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The effect of the use of cell-wall-degrading-enzyme preparations during the mechanical extraction
process of virgin olive oil on the phenolic compounds and polysaccharides was investigated. The
use of the enzyme preparations increased the concentration of phenolic compounds in the paste,
oil, and byproducts. Especially, the contents of secoiridiod derivatives such as the dialdehydic form
of elenolic acid linked to 3,4-dihydroxyphenylethanol (3,4-DHPEA-EDA) and an isomer of oleuropein
aglycon (3,4-DHPEA-EA), which have high antioxidant activities, increased significantly in the olive
oil. Furthermore, the use of an N2 flush during processing strongly increased the phenolic
concentration. Analyses of the pectic polymers present in the paste showed that the use of pectinolytic
enzyme preparations increased the yield of the buffer soluble pectins and the proportion of molecules
with a lower molecular mass. Also, the content of uronic acids in the buffer soluble extract increased
considerably due to the use of the enzyme preparations. Analysis of the polymeric carbohydrates in
the vegetation waters showed the presence of mainly pectic polymers. The addition of commercial
enzyme preparations increased the uronic acid content of the polysaccharides in the vegetation
water substantially compared to the blank. This study showed that the addition of cell-wall-degrading
enzymes did improve the olive oil quality; however, mechanisms remained unclear.
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INTRODUCTION

Secoiridoids such as oleuropein and demethyloleu-
ropein are the predominant phenolic compounds of olive
fruit (1-3). In addition, olive fruit also contains ver-
bascoside and low amounts of other classes of phenolic
compounds including phenyl alcohols such as 3,4-
dihydroxyphenylethanol (3,4-DHPEA) and p-hydroxy-
phenylethanol (p-HPEA), phenyl acids, and flavonoids
(4-7). The phenol alcohols 3,4-DHPEA and p-HPEA are
also present in virgin olive oil. However, the prevalent
phenolic compounds in the oil are secoiridoid deriva-
tives, such as the dialdehydic form of elenolic acid linked
to 3,4-DHPEA or p-HPEA (3,4-DHPEA-EDA or p-
HPEA-EDA, respectively) and an isomer of oleuropein
aglycon (3,4-DHPEA-EA) (8).

The concentration of phenolic compounds present in
virgin olive oil is strongly affected by the extraction
conditions used during processing (9-11). In this ambit,
the loss of secoiridoids and phenyl alcohols in the oil
during malaxation is well-known (4, 12). So far, how-
ever, the mechanism that explains the quantitative
modification of secoiridoids in the oil during malaxation
is unknown. Enzymatic oxidation by endogenous oxi-
doreductases such as polyphenol oxidase (PPO) and

peroxidase (POD) may promote oxidation of phenolic
compounds (12, 13), but nonenzymatic oxidation pro-
cesses are also involved (10).

Interactions between polysaccharides and phenolic
compounds present in the olive pastes may also be
involved in the loss of phenols during processing.
Previous work has shown that polyphenols are able to
complex with certain types of polysaccharides, which
most probably results from the ability of the polysac-
charide to form a structure that encapsulates the
polyphenol (14-17). The interaction of the phenolic
compounds with polysaccharides may reduce their
release in the oil during crushing and malaxation. In
fact, it is shown that the use of technical preparations
containing cell-wall-degrading-enzyme activities during
processing can improve the phenolic concentration in
the oil (18-23).

Although the changes in the composition of the
phenolic compounds due to the use of enzyme prepara-
tions have been studied before, very little is known
about the effect of these enzyme preparations on the
cell wall structure. This paper reports both elements
and also the effect of malaxation under N2 flush to
reduce the oxidative degradation of phenolic compounds
in pastes during malaxation.

MATERIALS AND METHODS

Materials. Olives from the cultivar Moraiolo were used.
Olivex is an enzyme preparation rich in pectolytic enzymes
and in addition hemicellulolytic and cellulolytic side activities
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produced from Aspergillus aculeatus and especially suitable
for application in the extraction of vegetable oils. Novoferm
12 is a pectolytic enzyme preparation of Aspergillus niger
origin, which in addition contains â-glucosidase activity. Both
commercial enzyme preparations were kindly provided by
Novo Nordisk Ferment Ltd. (Dittingen, Switzerland).

Sample Preparation. Olives (90 kg) were crushed with a
hammer mill (R-Laval, Lund, Sweden) and slowly mixed
(malaxed) for 60 min at 30 °C. Extraction of the oil was
performed with an R-Laval decanter UVNX-414 with a work-
ing capacity of 1.00 ton/h [paste/water ratio 1:0.15 (w/v)].
Samples of the pastes and vegetation waters were taken and
immediately frozen in liquid nitrogen to inhibit enzymatic
activity, freeze-dried, and stored at -30 °C before analysis.
The enzyme preparations were added at the beginning of
malaxation (500 mg/kg of pastes). To study the effect of O2

during processing, malaxation was performed with and with-
out an N2 flush. The oxygen value in the pastes was measured,
during malaxation, using a Mettler Toledo oxygen sensor
model 4100 (Greifensee, Switzerland).

Extraction, Purification, and Separation of Phenolic
Compounds from Pastes, Virgin Olive Oil, and Vegeta-
tion Waters. Pastes. Freeze-dried paste (10 g) was mixed with
50 mL of 80% methanol containing 20 mg/L sodium dieth-
yldithiocarbamate (DIECA) at -25 °C to inhibit PPO. The
mixture was homogenized in an Omni-mixer (Sorvall) for 30
s at 16000 rpm and filtered using a Büchner funnel apparatus.
The procedure was repeated six times, and the extracts were
collected. The methanol was evaporated in a vacuum at 35 °C
under a flow of nitrogen. The water extract (2 mL) was loaded
on a 5 g/20 mL Extract-Clean high-load C18 cartridge (Alltech
Associates Inc., Deerfield, IL) and eluted with methanol (600
mL). The eluate was collected and the organic solvent evapo-
rated in a vacuum at 35 °C under a flow of nitrogen. The
residue was dissolved in methanol (1 mL) and analyzed by
HPLC (3).

Vegetation Waters. Freeze-dried vegetation water was re-
hydrated with water containing DIECA (20 mg/L) and loaded
(2 mL) on a 5 g/20 mL Extract-Clean high-load C18 cartridge
(Alltech Associates Inc.) and eluted with ethyl ether (600 mL).
The concentration and analysis on HPLC were carried out as
reported previously (3).

Virgin Olive Oil. Phenols were extracted with 80% methanol
from the virgin olive oil, the crude oil from the mechanical
extraction, and evaluated by HPLC according to the procedure
performed by Montedoro et al. (24).

Reference Compounds. 3,4-DHPEA was synthesized in
the laboratory according to the procedure of Baraldi et al. (25).
3,4-DHPEA-EDA, 3,4-DHPEA-EA, and verbascoside were
extracted from virgin olive oil and olive fruit, respectively, and
the chemical structures were verified by NMR according to
the method of Montedoro et al. (21). Oleuropein glucoside was
obtained from Extrasynthèse Co. (Genay, France). p-HPEA
was obtained from Janssen Chemical Co. (Beerse, Belgium),
luteolin 7-glycoside was obtained from Roth Co. (Karlsruhe,
Germany), and rutin was obtained from BDH Co. (Poole, U.K.).

Isolation of Alcohol Insoluble Solids (AIS). The freeze-
dried pastes were defatted by (Soxhlet) extraction with petro-
leum ether (bp 40-60 °C). A sieve of 425 µm was used to
separate the stones from the pulp. Subsequently, the lipid-
free material was extracted with 70% (v/v) ethanol at 40 °C
for 1 h and centrifuged. The extraction with 70% (v/v) ethanol
was repeated until the extracts were free of sugars as
monitored by the phenol-sulfuric acid test (26). The residue
(AIS) was dried by solvent exchange [96% (v/v) ethanol and
acetone] at room temperature. The freeze-dried vegetation
waters were defatted by extraction with petroleum ether (bp
40-60 °C) and extracted with 70% (v/v) ethanol as described
above to isolate the AIS.

Extraction of AIS. The AISs prepared from olive pulp (75
mg) were extracted with 2.25 mL of 0.05 M NaOAc buffer, pH
5.2, at 70 °C for 1 h (hot buffer soluble solids). The solubilized
polymers were separated from the insoluble residue by cen-
trifugation. The extracts were analyzed by high-performance

size exclusion chromatography (HPSEC), and the sugar com-
position of the polysaccharides present in the extracts was
determined.

Enzyme Incubation of AIS with Olivex. The AISs
prepared from vegetation water were dissolved (2.5 mg/mL)
in 0.05 M NaOAc buffer, pH 5.0, and incubated with the
commercial enzyme preparation Olivex [0.1% (w/v)] at 40 °C
for 24 h. After incubation, the samples were heated for 15 min
at 100 °C to inactivate the enzymes. The change in molecular
weight distribution of the samples was studied by HPSEC.

Analytical Methods. Total Uronic Acid Content. Total
uronic acid content was determined colorometrically by using
the automated m-hydroxydiphenyl assay (27). Galacturonic
acid was used as a standard. Corrections were made for the
interference of neutral sugars in the samples. Analysis of the
uronic acid content was performed in triplicate. The mean
values are reported in Tables 4 and 5 and have a standard
deviation e1.

Neutral Sugar Composition. The neutral sugar composition
of the AISs and the polysaccharides present in the hot buffer
extracts was determined by gas chromatography according to
the method of Englyst and Cummings (28) using inositol as
internal standard. The samples were treated with 72% (w/w)
sulfuric acid for 1 h at 30 °C prior to hydrolyses with 1 M
sulfuric acid for 3 h at 100 °C. The released constituent sugars
were converted into their alditol acetates and analyzed.
Cellulosic glucose in the AISs was calculated as the difference
between the glucose contents determined with and without
pretreatment with 72% (w/w) sulfuric acid. Analysis of the
neutral sugar composition was performed in triplicate. The
mean values are reported in Tables 4 and 5 and have a
standard deviation e1.

HPSEC. HPSEC was performed as described previously
(29). Calibration was performed using dextrans (Mw ) 4000-
500000 Da).

Statistical Analysis. Experiments to determine the con-
tent of phenolic compounds were performed in triplicate, and
the means ( standard deviations are reported in Tables 1-3.
One-way analysis of variance (ANOVA) using the Tukey test
was performed to evaluate the significance of differences
between mean values among three or more different experi-
mental groups. Statgraphics version 6.1 (Statistical Graphics
Corp., 1992, Manugistics, Inc., Rockville, MD) was used to
perform the statistical analyses.

RESULTS AND DISCUSSION

The crushed paste showed a high concentration of the
secoiridoid derivative 3,4-DHPEA-EDA, whereas oleu-
ropein, demethyloleuropein, and verbascoside were
present in small amounts (Table 1). The high concentra-
tion of 3,4-DHPEA-EDA is due to the hydrolysis of
oleuropein and demethyloleuropein catalyzed by endog-
enous glycosidases during the crushing of olive fruit
(12). The virgin olive oil obtained from the crushed paste
contained a high concentration of the aglycon deriva-
tives 3,4-DHPEA-EDA and 3,4-DHPEA-EA (Table 2).
Oleuropein and demethyloleuropein were not present
in the olive oil. The phenolic composition of vegetation
waters was very different from the composition of the
oil as the vegetation waters contained secoiridoid glu-
cosides and other polar compounds such as luteolin
7-glucoside and rutin that were not detected in virgin
olive oil. The secoiridoid derivative 3,4-DHPEA-EDA
was the predominant phenolic compound of vegetation
waters (Table 3).

Malaxation reduced the concentration of phenolic
compounds in the pastes, oil, and vegetation waters
(Tables 1-3) and is the most critical point in the
mechanical extraction process of oil. In fact, the nutri-
tional value of oil is directly related to the concentration
of its natural antioxidants such as 3,4-DHPEA, 3,4-
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DHPEA-EA, and 3,4-DHPEA-EDA (30, 31). The use of
commercial enzyme preparations with activity toward
polysaccharides during processing increased signifi-
cantly the concentration of 3,4-DHPEA-EDA in the
malaxed paste. Also, the release of secoiridoid deriva-
tives, such as 3,4-DHPEA-EDA and 3,4-DHPEA-EA,
into the oil improved greatly. The vegetation waters
showed a significant increase of 3,4-DHPEA-EDA, oleu-
ropein, and demethyloleuropein. The use of an N2 flush
during malaxation reduced the O2 level in the pastes
and greatly increased the phenolic concentration in the
oil, paste, and vegetation waters (Tables 1-3).

To study the effect of the commercial enzyme prepa-
rations on the polysaccharides present in the cell wall,
cell wall material was isolated from the olive pastes
before and after malaxation and analyzed for sugar
composition (Table 4). Glucose, xylose, and arabinose

were the major neutral sugars in the olive pastes. About
94% of the glucose in the paste represented cellulose.
The uronic acid content was 14-15 mol %. The results
revealed that the sugar composition of the paste hardly
changed during processing without commercial enzyme
preparations added. However, the addition of com-
mercial enzyme preparations during processing also
hardly changed the sugar composition of the paste. This
may indicate that the degradation of the polysaccharides
present in the cell wall by endogenous enzymes or the
addition of exogenous enzymes was very limited, despite
the positive effect of the latter on the level of phenolic
compounds.

The enzyme preparations used during processing
were rich in pectolytic enzymes. Therefore, an extraction
with hot buffer was performed to study whether pro-
cessing or the addition of enzyme preparations had an

Table 1. Phenolic Composition of Olive Pastes with and without Enzymatic Treatment during Processing (Malaxation
Was Performed in the Absence and Presence of N2)

crushed
paste blank

malaxed
paste blank

malaxed paste +
NF12/Olivex

malaxed paste
under N2 flush

malaxed paste under
N2 flush + NF12/Olivex

O2
a (ppm) 6.9 ( 0.7a 6.6 ( 0.5a 0.16 ( 0.07b 0.18 ( 0.08b

phenolic compoundsb (mg/g of dry wt)
3,4-DHPEA 0.54 ( 0.01a 0.04 ( 0.01b 0.03 ( 0.01b 0.04 ( 0.01b 0.03 ( 0.01b

p-HPEA 0.32 ( 0.02a 0.04 ( 0.01b 0.05 ( 0.01b 0.03 ( 0.01b 0.09 ( 0.01c

demethyloleuropein 1.54 ( 0.02a 0.30 ( 0.01b 0.51 ( 0.04c 0.71 ( 0.04d 0.90 ( 0.02e

verbascoside 3.3 ( 0.2a 1.3 ( 0.1b 1.2 ( 0.2b 2.4 ( 0.2c 2.8 ( 0.4ac

3,4-DHPEA-EDA 20.8 ( 0.9a 5.7 ( 0.3 b 7.5 ( 0.5c 10.6 ( 0.5d 13.9 ( 0.1e

oleuropein 2.3 ( 0.1a 0.75 ( 0.05b 0.75 ( 0.07b 1.19 ( 0.03c 1.89 ( 0.02d

luteolin 7-glucoside 0.22 ( 0.02a 0.13 ( 0.01b 0.12 ( 0.01b 0.25 ( 0.01a 0.18 ( 0.01c

rutin 0.16 ( 0.01a 0.11 ( 0.01bc 0.09 ( 0.01b 0.17 ( 0.01a 0.12 ( 0.01c

a The O2 concentration is the mean value of six independent determinations evaluated during malaxation ( standard deviation. b The
phenolic content is the mean value of three independent experiments ( standard deviation. Values in each row bearing the same
superscripts are not significantly (P < 0.05) different from one another.

Table 2. Phenolic Composition of Virgin Olive Oil (Milligrams per Kilogram) with and without Enzymatic Treatment
during Processing (Malaxation Was Performed in the Absence and Presence of N2)

crushed
paste blank

malaxed
paste blank

malaxed paste +
NF12/Olivex

malaxed paste
under N2 flush

malaxed paste under
N2 flush + NF12/Olivex

3,4-DHPEAa 2.7 ( 0.3a 0.7 ( 0.1b 1.9 ( 0.1c 2.0 ( 0.2ac 1.7 ( 0.3c

p-HPEA 2.3 ( 0.4a 1.2 ( 0.1b 1.2 ( 0.1b 2.6 ( 0.3a 0.81 ( 0.03b

3,4-DHPEA-EDA 515 ( 23ab 317 ( 16c 439 ( 16d 504 ( 6a 556 ( 13b

p-HPEA-EDA 24.8 ( 1.9a 25.8 ( 1.4ab 29.4 ( 0.8c 28.4 ( 1.4bc 31.4 ( 1.0c

p-HPEA derivative 32.5 ( 1.4a 24.2 ( 0.8b 28.5 ( 0.9c 21.6 ( 1.3b 22.4 ( 0.9b

3,4-DHPEA-EA 357 ( 13a 177 ( 8b 218 ( 8c 242 ( 5c 299 ( 10d

a The phenolic content is the mean value of three independent experiments ( standard deviation. Values in each row bearing the same
superscripts are not significantly (P < 0.05) different from one another.

Table 3. Phenolic Composition of Vegetation Waters (Milligrams per Gram of Dry Weight) with and without Enzymatic
Treatment during Processing (Malaxation Was Performed in the Absence and Presence of N2)

crushed
paste blank

malaxed
paste blank

malaxed paste +
NF12/Olivex

malaxed paste
under N2 flush

malaxed paste under
N2 flush + NF12/Olivex

3,4-DHPEAa 1.52 ( 0.06a 0.37 ( 0.03b 0.44 ( 0.01b 0.37 ( 0.02b 0.55 ( 0.04c

p-HPEA 0.14 ( 0.01a ndb 0.04 ( 0.01c 0.04 ( 0.01c 0.07 ( 0.01d

demethyloleuropein 1.39 ( 0.06a 0.47 ( 0.06b 0.82 ( 0.01c 0.95 ( 0.10c 1.8 ( 0.1d

verbascoside nd nd nd nd nd
3,4-DHPEA-EDA 98.6 ( 8.6a 17.5 ( 1.1b 31.9 ( 2.6c 35.4 ( 0.7cd 44.2 ( 1.2d

oleuropein 2.8 ( 0.3a 0.60 ( 0.04b 1.1 ( 0.1c 1.1 ( 0.1c 1.2 ( 0.2c

luteolin 7-glucoside 0.20 ( 0.01a 0.11 ( 0.01b 0.11 ( 0.01b 0.14 ( 0.01c 0.17 ( 0.01d

rutin 0.19 ( 0.01a 0.06 ( 0.01b 0.10 ( 0.01c 0.08 ( 0.01bc 0.18 ( 0.01a

a The phenolic content is the mean value of three independent experiments ( standard deviation. Values in each row bearing the same
superscripts are not significantly (P < 0.05) different from one another. b nd, not detected.

Table 4. Sugar Composition Expressed as Mole Percent of Cell Wall Material (AIS) from Pastes and Vegetation Waters

sample rhamnose arabinose xylose mannose galactose glucose uronic acid w/w%

crushed paste blank 1 13 31 1 4 36 14 45
malaxed paste blank 2 13 30 1 4 36 14 46
malaxed paste + NF12/Olivex 2 12 30 2 3 37 15 42
vegetation water blank 3 24 3 1 21 8 39 32
vegetation water + NF12/Olivex 3 20 1 1 11 2 63 47
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effect on the buffer soluble pectic material in olive paste.
The extracts were analyzed for their sugar composition
(Table 5), and the molecular weight distribution was
determined by HPSEC (Figure 1A). It appeared that
processing without the addition of enzyme preparations
hardly changed the sugar composition or the solubility
of the pectic material extracted with hot buffer. Also,
the molecular weight distributions as determined by
HPSEC were identical for the buffer soluble pectins
from the crushed paste and from the malaxed paste.
Although olive fruit contains endogenous enzymes such
as glycosidases and polygalacturonase and enzymes
with cellulolytic activity (32-34), the enzymes had
hardly any effect on the polysaccharides during malax-
ation. It may be suggested that the high concentration
of phenolic compounds present in olive pulp inhibited
these enzymes (3, 4, 35, 36).

The addition of commercial enzyme preparations
increased the extractability of pectic material with hot
buffer, and also the sugar composition of the extractable
polysaccharides changed compared to the blank. The
relative amount of uronic acids extracted with buffer
was substantially higher, and consequently the ratio of
neutral sugars to uronic acids decreased. Also, the
elution profile of the extracted material on HPSEC
changed due to the addition of commercial enzyme
preparations. The paste obtained by malaxation with
commercial enzyme preparations added during process-
ing had a relatively larger proportion of molecules with
a lower molecular mass (∼100000 Da).

The polysaccharides present in the vegetation waters
were also studied. The polysaccharides were isolated by
ethanol precipitation, and the sugar composition was
determined (Table 4). The presence of the neutral sugars
arabinose and galactose and the high content of uronic
acid in both vegetation waters indicated that mainly
pectins were present. Pectic polymers consist of regions

of linear galacturonan and regions of more highly
substituted rhamnogalacturonan with complex chains
of arabinose and galactose linked to the rhamnose
residues (37). Therefore, the ratio of the sugars arabi-
nose and galactose to uronic acid gives an indication of
the degree of branching of the pectin molecules present
in the vegetation water. The ratio was 1.2 for the
polysaccharides present in the vegetation water of the
blank and 0.5 for the polysaccharides present in the
vegetation water with Novoferm 12 and Olivex added
during processing. These ratios indicate that the addi-
tion of commercial enzyme preparations partly de-
branched the pectic material or solubilized additional
pectic substances with a high galacturonic acid content.

The HPSEC elution patterns showed almost identical
molecular weight distributions for the polysaccharides
isolated from both vegetation waters despite the differ-
ences in the sugar composition (Figure 1B). Only a slight
shift toward lower molecular weight ranges could be
observed. Polymeric material was still present in the
vegetation waters and was not completely degraded to
oligosaccharides or their constituent monosaccharides
even though enzyme preparations were added during
processing. To check whether the structure of the
pectins restricted the action of the enzymes, the pectic
polymers isolated from the vegetation waters were
incubated with the enzyme preparation Olivex, which
was also used during processing. The HPSEC elution
patterns revealed that the polysaccharides could be
degraded to a substantial extent (not shown). About 90%
of the polysaccharides were degraded to oligomers
(molecular mass < 4000 Da) and monosaccharides.
Therefore, the structures of the polysaccharides or the
enzyme preparations used were not limiting for the
degradation. Probably, the enzymes present in the
commercial enzyme preparations were partially inacti-

Table 5. Yield and Sugar Composition (Mole Percent) of Polysaccharides Solubilized with Hot Buffer from Crushed and
Malaxed Pastes

sample yielda rhamnose arabinose xylose mannose galactose glucose uronic acid

crushed paste blank 7.0 3 23 2 1 14 4 53
malaxed paste blank 7.0 3 22 3 1 14 4 53
malaxed paste + NF12/Olivex 9.5 4 24 1 1 8 2 60

a Percent of total polysaccharides solubilized.

Figure 1. HPSEC patterns of polysaccharides extracted with hot buffer from crushed and malaxed pastes (A) and polysaccharides
present in vegetation waters (B): (A) crushed paste blank (a), malaxed paste blank (b), malaxed paste plus NF12/Olivex (c); (B)
vegetation water blank (a), vegetation water plus NF12/Olivex (b).
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vated during processing due to phenolic compounds
present in the pastes, as was suggested before.

CONCLUDING REMARKS

It is known that the addition of cell-wall-degrading-
enzyme preparations during the mechanical extraction
of olive oil can improve the release of phenolic com-
pounds in oil. However, this is the first time that the
effect of the addition of enzyme preparations has been
studied by analyzing both the phenolic compounds and
the polysaccharides present in the pastes and vegetation
waters. In fact, previous papers reported only results
about quantitative and qualitative modifications on the
phenolic composition of oil when enzymatic preparations
were used during processing (19-23). However, al-
though the results of this study revealed that the use
of commercial enzyme preparations changed part of the
cell wall structure, it is difficult to conclude how these
changes affected the phenol content of the oil. The
addition of commercial enzyme preparations might have
reduced the complexation of the phenolic compounds
with the polysaccharides, thus improving the concentra-
tion of free phenols in the pastes and their release in
the oil and vegetation water during processing. Also,
the addition of pectolytic enzymes could have resulted
in weakening and disruption of the cell wall, thus
facilitating the release of phenolic compounds from the
fruit. However, the content of phenolic compounds in
the oil is also influenced by enzymatic and nonenzymatic
oxidation. In fact, the inhibition of the oxidation process
by reducing the O2 level in the paste during malaxation
strongly improved the concentrations 3,4-DHPEA-EDA
and 3,4-DHPEA-EA, which have high antioxidant ac-
tivities (38) and are mainly affected by oxidative deg-
radation.

In conclusion, the addition of commercial enzyme
preparations improved the release of phenolic com-
pounds in the oil, but the oxidative reactions during
malaxation have also an important impact on the final
concentration in the oil and vegetation waters. Work is
in progress to define the interaction between the oxida-
tive degradation of phenolic compounds and the activity
of endogenous oxidoreductases such as PPO and POD
during the mechanical extraction of olive oil.
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