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ABSTRACT

Olive oil is one of the most popular vegetable oils worldwide but several factors
might affect its quality and composition, from the tree to the spoon. Olive oil quality and
composition is mainly influenced by olive fruit characteristics, and therefore all aspects
that influence their development have a crucial effect on olive products. Those factors
include the selection of olive cultivar, its cultivation, degree of crop intensification and
production systems, agricultural practices, including irrigation and fertilization, olive
pests and diseases management, all these factors clearly defining the composition of olive
fruits and the inherent quality and properties of olive products.

In the last decades, huge modifications in olive tree cultivation have been observed,
related essentially with two great factors: development of olive cultivations in new
producing areas and crop intensification in traditional producing areas. Generally, most
agronomic factors, including crop density, farming system, irrigation and fertilization,
have no substantial effects on fresh olive oil quality parameters and classification.
Nevertheless, a considerable incidence of olive pests and diseases can easily take fresh
olive oils to the lampante category. In opposition, all agronomic factors seem to influence
olive oil composition. Antioxidants are the main affected components, with a crucial
effect on olive oil sensorial attributes, bioactive and nutritional properties, as well as its
oxidative stability.

In present chapter the influence of diverse agronomic factors on olive fruits and olive
oils production, composition and quality, is reviewed and discussed, giving special
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importance to olive farming-systems, fertilization and irrigation, as well as the incidence
of olive pests and diseases.

Keywords: Olive oil, agronomic factors, composition, quality, olive-farming systems,
fertilization, irrigation, olive pests and diseases

INTRODUCTION

Olive oil is a premium vegetable oil that, contrary to the majority of commercial
vegetable oils, can be consumed in its crude form, without refining, maintaining and
preserving its composition and potentially all associated beneficial properties. Olive oil is the
9" most produced vegetable oil worldwide [1] and it is gaining importance and relevance
comparatively to other vegetable oils. Indeed, in the last two decades both production and
consumption figures increased considerably (Figure 1).
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Figure 1. Worldwide olive oil production and consumption data (1000 tons) since 1990/91 (10C 2012g;
I0C 2012b). *Provisional data; **Predicted data.

Since the early 90’s, olive oil production increased about 50% while its consumption
increased 65% [2, 3]. Such increase is not only associated to global population growth, but
mostly with the popularity that this vegetable oil gained over the last decades. Originally
restricted almost to the Mediterranean region, olive orchards are now planted in regions
where olives were absent or had a small representation. In particular, its cultivation is
increasing in America (in the North mainly in California; Central America, mainly in Mexico;
and in South America in Argentina, Chile and Brazil), South Africa and Australia. Olive oil is
also being introduced in new potential markets, namely in Brazil, China and Russia, which
also foment the consumption of this premium vegetable oil.

The inclusion of olive oil and related olive products in the daily diet is associated to
innumerous health benefits, a direct consequence of its characteristic chemical composition.
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Among those components, monounsaturated fatty acids, pigments (chlorophylls and
carotenoids with B-carotene as a very active component), tocopherols (mainly a-tocopherol),
sterols (mainly B-sitosterol), and diverse phenolic compounds (hydroxytyrosol; tyrosol;
oleuropein and derivatives) are recognized as the most active compounds (Figure 2).

In respect to major components, fatty acids, olive oil is rich in monounsaturated fatty
acids (MUFA), mainly oleic acid (Cys:1), and has reduced amounts of both saturated (SFA)
and polyunsaturated fatty acids (PUFA) but provides adequate amounts of essential fatty
acids (linoleic and linolenic acids) [4]. This entails a high antiatherosclerotic potential, and a
lower risk of cardiovascular diseases [5].

Concerning pigments, [3-carotene is one of the most abundant carotenoids in olive oils [6]
and, together with lutein, has antioxidant properties [7], inhibiting olive oil photoxidation by
acting as singlet oxygen quenchers [8].
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Figure 2. Olive oil components with nutritional and bioactive potential. (3,4-DHPEA - 3,4-
dihydroxyphenylethanol (hydroxytyrosol); p-HPEA — p-hydroxyphenylethanol (tyrosol); 3,4-DHPEA-
EA — oleuropein aglycon; 3,4-DHPEA-EDA - Dialdehydic form of decarboxymethyl elenolic acid
linked to hydroxytyrosol; p-HPEA-EDA — Dialdehydic form of decarboxymethyl elenolic acid linked
to tyrosol).
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Tocopherols, especially a-tocopherol, display a dual activity since they are antioxidant
compounds and exert a vitaminic action (vitamin E) contributing considerably to olive oils
stability [9, 10] and consumer’s health. Additionally, ingestion of a-tocopherol appears to
have a preventive effect on the some of the most important diseases of the modern society, as
cancer and Alzheimer [11, 12].

Olive oil phenolic compounds, also with recognized antioxidant capacity, are associated
to innumerous healthy properties and benefits to consumers’ health. There are several reports
and literature revisions that highlight the in vitro [13-15] and in vivo [16-18] activities of
these compounds and their pharmacological properties [19]. Phenolic compounds also have a
marked influence on the olive oil sensorial attributes, particularly the spicy, astringent and
pungent sensations, as well as on the olive oil global quality and stability.

Olive oil composition, however, is the results of a diversified array of agronomic and
technological factors. On this chapter, the impact of the application of fertilizers in olive
orchards, the new planting systems linked to irrigation methods, together with the incidence
of olive pests and diseases on the production, on the olive oil composition and quality will be
reviewed.

PLANTING SYSTEMS AND IRRIGATION

Olive trees are cultivated in three main olive-farming systems: i) traditional/low density
olive groves (Figure 3A); ii) intensive olive groves (Figure 3B); iii) and high density or super
intensive olive groves, also known as hedgerow olive orchards (Figure 3C) [20].

Traditional olive groves have usually 100 to 200 trees ha™ (Figure 3A), are rain fed and,
in some cases, harvest is still manual. These groves are usually composed by large and old
trees, with several decades and, in some cases, even centenary olive trees, making mechanical
harvest difficult. In some regions this kind of olive-farming system is being gradually
abandoned or replaced by the two other more modern olive-farming systems. Intensive
plantations are mainly irrigated, have between 200 and 550 olive trees ha™, and harvest is
usually made mechanically (Figure 3B). In hedgerow olive orchards olives are exclusively
collected by mechanical means to turn harvest as profitable as possible, being the olive trees
irrigated following deficit irrigation programmes. These kind of olive orchards contain more
than 1500 olive tree ha™ (Figure 3C) [21]. Additionally, olive groves can be classified
according to their production system: conventional olive groves and organic olive groves.

Olive-farming
systems

Figure 3. Different olive-farming systems. A — Traditional/low density olive grove; B — intensive olive
grove; C — super intensive or hedgerow olive grove.
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Planting System and Olive Oils Quality and Composition

Studies comparing the influence of different olive-farming systems on the olive oil
composition and quality are scarce. These studies are difficult to implement since many
variables interfere in the outline, starting from olive varieties, irrigation regimes, soil
composition and the standardization of olive trees density. Therefore, most studies on olive-
farming systems focus mainly in trials to test the adaptation of different olive cultivars to high
density olive orchards, irrigation and fertilization optimization, as well as to observe
production yields and the quality and composition of the obtained olive oil from specific olive
cultivars.

By studying low density plantations (from 51 to 156 trees ha™) in traditional olive groves
of cv. Chemlali, Guerfel et al., [22] verified that planting density is a key aspect to be
considered for the quality and composition of olive oils in arid areas. These authors verified
that tree densities from 100 to 156 trees ha™ result in olive oils with higher oxidative stability,
as observed in Figure 4. Authors verified higher content of chlorophylls and carotenoids,
oleic acid and total phenols in densities of 100 trees per ha, contributing to the observed
effects, but the specific coefficients of extinction at 232 and 270 nm (Ky and Kz
respectively) increased, eventually threatening extra-virgin olive oil classification.

Regarding intensive olive groves, adaptation of cv. Arbequina in different planting
densities (from 179 to 385 trees ha™) was studied by Tous et al., [23]. These authors verified
that, at full production, an average of more than 5000 kg of olives per ha were obtained, with
the highest economic return with 312 trees ha™. The same group also studied adaptation of
different olive cultivars (Arbequina-i 18, Arbosana, Canetera, Joanenca, Koroneiki, and Fs-
17) to super intensive olive orchards with a plantation density near 2500 trees ha™* [24]. The
results clearly demonstrated that Arbequina-i 18 is the most adapted to this olive-farming
system, producing nearly 24000 kg of olives per ha, followed by Arbosana and Canetera [24].
According to these authors, an increased plant density is mainly affected by light competition:
being cultivated closely light competition is high, reducing crop yield [23].
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Figure 4. Oxidative stability (hours) and total phenols content of olive oils from cv. Chemlali cultivated
in traditional olive groves under different olive tree densities (data updated from Guerfel et al., 2010).
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In high density olive orchards (1250 trees ha™) Allalout et al., [25] studied olive oil
quality and composition of several olive cultivars (Arbequina, Arbequina-i 18, Arbosana, and
Koroneiki). The authors verified that Arbequina was the cultivar with lower oil content, while
in the extreme opposite was Koroneiki. Nevertheless, all cultivars reported good quality
indices, being classified as extra-virgin olive oils.

Plant density seems to have a crucial effect on olive oil yield but it appears to have no
influence in the olive oils quality. Meanwhile, some aspects need to be taken in consideration
because if plant densities are extremely high it can affect plants physiological development.
The competition for soil mineral nutrients as well as for light exposure can influence
negatively the production of olive fruits, affecting yield, and possibly having repercussions at
quality and composition of the obtained olive products. Furthermore high density olive-
farming plantations are irrigated, which also influence productivity, quality and composition
of olive ail, as we discuss ahead in this chapter.

Organic vs. Conventional Olive Oil: Quality and Composition

Organic agriculture is increasing in all crops worldwide, mainly due to consumers’
awareness about pesticides residues in food products. Indeed, conventional agriculture, due to
the application of phytosanitary products, leads to pesticide residues in olives [26], passing
them to olive products [27, 28]. In 2010, nearly half a million ha were already dedicated to
organic olives production [29]. A consumers’ satisfaction study in Greece demonstrated that
78% of consumers were satisfied with organic olive oil, describing its beneficial health
aspects as the most competitive advantage [30].

Comparing productivities of conventional and organic olive groves, higher productions
are usually observed in conventional groves. Ninfali et al., [31] verified that both Leccino and
Frantoio olive varieties produce more in conventional groves (5514 and 4721 kg/ha,
respectively) than in organic ones (4125 and 3494 kg/ha). The same authors also verified
higher pest incidence in organic olive groves (10%) than in conventional ones (4%).

In which respect to olive oil quality from organic and conventional olive groves, data
reported in literature is sometimes contradictory. Gutiérrez et al., [32] reported that organic
olive oils possess higher quality when compared to conventional ones, while Ninfali et al.,
[31] were unable to found the same trend during a 3-year consecutive study. In the study
performed by Gutiérrez et al., [32] the olive oil from cv. Picual displayed better results in all
quality indices evaluated (free acidity, peroxide value and Ks3,). The differences found
between both cultural practices were more pronounced with olives maturation, with higher
degradation in conventional olive oils. Sensorial evaluation was also better scored in organic
olive oil than in conventional ones, in particular the positive attributes green fruit, mature
fruit, bitter and spicy [32]. In which respect to Frantoio and Leccino olive cultivars [31], the
same quality parameters were not consistent since in some years conventional olive oils
display significant higher quality, and in other years the same trend is not observed. In the
sensorial evaluation, no marked differences were observed between both agricultural
practices in cv. Frantoio. However, conventional olive oils from cv. Leccino were fruitier,
pungent, bitter, and exhaled higher cut grass sensations than olive oils extracted from organic
olive fruits [31].
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Regarding olive oils composition, and according to Gutiérrez et al., [32], organic olive
oils are richer in antioxidant compounds, such as a-tocopherol, o-diphenols and phenolic
compounds, while Ninfali et al., [31] did not found significant differences in the same
components when the three years of study were compared. The same authors’ found no
differences in the antioxidant activity displayed by organic and conventional olive oils while
organic cv. Picual olive oils were reported as having significantly higher oxidative resistance
than conventional olive oils, partially attributed by the high content of antioxidant
compounds, by Gutiérrez et al., [32]. Sterolic fractions of both organic and conventional olive
oils were similar, while the fatty acids profiles differ mainly in oleic and linoleic acids
contents. Oleic acid content was higher in organic olive oils while linoleic acid content was
superior in conventional olive oils [32, 33].

Irrigation and Olive Oils Quality and Composition

Irrigation is already a common practice in intensive, super intensive or hedgerow olive
orchards and, in minor proportion, in traditional olive groves. It is clear that irrigation
practices increment considerably olive fruits as well as olive oil production yields [34-41].
But do irrigation practices influence olive oils quality and composition? One approach to
context this question could be given in Figure 5, which schematizes the general effect of olive
trees irrigation on quality, composition, stability and bioactivity of olive oils.

As illustrated in Figure 5, olive trees irrigation considerably affects olive oils
composition, sensorial component and, in minor extension, olive oils quality. Starting from
quality, several studies highlight slight increases in free acidity and higher peroxide formation
in olive oils extracted from irrigated olives, but without statistical meaning [37, 41-43].
Regarding specific extinction coefficients at 232 and 270 nm (K3, and Kj7o, respectively)
some studies report a slight decrease in these quality parameters while others report no
significant differences with different irrigation regimes. However, olive oil classification is
not endangered by irrigation practices since all olive oils continue within the legal limits of
extra-virgin olive oils [44]. Regarding sensorial characteristics, olive oils extracted from
irrigated olives are less fruity, pungent, and bitter, and the higher the quantity of water applied
to olive trees, the lower the score of those positive attributes [41-45]. By contrast, the same
studies report that olive oil becomes sweeter due to the lower grade of bitterness and
pungency of the oils obtained from irrigated trees. The bitterness index (Kys) is in
accordance to these observations, being negatively correlated with the amount of water
applied to olive trees, a fact also linked to the phenolic composition of olive oils. Almost all
studies which conducted trials with different irrigation regimes determined the phenolic
content of the extracted olive oils. The results are clear and concise: irrigation reduces
drastically the phenolic compounds in olive oils [35, 39, 41-45]. These results were also
corroborated by Romero et al., [46] and Servili et al., [47] that verified richer qualitative and
guantitative profiles of phenolic compounds in olives from different regulated deficit
irrigation programs. Besides phenolic compounds, chlorophylls, carotenoids, tocopherols
[43], sterolic fraction [41], and volatile composition [41, 47] are reduced in olive oils
extracted from irrigated olives. Changes in the fatty acids profile were also observed,
generally with higher contents of oleic acid being reported in olive oils from irrigated trees
and higher linoleic content in olive oils from non-irrigated olive orchards [43, 47].
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Figure 5. Global impact of irrigation practices on olives and olive oil productivity, quality and
composition.

The changes inflicted by irrigation practices in the composition of olive oils interfere
with their bioactivity, reducing the antioxidant potential, since olive oils from irrigated olives
lose important antioxidant compounds, including phenolics, o-diphenols and tocopherols.
This loss of antioxidant potential by olive oils is critical, affecting their stability and
resistance to oxidation.

Indeed, oxidative stability loss is directly correlated with the amount of water applied in
the irrigation regimes, with lower oxidation resistance as water increases. Berenguer et al.,
[42] reported oxidative stability losses between 10% and 71% in Arbequina olive oils with an
irrigation treatment of 140% and 104% of ETc (olive tree evapotranspiration), respectively.
Other authors reported, for the same olive cultivar, losses between 17% [43] and 27% [46] in
studies of linear irrigation strategies and deficit irrigation strategies, respectively. Gomez-
Rico et al., [44] also reported oxidative stability losses between 4% and 36% in Cornicabra
olive oils.

Overall, olive oils extracted from irrigated olive fruits display good quality after
extraction, allowing them to be classified as extra-virgin olive oils. However, since olive oil
composition is severely affected, particularly being depleted of antioxidant compounds, their
storage stability could be reduced. This is a very important aspect since, once stored and
bottled, olive oils from irrigated olives may pass through preservation deficiencies and may
arrive to consumers already degraded and rancid due to autoxidation [48]. Furthermore, these
aspects may raise authentication concerns, since labelled extra-virgin olive oils may arrive to
consumers with sensorial defects, being the product inconsistent with the denomination
labelled.
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FERTILIZATION

One of the goals of olive trees fertilization is improving and increasing olives production
and yields. In each campaign, substantial amounts of mineral nutrients are lost in olive groves
due to soil lixiviation and erosion, irrigation, tillage practices, fruits removal, branches
removal by pruning practices, and natural drop of olive leaves. Therefore, it is essential to
provide to the crop the necessary mineral nutrients in order to assure adequate growth and
yields in the following years. The most modern olive-farming systems with intensive
production foment an increased consumption of mineral nutrients, needed to ensure a proper
production. According to Rodrigues et al., [49], olive tree responds markedly to the
application of nitrogen (N), mainly in low fertility soils. Also, the application of potassium
(K) leads to an increase in olive trees growth and olives yield in fertilized olive groves.
Indeed, 60% of K is located in olive fruits [50], which are annually removed with the harvest,
being its reposition essential. Phosphorous (P) is another mineral nutrient applied to olive
trees, being essential to root growth and plant tissues. Boron (B) and magnesium (Mg) are
other two mineral nutrients applied to olive trees [51, 52].

Nevertheless the application of fertilizers is not free of consequences to olive production
and the quality and composition of the obtained olive oils. The most related cases are nitrogen
over-fertilization [53], as excessive doses reduce flowering, flower quality and owvule
longevity [54] as well as fruit set, reducing fruit load [50] and consequently also olive oil
production. Excess of nitrogen has also influence in olive oils quality and composition [55,
56] as described in the next section of the present chapter. Therefore, a proper diagnostic of
olive tree mineral status is essential, including foliar diagnosis [57], as well as an optimization
in the application of fertilizers according to the olive tree needs [58].

Fertilization and Olive Oil Quality and Composition

Most studies regarding fertilization effects in olive oils quality seem to be in agreement
as to no major interferences are observed. A good example is that the application of different
doses of N-P-K (4N-1P-3K complex fertilizer) in olive orchards submitted to irrigation did
not cause quality changes in olive oils from cv. Manzanilla de Sevilla [59]. Quality
parameters (free acidity, peroxide value, Kys, and Kyz) remained low with the increasing
dose of fertilizers. However, these observations do not extendable to the olive oil
composition, with differences observed at the molecular level. The main components affected
are the phenolic compounds [55, 56, 59, 60]. According to the different treatments applied to
olive trees in different years, cv. Manzanilla olive oils lost between 16 and 32% of phenolic
compounds comparatively to control treatments without application of fertilizers [59, 60].
Regarding conditions of N over-fertilization, olive oils from cv. Picual lost between 16 and
51% of phenolic compounds [55, 56]. With a considerable decrease in phenolic compounds,
several aspects of olive oil are expectedly affected: being strong antioxidant compounds,
olive oil becomes less protected from oxidative agents. This hypothesis was confirmed in the
above mentioned studies, since the oxidative stability in both olive oils from cvs. Manzanilla
and Picual was considerably reduced [55, 56, 59, 60]. Another aspect directly related with the
reduction of phenolic compounds is the olive oil natural bitterness (measured by Kjzs). Kaos
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parameter reduces with fertilization, therefore the sensorial score is compromised, with
positive attributes like bitterness, spicy and pungent sensations being considerably reduced in
olive oils due to phenolics loss.

Tocopherols (mainly a-tocopherol) and pigments (chlorophylls and carotenoids) appear
to have an opposite tendency. Nitrogen application significantly increases the amounts of o-
tocopherol in olive oils, while for B- and y-tocopherols no significant changes are observed
[56]. Ferndndez-Escobar et al., [56] also verified an increment in chlorophylls and
carotenoids with increasing N doses, but without statistical meaning. Regarding fatty acids
composition of olive oils, the changes observed due to N application appears to be related to
olive cultivar as only merely small changes were observed in cv. Picual [56] but some
important modifications were reported in cv. Manzanilla olive oils with different fertilization
treatments [59]. The PUFA fraction increased significantly with the application of higher
doses of N-P-K, mainly due to the increase in linoleic acid, while MUFA decreased
significantly due to the reduction in oleic acid representation. These observations were
accompanied during two consecutive years, which corroborate the influence of fertilization in
the fatty acids profile of olive oils.

In a long term, just as discussed in the section “Irrigation and olive oils quality and
composition” of the present chapter, the changes inflicted by fertilization in olive oils
composition may be critical for its preservation. Oxidative stability is reduced due to
antioxidant compounds loss, and the unsaturation degree increases, which turn them more
prone to oxidation.

OLIVE PESTS AND DISEASES

Olive pests and diseases are responsible for serious crop losses and quality degradation of
olive products, including olive oil. According to Bueno and Jones [61] 15% of olives
production is lost each year due to pest incidence. Nowadays, due to the increase of olives
cultivation and their expansion in new areas of the globe, olive pests spread across olive
producing areas, raising damages. On this chapter we will focus on two of the most important
olive pests: the olive fruit fly (Bactrocera oleae (Rossi); Diptera: Tephritidae), and the olive
moth (Prays oleae Bern.; Lepidoptera, Plutellidae), and in two of the main diseases that affect
olive tree: the olive anthracnose (Colletotrichum sp.) and verticillium wilt (Verticillium
dahliae Kleb.) (Figure 6).

Olives Production Losses Caused by Olive Pests and Diseases

Olive moth has important economic effects on olives production, affecting therefore olive
oil quality and amounts. Olive moth cause high levels of fruit drop due to burrowing into
fruits in the early stages of development. The larvae of antophagous generation feed on the
seed inside olive stone and then exit the fruit, increasing fruit drop, mainly in the month of
September, but also during fruit maturation. In a long-term study, Ramos et al., [62] verified
the consequences of different levels of incidence of olive moth in southern Spanish olive
groves. These authors observed that high levels of olive moth attack (more than 40% of fruit
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drop) occurs approximately every three years and cause an average loss of 131792 tons of
olives. These losses entailed an economic damage of about 79.5 million € at that time. With
moderate levels of attack (average of 29% of fruit drop), 50332 tons of olives were lost, with
a damage of 30.4 million €. With low level of attack (average of 10% of fruit drop) 18623
tons of olives were lost with an economic prejudice of 11.2 million € [62]. These results
highlight the importance and threat that this olive pest represents to olive crop.

Prays oleae

Olives anthracnose Verticillium wilt in olive tree

Olive diseases Bactrocera oleae

Figure 6. Main olive pests and diseases that affect Olea europaea L..

Even regarding olives production losses, after olive moth attack, olives are susceptible to
olive fly infestation. The adult female of this dipteran lay her eggs on olive fruits, and the
larvae feed on olive pulp, consuming from 3 to 20% of pulp according to the olive variety
[63, 64], and creating galleries inside the fruit. When the larvae is ready to pupate, that can
occur inside the fruit or in the soil, larvae opens an exit hole in fruit for larvae or adults leave.
Similarly to what happens with olive moth, olive fly infestation also causes fruit drop from
the tree but in lower amounts comparatively to olive moth, as witnessed by Bento et al., [65].
In no chemical sprayed olive groves, these authors report a fruit drop of about 19%of olives
per tree. The most critical data was checked when authors assessed the infestation level of
olives at the harvest moment, and verified that 84% of the fruits were infested.

Concerning olive diseases, anthracnose is considered the most destructive disease
worldwide in olive crop. Firstly reported in Portugal [66] this disease rapidly spread to all
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olive producing areas in the globe. Olive anthracnose is caused by several causal agents,
including Colletotrichum acutatum, more prevalent and aggressive than other species, as
example C. gloeosporioides [67, 68]. Anthracnose causes fruits dehydration, fruit rot and
mummification [69] as observed in Figure 6. This pest also aids in the spread and entrance of
the causal agent in olive fruits. In years when B. oleae populations and infestation levels are
high, olive anthracnose can cause up to 100% of fruit production losses [70, 71]. According to
Moral et al., [72], only in Spain, about 70 million € are lost each year due to anthracnose
prevalence.

Other disease with global importance is verticillium wilt. This is a vascular disease
caused by the soil-borne fungus Verticillium dahliae Kleb. [73]. Similarly to olive
anthracnose, verticillium wilt can be found in almost all olive producing regions in the world
(Table 1).

Table 1. Verticillium wilt incidence in olive groves and disease incidence in olive trees
cultivated in different olive producing countries

Incidence in Disease incidence
Country ) L References
olive orchards in olive trees
Algeria 90% 12% [74]
Greece - 2-3% [75]
Israel - 12-50% [76]
Italy 6.2-35.8% - [77]
Morroco 60% 10-30% [78]
Spain 39.5% - [79]
Syria - 0.85-4.5% [80]
Turkey 35% 3.1% [81]

This is a very dangerous disease since it can attack partially the trees or it can kill the
entire olive tree. Another worrying aspect about this disease is the high infestation levels
recorded at nurseries (about 50%), as witnessed in Italian olive nurseries by Nigro et al., [77].
Its symptoms are partial leave defoliations, inflorescences necrosis and branches dieback.
This disease influence considerably olive trees development and growth, as well as fruit
production affecting considerably olive oil production.

Olive Pests and Diseases on Olive Oil Quality

Studies regarding the effect of olive moth on olive oil quality are inexistent, once
attacked fruits drop to the soil and this fruits are not recommended to be used for oil
extraction. However, literature highlights accordingly the nefarious effect of olive fruit fly
infestation in olive oil quality. Olive oils quality degradation is directly proportional to the
amount of olive fruits infested by olive fly and mainly olive fruits with exit holes [82-85].
Two main chemical processes occur in infested olives, hydrolysis and oxidation. During its
development, olive fly larvae consume considerable amounts of olive pulp, creating galleries
in the fruit. This consumption and tissue destruction lead to enzymatic reactions between
lipases and triglycerides, increasing the amounts of free fatty acids in the pulp and therefore
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olive oils free acidity (FA). By other hand olive pulp become oxidized, by the entrance of
exogenous elements as air, cold/heat, water and several types of microorganisms, mainly
bacteria and fungi that provoke fruit rot, through the hole created in the fruits. Olive oils
extracted from infested olives report higher peroxide value (PV), due to the compounds
formed during primary oxidation, mainly hydroperoxides [48] when compared with olive oils
extracted with healthy fruits. Others quality parameters that allow monitoring oxidation
occurrence also report higher values in olive oils extracted from infested fruits: K,3, and K7
(which measure respectively the presence of primary and secondary products of oxidation).

As already mentioned, exit holes created by olive fly are an infectious window, since
many pathogenic agents enter by those sites. Camarosporium dalmaticum (Thiim.) Zachos &
Tzav.-Klon, and Botryosphaeria dothidea are some examples of pathogenic agents that cause
fruit rot and that are correlated with olive fly infestation [86, 87]. C. acutatum incidence
increase in years of high olive fly populations and infestation levels. Olive oil extracted from
olives with anthracnose reports lower quality compared to healthy olives and lower quality
than olives infested by olive fly [88]. Furthermore, an increase in bacteria, yeasts and moulds
is observed in olives infested by pests leading to an increase in the free acidity of olive oils
especially if olives are stored prior to oil’s extraction [89].

Sensorial characterization is a very important component of olive oils quality and
classification. Regarding sensorial component, olive oils from infested fruits by pests and
diseases have lower fruity, green, bitter and pungent sensorial attributes and increased defects
are noted, mainly fusty, musty, winey, grubby and many times rancid [83, 84, 90]. Many
defects arise from degradation and fermentative processes of olives. The perceived sensorial
component is mainly affected by the changes observed in the volatile compounds released by
the olive oil. In fact, olive oils from fruits infested by pests and diseases report lower green
and cut-grass sensations due to loss in (E)-2-hexenal, one of the main volatiles responsible for
those notes [91, 92], and one of the most abundant volatile compounds in olive oils [93]. The
increase in fusty and musty defects is due to microbial contamination of the olive fruits and
winey defect due to fermentative processes that release high amounts of alcohols (methanol,
ethanol and isoamylic) [94] and acetic acid [95].

The conjunction of chemical degradation due to pests and diseases incidence together
with the sensorial component gives us an idea of the changes inflicted in olive oils and the
overall quality that they display. Olive oil quality is severely affected and fresh olive oils
cannot be classified as extra-virgin olive oils, being considered virgin, or even lampante olive
oils [96, 97] due to both quality and sensorial defects.

Olive Pests and Diseases on Olive Oil Composition, Stability and Bioactivity

Olive oil minor components are directly implicated in the olive oil quality and its
properties as well. A very important factor that enhances the deleterious effects of pests and
diseases in olive oils composition is the maturation process. Several authors studied the
composition of olive oils extracted from infested fruits (mainly olive fly) and they highlight
the fact that mature olives are characterized by a poorer composition in several olive oil
components than greener ones and the intrinsically related quality is also severely affected
[83, 84, 95]. Some of the most affected compounds include the fatty acids, mainly unsaturated
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fatty acids, sterols (B-sitosterol), tocopherols (a-tocopherol) and, in great extent, phenolic
compounds (Figure 2).

In this section we will focus mainly in olive fly due to the scarce and many times
inexistent information about the impact of olive moth, anthracnose and verticillium wilt in the
composition of olive oils. Therefore, and starting by olive oil pigments, both chlorophylls and
carotenoids are severely affected by olive fly infestation. Olive oils extracted from green cv.
Chemlali olive fruits lost about 73.8% and 39.2% of chlorophylls and carotenoids,
respectively, when 100% of the fruits are infested [84]. Similar remarks were observed by
Tamendjari et al., [95] when studying Algerian olive cultivars. This is an aspect that not only
influences the composition of olive oil, but can easily have repercussions at the consumers’
preference, since olive oils become less green and more yellow, an aspect which isn’t
appreciated by regular consumers.

Regarding fatty acids profile, the information collected from literature is not consistent.
Some authors [84, 85, 95] studied the effect of olive fly in fatty acids of olive oils without
noticeable t changes in the profile. However, by studying three Algerian olive cultivars (cvs.
Chemlal, Azzeradj and Bouchouk), Tamendjari et al., [97] established negative correlations
between olive infestation level and unsaturated fatty acids, mainly oleic and linoleic acids.
The same authors report a positive correlation with saturated fatty acids according to the
infestation level of olive fly. These data highlights the oxidative processes suffered by the
olive fruits during infestation, which leads to a lower amount of unsaturated fatty acids in the
olive oil. Furthermore, unsaturated fatty acids are proner to oxidative processes [98] than
saturated ones.

Sterolic fraction (mainly B-sitosterol) and the triterpenic alcohol uvaol are affected by
olive fly infestation [99]. These compounds have their content reduced with olive fly
infestation level.

Besides being important minor components of olive oil, tocopherols are scarcely studied
regarding the effect of pests and diseases incidence on their contents in olive oil. When
studying Portuguese olive cultivars (cvs. Cobrancosa, Madural and Verdeal Transmontana),
Pereira et al., [85] verified that the B-tocopherol and y-tocopherol content in the olive oils was
not affected by the infestation level. However, a-tocopherol content decreased with the olive
fly infestation, with a characteristic response according to the olive cultivar, as witnessed in
Figure 7.

Cv. Cobrangosa was the one that lost lower amounts of a-tocopherol, only 6% at 100%
infestation level. Meanwhile cvs. Madural and Verdeal Transmontana reported losses of
about 22 and 38%, respectively, a lost that clearly compromises the composition and quality
of the olive oils obtained from these olive cultivars. The trend observed in Figure 7 for a-
tocopherol is the same observed for total tocopherols, since a-tocopherol is the most abundant
tocopherol in olive oils. Therefore, olive fly influences the amount of a powerful antioxidant
compound with impact on the olive oil stability and therefore, as already mentioned, in the
quality of olive oils.

In which concerns to phenolic compounds, literature is consistent: olive oils extracted
from olive fly infested fruits are poor in phenolic compounds [82-84, 97]. Gucci et al., [82]
verified that all phenolic compounds represented in Figure 2, namely hydroxytyrosol, tyrosol,
3,4-DHPEA-EA, 3,4-DHPEA-EDA, and p-HPEA-EDA, are negatively correlated with the
percentage of olive fruits with exit holes. Only (+)-pinoresinol and (+)-1-acetoxypinoresinol
maintain their contents with the increasing percentage of exit holes [82].
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Figure 7. Changes recorded in a-tocopherol amounts in olive oils from cvs. Cobrangosa, Madural and
Verdeal Transmontana extracted from olive fruits with different infestation levels (in bold and italic is
presented the percentage of loss of a-tocopherol between 0 and 100% infestation level). Data from
Pereira et al., (2004).

Regarding total phenols content, Gucci et al., [82] report a loss of about 75% of phenolic
compounds when comparing cv. Frantoio olive oils from healthy olives and those extracted
from olive fruits with 100% exit holes. Similar results were verified in other olive varieties:
21% and 50% respectively in Croatian olive cultivars Istarska bjelica and Buza [83]; 83% in
Tunisian olive cultivar Chemlali [84]; and between 60-68% in Algerian olive cultivars
Azzeradj, Chemlal and Bouchouk [97]. The loss of phenolic compounds is induced by the
olive fly larvae. Part of the phenolic compounds lost are ingested by the larvae during its
development and pulp consumption, while other part of phenols are oxidized in the olive fruit
and degraded by microorganisms and enzymes present in the fruit or that contaminate the
fruit after adult emergence.

With all the described changes suffered by olive fruits components due to olive fly
infestation, the oxidative stability of olive oils as well as its bioactivity are compromised.
According to Gémez-Caravaca et al., [100] and Mraicha et al., [84], olive oil antioxidant
properties are reduced with olive fly infestation, as reported in Figure 8A.

Antioxidant potential is reduced (Figure 8A) due to the loss of antioxidant compounds as
it is the case of tocopherols, namely a-tocopherol (Figure 7), and, in higher extent, in the
content of phenolic compounds as already witnessed and reported in Figure 8B. Olive oils
extracted from olives with an infestation level below 30% report nearly three times more
phenolic compounds than olive oils extracted from olives above the mentioned infestation
level [100]. This scenario leads, in a final stage, to loss of oxidative stability by olive oils.
Higher infestation levels are related with lower resistance to oxidation (Figure 8C) since
lower amounts of antioxidants are available to protect fatty acids from oxidative agents,
specially unsaturated ones, therefore the quality of the obtained olive oils is reduced. Below
30% of olive fly infestation, the oxidative stability is comparatively 10 hours higher than
from olive oils extracted from olives with an infestation level superior than 30% [100].
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Figure 8. Antioxidant activity (Figure 8A) (g quercetin/mL of extract), phenolic content (sum of
simple phenols, lignans and secoiridoids; Figure 8B) (mg/kg of oil) and oxidative stability (Figure 8C)
(hours), of olive oils extracted from olive fruits with different infestation levels. Data updated from
GOmez-Caravaca et al., (2008).

CONCLUSION

Agronomic factors influence considerably olive oils quality and composition. While
irrigation and fertilization applied in proper amounts, according to the plant needs, does not
affect olive oils quality significantly, it considerably affects olive oil composition. For both
factors this entails important issues regarding olive oils stability and preservation during
storage, reducing significantly olive oils shelf-life. Furthermore, a diversified array of
functions and health properties are lost in olive oils from over-irrigated and over-fertilized
olives, due to the considerable reduction in antioxidant compounds (mainly phenols, o-
diphenols, a-tocopherol).

Regarding olive pests and diseases, olive oil is primarily affected on the economic field,
since significant losses are entailed each year in olive fruits production. Olive oils quality and
composition is significantly changed by olive fly, a fact that leads to reduced quality, and
stability. Olive fly actions are so severe that olive oils are frequently classified as lampante
olive ails.
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Therefore, proper optimization of irrigation and fertilization programs need to be carried
out according to the olive varieties, the geographical region, climate conditions, soil
properties and most of all, plant status and needs. Regarding olive pests diseases, effective
control programs and phytosanitary programs need to be implemented to ensure olive oils
quality, composition, stability and properties.
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