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Abstract

One of the current challenges in olive oil quality is lo assure that olive antioxidant
compounds are preserved in order W maintain their role on oxidative degrxdation protoction.

Olive endogenous oxxloredutases. mamly polyphenol oxikases (PPO) and peruxidases
(POD) are suggested to ply an important rok by prometing oxiiation of phenolic
compounds. POD oxidize phenols and PPO catalyses the hydroxylation of monophenols or
o-diphenoks 1o yield o-guinones, which is followed by condensation or polymerizition
reactions. Morcover, both cnzymes seem (o act synergistically on the changing of phenolic
compounds.

‘The aim of this study was to evaluate the olive frunt PPO and POD activities in two
Portugucse cultivars (Olea wropaca, v ‘Cobrangosa” and cv “Galega Vulgar’), along
fruit ripening. PPO and PO activitics in mesocam and seed were assayed 20 weeks afier
flowering, and along two months thereafler. Polyphenols and teopherols in the olive oils
extracted from these samples were determined. An increase in PPO activily in carly stages
of ripening was observed for both cultivars. PPO sctivity measured in olive mesocarp of
Cohrancosa fruits was always higher than in Galega fruits. On the contrary, POD activity
in sceds was higher in Galega than in Cobrangosa seeds. Cobrangosa olive oil is richer in
total phenols and also in tocopherols than Galega oil This is in agreement with sensory
propertics of these olive oils.

Keywords: Olea ewropaea 1., Cobrangosa, Galega, enzymes, maluration, phenols

Introduction

In the frame of modern concepts, extra virgin olive oil (EVOO) quality is mainly
differentiated by sensory characteristics. While volatike compounds have 2 key role in
developing Navours, olive phenolic compounds play an important function in organolkptic
evaluation namely I altributes related to bitterness and pungency. Morcover, phenalic
compounds contribute for nutntional and healthy propertics of EVOOQ (Boskou ct al,
2006).

In the oxidative degradation of phenolic compounds there are fwo enzymes -
polyphenol oxidases (PPO) and peroxidases (POI) that arc believed 10 be very relevant
in terms of olive oil qualily, not only In sensory properties but also by decreasing the level
of antioxidants (Servili et al.. 2000; Sexvili et aL, 2007). PPO (EC 1.14.18.1) is the main
enzyme involved in the oxidation of phenols, which is performed by two differeat
reactions in the presence of oxygen: the hydroxylation of monophenols to o-diphenols and
ihe oxidation of o-diphenols to o-quinones, followed by condensation and polymerization
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rcactions (Yoruk and Marshal, 2003). POD (EC 1.11.1.7) performs smgle-electron
oxadation on # wide varicty of compounds in the presence of hydrogen peroxide. Although
the contribution of POD to the oxidation of phenols is imited by the low internal level of
hydrogen peroxide, i has heen proposed that PPO could act as promoter of POD actwvily,
which could be duc to the generation of Hy0; during the oxidation of phenolic compounds
(Tomds-Barberan and Lispin, 2001; Garcia-Rodriguez et al., 2011). Therefore, the study of
the mlluence of enzymatic activity on EVOOQ phenolic compounds changes is a current
research challenge. The present work aims to evaluate PPO and POD activities during the
2010 harvest season in two of the main olive cultivars produced in Portugal: Galega and
Cobrangosa. The first onc is well known as a producer of soft oils, with a relatively Jow
content of phenolic compounds whereas with Cobrangosa olives, bitter and pungent
EVOO arc produced. It is expected that changes of phenolic compounds and enzymatic
activity levels can occur dunng mipening (Ortega-Gareia et al., 2008, Ortega-Gracia and
Peragdn, 2009). So, the effect of harvest time on enzymatic activitics and on antioxidant
levels in EVOO, was investigated.

Material and Methods

In 2010, a trial was conducted in a non irmigated olive grove, under miegraled
prodiuction, Jocated in Beira Baixa, an inland region in the centre of Portugal. Olive fruits
(Olea ewropaca L.) ¢vs CGalega vulgar and Cobrangose were picked in the begimning of
Oclober (20 weeks after flowermg -~ WAF) 1ill the 2™ fortnight of November. Their ripening
indices (RI) were determined following the guidelmes of Estacion de Olivicultura
Elaiotccnia. Jaén, Spain (Hermoso et al. 1997); humidity and fat content (by Soxtec) ol the
fruits were ako evahiated. Only healthy fruits were selected for enzyme aclivity asssys and
for olive oil extraction. Acetone powders were prepared by homogenizing olive destoned
fruits with frozen acetone (-20°C) in an ultraturrax (2 min), followed by filtration in fiber
glass fllers, washing the peliet with acetone (-20°C) until total removal of pigments,
followed by drying al room temperature with N. (Saraiva et al., 2007; Lester ct al. 2004).
POD and PPO extracts were prepared from 0.4 g of acctone powder suspended in 5 ml. of
extrction buffer (0.05 M potassium phosphate, pH 6.2 contaming IM KCI) (Servili et al.
2007) and 2% (m/m) of PVP and stirred for 30 min, 4°C, 400 rpm: the suspension was
centrifisged at 12,000 rpm for 30 mim and filtered (0.45 um). Enzymatic activily assays were
performed using contmuous spectrophotometric methodologies. PPO was cvaluated using
catechol (30 mM) as substrate based on Oktay et al. (1995) methodology. following the
increase in absorbance al 420 nm, during I min POD activily was performed using the
procedure described by Gajewska ct al (2006), by the increase in absorbance at 470 nm 2
min) using 30 mM guaiacol and 4 mM H,0; as substrates. Protein evaluation was performed
hy Bradford method (1976).

Olive oik were extracted in Abencor equipment. Oil extraction was performed by
thermobeating at 27-30°C. for 30 min. Furopcan Union chemicil quality criteria (acidity
value, peroxide index (IP) and UV light absorplion (Kyz; and Kym)) was camed oul
following the analytical methods described in EEC/256891 EU Regulation. Total
phenolic compounds were determined employing Folm-Ciocaltesu reactive with solid phase
extruction (Favati et al., 1994) and quantification by VIS spectroscopy (results expeessed as
gallic acid equivakents {mg GAE kg ). Tocopherols were determined by high-performance
liquid chromatography in an Agilent 1100 Senes chromatograph (NP-HPLC), fluorescence
detection with excitation sct at 290 nm and emission set at 330 nm. A Lichrosorb Si 60
column {Spm) and a fow rate of 1.2 ml min~ were used at room temperature. Sensory
analysis of olive oils was performed using a quantitative descriptive analysis (QDA) for
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positive attributes adapted from Angerosa (2000). Quantification of attributes was carried
out using an unstructured scake.

Results and Discussion

Extraction of olive oils was performed with olives with humidity between 53 and 56%:
ripenmg indices began in 0.6 and lnished al 4.4, with fal conlents rnging from 27 10 37%
(DW). Results of quality criteria showed that al] the olive oils were classified as EVOO
(acidity < 0.3% oleic acid; 1P < 12 mexg Os kg Kz < 0.19; Kin < 1.60). POD activily 1s
detected predominantly in the sced while PPO is located mainly in the fruit mesocarp,
which is in agreement with other authors (Servili e al. 2000: Garcia-Rodriguez et al.,
2011). At the beginning of Oclober (nearly 20 WAF) Galega cultivar showed almost
undetectable PPO activity, while about 70 U g 'FW was detected in C obranposa cultivar
{Fig. 1). At this datc, the RI was 0.8 for Galcga cultivar, and 0.6 for Cobrangosa cultivar,
meaning that PPO enzyme activity 1s more influenced by the cultivar than by the ripening
stage. Cobrangosa cultivar showod higher mesocarp p-olyphcnol oxidase activity than
Galega. PPO activity rises in the 2 fortmight of October, decreasing thereafier, as well as
total phenol content for both cultivars (Fig. | and 2).
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Fig. 1. Olive mesocarp PPO activity (Ug'IF\\") during two months ripening {mean and
SD). (CORB - Cobrangosa: GAL - Galega),

1400
1200
1.000

mg GAE kg !

&0ct 210cz  SNov  20Nov

Iag. 2. Total phenols (mgr GAL kg ) virgin olive oils during two months ripening (men
and SD) {COB - Cobrangosa: GAL - Galega).

This behaviour was also observed by Garcie-Rodrigues et al. (2011) for Picual and
Arbequina cultivars. However, higher PPO activitics were reported. These differences
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couki be explamed by the use of 4-rerr-butyicatechol (TBC) as substrate instead of
catechol (Garcia- Molina et al, 2007). The coninbution of phenolic compounds to
bilterness of olive oil is well cstablished (Angerosa, 2000). Galega olive oils are always
referredd as having very kow contents of phenols (Peres ct al, 2000; 2009) and
consequently low bitter oils are usually obtained, bemor) analysis was performed in olive
oils obtained in the last harvest date (November 20™ ). C uhr.lru,tm olve o1ls presented
strongly biller and pungent noles in levels considered as “intense”™ according to EC Reg.
N* 640008, 4 July. On the contrary, sweeler oils were oblamed Irom Galega olives in the
same dale, although with bitter notes. This may be duc to the fact that olives were picked
from non irrigated trees (Stefanoudaki et al, 2009),
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Fig. 3. Ohve seed POD (Ug"l-'W) activity dﬁring two months ripening (mean anxi SID)
{COB - Cobrangosa: GAL - Galega).

This preliminary study shows that afler October 20" total phenols in Galega oils
decrcase faster than in Cobrangosi oils, which is richer in phenolic compounds. Also PPO
activily in fruit mesocarp shows a similar trend as total phenol content. An increase in
seedd POD activity during the npening period was observed for both cultivars (Fig. 3).
Higher sced POD activity of Galega olives ¢an contribule to the degradaton of phenols
during olive o1l extraction. For Picual olives a high mesocarp PPO asctivily was
accompanicd by a high seed POD activity (Garcia Rodriguez et al., 2011).
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Fig. 4. @ Tocopherol content (mg k') of Galega and Cobrangosa EVOO during two
months ripening (mean and SD) (COB - Cobrangosa: GAL - Galesga).

In what concems tocopherols, Fig. 4 shows the results of e tocophberol content durmng
fruil ripening, Alpha-tocopherol 15 the most important lipophilic phenol in EVOO),
contributing for more than 90% of all tocopheroks present i olive oils (Boskou et al.
2006). Cobrangosa oils have always higher contents of a-tocopherol than Galega oils.
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Along frust ripening a decrease in this compound was observed in both oils, conversely to
the observed POD auml\ m seed. A low content of fi-tacopherol was observed in both
oils (3.7 £ 0.77 mg kg ) Galega oils had a -tocopherol content of 11.9 + 0.48 mg kg~
while Cobrangosa oils had 8.4 L 0.60 mg l\gl which scems to be a good parameter o
discriminate these oils.

In conclusion, harvest time related with the ripening stage of esch cultivar, 1s one of the
most imporant parameters that influence EVOO guality. The knowledge about the
enzymatic behaviour during ripening may be an indicator if it is possible to have a long
harvess time or if 3t is better to harvest as soon as possible, in onder to have high quality
EVOO, for a specific cultivar.
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