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Abstract

In this study, extra virgin olive oil produced imetmountainous organic semi- intensive
production systems of Krya (Sitia, Crete, Greeca} wnder investigation in different
stages of production. The region is characterizetiph altitude, sloping and difficulty
to access systems that are considered as higfrefiandonment but its sustainability
has extreme survival importance for the local papoh that consists of producers and
suppliers that strive daily to improve this produthe study focuses in principles of
cultivation, quality control and marketing in order assess the production systems of
Krya in comparison with other regions. Data suggfest dominant crop practices in the
area is harvesting with hand—held mechanical htateg100%) and soil cultivation
with ploughshares attached to different sizes aftars, irrigation is applied in most
systems in Krya, Pruning and fertilization is alpoacticed in variable degrees.
Temperature measured during different stages ofgssing seems to have reached
27°C to 35°C suggesting a drop in quality because of high tmatpre effect to
phenolic content. Samples obtained from Krya grdwege produced olive oil that was
classified as Extra virgin olive oil based in saysand chemical tests, with average free
acidity scores lower than 0.4 %, with average piel@scores lower than 12 meg/L and
K270 index scores lower than 0,15. Sensory resultsesiggive oils with high medium
fruitiness (< 6) and light sense of bitterness pndgency (< 3) with no defects (0).
Several tools are proposed for better evaluatiothefstandard cultivation practices,
sensory characteristics are displayed in specifaply models and the total quality of
olive oil is calculated based in specified formtiet combined both chemical and
sensory results. Based in the Total quality indeares formula twenty-four samples
obtained from Krya and comparative organic systamescompared with popular olive
oils currently dominating the Greek and Cretan rearinally this study suggests
options for improvement of the production stagescoltivation, process and post
harvest management that may increase the succethe gfroduct and maintain the

productivity in the region aiming to become comipeti in the global market.
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CHAPTER 1: INTRODUCTION AND LITERATURE
REVIEW

1.1 General Introduction

The quality of olive oil is a very interesting sabj which has been very heavily studied
in the past and still is. Most studies agree timat quality of olive oil is strongly
connected with the regional characteristics of ldrel where it is produced. Multiple
factors during all stage of production influence themical and sensory attributes of
the oil [Servili et al., 1998][Brescia, 2003][Coskd06][Dabbou et al., 2010]. These
regional characteristics can be determined indegrahdwith various methods (in most
cases by agro technologists) which deal with variparameters (productivity, crop
protection etc.) affecting olive oil. In a differelevel olive oil quality can be analyzed
without taking in consideration its regional chaeaistics, only by applying chemical
and sensory methods (in most cases used by fobddlegists) to determine the state
to the product. Olive oil quality can also focus thie level of the nutrition (in most
cases by the nutrition technologists) by examinthg nutritional and secondary

characteristics (concentration of poly phenolsamwiin E) in relation with human health.

The Mediterranean countries have the leading prtoatusystems of olive oil in EU and
export products of both high quality and quantity the global market. In the
Mediterranean, olive oil has directly generatedimcome for about seven million
families and supported indirectly more that 30-3Bliom families the past decades
[Bonazzi, 1997]. Olive oil production is very populin Greece, the rates of
consumption are widely known to be increased coetpdo other countries. Ancel
Keys' studies in Crete suggested that the reasbgOnetans appeared to have so high

longevity [Artemis, 2001] are high olive oil consption, amongst other parameters.

Unfortunately, in the olive oil industry quality @ealth is not always the priority since
management in most cases focuses on the increasefibfwhich can easily be done by
increasing quantity which in most cases is a practompeting with quality. In the
olive oil sector this is called ‘intensificationf olive oil production systems which in

some cases has proven to be a non profitable peaetnd has led to the phenomenon of
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abandonment in some regions, including those tleatm@untainous (sited at an altitude
of 400 meters and above) , and difficult to ac¢®sscDonald et al., 2000].

It is a noticeable fact that the EU's agricultur@iqies the past years have been
encouraging higher quantitative production of olig#, but this also had several
negative impacts. In general, the large intensia@gahd production systems benefited
from higher support compared to mountainous trawigi production systems [de Graaf,
2007]. At the same time other oils such as candtaseem to be more profitable in
quantitative strategies. Especially in traditiomeduntainous production systems such as
those in Greece, Italy, Spain and Portugal thigcpdias proven to be destructive since
it has led to their abandonment since there is pedential to establish competitive
intensive agro-systems in high altitudes. Due ®Hhlgh costs of production compared
to flat lowlands these mountainous regions arenfaeither abandonment or pushed to
evolve into something more profitable. In south&uwrope this tendency has been
exacerbated by EU production subsidies under thar@an Agricultural Policy (CAP)
regime [Beaufoy, 2000].

This phenomenon has been studied by several pgojébe famous “Olivero project”
study (2003-2006) researched the reasons behis@llaindonment and aimed to create
possible conservation scenarios for mountainougsyswhich are considered as “high
risk of abandonment” described as “SMOPS”(slopingd amountainous olive
production systems) and suggest profitable streseigi assure the sustainability instead
of abandonment in areas in Southern Europe. Ortheohdvantageous scenarios was
the alteration of the conventional high-intensivé bnsustainable olive oil production
systems into semi-intensive organic systems, aimingroducts of better quality and
higher price in the market which would provide gmnomic survival of family-type
producers who would therefore then keep produclivg @il in such areas. By aiming
at producing high quality organic extra virgin @iwil with higher price in the market
these regions would therefore aim to produce adiveof optimum quality rather than
maximizing quantity for profit [de Graaff et al. @0]. This strategy would have a
number of positive and negative effects includirggtiied oil products with much
better quality but with a requirement for specidiZnowledge, and an additional cost
for certification. Since then not many studies hdesn done regarding the socio-
11



economic or quality evaluation of mountainous oldeproduction systems which have
evolved into organic producing systems. Especial{reece, where the extra virgin
olive oils in general have a deserved reputatiorigh quality, there are not many
studies characterizing the Greek regions and thieie oil varieties. Studies are even
less in olive orchards which produce oil at highitades and characterized as

mountainous, even less in organic olive oils.

It is very possible that organic farming as vievien many aspects could represent a
‘panacea’ to solve many problems in semi-mountanad highland systems since it
promises high quality yields with less intensifiadricultural methods, adopts eco-
friendly farming practices which are increasinglgnthnded and seems to be a
profitable business in areas that are considerégh“hsk of abandonment” due to
inclination and difficulty to access. Olive oil ditg seems to be the priority in these
systems since most studies suggest there is mifehedice between ordinary virgin oils
and extra virgin oils. Regarding its phenolic ssa@xtra olive oil is known to be a
source of more than thirty phenolic [Kellie, 2002ompounds including
acetoxypinoresinol and pinoresinol that are onspnt in extra virgin olive oil [Owen
et al., 2000] and not in other classes of olive(witgin, ordinary etc.) It is known to
contain natural phenols, including oleocanthal alediropein that benefit human health
[Tripoli et al., 2005]. These compounds have potaritoxidant properties and are also
known to give extra virgin olive oil its charactic tastes of pungency and bitterness
that are gaining respect. In addition extra virgiive oil produced in highlands
(altitudes around 200 to 600 meters) has beentepty have noticeable higher content
of total phenols [Dabbou et al. 2010] comparedtoldnds regardless the cultivar. This
is a considerable factor which not only agrees whthproposals of the Olivero project
about alteration of unsustainable mountainous syst®mto organic systems but also
creates the hypothesis that organic practices asettsystems could produce olive oil
with very desirable characteristics and of highealify compared to conventional
lowland olive oils. The global market clearly puesuproducts which combine quality,
safety and marketing values. So the current sdnatreates a pressing need for studies
which will assess the quality of organic olive pibduced in highland regions. In Crete

such systems can be found in all four municipai{€hania, Rethymnon, Heraklion,
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and Lasithi).

1.2 Mountainous production systems: expansion or
abandonment?

EU regulations on oil production promoted the isi@oation of olive oil production

until 2005. This has led to the expansion of obuéivation with conventional methods
of farming that resulted to unsustainable agricaltpractices [de Graaff and Eppink,
1999] [Beaufoy, 2001]. In later years, EU recogdigee failure of policy and proposed
to change the policy in 1997 (CEC, 1997).In addititne project “Olivero” was

designed to assist in the identification and dgwelent of appropriate policy options in
less favorable regions. The full title of the patjevas: "The future of olive plantation
systems on sloping and mountainous areas; Scen#@toproduction and natural
resources conservation”. The famous Olivero proj20803-2006) was a collaboration
of six institutes in five countries financed by tBeiropean Union under the Fifth
Framework Program for research [Stroosnijder et2007]. It dealt with the socio-
economic and environmental sustainability of “Skapiand Mountainous Olive
Production Systems (SMOPS)”. The project produaekmal scenarios where either

SMOPS had to be abandoned or become more profaégbteecosystems.

Sloping and Mountainous Olive Production SystenM(@S’) are production systems
in which olives are produced using similar agrditesdogical, ecological and socio-
economic conditions in mountainous “high risk ofandonment” land characterized
with high altitude and an indicative land incliraatiof 15% or higher [Fleskens, 2007].
One of the objectives of Olivero project was toa@lep alternative scenarios to improve
olive orchards productivity and sustainability ihetfive Olivero (target) areas of
including West Crete. Papers followed suggestirfieidint scenarios for each area.
Experts tried to foresee possible changes to aheidbandonment of these systems and
encourage intensification and organic productionthods [de Graaf, 2008].Some
studies also suggested that the project did no¢ldpva concrete, quantified definition
for all these systems [Beaufoy, 2007] thereforbeitame arguable which systems are

under abandonment or what strategies fit betteremh case. On the basis of these
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assumptions; several scenarios were discussechdopdrticipant countries. Portugal
pointed in systems of high probability of abandonmsuggesting as the optimum
scenario the alteration of conventional high-inteesSMOPS into organic production
systems. Spain, aimed in further intensificatiomaf@@da and Jaen Olivero study areas)
and suggested that orchards with especially higipesl were likely to be fully
abandoned [de Graaf, 2008]. Organic productiortesisawas generally considered and
became more popular as an idea. Following studidisated that Organic farming can
be a successful strategy only if oil price prerliteincreased. Finally, studies suggested
that the future of organic SMOP systems in the EW pvobably be determined by
consumers and their willingness to pay organiceotil [Gomez, 2008].

All of the above suggested that a mountainous agosystem is a high risk unit which
needs to be examined very closely from the scopscohomic sustainability which is

directly connected with the price of the productighich is dependent on its quality
which is also connected with the production stnategultivation methods practiced by
the producer in collaboration with the agro-teclgadts. These regions are often
weakly developed and access is difficult. At theneaime other farming sites flourish

because they are better accessed, has more pbtentia mechanized and are more
organized which encourages producers to investhese lands rather than the
mountainous and less productive hills [Beaufoy,1200he producers which remain in

the SMOPS are in need of a clear strategy whichresult in a successful outcome. To

survive they need to evolve, or else perish.

1.3 Public health benefits of regions where olivelas a basic

diet element

Modern nutritional science often addresses the rtapoe of a well balanced diet which
consists of macro-nutrients and micro-nutrientse filein micro-nutrients are protein,
carbohydrates and fat divided into different petagas and are the basis of a balanced
diet. In the Mediterranean diet the percentagebtédnsumption per day can reach 25-
30% of the total calories. The benefits of unsaadand mono-saturated fats in health

have been proved by modern science and foods suohva oils are preferred instead
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of other vegetable oils. In this chapter olive igilreviewed as a product with many
potential uses in human nutrition and as a fooddyeo of high importance for the

maintenance of health.
1.3.1 Nutritional properties of olive oil and healh benefits

The value of olive oil is indicated by the nutritists as beneficial to health and a major
component to be chosen among most other vegetaiiven the market. Numerous
epidemiological studies show that olive oil can uesl cholesterol and lower the
incidence of breast cancer in women [Patroni, 1986pd technology studies suggest
that the antioxidants in the oil can contributdhe stability and longevity of the oil as

well as in other products when olive oil is usecamtural additive.

According to the World Health Organization WHO)e thdoption of behavior related to

a healthy lifestyles such as diet, may increaseativieealth very largely. People who

adopt the Mediterranean diet have a longer lifduced mortality from all causes and
specifically reduced mortality from coronary hedisease and cancer. Olive oil has
been found to contain several antioxidant compouinaisare not found in other type of

oils. The researchers believe that the 'type'lasonore important in health rather than
"quantity”. The ability of certain types of oils poevent lipid peroxidation seems to be a
key process in the initiation, progression and daapon of many diseases such as
liver, kidney, cardiovascular and degenerative olegical diseases and diabetes.
[Aguilera et al., 2000]

In general, monounsaturated fatty acids such aes aiel linoleic acid are of particular
importance because of the nutritional effects. ét thased on a higher quality olive oil
will have a better role in the situation of humaealth, which is directly related to the
work undertaken in this project. Evidence from epmblogic studies also show that a
higher percentage of monounsaturated fats in tbieadisociated with decreased risk of
coronary artery. This is important because thesaguite rich in monounsaturated fats,
especially oleic acid. There is much evidence fraimical data suggest that
consumption of olive oil can provide benefits f@aht health, such as favorable effects

on cholesterol regulation and - oxidation of chtdes, and exerts anti-inflammatory,
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antithrombotic, antihypertensive as well as vasadily action in animals and in
humans [Covas, 2007].

In particular, olive oil protects against heartedise as it controls the levels of "bad"
low-density cholesterol (LDL) and increases lev&isgood” cholesterol, high density

cholesterol (HDL) [Drummond 2010]. Since it is tleast processed forms of olive oil,
extra virgin or virgin olive oil have more monounhsated fatty acids than other olive
oils. Some clinical data suggest that it is thenalie content of the oil is responsible for
at least some of the cardio-protective benefitsaAssult olive oils with better phenolic

content are becoming more popular. Horticulturakstigations suggested that olive oll
produced in high altitudes can have very high phemontent especially when certain
irrigation strategies are followed compared to lwd, highly irrigated orchards

[Berenguer, 2006] [Dabbou et al. 2010].

Extra virgin olive oil generally contains more pphenols, which may have benefits for
the heart. This suggests that lower oil quality baxe a lower content of phenolic and
minimized impact to the benefit of our health, whiagain emphasizes the importance
of olive oil research. Olive oil contains monoumnsated fatty acid oleic acid,;
Antioxidants such as vitamin E and carotenoids, alediropein, a chemical that can
help prevent the oxidation of LDL particles [Comial, 2001.].

Olive oil was also found to reduce oxidative damegBNA and RNA, which maybe a
factor for the prevention of cancer [Machowetz let 2007]. It is very interesting to
note how strong impact oil can have on human healibst of the modern chronic
diseases are the result of changing fundamental®inenvironment and behavior. One
of the strongest fundamental changes is the amawatkind of fats and oils which
consume daily. Hydrogenated oils for example haenlkmplicated in cancer and heart
disease epidemics. Returning to traditional dietsel in high-quality olive oil seems to
be an efficient way to safely sustain health, reipg unhealthy, processed fats now

consumed so often.
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1.3.2 The Cretan diet and olive oll

Olive oil has contributed to the health of the Greepulation for generations. One of
the unigueness of olive oil is that it can be comed in its raw form without further

purification. This has the effect of keeping all tbke vitamins, essential fatty acids,
antioxidants and other nutrients that are necedsaryhe body. Antioxidants protect

olive oil from oxidation and in a similar way proteus from the damage of free radical
oxidation. Human cell membranes contain fatty goidsch are particularly susceptible
to the creation of free radicals and reacts with ghoduction of lipid peroxides which

damage the cell [Hamid 2010]. As a result polypl&neitamin E, and many other
natural antioxidants present in olive oil are mgkiha key component of an optimum
diet.

The island of Crete has had the attention of rebeas since 1948 when the Rockefeller
Foundation (in the United States), tried to redeatee nutrition and health of the
inhabitants in the island. Investigations led te ttonclusion that the majority of
Cretans were nutritionally adequate (all the img@atrtmicro nutrients where in present
in their diet) although the quality of living wasny low due to the effects of the Second
World War, with a few exceptions in areas with vy incomes. Compared regions
of Europe with better quality of living had nutatial misbalances or inadequate intake
of important nutrients [Allbaugh, 1953]. The followy years in the popular “seven
countries study” Crete's population became widelgvkn for their special eating habits.
The connection of the low rates of premature mibytaind cardio vascular diseases in
the region were studied. Comparisons between pbtpuoga showed that Crete’s
population had better health and lower rates oftatity from coronary heart disease or
cancer, compared with all other populations studiéelys, 1970][Keys et al., 1986].
The lower incidences of cancer, coronary heartagiseand mortality from all causes
observed in the population of Crete were attributedhe specific eating habits that
characterized this region [Sofi et al., 2008]. Hwse reasons Crete was considered to

have a special diet which was rooted in the lorgj paditions.

Traditional, dietary habits of the Greeks consistdda high intake of olive oill,

vegetables, fruits, nuts, cheese, fish, moderatauata of wine, less meat and milk. In
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regard with olive oil, Greeks and especially Cretamere and still are the leading
consumers of olive oil [Artemis 2001]. In generak€ce appears to have the strongest
olive oil-based culinary and there is scope foreapanding consumption of optimum
quality olive oils in view of their widely acceptatlutritional and health properties.
Olive oil was and still is used both in salads andfood preparation, unlike the
countries of Northern Europe which consume morenahfat. Initially, the protective
effect of the Cretan diet on health has been ateth to high content of
monounsaturated fat, the daily use of olive oilj fow content of saturated fat, due to

low consumption of red meat and animal fats.

1.4 Olive trees in the Mediterranean basin

The Olive tree is native to the Mediterranean basid two widespread views exist
about olive oil production. The first one suggeste to archaeological evidence that
the first cultivation took place on the island ofe@ as long ago as 3,500 BC (Early
Minoan times). The alternative view maintains thaive oil was produced by
Canaanites in present-day Israel by 4,500 BC [E@atili et al., 1997].0Olive oil was
certainly produced by the Late Minoan period (1B@) in Crete [Riley, 2002]. Olive
tree cultivation in Crete became more intensivihepost-palatial period (1425 to 1170
BC) and played a very important economic role ie tkland during this period.
Archaeological findings confirm the fact that theeat first Cretan civilization, the
Minoans, not only was based on agricultural econdmy also had broad commercial
relations in the East Mediterranean based on itewtyral products [Treuil et al.,
1989].

In the regions of Kolymvari (Chania, West Cretej afavousi (Lasithi, East Crete)
stand two of the oldest olive trees in the worldheSe monumental olive trees are
considered two of the oldest olive trees in thelevarith an approximate age of at least

2500 years and 3000 years.
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Figure 1.1 (Left) Monumental olive tree of Vouvesri Chania. (Right) Monumental
olive tree of Kavousi in Lasithi.

1.4.1 Mountainous production systems in Crete — thease of Krya

Crete is the biggest island of Greece and alsdiftfiemost big in all Mediterranean.
The morphology of Crete is characterized by thregnnzones: the low zone relates
with areas ranging from sea level to 200 m altitfue band from 200-400 m (middle)
and zone with an altitude of 400 meters or morgh(lur mountainous).The second and
third zones occupy almost 3/5 of the island andchfarcontinuous mountain range from
west to east, interrupted by small valleys and nainrpeaks above 2,000 meters. For
this reasons Crete is considered as highly moumtainCrete's four counties from the
West part to the East are Chania, Rethimnon, HeraKlcapital of the island) and
Lasithi as shown in the map of Crete below in Fegli2.

CHANKA S,
e i
RETHYHNO i 1 i
CHANA | m  HERARLID Bianissada.
o, § EETHMED Aée_._mmmus =
: /" HERAKLID i i
| LASSITHI
i _ e B
s _ s e e
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Figure 1.2 (Left) Map of Crete showing all four provinces of the island. (Right) The

province of Lasithi

The terrain is mostly mountainous, with Mount DiKbr Lasithi mountains) that
dominate the county boundaries of Heraklion andithgasoccupying entirely the
province of Lasithi and part of Mirabello and lee&a. A second mountain range, the
mountains of Sitia, is located in the east of thenty. Valleys with olive trees are often
among the mountains, even in the coastal regiohsereTare two plateaus, the most
famous Lasithi plateau Katharo (Kritsa region bgmbro the Municipality of Agios
Nikolaos). There are no important rivers or streand any available surface water is
used for water supplies and irrigation. Locatedk®b from Sitia on the road from
Piskokefalo to Krya are both the higher and lowattiements of Krya. The village owes
its name to the cool springs or excessive c8lyd:cold) winter. Its old and historic
settlements unfortunately inhabited by few peopgednse of the slow but constant
abandonment in mountain areas. The settlemente@ted at an altitude of 550 to 600
meters. Krya is basically one of the eighteen idistiof Sitia and with a first glance has
not many differences compared to the hundreds afntainous settlements of Crete
which are mainly engaged in farming, animal progrctand tourism (mainly in
summer). Olive trees are one of the most basiccesuwf income and play an important
role in the survival of the populations of this easf settlements. Krya like most of
Crete's production systems used to practices dititvaal” cultivation system which has
evolved from generation to generation and curreojherates as semi — intensive

organic farms.

The key characteristic of Krya comparing with otlemilar regions is that many
producers are full-time operators of their productiand the community is very active
towards the continuation of olive-growing which irs contrast to the widespread
opinion that olive-growing is being abandoned, thewe mobilized themselves to
apply organic farming methods which is very heaviygulated. Krya brings Sitia’s
“Protected Designation of Origin” (PDO) which issitned to protect the integrity food
and drink within European Union by legislating thbelling of olive oils products. The
expanse of olive groves in Greece has increasedligteover the last 25 years as a

result of the plantation of new high-density olplantings. Groves of olive oil has been
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also extended in many mountainous, hilly and céastas (mainly in Crete and the
Peloponnese). SMOPS in Crete represent the ol@estion in the cultivation of olives,
as more fertile lowland areas were used for otaenyal) crops. The often shallow and
rocky soil on steep areas performed well for olies compared to other crops. As is
shown in Figurel.3 these regions are mountaindwepesl with no specific symmetry,
can be highly inclined and are difficult to accelkse to underdeveloped network of

roads.

Figure 1.3 (Left) Sitia: one of the four municipalties of Lasithi, and Krya, South -
West of Sitia. (Right) the mountainous valley of Kya

However, these agro-ecosystems are traditionallyivated over generations and
combine several characteristics which indicategbssibility for high quality organic

olive oil. Farming practices of conventional agtiate (e.g. use of pesticides, fertilizers
etc) have been used in very low scale, and martlgeoblive oil orchards have adopted

the organic olive oil agriculture.

1.5 Standard crop practices in organic semi-intenge systems

of Krya

Several main production systems can be recognisedréte. Based in assumptions
made during and after the Olivero project, SMORegypan refer to a) traditional, b)
organic, c) intensive, d) semi-intensive (low ogthinput) [de Graaf et al. 2007]. High
intensiveness conventional systems can be fourteifowland areas of Crete while
and “traditional” systems are mostly found in thghtands. “Traditional” systems can
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be easily altered to organic since there is noahciifference between these two classes
besides the fact that organic orchards hold afioation of organic product which

forbids the use of chemicals. This study mainlyukes on the assessment of organic

olive oil produced from organic semi-intensive gyss.

Figure 1.4 Typical semi-intensive organic “Koroneik’ cultivar in mountainous
Krya.

Cultivar “Koroneiki” is the primary oil cultivar dtivated in Crete as presented in
Figure 1.4, it is generally producing very smallifrout very heavy vyield, 24-28% of

the fruit is olive oil, with high concentrations pblyphenol [Vossen, 2007]. Olive trees
like subtropical climates and perform well in loagd dry summers often noticed in
Crete. Frost during blooming can damage the har@msicing between olive trees can
be close (5 x 5 meters) or distant (10 x 10 metars) x 7 depending parameters such

as, soil type, and climate.

Organic olive farming is in general accepted asraisntensive practice which relies on
techniques such as green manure, composting ofsnaed other plants and use of
biological pest control to maintain soil productyvand protect against pests on farm
instead of using chemical pesticides or chemicasymthetic fertilizers, which are all

commonly used in conventional agriculture to insee¢he production in demand. This
is an eco-friendly approach which is very importtortthe preservation of the natural
health of the world since the problems with inteasiarming (for example excess of
synthetic nutrients in the eco-system etc.) arel weknowledged in the scientific

community. Cretan farmers seem to understand watlit is necessary to either make a

circle back from high intensive conventional pregesi to organic semi-intensive organic
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agriculture or they will have to face the diffiaet of maintaining low profitable
systems which will result in the abandonment asutised in the Olivero project
[Stroosnijder, 2007] and has also been the sulgéanany other studies later on
[Beaufoy, 2001 & Fleskens, 2007]. In Crete, theaoig movement is growing year by
year; consumers prefer to order olive oil diredéttyn organic farms which is accepted
as of higher quality rather that search in the m&rwhich has led to the increase of
income for the organic producers. The “rooted mplast” tradition of the island and the
close connection with the olive orchards has caymsple to have a basic education
about the quality of olive oil which seems to be thason why olive oils from different
regions of Europe (Portugal, Spain, Italy etc.) ac¢ widely found in the Cretan

market.

Organic agricultural methods are internationallgulated based in large part on the
standards set by the International Federation cja@ic Agriculture Movements
(IFOAM), an international organic farming organipat established in 1972 [Paull,
2010]. Standards regulate the production methodsrganic farming. In the 1980s,
guidelines of organic production were produced frdine governments. In1991,
European Union Eco-control was developed, which stahdards for twelve EU
countries, and a 1993 program in the UK. In200®)AM created the «principles of
organic agriculture” as an international guidelifoe certification criteria [IFOAM,
2005].Usually organizations certify certificatiomogps rather than individual farms.
For a producer to be able to get organic certificais a rather simple process. The
olive tree farm has to meet the criteria (be freenf chemical formulations) set by EU
and after 3 years a license is given to the praduce

1.5.1 Soil management and irrigation in organic semntensive systems

Soil cultivation is a standard method used in olgahve agriculture to encourage trees
to produced new root system and destroy weedsmiki@ crop. In general, olive trees
prefer moderately fine-textured soil including sataam or loam, silt loam, clay loam
and silt loam clay. Such soils can provide aerafmmthe development of olive tree
roots, are highly permeable and have high wateaagp Olive trees are shallow rooted
and do not require very deep soils to produce Wélé soil is often annually cultivated

around May enabling the olive trees to promote mewet growth, usually performed
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after the pruning season although this is not aisoBoil is often cultivated with small
tractors or a tractor with ploughshares as it iswsh in Figure 1.5. Frequent soil
cultivation can weed seed populations in the sbus reducing weed growth which is
especially important in organic agriculture sincge wf pesticides is forbidden. Soil

cultivation is an especially effective method ofadecontrol in Crete’s organic orchards.

Figure 1.5 Tractor cultivating the soil to a deptharound 10-20cm

It is well known that the total phenol content &if’e oil can be affected by the amount
of water applied during irrigation. Olive oil obt&d under heavy irrigation is very
likely to have lower bitterness [Gomez et al., Z0Dfaditionally olive plantations

epitomized dry land farming and were not irrigatédater use can vary considerably
according climatic and soil conditions of regiomise irrigation system used by the
producers, tree density, etc. In organic productrees are treated with supplemental
water during the dry months of summer. Accessrigation network might be difficult

in distant areas. The majority of family -type puodrs do not follow any systematic
water testing unless there is noticed a local pimammn which is suspected to have
connection with problem in the water network. Iceet years, drip-irrigation (earth

drilling) was introduced on a certain areas of €rshowing successful results.
Alternately wells or cisterns store water duringnfal months (December-February)

which prove the supplemental water needed duriegltih months.
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1.5.2 Crop diseases and pests in Organic Cultivatio

In general, pests and diseases are one of theskags in Organic SMOPS therefore
protection against crop diseases should be a sthrwlap practice [de Graaf et al.,
2007]. One of the main pests in olive oil produstidifficult to control in organic
farming (where crop protection using chemical paidusn't allowed), is the olive fruit
fly (Bactrocera oleagshown in Figure 1.6. This pest is very harmfulidg September
and November and is known to cause problems innargam all Mediterranean
production systems, from Greece to Portugal [Fexye2002]. The olive fly also
increases the olive fungal diseas€oalletotrichum gloeosporioides which is even
more harmful for olive oil quality. A very dangembacterium which is widely noticed
in Crete's traditional orchards Bseudomonas savastan@tigure 1.6). It is a plant
pathogenic bacterium that infects a variety of fdamcluding olive trees. It is a
pathovar of greatest economical significance witiahses the disease known as “olive

knot”. The infected trees show symptoms of formatiof tumours induced by

indoleacetic acid biosynthesis by the bacteria.

Figure 1.6 (Left) Bactrocera oleae as one of the most hostile fly for olives. (Right)

tumour caused byPseudomonas savastanoi.

These diseases are very common in olive orchd@dSjeaeis seriously damaging
olives oil productivity and quality. The attacksrihadepend on the climate conditions
of the region. Studies suggest that mass trappafighe fly B.Oleaecan limit the
disease spread dP. SavastanoiBendo, 1999]. Application of this suggestion in
Portugal showed promising results and there isespacimprovement of the method

[Ferreira, 2002]. This can suggest than a posgféection against the fly in Organic
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agriculture can give positive results since theamiyj of organic farmers seem to not
making any plant protection practice so far.

1.5.3 Tree nutrition in organic semi — intensive stems

In general, the olive tree is a very resistant fpiand it is possible to grow it in various
types of soils. It mostly needs nitrogen (N), phasps (P) and potassium (P) as well as
micronutrients, (calcium for example) to the sdihese micro- nutrients are not always
in abundance in the Cretan soil so in organic satense cultivation specific strategy
may be followed to prevent malnutrition of tree.daneral the pH tolerance of olive
trees is large, ranging from about 5 to 8.5 butalige would be adjusted to
approximately 6.5. In organic semi intensive ordsasuch as those in Krya, producers
rely on several techniques for the maintenancéefrutrition needs of their orchards

which have been developed through years of empirigalementation.
[) Green manure as source of nitrogen

Also known as (“"cover crops") is widely used topde nitrogen through legume plants
(more precisely the Fabaceae family) through ags®evhich is based in the symbiosis
with rhizobial bacteria. In Crete many speciestd tamily of Fabaceae are naturally
growing which is an important characteristic of thrganic farming of olive oils in the
region since fertilizers are forbidden. A good ep#&rof this legume plant 8. Sativa
shown in Figure 1.7. Grown Legumes develop a nhhaknce with olive trees and

help the production first by providing nutrients tiee olive trees and second by

competing with weeds.

Figure 1.7 (Left) Vicia sativa: one of the most commonly found legume within
Cretan olive tree orchards. (RightOxalis Sp.: a species of the family Oxalidaceae
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which is also very frequently observed within the @tan flora.

Plants like the legumes are often found within @retan orchards to serve as “natural
fertilization factors” through a process calledtfagen fixation”. As a result nitrogen
(N2) in the atmosphere is converted into ammonia (NHi®ugh various chemical
reactions performed by micro-organisms. Bacteribedadiazotrophs are known to
convert nitrogen to ammonia. Higher plants (like fthabaceae family) have formed
associations (symbioses) with diazotrophs and aeefiied from the converted
nitrogen. Nitrogen can be used by trees and plkansynthesize basic building blocks
(protein etc.) therefore natural nitrogen fixatibp Legumes can be considered as a
method of fertilization.

II) Pruning residues management as compost

Another important organic source that farmers msg in Easter Crete is the remnants
of the pruning season. Every tree can possiblyywred great amount of organic mass
which can be used as compost. Some producers arposting the leaves and small
branches which are broken into smaller pieces wh#h use of mechanical branch
shredders as shown in Figure 1.8 below. After pryirof olive trees the remains are
mostly wooden parts which can be used as fire ma&ter fed to livestock or broken

down into smaller parts with mechanical branch dtiees and used as similarly to

“green manure” within the orchard (Figure 1.9).
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Figure 1.8 Pruning residues (small branches, leaveare broken down into smaller
pieces which are used as green manure with the helf a mechanical branch

shredder.

The residues are left to be “digested” naturallynigro-organisms and as a result a
series of enzymatic reactions take place givinigpa fproduct which is called olive leaf
compost. Alternatively the producers place thisdpat in the base of the olive tree
creating a number of possibly advantageous restiltke same time. First of all this
compost provides organic compounds to the plartois#ly the compost is subject to
thermophilic reactions and reaches a sterilizingnperature which is believed to
practically keep the soil “warm” for the trees digrisome cold days during the winter
period and can also hold an amount of humidity Whiseful for the tree during the dry
seasons of summer. Third, the digestion of the umnixteleases a small quantity of £0
which the tree uses, and fourth it blocks the wdeas emergence, a technique which
is known as “mulching”. The producers who use guesctice are giving an example of a
‘smart’ and eco-friendly technique which improvaes fertility and makes the olive tree

farms in Krya self sustaining by limiting the aplce of any external organic fertilizer.

[ll) Ley farm practice

Another interesting characteristic of organic fargiiin Crete is farming with both

livestock and crops which operate as lay farmshasvs in Figure 1.9. This can also act
like a natural mowing and cutting of the weedsHhmy livestock since lambs for example
are removing the top growth of the weeds and wdtreir development in the roots of

the olive trees.
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Figure 1.9 Livestock within orchards feeding with sirrounding grass and pruning
residues.

Lambs are also fed with the bottom part of theeliree's leaf system which the same
time encourages new tree growth. Production systeits livestock are easier to
maintain fertility and may rely less on externapuis such as imported compost,
manure and other. Remnants from the pruning seaoaften used as feedstock in ley
farms and as an exchange animal manure is recyaeki to the orchard as organic
fertilizer.

1.5.4. Pruning of olive trees in semi intensive oagic agriculture

Pruning is perhaps one of the most important teghes and is taken very seriously by
olive tree producers because it has many and eapidntages for the olive trees. It does
not influence olive oil quality directly but it issed mostly to force productivity.
Pruning is widely known to renew olive trees angbiave yields. It also helps maintain
structure and contain tree size; favours light patien and air circulation inside the
tree canopy. It can permit better control of dissaasnd pest and eliminates old dead or
diseased wood. It creates a shape which will beemuainageable during harvest and
can help trees recover after damages (e.g. fragtg) nutrient input is different in semi
intensive organic agriculture compared to highliemsified production therefore it is
expected that the pruning of the trees should & @ifferent because it stimulates new
growth which is more likely to success if the nertti input is abundant.
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) Intensity - frequency

In general the intensity of pruning can depend tamtpvigour, the age of the tree,
number of damaged branches, soil fertility, wateailability, and training systems
which are followed. The intensity also depends he frequency of pruning. It is
believed that high intensity cutting encouragesranger vegetative response. As a
result yield is increased. Annual practice is aedith productive trees and more usually
pruning is performed every two years for eliminata damaged shoots or four years to
remove damaged shoots, maintain vegetative gromtheacourage high yield. If no
pruning is practiced for more than six years thedg starts to decline and harvesting

becomes more difficult.
[I) Pruning methods

Olive trees can be pruned for (i) shape for easiechanical harvesting and to avoid
problems when performing other practices such #s/ation of soil for example if the
trees have become too close together and too netlretground. Trees can also be
pruned  for (i) productivity to  encourage higher elgs and
goodqualityoffruitingbyremovingmostlythepeaksoftbepheralbranches to cause the
“bush effect”, or by removing downward branches.stbhme other cases pruning is
performed for (iii) plant renewal and restoratidrotd trees. In these cases old trees are
more heavily pruned to stimulate the tree to premsw massive productive growth. In
some very heavy pruning cases the tree is left tmithor four major branches to return
faster to a productive state and all smaller bras@nd leaves are removed. Pruning for

restoration can also practise to restore damage éad or diseases.
[II) Training systems — shapes

A number of training systems has been developedlige trees giving them shape
depending on the objectives set by the producetiseobrchard. In Crete it is often used
the (i) vase system, the (ii) bush or globe and(iijefree canopy training systems. In
the “vase”, the central part of the canopy is pduteehelp sunlight penetrate the interior
parts. This system is believed to encourage higiedd but also requires skilled labour

compared to the other two training systems.

IV) Pruning seasons
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Pruning in Sitia is mainly performed between midwer and early spring before tree
flowering (January to April). It is believed thatuming should be performed when the
tree is about to transfer its fluids to the leasad promote new growth. Farmers may
prune after the harvest period in general whertghgerature is normally between 7 to
22°C.Latepruning may not harm the tree, but usuallgvisided as it will remove the

tissues to which nutrients and carbon reserves bhage remobilized, resulting in a total

net loss for the plant.
V) Description of the Cutting process

The professional pruner rapidly cuts the largenbhnas in the inside of the top part of
the tree and then continues outside of the treeectimg its shape then progressively
proceeds to the bottom removing the smaller unsecgsiead and old woods. This is
often done with a chainsaw or saw and in some daeed axes are used. Shaded, old,
diseased, downward branches and competing shoatsh vane less productive are
removed. Horizontal branches generally can be nfondful. Upright branches
generally remain more vegetative. Branches wittbadgcombination of the two are
desired for the best productivity, the Vase tragngystem for example combines both.
After the prune, copper solution or ethanol is usedclean the tools and prevent
spreading of diseases (for exampleeudomonas savastanand Verticilium sp).Paint

is often used for covering the bigger cuts to pnéyaests or disease from affecting the

tree limbs.

1.5.5. Harvesting olives

The process of harvesting refers to the collectbrolive fruits during the harvest
period. In most cases it is done when the fruiteehr@ached their optimum productive
state. Harvesting date in relation with ripenesknswn to affect olive oil quality

[Beltran, 2004]. The type of harvester used seamaffect both quality and working

productivity.

Olives can harvest with hand held mechanical héeves Crete regardless if a semi
intensive organic or a highly intensive conventiosategy is practiced. Lowland

orchards can possibly use harvesting vehicles asrsin figure 1.10 which are faster
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compared to hand held mechanical harvesters. Tpleapon of harvesting vehicles in
declined mountainous orchards can be difficultéfae it is unlikely to be used in such

systems in Crete.

Figurel.10 (Left) Vehicle harvesting olives by vibation. (Right) Mechanical hand
held beating harvester. Olives drop to the surrounohg net and then gathered in

sacks

Vehicle harvesting is expected to be less efficianthe highland orchards of Crete
since (a) high inclinations do not favor the uset@nd (b) the most common cultivar
“Koroneiki” produces a great number of small oliveits which has been reported to
drop harder with the vibration method used by Vekiof this type. In the event that the
olives are large, as in other varieties commonbwgr in Italy, the probability to use the
vibration method is more likely. Similarly the aattion with hand (hand picked olives)
Is very difficult in the case of Koroneiki which ica afford this method since the
worker productivity with manual harvesting is relaty low. All of the above has led in
the adoption of hand held harvesters which beatotives to the ground as seen in
Figure 1.10. Studies in Syria suggested than wgrlpnoductivity with hand held
harvesters in can be 4-5 times faster comparedawoual harvesting olives [Abdine,
2005].

Olive harvest machines are used to drop the ftaithe ground where a net is spread
around the olive tree. Linen or plastic sacks aeduor the transportation of the olives
to the mill and their storage there until millindnfortunately, wounds created during
beating of olive fruit seem to affect the formatmifree fatty acids which can lower the
quality of olive oil if the processing of oil fronthe fruit is delayed. Improper
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harvesting, carriage and storage conditions ofothes can lead in an overall lose of
quality [Bosku, 1996] [Kyritsakis, 2001].

The widespread view in Krya is that olive should Hervested when the fruits are
turned % dark purple assuming that fruit contaliveshighest concentration of olive oil-
although this needs more investigation since gbheameters also influence oil content.
Fruit determination of ripeness may involve colorisual quality, fruit firmness and oll
content [Agar et al. 1998]. Based in color-visuadeimination, olives may be classified
as (i) Green olives, when they have reached noexgécted size prior to coloring. In
some cases olive fruits can be harvested in aieeathte to produce “olive oil from
unripe olives” which is considered to have increagpbenolic index and is widely
accepted as even more gourmet product than exiga live oil. (i) Turning-color
olives are before complete ripeness, at color chdngm green to dark purple. (lii)
Black olives are considered fruits with full ripesse(dark purple or black color).In
regard with ripeness, Studies in Tunisia suggetstaidolives produced at higher altitude
can have higher ripeness index and oil content eoetpto olives cultivated at lower
altitude [Dabbou, 2010].Irrigated olives seem aisamature faster compared to less
irrigated [Dabbou, 2011]. Furthermore harvestingedseems to be related to ripeness
and ripeness is being reported to majorly affedveoloil chemical and sensory
characteristics [Beltran, 2004] [Dabbou 2011].
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1.6 Processing of olive oil with decanter centrifuagion

Process of olive oil refers to all works within thnéll from the step of fruit reception to
the processing of olive oil from the fruit and lhiotj of olive oil. The most important
stage of production during process is the procgssiroil from the fruit. In intensive
modern methods of processing factories are equippdthe decanter centrifugation
technology that can adjust temperature to the needsoduction. Temperature and use
of water during processing are two very importaatdrs which affect the final quality
of olive oil by having an impact in the concentoatiof poly-phenols and antioxidant
substances of olive oil. In general, malaxatiowidely accepted that affects the flavor
of the resulting oil [Caponio and Gomes, 2001].i{8eet al, 1998]. Many oils sold in
the market are called “cold processed” describiegtemperature at which the oil was
processed from olive oil. For an olive oil to beaddcterized as “cold processed” the
processing process must not use temperature higler 27 °C (80 °F). “Cold
processed” olive oils are widely accepted as dilgreater quality compared to heated -
processed olive oils. In the EU, designations reiggr “cold processed olive oil” are
regulated by Article 5 of Commission Regulation JB® 1019/2002 of 13 June 2002
on marketing standards for olive oil. Processingolife can be described with the

following steps:

[) Fruit reception — leaf removal and olive washing

The first operation right after the delivery ofwaioils to the factory is washing. The
olives are transported through the elevator whaams, leaves are removed and then

washed with water to remove dirt etc. as it is shawFigure 1.11.

Figure 1.11 (Left) olives and other debris in therhit elevator. (Right) olives are
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washed with water and then moved to the next stagd# processing
[I) Olive crushing to form a paste and malaxation

Oil is produced in the mesocarp cells of the oliet. Each one of these fruit cells
contains a tiny amount of olive oil which duringopessing is separated. During
malaxation olives are crushed to a paste and thradnfor thirty to sixty minutes in

order to allow the small olive oil droplets to agglerate. This process is called

malaxation (or kneading) of the olive paste asqmtsd in Figure 1.12.

Figure 1.12 Olive paste during malaxation

The exhausted paste is called pomace and can thermore processed to produce oll
known as “pomace-oil”. The olive paste can be hkaie water added during this
process to increase oil yield but these technicaresknown to generally result in
lowering the quality of the oil due to removing fecious water-soluble compounds

(polyphenols, water soluble vitamins etc.) or dBsthem by heat.
[Il) Separating the oil from the vegetable water aml solids

After kneading, oil must be separated from the wdsthe olive components. The
separation is done by centrifugation (Figure 1.IBk three-phase calibration separates
the oil, the water, and the solids separately. YWatn be added to facilitate the
processing process with the paste and centrifugge® at about 3000 rpm, the high
centrifugal force created allows the phases to dmlye separated according to their
different densities. After centrifugation is contglethe oil can form a cloudy form
because of due minute amounts of humidity whicld tensettle out and divided into

two stages later.
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Figure 1.13 the separation of oil from the paste wh decanter centrifugation

IV) Oil storage and bottling

After the processing the oil finally is left in ank of about 1rh Then olive oil is
transferred into multiple tanks with more capaddy storage as it is shown in Figure
1.14 where a final separation occurs through gyavit
g UL
(il g5 ‘V Ll..:

Figure 1.14 (Left) Olive oil after the separation ading in tanks of 1 nt. (Right)
multiple tanks used for the storage of olive oil irbulk

Oils are in most cases filtered and bottled or soldbulk. Premium quality oils are
stored in specific conditions to maintain their lifjygfMendoza, 2001] [Fernandez et
al., 1998)]

Olive oil can be filtered before bottling althoughis is not mandatory. Filtering

contributes in the integrity and stability of thel dut may possibly effect the

concentration of vitamins and polyphenols in oligé although this needs more
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investigation. In professional bottling companieas automated infrastructure bottles
olive oil in dark green glass bottles as shownigufe 1.15 below. Otherwise bottling

can also be done manually.

Figure 1.15(Left) Infrastructures suitable for bottling of olive oil and labelling and
(Right) typical green colour bottle used for bottlng of olive oil.

The color of the bottle is important because clpbgdl has been noticed to have a dual
effect in olive oil. Chlorophyll from the one hamatolongs shelve life because it
preserves the stability of olive oil because ittgets it from oxidation [Fakourelis,
1987]. This is the effect in conditions where thexeno light presence. In conditions
where there is lot of light olive oil is known teact different. Oil which is high in
chlorophyll, when in contact with light it is degled due to a phenomenon which is
called “light oxidation”. Therefore it is widely aepted that chlorophyll has a
“positive” effect during dark storage (stability gliality) and it has “negative effect
when in contact with light (moreover reactions whiesult in oxidation). To prevent
this, olive oil is bottled into dark green glassttles (to absorb light of the specific
wavelength which gives the green color) and prodéee oil from the phenomenon of
light oxidation. Light oxidation of olive oil is vg usual in cases where the bottle of
olive oil is transparent. In these cases olivecaih be degraded due to the continuing
reactions of chlorophyll and light. Furthermoreg thffect in quality bottling is an
important element for the success of Organic otilemarketing. In fact, it has been
reported as one of the key issues in Organic SM[dE &raaf et al., 2007].
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1.7 Modern assessment methods of olive oil qualignd

classification

Olive oil quality is verified with chemical and saory according to the standards set by
the International Olive Council (I0C), formerly tHeternational Olive Oil Council
(I00C) [Mailer, 2006, Dabbou et al. 2010]. The mntgional Olive oil Council is an
intergovernmental organization responsible for ddeninistration of the International
Agreement of Olive oil. This agreement lays dowa plolicy that members should take
on the standardization of the market for oliveimlolving the adoption of international
rules to determine the quality of the products afe sand to monitor international
trading [Harwood 1991]. The roles of IOC are ajrtodernize olive growing and olive
oil processing by encouraging research and devedapio improve product quality and
environmental impact of the olive and olive oil ustry b) expand international trade
and raise consumption of olive oil monitoring amnyfair competition and c) ensure
regular international trading in olive oil sandl@blives by taking measures to strike a
balance between production and consumption andrmdnize national laws. The 10C
tries to control the quality of olive oils, and hastablished a classification system
which is based on free fatty acids, super-oxides] ather indexes (EU's rules
1989/2003). This classification system is usedhenaically determine the quality of
olive oil. Free fatty acidity value, absorptiontive ultra-violet (k32 K270 and peroxide
index is being determined following the RegulatlBC/ 2568/91 of the Commission
Regulation (1991) which is described in Chapter&edvials and Methods.

1.7.1 Classification of olive oil based on free fgtacids content

One of the main quality tests used for evaluatidnth® oil is the free acidity

determination. The free fatty acid content is @dimmeasure of the quality of the oil
reflecting the total cares taken during the frudwgth. The free fatty acids are the result
of dissociation of triglycerides as shown in Figurd6, due to a chemical reaction
called hydrolysis or lipolysis. The presence okffatty acids indicates degradation of
olive oil and poor quality. Olive oil ontained bya@r quality fruits is more possible to
suffer from breakdown of triglycerides into fattgids. A low content of free fatty acids

provides relative assurance that the fruit quaigs good during processing [Mailer
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2006]. Wounds caused to the fruit during harvegtarasites can promote hydrolysis
triglycerides,resulting in increased plasma concentrations & fatty acids [Shimizt

2008].
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Figure 1.16 Breakdownof triglycerides and release of free fatty acidand glycerol

by lipase enzymes

Virgin olive can be classified based in free fadigidity score ¢ is presented in the

following Table 1.1.

Table 1.1 Classificationof Virgin olive oils based on free fattyacidity content

Olive oil Virgin Class Free fatty acids(%)
Extra virgin olive oll <0.8 or 0.8

Virgin olive oil <2or2

Ordinary virgin olive oll <3.30r3.3

Both organic Virgin olive oils (created only fromrganically grown olives) an
conventional Virgin olive oils (from conventionallgrown olives) follow the sarr
standards. In general tleeare nine grades of olive oaccepted a“Virgin” (extra
virgin, virgin, ordinary, ampante) or‘Refined’ (refined olive oil, olive oil, crude

pomace, refined pomacelive pomace) [Mailer 2006]. According tihe International
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Olive-oil Council [IOC 2012] in countries that adhere to the standaetsby the

organization show the following oil's grade in s&r

A) Virgin olive oll

I.  Extra-virgin olive oil: comes from virgin oil prodtion only, contains no
more than 0.8% acidity, expressed as oleic acid, ianjudged to have a
superior aroma and taste therefore are the optiouatity olive oils.

[I.  Virgin olive oil: comes from virgin oil productioanly, has acidity less than
2%, and is judged to have a good taste.

lll.  Ordinary virgin olive oil: is virgin olive oil whik has a free acidity,

expressed as oleic acid, of not more than 3.3%

B) Virgin olive oil not fit for consumption

Known also as Lampant ollampantecomes from olive oil's long-standing use in oil-
burning lamps. It is of more than 3.3% of acidigpeessed as oleic acid. Lampante oll
is mostly used in the industrial market and isswtable for human consumption.

C) Refined olive oll

Is olive oils obtained by refining methods fromgir olive oils. In most cases is being
obtained by virgin olive oils not fit for consumgti and has no aroma or flavour.

D) Olive oail

Oil labelled as “Olive oil” is usually a blend oéfined and virgin production oil fit for
consumption as it is. Blends are accepted as a ofdswer quality compared to virgin
olive ails. It has a free acidity, expressed aga@eid, of not more than 1%.

E) Olive Pomace oil:Olive oil processed in this manner is still oliviélmut may not be
simply called “Olive Oil” because 10C defines Oliil as “the oil obtained solely
from the fruit of the olive tree, to the exclusiohoils obtained using solvents or re-
esterification processes”. Olive pomace oil is galhe oil obtained from pomace using
solvents (pomace is a residual paste left over fieenproduction of virgin olive oil)
such as hexane [Gunstone, 2002]. It still contairariable proportion of oil depending

on the system used to produce the virgin olive lbils marketed with the follow in
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designations and definitions:

I.  Crude olive-pomace oil: is used either for refinorgor technical purposes
II. Refined olive-pomace oil: obtained from crude olp@mace oil by refining
methods
lll.  Olive pomace oil: olive oil often blended with somiggin oil and refined-olive
pomace olil fit for consumption as it is, but may he called blive oil”.

1.7.2 Classification of olive oil based in peroxidealue

Oxidation is the change in structure of olive aiedo the contact with rhe peroxide
value is the index which shows the oxidation of/®lbils which may have led to the
creation of super-oxides which are formed from ri&ction of unsaturated fatty acids
with oxygen. These compounds (super oxides) areelranto compounds with smaller
molecular weight (ketones, acids) responsible fpec#ic sensory characteristics
(negative) found in olive oils such as “rancidnesHiese oxidized compounds which
are present in olive oil are widely accepted asatieg substances for the health of cells.
It is expressed in milli-equivalents (meq) /g usually, and for extra virgin olive oils
of higher quality ranges between 5-15 megFQr extra virgin olive oils as well as
virgin and ordinary virgin the peroxide value liné < 20 meq @/ kg as set by the
IOC.

1.7.3 Classification of olive oil based in the abgation in the ultraviolet
light (K indexes)

K232, Ko7o andAK (Delta K) are indexes related to the absorptionltrhviolet light in
specific wavelengths such as of 232nm and 270nroarit show of various types of
unwanted oxidised substances within the olive silvell as the possibility of adultery
with other types of olive oils. The IOC has setandard method for the determination
of K indexes. The wavelengths at 232nm and 27ang interesting because they can
provide information about state of preservatiorine stage of degradation which may

have occurred in olive oil.
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The Ky7o index score represents the absorption at 270 ndhrafers to oxidised
materials and practically can show the resistancextdation. This score is relative to
the freshness of the oil suggesting that olive aiter bottling for example should have
the lowest scores compared to older olive oilsdary after harvest for example) which
should have higher scores fog The score is constantly rising through time, tighd
temperature can accelerate the process of oxioisathich will have an obvious rise in
the K 270 index score. Extra virgin olive oil's#index scores usually range between
0.15 and 0.22.

The Kyzidndex score represents the absorption in 232 nnrefietds to the presence of
hydro peroxides. Peroxides are compounds contaiokygen—oxygen single bonds
(The O-0 group is called peroxide group). Hydrogeroxide is the simplest peroxide.
Practically, peroxides are responsible for the atah of olive oil and K indexes give

information about the percentage of oxidation ofebil's compounds which may have
occurred in different stages of olive oil produatié-or example when this value is high
it can be related to long periods of olive storbgéore the milling process or similar
cases where olive oil is oxidised. Extra virginvelioil's Ky, index scores usually range
between 1.5 and 2.5.

The AK index score is another indicator of quality usedthe quality determination of
purity in olive oils. It is calculated with a forrauwhich uses values from other
wavelengths around 270 (see Materials and Methduspi€r). The final score can
either be negative or positive depending on diffees between olive oils. Practically,
extra virgin olive oils mixed with other oils (noaxtra virgin) can be detected with this
index score. The score of extra virgin olive oilsually negative but can reach the limit

of 0, 01 in some cases.

Table 1.2 Limits of olive oils based on K indices

Olive oil Class K232 K270 AK

Extra virgin olive oll <25 <0.20 <0.01
Virgin olive oil <26 <0.25 <0.01
Ordinary virgin olive oil | <2.6 <0.25 <0.01
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1.7.4 Classification of olive oil based on organgdéc characteristics

Sensory evaluation is one of the most importantsteghich have to be done to
determine the quality of olive oil. In order to ass olive oil by sensory methods, the
senses of taste and smell are used. It is knowrfréna acidity alone or any chemical
characteristic of olive oil in general cannot gurieg the success of an olive oil in the
market since for the consumers the taste is mop®ritant, and is how the quality is
judged. The most important characteristics are aramd flavours of fruity, pungency
and bitterness [Mailer 2006].

[) Panel team members and booths used for the evaltion

The group leader should be properly trained pergitim knowledge of the type of oil
that he or she will encounter during their worknélaleaders are responsible for the
performance, organization and operation of the Ipahlee members are carefully
selected, trained and monitored by the panel leaalerording to their ability to
distinguish between similar samples; Accuracy @& thembers can be improved with
training. Panels consist of 8 to 12 testers neddedeach test, although additional
tasters are trained in reserve to cover possilderaies. Sensory trials occur in specially
designed rooms as shown in Figure 1.17. Boothsldhmuovide the team participating
in the sensory tests with a suitable, comfortalsgndardized environment that
facilitates work and helps to improve the repeditgband reproducibility of results.
The 10C protocol indicates that all cabins must identical to the design and

dimensions.
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Figure 1.17 Tasting panel during sensory trials oblive oil samples

II) Aroma of olive oil

Testers pick and rotate the glass to wet the ingsgdmuch as possible. Once this phase
is completed, remove the watch glass and smellsémeple for no more than 30 s,
taking slow, deep breaths to evaluate the oil. dtawof virgin olive oil is the sum of
perceived sensations generated when the differe@mical compounds, which are
transported with the air during inhalation and datian, reach olfactory receptors in
the epithelium. Flavour produced from volatile lawolecular weight compounds.
Stimulus may be perceived directly (nasal), whea filagrance reaches through the
nose and indirectly (retro nasal), wherein the yped which is volatile at body
temperature, it passes through the mouth in thactfy epithelium. More than one
hundred volatile compounds can be identified iginirolive oil known to contribute to

flavour.

[Il) Sensory score — taste determination of oliveib

The most important feature of olive oil seems tdah®seorganoleptic sensation. The four
basic tastes are sweet, salty, sour and bitter n\vitiee olfactory test has taken place, the
testers evaluate oral sensations. To do this,tdileya sip from about3 ml oil and detect
possible positive or negative (unsatisfactory) oayeptic score and its density on a
scalel-9 (The method for sensory evaluation of invirglive oil referred to
COI/T.20/Doc.15/RevNo3.I0OCProtocol). A professiotedter normally distributes the
oil throughout the oral cavity, from the front diet mouth and tongue along the sides of

the back support and palate and throat, sincekhdasvn that the perception of flavors
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and tactile sensation vary in intensity dependinglee area of the tongue, palate and
throat.

[lI) Colour

It is additional organoleptic characteristics simdgch normally is not evaluated during
the organoleptic trials. It is related to qualitgrameters such us the percentage of
chlorophyll and carotenes in olive oil that areedetined with spectrophotometry. The
colour of a fresh extra virgin olive oil is betwekght-gold and green depending on the
concentration of chlorophylls which are responsilide the gold-green and the
concentration of carotenes which are responsible tii@ yellow-red colour. The
percentage of these concentrations is related timiceparameters such as cultivar,

genetics, cultivation practices, production comdis and stage of fruit ripeness.

1.8 Project outline, key issues and objectives

The overall aim of the present research projettd sxamine all stages of production of
olive oil which is produced in Krya, a representatof the mountainous systems of
Crete, and assess its organic olive oil productigimn modern scientific methods in
terms of its quality attributes, and suggest meshafdoptimization. Olive oil quality is
strongly connected with its regional characterssénd from this aspect mountainous
regions such as those of Crete, have the potetatiproduce olive oil of excellent
quality and higher value in the market which canrbarketed as certified organic

products with specific characteristics.
This aim leads to the formulation of the followialjectives in this research project:

I.  Create an inventory of organic productive systemisriya, its regional interface
and mountainous characteristics which make theseéersyg at high risk of
abandonment. Also display samples of comparatigtesys (SMOPS) outside
of Krya.

II.  Collect descriptive data of standard crop practigkgh is used in mountainous
the organic semi — intensive production systemnisrgé

lll.  Examine the processing process of olive oil andcag® conditions of before the
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V1.

bottling and packaging stage and collect sampleshwiepresent the organic
orchards of the specific SMOP area which is ungdanenation

Use the samples previously collected and applyniethodology of quality
testing and classification which is establishedtbg IOC to determine the
guality of olive produced in this region

Compare the results with olive oils produced ineothegions and olive oils
which can be found in the Cretan, Greek, Europeangtobal market.

Develop conservation scenarios to optimize theoperdnce of every stage of
production in the systems which are studied anduds the prospect of organic

production in Crete.

With regard to the first objective, an inventoryllvide made mapping the area which

surrounds the basin of Krya to have a clear undedstg of the origin of the olive oils

which are studied. Also mapping of other regionscWwhbelong to the category of

SMOPS can be reviewed as comparative samples vaaichalso be used as a set of

samples comparing chemical and sensory charaateriater on.

The second objective deals with standard crop igexctwhich are used by the

producers will be recorded. This creates the nédgess examine the orchard

characteristics directly from the field. Data stibbk able to generate tables which will

show the execution rates of practices such as:

I

Irrigation, soil cultivation, fertilization etc.

Pruning systems and management of residues

Harvesting and residue management

Pest control and protection against diseases etc.

Take into consideration which sets of orchards tegated less with standard
crop practices described above to generate tablesemting noncompliance

rates

The third objective is about examination of thegessing processes which takes place

in the region of Krya and the management of theeobil after processing. More

specifically:
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A To Examine the temperatures during processingertsied mill

A To collect the samples will be used for the follog/iobjective.
This leads to the fourth objective which is to assand determine the quality
characteristics of olive oil produced in Krya basedhe standard protocols which are

proposed by the International olive oil council.

Free fatty acidity
Peroxide value
K indexes

Chlorophyll determination

> > >

Organoleptic scores
Under the fifth objective the current results fréme quality assessment of the samples
will be compared with the chemical and sensoryesof olive oils which are currently

available in the market.

Review commercial olive oils currently in the marked their characteristics
A Generate tables for comparison between the marlaies oils and the set of
samples which were studied within this project
A Apply the olive oil total quality index score fortau(O.T.Q.1.S) proposed by the
IOC for olive oil
The sixth objective concerns the optimization of tlespective olive oil production
which is at high risk of abandonment areas sudkrga and other areas identified with
similar characteristics. Issues noticed within stisdy which seem to mostly affect the

quality of olive oil can therefore be established.
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CHAPTER 2: MATERIALS AND METHODS

To accomplish the most urgent challenges [GarciBOROvarious stages of olive oil
production in highland regions were researchedhia study: (i) agro-technological
aspects in high risk of abandonment (due to higitude, inclination and difficulty of
access) orchards were investigated described asPSM[Duarte et al., 2007], (ii)
processing of olive oil (iii) virgin olive qualitydetermination iv) total quality
comparison with other oils was made. The subjecfoofis was the semi-intensive
organic production systems of Krya that represemtimainous orchards often noticed
in Crete. Also, to act as a benchmark for comparisther regions of similar
geographical and altitude characteristics wereunhell as comparative regions that
produce oil. This was to obtain a better overalpriession about the quality of the area
studied.

For the agro-technological aspects (i), the projtused on the technological
applications of producers in the region to deteertime differences within this region
compared to other regions of Crete. This meanstitigagroves had to be measured and
classified as SMOPS based in inclination and aétuecordings of soil treatments and
irrigation methods were made, disease rates anebagpce of pests within the orchards
was determined, producers were asked about thaatipes and generally work was
carried out to record the cultivation technologyotife trees in the region focusing at

all stages of production starting from primary s¢cultivation and care of the olives).

On a different level the processing of olives (@s8ing conditions of olive oil from

olives) was researched during olive oil processngills. The main area of focus was
the processing (ii) of temperature during olive gassing which seems to play an
important role in the final quality of olive oil.df the determination of the quality
characteristics (iii) chemical and sensory analysese. Chemical tests included
determination of free fatty acidity, K indexes gmefoxide values. Sensory trials were
made to have a complete modern analysis of olile a8 proposed by IOC for the
assessment of olive oil.
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The total olive oil scores obtained from all testxe used in the calculation of the total
guality index score (iv) with a formula proposed thy I0C that combines all scores
together and gives a final total quality score.aA®sult all samples obtained during this
study were compared with additional sets of popalase oils which are currently on

the Greek market with this total quality index sctwrmula.

2.1 Agro-technological information about olive oilorchards

2.1.1 Classification as SMOPS

Crete is generally very mountainous, and slopindj mountainous production systems
are operating at high altitude, often greater #dd meters (see also section 1.4.1) with
an inclination of more than 15%. To be able tosifsgghe production systems that were
studied as SMOPS it was necessary to determimeyf met the two criteria of altitude
and inclination [Fleskens, 2007]. It is importaatknow if the systems are heavily or
lightly inclined because this can be the largestdiaaffecting the manageability of the
orchard. Flat but mountainous orchards operateréifitly than inclined ones because it

IS easier to access, transport, practice soihatltn, and harvest.

) Altitude of orchards

Altitude or height is defined based on the contexthich it is used, as a distance
measurement, and is commonly used to mean thethaigive sea level of a location
(therefore expressed in m and Km). In this stuldy, dltitude of the selected orchards
was measured and defined as the height above\sdafehe orchards (for example of
Krya) and the measurements were made usingstbkal Positioning System(GPS).
GPS refers to satellite navigation technology tizat provide details about location and
altitude theoretically anywhere on the Earth

) Inclination of land
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Inclination of land can be measured if the distazuce the altitude of two positions are

known. As shown in Figure 2.1,

Figure 2.1 lllustration of positions A and B neededor the calculation of percentage

(%) of inclination of an orchard

A and B equals the distance of the lowest and Isigkgot within an orchard and when
the altitude difference between A and B is knowentimclination can be expressed by
dividing the distance towards the relative altitu@eclination = distance / relative

altitude). For example, if we know A and B heigbt 100 meters and the altitude

difference between A and B is 10 meters then thkniation is 10%.

Therefore if A and B equals 100 meters and thesigifice of altitude between A and B
is 10 meters then 100/ 10 =10 %

Since inclination can vary in different sites otkarchard the final calculation of each
orchard's inclination was measured from the low@stsite of each orchard and the
highest (B).

2.1.2 Sub-regions and local names

Sitia's region of Krya is divided in sub-regionsig¥hare not all olive oil producing and
also are divided into smaller parts with differémtal names which are used for the

identification within the society of the settlemeRbr the purpose of this research the
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orchards were classified by the local name whiclused by the producers. Certain
codes have been created which represent the ldeatiies of the orchards and were
used for the statistical calculation. These coddélsr@present the orchards in the results

chapter as well.

Twelve sub-regional orchards were being examinedotal representing the wider
region of Krya and its production systems. Thestesys were divided in four groups

which represent four major areas:

» Semi-intensive organic olive oil production systdotated in the South parts of
“Lower Krya”, (A1, A2, A3) with more that 15% inclation

» Orchards with access to the West road of Krya @%},B6) with more that 15%

inclination

» Semi-intensive organic olive oil production systemth access to the East (C7,
C8, C9) road of Krya, with more that 15% inclinatio

» Hard to reach semi-intensive organic productiortesys, with difficult access
and very high inclination (D10, D11, D12), morettB&%

In additional four more sets (twelve sub-regionahards) were also researched:

» Semi- intensive organic olive oil production syssefacated in the neighbour
settlement called “Dafne” (F16, F17, F18) southdwasKrya with more that

15% inclination

» High-intense organic production systems locatedhm flatland area of Sitia
(E13, E14, E15) with no inclination

» Semi-intensive organic production systems locatethé sub-region of Dories
(5 Km north east of Neapoli) which belongs to mipatity of Agios Nicolaos
(G19, G20, G21), a region with similar charact@ss(altitude, inclination, high

risk of abandonment) compared to Krya.

» Damaged or “poor quality” olive oils: These are gptas obtained various
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regions by poor quality olives: in Krya (H22), @ were collected and let
several days into sacks before processing. Sudiysiedre known to cause
increase in peroxides and lower quality olive Hiiritsakis, 1998]. H23 refers to
olive oil obtained from Messara (located in therywf Heraklio); olives were
damaged by an unexpected frost which harmed theesoliright before
harvesting. Such damages are expected to havergatefects. H24 refers to
olive oil produced in Palaikastro (flatland areasd to Sitia), olives seemed to
have a general lower quality due to wounds caugeBadzctrocera Oleadly.

Such wounds are known to cause increase in peraxiddree fatty acids.

All of the above have led to the formulation of tbdowing Table representing 24 olive
tree groves that were studied for their crop pcastiand were also used for the

collection of 24 samples that are chemically anbsgy tested later on:
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Table 2.1 Orchard identifications and coding used whin the project

Local Identity Location and  Orcha Local identity ~ Location and | Orchar
(Krya) Municipality rd (Comparison  Municipality d Code
Code areas)

ByzaTrigona  Krya (Sitia) Al Rema 1 Rema (Sitia) E13
ByzasGadana Krya (Sitia A2 Rema 2 Rema (Sitia) E1l4
ByzaSterna  Krya (Sitia) A3 Rema 3 Rema (Sitia E15

Minas1 Krya (Sitia) B4 Dafne 1 Dafne (sitia) F16
Minas2 Krya (Sitia) B5 Dafne 2 Dafne (sitia) F17
Spilios Krya (Sitia) B6 Dafne 3 Dafne (sitia) F18
B.Ntaliana Krya (Sitia) c7 Tsourla Dories (Neapoli) G19
B.Diamadis = Krya (Sitia) C8 Koka Dories (Neapoli) @2
B.Skourafi Krya (Sitia) C9 Ktenas Dories (Neapoli) G21
Riza Syntreto  Krya (Sitia) D10 Lakos Krya Krya {8)t H22
Krya Spyru Krya (Sitia) D11 Messara Messara (HBrak H23
Potamisia Krya (Sitia) D12 Palaik Palaikastroi€égit H24

Dories

Krya

(set G)

® Agios
Nikolaos

g

Sitia
(set E)

Figure 2.2 (Left) Locations of Neapoly (Set G), Kra (Sets A, B, C, D and F) and
Sitia (Set E). (Right) Map and locations of Krya’'sand Dafne’s organic orchards.
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2.1.3 Standard crop practices in organic semi intesive production

systems

The compliance rates (%) to standard crop practised in organic production systems
give information about the overall care of orchaas&l can also indicate differences
between regions. The type of practices is impottaesstimate the quality of technology
which is used and along with the rates of executan give information about the
strategy of production and the consequences oktlemtments in the near future.
Different regions may have different complianceesato standard crop practices and
may use alternative practices characterizing tgonal strategy of production.

By recording the total standard crop practices Wiaiee used in a region it is possible to
understand a) the type of practices which are trema the producers b) to degree these
standard crop practices are followed or not folldwlé the majority of local production
systems consider that a certain strategy is stdrfdathe region then noncompliance to
this strategy shows that producers are less acne are unlikely to have a production
result similar to the majority of the productiorsggms in the area. Calculation of total
non-compliance is a tool which may therefore beduse determine if a region is
following a specific strategy.

For example if a production systemhas100 olivestreed 80 are receiving a standard
crop practice then the execution/compliance is 80%0 trees received no standard
treatment then on compliance is 20%. This toolasywseful since each region has
different climate, crop cultivar and scope of proion and follows different “standard
crop practices”. As a result, each region’'s stashdemop practice may positively
influence that specific region where it was devebbput it have negative influence in
other area, due to the local conditions.

In this study specific practices are reviewed ttedeine a) what type of practices are
performed in the region of Krya b) to what degrew &) which groves are less
compliant with these standard crop practices antdady noncompliance to standard
practices is influencing these groves.

All these treatments that are considered as “stdnc@p practices” for organic olive
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production systems are used thoroughly in thisystaddescribe treatments rates of (a)
soil cultivation, (b) irrigation, (c) fertilization(d) pruning and crop protection against
(e) B.Oleaeand (f) P.SavastanoiOther practices are also reviewed but may ndtdec

in the final calculation of compliance/noncomplianbecause may not represent a
standard practice, may be arguable if it represestandard crop practice or may be

performed in a maximum rate at all orchards.

As a result, sets that did not apply these stahdeop practices were recorded as “no
treatment or other treatment” and were used toutatke their total non-compliance to

standard practices.

Total non-compliance scores can be therefore pegpas an objective tool to evaluate
olive production systems since different agricdtipractices and treatments in general
are known to affect olive oil quality [Gutierrez999][Cosio, 2006][Dabbou et al.,
2010].. This tool is based on the assumption tistesns with maximum compliance to
standard crop methods will produce optimum oliMecompared to systems that receive

less treatment of standard crop practices whicle&ep to show lower quality olive oil.

[) Soil cultivation rates (tillage)/ compliance tosoil cultivation in organic semi —

intensive orchards

Soils can be cultivated by many ways and for séveesons depending on the orchard
and the producer. Data about the soil cultivaticas wgathered during the months of
April - May when olive trees are normally treatednnost parts of Crete, directly from

the field in collaboration with the producers. Theea of focus was the types of
machinery used by the producers to tillage the rocgaystems of the regions under
study and the determination of execution rate¢add in olive tree orchards is normally
done using sharp steel wedges that cut loose thiayer of soil called “Ploughshares”.

The machinery which is used for tillage can theamfdetermine the percentage of

mechanisation. Practices of interest during thdystuere:
» Use of heavy tractor attached with ploughshares
» Small manually controlled tractors
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> Other, non-standard treatments / no treatments

The execution rates (%) of each set were calculbyedounting the number of trees
which received soil cultivation treatment (i.e. tirst two in the list) by the producers
compared to the total number of the set. Rates tgpds of soil cultivation give

information about the level of mechanization anel degree of the practice used. Soil
cultivation is considered a standard crop practiceé compliance to this practice gives

information about the overall compliance of prodsde standard crop practices.

II) Fertilization execution/compliance rates in organic semi — intensive orchards

This refers to the method which is adopted by tloelypcers and the kind of compound
used for the improvement of the fertility of theclards. Fertilization of organic
systems in mountainous systems can be more difficoinpared to conventional
systems because chemical fertilizers are forbidaiesh producers must rely only on
approved methods for organic systems. Data wergvet in collaboration with the
producers with the use of questionnaires. The afdacus was the different type of
practices and the execution rates in these syst&éhes.most common practices for

fertilization were:

» green manure (as a cover crop grown to add nusrimdl organic matter to the

soil with the use of legume plants)
» Organic, commercial product (spread onto the swilosinding the olive tree)

» Compost (commercial or produced by the organic éasmvith the use of plant

residues)
> Animal manure
> Other / Non standard treatment

The executions rates (%) were calculated by cogntive number of trees which
received fertilization with one of these types.(tlee first four in the list) compared to
the total number of the set. Fertilization is gaflgrconsidered a standard crop practice

because it offers all valuable compounds necesfarythe sustainability of the
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production. Orchards that receive no treatment wedentually notice declined

productivity.

[1) Irrigation sources and compliance to irrigation

This refers to the method which is used by the pceds to provide enough water to
their olive trees and can be a qualitative charetie when the method is examined or
quantitative when the amount of watered is examihedhis study the orchards were
researched to identify the irrigation source whiglused by the producers to provide

water to the systems. The methods of irrigationenggiestion were:

» Private earth drills (drilling ground for water)

» Wells (public or private storage of water collecteding the months of rainfall)
» Network irrigation (public network providing watgar agricultural purposes)
>

Cistern / tanks (private establishments of wateragfe obtained either from the

network or by other methods to provide water duthydry months)
» Nonstandard crop treatment (only rainfall)

Irrigation executions rates (%) were calculatedcbynting the number of trees which
received watering with one of these sources (the. first four in the list, besides
rainfall) compared to the total number of the geigation is considered a standard crop
practice regardless the amount of water providetlcampliance to this practice gives
information about the overall compliance of prodsct® standard crop practices. In
addition, systems that do not have access to thikcpuetwork or privet earth drill may
have difficulties in adopting certain irrigationraiegies where intensive irrigation is
required. Groves that received no standard metHonrigation and relied only in

rainfall were considered as “nonstandard”.

IV) Harvesting execution rates and types of harvest

This section deals with the method which is pradidor olive harvesting, by the

producers depending on the technology which is .utes important to determine
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which methods are adopted to harvest olives incdiff to access mountainous systems
which are identified as semi-intensive organichvdifferent percentages of inclination.
In recent years many type of harvesters have begaduced to the market, most

popular practices under examination were the falgw
» Hand held harvesters

Heavy vehicles vibration harvesters

Manual harvesting of olives

Rods / sticks (used to drop olives by hitting olbranches)

Y V V V

(other /nonstandard treatment)

The executions rates (%) were calculated by cogrttie number of trees which were
harvested with one of these types (i.e. the fiosir fin the list) compared to the total

number of the set.

V) Pruning execution/compliance rates in organic s®i - intensive orchards

This refers to the system (production, shape cewat) and style (vase, apple etc.) used
by the producers to train their olive trees. Thetays and style were studied within the
orchards during and after the period of pruningislan important parameter which
gives information about the care of olive treesalihcan affect the productivity. It is an
important indicator of the level of professionalisoh producers since it requires
specialized workers and constant care. It alsosgiméormation about the specific
regional characteristics of production which aré mecessarily practiced in all systems
since every region has its own characteristics. Most important pruning practices

were:

» Shape (semi- intense pruning, applied in trees hvihiave lost shape during
years for several reasons such as carelessnesstibm of pruning costs or

unavailability of specialized pruners etc)

» Renewal (heavy pruning, performed in old, damageddiseases trees by

removing all unnecessary parts
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» Productivity (specialized cuts to promote growthl gmoduction in trees which
already have correct shape and do not suffer from @damage or other
conditions.

» Other/ non standard treatment

The compliance rates (%) were calculated by cogrithie number of trees which where
treated with one of the above practices compargdedotal number of the set. Pruning
is generally considered a standard crop practigardéess of the training system or the
type of cultivation. For this reason is also usedgarameter for the calculation of the

total compliance to standard crop practices.

V) Management of pruning residues

After pruning the residues are a problem becausy ttan develop and harbour
diseases. Practically all options available arelyikio be seen practised to varying
degrees. For example some producers prefer to aupercentage of the diseased
residues and compost the leaves and small brancheshaps use as food for livestock
and keep larger pieces of wood for burning matdnalod-stoves). Information about
this method was collected by questioning the preduiand directly from the orchards
by examining the management of the residues btingsiduring and after the months of
pruning. Abandonment of pruning residues withindhehards can host several diseases

therefore current policies forbid it. The most coompractices were:

» Compost. Refers to organic matter that can be dposad and used as a
fertilizer in crops. Pruning residues are broken small pieces with mechanical

shredders and receive treatments to product compost

» Burning material — firewood. Residues are eithanbd within the orchards or

cut for use as firewood (firewood is also soldddditional income)

» Fed to livestock. Parts of the residues are fdd/éstock within the orchards or
transferred to livestock farms. This practice ugugknerates animal manure
which is returned to the system as a source ofnicgaatter.

» Other treatment (no treatment here is not usedesno treatment of pruning
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residues is illegal, because the remnants can dissases, and pests and is
unlikely that no treatment is applied)

The execution rates (%) were calculated by courttiegnumber of tree residues which

where treated with one of the above practices coedp@ the total number of the set.

VI) Disease and crop pest appearance rate in organisemi-intensive production

system

This section deals with the identification of crepemies within the orchards. Most
common symptoms which were examined were thosesdaong the enemies in Figure
2.3.

» Bactorcera oleae
» Cycloconium oleaginum

» Euphyllura olivina

» Pseudomonas savastanoi

Figure 2.3(From left to right) i) bite caused byB.Oleae olive fly ii) symptom of
“spot” caused C.Oleaginum fungus iii) symptom of “cotton” caused by insect

E.Olivina and iv) tumour caused byP.Savastanoi bacterium

The appearance rates (%) were calculated by cautiien number of trees which were

identified with these symptoms compared to the tmianber of the set.

VII) Crop protection compliance againstP.Savastanoi and B.Oleae
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Crop protection is one of the key issues in orggmictice. Crop enemies such as
P.Savastanoi{bacteria) and.Oleae(olive fly) represent two dangerous cases which
widely spread within the Cretan orchards. In orgasystems where the use of non-
organic pesticides is forbidddB.Oleaecan cause serious problems because it reduces
the production, and can affect the quality of thieeooil because it damages olive
guality and quantity. Fruits seem to be more susldlepvhen the fruit ripeness and the
skin becomes softer in later months compared tapenolives in early months of

harvesting [Tamendjari et al., 2004].

Several studies suggest that mass trappings (Bpejtican prove to be a successful
practice againstB.Oleae [Ferreira 2002]. P.Savastan@ difficult to control once
established because there is no actual treatmemhsagt once the tree has been
diseased. It is known to spread through woundsethdsiring harvesting or pruning.
Prevention seems to be the only reliable stratebichwis performed by disinfecting
harvesting or pruning tools with alcoholic solusoistrategies against crop enemies can
give interesting information about the compliané¢gducers and the future of these
systems. Data regarding the compliance rates oflumers were retrieved with
questionnaires and the final compliance rates (%jewcalculated by counting the
number of trees which where treated with either snagppings or tool disinfection
compared to the total number of the set. Crop ptioie in general is considered a
standard crop practice and can be performed as\eemtion strategy. No treatment to
crop diseases can also used to determine the notacompliance to standard crop

practices.

2.2 Olive oil extraction conditions and collectiorof samples

The next stage after cultivation and harvestinglives was also studied in this project.

This stage includes olive oil processing from dadive the mill.
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2.2.1 Collection of samples processed in Krya mill

Olives produced from the systems described in enahbi.2 were monitored during the
post harvest stages for better control of the sasaglhe following parameters were

taken into consideration:

» Olive oils used as samples for the termination wédliy were obtained from
olive tree grove sets (A-D for Krya and comparatareas) presented in Table
2.1 and illustrated in Figure 2.2. From each grdditres of olive oil were
obtained for all purposes of this study. As a resainple Al represents 3 litre of
olive oil obtained grove Al, sample A2 represent#rd of olive oil obtained

grove A2 etc.

> Olives from Krya were harvested in the second babecember (1% Dec to 1
January) starting from set A (south Krya), follogriwith set B (east Krya) then
set C (west Krya) and finally with set D (highly €S with inclination more
than 35%). Olive sets acting as a benchmark forpasison such as those
obtained from the flatland area of Sitia (set K #me settlement of Dafne (set
F) were gathered during the same period with Kegcdnd half of December),
samples from Dories were harvested in the end ekhder to the first week of
December (around 35Nov to 5 Dec).

» Set E olives were more ripened (dark-purple tolbolaores) compared to Krya,
highly irrigated orchards are widely known to matdaster. Set G olives were
less ripened (green olives) compared to Krya. Qdiviained from non- irrigated
orchards (dry) are widely known to ripe slower. &rplives were in an

intermediate state (turning from green to dark-@)rp

» After harvest olives were gathered within linenksaand piled (as used in these
systems) therefore pressures during transportanmhstorage leading in fluid
secretions harming olive oil quality can be exped@lias & Garcia 1997]. This
process represents the dominant method of trargmort of olives in the
systems under study and no changes were appliathcsiudy.
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» All olives, in all sets were delivered to the mibt more than 48 hours after
harvest. Olive oil was processed with commercialfigoration used for organic
production and no changes were made during theysiand any mill.
Temperatures during milling were a separate objedtirgeting to determine the

exact conditions of processing for each mill used.

» The mill used for the olive oil processing of sAtsB, C, D and F was the mill
of Krya, managed by elected personnel in favouheforganic producers of the
region. The mill of Acladia (flatland Sitia) was ats for the processing of
samples obtained from flatland area of Sitia (geflBe mill of Furni (Neapoly
area) was used for the processing of olive oilsioled from Dories (set G).

» After the centrifugation stage of process, olivé diops in tanks where it
remains for some minutes. Transfer of olive oihégmally made with the use of
a valve located in the lower parts of the tankgkRpieen bottles as described in
the first chapter (section 1.6 - Figure 1.16) wased for the collection of olive
oil. After the processing 3 litres of olive oil veecollected directly from the tank

for each sample from Al to H24, totally 24 samples.

> All olive oils samples were properly stored in gaiat 15°C until the chemical

and sensory tests were performed.

2.2.2 Measuring temperatures of processing

It is important to note that different mills maylltav different processing method, or
use another type of equipment or machinery, theuamnof water used may be varied
during certain stages or may not used at all. Cintheo most important parameters is

heat.

Carefully grown olive oil is known to lose qualiyhigh temperatures are used during
processing. Within this project temperatures durifferent stages of processing of
olive oil were recorded. The main object were tteduine if the processing which is

normally done in the mill of Krya for semi-intensivorganic systems can be
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characterized as “cold” pressed” (£€2J or not determine the temperature of

processings which is used in this system.

To act as a benchmark for comparison, other millghe county of Lasithi were
included as comparative mills that extract olive ©his was to obtain a better overall
impression about the quality of the area studiedotal, the following three mills were

investigated:

» Krya’s mill (operates in the highland region of ld)y
» Furni’s mill (operates near Neapoly, in the higldaagion of Furni-Dories)
» Achladia’s mill (operate in flatland Sitia, in th@vland region of Achladia)

Investigation was divided into sessions. Each easbiad five main focusing areas

which were the following:

First, the outdoor (outside of the mill) temperatiwere measured where the olives
were stored before the processing. Storage of ®lugside the mill is the normal
practice which is followed and it is an importaatrgmeter because it is the temperature
of the olives before milling but also might affeélee indoor temperature as well.

The second area of focus was the room temperatsaigei the mill which can possibly

affect all later processes.

The next area of focus was the malaxation chamihese the olive paste is mixed .
Temperature in this chamber is applied from thesidnd it is expected to show a
relative difference if measured in several posgiohhe measurement in this study was
taken from the middle/core part of the pulp. Thdaxation process can last for 30 to
50 minutes which depends in the mill configuratiberefore temperature was measured
twice for this process, once during mixing in th@arts and again at the end of

malaxation.

The next area was the centrifugation champers, henyve is a closed system and it was
not possible to measure olive oil directly so teenperature after centrifugation was
recorded by measuring the liquid residue which cofrem the centrifugation.
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Finally, the last area of focus is the tank whetecallects after processing. All of the
above have led to the formulation of the followif@pble which shows the stage of the
olives processing during temperature measuremehtrenspecific area of focus where

the thermometer was implied.

Table 2.2 Stages of process in relation with periodf time

Stageofprocess Area of focus

Storage of Olives Atmospheric temperature outdoors

During indoor processing Atmospheric temp. instak mill

Malaxation Chamber Olive pulp temperature duringimg at the start
Malaxation Chamber Olive pulp temperature duringimg at the end
After centrifugation Liquid residue temperature

Tank Olive oil temperature after processing

The temperatures were measured over a period eé thonths starting from December
since these months are the most productive aneésept a full harvesting season of
olives. For the temperature determination threesomegments were carried out for each
stage every ten days to examine possible diffeseni@n sessions were covered in total

for each mill.

2.2.3 Low temperature “cold” processing

Cold processed oils are processed without usingresit heat, although there may be
some heat due to mechanical friction. For olive toilbe characterized as “cold”
processed it is widely accepted that the tempexaturing process should not by higher
than 27C. As a benchmark for comparison with temperatesults investigated in
2.2.2, a “cold” press — processing was performedKiga’s mill to measure the
temperatures without the use of heat. The millshager was asked to operate the
processing process with the same calibration useddmmercial purposes but without
using any heat during the different stages of @dcpssing. This experiment was
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repeated for two more times (three in total) fongsin the same areas like in the
previous section (2.2.2.)

Different graphs were generated based in these urerasnts and all results are

presented in the following chapter.

2.3 Chemical determination of olive oil quality chaacteristics

In this section the quality of olive oil which wasoduced from the orchards was
determined based on the protocols of 10C, relatedyjuality determination. The
determination of olive oil samples started with tatlection of the samples and their
storage in appropriate conditions, then followeel application of the test protocol. The
results are presented regarding the sets of orshatuch were studied and the
comparison includes the quality charts which aedusr the classification of olive oil

as we can see in the following Table.

Table 2.3 Classification of virgin olive oils base@dn chemical scores of free fatty

acids, peroxide value, and K indexes

Code Free acidity (%) Peroxide (meqg/L) K232 K270 AK value
Extra Virgin <0,8 <20 <2,5 <0,20 <0,01
Virgin <2,0 <20 <26 <0,25 <0,01
Ordinary Virgin | <3,3 <20 <26 <0,25 <0,01

The values from the results were compared withgtinedity Table above to classify the
olive oil samples in the categories above. An ‘@xtategory” is widely accepted to be
olive oils with very special characteristics, véow free acidity score <0,3 % which are
called “extrissima” olive oils and are marketedaatigher price even than extra virgin

olive oils.
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2.3.1 Collection of olive oil samples

Olives were transported to the mill for processoigolive oil during the months of
December and January. Samples were collected Iglifeotn the tank in compliance
with 1ISO 5555-2001 protocol. Olive oil samples wbagtled in commercial bottles of 1
Litre designed for optimum storage longevity, widleen coating for the following

chemical tests.

2.3.2 Olive oil free acidity determination and clasification

Olive orchards of Krya were assessed based onatangter of free fatty acid content.
The collected samples were chemically tested acwprithe I0C standard method for
acidity determination and olive oils were classifleased in I0C's standards.

) Reagents and apparatus used for measurement of frefatty acids

concentration (FFA %)

» Digital precision scale (iIBALANCE i211)

Erlenmeyer / Conical flasks of250mi

» Mixed solution of ethanol (Honeywell: Burdick & Jaon), CHCH,OH and
diethylether (Honeywell: Burdick & Jackson)sHG00,1:1(v/v)

» phenolphthalein indicator 1% solution, (ReAgent @il Services Ltd) in

Y

distilled water as an chemical indicatopgld:40,4
» Sodium hydroxide (ReAgent Chemical Services LtdjOM

1)) Preparation of samples and titration process

A conical flask was placed in a previously zeroegital precision scale to measure the

olive oil which is injected and control the weigiftthe sample to be 1g. Then ethanol
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and diethylether in a 1:1 (v/v) ratio was mixedidesthe conical flask with the sample.

Finally methanolofthalein solution was added ascatwr and titration using NaOH

solution took place. The reaction was completednathe colour was altered into light

pink and the amount of NaOH used was recorded wsbd in the formula of free fatty

acid acidity calculation.

Acidity (%) =

V NaOH (ml) * Normality NaOH * 0.282 * 100

Sample’s weight (g)

Where: 0.282 is the milli-equivalents of oleic acid

The results were presented as grams (g) of olailcpgs 100 grams oil, commonly

known as the free fatty acidity of the oil in perteStatistical analysis and design was

carried out using Linux Libre Office Calculator alficrosoft Office Excel software.

2.3.3 Peroxide determination

)

1)

Y

Reagents and apparatus used for measurement of peide value

Erlenmeyer / conical flasks of250ml

Mixture of acetic acid (Honeywell: Burdick & JackgoCH;COH —
chloroform (Honeywell: Burdick & Jackson), CHG:2(v/v)

Saturated solution of potassium iodide (ReAgentnalbal Services Ltd), Kl
Sodium thiosulphate (ReAgent Chemical Services, IN&)S,03,0.05N
Starchsolution1% (Ricca chemicals), in distilledevas an chemical
indicator

Peroxide determination process
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A sampleof2goliveoil was injected inside the cohiclask. A prepared
solutionof25mlaceticacid — chloroform, in a ratib 32(v/v) was added. A saturated
solution of 1 ml potassium iodide (KI) was addectn&he mixture is shaken for 1
minute and left for 5 minutes in a dark place. T fi&ml of distilled water and 2 ml
starch indicator was added. To prepare starchatalicolution, 1 gram of starch added
into 10 mL of distilled water and poured into 10Q wf boiling, distilled water for a 1

minute. The mixture was left to cool down.

Titration followed by recording the amount of sadithiosulphate solution used. Starch
indicator formed a very dark blue-black at the ehthe reaction and the peroxide value

was calculated with the given formula:

Sodium Thiosulfate (ml) * Normality * 1000

Peroxide (meq & Kg of oll) -

Sample’s Weight (g)

Where: 0.282 is the milli-equivalents of oleic acid

Statistical analysis and design was carried out usg Linux Libre Office Calculator
and Microsoft Office Excel software.

2.3.4 Light absorbency in the ultraviolet

Spectrophotometric absorbency in the ultraviolet igery useful technology that gives
information about the quality of olive oil and fiseservation state. For the absorbency
determination in the ultraviolet and the determoraf the K3, and Kyoindexes the
suggested 10C protocol was followed (COI/T20/Doc. h9/Rev. 2 2008). The fat in

69



question is dissolved in the required solvent @stane — Fig. 2.4) and the solution is
then analyzed at the specified wavelengths (232nth 2r¥Onm) compared to pure
solvent used as reference. Specific extinctions lwancalculated directly from the

spectrophotometer readings as it is shown in Figute

E K 232
3 l f.l.r-'Hg H
c CHgHﬁlj-—CHg—irZ—CHg
; K 270 CHs CH;
i . . I — . isooctane

2z0 230 240 250 280 270 280

wavelenght (nm) 2,2 4-trimethylpentane

Figure 2.4 (Left) Typical UV absorption spectrum fo olive oil. (Right) The

structure of iso-octane

I) Reagents and apparatus used for light absorbenay the ultraviolet

» Spectrophotometer (model Jasco V-530) for measugkigiction in the
ultraviolet between 200 and 400 nm as shown betofigure 2.3, with the

possibility of reading individual nanometric units.

» Rectangular quartz cuvettes with specific knowniogptlength (1cm),
preferably with covers. Cuvettes filled with sui@lolvent should not show

differences if compared between them of more th@fh 6xtinction units.

» lIso-octane,(ChsCCH,CH(CH;), as solvent (Honeywell: Burdick &
Jackson) to dissolve olive oil sample under exatiuna

» 25 ml graduated conical flasks.
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[

Figure 2.5 (Left) Jasco V-530, UV-VIS spectrophotoeter used for the
determination of UV (K indexes) absorbency. (Right)rectangular quartz

cuvette of 1cm thickness used in spectroscopy ofvd oil.

II) Preparation of samples

The sample in question must normally be perfectymbgeneous and without
suspended impurities therefore it was filteredt fttwough paper at a temperature of
approximately 30C (hard fats are to be homogenized and filterea mperature of
not more than 100C above the melting point) to @névight scattering effects. Olive
oil sample of 0.25 g was accurately weighted afected into a 25 ml graduated flask
(The resulting solution must be perfectly cleaglvént was filled until the line of the
flask and the solution was mixed very well. Thegteiof the olive oil was recorded for

later correction.

[II) Procedure of sample analysis in the spectrophometer

Spectrophotometer was calibrated and set readynéotest. The cuvette was filled with
the solution obtained and the extinctions were onegkat the appropriate wavelength
between 232 and 276 nm, using iso-octane solveatragerence. To set the reference
two cuvettes filled with iso-octane solvent wemstfiplaced to the spectrophotometer to
compare the homogeneity and check for possiblesflaihen one of the two was
replaced with the prepared sample and the tegskedtafAs a result the light response

curve was produced showing the absorbency valudgferent visible wavelengths. A
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full spectrum graph of the olive oil will was disgked. The graph was reviewed to
identify the peak absorbance values. The specifim@ions (extinction coefficients)

were recorded and the various wavelengths werelleddtl as follows:

KA =

C*s

Where:

KX : specific extinction at wavelengih;

EM : extinction measured at wavelength

c : concentration of the solution in g/100 ml;

s : thickness of the cuvette in cm.

Olive oil analysis using spectrophotometer is penied in accordance with the official
method. Determination of the specific extinctiondgne with isooctane solution at
wavelengths of 232 and 270 nm. Other wavelengthsiso used for the determination

of AK indexes that is calculated by the following foranu

Km-4+Km+4

AK = Km -
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Where: Km is the specific extinction at wavelengththe wavelength for maximum
absorption around 270 nm.

Statistical analysis and design was carried outgukinux Libre Office Calculator and
Microsoft Office Excel software.

2.3.5 Absorbency in the visible, mainly due to chiophyll

Chlorophyll is a pigment known also as a chelatenpound. The two types of
chlorophyll in plants complement absorb sunlightn®s are able to meet their energy
needs by absorbing light from the blue and redspafrthe spectrum. However, there is
still a large spectral range between 500 and600 winerein the chlorophyll absorbs
very little light, and plants appear green becatisis light is reflected. With
spectroscopy is possible to see that light with avelength of 460 nm is not
significantly absorbed by chlorophyll a (Figure )2.6ut will instead be captured by
chlorophyll b, which is strongly absorbed.

2.0+

| chlorophyl
< }

0.5+

0.0 N —

T T T T T T T 1
400 450 500 550 800 850 70D 750 800

wavelength (hmj

Figure 2.6 A typical absorption spectrum (VIS) for olive oil chlorophyll

determination

) Reagents and apparatus for the chlorophyll determiation
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For the chlorophyll determination the following @patus was used:

» VIS(visible light) Spectrophotometer(Jasco V-530)
» Disposable plastic cuvette, 1lcmxlcm

» Olive oil samples

1)) Procedure for the chlorophyll determination

Two blank (references) were first prepared bynglitwo empty cuvettes % with
tetrachloride. The Spectrophotometer was calibratetiset ready for the test. After the
sample cuvette was checked an olive oil sample added for measuring the
absorbency in the specified wavelength which waspsduring preparation. As a result
the light response curve was produced showing tisoraency values in different
visible wavelengths. A full spectrum graph of tHeve oil was displayed. The graph

was reviewed to identify the peak absorbance values

Calculation of chlorophyll amount expressed in ng/K

(A630 + A710)

Chlorophyll (mg/Kg) = A670 - 2

0,101L

Where:
A=absorbency in specific wavelength

L=cuvette's thickness in cm (1cm)

2.4 Organoleptic determination of sensory index

For the determination of the sensory index the ledgun systems proposed by the

European Commission Regulation (n°® 796/2002) weesluThe olive oil samples were
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graded based in the median of possible defectstlamdnedian for “fruity”. Other
positive characteristics like pungency and bittesnare also detected but the final score

is based only on the intensity of fruitiness aceuydo the protocol.

Sensory analysis was carried out by an analytiaakepof the Agricultural Union of
Rethymno made up of 12 specialists according toojean Official Methods of
Analysis EEC/2568/91 and a certified sensory lafooyawas used. Statistical analysis
and design was carried out using Linux Libre Off€alculator and Microsoft Office

Excel software.

2.4.1 Process of sensory testing of olive oil

The testers evaluated the oil by lifting the sangaieered with glass (to limit the release
of the aroma) then rotated the glass to wet thidenss much as possible (encourage the
release of the aroma). The next steps involvedgpklow, deep breaths and smelling
the sample for no more than 30 seconds and thesuomn small sip ofapproximately3
ml oil. The oil during this step is being distrikdtin the oral cavity as much as possible
for better evaluation. To eliminate the residuakeaof olive oil a small slice of apple
was chewed by the tasters and at leastl5 minutgsed between the end of one
session and the beginning of another to restorguiator loss of sensitivity caused by
continuing tastings and a maximum of four samples three sessions per day were

made.

2.4.2 Use of the profile sheet by panel member ande of the data by

the panel leaders

Each member of the panel evaluates both smellastd of the oil under consideration.
Intensity scores of the positive flavors and defeetre evaluated on the 10-cm scale as
shown in Figure 2.7. Tasters perceived all attebuand recorded them using the term
that most accurately describes the attributes.efagtormally avoid tasting oil that
seems to be extremely defective. After the senswal/the panel leader collected the
profile sheets completed by each taster and redete intensities assigned to the
different attributes. The assessment data weréststatly processed with computer

software used in certified panels.
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PERCEFTION OF
DEFECTS:
Fusty L
Musty L4
Winey - Vinegary
Acid - Sour s
Muddy sediment L4
Merallic »
Rancid L
(thers (speaify) -
PERCEFTION OF
POSITIVE
ATTRIBUTES:
Fruity »
Bitter »
Pungent »
Name of taster;

Sample cade:

Date:

Figure 2.7 Sheet used by sensory trials to evaluatdive oil attributes in the scale
from 0 to 9

A) Terminology for positive organoleptic characterstics:

[) Fruity: characteristic fruity flavour of oil from healthglives and fresh-
picked at optimum maturity. This feature is verypontant for the organoleptic

evaluation method because it is used to classive dlil

II) Bitter: characteristic flavour of oil from green unripeives. Can be
enjoyable or not, depending on its intensity. HogreMn no case can be

considered as a defect.

[lI) Pungent: strong tactile characteristic of oils producedhs beginning of
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the season mainly from olives that are still gre€ne intensity of pungency
decreases as the oil matures. Pungency is notigdtebfact that it is spread

over the entire oral cavity and disappears affemaseconds after the test.

B) Terminology for negative organoleptic charactestics:

The main six defects detected in olive oil that mreorded during organoleptic trials

are:

[) Fusty: caused to olives stored in piles that hawdetgone an advanced stage of

anaerobic fermentation.

II) Musty-humid: Caused by fungi and yeasts that hasldped during improper in

humid conditions

[I) Winey — vinegary: caused to olives that have urmieega process of

fermentation leading to the formation of ethyl atet acetic acid, and ethanol.

IV) Muddy sediment: caused to olives that haven' eartmud and has not been

washed out.

V) Metallic: caused to olives which has been in prghxh contact with metallic

surfaces

V1) Rancid: caused to olive that undergone a proceesidétion due to a prolonged

contact with atmospheric air.

Other negative characteristics can be: a) heateduort, (prolonged heating during

production), b) hay or wood (ontained from drietves), c) rough and pasty mouth, d)
greasy taste of diesel oil, grease or mineral ellyegetable taste, f) brine, caused to
olives that have been preserved in brine, g) cueuni grubby : caused to olives that

were heavily attacked by olive fly3( Oleag.

2.4.3 Classification of olive oil and display of &tibute scores

Olive oil samples were classified as extra virdineooil were if the median of defects

and fruitiness are equal to 0 as presented in Tablebelow. The samples were
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classified as virgin olive oils if the median okthefects was between 0 and 3.5 and the
median of the fruity attribute was above 0. Sampléth a median of the defects
between 3.5 and 6.0 and the median of the fruifaere classified as ordinary. Finally
“Lampante” virgin olive oils were classified aswaioils with a median of the defects
above 6.0.

Table 2.4 Classification of olive oils based in tlireorganoleptic score

Classification Fruity (median) Defects (median)
Extra virgin olive oil >0 0

Virgin olive oil >0 <3,5

Ordinary virgin olive oil 0 35-6
Lampante virgin olive oil 0 <6

According the 10C the final sensory score of olnié is based on fruitiness. Other
characteristics like pungency and bitterness aterskary positive characteristics which
do not affect the final score. From the scope séagch, pungency and bitterness can be
attributes connected to regional characteristicsight be related to farming practices.
For example some studies suggest that pungendwaal is increased in orchards is
increased to dry regions. Therefore all 3 positigributes were taken into
consideration. Although there is no established eh@mt the display of these attributes,
a model is proposed which shows all positive charatics in a triangle shaped
diagram where fruitiness is the top characteristicd the two side angles or “wings”
are formed by the scores of bitterness and pungehlegoretically, the maximum
positive value off fruitiness, bitterness and pumgeis 9 and can generate an isosceles
triangle (two sides are equal in length) as shawigure 2.8
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Figure 2.8 Typical sensory scores of extra virginlive oil expressed as diagram as
used in this study. Overall fruitiness score is 4 ith no defects which therefore

represents the overall quality score.

2.5 Calculating olive-oil total quality index scors and

comparing with popular olive oils currently in the market

The Olive-oil Total Quality Index Score (OTQIS)asformula originally proposed by
the 10C which represents an overall score of qualtich takes into consideration both
chemical and sensory scores and gives an absekué#.rAlthough it is not very widely
used it can be a very useful tool for technologstadies regarding olive oil and can
provide a simplified overall score of quality whican be a method exclusively used for
“premium” quality (alternatively called “extrissirfjeolive oils.

2.5.1 Calculation of live-oil total quality index gore

The OTQIS is calculated with the following formula:
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OTQIS =
2.55 + (0.91 * Sensory Score)
- 0.780 * FFA Score
- 7.350 * k70 Score

- 0.066 * Peroxide Score

Where:

Sensory score is the result obtained from the aigatic test

FFA score is the result obtained from the freeyfattid chemical determination
K270 score is the result obtained from the spectrophetoc test

Peroxide score is the result obtained from thepdeodetermination.

Statistical analysis and design was carried outgukinux Libre Office Calculator and

Microsoft Office Excel software.

2.5.2 Comparison with typical and popular olive os currently on the
market

In this study the OTQIS formula is used to comptre scores of the olive oils

produced in Krya with commercial olive oils whickeacurrently on the market. Olive

oil chemical and sensory attributes of these o#senobtained from certified labs that

followed the same specifications proposed by thertrational Olive oil Council (I0C)

as described above.

The information from this objective was used to eyate tables for the comparison of
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olive oils researched in this study as presentethénresults and discussion chapter
below. For the purposes of this study the samplesrevnamed after the same coding

and two sets were created.

Set | includes 125 (Kritsa), 126 (Neapoly), 127 t{&) that are popular commercial olive
oils found in the Cretan market produced in simitayuntainous regions of Lasithi of
Crete, holding PDO certification and are well respd for their chemical and sensory

characteristics.

Set K includes K28 (Argolidas), K29 (Lakonias) , K8Messinias) olive oils that are
popular olive oils found in the Greek market whighd are produced in 3 different
Peloponnesian counties as shown in Figure 2.8 @itADO certification and high

recognition in the Greek market for their qualihdasuccess.
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Figure 2.8 Locations (Peloponnesian counties) ofieé oil produced in Argolida
(K28), Lakonia (K29), Messinia (K30) and Crete’s Laithi.

Sets | and K are produced in mountainous flatlaplateau areas). These two
commercialized sets represent the epitome of mooua production systems because
they combine the positive characteristics of mowmoizs production systems (regional
characteristics, altitude effects) and flatland ¢h@ized, easy access and manageable

practice because of no inclination).

Finally, a set of typical extra virgin oils obtathdrom grocery stores (set L) and
markets was used to act as benchmark for furthepaason.
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CHAPTER 3: RESULTS AND DISCUSSION

3.1 Standard crop practices in organic semi-intenge

production systems

3.1.1 Soil cultivation

Table 3.1 Soil cultivation type and rates in Krya ad other regions compared

Practice Execution rate (%)
Soil Cultivation: | SetA | SetB | SetC| SetD| SetH SBt| SetG | SetH
Ploughshares 97.9 76.1 73.4 35,3 100 72.6 0 0
Small tractor 0 20.2 24.6 24.4 0 27.4 0 33|18
Other treatments 0 0 0 0 0 0 0 0
No treatments 2.1 3.6 2.0 40.4 0 0 100 64G.2

Organic producers in Sitia use in majority the gleshare cultivation method (tractor
attached with ploughshares) as is presented ineTalil This is noticed particularly in
set A of orchards which belong to the south sert@rsive organic production systems
of Krya and Set F which belong to the lowland higtensive organic production
systems of Sitia where the access for a tractevén easier due to the flat landscape.
2.1%, 3.6% and 2.0% in sets A, B, C refer to harddcess olive trees (which receive
no cultivation). In sets B, C, D, F there was uksmall tractors owned and used by the
producers themselves at 20.2%, 24.6%, 24.4% antP/@Tespectively. This is often
noticed in orchards with several characteristicsctvldo not favor use of big tractors
with attached ploughshares. This includes orchaitts unusual shape or trees planted

very close together, or wherever the space iséunih general.

In set D of orchards, some trees where not cuéitvaither by small tractor, neither by a
tractor attached with ploughshares (at 40%) becafideégh inclination (>35 %). In

these orchards leguminous plants were deliberatalyted in the soil to prevent weeds
instead. As a consequence these legume plantpneitide necessary nutrients to olive

trees and is known to increase yields as descitbprevious chapters.
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In contrast, Set G refers to the semi intensiveaoigy production systems of Dories
(located 5 km north east of Neapoly, acting asrecbhmark for comparison) which was
left without any treatment at all. This seems talmharacteristics practice of the region
where soil cultivation is replaced with mowing dietwild weeds later on to reduce
costs (soil cultivation costs more). Dories in Nalgpare generally a region which

operates olive orchards as lay farms. As a conseguaoil might not being cultivated

but the weeds are being grazed by livestock or ndoaved used as feedstock. This is
characteristic of the region of Dories (Neapoly)ishhrepresents the overall strategy

followed in this region of Crete.

In set H 66.2% of trees were left without cultieatiof any kind probably to limit the
costs. Alternatively, no soil treatment might afepresent a deliberate practice of the
region which is done in purpose or may be simply tuindifference.

It is widely accepted that soil cultivation has el effects on olive trees. First it
promotes new root growth which is necessary foogii®n of nutrients from the soil
and secondly it is an effective practice againgdge especially in organic agro systems
where no chemicals are allowed. Soil cultivatiorgenerally performed on a yearly
basis in Crete after the pruning period. If soih@ cultivated for a couple of years then

weeds (and nutrient competition) are increasedpaoduction starts to decline.

Ideally all producers in Krya must cultivate soitea pruning to eliminate further

residues dropped in the ground. The most accuratéhs seems to be April when the
soil is les humid and can be worked easier. Legplawets can be deliberately replanted
to dominate weeds and soil cultivation can be reggethe next year under the same

manner.
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3.1.2 Fertilization

Table 3.2 Fertilization type and rates in Krya andother regions compared

Practice Execution rate (%)

Fertilization: SetA | SetB | SetC| SetD| SetH SetfFSetG | SetH
Green manure 97.9 43.7 75.4 59J6 0 100 28.1 0
Organic fertilizer 0 36.1 0 0 61.1 0 0 38.1
Compost 0 0 24.6 40.4 0 0 0 33.8
Animal manure 0 20.2 0 0 38.9 0 69.8

Other treatments 0 0 0 0 0 0 0 0
No treatments 2.1 0 0 0 0 0 30.7 28]1

Besides the solil cultivation, ploughshares havecarsd role in the olive oil producing

systems of Krya. By cultivating the soil, most groweeds or previously planted

legumes are broken in smaller parts within the ards providing a form of green

manure which will provide organic compounds to trehards necessary for the
development of new growth. Some orchards might hiagen supplemented with

additional legume seeds and some orchards mighaiooseeds from previous seasons,
but in both cases all plant growth which is brokimwn is considered green manure.
Either by tractors or in some cases by cutting nmaels, all unwanted plants

surrounding the tree are mowed and shredded feptirpose.

In combination with Table 3.1 it is noticeable iable 3.2 that most trees from set A and
F were actually both cultivated and provided withen manure at the same time at 97.0
% and 100% respectively. When these weeds die anfighd all of their remaining
nitrogen, incorporated into amino acids inside thmmaining plant parts, are released
back into the soil. In the soil, the amino acids eonverted to nitrate (N, making
the nitrogen available to other plants such aotive trees, thereby serving as fertilizer
for future crops [Postgate, 1998]. As a consequegstems which deliberately cultivate
legumes along with olive trees will be more susthlea and will not depend on

alternative sources of fertilization such as conuiaérfertilizers used in organic
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agriculture.

The practice of cultivating legumes with the ordsadid not apply in all cases since
36.1% of trees from set B were supplemented witjamic fertilizers and 20.2% of the
trees with animal manure. The difference betweegarc fertilizers and animal manure
is mostly the concentrations of nutrients such ia®gen phosphorus and potassium.
Organic fertilizers for olive trees are designedhéwe higher concentrations of nitrogen
because olive trees use it to develop more growtie@ally after the pruning season
where it is mostly needed. Potassium is also es$dat the natural development of
fruit and soils with low amounts of this nutrientaynsuffer from low productivity.
Likewise, trees from set C and D were fertilized’&% and 59.6 % by green manure
and in 24.6% and 40.4 % by compost products. Cotrgratsanimal manure are mostly
offering organic compounds which are necessary dlbrtree functions. Orchards
without legumes need an alternative source of g@nowhich in the majority is being
offered by commercial fertilizers. Unfortunatelyganic orchards rely only on certified
products which cost much more than those offeredoimventional agriculture. From
this aspect, costs in organic agriculture can dtimadly increased if no alternative
strategy for fertilization is adopted. It is ofteaticed that trees grown in the orchard are
treated with animal manure or compost from the lldaamers or animal growers.
Lowland areas such as those from set E tend tcarsenercial fertilizers at 61.1% as
recorded in this study, and animal manure (38.9% )k aheap option. Producers in
Dories (Neapoly) with a tradition in animal prodoct seem to either apply animal
manure (69.3%) in their olive tree orchards or gpy treatment at all mostly because
of indifference.

Set H producers applied organic fertilizers (38.98®mpost (33.8 %) or practiced no
treatment at all to reduce costs. In systems watlientilization, olive tree productivity

will eventually decline, often after a period oft@ 3 years and the profit may be
minimized. This is more noticeable in low fertilin input — high intensive systems
where trees constantly need external sources oientd to sustain production. From
this aspect, mountainous semi-intense organic gstean therefore aim towards the
production of carefully grown quality olive oils thino special demands for increased

production but counterbalanced by a higher pricchenmarket due to the optimisation
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of quality. A strategy aiming at mass productionotife oil (which has been largely

followed in the past) has generally led in the ewtian of the soils and the gradual
decline of production, with the additional burderonfi the costs for commercial

fertilizers leading to an overall unprofitable $&gy, as was reported during the Olivero
project (2003-2006).

Ideally all producers must find sources of fertitibn in order to achieve productivity
sustainability over the years. Various weeds, guiee plants can be used as green
manure but producers should not rely only to trem@ces. Additional organic matter
will not cause any damages but lack or fertilizatiead to nutrient deficits affecting the

overall heath and productivity of the orchards.

3.1.3 Irrigation

Table 3.3 Irrigation type and rates in Krya and other regions compared

Practice Execution rate (%)
Irrigation source: SetA | SetB| SetC| SetD| SetE 6SE| SetG | SetH
Private earth drill 0 60.1 0 21.4 0 35{3 0 38|1
Wells 0 0 0 40.4 0 26.5 19.2 0
Network irrigation 94 18.2 73.2 32.1 98.7 247 0 .665
Cistern/tanks 0 0 22.7 0 0 0 0 0
No treatment (only 6 21.7 4.1 6.2 1.3 13.4 80.9 6.3
rainfall)

Regarding irrigation, Table 3.2 shows the differgme of irrigation sources used in
Krya. Producers are mainly providing water to thmichards through the agricultural
irrigation network which is the major source of @min set A production system. Set C
orchards which are located closer to set A do ¥ollosimilar pattern but 22.7% of the
trees are watered through the use of tanks whiddh the water for the dry months of
summer. Although olive trees are generally perakige drought tolerant, additional
watering during the dry months of summer may draaly increase the productivity.

From this point, tanks for storage of water ardipalarly useful and are often used in

Crete since water from the (public) network prodder agricultural purposed has an
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increased price during summer because water aidylas generally reduced in the
island. Producers may store water during monthgioffall which can used later on
during Summer to provide the additional wateringohis much more needed during
the dry months. Another reason is that the netvi@rkot providing water every single
day of the week and some producers follow an itiegaplan which does not comply
with the days where water is provided by the nekwBor example in some areas where
water is being provided only once a week, a losteriag may result in damaging
productivity especially in the dry months of summehen the fruit is under

development.

Alternative methods of water storage in these systis the use of wells as was noticed
in orchards from set D where 40.5% of the treesusiag water from underground

wells. The use of wells as sources of water isewanh the past, more developed
(public) wells for irrigation purposes were constad in the 1960’s that are still used

for agricultural purposes.

Orchards from set B have managed to get some ezhwiater from a private earth drill
(owned and managed by producers) and 60% of tliesolrees are irrigated exclusively
in this way, 18.2 % of the total trees are irrigafeom the network while 21% of the
trees receive no treatment at all. Lowland areasnugstly the network, 98.7% of the
trees from the F set are irrigated in this way. FSethich represents olive orchards from
the neighboring settlement seem to follow the sgaern as Set D but at different

percentages.

Finally from the set H samples it was noticed theg¢s are normally irrigated 38.1 % of
the trees use water from private earth drills abdb% from the network while 6.3% is
left without treatment. Private earth drills as @urge of water is a technology
introduced in the last two decades which seemsetwdry successful especially in
islands suffering from summer droughts. In areagretunderground water is being
detected the upper crust of earth can be drilletl sppecialized mechanisms can make

water available for irrigation purposes.
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It is very interesting to notice that other areasCrete follow completely different

methods of irrigation, for example, producers frddories (5 Km north-east of

Neapoly) are not providing any irrigation to theirchards, with 80.2% of the trees
relying only on rainfall during winter months aligh there are no significant
differences between Dories and Krya regarding &dinfTrees without irrigation

normally have a decrease in productivity. From a@lleer hand, regions such as Krya
and Dories that are located within a basin surredray mountains may be favored by
different microclimates which can positively affgebductivity and quality as well. For
example higher relative humidity is being noticedsuch areas especially in higher
altitudes compared to lowland orchards. From eethffit aspect olives in systems with
no irrigation may produce olive oil of higher qugliDroughts seem to result in higher
phenolic content in certain compounds which arpamesible for the characteristic taste

of bitterness in olive oils but low yields in thesestems remain a problem.

Irrigation generally affects the performance ofvelitrees by i) stimulating the
assimilation rate of nutrients and ii) creates eurgnd expansive growth to the olive

tree tissues [Naor, 2006].

Traditionally, before the introduction of earth Il irrigation was not performed in
olive trees. In some cases small amounts of sugpleahwater was often obtained from
wells or cistern/tanks and used to provide wateslitee trees during the dry months of

summer keeping them sustained (this is called “wmp@ntary irrigation”).

Different irrigation strategies have been usednttuénce olive tree productivity the
past decades. “Sustained deficit irrigation” foamwple is when reduced amounts of
water are used throughout the irrigation seasorficiDestrategies have been very
popular and their influence to olive productivisyacknowledged. “Regulated irrigation
deficiencies” is when 100% of irrigation is applietien the tree is less tolerant to water
stress and then irrigation is reduced to 30% ferrést of the season [Girona, 2001]. As
a result oil content can be increased (per amotlfruds) without affecting chemical

composition of olive oil [Motilva, 2000].
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A project was conducted in 2002-2003 focused t@rdanhe the irrigation levels for

optimum chemical

and sensory properties

in Arbeguicultivar.

Trees were

administered to seven different irrigation intelesitand oils were evaluated according

tithe IOC protocol. As a result the best olive wibs produced in the least and

moderately irrigated olive trees. Olive oils witletleast irrigation were characterized as

extremely, pungent and bitter with the highest pbbnol content. As irrigation

intensiveness was increased the phenolic contest dealined but olive oils were

identified as more fruity. Trees that received tiest water were sensory characterized

as lightly fruity with almost no pungent or bittBavors and with decreased phenolic

content [Berenguer, 2006].

All of the above suggest that highly irrigated eligrchards (such as flatland set E) do

not produce olive oil of higher quality (this issaldiscussed later on) therefore semi-

intensive production systems such as Krya should mezessarily aim to improve

irrigation type furthermore since most orchard«iga are already receive irrigation in

some extent. In regard with this assumption pgorghould be given in the

determination of the optimum irrigation intensivesdhat fist to the area and cultivar

therefore further investigation is needed.

3.1.4 Harvesting

Table 3.4 Harvesting type and rates in Krya and othr regions compared

Practice Execution rate (%)
Harvest: SetA | SetB| SetC| SetD Setk Set|FSetG | SetH
Hand harvesters 100 100 100 10 10 100 78.9 1
Vehicle vibrators 0 0 0 0 0 0 0 0
Manual harvest 3.2
Wooden sticks 0 0 0 0 0 0 26.1 0
Other 0 0 0 0 0 0 0 0

00

In Krya, as in most systems in Crete, harvestingliok oils is done from November to

February according the maturity of the fruit. Frgitality determination is used to
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define the optimum fruit harvesting and may involeelor — visual quality, fruit
firmness and oil content [Agar et al. 1998]. Thssaften performed by the growers

empirically.

During harvest, there were no different methodsequipment noted besides the
established one (hand held mechanical harvestenisssin Figure 1.10 Introduction
chapter), which was used by most producers. Thagests that hand-held mechanical
harvesters in Crete are considered the optimalooptvhich offers a variety of

advantages in local production such as the flagttib be used in mountainous inclined

land.

It is noticeable that producers in Set G use alddashioned sticks at 26.1%. Very high
branches may not be accessibly with hand held nmécddaharvesters and for this
reason long old-fashioned wooden sticks (non-machBmmay be used to drop olives
down. Alternatively these branches are cut (prukeding the harvest and are hit by the
workers using shorter sticks on the ground. It islely known that before the
introduction of mechanical hand held harvester&tiaece wooden sticks/rods was the
established practice for Koroneiki harvesting,| gtilacticed in several undeveloped
areas of Crete. Similar hand-held mechanical h&ev®shave been experimentally
introduced this decade in Kenya showing promisiegults [Abdine et al, 2005]. In
Table 3.4 it is seen noticed that 3.2 % of oliveset G which are considered good for

table purposes are gathered manually during harvest

Harvesting method and date are generally impoit@cause both can directly affect
olive oil quality. Ripeness index is generally kndav affect fatty acid composition
[Beltran, 2004] and wounds created during beatihglive fruit seem to affect the
formation of free fatty acids which can lower theality of olive oil [Shimizu, 2008].
Wounds can be responsible for further degradatibnquality especially if the
processing of oil from the fruit is delayed [Kiatgs, 1998] or olives are pressed during
the various stages of production [Olias & Garci@91]. For this reason several
alternative harvesters have being introduced likendhheld mechanical vibrators

(vibrate the branches to drop olives) but they dd seem to work well in the
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“Koroneiki” cultivar compared to hand held mechaibarvesters that drop olive by
hitting although further investigation is needed.

Hand held mechanical vibrators are expected tooparbetter in big-size olive fruit

varieties rather than Koroneiki (small and manyweliruits). Most regions in Crete
produce the cultivar Koroneiki which is charactedzby the production of small olive
fruits therefore it seems unlikely that vibratioarvesters would be more efficient
compared. Similarly the collection by hand (hanckpd olives) can be very affordable
since the worker productivity with manual harvegtis relatively low [Abdine, 2005].

Olives harvested in unripe stages might be lesseptible to wounds since fruit skin
will be harder and tougher compared to mature slji@mendijari et al., 2004]. Ideally
when olives have reached their full size can bedsied before it start to change color
(color changing indicates the start of maturityqass). As a result olive wounds may be
minimized although these assumptions need furthesstigation.

3.1.5 Pruning
Table 3.5 Pruning type and rates in Krya and otheregions compared

Practice Execution rate (%)
Pruning: SetA | SetB| SetC| SetD| SetH SetfF SetGSetH
Shape 26 9.3 25.6 22.4 89.1 221 0 C
Renewal 8.3 7.3 6.1 8.5 0 7.1 21.p6 28{1
Productivity 52.1 455 48.2 50.2 0 45.9 0 0
Other treatments 0 0 0 0 0 0 47.7 33{8
No treatments 13.5 37.9 20.1 18.8 10{9 24.9 30.7 .1 3|8

The most popular training system which is adoptg€iripa’s producers is a type of vase

shaping (a style widely followed in the broaderioegof Sitia and therefore the sub-

region of Krya). This shape was applied in all bieraregions of Krya from set A, Set

B, Set C, Set D at 26%, 9.3%, 25.6%, and 22.4%y ®13%, 7.3%, 6.1%, 8.5% needed

renewal (very heavy cutting) while most trees whamgned for productivity at 52.1%,
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45.5%, 48.2%, and 50.2%. The “vase” adopts an ogeim the canopy of the tree
which increases the surface and lowers the heighthe tree making it more
manageable for harvesting. Productivity primingerefto the practices which result in
an overall increase of productivity (specializedsqoerformed by experiences runners).
As a consequence olive trees in these sets wilt Bavincreased demand for nutrients to
support the new growth which is given by severalrses as described in the previous

section 3.1.2 about fertilization.

No treatment in these cases refers to fully pradecind well cared for trees without
any need to any specific treatment. 30.7% of Greatived no treatment. It is widely
accepted that trees which receive no treatmentsgnadually lose productivity and
shape compared to pruned ones. This will make Bngeless easy because branches
can grow very tall, up to 1 meter per year. Th@hleouring settlement of Dafne (set F)

seems to have similar activity as Krya.

It is noticeable that most trees from set E reakisieape pruning which suggests that
these orchards were left without treatment for sgmears and have lost their basic
shape. In case of set E, olive trees which recen@dreatment refer to trees which

where of younger age and needed no pruning.

An unusual method of pruning takes place in Setf@aries. Traditional animal
producers and semi-olive oil farmers tend to ogetheir orchards as lay farms and
selectively cut branches (47.7% were treated thay)wvhich are gathered to feed
livestock. This practice was perceived as “otheatiment” during this study because it
Is a rare technique which characterizes the redgianther parameter which might have
led to this practice is that the region of Dorieshaving different local climate than
Sitia, which often suffers from heavy frosts, thosreasing the possibility for damage
from frost wherever the trees are too severely guiusince higher branches offer
protection to the lower parts of the trees. Perhlihasis the reason why the vase is less
popular in these areas.

Set H orchards received renewal pruning at 28.1€aume of several reasons (high cost
of pruning, difficulty to find specialized prunersarelessness etc.) they have been left

abandoned and developed unwanted growth whichteesin loss of shape, in another
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case 33.8% of the trees had suffered from frost&chwkvere noticed this season
(similarly with Dories other sub-regions might srfffrom frosts too), and 38.1 % of

trees were left without treatment to limit costsl @xpenses.

Olive oils obtained from olives suffering from fteglike sample H23) are expected to
have degraded olive oil quality which may be seethe chemical and sensory results.
“No treatments” noticed in all sets are rates whatdo show that producers have not
complied with the pruning needs of the trees. Thimore increased in sets B, G; H.
Olive trees which receive no pruning at all willeenually lose shape- and productivity,
and will become more difficult to harvest. Somedgts also suggest that vigorously
grown olive trees where lower branches are shadey lme more susceptible to crop
pests. This may be more increased in old, damaggtthes which can harbour pests

and other diseases.

Ideally, olive trees in Krya should be trained het“vase” system, and pruned for
productivity each year. This includes specialized merformed by expert pruners that
are not analysed in present study. Priority is radlyrngiven to the removal of broken,
old or diseased branches (this is also “renewatipgi). These cuts might not directly
effect olive oil quality but have indirect influeex in olive productivity. Harvesting
management is directly affected by pruning for €hsipce trees that have lost shape are
difficult to harvest. In Table 3.1.4 it is noticéaat not all tress have been treated with
pruning. This suggests that producers are not fallgompliance with standard pruning
practices of the region therefore is suggestedpghating should be set as a priority in

this systems. More details about pruning are irptéra- section 1.5.4.

93



3.1.6 Pruning residues

Table 3.6 Pruning residue management type and rates Krya and other regions

compared

Practice Execution rate (%)
Residue manage: SetA| SetB SetC Setp SetlE SetFSetG | SetH
Compost 0 20.2 0 36.3 0 0 0 33.8
Burning material 80.2 43.7 84 45.7 100 833 0 66.2
Fed to livestock 19.8 36.1 16 18.2 0 16/1 100 0]
Other treatments 0 0 0 0 0 0 0 0

The management of residues is an important pastganic olive tree farming because
it is a high source of organic compounds produdbiiwihe system. After pruning there
is possibility for the residues to be used as afitiathal source of organic compounds,
which as a practice might seem to be the optimumn lautt it can increase the costs
(because it require extra labour and because str®de gasoline which increases
costs) and some producers are therefore discoufag@dpracticing it. From the other
hand, the use of residues as compost (cut witthéhe of mechanical shredders) can
provide organic compounds which might replace otwirces (for example: animal
manure or commercial compost). As with green mammaing residues which are left
in the field may release all their nutrients bactoithe soil which will be available to
other olive trees, thereby serving as fertilizédneslding residues was introduced in the
last decade as a method to generate compost lpradeces themselves. In sets B, D,
H, 20.2%, 36.3%, 33.8% of smaller branches wheteirto smaller pieces with the

help of a branch shredder (Figure 1.8 - Introduntio produce compost.

Smaller and thinner branches are often destroyddnthe orchards by burning, mostly

to minimize cost or work, instead of used as fuettoves or feedstock (set G Dories).
This practice may cost less but great amounts garoc mass are wasted instead of
used as a source for fertilization of the soil. i8ng residues directly in the orchard can

be cheaper but the need for organic compoundsohiaes tovered by other sources such
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as commercial compost or animal manure, which nmeyease the overall costs of
production. Most residues in sets A,C, E and F (anbbwer rate in other orchards)
were used as burning material to reduce cost; heearyches were either cut or sold for
wood stoves generating extra income while small@nd¢hes were burned directly
inside the orchard. All tree residues from set Gengarried away and fed to livestock.
This is part of a general strategy which has bewted in past traditions. All cut
branches were traditionally transferred and fediwestock. To counterbalance, all

animal manure was transferred back to the orchasdsfertilizer.

Certain methods as the use of pruning residuesedstock (set G) will likely be
abandoned in the near future, especially when medubecome more focused on olive
oil production. The uses of mechanical shreddelislikely increase as long as the cost
of fuel used for the transfer and operation of na@atael shredders remains low
(shredders are high maintenance). Larger wood pieb&ined during the pruning of
olive trees will likely be a source of extra incorelong as wood stoves continue to be
are used in the island. An alternative proposal dw@r suggests that these systems
could sustain the traditional practices of the ast operate as agro-touristic lay farms,
producing high quality organic olive oil, in an émnment simulating the traditional
practices of husbandry and agriculture combineds Would likely be more successful
in set G for example where producers currently dgilal with olive oil and animal

production.

Ideally all pruning residues should either i) shied and become compost acting as
natural organic fertilizer or ii) fed to livestodk order to produce animal manure that
will be recycled back into the orchard as natueatilizer. Lesser remnants should be
left in the farm to be included in the annual siliage as discussed in 3.1.1. No
remnants should be destroyed with fire within tihehards since a) organic matter that
can be used by the trees is wasted b) this praistiocet environmentally friendly since
burning increasing C£emissions and c¢) both larger and smaller piecesoofd can be
used as woody by-products known as “wood pelletsit tare used in certain agro-
industrial activities as fuel for stoves [Giacon2008]. As a result either extra income
can be generated from the accurate managementsuning remnants or organic

composts that can be used in the same systemesréage nutrient input in the orchard.
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3.1.7 Crop pests
Table 3.7 Crop pest type and rates in Krya and othreregions

Practice Disease rate (%)
Crop pest: SetA| SetB| SetC| SetD Setk SetF &t SetH
B.Oleae 28.8 31.5 34.4 35.9 70.7 29.7 70.p2 59{4
C. Oleaginum | 4.6 4.2 5.7 5.1 17.6 4.4 17.9 8.3
E. Olivina 1.9 1.6 1.8 1.9 11.3 1.6 5 0
P. Savastanoi | 17.1 12.8 21.7 14.3 41.7 12 57 404

A variety of diseases and plant enemies can bedfauevery system of production. In
olive tree orchards the most dangerous enemy caab&ocera Olea&known as the
“olive fly” because it affects directly the quali(gnd quantity) of the fruit and olive oil.
As is noticed in Table 3.7 all orchards suffer fr&actrocerato different degrees of
severity. The females lay their eggs to olives lre tsummer when the fruit is
developing. Climate is known to affect the life obé, especially temperature and
relative humidity. Temperatures above 30°C can cieduthe fecundity of females; a
female lays two to four eggs on average per dasummer and 10-20 eggs in autumn.
Persistent temperatures above 32°C for severakleoday also cause mortality of over
80% of the eggs and larvae of that age.

Olives wounded by olive fly tend to fall to the gral creating a “ring” of damaged
olives around the tree. By looking for these ‘ringgsvas possible to estimate that 28.8
% of the trees from set A were damaged by the tngbite similar rates where noticed
in all trees grown in this region. In set E the dge fromBactrocera Oleaewvas
noticed at 70.7% of the trees similarly in set @ &hwhich shows that precautions
were probably not taken against the fly in the gastson. Lowland production systems
(set E) are often highly irrigated. In this cagejtfskin can be softer and can be easier
to pierce by the fly. If fruits are unripe (for erple in regions where irrigation is less),
females have difficulty penetrating the outer pafrtthe fruit because it is harder
compared to more ripened fruits [Tamendjari et2004]. Thereford.Oleaeprefers to
lay eggs in olives where the skin of the fruit agmsesofter. This is done during the
months of summer when the female lays eggs.
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In Dories (Neapoly) semi- intensive organic protwtsystems (set G) olives might not
be in the same ripeness compared to lowland reglariag summer. It seems that the
microclimate of the Dories region is the most inpot parameter for the observed
increase inB.Oleaeattacks since olive fly may flourishes in humidnwtes where

temperature does not exceed 32-34°C (such as imefie of Dories).

Other diseases such @gcloconiumalso appear at greater rates in sets E and G. Since
this can be a secondary disease affecting woundeitls fand leaves it often
accompanies the damage fr@rOleae Cycloconiumflourishes in regions with high
relative humidity (such as the basin of Dories #raheavily irrigated flatland of Sitia).
Diseased plants seem to appear weaker and theeslegadually dry and fall. The best
protection againgCycloconiumseems to be pruning which appears to be less pedcti
in Dories explaining perhaps the increased ratih@fspecific disease. As described in
the earlier section (3.1.5), training systems sagtthe vase” may open the tree canopy
and encourage the penetration of sunlight in tinerir{previously shaded) parts of the
tree preventing the spread of the fungus in oliged. Copper spray may be a successful
practice against this fungus as also for the ptmiecagainstPseudomonasvhich is
widely used and permitted in organic farming piadi as it is a natural pesticide
[Simeone et al, 2009].

Although some trees were noticed to h&wgphyllura olivine, theates were very low
and appeared sporadically, with the exception sett E1.3% which was increased
compared to other sets. As a crop pest, it is secinassociated with the new flowering
and fruiting olive branches. It can feed directfytbe leaves and is known to reduce the
yield but also has an indirect action by produacivaxy secretions that induce many of
the flowers to abort, even those not attacked threc&uphyllura flourishes in
temperatures between 20-21 °C during February tol.Apemales lay eggs in new
shoots especially after pruning when new growthrasmoted (like in set E were 89.1%
of the trees were pruned for shape). Mountainog®ns may have lower temperatures
in these months which may also explain the lowegoeapance rate of this pest in
highland systems.
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It is noticeable that afteB.Oleaethe second most prevalent disease (bacteria) found
these systems is the bacteRaaudomonas savastandilthough it does not directly
affect the quality of olive oll, it plays an impartt role in the health of the tree and the

productivity.

It can be seen in Table 3.8 that this bacteriunwshan increased rate in systems E, G,
H. This suggests thdseudomonasan easily spread in systems where precautions are
not taken and the disease is not addressed. Theribacause tumors about 0.5 to 2
inches in diameter on twigs, branches, trunks,sioetaves, or fruit stems which may
break during harvesting or pruning and contamittaetools. The bacteria can be easily
spread during harvesting in rainfall conditions ahaling pruning when saws contact
the tumors and no disinfection measures are tadeonh(olic disinfection). It is difficult

to determine exactly why systems of Krya (sets ®Y@and Dafne (Set F) have the least
disease rate compared to the other regions. Thimastly attributed to climate
conditions of the region, the careful managemenblofe orchards by the organic
producers of the region (for example avoiding hstiwg during rainfall) and constant

pruning of olive trees.

3.1.8 Crop protection againsB.Oleae

Table 3.8 Crop protection type and compliance rateagainstB. Oleae in Krya and

other regions compared

Practice Execution rate (%)
Crop protection: | SetA | SetB| SetC| SetD| SetE Set| SetG | SetH
Mass trapping 28.8 20.2 60.7 40.4 100 62.7 ) 6.3
Other treatments 0 0 0 0 0 0 0 0
No treatments 71.3 79.8 39.3 59.6 0 37.3 100 98.7

While trapping may include a variety of traps (gelltraps, attract and kill traps etc.)
the recorded traps used fBactrocera oleadolive fly) in the sub-region of Krya are

known as “attract and Kill” traps [Ferreira, 2002Mass trappings” in Table 3.8
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represent the use of traps agaiBsDleaeused in areas under study. Sets A and B seem
to have the lowest treatment/compliance rates agBi®leaein Krya since the disease
rates were also low. Set C had a disease rate4#3dable 3.7) and complied with the

protection specifications by using mass trappirig€0ad% of the trees.

Sets C and F may also have low disease rates (s@eys section 3.1.7) but the
compliance rates of protection against the fly wehagher (60.7 and 62.7%) compared
to sets A and B. Producers seem to have applied tnagpings even if the practice
increases costs. All of the above may suggestptwtucers do not neglect the use of
mass trappings as a method of protection ag&3leaein the region of Krya and the
neighbouring settlement of Dafne. In the same \gay, F applied mass trappings at
100% execution rate since this region suffered flynattacks at 70.7% (Table 3.7) the

previous season

Hypothetically, the introduction of new predatossaabiological control method against
B.Oleaeor the control of natural enemies found in Creta ba used as a successful
practice to protect against the fly. Unfortunataly,set E seems unlikely to success
when neighboring orchards (conventional agricultiseoften practiced in nearby
orchards) use pesticides for crop protection. Korathe other hand does not face the
same problem and most sets (A to D and F) are algaificant distance from
conventional practices (pesticides) used in thddods. For Krya it may be possible to
employ the use of biological control agents (ndtereemies oB.Oleaewhich can be

purposely controlled or new species can be intredu the near future.

Set G (and H) seems to do nothing about the imfiestiromB.Oleae.Producers in
Dories claimed that mass trappings haven't beercesstully introduced in these
systems yet. This is a perhaps because up unti] tteey have little experience in
organic methods. In Dories where organic system twaly recently received their
certification, it is to be expected that produaey have less experience about organic
agriculture compared to other regions (such as Kityat have adopted organic
practices earlier. If no precautions are taken regy@.Oleaein Dories then this may
lead to serious consequences in the productividycarality of olive oil in later years. In

addition if crop protection in regions such as Bsris not adequately controlled this
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will lead in the fluctuation of olive oil chemicaind sensory scores from year to year.
This lack of stability in quality may have a negatimpact on the image of this product
in terms of marketing. Olive oil in Dories is sabhly in bulk state. For this reason,
producers are not yet encouraged to produce olivef @ptimum quality because the
differences in price per litre when olive oil isléon bulk are relative low. Producers
from set G (and H) generally present indiffererttdagours compared to Krya.

Besides using mass trappings to counterbalancdahmges fronB.Oleae,producers
can harvest olives at an earlier stage of developmAs a result the various
biochemical reactions which lead in the increasé&e¥ fatty acidity in olive fruits are
limited, which affects the quality of the oil. & widely accepted that olives damaged

from olive fly must be harvested and processedaas as possible.

“Other treatments” in table 3.8 refer as well tvaiety of other methods (Cultural
controls, the use of GF-120, sprays of kaolin clay) no such practices were actually
recorded during this study. This in general maygssgthat no serious efforts have been
made for the introduction of these crop protectisethods in Krya (or any other system
in the county of Lassithi) and that there is scd@eresearch focusing on cultural

controls with predators and parasites.

Ideally, all orchards should follow the exampleset E, applying massive trapping as a
preventive strategy regardless if olive fly is aétel. This is generally avoided since
traps cost and as a resBliOleaeis usually spread damaging olive fruits but graver
will eventually need to adopt an annual prevensirategy to control olive fly. Olives
wounded from flies decrease in quality since defeatd increased acidity may be
noticed in olive oil [Tamendjari, 2009].

It seems that damages frdgnOleaecan increase in heavily irrigated orchards (set E)
because olives are more ripened and the skin ssften the insect is active (summer).
Non-irrigated orchards seem to perform better ajdime fly because fruits are unripe
when mature flies are most active (also discussesection 3.1.8). As a result olive

suffers less from olive oil attacks [Tamendjarakf 2004].

In conventional farming, the use of chemical foratidns may reduce the problem but

in biological agriculture where chemicals are narmpitted the problem remains.
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Controlling olive fly with mass trappings seemsbt promising. Some studies done in
Portugal suggest there is space for improvementdka, 2002].Flatland area of Sitia
(set E) showed the highest compliance to this niethd olives were highly diseased
(70.7%). This suggests that more biological croptemtion practices should be
introduced. The efficiency of newer traps in Krgaunder question. These new devices
containing reduced amount of pheromones promisterbptotection with lower cost
[Noce, 2009]

3.1.9 Crop protection against. Savastanoi

Table 3.9 Crop protection execution type and ratefor Pseudomonas in Krya and

other regions compared

Practice Execution rate (%)
Crop protection SetA | SetB| SetC| SetD SetHE Set/FSetG | SetH
Copper / bactericides 0 24.2 0 24.b 0 D q 28.1
Tool disinfection 0 0 0 0 100 0 0 0
Other treatments 0 0 0 0 0 0 0 0
No treatments 100 79.8 100 75.6 0 100 100 71.9

Pseudomonas savastar(olive knot) is difficult to control once estaliisd. Prevention

seems to be the only reliable strategy [Smith 1988]

As can be seen in Table 3.9, no applications opeppontaining bactericides or other
treatment to protect the trees for sets A, C, Edmbination with Table 3.7 this can be
understood that for sets A, C, F the need fortneat of injuries is low. The disease can
gradually increase by the years and become sepmisem in the near future if no
treatments are done in these systems. The mosibj@season for noncompliance
against the disease seems to be indifference akafknowledge about the threat from

Pseudomonasavastanoi.

Combining Table 3.8 and 3.9 it can be noticed gratiucers from set C have focused
on the protection againB.Oleaewhile have taken no measures agaPstudomonas.
This can be seen as an example, showing that pecgluight not take the bacterial
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damages seriously enough (lack of knowledge abdwmuiconsequences). High disease
rates ofPseudomonaare gradually weakening the tree, reducing proditiziand may

also eventually cause total death of the tree (@aibein humid regions).

Some producers seem not to understand the possarigers from neglecting the

disease. In Sets B and D the compliance rate tp protection against olive fly is

24.2% and 24.5% while producers from Set H seemmake an effort to use copper
(28.1%) as a precaution against the disease bulisease rate was in general higher
(40.4% - table 3.7). Costs for tool disinfectiondaapplication of copper and other
bactericides are not very high, 5 litres of alcahgblution may be used for up to 500
trees if used correctly. Two applications of coppan be made, one in the autumn
before the rain starts and one in the spring whestreaves have been shed. The
systematic application of copper in previous yeaight be the reason why sets B and
D have a lower appearance rate of the specifimdeseompared to other sets of Krya
which were studied. Information from specializedaamgmists in olive farming can be

very useful in these systems.

Producers from Sitia’s lowland areas (set E) haken precautions by eliminating the
disease during pruning by tool disinfection (beeatl®e bacteria may be carried on
pruning shears or chainsaws) at 100%. As can be akdrees were pruned with
disinfected tools in Set E example. The next stepukl be the control of disease with
sprays of copper or other bactericides certified @ganic agriculture. As a
consequence these systems may notice improvechhaaiditions in olive trees and

increased productivity compared to the other system

In Set G (Dories in Neapoly), producers mostly ®o@n the removal of diseased
branches (the removal of tumours cause®.lfyavastanailuring summer has also been
reported to control the bacteria). From Table 316pauning residues it is understood
that this region uses pruning residues as feedstdigh probably is practiced during
all months of the year. As a consequence new treaitly does not suffer from the
disease (at least not in the first years) and gpresluction while older and diseased
branches are gradually removed. Controlling thealie by removing diseased branches

may be a characteristic behaviour of the regiohcalgh it may not be identified as a
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protective practice against the disease. As a cuesee the overall health and
productivity of olive trees in Dories may be lowetgecause of the weakness caused by
P.Savastanoin the near future. Other regions that follow sysatic protection against
Pseudomonas savastarsfiould aim to control it as well. Cooper use argindiection

of tools is widely accepted to successfully conti@ disease in olive oil production

systems.
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3.1.10 Summary — Total noncompliance rates to staadd crop
practices

Table 3.10 Noncompliance rates (%) to standard crogpractices in organic semi

intensive production systems compared

Practice Noncompliance rate (%)

Set Set Set Set Set | Set | Set | Set Ref.
A B C D E F G H

Soil cultivation 2.1 3.6 2 40.4 0 0 100 66.P 100

Fertilization 2.1 0 0 0 0 0 30.7 28.1 100
Irrigation 6 217 4.1 6.2 13| 13/480.8| 6.3 100
Pruning 13.5| 379| 20.1] 188 10.9 24.920.7| 38.1 100

Pr. (B.Oleae) 71.3 | 79.8| 39.3] 59.6 0 37{3100 | 93.7 100

Pr.(P.Savast.) | 100 | 79.8| 100| 75.6 0 100 100 7149 100

Reference
Set H
SetG m Soil Cultivation
Set F o
§ SetE B Fertilization
Set D M Irrigation
Set C M Pruning

Set B
Set A

M Protection (B.Oleae)

H Protection (P.Syringaea)
0 200 400 600 800

Total noncompiance rates (%)

Figure 3.1 Total nhoncompliance rates (%) to standat crop practices in organic

semi-intensive systems compared
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I) Total noncompliance rates to standard crop pradtes used in organic semi

intensive production systems

Certain crop practices (also described in sectidn4® are considered standard in
organic olive tree growing. Total noncompliancesrstores operate as an objective tool
for assessing the degree of compliance with thedsta crop requirements used in
organic olive production systems. For organic sermensive production systems the
general crop practices are also described in tise ¢hapter (section 1.5). Table 3.10
summarizes the “no — treatment or other” that regmé the noncompliance rates to
standard practices such as soil cultivation (Ta8hlg, fertilization (Table 3.2), irrigation
(Table 3.3), pruning (Table 3.5), protection agtiomp enemies such &@.Oleae
(Table 3.8) and protection agaifstSavastandiTable 3.8.). Harvesting is not included
because the majority of production systems and 100%rya systems are using the
same method. Pruning residues is also not addeaubecall residues are managed,
since it is illegal to be left in the orchards bey can host diseases and crop enemies.
The total noncompliance rates in Figure 3.1 suneaail no-treatment rates regarding
the farming practices under study generating ahgnagpresenting the overall non-
compliance of all sets compared (absolute non-ciamge is referred as reference).
Total non-compliance rates to standard crop presto@n be a useful tool to objectively
evaluate similar organic olive oil production sys#e since agricultural practices in
general are known to affect olive oil quality [Gartiez, 1999]. In general, a variety of
practices can be recognized in the organic semiensive mountainous systems, and a
balance of different methods has developed amadiffsrent regions and producers
that are also influenced by agricultural specifmad given by agro-technologists and
experts in the olive oil sector. These regionalhmds of production can be compared
with the total compliance to standard crop prastit® determine if focusing in olive
growing practices will improve quality. For exampet E has maximized its potential
since it has the highest compliance rate to stahdeop practices and may focus to
other stages of production to improve such asdhicong more efficient methods. From
the other had set G has very low compliance ratestlais fact suggests that there is
space for improvements in this set since the stanctap practices are not fully applied

yet. As a result these differences between regiames characteristic and can be
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determined with the use of the total non-compliarates which is a tool from objective
evaluation of olive production systems proposethis study.

For set H and set G the total compliance ratedaondsrd crop practices were lower
compared to production systems of Krya (set A to $9t H represented a group of
samples from different regions with expected lowaldqy olive oil because of the
overall low quality of olives before processing.t®& Figure 3.1 may suggest olive oll
produced in orchards with low compliance rate (3efior example) to standard crop
practices might also produce lower quality olive Biegions such as set G, representing
neighboring systems with different scope of proguctseemed to have a different
strategy which characterizes the region and thezefoe compliance rates to standard
crop practices might be connected with the ovestaitegy which is followed by the
local producers. The flatland area of Sitia (setr&)resented high-intensive organic
systems and was also characterized with high aftesmpliance towards all standard

crop practices.

The neighboring settlement of Dafne represente@nai s- intensive organic system
which exemplified Krya. It s noticeable that Daf(eet F) follows a similar overall
strategy to Krya (sets A to D) compared to Dorset (G) that is characterized with its

own regional practices.
II) Crop practices summary in Krya

Regarding soil cultivating in Krya, the use of hedractors (hired services) attached
with ploughshares during the months of April — Megem to be typical while some
producers prefer to use their own small tractorsettuce additional work costs. This
trend is most popular in flatlands, but wide difleces may be seen in other regions
such us Dories (Neapoly) which are not charactdrimethis practice. Total compliance
rates (Figure 3.1) to standard crop practices (dtivation, fertilization etc.) in Krya
(sets A to D) and Dafne (set F) seem to be higberpared to other sets except the
flatland area of Sitia (set E)which is the most pbamt to standard agricultural
practices.
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On fertilization in semi- intensive organic prodoct systems, it seems that the use of
green manure to sustain soils with nutrients is ukaal practice, but a variety of
materials are being used (animal manure, composgeneral. Commercial fertilizers
are applied mostly when nutrients seem to be ngssftreas that have alternative
occupations (such as animal production) may had#iadal sources of organic matter
(such as compost) but a general use of branch ddm®do cut weed remnants and
residues from the pruning season to produce orgamipost is also used. Most regions
seem to comply with fertilization, although moreestigation comparing these varying

methods is necessary to determine which is moréyatoe.

With regard to irrigation, Krya seems to rely onbjici network irrigation used for
agricultural purposes, and some may apply additiagering during the dry months of
summer to sustain the fruiting. Highland regiongy@ds Dafne and Dories) located
within basins seem to be more favored with incrédsemidity which might be helpful
during general droughts. In a recent study hel@unisia, Koroneiki olives were treated
with different amounts of water provided with eadifil irrigation (similarly to Krya) to
determine differences in quality in various ripenasages. Chemical quality indexes
were less affected by the irrigation [Dabbou 201R&st studies suggested that a
regulated deficit irrigation strategy can increasdleyield per amount of fruits without
affecting chemical composition of olive oil [Motdy 2000]. Olive oil obtained under
low irrigation is very likely to be characterizeg¢t lmcreased bitterness [Gomez et al.,
2007]. Other studies suggest that low crop loadadividual trees may produce olives
with more oil content [Barone, 1994]. All of thea® may lead to the hypothesis that

minimum irrigation noticed in Krya does not causeduction in production.

The main method of harvesting in highland, inclirmgtems seems to be hand held
mechanical harvesters due to their flexibility &he lack of alternative methods.

Pruning seems to be an important practice in oogaemi-intensive systems. Several
training systems may have been developed but the¢ amanmon shape in Krya is the
“vase” which puts emphasis on the opening of tee tranopy and the lowering of the
tree to become more manageable during harvestcdsteof this practice remains high

but in some cases the producers are carrying eupihning themselves or it may be
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done by close members of the community of orgamadycers, and costs may be
reduced in this way.

Organic semi —intensive production systems may pusming residues for several
purposes. In some cases residues are used to gearita income (firewood) while in
some other cases they are processed to generaposowhich is used to fertilize the
land. The burning of tree residues remains a clopéipn but does not offer additional
nutrition to the orchards which may then be neefttech other sources (such as
commercial products). This practice may also havegative ecological impact (GO

emissions).

Organic semi-intensive production systems may stiften various diseases and pests.
Crop pests seem to be a key issue in organic sgsidmare implementation of chemical
pesticides is forbidden. The low ratesBaDleaesuggest lower damage levels caused
by the insect compared to other regions such adldablands of Sitia or Dories (of
Neapoly) that deal with higher rates of appearawtéch need to be controlled. The use
of mass trappings seems promising while the inttodn of biological control agents is
an area which needs further investigation. Prodaoemnpliance againg?saudomonas
seems low; perhaps more information about the cuesees must be given because
producers (in Krya for example) do not follow atgysatic tool disinfection strategy
probably due to ignorance of this probleRs¢udomonadgoes not have an immediate
impact in fruit quantity or quality). The generabnapliance of producers against
diseases seems to be low in Krya and Dafne becdisease incidence is lower
compared to regions such as Dories. It seems pedbidt local climate is influencing
B.Oleae since climate is known to affect the life circlé olive flies, especially
temperature and relative humidity. Decreased teatpeys during winter and increased
humidity during spring compared to other regiotatidind Sitia) characterize the region
and may be negativity influence the reproductiothefinsect. As a result, oil produced
in Krya and Dafne may be less affected by pestspeoed to other regions and may
require less crop protection costs suggesting ttiiatis a unique regional advantage.
For the same reasons ccompliance against diseas&syi high in the lowland high-

intensive production systems of Sitia (set E) sitioe disease incidence is higher
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compared to other set8.0leaeis known to flourish in warm temperatures during
autumn (not above 30°C) during the stage when fesnlaly eggs. Such temperatures
are most likely noticed in Crete’s lowland systethsing autumn while highland
regions have noticeable lower temperature and highmidity. In addition, olive fruit
also grows significantly in autumn and if olive® amigated (like in set E — Sitia) then
ripen faster [Dabbou et al., 2011] as a result beconore susceptible tB.Oleae

damages [Tamendjari et al, 2004].

Dories (set F) seem to have lower compliance raggénst crop enemies although the
disease rates are higher compared to Krya. The diié&mences between Dories and the
other regions seem to the level of experience gamic crops since Dories have been
only recently turned to organic agriculture. Théatommoncompliance rate to standard
crop practices seems also to be a consequenceatd#fgst and encouragement. In many
productive systems of Crete (Dories for exampl@dpcers are practicing traditional
methods which are associated with social-culturabits rather that economic-
productive. This acts as a factor influencing thverall strategy followed in Dories

which was expressed as low compliance rate to atdraop practices in this study.

In general, two possible ways to marketing of olivlecan be recognized in the systems
investigated here. Olive oil can be either bottked marketed by the producers or sold
in bulk to the mill. Producers that market olivd @idependently may be more
encouraged to produce olive oil of higher qualityce sells and price can be raised for
quality olive oils. From the other point of viewsoglucers sell olive oil in bulk to the
mill will be less encouraged to follow a “strategf quality” since quality does not
majorly affect price per liter when olive oil isldan bulk. If there is no motivation for
quality production counterbalanced with higher erag olive oil per liter in the market
then space for improvement is limited. From thisnpof view, correct marketing of
optimum olive oil at higher prices seems to bekibye parameter for the encouragement

of producers to comply with standard crop practices

Another issue noticed is that olive oils producedowland regions may have the same
price as olive oils produced in highland regiongareless of their sensory score or
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phenolic content when sold in bulk. The situationKrya is different since olive
producers are bottling and market olive oil andaffiprice is formulated based on
demand. Further economic analysis is needed toosufie assumption that optimum
quality olive oil will be more successful in the rkat thought since in the end; the
willingness of certain target group of consumerp&y more is what determines the
commercial success of the oil. From this scope,id3oproduction systems that have
only recently introduced to organic agriculturalthwas must focus to develop towards
the most positive scenario. That is optimizationagficultural practices, post-harvest
conditions and investing in efficient bottling amdrketing.
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3.2 Temperatures during milling (processingof olive oil)

Table 3.11Temperaturesduring the different stages of olive oiprocessin¢ in mills

located in Krya, Furni (Dories - Neapoly) and lowland Sitia (Acladia)

Krya (Highland, = Furni (Highland, Achladia (Lowland, “Cold” Press
Sitia) Neapoly) Sitia) (Krya)
Stage of process Temp. | Var St.  Temp. Varia St. Temp. Varia| St.  Temp. Varia| St.
(°C) iabl Err| (°C) | ble Err| (°C) ble Error| (°C) @ ble Error
e or or
Outdoor 104 2£ 16| 11.0 53 23| 122 60 24| 12z | 06 0.8
Malaxation(1®) 26.8 0.7 0.8 294 3.9 20 304 48 22 225 13 1.1
Malaxation(2"!)  31.0 0.€ 0.8 334 31 18 343 44 21 24f 18 13
Centrifugation | 329 0. 09 363 | 24 15 36.1 41 20| 252 14 1.2
Withinthetank | 31.1 | 1.1 1.1 338 | 42 21 348 20 19 237 11 11
Room Temp. 187 2415 213 16 13 220 19 14 22 09 10
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Figure 3.1 Temperature scores and standard errors wting different olive oll
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processing stages in 3 mills compared to “cold” pss processing temperatures

As presented in Figure 3.1, Krya (mill stationedhia mountainous settlement of Krya),
Furni (mill stationed 2.5 Km north east of Neapplghd Achladia (stationed in the
lowland Sitia) may reach high temperatures durirffgrent stages of processing. The
additional “cold” press bar represented processingrya mill without the use of heat
(processed at room temperature). Although thereoisestablished configuration for
“cold” pressed olive oils IOC regulations suggésittall olives produced below %7
are considered unheated. Since the use of hegttinal it is in the decision of the
olive oil producer in agreement to the mill manaeadjust the temperature either for
commercial purposes or not. Since the use of tesyrer may in olive oil it is most
often noticed that producers choose to use highmpératures to extract more olive oll
(heat is widely known to increase yield) which ienm profitable decision but in the
cost of quality. “Cold processed” olive oil seemsbe commercially used exclusively
for the production of higher quality olive oilstine market so far.

All measurements where taken during the produatieaths (November — February),
“Cold” processing was taken afterwards in Februamg small differences in outdoor
temperature are reasonable. The overall outdogodeature as shown in table 3.11 was
in all cases between 10.4 °C to 12.2 °C. Krya andhiF(Neapoly) are located in
highlands, where temperature is normally 1-2 deglewer than flatland neighbouring

regions.

As shown in Figure 3.1 the temperature of “coldégw processing was 22.5°C and
24.5°C during the first and second stages of mélaxarhe mill was operating at room
temperature at 22°C which suggests that temperataseaisen because of mechanical
action with a maximum temperature of 25.3 °C duraegtrifugation (by measuring
wastewater). Olive oil after processing was at 237 within the tank, gradually

reducing to room temperature.

The temperature of processing was increased imil$; Krya’'s olive paste reached
temperatures of 26.8 °C and 31 °C during the fwrsl second stages of malaxation.
Furni’s (Neapoly) olive paste reached 29.4 °C aBd 3C and Achladia’s reached 30.4
°C and 34.3 °C in these stages.
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Malaxation is a process that takes almost abodtoam which is likely to be sufficient
for precious compounds to be destroyed at the ta@gtperatures which were recorded.
According to IOC regulations olive oil is still ceidered "cold processed" if the paste is
warmed to room temperature during the malaxatioegufation 1019 of 2002
determines the use of the term "Cold processedhenEU. According to this 10C
regulation, all olive oils obtained from the milis Krya (Sitia), Achladia (Sitia) and
Furni (Neapoly) including the samples tested irs thiudy are not considered “cold

processed” since were processed with the use ofdtemore than 27°C.

During malaxation the olive paste must be kept urgi®C (81°F) for an oil to be
considered as non-heated. Heating the paste exelssicreases yield but is known to
degrade quality and flavours. Again, the manageroéheat must become part of the
broader qualitative strategy. Carefully grown otiganlive oil (like that which is
produced in systems of Krya) has to be controltethis stage of the process. Olive oil
which is sold in bulk (like systems of Dories) mg more encouraged to use heat

during processings to increase the yield sinceityudbes not affect the price per litre.

The temperatures of waste water coming from théribegation process were increased
compared to malaxation in all mills In Krya, Achiadnd Dories temperatures reached
32.9 °C , 36.1 °C and 36.3 °C respectively . Afddlr processing of olive oil it is
noticeable that olive oil which comes into the tafier centrifugation had temperatures
at 31.1°C, 33.8°C, 35.8°C for Krya, Furni and Adia respectively. These
temperatures are 8 to 12 °C higher than the “cpl&ssed processing (23.7°C in the
tank) which suggests that the effects of tempegatught lower the quality of carefully
grown olive oil in the Region of Krya. Temperatwan affect the aromas and taste of
olive oil lowering dramatically its sensory intetyswhich seems to be connected with
the phenoloc content [Caponio and Gomes, 2001fration into low temperatures
during kneading requires is in the decision of th#él management since current
centrifuge systems are adjustable to the needseoprtoduction. Cold processed olive
oil can be experimentally produced in the firstrgeand if this practice proves to be
efficient then producers may decide to invest iacilized systems that produce olive
oil without heat. This suggests that if carefullsoyyn organic olive oil does in fact

deteriorate due to high temperatures during miltimgn perhaps this is a practice that
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should be altered, and lower temperatures duringgssing should become standard
strategy demanding optimum quality “cold” pressédeooil. As a result, yield might be
lowered compared to heated olive oils processinghaiflavors and aromas of olive oll
will be increased as also individual phenolic sabses [Kotsifakis et al.,
1999][Caponio and Gomes, 2001]. The benefit ofaased quality from cold processed
organic olive oils can theoretically increase thee of the product on the market but

this remains a key issue in organic production ddpet on marketing management.
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3.3 Chemical and sensory quality test results

Olive oil quality characteristics can be assessigd various chemical and sensory tests.
IOC has established a protocol which evaluatesféiyg acids (%) and concentration of
peroxides (meq/L) with titration methods and defeation of indexes (K2, Ka70, AK)
based on absorption in the ultraviolet measuredh witspectrophotometer, and the
overall assessment is completed with sensory tdstsh are used for the determination
of aroma and taste. IOC made a proposal for a I'Tuality Index’ score formula to be
used which can combine all these scores and givelavalue which will represent the
overall quality of olive oil. In this section, ch&al and sensory results of all sets and
samples tested in the study are presented, digtwasse finally the overall quality is
calculated. Totally 24 Samples from Al to H24 repre olive groves from Al to H24

(also see chapter Material and Methods — Table 2.2)

3.3.1 Free fatty acid (FFA)

Table 3.12 Free fatty acid (FFA) scores of samplesllected from organic semi-

intensive production systems

Code| FFA | Variability | Standard Code FFA | Variability | Standard
(%) Error (%) Error
Al 0.26 0.0000 0.001 E13 0.45 0.0000 0.003
A2 0.26 0.0001 0.011 E14 0.41 0.0001 0.007
A3 0.36 0.0000 0.004 E15 0.38 0.0000 0.005
B4 0.39 0.0001 0.011 F16 0.39 0.0000 0.006
B5 0.24 0.0000 0.007 F17 0.35 0.0001 0.012
B6 0.30 0.0001 0.011 F18 0.37 0.0000 0.006
C7 0.34 0.0001 0.009 G19 0.32 0.0000 0.006
C8 0.39 0.0001 0.011 G20 0.33 0.0001 0.008
C9 0.29 0.0001 0.008 G21 0.50 0.0001 0.008
D10 | 0.30 0.0001 0.008 H22 0.43 0.0002 0.012
D11 0.45 0.0001 0.010 H23 0.69 0.0001 0.007
D12 | 0.47 0.0001 0.007 H24 0.80 0.0002 0.013

115



0.9

0.8

0.7

0.6

0.5

0.4 M Average FFA (%)

0.3

0.2

0.1

0.0

Figure 3.2 Diagram of averagefree fatty acid (%) scores of all sets compare

Free fatty aciditymeasures directly tI quality of the oil andeflects the care taken
during the development of the fruit. T chemical reactioncalled lydrolysis is
responsible of the degreé breakdown of the triglycerides whiébrmsfree fatty acids.
In general, oil obtaineftfom poor quality fruit suffers fronincreased free fat acids.
Most studies widely agree that wounds caused tdrtlieduring the various stages
production (Crop pests, harvesting, transportatein) can favor the hydrolysi
producing olive oil with high free fatty acidity otent[Shimizu, 2008] [Yousfi, 201..

Harvesting time can also affect fatty acid composi{Beltran, 200

The results regarding acidity as displayed in T&e show that all seples from Krya
(sets Ato D) can be classified extra virgin olive oilshetween an acidity score of 0.
(sample B5) to 0.47 (sample D12) since all olivis evith an FFA score lower the
0.8% are consideredxtra virgir according to 10C classificationystem. In genera
lower scores of free fatty acidity are indicativetbe highest quality oil. Especial
olive oils with free acidity score below 0.3 % likamples Al, A2, B5, and C9, whi
can be characterised as “extrissima. This ternrgdf@extra virginolive oils which

have very low acidity score (lower than 0.3%) aad bave a higher price in the mar
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compared to other olive oils with higher acidityose (lower quality). All comparative
regions (Sets E to H) are also classified as 1vjrgnly sample H24 may be classified as

Virgin oil based on acidity.

It is noticeable that sample Al and sample A2 hsivd@lar acidity scores. Although
0.10% difference in FFA may be normal, it seemd tha most probable parameter
which affected the FFA score in orchard A3 waseased disease causedBpleae

As was discussed in section 3.1.8 about diseass (aable 3.8) 28.8% of trees where
attacked by olive fly which may suggest that thigedénce is related to wounds caused
by the olive fly. Olive fly in general is known tause qualitative damages which refer
to higher acidity and peroxide scores [TamendQ9].

Regarding samples B4, B5, B6, it seems that thierdiices are wide (difference
between minimum and maxim score is 0.15%). This f@yexplained by the wide

differences in cultivation methods (soll, irrigatigoruning and fertilization) and disease
rates (mostly attacks forB.Oleag.

Regarding set C it can be seen that that the mmifABA score is 0.29% (C9) while the
maximum is 0.39% (C8). Different cultivation metisods well as wounds caused by

olive flies can explain these differences.

The FFA difference in orchards of set D seems w@d#&7%) also. It seems that set B
and D have wider differences compared to sets A BndBy checking the total

noncompliance rates to standard crop practicesigur& 3.1 about irrigation, soil

cultivation, pruning and fertilization it can beesethat sets B and D have higher
noncompliance rate compared to sets A and C. Inseeasonable that these wide
differences in acidity between orchards of the sa@e are related to compliance
towards standard crop practices. By reviewing thenipg residue management it is
notable that sets B and D have used shreddersetk lpruning residues within the
orchards. Perhaps this may suggest that brokemluessiwithin the orchard can

somehow affect the fruit indirectly perhaps by huagtdiseases and pests, although
deeper investigation is needed to confirm thesanaggons. Also, the average acidity
score of set D compared to the other sets from kKB@ms also to be higher. Since

orchard D10 produced olive oil with 0.30% aciditg@ems more likely that compliance
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to standard crop practices is the parameter whigticplarly affected acidity. In
addition to these standard practices there arecadain other secondary post harvest
parameters such as pressures damaging olives [@lzarcia 1997] or wounds caused

by B.Oleag Tamendjari, 2009] which can also affect aciditpras.

In set E located in the lowland region of Sitiahieh is following specifications
towards farming practices (soil cultivation, irriga, pruning etc.) with more zeal
(since it has the highest compliance rate), it sethrat the minimum FFA score is 0.38
which represents the finest quality in this setci@ard E13 produced olive oil with
acidity score at 0.45 which can be a reasonabferdifce (0.07%). The average FFA
score seems high; this can be explained by highades rates caused IByOleae.

Protection against crop enemies seems to be askeyg in these systems.

Set F from the neighbouring settlement of Krya tiesminimum differences between
lowest and highest olive oil acidity scores (0.04%inpared to other sets, followed by
an average acidity score between sets C and D.

Regarding the semi-intensive organic productiortesys of set G, which are located in
Dories (Neapoly), the acidity score was generally. |Orchard G19 and G20 produced
olive oil of 0.32% and 0.33% FFA score which iswetose to “extrissima” quality
(<0.30%). The average FFA score is relatively ldower than set’s D of Krya) which
suggests that the region has the dynamic to prodpteaum quality olive oil as well.
By comparing the previous two samples from G s#t Wi21's FFA score, it seems that
wide differences in cultivation methods betweendpicers may be responsible. It is
noticed that the average FFA score is relatively tompared to Krya’s sets. The main
difference between set G and set E compared t@ dliyv attacks seems to be the
ripeness stage of olives during harvest. In Dordises are mostly not irrigated (rely
on rainfall) and as a consequence remain lessea@éuring harvesting compared to
olives grown in Sitia’s flatland areas which armegated and left to ripen more. Some
reports suggest that crop load between orchardslsanbe related with olive ripening
and low yields seem to produce more olive oil péw kf fruit [Barone, 1994]. Well
ripened olives are also known to produce more adivgDabbou, 2011] but if attacks

from B.Oleaeare at a high rate then olive oil will have higH&fA scores (lower
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quality) [Tamendjari, 2009]. Again, it is a mattef strategy which has to either be
focused on quality or quantity. As a conclusionPiories, the harm from olive fly was
controlled by the producers by harvesting at atiezastate, which led to lower FFA

overall.

In regard to set H, as a group of samples with ebgplepoor quality (used as a reference
for comparison), the increased average FFA scoreaisonable since sample H22 was
obtained from very poor quality olive oils due telaled processing after harvest.
Sample H23 was obtained from damage olives duerdsisf and finally H24 was
obtained from olives damage froBiOleae All these factors in general are known to
increase free fatty acidity content as seen alsogare 3.2 [Kiritsakis, 1998].

3.3.2 Peroxide

Table 3.12 Peroxide scores of samples collected Mfroorganic semi-intensive
production systems

Code| Peroxide | Varia | Standard | Code Peroxide | Varia | Standard
meq O./Kg | bility Error (meq G,/Kg) | bility Error
Al 8.4 0.05 0.23 E13 12.7 0.09 0.29
A2 8.9 0.02 0.14 E14 10.6 0.03 0.17
A3 8.7 0.01 0.11 E15 9.8 0.02 0.13
B4 9.9 0.00 0.06 F16 13.0 0.03 0.18
B5 10.9 0.05 0.22 F17 9.9 0.05 0.23
B6 11.2 0.02 0.12 F18 11.7 0.04 0.18
C7 8.7 0.12 0.34 G19 7.9 0.01 0.23
C8 14.6 0.01 0.09 G20 8.7 0.08 0.19
C9 10.8 0.10 0.32 G21 14.6 0.04 0.17
D10 7.1 0.05 0.23 H22 9.9 0.00 0.05
D11 14.8 0.05 0.22 H23 23.5 0.04 0.20
D12 13.1 0.00 0.06 H24 23.2 0.07 0.26

119



30.0

25.0

20.0

15.0 T

M Average Peroxide (meq
02/Kg)
10.0

5.0

0.0

Figure 3.3 Diagram of average peroxide valuemeq O,/KQg) of all sets compare

The peroxide score is the index which shows thdaion of olive oils which may ha\
led to the creation of peroxides. These are forfrau the reaction of unsaturated fa
acids with oxygen. Foextra virgir, virgin and ordinary virgin olive oils thperoxide
value limit is < 20 meq & kg as set by the 10G/ery high scores of peroxide such
sample’s C8 (14.6 meqH&g), D11 (14.8 meq @Kg L) and G21 (14.6 me O./KQ)
can play an important role in the overall imageanfolive oil in the market bause

peroxides indicate the level of rancidness of otilewhich is an unwanted attribuf

With regard with set A, from Table 3.12 it is sdbat samples were of similar peroxi
score, and from Figure 3.3 it is noticeable tha #verage peroxide ore is lower
compared to all other sets. This result suggeststiie overall quality of the fruit befo

processingvas better, with less wounds and harvesting irogtenum ripenesstage.

Similarly, set B has peroxides values with smdfledences (etween 9.9 me O,/Kg to
11.2 meqg @Kg) within the set. The wider differences detectetiveen FFA scores a
not similarly present in these peroxide resultsn@a B5 has a higher peroxide va
than B4. In FFA results B5 had lower FFA score carad tcsample B4

Samples C7 and D10 had generally lower peroxidees@7 me O,/Kg and 7.1 meq
0O,/Kg) compared to the other two samples of each sé.may suggest that the over

guality of the fruits was better durirprocessing In contrast, C8 and D10 had
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increased peroxide score (14.6 medKQ and 14.8 meq £Kg) which suggests that the
overall quality of the fruits in each set was notgood compared to the others before
processing. Wounds caused during harvesting, attacknB.Oleae(also affected FFA)
and delays before milling are the most possiblsaera for this result since all these
parameters are well known to affect quality of elnil [Shimizu, 2008] [Yousfi, 2012].
Set F of the neighbouring settlement of Dafne seterhsive similar results.

Regarding set E, the average peroxide score ishitffat sets A, B, C of Krya but
lower than set D. In general, wounds causedBb@leae responsible for lowering
quality in set E may be prevented with successfap gorotection during the year
[Tamendjari, 2009].

In set G it is noticeable that samples obtainednfr@21 orchards, had increased
peroxide values (14.6 meqMg) compared to the other two samples (7.9 melil@®
and 9.7 meq &Kg). In comparison with FFA results it is notictht sample G21 had
gained a much higher FFA score compared to the otfeesamples. This may suggest
that the quality of the fruit was poor comparedstt® and G20 which affected both FFA
and peroxide score. This is normal in fruits dandalye olive fly [Tamendjari, 2009),
especially when sacks contained olives are piledl @ressed too much after harvest
[Olias & Garcia 1997].

Regarding set H it can be noticed that the perosatee of samples H23 and H24 does
not meet the criteria to be classified as -virgiirgin <20 meq @Kg). This is
characteristic of olive oil obtained from very paguality fruits. Unexpected factors,
such as high temperatures favouriBglea¢sample H24) during summer or frosts
during harvesting (sample H23) may be significamt these results (discussed in
Materials and Methods — 2.1.2) As also shown itet@0l1 the FFA was increased and
sensory scores may be seriously affected too. Hemvélve sample obtained from H22
gave a good peroxide score, and its FFA score wasnhigh compared to other sets,
therefore it represents a more optimistic resulhgared to other samples of the set.
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3.3.3 Absorption in ultraviolet (K indexes)

Table 3.13 K index scores of the organic olive alamples collected from Krya

Code | Average | Varia | Standard | Average | Variabil | Standard | AK value
Ky, bility Error K’ ity Error
Al 2.2 0.003 0.051 0.13 0.000Q0 0.001 -0.009
A2 1.8 0.003 0.058 0.13 0.000Q0 0.001 -0.006
A3 2.2 0.006 0.076 0.12 0.00000 0.001 -0.009
B4 2.4 0.003 0.051 0.14 0.00000 0.003 -0.008
B5 2.3 0.007 0.086 0.11 0.00000 0.004 -0.012
B6 2.2 0.001 0.024 0.15 0.00001 0.001 -0.010
Cc7 2.0 0.001 0.025 0.11 0.00001 0.005 -0.008
C8 2.2 0.001 0.029 0.14 0.00005 0.007 -0.009
C9 21 0.002 0.040 0.11 0.00001 0.003 -0.008
D10 1.9 0.004 0.065 0.13 0.00003 0.005 -0.008
D11 2.8 0.003 0.059 0.13 0.00000 0.002 -0.011
D12 2.5 0.010 0.098 0.15 0.00000 0.000 -0.009
E13 2.3 0.001 0.032 0.15 0.00002 0.005 -0.006
E1l4 2.6 0.008 0.091 0.17 0.00003 0.006 -0.006
E15 2.3 0.000 0.018 0.14 0.00001 0.002 -0.008
F16 19 0.005 0.068 0.11 0.00001 0.004 -0.009
F17 2.0 0.007 0.082 0.12 0.00002 0.004 -0.01p
F18 2.3 0.001 0.030 0.13 0.00004 0.006 -0.01p
G19 2.5 0.001 0.033 0.14 0.00003 0.006 -0.01p
G20 2.1 0.003 0.055 0.14 0.00004 0.006 -0.01p
G21 2.8 0.005 0.069 0.19 0.00002 0.004 -0.00¢
H22 21 0.002 0.043 0.14 0.00000 0.002 -0.004
H23 2.8 0.000 0.011 0.19 0.00002 0.005 -0.008
H24 3.0 0.002 0.042 0.20 0.00002 0.005 -0.002
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Figure 3.5 Average k7o index score of olive oils obtained from organic ser-

intensive production systems compare

The wavelengths at 232nipresence of organic hydro-peroxilasd 270nm (freshne
of fruit) are very interesting because they provide information orthe quality of an
oil, its state ofreservatio or the stage of degradation which may have occutuethg
and after harvest. %, Ko7c andAK (Delta K) are indexes related to the absorptio
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ultraviolet light in specific wavelengths such &s282nm and 270nm. Especially the
K270 index score is important because it representaltserption at 270 nm and refers
to oxidised materials and practically can showrdsistance to oxidation and it is also
used later on in the calculation of the total dyalndex score. Time, light, and
temperature during storage can influence both, End K3, index scores. Organic
peroxides (RO-O-F’) and organic hydro-peroxides (R-O-O-H) that arféetint type
of peroxides. Hydro-peroxides are usually formeamblives are harvested during rain
or stored during humid conditionaK index can show if extra virgin olive oils are
mixed with other oils (non extra virgin). The scareextra virgin olive oil is usually
negative but can reach the limit of 0.01 in somsesaExtra virgin olive oils must have
a Kazz score lower than 2.5, score lower than 0.20 ankK score lower than 0.01

according to I0C.

At first glance, from Figure 3.4 and Figure 3.%sinoticed that most samples obtained
from Krya can be classified as extra virgin bagethieir Ky3,(< 2.5) and Kz (< 0.20)
scores. In combination with results from peroxide &FA scores, sample A2 seems to
have the best chemical characteristics compardtigather two samples of the set.
This score also suggests that this sample will lzagelonged storage life compared to
other samples. Set A has a general high complianitestandard crop practices (soil
cultivation, irrigation, pruning etc) which may Iseiggest that this has led to good
quality fruits in this set. In addition, if the aed post harvest management is good
(proper conditions before processing) and olives delivered in optimum condition

then olive oil will likely have optimum quality #s2.

Regarding set B, samples obtained from all orchahdsv an overall low difference in
K2s2scores similarly to peroxide scores presentedhleta.12. k7o scores of B4 (0.14)

and B6 (0.15) seem increased compared to B5 (@Gfd) set A. Finally, B5 may

represent the finest quality (extrissima) of sewBh an overall excellent chemical
quality profile. B4’s k7o score (0.11) andK (-0.012) indicated longer storage life
(compared to the other samples) and homogeneitghnénie additional characteristics
of quality in olive oil because they ensure thegievity of the product and indicate no

mixture with other olive oils.
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The differences betweenyisscores in set C are low, values between 2.0 tes@ein
reasonable for extra virgin olive oils. The/iKscore of C8 (0.14) is higher compared to
C7 (0.11) and C9 (0.11) and similar to peroxideultssas shown in table 3.12. This
sample represents a harvest of lower quality coatptr the others of the set probably
related with over-ripeness of the fruit compareotber samples of the set. Studies
suggest that oil quality can be lowered as frugens influencing all chemical
characteristics [Baccuri, 2007]. Oil obtained fr@® orchard represents the optimum

quality olive oil of the set and can be classif@ed‘extrissima” extra virgin olive oil.

With regard to set D it can be noticed thatiscores between samples have wide
differences, the minimum value is 1.9 (D10) and maxn is 2.8 (D11). This result
seems to be similar compared of peroxide and FBAltewhere D10 (7.1 meg.MBg
peroxides and 0.30% acidity) had the lower peroxidg FFA score and D11 (14.8 meq
O./Kg and 0.45% acidity) the highest peroxide and EAre. This may suggest that
olives harvested from D10 were of good quality (Iperoxide and FFA scores) and
where processed without unexpected delays. Oilirddafrom D11 had higher scores
of K232 which indicated increased formation of angahydro-peroxides (ks2). This is
most likely to happen in very difficult to accesslmards with high inclination (>35%)
like set D compared to less inclined systems becptsssures during transportation are
increased, sacks containing olives are pressedh@mgéo much and as a result the
fruits can be more damaged [Olias & Garcia 1994 .sfated above, extra virgin olive
oils must have a ¥, score lower than 2.5 and virgin oils not more ti2af therefore
olive oil obtained from D11 (and marginally D12) wdassified as not fit for
consumption (Ks, score >2.6). Olive oils obtained from differentloards are often
mixed together in the same tank after processingtia@se scores are usually balanced.
This mix may possibly detected if tiaK value is higher that 0.01. D10 represents the
optimum quality of the set.

By testing samples obtained from E set it is naotiteat E14 cannot be classified as
extra virgin because it’s #, score is 2.6 (extra virgin olive oils must havevéo than
2.5 Koz score. Similarly, it's Kzo score seems to be higher that the other two sanople
the set and also compared to all samples obtanoad Krya. Several assumptions can

be made for the results regarding this set. Wowadsed byB.Oleaacan influence
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olive oil K indexes [Tamenjari, 2009]. Olives oftetored in piles may cause secretions
of fluids affecting the quality of olive oil too [@s & Garcia 1997]. All of the above
seem to be responsible for the increaseg &nd Kzoscores of E14 compared to other

samples.

Regarding set F, it is noticed that olives obtaifredh the neighbouring settlement of
Dafne are extra virgin, these scores are reasgnahté represent oil obtained from
olives with less wounds caused by harvest [You&dil2], properly transferred and
stored to the mill [Kiritsakis, 1998]. F16 has leetK index scores; in general it suggests
that this sample will have a prolonged storage dibenpared to other samples. The K
index score of F16 conflicts with the peroxide testults (13.0 meq £Kg was higher
compared to F15 and F17). Increased peroxide hssiljpp been caused ¥.Oleae

which also seems to be responsible for the incceBBA [Tamendjari, 2009].

Samples obtained from the neighbouring municipalityDories (Neapoly) seem to
have increased K index scores. Sample G21 (andimadlygsample G19) is not
classified as extra virgin, Virgin or Ordinary besa its 2.8 Kgz, score is higher that the
limits for these classes. It score is also high. This sample may be represeatat
oil obtain from poor quality olives harvested dgrimainfall or stored in increased
humid conditions. This set has high noncompliarates to standard crop practices of
the region which suggest that poor quality olivé isi connected with compliance
described in section 3.1.10. However, samples GitP G20 represent higher quality
oils, especially sample G20 (2.4 and 0.14 Kyoscore) which in combination with
the other results (FFA and peroxide) representephienum quality produced in this set
of samples. This may have been a consequence ofeagareful production.

With regard to set H which represents oil sampletioed from very poor quality
olives, samples H23 (suffered from heavy frostsmdguwinter) and H24 (high damage
by B.Oleag have increased K scores and are not classifiegxtxa virgin, virgin or
ordinary, if assessed exclusively for theigsKscores. H24's o score is in the limit
(marginal) to be classified as Virgin. Unexpectdidhate conditions, delays between
harvest and milling, and olives woundedBleaeare parameters affecting the quality

of these samples. It is however noticed that HZZ3 Bind H24 have highakK scores (-
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0.004, -0.003 and -0.002 respectively) compardtieamther samples, which is actually
an indicator of lower quality).Sample H22 collecfeaim poor quality olives, seems to
have an overall better K index score, which suggésat the stages of delivery and
processing and overall condition is crucial for Khendex of olive oil. However, olives

severely damaged by unexpected climate conditinok as frosts (sample H23) do not
seem to result in good oil after this damage iseddm addition, trees will need time to
recover for the following two to three years, whitlay also affect the quality of these

following harvests too.
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3.3.4Chlorophyll content and olive ripenes

Table 3.14 Chlorophyll(mg/kg) results of olive oilsamples collected in this stuc

Code Chl Code Chl Code Chl Code Chl
(mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg)

Al 12.9 C7 5.3 E13 5.6 G19 12.2
A2 2.0 (of:} 7.7 E14 7.1 G20 11.7
A3 9.5 (O8] 8.9 E15 7.3 G21 10.9
B4 7.7 D10 2.6 F16 8.8 H22 7.3
B5 8.9 D11 6.3 F17 11.1 H23 6.6
B6 12.3 D12 5.5 F18 8.7 H24 8.1
16.0
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12.0 T
10.0
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0.0

Figure 3.6 Average chlorophyll content (mg/ kg) of olive oil®btained from organic

semiintensive production systems compare

[) Chlorophyll content

Chlorophyll was examined as a parameter which playsimportant role in th
oxidative stability of olive oil. Olive oils withigh chlorophyll play an important ro
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during storage of olive oil affecting its oxidatig&ability due to their antioxidant nature
during dark conditions and their oxidative effedtsing light conditions [Queslati et al.
2009]. Chlorophyll content within olive oil can albe affected by the configuration and
type of the mill since the last two parameters rnggtermine the amount of olive leafs
which pass into the malaxation chambers. In noromadditions no leafs enter the
malaxation chamber but in some cases the proddesnsind a small percent of leaves
to pass into the process to increase the phenolitent of olive oil, which also
increases the amount of chlorophyll and adds arhitste and a dark green colour to
olive oil. Recent studies suggest that chloroplsyl powerful antioxidant and can be a
potential cancer preventative agent [Ferruzzi, 2007

As presented in Table 3.14 samples obtained fromh&$ higher chlorophyll at 12.9
meq / kg content compared to A2 and A3. Sample @& lawer chlorophyll content at
2.0 meq / kg. A1l and A2 represent two extreme cdi@se chlorophyll can influence
the oxidative stability and longevity of olive otlsis may suggest that Al olive oil will
have longer storage life compared to A2 that hésrophyll content at 2 mg/kg.

Samples B4 and B5 seem to have a similar contehtAd that represents intermediate
chlorophyll content compared to A1 and A2 that espnt two extreme cases. B6 has
high chlorophyll content like Al. As stated abowdiye oils with high chlorophyll
content will have longer storage life. Low peroxidenydro peroxide content also
indicates longer shelf life and stability of oillthough these two parameters (peroxides
and chlorophyll) do not seem dependent on eactr,dtiey may both contribute to the
longevity of the product.

Set C samples seem to have similar chlorophyllertnwith B4, B5. Also D11 and D12
have approximately the same scores. D10 suggestisilar ripeness level with A2. In
general, all samples obtained from Krya (A, B, Csdds) have a variety of chlorophyll
content which is between 2 to 13 (12.9). In FigBs@ it is noticeable that the average
chlorophyll content gradually decreases from sé&b Aet D, similarly with results from
sensory trials which suggest that ripeness of slivay affect the intensity of aromas

and taste because of phenolic substances suchuasin.

With regard to set E located in the lowland regidibitia, all samples seem to have an
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average higher chlorophyll content compared tdsdiut lower compared to other sets
of Krya. The average content seems more similaetcC. Several studies suggest that
olives wounded byB.Oleaecan mature faster because of the biochemical oewcti
occurring after the fruit has been pierced by tlye[Tamendjari, 2009]. This may
suggest that impairment of quality can rapidly pesg due to olive fly damage. It
seems that early harvesting of diseased or woualikess might prevent further damage
in quality.

In set F, olive oil samples obtained from the nbwmlring settlement (Dafne) have an
average higher chlorophyll content compared to dmlregion (set E) or Krya’'s set D,
C and B. Results are lower compared to set A. firtag suggest that olive oil obtained
from the area of Dafne has been ontained from ibgttelity olives compared to other

sets (except A)

Finally, set H average chlorophyll content can bewpared with set E. Sample H22
obtained from olives with overall poor quality daest seem to have a wide difference
in chlorophyll content. Olives damaged from fro@t#3) do not seem to have a wide
difference in chlorophyll content, although all $keassumptions need more study.
Although set H24 suffered frof.Oleaeat an increased rate, it has chlorophyll content
similar to set E samples, and was collected ateqimately the same given time.

Again, in both qualitative and quantitative stragsg control of ripeness level with
cultivation practices and correct harvesting timgegems to be the key parameter for

olive oil quality.

II) Ripeness and Chlorophyli

Chlorophyll can also be used as to give informatibout the ripeness of the olive fruit.
Ripeness is very important since studies suggest @ii quality can influence all
chemical characteristics of olive oil [Baccuri, Z000live oil colour in Koroneiki
olives can appeared green for olive oils with haytiorophyll content (unripe olives),
and orange-gold for olive oil obtained from oliwegh low chlorophyll content (over-
ripened olives). Olives collected in an intermegli@vel of ripeness (50% ripe and 50%

unripe) have a golden, lightly green colour.
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Olives obtained from Al were more unripe comparedther olives before processing
and this can be seen also from the chlorophyll emdntHowever, in A2, which has
lower chlorophyll content, olives were possibly moripened before processing.
Altitude, harvesting date and irrigation seem topdawameters that can affect olive
ripeness. Highly irrigated olives are noticed tpen faster that non-irrigated olives
[Dabbou, 2011]. Early pruned olive trees have beeticed to give earlier flowering
and earlier production compared to lately prunadeotrees. This suggests that that
pruning can be an effective practice for the ovecahtrol of production and the
ripening of olives in organic systems, although enstudies are needed. When olives
reach maturity the most effective control methodhervesting, which ultimately
determines the ripeness stage of olives. Basedhesetassumptions, heavily irrigated
orchards, early pruned will give production earli@s a consequence, will ripe faster

compared to other orchards with opposite treatménitsthis needs more research.

D10 sample also has very low chlorophyll contemisTlive oil was produced from the

D set that is highly inclined and in a higher altié (high SMOPS) compared to other
sets. In some cases producers may have difficutbesarvest olives because of
inclination and difficulty to access and all stafresn harvest to transfer to the mill can
be delayed. As a consequence olive may by haratst When they are more ripened.
Altitude also seems to play an important role t® tipeness of olive fruits. As a result
differences in altitude may be responsible for Emdifferences in chlorophyll content

noticed between Krya set D and other sets.

Set G (Dories) seems to represent a case of earlye$ting of mostly unripe olives.
Quantitative and qualitative damage cause® b@leaehas been reported to be limited
with such practices (also discussed in section/3about disease rates and in section
3.1.8 about protection froB.Oleae The overall ripeness level of olives seems to be
characteristic of the region since olives produice8itia’s lowland regions (set E) and
Krya’s set D were far more ripened at the sameopgeiihis is mainly a consequence of
non-irrigation, and perhaps other strategies (mgniollowed in the region. As a result,

sensory scores were also affected by this practice.
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3.3.5 Organoleptic index scores

Table 3.15 Sensory scores, classification and degtions of samples collected from

semi- intensive mountainous production systems

Code Fruity Bitter Pungent Flaw Flaw description Class
Al 4.7 3.15 3.65 0 N/A E.V.
A2 5 2.5 3.65 0 N/A E.V.
A3 4 24 2.6 0 N/A E.V.
B4 4 2 2.35 0 N/A E.V.
B5 4.4 24 2.5 0 N/A E.V.
B6 4.2 2.55 2.10 0 N/A E.V.
C7 29 1.6 1.7 0 N/A E.V.
C8 3.9 2.2 2.75 0 N/A E.V.
C9 3.8 24 2.2 0 N/A E.V.
D10 3.9 2.6 24 2 N/A E.V.
D11 1.6 1.4 2.5 0 Winey V.
D12 2.1 19 2 15 Fusty V.
E13 4.0 1.5 2.9 0 N/A E.V.
El4 1.9 15 2.6 1.7 Fusty, grubby V.
E15 3.5 19 2.5 0 N/A E.V.
F16 4.1 1.9 2.1 0 N/A E.V.
F17 4.2 2.1 24 0 N/A E.V.
F18 4.0 2.0 24 0 N/A E.V.
G19 2.9 2.4 2.5 2.0 Fusty, grubby V.
G20 4.0 3.5 3.7 0.0 N/A E.V.
G21 0 0 0 4.0 Musty Defective
H22 0 0 0 4 Fusty Defective
H23 0 0 0 4.0 Burnt, hey Defective
H24 0 0 0 3.5 Muddy Defective
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Figure 3.7 Diagrams presenting sensory attributes foolive oils obtained from

organic semi-intensive production systems compared
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Figure 3.8 Average sensory scores (fruitiness) of olive oildtained from organic

semiintensive production systems compare

All samples obtained from the orchards under qaestivere assessed for their posi
sensory attributes (fruity, pungenttter) and flaws, the results are displayed abo\
Table 3.15 In the scale from 0 to 9, samples were gradeddas the intensity of tr
aromas and taste. The classification was basedchernntensity of fruitiness whic
represents the overall sensoicore. Pungency and bitterness are secondary pe

attributes which are not used in the formulatiothef final sensory index scol

Extra virgin olive oil must have no flaws, and ubpare referred as E.V. olive oils
light (1-3), medium (46), o1 high (79) intense flavour and aroma. Virgin olive ¢
must have a flaw (or defect) below 3.5 (<3.5) anidtihess above 0, and Ordinary ol

oils are classified those with flaw between — 6 and fruitiness above

Fruitiness and secondary charaistics such as bitterness and pungency are prek
in Figure 3.7 In this project all three positive characteristize presented in the form
triangles with fruitiness (the most important positcharacteristic) at the top, a
bitterness and pungency to the left and to thetrighe theoretical value of 9 (s
Chapter 2 Materials and methods) which was not tketeio these samples is gener:

a rare but possible example of the maximum sengaality. The formation of th
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triangles can change according the scores of thglss, so for example in some
samples such as D10 the “fruitiness” peak is higired a triangle is been generated
compared to other two samples D11 and D12 thataalrijateral shape is generated
because of the presence of defects and a lowerk™pgeanoticed because of low

fruitiness. If oils are evaluated as defective (3gtthen no triangle or quadrilateral is
generated but a vertical column. Olive oils witther high pungent or bitter taste will

generate shapes with longer left (E14) or right@Pivings” or angles. Olive oils that

have balanced fruitiness, bitterness and pungetmes in a 1:1:1 ratio will generate a
rectangular isosceles triangle similar to sampl®.Gxe sensory panel’'s software may
create a variety of different graphs but in genénate is not a single specified model

used in the oil industry.

From Table 3.15 it can be noticed that samplesimddafrom set A, have medium
flavours (4-6) and are classified as extra virdimeooils, without any flaws. Sample Al
was bitterer (3.15) and sample A3 was evaluatddssspungent (2.6) compared to the
other two. Sample A2 represents the “optimum” dfS@&nd may be characterized as
medium fruity and pungently flavoured, with lighittbrness taste. Phenolic substances
may be responsible for the increased bitternegslisuch as oleuropein [Servili, 2002]
that is affected by the level of ripeness of theeofruits as also from the conditions
during processing process (water and temperaturgdB001]. Various studies suggest
that bitterness caused by oleuropein is often adtin olive oils collected in warm
climates at the beginning of the harvesting sedS@ioli, 2002]. Factors responsible
for the decreased pungency of A3 compared to Al/shdnay irrigation and time of
harvest. Pungency is often more noticeable whererak\phenolic substances are
present in the olive oil [Dabbou 2011]. Based da #ssumption A3 might have a lower
concentration of these phenolic substances. Froothan aspect, olive oil known as
unripe oil (produced from unripe olives) is knowmn liave a greater phenolic profile
than extra virgin oils and is characterized as Igighungent which suggests that

pungency is indeed connected to phenolic substances

Regarding set B, it can be seen in Table 3.15gaatple B5 has the higher fruitiness
(4.4) and pungency score (2.5) while its bittern@s4) is between sample B4's (2) and

B6’s (2.55) which represents the optimum qualityhis set. In Figure 3.7 it is noticed
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that all samples have formed similar diagrams wisatharacteristic of the general low
difference between sensory attributes in this Attsamples were evaluated as extra

virgin olive oils without any flaws.

In set C of Krya, sample C7 has a generally lowtgnisity of aromas and taste which is
also displayed in the formation of a smaller diagreompared to samples C8 and C9.
All samples in general were classified as extrginjrand C8 seems to represent the
optimum quality olive oil produced in this set wihmedium score of fruitiness at 3.9,
with light taste of pungency at 2.75 and bittern&is2.75. The average sensory quality
in Figure 3.8 of samples obtained from C set waegEly lower compared to set B and
set A. By reviewing the other figures displayingeeage FFA and average peroxide
scores in previous sections (3.3.1 - 3.3.2) it amo be noticed that FFA — peroxides

scores of set C where higher compared to sets Bamdich indicate poorer quality).

Regarding set D, sample D11 represents the fineslitg of this set with scores of
medium fruitiness at 3.9, with light bitternes2a8 and pungency at 2.4. Samples D10
and D12 seem to have developed defects which weieeteéd as flaws by the sensory
panel and were both classified as Virgin olive .d8pecifically, sample D10 developed
a “winey” taste. This flavour is mainly due to aopess of fermentation in the olive
fruits leading to the formation of acetic acid, y¢thcetate and ethanol. It is uncertain
what exactly triggered the fermentation but it iestnpossible that storage conditions
before processing may have led to this result. Themical results (peroxide and
acidity) also show a general poor chemical quaitfile which agrees with the sensory
result. D12 has developed a sense of fustinesswidicharacteristic flavour of olive oill
obtained from olives stored in piles that have ugdee an advanced stage of anaerobic
fermentation. Studies suggest that pressures cdasai/es often stored in piles may
cause secretions of fluids affecting the qualityob¥e oil [Olias & Garcia 1997]. By
reviewing the results from other sections (3.3.B.2 3.3.3) it is noticed that sample
D12 has also increased scores of peroxides, hyehmxmles (ks and acidity
compared to other samples. Previous studies sutjgsblives attacked froB.Oleae
may be of poor quality, develop characteristic dans of “fusty” and “grabby” in olive
oils and propose that optimum harvesting is wheveslare turning colour from green

to purple [Tamendjari et al., 2009]. In Figure 3amples D11 and D12 have given two
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asymmetric quadrangles, which characterize virghd(ordinary) olive oils.

With regard to olive oil obtained from the flatlanejion of Sitia, it is noticeable from
Figure 3.8 that the average sensory quality soofregt E were higher compared to set
D of Krya. Sample E13 represent the finest qualitget E, it was classified as extra
virgin olive oil with characteristic medium tastd tuitiness at 4, light taste of
bitterness at 1.5 and pungency at 2.9. Samples sebave decreased bitterness which
suggests that olives where well matured. Such slare in general easier to pierce by
B.Oleaecompared to olives which are unripe because the gkithe fruit is softer
[Tamendjari et al., 2004]. Sample E13 was charesdrwith a light presence of
“fustiness” and was classified as ‘virgin”. Wouncisused by Olive flies in sample E14

could be responsible for the development of thfede

Samples obtained from the neighbouring settlemeafh® (F set) had higher sensory
scores of fruitiness on average compared to thiafid area of Sitia and sets C, D of
Krya. The average sensory scores were more sitniket B, and had low differences in
general. As presented in Figure 3.7, three symm#tengles were generated from the

sensory scores with similar dimensions.

Regarding set G, located in Dories (Neapoly) sarqdl® was evaluated as extra virgin
olive oil with light taste of fruitiness at 2,9, pgency at 2,4 and bitterness at 2,5.
Sample G19 was characterized with a light presehtristiness” and was classified as
Virgin. Wounds caused by Olive flies in sample Gi@y be responsible for the
development of this defect similarly to sample EBéth sets E and G had a high
disease appearance BfOleaeindicating that crop protection is a key issue hese
organic semi-intensive systems of olive oil produtt Sample oil obtained from G20
gave a sensory score of medium fruitiness (4.0)immegpungency (3.7) and medium
bitterness (3.5). In Figure 3.7 it is noticeablatteample G20 generated a symmetric
triangle with high bitterness and pungency scomapared to other samples. It seems
that the fruitiness, bitterness, pungency ratioaimost 1:1:1 (slightly increased
fruitiness) which is unique oil compared to theestsamples. This ratio shows highly
bitter and pungent olive oil that indicates higmiemt of total phenols, presence of

eleocanthale and oleuropein that has been repootdge identified in mountainous
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systems of olive oil production[Tripoli et al., Z&0[Dabbou et al. 2010]. High
bitterness and pungency scores in these samplebenayplained by the characteristic
cultivation strategy followed in the region sincemy olives in Dories are not treated
with irrigation which seems responsible for thehhiggore of pungency [Gomez et al.,
2007]. Also olives were harvested at an early gf@ge to minimize the damage from
Olive fly (also discussed in section 3.1.7 abowedse rates and section 3.1.8 about
crop protection). As a consequence both oliveanihgles seem to have similar scores of
pungency and bitterness compared to fruitiness twigcnot detected in other set
samples (perhaps only D12). Sample G21 was evala@etéMusty” with a score about
4 and no fruitiness attributes. This oil was massgibly evaluated only for its aroma
since according to the panel this oil is not fit f@nsumption and cannot be classed in
any Virgin class. Mustiness is a flavour in olivds@btained from fruit in which fungi
and yeasts have developed. High noncomplianceatodatd crop practices in Dories
may also be connected (set G). Improper olive gii@nditions (high temperatures)
before milling is also known to general cause teeetbpment of fungus affecting also
the sensory attributes of olive oil [Rabiei, 20P1ljng of olive sacks is also known to
cause pressures leading to fruit secretions thm&ging substrate for fungus to develop
that can affect olive oil quality and sensory clggdstics [Olias & Garcia 1997].

Similarly to sample G21, all samples obtained freet H orchards had poor sensory
quality and were classified as not fit for consuimpt Instead of specific shape, the
diagram in these samples is shown as a vertiaalrépresenting the negative feature of
each sample. H22 was described as “fusty” (mainlg tb poor quality olive fruits
usually damaged during storage in piles and in heyhperatures) sample H23 was
described as ‘burned hey' (characteristic of dread olives which is noticed after
damage from frosts) and H24 was described as madewarthy. This flavour of olive
oil is noticed in olives that have been collectathvearth or mud and have not been
washed out properly. They may be olives that haenlrollected from the ground after

attack fromB.Oleae
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3.3.6 Summary - Total quality index score

Table 3.16 Chemical and sensory scores of organitive oil and their final total

quality index scores compared

Code | Senso FF | K270 | Peroxi | Total | Code | Senso FFA | K270 | Peroxi | Total

ry A | Score de Score ry (%) | Score de Score
(Frui | (%) (meq (Frui (meq
ty) 0,/Kg) ty) 0,/Kg)

Al 47 | 0.26| 0.13 8.4 | 511 | E13 4.0 0.45| 0.15 12.7| 3.89

A2 5.0 | 0.26] 0.13 89 | 535 | E14 1.9 0.41| 0.17 10.6| 2.01

A3 40 | 0.36) 0.12 8.7 | 445 | E15 3.5 0.38| 0.14 9.8 | 3.76

B4 40 | 0.39] 0.14 9.9 | 429 | Fl6 4.1 0.39 0.11 13.0| 4.31

BS 44 | 0.24/ 011 10.9| 483 | F17 4.2 0.35| 0.12 9.9 | 456

B6 42 | 0.30] 0.15 11.2| 429 | F18 4.0 0.37 0.13 11.7) 4.17

c7 29 | 034 011 8.7 | 354 | G19 2.9 0.32| 0.14 79| 3.38

Ccs 39 | 0.39 0.14 146| 3.80 | G20 4.0 0.33| 0.14 8.7 | 432

C9 3,8 | 0.29 0.11 10.8| 4.26 | G21 0.50| 0.19 14.6| -0.20

D10 3.9 | 030 0.13 7.1 | 444 | H22 0.43| 0.14 9.9 | 0.53

D11 16 | 045 0.13 14.8| 1.72 | H23 0.69| 0.19 23.5]| -0.93

o| O O o

D12 2.1 | 047} 0.15 13.1| 212 | H24 0.80| 0.20 23.2| -1.07

Table 3.17 Chemical and sensory scores of populardnds and oils found in the
Cretan and Greek market and their final total quality index scores compared

Code Sensory FFA (%) K270 Score Peroxide (meq Total Score
(Fruity) O,/Kg)

125 6.0 0.26 0.110 8.5 6.51
126 5.8 0.26 0.150 8.6 5.95
127 6.0 0.27 0.130 8.4 6.28
K28 7.0 0.21 0.101 7.1 7.55
K29 6.0 0.14 0.119 4.0 6.75
K30 5.2 0.17 0.093 6.5 6.05
L30 3 0.60 0.170 14.0 2.63
L30 3.5 0.63 0.150 16.0 3.08
L30 2.7 0.56 0.140 14.8 2.56
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Figure 3.9 Diagram presenting the average total quality indexscores of all set

compared

As can been seen in Tablel6 the olive oil total quality index score (O.T.@.)
formula can be a very useful tool to compare obis because it combines chemi
and sensory parameters and give an overall scepecially for oils which klong in
“extrissima” class (or “premium” quality) (Table73.this tool can be very useful

compare the total quality.

Sets | and K represent optimum quality olive oil®duced in Crete and Gree
(Peloponnesian oils) that have been tested byfied chemical labs and sensory par
and are used as a benchmark for comparison witetblive oils produced in Krya (s
also Materials and Methods 2.5.Set L represents the typicektra virgir olive oils
(Typ. E.V. oil) found n the marketas shown in Table 3.1RMost grocery store ar
market olive oils haveraaverag FFA score around 0.6%,.l at 0.17 a peroxide
score around 14 megBg and a sensory score aroundCBemical and sensc scores
are not always written on the label although thas been suggested by IOC and
give lot of information to consumers about the gyaif olive oil. Most olive oil labels
include only the classification limits (<0.8 acidk, <20 me O,/Kg for peroxides, and

the limits for K indexes). Sensory scores are atmeser found on the labels of typic
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olive oils. It is more likely to be found in optimuquality olive oils either marketed
through organic product markets or through eleatrararkets (internet).

By combining the chemical and sensory scores twutatk the T.Q.1.S. it can be noticed
that set A of samples has an average higher TsQoke if compared to the other sets
which were under study. In Figure 3.9 set A haawrage score of 5. Samples A2 and
Al have the higher scores (5.35 and 5.11) comparéae other samples of the set. Al
seemed to have been harvested in the unripe stégfe ¢hlorophyll content at 12.9
mg/kg) and as a consequence its overall chemicdl ssmsory quality was higher
compared to other set samples (unripe olives adelwknown to produce oil with less
free fatty acid content and peroxides in generalago produce less oil). A2 seemed to
have been harvested in more mature levels (lowreplyll content at 2 mg/kg)
compared to A1 and with better overall chemical aedsory quality scores compared
not only to the to other samples of the set bub alsmpared to all sets, as its T.Q.I
score at 5.35indicates. A2 was described as ollva&f enedium flavors of fruitiness and
pungency and light bitterness. Carefully grown hadsested olives properly stored and
transferred to the mill (as K indexes and peroxaderes indicate) may produce higher

guality olive oil such as Al and A2.

In regard with set B, all oils obtained from thesssni- intensive mountainous organic
production systems of west Krya, have lower T.Qcbres in average compared to set
A. Sample B5 has the best T.Q.l. score comparedthier samples of the set, also
noticed in previous sections (3.3.1, 3.3.2, 3.8/Bgn reviewing FFA, peroxide and K
indexes separated. These results are suggestare afve oil produced with more care
that other of the set, harvested at an intermedigatel of ripeness (also discussed in
section 3.3.4 about ripeness ), from olives wittv Idamage fromB.Oleaewhich is
noticed from the low FFA scorgproperly harvested and transferred to the millKas
indexes indicate. The sensory trials described B5m&dium fruitiness; with light
intensity of pungency and bitterness. This oliveclassified as extra virgin olive oll,
and its acidity score can be identified as “eximss or “optimum” quality olive oil
with a T.Q.I. score of 4.83.
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Regarding set C, all oils obtained from these sdntensive mountainous organic
production systems of east Krya, have lower T.€xbres on average compared to set B
and A. Sample C9 has the higher T.Q.l. score coetptr the other two samples of the
set. Its chemical and sensory characteristicsralieative of an olive oil harvested at an
intermediate level of ripeness (similar to B5) Bkmophyll scores suggest. The sensory
trials described C9 as ‘medium fruitiness’ ; witight intensity of pungency and
bitterness similar to B5, with the same oil classaiion, also identified as “extrissima”,
with a T.Q.l. score of 4.26.

The mountainous systems of set D produced olivevibll lower average T.Q.l. score,
compared to all other sets of the region of Krya.dverall decrease in quality may be
noticed in all chemical and sensory results whieans to be related to the regional
characteristics of sloping terrain and difficultcass. D10 is representative sample of
higher quality compared to the other two of the seth a T.Q.I score of 4.44. Oils
collected from D11 and D12 were classified as ‘mtgwith light defectives tastes
described as winey and fusty, possibly spoiled fi@areless storage during the period
after harvest and with also perhaps a delay befreessing. Storage conditions before
milling are well known to affect olive oil qualitjKiritsakis, 1998]. Wounds caused
from B.Oleaeand during harvest probably increased the proockefssmentation caused
the defective flavors to appear in these oils. thal quality of D10 suggests that there
is room for improvements for D11 and D12 if the guwoers comply with improved
agricultural techniques. The average quality of3é$ still better that the typical olive

oil found in the grocery stores (set L).

Regarding olive oil obtained from the high-interesproduction systems of the flatland
region of Sitia (set E), it is noticeable that theerage T.Q.l. score is higher than set D.
This set generally had a high compliance rateaondsrd crop (shown in the compliance
rates section 3.1.10), but seems to suffer fromp pests such d3.0leaewhich has an
immediate impact in the quality of olive oil. Inditon, high yields often noticed in
these systems are more difficult to manage becthse require more storage and
transportation space, sacks containing olives dien goiled during storage before

milling and become wounded practices [Olias & Gart997]. Replacing linen sacks
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with plastic (well aerated crates) and succesgfilegtion againsB.Oleaemay be two
keys for improvement of olive oil quality in thesgstems [Giovacchino, 1997].

The neighboring settlement Dafne, with semi-inteesbrganic productions systems
located close to Krya, has better average T.Qokescompared to set C, D, and E with
an average T.Q.l. score at 4.3 similar to set B @bints). Although no “optimum”

(acidity score lower than 0.3) olive oils were déte in this set, all three samples
obtained from Dafne were classified as extra vingith medium intense of fruitiness
and light intense flavor of pungency and bitternesgd chemical scores indicating olive

oils produced with care similarly to set B.

The semi-intensive organic production systems ofid3o(Neapoly) have an overall
T.Q.l. score at 2.5 similar to the average oil fwun the grocery market (2.6 points).
Total noncompliance with standard crop practices high in this set suggesting that
crop practices before harvest may be responsibléhése results. As a result wounds
from B.Oleaefollowed with additional pressures applied to wded olives during
transportation lead to the overall degradation wdligy in this sample’s olives which
produced poor olive oil in the end.G20 represemesaptimum quality of the set with a
T.Q.l. score at 4, possible harvested from mordapaenplives (as chlorophyll also
suggests) compared to other samples describedebpathel as olive oil with medium
intensity of fruitiness, and pungency and bitteme/hich seems characteristic of the
region (described as a 1:1:1 ratio of the threatipescharacteristics in section 3.3.5
about sensory attributes). Biochemical reactionsed after the piercing of olives by
olive fly is known to favor the formulation of frefatty acids, and harvesting olives
early on seemed to limit the damages caused frome dlly in the cases of Dories,
although more research is needed to determine lgxdeat consequences of this

practice.

Olive oil obtained from orchards in set H, seem&due serious problems caused by a
range of climatic conditions, production carelessnand indifference towards pest
control. These oils were evaluated as “not fit fonsumption” or “damaged oils” or
“defective oils” which gave negative results withQTl score formula as shown in

Figure 3.9.
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By reviewing set | in Table 3.17, it is noticealthat they represent higher quality olive
oils compared to the samples obtained in this stiwlygeneral, set | orchards are
located in mountainous flatland orchards which sstgythat they combine the optimum
characteristics of both mountainous and flatlarglares. These oils are often winning
quality awards for olive oil at a national levedpresenting the best produce from the
county of Lassithi. It seems that the differencesémsory scores is the most important
parameter affecting the final total index scorenasn oils. From Tables 3.16 and 3.17
it is seen that sample A2 (highest quality olivaanied from Krya) has 1 point less
fruitiness compared to 126 which represents theekivquality of Set I. The T.Q.l. score
of A2 is only 0.6 points lower than 126’s. This mayggest that higher compliance to
standard crop practices described may result iptbéuction of better quality olive oil
in Krya. It is also interesting to speculate on éfiect of the alteration from “heated”
processing to “cold” during milling to the qualgieof samples obtained from Krya.
Note that 126 olive oil is produced in Neapoly ar@resents the optimum quality olive
oil of the region. The semi-intensive organic prctthn systems of Dories (close to
Neapoly) may be a suitable area to produce oillairnto 126. Olive oil obtained from
127 represents the optimum quality olive oil proeldaen Sitia, with a sensory score at 6
(1 point more that A2) and an overall T.Q.l. scaté.28 (0.93 points more than A2).
Taste and aroma are key parameters for the suoteéise oils in the market and will
have to be set as primary targets for any oliveomdducer. Similarly to the other oils,
125 was produced in Krista, a region south from péda and west from Agios
Nicolaos. Kritsa represents a region with well knoand respected olive oils. Kritsa’s
T.Q.l. score was 6.51, higher compared to Sitid)(hd Neapoly (126), which suggests
that within the same county other regions also pcecigh quality olive oil and further

study may be necessary to assess such regions.

With Regard to set K; olive oils are produced idifferent Peloponnesian counties and
represent oils with optimum quality at a nationavdl. As seen in Figure 3.9, the
average quality of the set is highest compared wtlzer samples. From the K set, olive
oil K28 produced in the county of Argolida (close Athens), has the highest T.Q.I.
score at 7.55, excelling in high intense fruitinas§ compared to other olive oils. Olive
oils at this level are produced with the best card all specifications given by agro-
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technologists (expressed as compliance to stanclaqgl practices in this study) are
followed with the maximum zeal. Oil K29 was proddce the county of Lakonia
(close to Sparta), with a T.Q.l. score of 6.75 éxapin low FFA scores of 0.14 and
peroxide at 4 meq £Kg which suggests that it was obtained from frasirjpe olives
possibly without any damage froBiOleaeor wounds caused during harvesting. Unripe
olives usually give such peroxide and acidity ssdrat quantity of production may be
reduced. This is often counterbalanced with anem®ed price on the market. Finally,
sample K30 was produced in the county of Messemia, represents the optimum
quality of this county. It is noticed that its sens score is only 0.2 points higher
compared to A2 olive oil produced in the semi-iisiga highland region of Krya. The
major difference between these two oils is in thensical characteristics forming a
final T.Q.l. score of 6.05 for K30 and 5.35 for ;270 points difference).

By comparing the average T.Q.l. scores of K anekd svith olive oil produced in Krya
(sets A to D) it is noticed that the differences arde , set A which represents the
optimum case in Krya has an average score at ® el average scores of | and K are
6.2 and 6.8 respectively. Typical olive oils founid the market have an average T.Q.l.
score around 2.6 which is similar to the highlylimed regions of Krya (>35%) of set
D. All of the above can suggest that olive oil proion in Krya is above average
(grocery oils), producing extra virgin organic @ivils and several organic “extrissima”
olive oils (Al, A2, B5, C9) olive oils. By reviewgnthe total compliance rates (section
3.1.10) to standard crop practices and hypothasiaecompliance is influencing the
final quality it seems possible that production ¢enimproved since it is not already
maximized in these systems. Finally, the olive mibcessing method with the use of
heat seems to be a key issue which has to be dedtib high quality production is

seriously pursued.

Optimum commercial olive oils seem to be sold fregparated marketing networks
compared to typical olive oils (through organic gwot markets or electronic markets).
Flatland mountainous olive oils (such as sets |@nhdre produced in upland flat areas
which combine the positive characteristics of maimdus (e.g. high altitude increased
phenolic content) and flatland agriculture (e.gsiea management because of no

inclination which causes manageability issues).these locations, all stages of
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production can evolve more easily without any umetgd problems that can damage
fruit quality (e.g. faster and easier access indheghards and from there to the mill
because of no inclination and better road network®r these reasons, flatland
mountainous regions may have increased compliaaies to standard crop practices
(similarly to flatland orchards of set E) and canduce higher yields of high quality
olive oil compared to inclined (>15% inclinationhda highly inclined (>35%)
mountainous organic systems. Areas with difficutcess and high altitude were
generally noticed to have elevated peroxides is $tuidy such as set D that produced

lower quality olive oil compared to other sets of/&

3.3.7Key issues for quality improvement in semi intensig mountainous

organic production systems of Krya

In this section a set of practices that can imprguality production and sustainability
for the region are discussed. Krya is located ghhaltitude, sloping land which shows
variable degrees of inclination, some orchards et difficult access. Perhaps, in
some cases, the region needs to adopt practicebdba not been considered up until

now.
I) Scope of production and marketing

Olive oil production in the semi-intensive mountaiis organic production systems of
Krya was evaluated with the olive oil total qualitidex score (O.T.Q.L.S). This tool
was used for comparisons between extra virgin ail&e resulting in an absolute score
which is calculated by combining both sensory ahénaical attributes. However,

evaluation cannot be dependent only on chemicabatés such as free fatty acidity
since oils may be classified as extra virgin (Wi&® score is lower than 0.8 %) but
negative taste characteristics (defects) (D11, [EI2, G19, G21, H22, H23) may be
detected at the same time. Therefore it seems thi@atmost important component
influencing total olive oil quality is its sensoagtributes. It is likely that olive oils with

high sensory score are expected to be more suat@sshe marketplace and certain

groups of consumers are expected to show a prekeriem these oils (although this
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needs more investigation as the reaction of conssitoehighly bitter or pungent olive
oils (>6 sensory score) may be variable). For theva reasons the scope of production
in the systems of Krya should be to maximize thessgy attributes of their oils in

combination with efficient marketing.

Marketing would involve designing a label which reakuse of the special sensory and
chemical characteristics, suggesting that olivepmduced in Krya has superior quality
compared to other olive oil products, has spectfesired sensory attributes (for
example intensive fruit and pungent olive oil wethmedium intense of bitterness), and
brings all the necessary certifications (organieeobil etc). The desired target croup of
consumers may also be determined in combination @@hsumer tests in order to see
how the specific olive oil produced in Krya is peixed by different groups of people.
As a result, olive oil produced from Krya may gralliy build a brand that would be
acknowledged and well respected in the market t®rhigh quality, allowing the

product to become more profitable.

II) Temperature during olive oil processing and sesory characteristics

In order to produced olive oils with high intensdy fruitiness (6 to 9) all parameters
influencing the flavors and aromas have to be ctiett. The most obvious parameter
negatively affecting olive oil sensory scores iry&iand other regions seems to be the
temperature during processing. Temperature duriadpxation is widely known to
affect olive oils quality [Martel, 1983] [Lanzani,990] [Giovacchino, 1991] [Botia,
2001]. During this study temperatures started fi2®8 °C (first half of malaxation-
kneading) and ended at 33Clwithin the tanks indicating that all oils proddceith
this configuration cannot be considered as “coldsped (<2?C) according the 10C
specifications. The use of lower temperatures dukimeading will not require any new
equipment in Krya since modern centrifuge systerasalieady used and temperature is
adjustable to the needs of the production. As altiegeld might be lowered compared
to heated olive oil processing but the flavors armmas of olive oil will be increased as

will levels of individual phenolic substances [Kitakis et al., 1999][Caponio and
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Gomes, 2001].Finally, lowering of kneading tempearatin these systems needs to be
further investigated including marketing and ecomomparameters before it can be
widely adopted (regardless of the fact that thiscpce is already performed in other
systems).In terms of milling management, olive picts can be divided into two
groups (i) intended for low temperature (more duah lower yield) processing (<27
°C) and (i) intended for higher temperature (*7) processing (more yield — lower

quality).

[II) Storage conditions and use of crates

The next parameter after milling temperature isatvedition of fruit before processing.
Olives intended to produce optimum quality olives @hould be treated with priority to
minimize parameters affecting olive quality duristigrage such as (i) extended storage
periods and effects of (ii) temperature - humidiabil, 2011] [Rabiei et al. 2011].
Piling of olives (iii) is also known to negativesffect olive oil quality since pressures
caused to the bottom sacks may lead to loss dfdamtents [Olias & Garcia 1997]. The
consequences of failure to control storage andspraniation conditions was generally
noticed in samples of olive oil obtained from B@&,M12 that had increased peroxide
content and K index scores compared to other sample

In order to control all the parameters above the afsplastic crates is proposed for
Krya's semi-intensive production systems insteatinein sacks that are currently used.
Open, well aerated plastic crates have been rapaotgrevent the harmful heating
caused by the catabolic activity of the fruit irh@t olive varieties. In addition, the
design of the crates minimizes pressures whengedralarge piles compared to linen
sacks [Giovacchino, 1997].Crates can also be useddfer transportation from the
orchards to the mill. As a result chemical and sgnscores are expected to be

increased compared to present practices althougimiy need further investigation.

IV) Harvesting method alternatives
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In order to ensure that optimum quality olives aw®ivered to the mill certain
parameters during harvesting should be controll@ainage caused to olives during
harvesting is generally known to influence olivé quality [Bosku, 1996]. Hand-held
mechanical beating harvesters seem to be the datnpractice (discussed also in
section 3.1.4) in Krya. Alternatively, hand heldnating harvesters can be used that
cause less damage to olives during harvest, althmage investigation is needed since
vibrations caused to the tree branches may led@eodamage. Perhaps certain pruning

systems can be more efficient in vibration harwsdbeit this remains questionable.

V) Earlier harvesting

Harvesting date is normally determined in relatisith optimum fruit ripeness.
“Optimum fruit ripeness” is mostly a term descrippithe optimum stage for industrial
purposes and is still an area of controversy. Igelaé optimum stage is when the fruit
oil content and quality are both high. Optimum tfmipeness in Crete has generally not
been comprehensively reviewed and most studiesrdiega Koroneiki olives are
confined to other regions. It is known that oliveaxidity content can be increased as
fruit gradually ripens [Dabbou et al., 2010]. Indiwal phenolic substances such as
oleuropein are also lowered as fruit over-riperexyii, 2002]. Also olives that remain
on the tree have more possibility to be susceptiblerop enemies [Tamendjari, 2009].
In the present study 3 stages were recognizedregngeolor olives (set G), b) turning
color olives (Krya and Dafne sets) and c) dark fairplack olives (flatland Sitia -set
E). If no crop enemies are present then this stagebe extended but this is dependent
on crop enemy appearance which is also discusgedladed below. It is suggested that
olives should be harvested when they have readtedfinal size and before they start

to turn color. As a result, olive oils harvesteckarly ripeness will:

» Suffer less damage froB.Oleaebecause the skin will be harder to penetrated
by the insect and the process of hydrolysis malimbiged since the harvesting
will be performed earlier

» Have higher intensity of fruitiness, bitterness guhgency that are considered

as positive characteristics found in less ripedae® [Dabbou et al., 2011].
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» May have increased chlorophyll and oleuropein aantehich is indicative of
olive oil of higher quality and are recently coresield as potential cancer

preventative agents [Ferruzzi, 2007].

Of course, this strategy will have to be perfornmedombination with low temperature

olive oil processing because otherwise olive qualitl be compromised.

VI) Preventive strategy against crop enemieB.Oleae and P.Savastanoi

B.Oleaeis known to affect olive oil quality causing arciease in free fatty acidity
content and the development of sensory defects. ndfowcaused by olive fly in
combination with pressures during transportatiod siorage in piles may cause fruit
leakage and the further development of yeasts amgls that can dramatically damages
olives. Olive fly is generally considered very dekental (discussed also in section 3.1.7
and 3.1.8) in organic systems [Tamendjari, 2009 enop protection against it is a key
issue for organic cultivation and sustainabilityppbduction in Krya. During this study
production systems of Krya seem to suffer from elily at lower levels compared to
other sets but this may change in the future. &mse necessary that effective crop

protection is needed in the region. For these reaso

» Krya cannot exclusively rely on the use of maspdrather studies also suggest
that mass trappings need to improved [Ferreira2RQntil then, application of
mass traps as a preventive strategy can at leadtthe yearly damage from
B.Oleae.The efficiency of newer traps in Krya is under dgims These new
devices containing a reduced amount of pheromorasipe better protection
with lower cost [Noce, 2009]

» More crop protection methods must be introducedhmm future in order to
achieve more sustainability and better crop praiaciThe use of copper sprays
for example has been used successfully in orgdivie oil cultivation.

» Biological control of predators d&.Oleaecurrently found in the Mediterranean
may be successful. Biological control of naturaédators (or parasites) in
organic olive oil production might be effectively Crete but more investigation
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is needed on this subject. Introduction of aliemapaids such a®syttalia
concolor showed promising results in east Europe — Turlkspfurgun et al.,
2009]. If there are no legislation limits these gsmids can be introduced in

Crete too.

During the study some areas were noticed to hagh kibmpliance rate against
P.Savastanoi(set E) and other seemed to do nothing (set G)akmpresent an
intermediate case between those two extremes. digoifection does not cost too
much, it is currently the individual decision ottpruner whether or not to disinfect the
tools. However, preventing the spread of the dsedth tool disinfection is a standard
method and it is to be strongly advised that itdmees a habit in Krya similar to the
practice in set H. The consequences (are alsostieduin section 3.1.9) of increased
P.Savastanaiisease include overall weakness of the treetreguh low productivity.

VII) Deliberate use of legume plants

The use of plants belonging in the family of Fala@c@egumes) is generally used in
organic farming. Deliberate cultivation of legumérs seems to have two basic

advantages:

» Cultivation of legumes can minimize the appearaoteveeds in olive tree
orchards because of competition between weedsegnies. Legumes then are
used as green manure when soil is cultivated byyh&actors attached with
ploughshares as practiced in several systems ia.Kry

» When legumes die in the field all of their remamimitrogen, that is
incorporated into amino acids is released back theéo soil and converted to
nitrate (NQ’), making the nitrogen available to the olive treereby serving

as fertilizer for future crops [Postgate, 1998].

More investigation in needed on the long-term cqoseaces of this practice on the
island of Crete. Theoretically this practice cangeeerally performed after the pruning
season especially if pruning residues remain infigld. Organic biomass provided by

the combination of these two practices seems ftiiferthe orchards increasing the
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productivity and is seems to be a very efficiechteque although more studies need to
be made in this subject.

VIII) *Agro-tourism’ farms

An alternative scenario previously suggested by pmegram Olivero was the
conversion of high risk (of abandonment) olive g®vinto ‘agro-tourism’ farms
[Fleskens, 2007]. Although this approach has notgen appraised, it might prove to
be a profitable business. In this case the olivemduction systems can additionally
operate within the concept of tourism and recergéors who are interested to see and
learn about the tradition of the cultivation ofvals, and they can visit ancient or old
fashioned mills used in the past, etc. This canmoee successful in areas such as
Dories where producers haven't yet specialized detaly in organic olive oil
production and still combine husbandry and olivedoiction. In this case they can
operate as agro touristic ley farms offering accadation in the traditional
settlements, local dishes etc. As a result oliveam be marketed as part of the tourist

industry.
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CHAPTER 4: CONCLUSIONS

There have been several proposals in the past stuggehat the approach of olive oil
should be multi-level focusing in aspects that atid the subject of debate and
controversy among scientists focused on olive Wiithin this scope, the main issues
recognized in this study was noncompliance to stehdrop practices, damage done by
crop pests, failure to sustain fruit quality duringnsportation and storage of olive oils,
use of high temperatures during processing of ahlelf producers manage to control

all these factors efficiently then quality prodoectimay significantly increase.

Krya at Sitia of Crete is a mountainous region tfie into the classification of
“SMOPS” as was defined by the Olivero project (2@086). Regarding areas
identified as “high mountain slopes difficult tocass” by the Olivero project, it seems
that the definition of orchards with slope greatiean 15% (> 15%) as SMOPS is
relatively vague and perhaps too general, as duhisgstudy areas with (a) inclination
more than 35% (> 35%) were recognized (b) prodactigstems near roads and others
far more distant from roads were noticed (c) syst@moducing olive oil at an altitude
of over 400 meters or even up to 700 meters wetectkl. As a result criteria such as

altitude, degree of slope or access need to béimedemore accurately.

By examining Krya, it is noticed that organic santensive SMOP systems can operate
successfully, although more study is needed tdeeethis systems will perform in the
long term. The main advantage of production systefrisrya seems to be quality of
production. Sets A to D and also Dafne (Set F) pced extra virgin olive oils (< 0.8
FFA %) and in some cases “extrissima” (<0.3 FFA #¢kas such Dories seem to be
less encouraged producing highest quality oliveaad this is also shown by the low
compliance rates to standard practices comparemthier regions such as Krya. The
main reason responsible for this seems to be thal fprice per liter between
“extrissima” (<0.3 FFA %) and extra virgin olivel®i(<0.8 FFA %) since price is not
significantly affected if olive oil is sold in bullAreas that until now follow their own
peculiar mode of production (such as mountain systef Dories) and deal with similar
problems to those mentioned in Olivero Projectrfeuhble to abandonment) may seek
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alternative practices beyond those discussed sdtidy. For example the conversion
of systems cultivating olives and simultaneouslymah production to agro-touristic
farms have been proposed in the past but it isrtainevhether this can be sustainable.
These conclusions may encourage producers to subtr efforts to improve further

or adopt different strategies of production.

B.Oleae seems to pose a serious problem for growing alivdk sets from Krya
investigated in this study suffered from 28% -35%pearance rate of olive fly.
P.Savastanocan also threaten productivity in Krya mainly dieelack of measures
(tool disinfection during different stages of pratlans discussed in section 3.1.9).
Crop protection and prevention strategies are @d#lgea challenge. Unripe olives
collected from Dories (set F) seemed to have lesditgtive damages frorB.Oleae
Especially samples obtained from G20 appearedve adigh total quality index score
(4.32) compared to other samples regardless datlighat disease rates were very high
in the set (70.2%). Harvesting in unripe stage maye to be an efficient practice to
limit damages done by B.Oleae in other systems lo@ddition, leakage caused by
olive piling during transportation and storage nhaymuch lower in unripe compared to
more ripened olives. This can be treated as antiaddi advantage for cultivating

unripe olives in Krya although this assumption reetedither investigation.

Total compliance rates to standard crop practisestion 3.1.10) varied for each region
studied (Krya, Sitia, Dories). Calculation of thesg¢es allowed assessment of which
regions adhered most with standard practices atidated generally that improvement
is needed. Perhaps maximization of the compliaatesrto the standard crop practices
described in this study may lead to increased tuali olive oil but this remains
guestionable until more improvements are made. hEurfparameters should be
introduced and an improved formula can be desigmedder for total compliance rates
to be used as a more complete and objective taotrmp practices evaluation. For
example, post harvest manageability can play anoitapt role in the increase of
peroxides in olive oil and the simultaneous creatiof negative organoleptic
characteristics such as those that occurred isdh®les studied.
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Quality results (chemical and organoleptic chargties) might improve for olive oil
produced in Krya production systems if an attenspimade to reduce the processing
temperature under 27°C (81°F). Low temperatureeotil (“cold”) will result in a
questionable reduction of the quantity of produttievhich can theoretically
compensated mainly by recognition of superior quadnd increase the value of the

product.

Regarding chemical characteristics of olive oile tbhemical classification based
exclusively on free fatty acidity content to separxtra virgin olive oils (> 0.8% FFA)
from virgin (2% FFA) etc. seems to be not suffitiéor the complete evaluation or
classification of oil. As shown by the resultsisitlikely that oil with low acidity (less
than 0.8%) will be classified as extra virgin oligé (based in this system) and have
negative taste characteristics (defects) (D11, [E™, G19, G21, H22, H23) at the
same time. For this reason olive oil products msiude both chemical and sensory
scores on their labels, and consumers must be ahatracidity score in olive oil labels
does not necessarily prove that an olive oil isaextrgin. If all these details seem too
much to be included in a label then perhaps diffeaed simpler tools may be used that

will be user-friendly to consumers and be easiemterstood and read.

Although the sensory panels usually use severglhgrao illustrate the organoleptic
results, in this study the triangular diagram wasdi As shown by the results, the
triangular diagram can be useful and can giveraplsi presentation of results related to
sensory evaluation (extra virgin appears triangatat Virgin olive oils or Ordinary as
quadrilaterals). The formation of specific triargyulor quadrilateral shapes may be
typical per area (more details about this are foum@ensory results section 3.3.5).
Organoleptic characteristics, although a very irntgparelement of olive oil quality does
not seem so far to appear on olive oil labels. &myncases, chemical characteristics are
also not shown in labels (for example L sets dil#) only the classification despite the
repeated instructions given by the IOC (Internald@live-oil Council). However the
best olive oils (sets | and K) that are currentlyGreece which are distinguished for
their superior quality seem not to neglect to pothborganoleptic and chemical
characteristics of olive oil on the product label.
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Data in present study suggest that irrigation déacathe sensory attributes of the final
product. For example, Dories received the leasemwaktatment and produced more
bitter and pungent olive oil (in a 1:1:1 ration)hgoared to other regions (Krya). From
the aspect of consumer preferences, extremely bitigt pungent oils might prove to be
less preferred compared to more fruity olive oilg this must be investigated more.
Alternately, olive oils with especially high phemlcontent may be marketed as
pharmaceuticals. Marketing and the willingnessafstimers to pay more for optimum

quality olive oils seem to be future challenges.

The Total Quality Index score (T.Q.l.) seems to devery useful tool for the
comprehensive quality evaluation of olive oil besmut combines both chemical and
organoleptic scores received after an oil analgsi$ gives a final total quality score. It
can be a very useful tool not only to assess thebot also for the overall record and
monitoring of the improvement of production (in fteive terms) annually. The final
score (when using the T.Q.l. formula) seems to hwenaffected by organoleptic
characteristics. The index tool should also behtmrtstudied in relation to consumer
preferences, for example, do they prefer oils witbh or low index? As noticed,
chemical characteristics play a minor role in shgghe final index score. Total index
score may also have further uses in marketing stingjuish olive oils of optimum

quality.
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CHAPTER 5: FUTURE WORK

According to several studies the most urgent chge can be divided into six areas: a)
agro-technological issues , (b) processing, bypydand environmental issues in olive
oil production; c) virgin olive oil chemical and pegially sensory quality, purity
authentication and traceability of products d) tleahd nutrition (e) consumers. These
areas would increase the understanding of somectaspgeat are still the subject of

controversy among scientists focused on olive@dria, 2010]

The most important aspect to begin with is theatftd olive oil consumption on human
health (for more details see section 1.3). From &lspect olive oil contains antioxidants
that seem to influence positive health. Chloroptdls been recently studied as a
potential cancer preventative agent [Ferruzzi, 200iich of olive oil's positive effects

to human health seems be connected with phenaiiteob[Weinbrenner 2004].

Each region in Crete seems to have its own halpitthe oil production (as seen for
example by comparing Krya with Dories) which areialyy remnants of traditional

practices (e.g. simultaneous cultivation of olivees and animal production). It would
be very useful to study all the different habitsd goractices of many regions that

cultivate olive and to attempt a correlation oftase differences.

The deliberate cultivation of legume plants in oigasystems as a source of nitrogen
seems to be an interesting area of research ngtbatause it can find application in
olive trees but because it can be widely usedgamc farming. In dry climates such as
Crete’s, these typical legume plants may not servivsupplementary irrigation is not
given. Several legume plants are naturally growmg@rete Yicia sativg and may be
introduced into the olive growing systems as wellsee how will react in irrigation
deficiency strategies. Long term consequences tibetate reproduction of these
species in Cretan (and other) agro-ecosystemsrd&gown and can be further studied.
A systemic reproduction of legume plants withinveloil orchards might prove to be a
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sustainable practice competing with weeds and cepaexternal sources of nutrients
(organic fertilizers), and lowering the overall toef production in organic systems.

The general crop protection agaisOleaeremains a key issue for organic olive oll
agriculture and trapping techniqgues seem to neeprovement [Ferreira, 2002].
Alternative traps may be designed with more sudaoksssults [Noce, 2009]. The
introduction of predators or parasoids inorganistems to controB.Oleaeis another
area which is interesting because olive fly iseémgral causing serious damages in olive
cultivation and has to be controlled somehow. BRjalal control of natural predators (or
parasites) in organic olive oil production might b#ectively in Crete but more
investigation is needed on this subject. Introducof alien parasoids such RBsyttalia
concolor showed promising results in California [Yokohan@08] and east Europe —
Turkey [Hepdurgun et al., 2009]. If there are ngis&ation limits these parasoids can be

introduced in Crete too.

Alternative processing methods for olive oil whigtoduce olive oil in high yields and
do not affect quality can also be studied. Olive psbcessing is an interesting area
because it appears to be currently seriously afigdioth quantity and quality of olive
oil [Caponio and Gomes, 2001. For example, recemlySpain a non-thermal
technology called pulsed electric fields (PEF) weed to extract olive oil giving
increased yields without the use of heat. If teishhology is successfully introduced in
the industry then experimental testing in localdibans would be necessary for further
investment in this technology.

During processing olive leaves are normally exoludeom the process. Some
producers are deliberately allowed olive leaveeter the malaxation chambers in
order to producer more “bitter” olive oil. Olivedees are known to contain a group of
related natural products, notably natural phenalduding oleocanthal and oleuropein
[Tripoli et al., 2005]. Extra virgin olive oil pragted in highlands (altitudes around 200
to 600 meters) has been reported to have noticdagher content of total phenols
[Dabbou et al. 2010]. The connection between sgnsotensity and phenolic

substances in mountainous olive oils containinfetht amounts of olive leaves during

malaxation is unknown and should be studied furthkithese treatments may be used
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to produce olive oils of optimum quality, with spEaharacteristics.

The varying preferences of different consumer pafpahs in relation to different olive
oils is also an interesting area of investigatidmol can be researched since multiple
oils can now be produced with current horticultukabwledge (e.g. extremely bitter
oils, fruity oils with different intense etc.). Silar studies have been performed in
Tirana [Zhllima, 2010] but not yet in Greece. Irstady comparing Greek olives only
typical grocery and market oils were used [Krystadind Ness 2005] but preferences
for extremely flavored olive oils or comparisongvieeen olive oils and other type of
oils are not well established. For example, a wdesd view exists that older
generations in Crete prefer bitter olive oils, whimay not be the preference for
younger generations. What kinds of oil do youngesgbe actually prefer? If it can be
shown that different populations and age groupsadigt have different preferences for
olive oil types, this may open up entirely new nedsk for olive oil production,

including those being produced in specialized negioareas such as Krya.
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