-phase activity (10—12) and must also be considered(3). Further-
system. This new dry olive mill residue (DOR) can be used for more, some researchers have not found a relationship between
detoxification and removal of monomeric phenols from olive
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mainly include lignin-peroxidases, Mn-dependent peroxidases, solution with distilled water. Subsequently, asCartridge was used
and laccase, and these enzymes could participate both in theo purify the phenolic extract; 1.5 mL of the solution was deposited in
removal of monomeric phenols and in the decolorization of olive the cartridge, and monomeric phenols were eluted with methanol, which
residues. Pérez et al. (16) first described decolorization of OMW were eliminated by vacuum evaporation, and the residue was dissolved

by Phanerochaete chrysosporiu@ind they suggested that the
decolorization occurred through the breakdown of colored
phenolic polymers into monomers, which were subsequently
mineralized, but this is not a well-explained process.

in 1.5 mL of a mixture methanol/water (1:1). Finally, the phenolic
extract was filtered through a 0.4Bm nylon filter, and 20uL was
injected into the chromatograph.

The HPLC system (Waters model 2690 Alliance, Waters Inc.,
Milford, MA) consisted of a pump, column heater, and autosampler

Many other researches have studied the depolymerization andmodules, the detection being carried out with a 996 photodiode array

dephenolization of the olive residues by saprobic fuddj 18),

and a highly significant correlation was found between decol-
orization and laccase productiatg; however, the same authors
did not find a similar correlation in other experimen0);

detector. The system was controlled with Millenitfrsoftware (Waters
Inc.). A 25 cm x 4.6 mm i.d., 5um, Lichrosphere 100 (Merck,
Darmstadt, Germany) column was used. Separation was achieved by
gradient elution using an initial composition of 90% water (pH 2.5

Laccases alone are able to remove monomeric phenols fromadjusted with 0.15% phosphoric acid) and 10% methanol. The gradient

olive-mill wastewater (21), but the decolorization and dephe-
nolization of OMW by fungi seems to be a sequential process:
monomeric phenols are first oxidized and polymerized and then
the depolymerization and, therefore, decolorization occu2d (
23).

Soil saprobic fungi are important and common components
of the rhizosphere soil from which they obtain nutritional
benefits in the form of inorganic compounds and exudates from

has been described elsewhere (28).

Chromatograms were recorded at 280 nm, and compounds were
identified by their retention time and absorption spectra from 200 to
400 nm. HPLC-MS was also used for peak identification. Sample
extracts were analyzed using a ZMD4 mass spectrometer (Waters Inc.)
equipped with an electrospray ionization ion source (ESI). The ion spray
mass spectra in the negative-ion mode were obtained under the
following conditions: capillary voltage, 3 kV; cone voltage, 20 V;
extractor voltage, 12 V; desolvation temperature, 260 and source

the root (24). These soil fungi are important because they taketemperature, 80C. A constant flow of 1 mL/min was used for each

part in the mobilization of nutrients and degradation of

analysis with an approximately 4:1 split ratio (UV detector-MS).

phytotoxic substances, they produce substances that promote pH Determination. This parameter was measured in the aqueous

or inhibit the growth of other rhizosphere microorganisms, they
add great amounts of microbial biomass to the soil, and they
also contribute to the optimum use of nutrients by the plant
(24, 25).

The objective of this research was to investigate the removal
of the monomeric phenols of DOR during its biotreatment with
nine saprobic fungi for the first time. Monomeric phenols of
olive fruits and derived products have been studied extensively,

extract obtained during the phenolic analysis of DOR samples.
Color of the Dry Olive Residue. The external color was measured
using a BYK-Gardner model 9000 color-view spectrometer (Silver
Spring, MD). Interference by stray light was minimized by covering
samples with a box, which had a matt black interior. Color was
expressed in terms of the CIE, a*, b* parameters calculated from
the absorption spectra. The paramdi&ris a measure of lightness,
from completely opaque (0) to completely transparent (180)s a
measure of redness (era* of greenness), ani* is a measure of

and researchers have reported hydroxytyrosol and tyrosol as theyellowness (or-b* of blueness).

main polyphenols in olive-mill wastewaters and olive pomace
(26,27). However, the use of ethyl acetate as extraction solution
and the difficulties in chromatographic analysis ignored the
presence in olive pomace of two important phenolic compounds,
hydroxytyrosol and tyrosol glucosides, recently characterized
in this byproduct (28).
Finally, the effect of saprobic fungi on the color of DOR

was also examined.

MATERIALS AND METHODS

Sample Preparation.Dry olive mill residue was collected from an
olive oil manufacturer (Sierra Sur S.A., Granada, Spain). The initial
moisture content of the solid residue was-1%%, and it was increased
with added water up to 25% prior to the incubation assays.

The saprobic fungi used weRaecilomyces farinosy9), Fusarium
oxysporum-738Fusarium lateritum(30), Coriolopsis rigida(CECT
20449),Pleurotus pulmonariutJFM A578 (CBS 507.85)Rycnoporus
cinnabarinuslJFM A720 (CECT 20448)Phlebia radiatalJFM A588
(CBS 184.83),Phanerochaete chrysosporiutdFM A547 (ATCC
24725), andPoria subzrmisporalJFM A161. An aqueous suspension
of fungal strains in sterile distilled water, containing.5 x 10° spores/

RESULTS AND DISCUSSION

Figure 1illustrates three representative HPLC chromatograms
of phenolic extracts from untreated and treated DOR. They
revealed that the main monomeric phenols in the DOR were
hydroxytyrosol (3,4-dihydroxyphenylethanol), hydroxytyrosol
glucoside, tyrosol (4-hydroxyphenylethanol), and salidroside
(tyrosol glucoside), the chemical structures of which are shown
in Figure 2. The presence of these four polyphenols, as well as
oleuropein, rutin, and luteolin 7-glucoside, was confirmed by
HPLC-MS. Indeed, the concentration of hydroxytyrosol gluco-
side was the highest among the monomeric phenols in the
untreated solid (4792 mg/kg of dry olive pomace), followed by
tyrosol glucoside, hydroxytyrosol, and tyrosol at 2014, 1824,
and 682 mg/kg of dry olive residue, respectively. Hydroxy-
tyrosol glucoside has also been reported as the main polyphenol
in mature olives and OMW (28).

We did not detect other previously reported polyphenols in
the olive residue by HPLC-MS, such as vanillg,coumaric,
caffeic, and ferulic acids, and vanillin (227). Of course, this

mL of each saprobic fungus, was prepared from cultures grown in potato could be attributed to differences in raw material (olive variety)
dextrose agar (PDA: Oxoid) for 1 week at 2€. The incubation  and processing, although we think that it could also be due to
process was carried out in gIaSS jars Contalnlng 500 g of DOR Steam-the hexane extraction and dry|ng steps Of DOR processing that
sterilized three times, inoculated or not with 3 mL of the saprobic fungal could give rise to some polyphenol reduction in the solid. In
spore suspension. Each saprobic fungus was inoculated separately. Stati&ontrast most researchers have not found hydroxytyrosol and
incubation was performed at 2& for 0, 2, and 20 weeks. ' . . . . .

tyrosol glucosides in olive pomace or olive-mill wastewater

Analysis of Phenolic CompoundsThis process was based on the b th d t extracted with ethvl tat
method described by Romero and co-worke28)( The phenolic ecause these compounds are not extracted with ethyl acetate,

compounds were extracted from the DOR samples (2 g) with a solution Which ha; been t_he solvent most commonly usz).(
of methanol/water (80:20) at @C (30 mL, six times). Methanol was Interestingly, biotreatment of DOR for 20 weeks provoked
evaporated under vacuum, and the residue was made up to a 25 mLthe elimination of all monomeric phenols in all of the experi-
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Figure 1. HPLC chromatograms of phenolic compounds in DOR biotreated 2 4
for 2 and 20 weeks with C. rigida and untreated DOR (control). Peaks: 0 =
(1) hydroxytyrosol 4-/3-p-glucoside; (2) hydroxytyrosol; (3) salidroside; (4) c PP CR PC FL
tyrosol; (5) luteolin 7-O-glucoside; (6) rutin; (7) oleuropein. Figure 3. Main monomeric phenols in DOR treated for 2 weeks with PI.

pulmonarius (PP), C. rigida (CR), Py. cinnabarinus (PC), and F. lateritum

ments carried out (data not shown). This period of time seemed (FL). Data in untreated DOR have also been included (C). Error bars are
to be long enough to degrade polyphenols in the olive residue, standard deviation (n = 2).
but, in contrast, 2 weeks was too short. It must be stressed that
the degradation ability of white-rot fungi is dependent on oxygen
and, therefore, the porosity of the matrix is a very important in OMW (20, 31), and this tendency was confirmed for most
parameter that influences in many cases the developments off the fungi tested in DOR.
the experiments. Hence, some authors fourd’8% decrease On the other hand,entinula edodetok 10 days to eliminate
of total polyphenols in olive pomace treated for 10 weeks with half of the tyrosol content in OMW1@©), and Azotobacter
Phanerochaete flado-alba(7), but a similar trend was reported  vinelandii needed only 7 days to completely remove this
in OMW treated withPleurotus ostreatutor only 2 weeks 15). compound from the same substrai8), Among the saprobic
In fact, Pha. chrysosporiumwas more effective tharPl. fungi tested, onlyPha. chrysosporiuntompletely removed
ostreatusn the latter experiment. Therefore, marked differences tyrosol from DOR after 2 weeks of incubation. This fungus has
in polyphenol removal and decolorization of olive byproducts also been found to be superior to others in removing monophe-
have been reported (17). Accordingly, in the present study nols from maize stover, such as syringic, vanilfiehydroxy-
different behaviors among saprobic fungi on monomeric phenols benzoic, angh-coumaric acids31). It is supposed that enzymes
removal in DOR after 2 weeks of incubation were found. released by fungi during incubation in olive residues first oxidize

Py. cinnabarinugandF. lateritumalmost eliminated hydroxy-  and polymerize monomeric phenols but, to our knowledge, there
tryosol and its glucoside from the solid, whereas tyrosol was is only one paper describing the transformation of tyrosol during
the most recalcitrant polyphendtigure 3). These results were  fungus treatment3). These researchers report that tyrosol is
expected from previous works becausaliphenols such as  converted into a dimeric tetracyclic ketone, but they do not
hydroxytyrosol were more rapidly degraded than monophenols report other further reactions.
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15 1 Table 1. Content in Luteolin 7-Glucoside, Rutin, and Oleuropein of
0 4 Hydroxytyrosol Untreated and Treated DOR with Nine Saprobic Fungi for 2 Weeks
5 5 luteolin 7-glucoside rutin oleuropein
£ . sample (mmol/kg) (mmol/kg) (mmol/kg)
% control 0.341(0.0182  0.378(0.005)  0.763 (0.065)
® s Pl pulmonarius 0.220 (0.058) 0.290 (0.051)  0.399 (0.074)
= Hydroxytyrosol-4-5-D-Glucose C. rigida 0.297 (0.052) 0.293(0.025)  0.429 (0.103)
o> 10 1 Py. cinnabarinus 0.069 (0.004) 0.202 (0.017)  0.220(0.018)
= F. lateritum nd 0.060 (0.003)  0.124 (0.006)
v 54 Phl. radiata 0.043 (0.012) 0.130 (0.005)  0.200 (0.015)
= F. oxysporum nd nd nd
= Pa. farinosus 0.111 (0.048) 0.445(0.066)  0.524 (0.023)
E 4 Tyrosol Po. subvermispora 0.096 (0.001) 0.240(0.022)  0.391(0.088)
E Pha. chrysosporium 0.418 (0.064) 0.426 (0.071)  0.647 (0.088)
S 2]
‘é 2 Standard deviation is given in parentheses (n = 2). nd, not detected.
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Figure 4. Main monomeric phenols in DOR treated for 2 weeks with Phl. .
radiata (PR) and F. oxysporum (FO). Data in untreated DOR have also <
been included (C). Error bars are standard deviation (n = 2). 2
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among nontreated and treated DOR with nine saprobic fungi for 2 and
20 weeks: PI. pulmonarius (PP), C. rigida (CR), Py. cinnabarinus (PC),
F. lateritum (FL), Phl. radiata (PR), F. oxysporum (FO), Pa. farinosus
(PF), Po. subvermispora (PS), and Pha. chrysosporium (PhCh).

c PF PS PhCh
Figure 5. Main monomeric phenols in DOR treated for 2 weeks with Pa.
farinosus (PF), Po. subvermispora (PS), and Pha. chrysosporium (PhCh).
Data in untreated DOR have also been included. Error bars are standard
deviation (n = 2).
the simple phenols tyrosol and hydroxytyrosol, whereas their

PIl. pulmonarius and C. rigida were slightly active in glucoside concentrations remained constant. At this point, it must
removing monomeric phenols from DOR, the concentration of stressed that all monomeric phenols were removed from DOR
tyrosol and its glucoside remaining constant after 2 weeks of by all of the saprobic fungi after 20 weeks of incubation.
incubation and that of hydroxytyrosol slightly decreasing. In However, the different behavior of the fungi after 2 weeks of
contrastPhl. radiataand specially-. oxysporunwere the most incubation is important in order to optimize the future biotreat-
active because they were able to eliminate hydroxytyrosol and ment of DOR.
its glucoside and most tyrosol and its glucoside (Figure 4). As  The most surprising behavior found was thaPef farinosus
special cases, we have plotted the behavior®f subver- This fungus hydrolyzed the phenolic glucosides into their simple
mispora,Pha. chrysosporium, anBa. farinosusin Figure 5. phenols hydroxytyrosol and tyrosol, as can be observed in
The first fungus completely degraded hydroxytyrosol glucoside, Figure 5. The amount of hydroxytyrosol in DOR after 2 weeks
90% of hydroxytyrosol, and, to a lesser extent, tyrosol and its of incubation with this microorganism was the sum of its initial
glucoside. SimilarlyPha. chrysosporiurpreferably eliminated concentration (12 mM) and that formed from hydroxytyrosol
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Table 2. pH of the Aqueous Extract of Untreated and Treated DOR and lower than DOR biotreated by other fungi, excét
with Nine Saprobic Fungi for 2 and 20 Weeks pulmonarius(Table 2). It is known that the production of

extracellular enzymes by fungi decreases as pH incre@82s (

time (weeks) sample pH and, therefore, this could be an explanation for the higher
2 control 5.33(0.04) decolorization activity of fungi growing at a low pH.
2 PI. pulmonarius 5.64 (0.01)
2 C. rigida 5.34(0.04)
2 Py. cinnabarinus 6.54 (0.13) LITERATURE CITED
2 F. lateritum 7.09 (0.01)
2 Phl. radiata 6.87(0.08) (1) Alburquerque, J. A.; Gonzalvez, J.; Garcia, D.; Cegarra, J.
2 F. oxysporum 7.68(0.06) Agrochemical characterisation of “alperujo”, a solid by-product
2 Pa. farinosus 4.85 (0.01) - . . - .

5 Po. subvermispora 5.75 (0.04) of_ the two-phase centrifugation method for olive oil extraction.
2 Pha. chrysosporium 2.60 (0.01) Blore§0ur. Techrjol2004,91, 195-200. _ _
20 control 515 (0.15) 2) Fe?rnar?d,ez-Bo!arTosl J.; Rodriguez, G F\_’odrlguez, R.; _l—_ieredla,
20 PI. pulmonarius 5.93 (0.08) A Guﬂler.],. R.; Jiménez, A. Produc.tlor.1 in Igrge quantities of

20 C. rigida 5.38 (0.06) highly purified hydroxytyrosol from liquie-solid waste of two

20 Py. cinnabarinus 5.45 (0.05) phase olive oil processing or “alperujal. Agric. Food Chem

20 F. lateritun 9.21(0.11) 2002,50, 6804—6811.

20 Phl. radiata 8.47(0.11) (3) Paredes, C.; Bernal, M. P.; Roig, A.; Cegarra, J. Effects of olive
20 F. oxysporum 7.95(0.11) mill wastewater addition in composting of agroindustrial and
20 Pa. farinosus 8.88 (0.05) b tesBiod dation2001.12. 224—234

20 Po. subvermispora 9.03 (0.03) ur_ an yvase lodegradatio e . -

20 Pha. chrysosporium 458 (0.01) (4) Rinaldi, M.; Rana, G.; Introna, M. Olive-mill wastewater

spreading in southern Italy: effects on a durum wheat dragd
Crops Res2003,84, 319—326.

(5) Capasso, R.; Cristinzo, G.; Evidente, A.; Scognamiglio, F.
Isolation, spectroscopy and selective phytotoxic effects of
polyphenols from vegetable waste waté?hytochemistrt 992,

a Standard deviation is given in parentheses (n = 2).

glucoside hydrolysis (15 mM), and the same can be applied for

tyrosol. It seems, therefore, thBa. farinosugeleased a great 31, 4125—4128.

amount offi-glucosidase enzyme able to break the glycosidic () Ramos-Cormenzana, A.; Juarez-Jiménez, B.; Garcia-Pareja, M.

bond of the phenolic glucosides. This result could appear as a P. Antimicrobial activity of olive mill waste waters (alpcii

scientific curiosity, but it will probably open a new field to use and biotransformed olive oil mill wastewatetisit. Biodeter.

the byproducts AL and DOR as a good source of phenolic Biodegrad.1996,38, 283—290.

antioxidants, in particular, hydroxytyrosol. It has been proposed (7) Linares, A.; Caba, J. M.; Ligero, F.; de la Rubia, T.; Martinez,

that the first step to obtain free hydroxytyrosol from OMW or J. Detoxification of semisolid olive-mill wastes and pine-chip

DOR should be the hydrolysis of the glucoside by mineral acids mixtures using®hanerochaete flddo-alba. Chemospher2003

or steam explosion (2), and the biotreatment with this fungus 51, 887—891.

could be a very attractive alternative because it is a process (8) DellaGreca, M.; Monaco, P.; Pinto, G.; Pollio, A.; Previtera, L.;

with low energy and mineral acid consumption. T(_emus_si, F. Phytotoxicity of Iqw—molecular—weight phenols from
As to oleuropein and the flavonoids luteolin 7-glucoside and olive mill wastwatersBull. Enzron. Contam. Toxicol2001,67,

rutin (Table 1), most of the fungi reduced their concentration 352—-359. . o )

in DOR after 2 weeks of incubation: these reductions were (9 Fiorentino, A.; Gentili, A.; Isidori, M.; Monaco, P.; Nardell,

A.; Parrella, A.; Temussi, F. Environmental effects caused by
olive mill wastewaters: toxicity comparison of low-molecular-
weight phenol componentsl. Agric. Food Chem2003, 51,
1005—10009.

Sayadi, S.; Zorgani, F.; Ellouz, R. Decolorization of olive mill

almost complete after 20 weeks.

It is important to note that all assays were run in duplicate,
and changes in DOR polyphenols could be considered as
significant because standard error values were in general low. 10)

Monomeric phenols are well-known as toxic substances waste waters by free and immobiliz&hanerochaete chrysos-
against plant germination, and the polymeric fraction of OMW porium cultures.Appl. Biochem. BiotechnolL99§ 56, 265—
and DOR also participates in the toxic activity of these 276.
byproducts. Due to the difficulty in characterization of this (11) Sayadi, S.; Allouche, N.; Jaoua, M.; Aloui, F. Detrimental effects
polymeric fraction, researchers have correlated depolymerization of high molecular-mass polyphenols on olive mill wastewater
with decolorization of the olive byproduct$X,17,19,23) and, biotreatmentProcess Biochen000,35, 725—-735.
in some way, with the detoxification degree. The differences (12) Capasso, R.; De Martino, A.; Cristinzio, G. Production, char-
in color (L*, a*, andb* parameters) among untreated and treated acterization, and effects on tomato of humic acid-like polymerin
DOR for 2 and 20 weeks with the nine saprobic fungi are plotted metal derivatives from olive oil mill waste watets.Agric. Food
in Figure 6. Overall, most fungi decolorized the solid, the effect Chem.2002,50, 4018—4024.

being more pronounced after 20 weeks of growth. The highest (13) Piperidou, C.1.; Chaidou, C. I.; Stalikas, C. D.; Soulti, K.; Pilidis,
increase in the color parameters of the biotreated DOR was G. A.; Balis, C. Bioremediation of olive oil mill wastewater:
provoked byC. rigida, followed by Phl. radiata, Py. cinna- chemical alterations induced Byzotobactewinelandii. J. Agric.
barinus, and?ha. chrysosporiumA broad screening of 46 fungi (14) ';Ao;ﬂrg:ierf?%oig’rji ’al?f_l,\_/l;?:jio L - Sannia. G. Reduction
on their ability to decolorize OMW disclosed obvious differ- ' L L L

. of phenol content and toxicity in olive oil mill waste waters with
ences among them but also reported the latter four fungi as good the lignilolytic fungusPleurotus ostreatusiVat. Res1996,30,

in thee decolorization of OMW1@8). An explanation for the 1914—1918.

differences in decolorization is not easy, and an attempt to 35y aggelis, G.; Iconomou, D.; Christou, M.; Bokas, D.; Kotzailias,
correlate decolorization of OMW with production of extracel- S.; Christou, G.; Tsagou, V.; Papanikolaou, S. Phenolic removal
lular enzymes by fungi failed1@). It was found in this work in a model olive oil mill wastewater usingleurotus ostreatus
that the pH of DOR biotreated for 20 weeks w&hrigida, Py. in bioreactor cultures and biological evaluation of the process.

cinnabarinus andPha. chrysosporiurwas similar to the control Water Res2003,37, 3897—3904.
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(16) Pérez, J.; Hernandez, M. T.; Ramos-Cormenzana, A.; Martinez,

J. Caracterizacion de fenoles del pigmento del alpeghi
transformacion poPhanerochaete chrysosporium. Grasas Aceites
1987,38, 367—371.
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