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Abstract

This work is aiming to evaluate antioxidant activity, total phenolics content, total flavonoids
content and other quality parameters (acid value, peroxide value K7, iodine value) of

olive oil from different geographicakgions of West Banko demonstratéf there were a
correlation betweereach assay and the other assays for different farmers in the same
geographical region and to demonstrate a possibleelation betweerstudied quality
parameters and selected agromparameters (olive fly infection, days of storage, green to
black %, fruitsdrop % and olive yield %o

No enough research information had been written about total phenolic content, total flavonoid
content and antioxidant activity of Palestinian olive aild ther were n@nough research

informationsabout correlations betwestudied quality parameters

Antioxidants contents were assayed using FRAP, CUPRAC, DPPH, and ABTS colorimetric
methods. TPC and TFC of the extracts were evaluated using@iolialieau, and aluminum
chloride colorimetric methods, respectively.

Variations of the studied parameters (TPC, TFC, FRAP, CUPRAC, ABTS, DPPH, Acidity%,
peroxide value, kg, Ka7o, lodine value, specific gravity and refractive index) for olive oll
samples betwee governerates, regions and farmers were analysed statistically, and results
showed that: In 2013, there were significant differences between governorates whereas:
Hebron have refractive higher than Jenin, Nablus has iodine value higher than Hebron, and
Nablus has DPPH higher than Hebron. Aldwere were significant differences between
regions whereasSi'ir has refractive higher than Burkin. Salfit has DPPH higher than both
Surif and Si'ir. Surif has ABTS higher than Asira®thamaliya. Dheisha has TFC hag than

Asira Al-Shamaliya, and Surif has TFC higher than AsireSAlmaliya also, and alsbere

were significant differences between farmers in all scales in Jenin governorate except the
refractive scale. There were significant differences between Faimeall scales irNablus
governorate. There were significant differences between farmers in all scales in Tulkarm
governorate except in the Peroxide value, DPPH and ABTS scales. Finally, there were
significant differences between farmers in all scalesboth Bethlehem and Hebron

governorates.
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In 2014, there were significant differences between governorates whereas: Nablus has DPPH
higher than Hebron. Both Jenin and Hebron have ABTS higher than Nablus. Jenin has FRAP
higher than each one of Nablus, TulkarBethlehem and Hebron. Hebron has TFC higher
than Nablus. Also there were significant differences between regions whereas: Surfdas K
higher than each one of Burkin, Salfit, Asira-@ibliya, Dheisha, and AShuyukh. Both

Salfit and Asira AlQibliya have iodine values higher than both Dheisha and Surif. Each one
of Dheisha and Surif and Ahuyukh have ABTS higher than Asira-@ibliya. Burkin has

FRAP higher than each one of Bayt Jala, Surif an@&W#iyukh. Anabta has TFC higher than
Salfit.Surif hasTFC higher than each one of Salfit, Asira@ibliya, and Bayt Jala, also there
were significant differences between Farmers in all scales in Jenin governorate excgept in K
%Acidity, FRAP and TPC scales. There were significant differences betweenr&annadi

scales inNablusgovernorate. There were significant differences between farmers in all scales
in Tulkarm governorate except in refractive, specific gravity, CUPRIC and TFC scales. There
were significant differences between farmers in all saal®&ethlehem governorate except in
specific gravity and FRAP scales. Finally, there were significant differences between farmers

in all scales in Hebron governorate.

There wasno significant difference in the studied quality parameters of olive oil between
governerates, and to some extent leemregions too, while there wasignificant difference

between farmers.
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CHAPTER ONE
INTRODUCTION



1.

Introduction:

1.1. Background and Rationale

Olive tree Oleaeuropaed.) is an important treeternationally thaproduce high nutritional

and health quality edible oil. The global production of olive oil in 2@&5 around 3,225,500
tons (I0OC, 2016), from which around 14,000 tons are produced in Palestine. As olive oll
production fluctuates from year to year, the mean dnpraduction of olive oil globally
during the recent five years (202014) was 2,940,300 tons (IOC, 2016) and the average
annual contribution in Palestine was 15,500 ton©@D208). The European Union (EU) is

the leading producer of olive oil and withthe EU, the Mediterranean members are the

biggest producers armbnsumersf olive oil. (IOC, 2016).

Olive tree is one of the most important trees in Palestine, it issglebolc of Palestinians
roots and attachment to the land, with the soil and ¢éinproducing some of the world's
highest quality olive oil. From more than 750 million olive trees cultivated worldwide, 95% of
which planted in the Mediterranean region. (I0OOC, 2007).

Olives share in about 45% of the Palestinian agricultural score ahdfrwits from which
virgin and extra virgin olive oil is produced. 45% of Palestinian agricultural land (about
100000 hectare) is planted with olitrees (Salimia et al, 2010). The expected amount of olive
oil extracted by the aid of 270 oil press plaiaisnd in West Bank and Gaza are 32 thous
and metric tons yearly. Approximately 93% of the olive harvest in Palestine isarsenakif

oil which comprises 1% of total agricultural economy. One liter of the Palestinian olive oil

costs the farmeabout2.3$5 and is sold btween 675. Places in West BarnRalestinenvere

oil samples for this research were collected are shown in (Figurel.



BN Burkin
B Anabta

BN Asira Al Shamaliya
B Asira ALQibliva
Bl Bayvt Jala
Bl Dheisha
Surif
Sitir
@ Alshuyukh
@ salfic
@ Burin

Figurel.l: places where samples were collected in the West Bank of Palestine.

Quality of olive oil isdefined as the combination of its attributes that have significance in
determining the degree of its acceptability by the consumer, and may be also defined from
commercial, nutritional or organoleptjgerspectives. The nutritional value of extra virgin

olive oil (EVOO) originates from its high levels of oleic acid content and minor components,
such as phenolic compounds that donate the oil its aroma. Therefore, these quality parameters
promote the consumption demands and price of olive oil in comparisbrotkier edible oils

ranking it superior among veigdleoils (Vacca et al, 2006).

There is a need to develop reliable analytical methods to ensure compliance of olive oil quality
with labeling, and to determine the genuineness of the product by the aleteictventual
defects during adulterations, processing and storage conditions. Therefore, the International
Olive Oil Council (I0OC) and European Communities Legislation (EC) define the identity
characteristics of olive oil by specifying analytical meth@hdstandard limit values ofhe

guality parameters such a®rBxide Value PV), Acidity%, Ultra Molet (UV) absorbance
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values (ks and K70 and organoleptic characteristics (odor, taste and color) for olive oils in
order to improve product quality, pand international trade, and raise its consumption
(Abbadi et al, 2014).

Numerous factors such as olive variety, environmental, climatic, soil and cultivation
conditions, age of the tree, olive ripeness, olive health, etc. are involved in the composition
differences in virgin olive oil during its formation in the fruit (Dobarganes & Velasco,
2002).Various factors from intrinsic to agronomic, affect phenolic compounds. Olive cultivars,
together with geographical origin, are responsibtethe typicality ofolives, fableolives, and

olive oils. Attention has to be paid to agricultural practices and cultivation syidalbeiro

et al, 2015).

1.2. Phenolic compounds

1.2.1. Definition

Phenolic compounds are the most abundant secondary metabolites of plants.They are complex
class of chemicals including a hydroxyl group on a benzene ring. The plant phenols are
aromatic secondary metabolites that contain a fundamental cingigbstances having an
aromatic ring bearing one or more hydroxyl compounds. Plant phenols are defined based on
metabolic origin and these substances derived from the shikimate pathway and
phenylpropanoid metabolism (Ryan et al, 2002).

Many terms are usein existing literature to refer to éee compounds such as phenols,
phenolic ontents, polyphenols, biophenols and others, depending on the matrix investigated.
However, two of them were adopted as the most preferred ones when dealinQleeith

europaead.. matrices, i.e. olive phenols and/or olive phenolic compounds (Uccella, 2000).

A virgin olive oil contains at least 30 phenolic compounds. Phenolic total amount and
composition of olive oil varies from 100 to 1000 mg/kg. Polyphenols are in facimplex
mixture of compounds with different chemical structures obtained from the oil by extraction
with methanolwater. Phenolic compounds are related to the stability of the oil but also to its
biological properties. Most phenolic compounds are foundature in a conjugated form.
(Houshia & Quitit, 2014).

1.2.2. Functions in olive oll

a. Nutritional quality: The presence of phenols with high antioxidant activities increases the
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nutritional value of olive oils. (El Riachy et al, 2011).

b. Health benefitsof olive oil phenols:The beneficial effects of olive oil phenols have been
the focus of several investigations. In addition to their widely documented antioxidant
activities, they seem to exert also others such as antithrombotic and antihypertensise effec
Moreover, they were associated with protective effects against certain types of cancer,
neurodegenerative and cardiovascular diseases, in addition to thagiagti protection.
(Vissers et al, 2004).

c. Sensory quality: Phenols, together with volatilesre the main responsible factors for
sensory attributes of olive oils, providing a delicate and unique flavour highly appreciated by
the consumers. (Servili et al, 2009).

d. Oxidative stability: Phenols are fundamental also for the shidfand oxidatve stability

of virgin olive oils. They resist a lipid oxidation already at initial stage by mechanisms such as
radical scavenging, hydrogen atom transfer and/or robthting abilities.Jerman 2014).

1.2.3. Factors affecting their levels

Polyphenollevels in olives depend on climate, variety, agricultural practices and ripeness at
harvest. Polyphenol levels in the fruit are affected by irrigation during the growing season:
thrifty watering increases the phenol level. Since polyphenol levels natdesdigase as the
olive fruit ripens, harvest time affects their level in the oil: early harvests result in oils with

higher polyphenol values (Houshia&Quitit, 2014).

Polyphenol levels decrease during milling and storage. Many polyphenols are water soluble
and are lost with the vegetation water during processing. In addition, polyphenol levels will
slowly decrease during storage, as they dampen oxidation in the oil given these unavoidable
losses, an initial high polyphenol level is essential for ensuringetosigelf life and greater
health properties (Manach, 2004) (FiguBlshows thefactors that affect olives and olive
products phenolic composition alevels(Malheiroetal, 2015).
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Figurel.2: factors that affect olives and olive products phenolic compositidalheiroet al,

2015).

1.2.4. Phenolic compounds groups

Polyphenols may belassified into different groups as a function of the number of phenol

rings that they contain and on the basis of structural elements that bind these rings to one

another. The main classes include phenolic acids, flavonoids, stilbenes and lignans. (Figure

1.3) illustrates the different classes of polar phenolic compounds present in olive oil with

molecular structures of representative examples (Rodriguez et al, 2015).
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Figure.13: The different classes of polar phenolic compounds present in olive oil with

molecular structures of representative examples (Rodriguez et al, 2015).
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1.3. Oxidation

Oxidation is a chemical reaction that transfers electrons from a substance to an oxidizing
agent. Oxidation reactions can produce free radicals, which startrelagiions that damage

cells (Hamid et al, 2010A free radical can be defined as any molecular species capable of
independent existence that contains an unpaired electron in an atomic orbital. The presence of
an unpaired electron results in certain commooperties that are shared by most radicals.
Many radicals are unstable and highly reactlvabp et al, 2010).

Reactions occur continually inside the body, giving rise to the fiwmaf free radicals
(peroxidants). As a rule, free radicals do not cause severe damage due to the protection
provided by antioxidants, which help to keep a balance up to a point. If the balance is spoiled,
however, "oxidative stress" occurs, leading éedioration of normal cell functions and even

cell death (IOC, 2015)Oxidative stress is characterized as an imbalance between the
production of reactive species and antioxidant defense activity, and its enhanced state has been
associated with many of @éhchronic diseases such as cancer, diabetes, neurodegenerative and

cardiovascular diseases (White et al, 2014).
1.4. Antioxidants
1.4.1. Definition

Antioxidants may be defined as substances which can, when present at low concentrations
compared to that abxidizable substrates, significantly delay or inhibit oxidization of those
substrates (Antolovich et al, 2002).

1.4.2. Antioxidants in Olive Qil

Vitamin E (alphatocopherol), carotenoids and phenolic compounds (simple phenols such as
hydroxytyrosol and coplex phenols such as oleuropein) are all antioxidants whose activity
has been demonstrated invitro and recently invivo, revealing further advantages in the
prevention of certain diseases and also of ageing. Virgin olive oil is particularly rich in these
substances and it has a strong antioxidant effect, protecting against damage from free radicals

(scavenger activity) and against the formation of cancer (IOC, 2015).


http://www.ncbi.nlm.nih.gov/pubmed/?term=Lobo%20V%5Bauth%5D

1.4.3. Classification of antioxidants

Antioxidants are grouped into two namely; Primary atunal antioxidants and Secondary or
synthetic antioxidants.

Primary antioxidants (antioxidants proper) ascorbic acid and its derivatives, tocopherols, the
esters of gallic acid, erythorbic acid and its sodium salt, BHA, BHT and other substances
THBPand BHQ. 1 Secondary antioxidants (substance
other functions as well). Sulphur dioxide and sulphites as well as lecithin are secondary

antioxidants (Butnariu & Grozea, 2013).
1.4.4. Mechanism of action of antioxidants

Free radicals attack all major classes of biomolecules, mainly the polyunsaturated fatty acids
(PUFA) of cell membranes. The oxidative damage of PUFA, known as lipid peroxidation is
particularly destructive, because it proceeds as gseghietuating chaineaction Lobo et al,
2010).0Oxi dati on of the PUFA (eagre(l)amhiehgapidyatidst t y ac
oxygen to form a fatt yqgnd2).iThe peraxyl mdicals arertleed i ¢ a |
carriers of the chain agtions. The peroxyl radicals can further oxidize PUFA molecules and
initiate new chain reactions, producing lipid hydroperoxides (LO@&d) (3)that can break

down to yet more radical species (Esterbauer et al, 1990).

LH + RE Y LE + RHéééeééeéeé. . é.eéée.. (1)

LE #¥ QOOE é¢é¢éééeééeé.e.é.eé.. (2)

LOOE + LH Y LOOH + LE ééé. . ééé.eéeé. (3)

1.4.5. Methods of evaluation and pringples

There are different methods to evaluate the antioxidant capacity of foodstuffs including olive
oil among which are: DPPH, FRAP, CUPRAC and ABTS.

14.5.1. DPPH:

This is known as a Standard ZD¥phenyt1-picrylhydrazyl (DPPH)yssay.This assay is based
on the theory that a hydrogen donor is an antioxidant. It measures compounds that are radical
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scavengers. DPPH assay is based on the measurement of the scavenging ability of antioxidants
towards the stable DPPH radical (MacDor#litks et al, 2006). (Fige 14) below, shows

the mechanism by which DPPHA accepts hydrogen
few stable and commercially available organic nitrogen ré&lifdacDonaldWicks et al,

2006. The antioxidant effect is proportional to the dissppeance of DPPHA in te
Monitoring DPPHA with a UV spectrometer has
because of its simplicity and accuracy. DPPHA
(purple). The color turns from purple to yellovollowed by the formation of DPPH upon

absorption of hydrogen from an antioxidant. This reaction is stoichiometric with respect to the

number of hydrogen atoms absorbed. Therefore, the antioxidant effect can be easily evaluated

by following thedecrease of)V absorption at 517 nm. (Moon et al, 2009).

RH
(Antioxidant)
H \ﬁ\ Q
2,2-Diphenyl-1-picrylhydrazyl 2,2-Diphenyl-1-picryhydrazyl
frea radical (DPPHs) (DPPH})

Figure.14:Mechani sm of DPPHA free radical (Moon et

14.5.2.FRAP assay:.

Ferric lon Reducing Antioxidant Power Assay (FRAP) is simple, fast, inexpensive, and robust
method, and does noequire specialized equipment. In the FRAP methibé yellow
FE'TPTZ complex (2,448ri (2-pyridyl)-1,3,5triazine) is reduced to the blue FEPTZ
complex by electromlonating substances (such as phenolic compounds) under acidic
conditions (Benzie et all996) see (Figure 3). Any electron donating substances with a half
reaction of lower redox potential than*HE€* TPTZ will drive the reaction and the
formationof the blue complex forward. The reaction detects compounds with redox potentials
of <0.7V (the redox potential of B&TPTZ) (Prior et al, 2005).
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Figure 1.5: Reduction of yellow F& TPTZ complex (2,4,8ri (2-pyridyl)-1,3,5triazine) with
antioxidants to the blue EeTPTZ complex by FRAP reagent (Prior et al, 2005).

1.4.5.3.CUPRAC assay

The putative CUPRAC method was developed by (Apak et al, 2006). These assays are based
on the reduction of Cé to Cu" by the combined action of all antioxidants or reducing in
aqueousethanolic medium (pH 7.0) in the presence of neocuproined{@éthyt1,10
phenanthroline), by polyphenols, yielding a'@omplexes with maximum absorption peak at

450 nm (Figure B) (Leeet al, 2011). This method can be used for the determination of the
antioxidant capacity of food constituent by the&weocuproie (CU>Nc) reagent as the
chromogenic oxidizing agent. The reduction of €in the presence of neocuproine by a
reducing agent yields a Caomplex with maximum absorption peak at 450 Amtémet al,

1991)

HA At

N o

+ H+

Figurel.6: CUPRAC reaction by an antioxidant molecule (HA: an antioxidant molecule, A+:
an oxidized antioxidant moleculd®rotons liberated in the reaction are neutralized by the
ammonium acetate buffeftemet al, 1991)
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1.4.5.4. ABTS method

The ABTS catioor adi c al (ABTSA+) (Marc et al , 2004) W
blushgr een col our) is formed by the | oss- of an
azinobis (3ethylbenzthiazoling-sulphonic acid)). In the presence of Trolox (or of another

hydrogen donating antioxidant), the nitrogen atom quenches the hydrogen atom, yielding the
solution decolorizationABTS can oxidized by potassium persulphate (Pellegrini et al.2003)
(Thaipong et al, 2006) see (Figurer)l.giving rise to the ABTS cation adi c al ( ABTSA-
whose absorbance diminution at 743 nm was monitored in the presence of Trolox, chosen as

standard antioxidant (Pisoschi & Negulescu, 2012).

0sd § Aty ju;s g o]
%_‘q—_‘q KISZ{]H \g %-\_1
."qlll N
E III|

L-‘JH::

s CH, G

ik
ABTS Al

Figure 1.7: Oxidation of ABTS with KkS,0g and generation of ABTYMiller et al, 1993).
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CHAPTER TWO

Literature review
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2.1. Literature review

Dajdelen (2016) The objective of this study w
activities of the phenolic extracts and mineral contents of virgin olive Olsa(europaed..

cv. Edincik Su) obtained from three different locations, Edincik, Gomec, anditzihirkey.

Antioxidant activity was analysed spectrometrically. Total phenolic of Edincik Su olive

cultivar was found between 159.99 and 189.64 mg galitcequivalent/kg.

El Sohaimy et al (2016The aim of the present studyasto investigate the chemical and
physical characteristics of the olive oil in different ripening stages of Manzanilla and
Kalamata varieties to determine the optimum harvesting time of the olive fruits. Refractive
index values of Manzanilla and Kalamatdsowvere below the Standard limit. Reddish stage
(S4) of ripening showed the best physicochemical characteristics. The total flavonoids level in
early maturation stages higher than late maturation stages. Finally, we can conclude that the
reddish ripeningtage (S4) is the best stage for harvesting of the olive fruits to get the high
quality of oil. The total flavonoid content in samples was measured colorimetrinatgsay
developed byhishenet al (1999) while refractive indexof the examined olive oil was
measured as described Bgmiston (2001)The results showed thigtal flavonoidscontentof
extracted o1l from Manzanilla variety was r
catechol/g, while the flavonoids content of Kalamata célswaried from 56.33+1.93 to
134. 60N0. 94, andgthe aedrdactive ihdex valges of Manzanilla oil were between
1.46741.4677 and 1.4678.4683 for Kalamata oil.

Balluset al (2015) reported that olive oil sampl
Hatay and Mardin provinces in Turkey investigated during four maturation stages were
analyzed for their chemical properties such as free acidity, peroxide value;aaitdnoid,

total chlorophyll, total phenolic contents, antioxidant activity, fatty acid and sterol
compositions. Chemical properties, fatty acids and sterol profiles of olive oil samples
generally showed statistically significant differences dependinthervarieties, maturation

and growing area( 0.05). The total phenolic compounds of olive oil samples ranged from

20.62 in Gemlik to 525.26hg GAE/ kg oi | i n Hal halée from Hat
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contents and antioxidant activities of olive oil samples were positively associated. Oleic acid
content was the highest 71.93in H1 samples in Hatay.

Baiano A., et al (2014n order to investigate the effects of a prolonged storage, olives from
cv. Comtina were crushed using a three phase system to produce extra virgin olive oll
analysed for sensory and chemipalsical indices, phenolic profile, tocopherol content, and
antioxidant activity during an-g§ears storage, they found that the oil lost ftaracteristics of
extravirgin after 6 years of storage, time at which the median of the defects was higher than 0
and freeacidity% exceeded the limit fixed for this category by the European Regulation
whereas the stability against oxidation persisted dotonger period due to the high
concentration of oleuropein derivatives. A strong positive linear correlation was observed
between the phenolic content and antioxidant activity measured according to the ABTS+. to

indicate a noticeable radical scavengibdity of phenolic compounds.

Abbadi Jehad, et al (2014) studied the effect of storage conditions and packaging on the
quality of olive oil reaffirming that at both storage temperatures, the best container in
maintaining the extra virgin olive oil (EVOQ)uality was glass and the worst was pottery.
Grading of stored olive oil under investigation using sensory evaluation was not sufficient.
Also it was clear that the absorption coefficient;Jwas the most sensitive determinant
chemical test that determimehe quality of stored olive oil and could be used as a rapid

indicator test.

Houshia Orwa, et al (2014) the purpose of the study was to measure the total concentration of
polyphenol in some samples of Palestinian olive oil. The total polyphenol carftehe
methanol extracts was evaluated colorimetrically using the +@incalteau reagent. A
diluted extract or phenolistandard was mixed with FolirCiocalteau reagent and acqueous
NaCO; and the total polyphenols were determined colorimetrically2&t fim. Gallic acid
standard solutions were used to calibrate the method. The concentration of polyphenols in

olive oil ranges from 150 to 300 mg/kg.
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Eid M. & EL-Sayed M. (2013) characterized virgin olive oil from four olive oil cultivars
(Koroniki, Arbequna and new cultivars No.1 and No.138) cultivated wKEhtatba zonén

Egypt during two successive seasons 2010/2011 and 2011/2012. The quality indices (Free
acidity, Peroxide value, ¥, Ky7¢ and fatty acids, minor components beside oxidative
stability and sterol composition of the obtained olive oils (VOO) were analyzed to obtain a
more complete characterization of these varietal oils. Results revealed that, all the analyzed
VOOs wer e classified i nto OO0EXtra Virginodbo
physicochemical parameters. % FFA (as Oleic acid) range between 0.28 and 0.80, Peroxide
value (meq @kg oil) range between 4.20 and 10.1%g3ange between 0.89 and 1.99;K

range between 0.06 and 0.17 and total polyphenols (mg caffiec acid/kg)oetageen 60.40

and 174.20.

Dabbou S., et al (2011) studied the antioxidant capacity of phenolic extracts of four Tunisian
olive oils from Chaibi, Oueslati and two mixture olive cultivars in relation to their lipid

composi t-toanphera comtentUTot@henol content ranged between 396 and 652 mg
1

kg-.
antioxidant activity by ABTS test (TAZAABTS) was observed in Mix2 (0.9 mmol TE Kg

which showed the correlation betare the antioxidant capacity of virgin olive oils studied

Furthermore, the highest antioxidant capacity in virgin olive oil measured by total

with polar components and lipid profile, important components to their shelf life.

Amarnaet al (2011) Aimed to investigate the quality of olive oil produced in the northern
West Bank. Forty samples were collected from two villages: Assera Al Shamalia (located in
the western foothills) and Bet Dagan (eastern foothills). The samples wereeanialyiodine
number, peroxide value, refractive index and free acidity using official AOAC analytical
methods for fats and oils. Average iodine number of the studied olive oil samples was 91.8
0/100g with refractive index of 1.4696, free acid value oR%Z2and peroxide value of 19.1

meq Q/kg.
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Minioti, K. S., & Georgiou, C. A. (2010)his study aimedo map the total antioxidant
capacity (TAC) of 50 Greek olive oil samples from the 20086 season according to
production region and cultivar and to canp e t taznoldls,(3ethyibenzethiazoline6-
sulfonic acid (ABTS), 2, &liphenytl-picrylhydrazyl radical (DPPH) and Fol@iocalteu

tests for use with olive oil. Antioxidant capacities determined in the hydrophilic fraction range
between 5.42 225 mM gallic acid Kg olive oil for the ABTS method and 1.29.95 mM

Kg™ for the DPPH method while in total, olive oil TAC ranges between 77 mM Kg' as
assessed by the DPPH method. The results of total phenol content range between 3.8 and 29.4
mM Kg™ olive oil. Total phenol content correlates with total antioxidant capacity assessed in
the hydrophilic fraction through the DPPH (r 0.89) and the ABTS (r 0.69) assays. The
hydrophilic fraction DPPH values correlate significantly with the ABTS value6.81).
However, the DPPH values for total olive oil correlate poorly with the ABTS assay, the Folin
Ciocalteu method and the DPPH assay in hydrophilic fraction. Although total phenolic content
shows good correlation with ABTS and DPPH values and cone ses a useful indicator for

olive oil antioxidant capacity.

2.2. Problems statement

Inspite of the great importancé olive oil in Palestine, nenough databout the total phenolic
compounds contents amotal flavonoid content and antioxidaauttivity andconcerning phenolic
compounds characterization is available. Therefesd research should be takéto enough
research informatiorhad beenwritten about total phenolic content, total flavonoid content and

antioxidant activity of Palestiniasiive oil.

Values oftotal phenolic content, total flavonoid content, antioxidant actisifigity%, iodine value,
peroxide value,gcific gravity, refractive index, 4, and Ky are very important to compare the oils

from olive trees from differentgeons in Palestine and to compare the difference between farmers.
2.3.Hypotheses and research questions

Hypothesis of this study declares the existence of variations in TPC, TFC and antioxidant
activity in terms of geographical origin in olive oil in Wé&nk-Palestine. Additionally, we
expect that there will be differences in the amount of TPC, TFC, and AA as a function of

farmer in the same area in West Bank in Palestine.
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Is there a relationship between total Phenolic Contents and antioxidant aatidity a
also between total flavonoids content and antioxidant activity of Palestinian olive oil?
Is there any change in total antioxidant activity, total phenolic contents and total
flavonoids content in olive oil as a function of geographical region (nortidlenand
south regions of West Basfkalestine)?

Is there any change in total antioxidant activity, total phenolic contents and total
flavonoids contentin olive oil between farmers in the same region?

Is there a relationship between one assay for olivékeil TPC and other assays and

etc.?

2.4. Objectives and aims

a

To evaluate antioxidant activity, total phenolic contents and total flavonoids content
acidity%, peroxide value, ¥, K7o, iodine valuespecific gravity and refractive index

of olive oil from different geographical regions of West Bank (north, middle and
south).

To demonstrate a possible relationship between phenolic contents and antioxidant
activity and also between total flavonoids content and antioxidant activity.

To demonstrate a possible @ifénce between eadssay and the other assays for
different farmers in the same geographical region.

To demonstrate a possible relationship between &ssdy and the other assays.
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CHAPTER THREE
MATERIALS AND METHODS
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3.1.Experimental Design
3.1.1. Samples collection and preservation

The oil samples were collected in 2013 and 2014 freshly from the farmers during milling their
olive fruits. Different farmersi(6) were chosen randomly from different geographical areas

in the West Bank: Jenin (Burkinjulkarm (Anabtg, Nablus (Salfeet, North Asera, Burin and
South Asera), Bethlehem (Bayt Jala and Dheisha) and Hebron (S@&iiif, and
Alshuokh).The samples were taken in late October 2013 and late October 2014 in similar
conditions. Olive oil samples (300 ml, in replicates) were takelRHrbottles without head
space from the milled oil of the farmer at each collecting time. Cetleotl samples were
preserved in a cold container and directly shipped (in the same day) to a refrigerator in the
laboratory €20 °C).

3.1.2.Primary quality tests

The samples were tested for their initial oil qualiggidity%, peroxide value, ¥, Ko7,

iodine valuegpecific gravity and refractive index).
3.1.3. Testing Antioxidants

The oil samples were extracted for total phenolic content (TPC), total flavonoids contents
(TFC). The oil samples were analyzed for TPC, TFC, and antioxidant activitiesP(FRA
CUPRAC, ABTS and DPPHPIive oil samples were extracted in replicates and analyzed in
replicates. Results were interpreted for the collected from each farmer as mean value and was
compared to the other farmers in different geographical areas fortictatisignificant

differencies for each quality parameter

3.2. Solution preparation

3.2.1. Total Phenolic Contents

Diluted Folin reagenivas prepared by diluting 10 ml Folin in 100 ml distilled water), or 25 ml
of Folin were diluted up to 250 ml usiyW.
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7.5% NaHCQ was prepared by placing 7.5 g of NaH£@ a 100 volumetric flask and
dissolving into distilled water.

3.2.2. Total flavonoid content

For the preparation of 50 ml df0%(w/v) AICI3.6H,0, 9 g of AICE.6H,O (Mwt= (241.43
g/mol) were put ira 50ml volumetric flask and distilled water was put up to the mark.

For the preparation of 50 ml 8686(w/v) NaNG,, 2.5 g of NaNQ@ (Mwt= (68.995 g/mol) were

put in a 50ml volumetric flask and distilled water was put up to the mark.

For the preparation d50 ml of 1M NaOH, 10 g of NaOH (Mwt= (40 g/mol) were put in a

250ml volumetric flask and distilled water was put up to the mark.
3.2.3. FRAP method

For the preparation of 100 ml of 20 mM Fe6H,0, 0.54 g of FeGI6H,O (Mwt= (270.296
g/mol) were dissolved in a 10@l volumetric flask and diluted to the mark with distilled

water.

For the preparation of 1L of 40 mM HCI solution, 3.77 ml of HCI stock solution (10.6 M)
were put in a 1L volumetric flask and distilled watexs added up to the mark.

For the preparation of 100 ml of 10 miMpyridyltriazine (TPTZ), 0.312 g of TPTZ (Mwt=
(312.33g/mol) were put in a 100 ml volumetric flask and diluted to the mark with 40 mM HCI

solution.

For the preparation of 100 ml of 0.3M &ate buffer (pH 3.6)(according to British
Pharmacopeia)l6.8 g ofacetic acid and 0.8 g of NaOH were dissolved in a 1L volumetric

flask and diluted to the mark with distilled water.

FRAP reagent is composed of 10 mM (TPTZ), 40 mM HCI and 20 mM3fE+GO in the
ratio (10:1:1) by volume respectively, for example; 100 ml@mM tripyridyltriazine TPTZ,
10 ml of (40 mM HCI) and 10 ml of (20 mM Fe{@H,0).
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3.2.4. CUPRAC method (Cupper Reducing Antioxidant Capacity):

For the preparation of 250 ml of CuGlLx10? mol/L), 0.336 g of (anhydrous Cug(Mwt=
(134.45 g/mol) were dissolved in a 250 volumetric flask and diluted up to the mark with

distilled water.

For the preparation of 250 ml oocuproine alcoholic solution (7.5%¥@ol/L), 0.39 g of
neocuprine (Mwt= (208.26g/mol) were dissolved in a 250 volumetric flask and then diluted
up to the mark with ethnol (96%).

For the preparation of 250 ml dfH,Ac (1mol/L, pH7.0) buffer solution]9.27 g ofNH4AC
(Mwt= (77.08g/mol) were dissolved in a 25@lumetric flask and diluted up to the mark with
distilled water.

3.2.5. Free radical scavenging activity using DPPH

For the preparation of 250 ml of0®34 mM ofDPPH solution 0.0064 g ofDPPH (Mwt=
(394.2 g/mol) were dissolved in a 250 volumetric flasid diluted up to the mark with
methanol (95%).

3.2.6. Free radical scavenging activity using ABTS:

For the preparation of 250 ml ofidiM ABTS (Mwt= (548.68 g/mol)0.96 g ofABTS were

dissolved in a 25l volumetric flask and diluted up to the mark witistilled water.

For the preparation of 250 ml of45 mM of potassium persulphate,@0Og) (Mwt= (270.322
g/mol), 0.165 g ofK,S,0g were dissolved in a 25@1 volumetric flask and diluted up to the
mark with distilled water.

3.2.7. Peroxide value Test:

For the preparation o$aturated potassium iodide solution, more than 144 g of potassium
iodide were dissolved in 100 mL of water using the magnetic stirrer, creating a saturated
solution. Anything more than 144 grams will not dissolve since the solubflipotassium
iodide at room temperature is 144 g KI/100 ml D.W.
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3.2.8. lodine value test:

For the preparation of 0.1 N of p#&03.5H,0O solution, 24.8 g oNaS,03.5H,0 (Mwt=
(248.08 g/mol) were put in 1L volumetric flask and distilled watas put up tahe mark.

For the preparation of Kl solution (15% w/v), 15 g wereipw 100 ml volumetric flask and

distilled watemwas put up to the mark.

For the preparation aftarch indicator (1% w/y)1 g ofstarch wagutin a 100 ml volumetric

flask anddistilled water was put up to the mark.
3.2.9. K232 and K270teSt:

For the preparation adil sample at 30°C, 1% solution of oil was prepared in cyclohexane

(0.25 g oil in 25 ml cyclohexane).
3.3. Extraction of oil samples for TPC, TFCFRAP, CUPRAC, DPPH and ABTS tests:

An aliquot of 20g of olive oil samples were dissolved in 2@fm-hexane and transferred to a
separatory funnel, then three portions of 10 ml of methaabtér mixture (80:20 v/v) were
added, and the methanolic extracts were collectedwashed with 20 mbf n-hexane to
remove the remained residual oil. The methanolic extracts were then placed in the fridge until
analysis. The oil samples weetracted in replicateand analyzed fo(TPC, TFC,FRAP,
CUPRAC DPPHandABTS tests)in replicates.

3.4. Tests:
3.4.1. Determination of totalphenolic contents (TPC)

Materials used were: Foliiocalteu reagent, Distilled water, Sodium bicarbongtdlic

acid, UV-Vis spectrophotometer.

TPC was determined spectrophotometrically uskuadini Ciocalteu reagent (Singleton &
Rossi, 1965). To 100uL of the sample extract, 1.8 ml of F@liacalteu reagent was added
(note: Before adding the Folieagent they were prepared 10 folds; means 10 ml in 100 D.W),
then left for 5 min., 1.2 ml of 7.% NaHCQ (7.5 gm in 100 ml D.W) solution was added.

The mixture was allowed to stand for 60 min and absorption was measured at 765 nm against
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a reagent blank (D.W) in UWis spectrophotometeAqueous solutions of known gallic acid
concentrations in the mge of (1007 500 ppm) were used for calibration. Results were

expressed as mg gallic acid equivalents (GAE)/g sample.
3.4.2.Determination of Total flavonoid content (TFC)

Materials used were: Distilled water, Sodium Nitrite, Aluminum Chloride (Hexa tediy,a
Sodium hydroxide, Catechin, UVis Spectrophotometer.

TFC was analyzed using the Aluminium chloride method (Zhishen et al, 1999). An aliquot (1
ml) of Olive oil extract was put in 10 ml of volumetric flask containing 4 ml of distilled water,
0.3 ml prtion of 5% NaNQ@ and 0.3 ml portion of 10% AlGI6H,O. The mixture was
allowed to stand for 6 mirat room temperature. Two millilitres of 1 N NaOH was added and
the solution was diluted to 10 ml with distilled water. The absorbance of the solutios aersu
blank (all reagents except olive oil sample extract) at 510 nm was measured imyediate
Aqueous solutions of knowratechin concentrations in the range of 200 ppm were used

for calibration.

3.4.3.Determination of antioxidant activity (AA) by FRAP method:

Materials used wer&PTZ, HCI (stock solution), Iron (Ill)Chloride, Vortex, Water Bath, UV
Vis Spectrophotometer.

Ferric reducing antioxidant power (FRAP) was performed according to the procedure
described by (Benzie and Strain, 1996). The FRé&dent included 300 mM acetate buffer

(pH 3.6), 10 mMTPTZin 40 mMHCI and 20 mM FeGlin the ratio 10:1:1 (v/v/v). Three ml

of the FRAP reagent was mixed with 100ul of the sample extract in a test tube and vortexed in
the incubator at 37°C for 30 min amwater bath. Reduction of feridpyridyltriazine to the
ferrous complex formed an intense blue ctih@twas measured at 593 nm at the end of 4 min

by theUV-Vis Spectrophotometer
3.4.4. CUPRAC reducing antioxidant power

Materials used were: Cuppg@l) Chloride, Neocuproine, Ethanol (96%), Ammonium Acetate,

Distilled Water, Torolox, UWis Spectrophotometer.
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The CUPRAC ion reducing antioxidant capacity of olive oil extract was determined according
to the method of (Apak et al, 2008). 0.1 of sampe extract was mixed with 1 Ineach of

CuCb solution (1.0x1& mol/ L), neocuproine alcoholic solution (7.5%%fol/L), and NHAc
(Imol/L, pH7.0) buffer solution and 1lmof water to make the final volume 4.1.mfter 30

min, the absorbance was recordad450 nm against the reagent blank (all reagents except
olive oil sample extract). Standard curve was prepared using different concentration of Trolox
(20-180 ppm).

The results were expressed as pmol Trolox/g.
3.4.5. Free radical scavenging activity usingPPH
Materials used were: DPRNlethnol (95%), Torolox, UWis Spectrophotometer.

A 3.9 nl aliquot of a 0.0634 mM of DPPH solution, in methanol (95%) was added tol @fL m
each extract (the extract mentioned before) and shaken vigorously. Changehgatt@m@ce
of the sample extract was measured at 515 nm for 30tiththe absorbance reached a steady

state. Methanol (95%) was used as a blank.

(Different concentrations of Torolox for the calibration curve froml20 ppm were used),

and the results @re expressed asg Torolox/ Kg oil.
3.4.6. Free radical scavenging activity using ABTS

Materials used were: ABTS potassium persulphate £&0sg), Torolox, UV-Vis
Spectrophotometer.

A modified procedure using ABTS as described by (Re et al, 1999) was used.

The ABTS stock solution (7 mM) was prepared through reaction of 7 mM ABTS and 2.45
mM of potassium persulphate {8:0s) as the oxidant agent. The working solution of ABTS

was obained by diluting the stock solution in ethanol to give an absorption of 0.2 0.at &
= 734 nm. Sample extract (50 uL) was added to 90 pL of AB3@ution and absorbance
readings at 734 nm were taken at@@xactly 10 min after initial mixing=or the calibration

curve, concentrations from-4) ppm were used and the results were expressed as mg

Torolox/Kg oil.
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3.4.7. Acidity Percentage Test
Materials used were: Ethanol (96%), NaOH, Phenolphthalein solution, Hot plate.

By using the AOAC method numb8d0.28 to determine acid value in fats and oils, 7gm of

oil sample was put into a dry and clean 250 ml Erlenmeyer flask, then 50 ml of 96% ethanol
was neutralized with 0.1 N aqueous NaOH solution in presence of 2 ml phenolphthalein
solution to produce fat permanent pink, then the neutralized ethanol was added to the oil in
the flask, then the mixture was shaken vigorously and boiled on a hot plate for two minutes
then titrated with 0.1 N aqueous NaOH solution until permanent faint pink colour appeared
and persisted one minute.

3.4.8. Peroxide value Test

Materials used were: Glacial acetic acid, ChlorofofPotassium iodideDistilled Water,

Sodium thiosulfate, Starch.

By using the AOAC method number 965.33, about 5g of oil were weighed into 250 ml glass
stoppered conical flask, then 30 ml of glacial acetic #doroform solution (3:1 by volume)

were added with swirling to dissolve oil completely, then 1 ml of saturated potassium iodide
solution was added (Potassium iodide has a solubility of 144 g/ 108f water at room
temperature. Therefore, at room temperature more than 144 g of potassium iodide were
dissolved in 100 inof water, creating a saturated solution. Anything more than 144 grams will
not dissolve), then the flask was quickly stoppard ahtblstand with occasional shaking for

1 minute in the dark, thereafter, 30 ml of freshly boiled and cooled water were added and flask
contents were titrated with 0.01 N sodium thiosulfate solution with vigorous shaking until
yellow colour had almost gonapout 0.5 ml of starch solution was added and titration was
continued with vigorous shaking to release all iodine from chloroform layer, until the blue
color just disappeared. Blank determination is conducted in the same way without the sample

(Blank is @mposed of all additions except oil sample).
3.4.9. lodine value test

Materials used were: Chloroform, Hanus solutiBotassium iodideDistilled Water Sodium
thiosulfate (Penta Hydratedtarch.
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By using the modified method based on the Hanus A@#ethod, about 0.2 g of oil sample
was weighed in a glasgoppered 500 ml Erlenmeyer flask, then 10 ml of chloroform were
added gently until the oil was dissolved, by a pipette 25 ml of Hanus soluwi@nadded, the

flask then stoppered and alloweddiand for 30 minutes; during that the flask was shaked
gently at 56 minutes intervals. After that 15 ml of Kl solution (15% w/v) was added with
shaking, then 100 ml of D.W was added and the whole mixture was titrated by 0.1 N of
NaxS,03.5H,0 solution withconstant shaking until yellow solution turned almost colourless,
then few drops of starch indicator (1% w/v) were added and titration was continued until blue

colour entirely disappeared.

Blank was conducted in the same way without sample.
3.4.10. K3z, Ko7

Materials used were: Cyclohexane, W& Spectrophotometer.

By using the IOOC COI/T20/Doc. number 19/Rev.1 2001, 1% solution of oil sample at 27°C
(temperature of the lab) was prepared in cyclohexane (0.25 g oil in 25 ml solvent), then the
absorption was taken at 232 and 270 nm, respectively, with a UV spectrophotometer, using a
path length (a cuvette width) of 1 cm.

3.4.11. Index of refraction of 0ilBy Abbrefractometer
Materials used were: Abbrefractometer

By using the AOAC method number 921.@e prism surface of the abbrefractometer was
filled with oil sample, therthe adjustment was rotated until the field of vision was divided into

dark and light, then the border line was narrowed and the result was taken.
3.4.12. Specific gravity obil using Pychnometermethod
Materials used were: Pycnometer, Analytical Balance, Distilled Water

By using the AOAC method number 920.212, a clean dry pycnometer was filled with sample
(at 20°C) then was Placed in a water bath for 30 min at 25°C then the oil leveldjusted

and the pycnometer was stoppered and removed from the bath and dried. The weight of
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pycnometer with sample was taken andgpecific gravity was calculated by subtraction the
weight of pycnometer from its empty weight and divided by weightaiér a25°C.

3.5. Questionnaire

A questionnaire was given to the farmers includes six questions about if their olive fruits were
affected by olive fly, days of storage between harvesting and oil extraction, green olive to
black olive ratio percentage,l gercentage (percentage weight of extracted oil to weight of
olive fruit before extraction)drop percentage (percentage of olive fruit found under the tree
before harvesting to the total olive fruit weight) apid/e yield percentag€percentage of

olive fruit weight in comparison with maximum olive fruit weight ever seen).

3.6. Statistical Analysis

Pearson correlations were calculated to test the relation between individual quality indicators
(TPC, TFC, FRAP, CUPRAC, ABTS, DPPH, Acidity%, Peroxide vaKigy, Kz lodine

value, Specific gravity and Refractive index) with each one of the other quality indices. The
NOMISS option was used in order to obtain results consistent with subsequent multiple
regression studies.

27



CHAPTER FOUR

Resultsand Discussions
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4.1. Assays Results in governorates

Olive oil samples from sixty farmers were collected in 2013 and 2014 freshly during milling
their olive fruits from different geographical areas in the West Bank: Jenin (Bufkilkarm
(Anabtg, Nablus (Salfeet, North Asera, Burin and South Asera), Bethlehem (Bayt Jala and
Dheisha) and Hebron (Sourii'ir and Alshuokh).The samples were taken in late October
2013 and late October 2014 in similar conditions.

The samples were analyzed fheir total Phenolic Contents, total flavonoids content, their
antioxidant activity (FRAP, CUPRACABTS and DPPH)acidity%, peroxide valueiodine
value,specific gravity, K3, Ko7oand refractive index.

4.1.1. Total Phenolic Contentsccording togovernorateand year

In 2013, the highest TPC value (722) was in Hebron and the lowest TPC value (462) was in
Nablus.On the other handin 2014, the highest TPC value (606) was in Jenin and the lowest
TPC value (361) was in Bethlehdable 4.1)

The totd phenolic contents (mg gallic acid/Kg of oil) of olive oil samples were 628+284 and
3611161 respectively in 2013 and 2014Bethlehem,722+324 and 601+211 respectively in
Hebron,589+118 and 606166 respectively denin, 462+401 and 40619 respectively i
Nablus and96+114 and 469+154 respectivelyTinlkarm(Table 4.1)

According to (Figure 4.1) we observedi@crease in total Phenolic Conteimtghe olive oll

during 2014for all governorateexcept inJeninthere was a slightly increase in 2014 in
comparison with 2013.

Some factors affect TPC of olive oil like cultivar, climate and other environmental factors,
harvesting time, extraction process, conditions of packing, distribution, and s{Beag# et

al, 2004).

In spite of all the data showabove there was no significant difference between TPC values in
governerates since the Standard deviations were high.

Houshia Orwa, et al (2014) reported that the total concentration of polyphenol in some
samples of Palestinian olive dibm Jerusalem, Tkarem and Jenimanges from 150 to 300

mg/kg while our TPC results were higher.
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Table 4.1:Average TPC Value@ng gallic acid/Kg of oil) from different geographical regions
in West BankPalestineaccording togovernorateand yearyesults are expressad average +
SD.

Year

City 2013 2014
Bethlehem 628284 361+161
Hebron 722+324 601+211
Jenin 589+118 60666
Nablus 462+401 40619
Tulkarm 696t114 469+154
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City

Figure 4.1: Mean values of TPC (mg gallic acid/Kg of oil) in the different governorates
during 2013 and 2014.
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4.1.2. Total Flavonoid Contentaccording togovernorateand year

In 2013, the highest TFC value (106.2) was in Tulkarm and the lowest TFC value (46.3) was
in Nablus. From the other hand, In 2014, the highest TFC value (115.8) was in Tulkarm and
the lowest TFC value (66.9) was in Nab{tiable 4.2.

The total flavonoidcontent (mg catechin/Kg of oil) aflive oil samples were 95.5+41 and
69.7£13 respectively in 2013 and 2014Bethlehem101.5£51 and 101.1+34 respectively in
Hebron, 96.3£59 and 85.5+21 respectively Jdenin, 46.3+43 and 66.9+39 respectively in
Nablus andl06.2+30 and 115.8+7 respectivelyTinlkarm (Table 4.3.

The flavonoid composition of olive oil can be influenced by different factors such as the
growing climate, harvest maturity, olive cultivar, agronomic practices including irrigation or
application of fertilizers, ripening hormones and the techniques employed to process and
extract the oil Rwothomiq 2011) so it is difficult to determine the specific reason for the
difference in TFC values between governerates since geographical origin alone is not
sufficient(Kalogeropoulos & Tsimidou, 2014)

Table 4.2: Average TFGralues (mg catechin/Kg of oifjom different geographical regions in

Palestineaccording tagovernorateand yearresults are expressed as average + SD.

Year
City

2013 2014
Bethlehem 95.5+41 69.7+13
Hebron 101.5451 101.1+34
Jenin 96.3+59 85.5+21
Nablus 46.3+43 66.9+39
Tulkarm 106.2+30 115.8+7
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Figure 4.2 Mean values of TFC (mg catechin/Kg of oil) in the different governorates during
2013 and 2014.

4.1.3.Antioxidant activity (FRAP) according togovernorateand year

Ferric lon Reducing Antioxidant Power Assay (FRAP) is simple, fast, inexpensive, and robust
method, and does not required specialized equipment. In the FRAP method the y&fllow Fe
TPTZ complex (2,4,8ri (2-pyridyl)-1,3,5triazine) is reduced to the blue’t&PTZ complex

by electrondonating substances (such as phenolic compounds) under acidic conditions
(Benzie et al, 1996)

In 2013, the highest FRAP value (17.50) was in Jenin and the lowest FRAP value (8.83) was
in Nablus. From the other hand, In 2014, the highest FRAP value (14.83) was in Jenin and the
lowest FRAP value (5.79) was in Hebr@rable 4.3)

The antioxidant activity FRAP values (mmole*#k&g of oil) of olive il samples were
9.14+4.90 and6.33t2.18 respectively in 2013 and 2014 Bethlehem, 9.846.80 and
5.792.98 respectively itHebron, 17.586.10 andl4.83t1.21 respectively idenin, 8.838.00
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and7.88t3.14 respectively ifNablus and 11.831.14 and6.673.11 respectively iMulkarm

(Table 4.3.

According to (Figure 4.3) we observedi@crease in antioxidant activity FRAP values in the
olive oil during 2014for all governorates.

Dabbou Samia, et al (2011) showed that there were correlation between the antioxidant
capacity of virginolive oils studied with polar components important to their shelf life.

According toBallus et al (2015) and/anchevaet al (2016)it was observed that the higher

the total phenolic compounds in oil, the higher the antioxidant capacities, regardless of th
methodantioxidant activity assagmployed, so since FRAB one of the antioxidant activity
assays which iperformed under acidic (pH 3.6) conditions and it has a high and significant
positive correlation with the TRGo the difference in FRAP valuean not be explained
according to governerates since geographical origin alone is not sufficient to explain the TPC

content and our results are in agreement with.

Table 4.3: Average FRAPvalues (mmole Fé/Kg of oil) from different geographical regions

in Palestineaccording tayovernorateand yearresults are expressed as average + SD.

Year
City
2013 2014
Bethlehem 9.14+4.90 6.33t2.18
Hebron 9.81+6.80 5.792.98
Jenin 17.50:6.10 | 14.83+1.21
Nablus 8.83t8.00 7.88t3.14
Tulkarm 11.831.14 | 6.6A43.11
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Figure 4.3: Mean values of FRAP assay (mmole'¥ég of oil) in different governorates
during 2013 and 2014.

4.1.4.CUPRAC Values according togovernorateand year

This assay is based on the reduction of’Ga Cu' by the combined action of all antioxidants
or reducing agents in aqueeethanolic medium (pH 7.0) in the presence of neocuproine (2,9
dimethyt1,10phenanthroline), by polyphenols, yielding a*Czomplexes with maximum
absorption peak at 450 nrogeet d, 2011). This method can be used for the determination of
the antioxidant capacity of food constituent by thé’@eocuproine (Ci#-Nc) reagent as the
chromogenic oxidizing agent. The reduction of €in the presence of neocuproine by a
reducing agentiglds a Cli complex with maximum absorption peak at 450 Amtémet al,
1991)

In 2013, the highest CUPRAC value (20.08) was in Jenin and the lowest CUPRAC value
(10.64) was in Nablu®nthe other hand, In 2014, the highest CUPRAC value (16.66) was in
Tulkarm and the lowest CUPRAC value (10.82) was in Nafilable 4.3.
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The antioxidant activityCUPRAC values (mg Torolox/g oil) oflive oil samples were
16.63+5.89 and 12.63+5.18 respectively in 2013 and 201Bethlehem,17.6+6.78 and
14.45+£3.47 respectively irHebron, 20.08+9.89 and 14.13+2.08 respectively Jenin,
10.64+6.99 and 10.82+4.84 respectively Mablus and 19.71+3.06 and 16634.75
respectively infTulkarm(Table 4.3.

According to (Figure 4.4) we observed a decrease in antioxidant a@iBRACvalues in

the olive oil during 2014 for all governorates excepiablusthere was a slightly increase in
2014.

According toBallus et al (2015) and’anchevaet al (2016)it was observed that the higher

the total phenolic compounds in oil, the higher the antioxidant capacities, regardless of the
methodantioxidant activity assagmployed Dabbou Samia, et al (2011) showed that there
were correlation between the antioxidant capacity of virgin olive oils studied with polar
components important to their shelf life. AccordingB@llus et al (2015) and¥anchevaet al

(2016) CUPRAC assay igperformed under neutral (pH 7) conditions anttas a high and
significant positive correlation with the TRP€o the difference iIRUPRACvalues can not be
explained according to different governerates since geographical origin alone is not sufficient

to explain TPC content and our results are in agezg.

Table 4.4: Average CUPRAC Values (mg Torolox/g citpm different geographical regions

in Palestineaccording taggovernoratend yearresults are expressed as average+SD.

Year
City
2013 2014
Bethlehem 16.63+5.89 | 12.63+5.18
Hebron 17.616.78 14.45+3.47
Jenin 20.0849.89 | 14.13+2.08
Nablus 10.64+6.99 | 10.82+4.84
Tulkarm 19.71+3.06 | 16.66+4.75
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Figure 4.4: Mean values of CUPRAC assay (mg Torolox/g oil) in the different governorates
during 2013 and 2014.

4.1.5. ABTS valuesaccording togovernorateand year

ABTS -azhobbks §3ethylbenzthiazoling-sulphonic acid)) can be oxidized by potassium
persulphate (Pellegrini et al, 2003; Thaipong et al, 2006), giving rise to the ABTS cation
radi cal (ABTSA+) whose absorbanclkepegseméafut i on

Trolox, chosen astandard antioxidant (Pisoschi & Negulescu, 2012).

In 2013, the highest ABTS value (715.71) was in Hebron and the lowest ABTS value (406.67)
was in Tulkarm.On the other hand, In 2014, the highest ABTS value (761.67) was in Jenin
and the lowest ABTS value (313.33) was in Nalflieble 4.5.

The antioxidant activityABTS values (mg Torolox/Kg oil) ofolive oil samples were
682.86:381.12 and 540.5&251.14 respentely in 2013 and 2014 inBethlehem,
715.71392.11 and90.3@188.91 respectively irlebron, 607.58449.20 and’61.64162.10
respectively in Jenin, 573.6¥381.31 and313.3%110.98 respectively inNablus and
406.6421.9 and316.64181.21 respectively imfulkarm(Table 4.5.
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According to (Figure 4.5) we observed a decrease in antioxidant a&Bif$ values in the

olive oil during 2014for all governoratesxcept inJeninthere was an increase in 2014.

Dabbou Samia, et al (201Bhowed that there were cdaton between the antioxidant
capacity of virgin olive oils studied with polar components important to their shelf life and
reported that the highest antioxidant capacity in virgin olive oil measured by total antioxidant
activity by ABTS test (TAAABTS) was observed in Mix2 (0.9 mmol TE Ky

ABTS assay has a high and significant positive correlation with the TPC, so the difference in
ABTS values can not be explained according to diffegoverneratesince geographical

origin alone is not sufficient to explain the TPC content and our results are in agreement
with (Ballus et al, 2015; Yancheva et al, 2016) and the results will be discussed later when

comparing farmers data within the same region agogrtb their questionnaire.

Table 4.5: Average ABTS Values (mg Torolox/Kg oifjom different geographical regions in

Palestineaccording tagovernorateand yearresults are expressed as average + SD.

Year
City
2013 2014
Bethlehem 682.84381.12| 540.5@251.14
Hebron 715.71%#392.11| 690.33*188.91
Jenin 607.5@449.20| 761.6#162.10
Nablus 573.64381.31| 313.33110.98
Tulkarm 406.6421.9 316.64181.21
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Figure 4.5: Mean values of ABTS assay (mg Torolox/Kg oil) in the different governorates
during 2013 an@014.

4.1.6.DPPH values according tayovernorateand year

DPPH (2,2Diphenyt1-picrylhydrazyl) assay is based on the measurement of the scavenging
ability of antioxidants towards the stable DPPH radical (MacDewélks et al, 2006).
Therefore, theantioxidant effect can be easily evaluated by following the decrease of UV
absorption at 517 nm. (Moon et al, 2009).

In 2013, the highest DPPH value (645.07) was in Nablus and the lowest DPPH value (319.43)
was in HebronOn the other handin 2014, the ljhest DPPH value (686.70) was in Nablus
and the lowest DPPH value (424.52) was in Helfi@ble 4.9.

The antioxidant activityDPPH values(mg Torolox/Kg oil) of olive oil samples were
503.48272.53 andt58.7269.97 respectively in 2013 and 2014Bathlefem, 319.4399.34

and424.52122.32 respectively irlebron, 438.6¥422.21 an61.83291.31 respectively in
Jenin, 645.0¥189.49 and686.7&204.97 respectively iNablus and 351.331.31 and
445.6'#250.95 respectively ifulkarm (Table 4.6.
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According to (Figure 4.6) we observedianrease irthe antioxidant activityDPPH valuesn
the olive oil during 2014 for all governoratesccept inBethlehemthere was a decrease in
2014.

DPPHassay is an efficient electron donor, regardless of theéioeamedium conditions and
the compounds to be reduced.

Thereis a correlation between the total phenolic contents and BDRPHEVOO polar
extracts.

Dabbou Samia, et al (2011) showed that the&es acorrelation between the antioxidant

capacity of virgin olive oils studied with polar components important to their shelf life.

The difference inDPPH valuescan not be explained according to the differenence in
governeratesince geographical origin alorie not sufficient to explain the TPC values
(Ballus et al, 2015; Yancheva et al, 2016; Sanchez S. et al, 2007) and the results will be
discussed later when comparing farmers data within the same region according to their

guestionnaire.

Table 4.6: Average DPPH values (mg Torolox/Kg cdifpm different geographical regions in

Palestineaccording tagovernoratend yearresults are expressed as average + SD.

Year
City
2013 2014
Bethlehem| 503.48:272.53| 458.7269.97
Hebron 319.4399.34 | 424.52122.32
Jenin 438.64422.21| 561.83291.31
Nablus 645.04189.49| 686.73204.97
Tulkarm 351.3311.31 | 445.64250.95
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Figure 4.6: Mean values of DPPH assay (mg Torolox/Kg oil) in the different governorates
during 2013 and 2014.

4.1.7.lodine Values according togovernorateand year

The iodne number equals the numbergpdmsof iodine required to saturate the fatty acids

present in 100 g of the oil or fat (Gupta & Kanwar.1994).

In 2013, the highest lodine value (95.63) was in Tulkarm and the lowest lodine value (66.52)
was in HebronOn the other hand, In 2014, the highest lodine value (92.45) was in Jenin and
the lowest lodine value (75.68) was in Bethleh@iable 4.7.

Thelodinevalues (g lodine/100 g oil) alive oil samples were 74.06+15.65 and 75.68+13.77
respectively in 2013 and 2014 Bethlehem,66.52+4.38 and 76.81+13.89 respectively in
Hebron, 84.68+15.17 and 92.45+11.92 respectively Jenin, 85.99+13.2 and 87.7+10.9
respectively irNablus an®5.63+9.76 and 76.91+5.66 respectivelyulkarm (Table 4.7.

There are several factdtsataffect iodine value such adive fly infection ripening leveland

locationof olive tree as reported in the paperAmarnaet al, D11).
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Gharbiet al, (2015) found thahe rate of polyunsaturated fatty acid synthesis are affected by

the ripeness of the pressed olives.

Table 4.7: Average lodinevalues (g lodine/100 g oifyom different geographical regions in

Palestineaccording tagovernoratend yearresults are expressed average = S[25°C).

Year
City
2013 2014
Bethlehem | 74.06+15.65| 75.68+13.77
Hebron 66.52+4.38 | 76.81+13.89
Jenin 84.68+15.17| 92.45+11.92
Nablus 85.99+13.2 | 87.7+10.9
Tulkarm 95.63+9.76 | 76.91+5.66
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Figure 4.7: Mean values of iodine value assay (g iodine/100 g oil) in the different

governorates during 2013 and 2014
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4.1.8.Acidity% values according togovernorateand year

The acid value is defined as the number of milligravhpotassium hydroxide required to
neutralize the free fatty acids present in one gram of fat or oil (Hamid, F., & Hamid, F.
H.2016).

In 2013, the highestalue (1.44) ofacidity% was in Jenin and the lowest value (1.1) of
acidity% was in HebronOn the oher handin 2014, the highest value (1.56)anidity% was
in Tulkarm and the lowest value (1.09) of Acidity% was in Helfficable 4.8.

The Acidity% values (expressed as % oleic aadi)olive oil samples were 1.12+0.38 and
1.11+0.27 respectively in 2018d 2014 inBethlehem 1.1+0.35 and 1.09+0.37 respectively
in Hebron, 1.44+0.32 and 1.35+0.12 respectively &enin, 1.27+0.3 and 1.41+0.32

respectively ifNablus andL.35+0.48 and 1.56+0.12 respectivelylimkarm(Table 4.8.

According to (Figure 4.8) we observed a decrease in Acidity% values in the olive oil during

2014 for all governorates exceptNiablus and Tulkarm

According to IOOC (2015), it can be observed that all our acidity results in both 2013 and

2014 categorized our oil samples as virgin olive oil.

Mansouriet al, (2013) stated that factors causing damage to the olive fruits affect acidity of
olive oil, while (Salvador et al., 2001) considered that ripening stages affect acidity.
Tamendjari, et al (2009) found that olive oils obtained from infested olives had higher acidity
values than non infested olives. Méndez & Falqué (2002) found that during oliverages

acidity increased slightly in almost all oils tested and showed that the lowest degree of acidity
was obtained with hand harvested olives and the highest level was obtained with olives fallen
into the ground.

If the olives are healthy and procedsssoon after harvesting (within 24 hr), environmental
conditions do not appear to have any substantial influence on the free acidity of the oil, which
allow the classification of the oils as EVOOs (Pannelli et al. 1990a; Ripa et al. 2008).

Therewas no sigificant difference between Acidity% values in governerates.
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Differences in ouAcidity% valuesresults can not be explained according to the difference in

governerates alone.

Table 4.8: Average Acidity% values (expressed as % oleic acmnfdifferentgeographical

regions in Palestinaccording tagovernorateand yearyesults are expressed as average + SD.

Year
City
2013 2014
Bethlehem | 1.12+0.38 1.11+0.27
Hebron 1.1+0.35 1.09+0.37
Jenin 1.44+0.32 1.35+0.12
Nablus 1.27+0.3 1.41+0.32
Tulkarm 1.35+0.48 1.56+0.12
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Figure 4.8: Mean values of Acidity% assafexpressed as % oleic acid) the different

governorates during 2013 and 2014.
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4.1.9.Peroxide Values according tgovernorateand year

The peroxide value (PV) is an indicator of the inisedges of oxidative change (Ruiz, et al,
2001). The PV represents the total hydroperoxide content and is one of the most common
quality indicators of fats and oils during production and storage (Antolovich et al, 2002; Ruiz
et al, 2001). The peroxide vaus determined by measuring the amounbdinewhich is

formed by the reaction of peroxides (formed in fat or oil) wothideion (Grossi et al, 2015).

In 2013, the highest peroxide value (17.38) was in Jenin and the lowest peroxide value (15.58)
was in TulkarmOnthe other hand, In 2014, the highpstoxide value (17.26) was in Hebron
and the lowest peroxide value (16.75) was in J€rable 4.9.

The peroxide valuegmillequivalent Q kg™ ) of olive oil samples were 16.53+0.99 and
16.78+£0.92 respectively in 2013 and 2014 Bethlehem 16.53+1.01 and 17.26+0.98
respectively inHebron, 17.38+1.27 and 16.75+1.93 respectivelyJienin, 17.19+1.02 and
17.01+0.44 respectively iNablus andl5.58+0.28 and 16.81+0.61 respectivelyTialkarm
(Table 4.9.

According to (Figure 4.9) we observed ianrease imperoxide values the olive oil during
2014 for all governorates exceptdanin and Nabluthere was a decrease in 2014 and it was
observed that the increaseperoxide value iMulkarmn 2014 was so high in comparison to
2013.Depending orfOOC (2015), all oil samples in both 2013 and 2014 are within EVOO
and VOO.

According toMansouri et al (2013here are many factors affectipgroxide valuesf olive
oil like factors causing damage to the olive fruits, while it is not affected hbiyault

Storage time affect also peroxide value, where peroxide value decreased with storage time and
then after 6 months of storage the peroxide value started to increase with storage time
(Méndez & Falqué, 2002).

Fly-infected olives were found to incredbe value of peroxide (Tamendijari et al, 2009).

If the olives are healthy and processed soon after harvesting (within 24 hr), environmental
conditions do not appear to have any substantial influence on the peroxide number of the oil,
which allow the clasfication of the oils as EVOOs (Pannelli et al, 1990; Ripa et al, 2008).
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Table 4.9: Average Peroxide Values (millequivalens &g oil) from different geographical
regions in Palestinaccording tagovernorateind yearyesults are expressed as averaGb+

Year
City
2013 2014
Bethlehem 16.53+0.99 | 16.78+0.92
Hebron 16.53+1.01 | 17.26+0.98
Jenin 17.38+1.27 | 16.75+1.93
Nablus 17.19+1.02 | 17.01+0.44
Tulkarm 15.58+0.28 | 16.81+0.61
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Figure 4.9: Mean values of peroxide value assay (millequivaleptk@") in the different
governorates during 2013 and 2014
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4.1.10.Specific gravity values according togovernorateand year

In 2013, the highest o#pecific gravity value(0.9161) was in Tulkarm and the lowest oll
specific gravity valug0.9113) was in NablugOn the other handin 2014, the highest oll
specific gravity value (0.9141) was kebronand the lowest opecific gravity value (0.911)
was in BethleheniTable 4.10.

The specific graviy values(dimensionless quantityf olive oil samples were 0.9129+0.004
and 0.911+0.0015 respectively in 2013 and 2014 Bethlehem 0.9145+0.0041 and
0.9141+0.0032 respectively inlebron, 0.9126+0.004 and 0.9136+0.0052 respectively in
Jenin, 0.9113+0.0043 and 0.9124+0.004 respectivelyNablus and0.9161+0.0016 and
0.9118+0.0006 respectively frulkarm(Table 4.10.

According to (Figure 4.10) we observed a decreaspewific gravityvalues in the olive oil

during 2014 for all governoratexcept inJenin and Nablughere was an increasn 2014 and

it was observed that there was a sharp deciaageecific gravityvaluesin Tulkarmin 2014

in comparison with 2013.

Specific gravity varies with temperature and pressure; reference and sample must be compared
at the same temperature an@gsure, and since most important factor here is temperature it

must be taken precisely.

There were no significant differences in specific gravity values since the density values of oll

samples were so close to each other.

Table 4.10: Average oil specific gravity values (dimensionless quantitiipom different
geographical regions in Palestiaecording togovernorateand yearyesults are expressed as
average + SD.

Year
City
2013 2014
Bethlehem 0.9129+0.004 0.911+0.0015
Hebron 0.9145+0.0041 0.9141+0.0032
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Figure 4.10: Mean values of oilspecific gravity assay(dimensionless quantityin the

different governorates during 2013 and 2014.

4.1.11 Refractive Index values according togovernorateand year

Refractive index is the ratio of velocity of light in vaccum to the velocity of light in the oil or
fat. Refractive index varies with temperature and waxgth Hamid & Hamid, 2016).

In 2013, the highegtkefractive index valuel(4657) was in Hebron and the lowestractive
index value(1.4647) was in JenirOn the other handin 2014, the highesefractive index

value (1.4659) was in Nablus and the lowesfractive index valu€1.4652) was in Jenin

(Table 4.1).
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Therefractive index valuesd{mensionless quantixyf olive oil samples were 1.4656+0.0004
and 1.4654+0.0005 respectively in 2013 and 2014Bethlehem 1.4657+0.0006 and
1.4656+0.0005 respectively iHebron,1.4647+0 andl.4652+0.0007 respectively idenin,
1.4653+0.0005 and 1.4659+0.0007 respectivel}Nablus andl.4652+0.0007 and 1.4657+0
respectively infulkarm(Table 4.1).

According to (Figure 4.11) we observed an approximately egfractive index values the
olive oil for all governorates.

Amarnaet al (2011) found that themasa relation between high refractive index values and

olive fly infection.

Table 4.11: Average refractive index valuesdifnensionless quantityfrom different
geographical regions in Palestiaecording togovernorateand yearyesults are expressed as
average * S[27°C).

Year
City
2013 2014
Bethlehem 1.4656+0.0004 1.4654+0.0005
Hebron 1.4657+0.0006 1.4656+0.0005
Jenin 1.4647+0 1.4652+0.0007
Nablus 1.4653+0.0005 1.4659+0.0007
Tulkarm 1.4652+0.0007 1.4657+0
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Figure 4.11: Mean values ofefractiveindex assay(dimensionless quantifyn the different

governorates during 2013 and 2014

4.1.12 AverageK,7o Values according togovernorateand year

The absorbances measured at 232 nm and 270 nm, namebnl Ko, provide an official
method for olive oil quality control, which is capable of detecting product oxidation and
adultergion by means of rectéid oils(Mignan et al, 2012; Angerosa et al, 200§ince they

can give an indication of the level of oxidation to produce primary and secondary products

incurred during production and/or storage (Afaneh et al.2013).

In 2013, the highest & value (0.231pwas in Tulkarm and the lowest}§ value (0.2257)
was in HebronOn the other handin 2014, the highest ¥, value (0.2312) was in Tulkarm
and the lowest ko value (0.2152) was in Jenfiable 4.12.

The Kz70 values (Kio/lcm) of olive oil samples were 0.23+0.0097 and 0.218+0.0055
respectively in 2013 and 2014 Bethlehem 0.2257+0.0136 and 0.2245+0.0119 respectively
in Hebron, 0.2274+0.0064 and 0.2152+0.0007 respectivelyJemin, 0.2296+0.0129 and
0.2193+0.0064 respectivelyp Nablus and).2315+0.0054 and 0.2312+0.012 respectively in
Tulkarm(Table 4.12.
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According to (Figure 4.12) we observed a decrease in averggevddues in the olive oil
during 2014 for all governorates and it was observed that there was a sharpedecreas
average Ko valuesin BethlehemandNablusin 2014 in comparison with 2013.

In 2013 and 2014, all olive oil samples are VOO category, while thoseBethiehem Jenin
andNablusare EVOO category according to IOOC (2015).

Mansouri et al (200)3eported that Ko as one of the quality indices is affected by variety and
factors causing damage to the olive fruits, while Abbadi et al (2014) reported that absorption
coefficient Ky7zowas the most sensitive determinant chemical test that determéngsality of

stored olive oil and could be used as a rapid indicator test.

Pannelli et al (1990a); Ripa et al (2008) reported that if the olives are healthy and processed
soon after harvesting (within 24 hr), environmental conditions do not appear toahgpve
substantial influence on the UV absorbencies of the oil, which allow the classification of the
oils as EVOOs.

Table 4.12: AverageK 7o values(Kio/1cm) from different geographical regions in Palestine

according tagovernorateand yearresults are expssed as average + SD

Year
City
2013 2014
Bethlehem 0.23+0.0097 0.218+0.0055
Hebron 0.2257+0.0136 0.2245+0.0119
Jenin 0.227440.0064 0.2152+0.0007
Nablus 0.2296+0.0129 0.2193+0.0064
Tulkarm 0.2315+0.0054 0.2312+0.012
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Figure 4.12: Mean values oK,7o assay Kie/1cm)in the different governorates during 2013
and 2014.

4.1.13. K3, Values according togovernorateand year

The absorbances measured at 232 nm and 270 nm, naggbnld K7 provide an official
method for olive oil quality controlywhich is capable of detecting product oxidation and
adulteration by means of rectified oils, (Mignan et al, 2012; Angerosa et al, 2006) since they
can give an indication of the level of oxidation to produce primary and secondary products
incurred during prduction and/or storage (Afaneh et al.2013).

In 2013, the highest %, value (1.66) was in Bethlehem and the loweg) Kalue (1.56) was
in Jenin.On the other handin 2014, the highest k&, value (1.58) was in Tulkarm and the
lowest Kozp value (1.48) wa in Bethlehen{Table 4.13.

The K33, values (K1q/1cm) of olive oil samples were 1.66+0.02 and 1.48+0.02 respectively in
2013 and 2014 iBethlehem 1.64+0.06 and 1.55+0.08 respectivelyHabron,1.56+0.05 and
1.53+0.13 respectively idenin,1.6+0.08 and..49+0.06 respectively iNablus andL.65+0.02

and 1.58+0.01 respectively Trulkarm(Table 4.13.
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According to (Figure 4.13) we observed a decrease in averagerddues in the olive oil
during 2014 for all governorates and it was observed that there vadisarvable decrease
average Kz, valuesin Bethlehemin 2014 in comparison with 2013.

According toK 3, results all olive oil samples were EVOO category2013 and 2014.

K232 as one of the quality indices is affected by variety and factors causing damage to the olive
fruits (Mansouri et al, 2013

Gharbi et al (201preported that Kz, value was affected with olive storage conditions.

Pannelli et al. 1990and Ripa et al (2008) reported that if olives are healthy and processed

soon after harvesting (within 24 hr), environmental conditions do not appear to have any
substantial influence on the UV absorbencies of the oil, which are normally within the values
that allow the classification of the oils as EVOOs.

Table 4.13: AverageK 3, values(Kio/1cm) from different geographical regions in Palestine

according tagovernorateand yearyesults are expressed as average + SD.

Year
City

2013 2014
Bethlehem 1.66+0.02 1.48+0.02
Hebron 1.64+0.06 1.55+0.08
Jenin 1.56+0.05 1.53+0.13
Nablus 1.6+0.08 1.49+0.06
Tulkarm 1.65+0.02 1.58+0.01
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Figure 4.13: Mean values oKz, assay K1o/1cm)in the different governorates during 2013
and 2014

4.2. Variations of the studied parameters(TPC, TFC, FRAP, CUPRAC, ABTS, DPPH,
Acidity%, peroxide value, K3y, Ka7o, lodine value, Specific gravity and refractive

index) amonggovernorates

According to ANOVA test analysis and the Tukey HSD post hoc pair wisks, téhe

conclusions about governerates are as the following:

I n 2013, there were significant differences
have refractive higher than Jenin, Nablus has iodine value higher than Hebrblaldnsl has
DPPH hgher than Hebron.

I n 2014, there were significant differences
has DPPH higher than Hebron. Both Jenin and Hebron have ABTS higher than Nablus. Jenin
has FRAP higher than each one of Nablus, Tulkarm, Betmeinel Hebron. Hebron has TFC

higher than Nablus.

4.3 Assays Results among regions
Olive oil samples from sixty farmers were collected in 2013 and 2014 freshly during milling

their olive fruits from different geographical areas in the West Bank: JeniRi(Burfulkarm
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(Anabtg, Nablus (Salfeet, North Asera, Burin and South Asera), Bethlehem (Bayt Jala and
Dheisha) and Hebron (Sourii'ir and Alshuokh).The samples were taken in late October
2013 and late October 2014 in similar conditions.

The samples weranalyzed for their total Phenolic Contents, total flavonoids content, their
antioxidant activity (FRAP, CUPRAC,ABTS and DPPH), Acidity%, peroxide value, lodine
value, Specific gravity, ke, Ko7oand refractive index.

4.3.1. Total Phenolic Contents in dierent geographical regions

In 2013, the highest TPC value (851) was in Surif and the lowest TPC value (184) was in
Asira Al-ShamaliyaOnthe other handn 2014, the highest TPC value (632) was in Surif and
the lowest TPC value (273) was in Bayt Jdlable 4.14.

The total Phenolic Contents (mg gallic acid/Kg of oil) of olive oil samples ¢@6e-114and
469+154respectively in 2013 and 2014 Anabta, 288+9&nd273+162respectively inBayt
Jala, 589+118&nd 606+66 respectively inBurkin, 379+10in 2014 in Burin,764+194and
448+125respectively irDheisha, and 184+54 2013 inAsira Al-Shamaliya, and 626+294
2013 in Si'ir, 647+429and 380+8 respectively inSalfit, 576£119in 2014 in Al-Shuyukh,
851+376and 632+303respectively inSurif and 419+23 in 2014 inAsira Al-Qibliya (Table
4.14).

According to (Figure 4.14) we observed that there was a high TPC valDbsishaandSurif

in 2013 and there was low TPC valueByt JalaandAsira Al-Shamaliyain the same year,
while there was a high TPGiles inBurkin andSurif in 2014 and there was a very low TPC
values inBayt Jalan 2014.

Houshia Orwa, et al (2014) reported that the total concentration of polyphenol in some
samples of Palestinian olive dibm Jerusalem, Tulkarem and Jenamges from 150 to 300
mg/kg while our results were higher excefssira Al-Shamaliya TPC results were in

agreement

TPC values can be categorized into three categories, I00®0ng GAE/Kg oil), medium
(200500 mg GAE/Kg oil) and high (560000 mg GAE/Kgil) according taKalogeropoulos
& Tsimidou, 2014)
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In 2013, Asira AlShamaliya was in low category, Bayt Jala was in medium category and all
other regions were in high category. While in 2014, none in low category, most in medium
and only Burkin, AIShuyukh and Surif were in high category.

Some factors affect the TPC of olive oil between which cultivar, climate and other
environmental factors, harvesting time, the extraction process, the conditions of packing,
distribution, and storagéServili et al, 204), so it is difficult to determine the specific reason

for the different values of TPC accordinggeographical origin alone for it is not sufficient
(Kalogeropoulos & Tsimidou, 2014)

Table 4.14: AverageTPC values(mg gallic acid/Kg of oil) for diffeent geographical regions

in Palestineaccording tdRegionand yearresults are expressed as average + SD.

Year
Region

2013 2014
Anabta 696+114 469+154
Bayt Jala 288196 273£162
Burkin 589+118 606+66
Burin 379+10
Dheisha 7641194 448+125
AsiraAl-Shamaliya | 184+54
Si'ir 6261294
Salfit 647+429 3808
Al-Shuyukh 576119
Surif 851+376 632+303
Asira Al-Qibliya 419+239
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Figure 4.14:Average TPC value@ng gallic acid/Kg of oiljaccording taegion and year.
4.3.2. Total flavonoids Contenin different geographical regions

In 2013, the highest TFC value (129) was in Surif and the lowest TFC value (19) was in Asira
Al-ShamaliyaOn the other handin 2014, the highest TFC value (124) was in Surif and the
lowest TFC value (24) was in Salfifable 4.15.

The total flavonoid contenfmg catechin/Kg of oil)of olive oil samples werel06+30and

116+7 respectively in 2013 and 2014 Anabta, 50+1and 63+13respectively inBayt Jala,
96.31£59 and 86+21 respectively inBurkin,122+2 in 2014 in Burin,114+33 and 76+10
respectively irDheishaand 19+11in 2013 inAsira Al-Shamaliya, and 81+4ié 2013 inSi'ir,

65147 and 24+1 respectively inSalfit, 82+18in 2014 in Al-Shuyukh, 129+52and 124+35
respectively irSurif and 72.2+32n 2014 inAsira Al-Qibliya (Table 4.15.

According to (Figure 4.15) it was observed that the highest TFC values in 2013 were in
Dheishaand Surif, while the highest TFC values in 2014 wereSurif and Burin and Anabta

and the lowest TFC value in 2013 wasAisira Al-Shamaliyawhile the lowest TFC value in
2014 was in Salfit.
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The phenolic composition of olive oil can be influenced by different factors such as the
growing climate, harvest maturity, olive cultivar, agronomic practices including irrigation or
application of fertilzers, ripening hormones and the techniques employed to process and
extract the oil Rwothomiq 2011) so it is difficult to determine the specific reason for the
difference in TFC values between regions since geographical origin alone is not sufficient
(Kalogeropoulos & Tsimidou, 2014)

Table 4.15: AverageTFC values (mg catechin/Kg of oifpr different geographical regions in

Palestineaccording taegionand yearresults are expressed as average = SD.

Year
Region
2013 2014
Anabta 106+30 116+7
BaytJala 50+1 63+£13
Burkin 96.3+59 86+21
Burin 122+2
Dheisha 114433 76%10
Asira Al- | 19+11
Shamaliya
Si'ir 81+46
Salfit 6547 24+1
Al-Shuyukh 82118
Surif 129452 124435
Asira Al-Qibliya 72.2+32
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4.3.3. FRAP values in different geographical regions

In 2013, the highest FRAP value (175.01) was in Burkin and the lowest FRAP value (39.17)
was in Asira AlShamaliyaOnthe other handn 2014, théhighest FRAP value (148.33) was
in Burkin and the lowest FRAP value (47.22) was irSAuyukh(Table 4.16.

The FRAP valus (mmole Fé&® /Kg of oil) of olive oil samples were118.33+10.11and
66.67+32.11 respectively in 2013 and 2014 iAnabta, 43.33t1.32and 53.33+29.89
respectively irBayt Jala, 175.01+61.24nd148.33+11.1Zespectively irBurkin, 93.33+1.39
in 2014 inBurin,110.67+51.2&nd 73.33+10.28espectively inDheisha, and 39.17+19.96
2013 inAsira Al-Shamaliya, and 67.50+59.87 2013 inSi'ir, 121.11+91.4nd70.00+1.98
respectively inSalfit, 47.22+20.34 ire014 in Al-Shuyukh, 138.89+69.9and 70.67+31.43
respectively irSurif and 79.44+32.14 iR014 inAsira Al-Qibliya (Table 4.186.

According to (Figure 4.16) it was observed that tighéstFRAP valus both in 2013 and
2014 were inBurkin, while the lowesFRAP valuein 2013 were inAsira Al-Shamaliya and
Bayt Jalawhile the lowesFRAP valuein 2014 were in Bayt Jala ad-Shuyukh
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It was observed that the higher the total phenolic compounds in the EVOO extracts, the
higher the antioxidant capacities, regardless of the meth@xidant activity assay
employed, so since FRAR one of the antioxidant activity assays whiclpesformed under

acidic (pH 3.6) conditions and it has a high and significant positive correlation with the
TPC, so the difference in FRAP values can not be explained according to different
geographical regions since geographical origin alone is not sufficieexgiain the TPC

content and our results are in agreement (Biluset al, 2015)Yancheveet al, 2016).

Table 4.16: AverageFRAP values(mmole Fé&? /Kg of oil) for different geographical regions

in Palestineaccording tdRegionand yearresults arexpressed as average +.SD

Year
Region
2013 2014
Anabta 118.33+10.11 66.67+32.11
Bayt Jala 43.33£1.32 | 53.33£29.89
Burkin 175.01+61.21 148.33+11.12
Burin 93.33+1.39
Dheisha 110.67+51.23 73.33+10.28

Asira Al-Shamaliya 39.17+19.96

Si'ir 67.50+59.87

Salfit 121.11+91.42 70.00+1.98
Al-Shuyukh 47.22+20.34
Surif 138.89+69.92 70.67+31.43
Asira Al-Qibliya 79.44+32.14

59



FRAP

200.00

180.00 175.00

160.00

138.89

140.00

121.11
120.00

100.00 —
m2013

80.00 - 2014

60.00

40.00

20.00

0.00

Anabta Bayt Jala Burkin Burin Dheisha Asira Al- si'ir Ssalfit Al-shuyukh Surif Asira Al-
Shamaliya Qibliya

Region

Figure 4.16: Average FRAP value@nmole Fé&% /Kg of oil) according to region and year.
4.3.4. CUPRAC values idifferent geographical regions

In 2013, the highest CUPRAC value (22.2) was in Surif and the lowest CUPRAC value (6.47)
was in Asira AlShamaliya.On the other handin 2014, the highest CUPRAC value (16.66)
was in Anabta and the lowest CUPRAC value (883 in Bayt JaléTable 4.17.

The CUPRAC valus (mg Torolox/g oil)of olive oil samples werd9.71+3.06and16.66+4.75
respectively in 2013 and 2014 Anabta, 9.15+2.1'And 8.9+2.98respectively inBayt Jala,
20.08+9.89and 14.13+2.08respectively inBurkin,14.18+0in 2014 inBurin,19.62+3.43and

16.36+4.08respectively inDheisha, and 6.47+1.17 i8013 in Asira Al-Shamaliya, and
14.15+6.98 in2013 in Si'ir, 13.42+7.99%nd 9.49+2.08respectively inSalfit, 13.71+2.67 in
2014 inAl-Shuyukh, 22.2+3.0ard 15.34+4.41respectively inSurif and 10.7+5.8 2014 in

Asira Al-Qibliya (Table 4.17.

According to (Figure 4.17) it was observed that the higB&#RAC valuein 2013was in
Surif and the lowesCUPRAC valuein 2013 was inAsira Al-Shamaliya while thelowest
CUPRAC valuesn 2014 were in Bayt Jala argalfit.
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It was observed that the higher the total phenolic compounds in the EVOO extracts, the
higher the antioxidant capacities, regardless of the meth@xidant activity assay

employed.

CUPRAC assay isperformed under neutral (pH 7) conditions and it has a high and
significant positive correlation with the TR€o the difference iITUPRAC valuean not be
explained according to different geographical regions since geographical origin alwte is
sufficient to explain the TPC content and our results are in agreemer{Bailis et al, 2015;
Yancheveet al, 2016Marqueset al, 2014).

Table 4.17: AverageCUPRAC valuegmg Torolox/g oil) for different geographical regions

in Palestineaccording taegionand yearresults are expressed as average + SD.

Year
Region

2013 2014
Anabta 19.71+3.06 | 16.66+4.75
Bayt Jala 9.15+2.17 | 8.9+2.98
Burkin 20.08+9.89 | 14.13+2.08
Burin 14.18+0
Dheisha 19.62+3.43 | 16.36+4.08

Asira Al-Shamaliya 6.47+1.17

Si'ir 14.15+6.98

Salfit 13.42+7.99 | 9.49+2.08
Al-Shuyukh 13.71+2.67
Surif 22.2+3.06 | 15.34+4.41
Asira Al-Qibliya 10.7£5.8
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Figure 4.17:Average CUPRAC valugsng Torolox/g oil) according to region and year.
4.3.5. ABTSvalues indifferent geographical regions

In 2013, the highest ABTS value (1088.89) was in Surif and the lowest ABTS value (248.33)
was in Bayt JalaOn the other handn 2014, the highest ABTS value (761.67) was in Burkin
and the lowest ABTS value (305.02) was aifis (Table 4.13.

The ABTS valus (mg Torolox/Kg oil) of olive oil samples were406.67+21.01and
316.67+181.22espectively in 2013 and 2014 Anabta, 248.33+32.0&nd 344.44+51.32
respectively in Bayt Jala, 607.50+451.45hnd 761.67+158.97 respectively in Burkin,
343.33+1.65 ir2014 inBurin, 856.67+291.87And 736.67+19.98espectively inDheisha, and
293.33+141.32 in2013 in Asira Al-Shamaliya, and 435.83t141.21 013 in Si'ir,
760.56+381.31and 305.02+10.09respectively inSalfit, 670.8+178.89 in 2014 in Al-
Shuyukh, 1088.89+219.9@nd 714.67+223.01respectively inSurif and 311.11+139.94 in
2014 inAsira Al-Qibliya (Table 4.183.

According to (Figure 4.18) it was observed that the higAB3tS value in 2013 was isurif
and the lowesABTS value in 2013 was iBayt Jala while the highesABTS values in 2014
were inBurkin, Dheisha and Surifout the lowesABTS values in 2014 were in Salfit and
Asira Al-Qibliya.
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The higher the total phenolic compounds in the EVOO extracts, the higher the antioxidant
capacities, regardless of the metlardioxidant activity assagmployed.

ABTS assay has a high and significant positive correlation with the TPC, so the difference in
ABTS values can not be explained according to different geographical regions since
geographical origin alone is not sufficient to explain the TPC content and our results are in
agreement with (Ballus et al, 2015; Yancheva et al, 2016) and the results Widussed

later when comparing farmers data within the same region according to their questionnaire.

Table 4.18: AverageABTS Values(mg Torolox/Kg oil)for different geographical regions in
Palestineaccording taegionand yearresults are expressedagerage + SD.

Year
Region
2013 2014
Anabta 406.67+£21.01 | 316.67+181.22
Bayt Jala 248.33+32.08 | 344.44+51.32
Burkin 607.50+451.41 | 761.67+158.97%
Burin 343.33+1.65
Dheisha 856.67+291.87 | 736.67+19.98

Asira Al-Shamaliya | 293.33+141.32

Si'ir 435.83+141.21

Salfit 760.56+381.31 | 305.02+10.09
Al-Shuyukh 670.13+178.8¢
Surif 1088.89+219.97 714.67+223.01
Asira Al-Qibliya 311.11+139.94
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Figure 4.18: Average ABTS valuesifg Torolox/Kg oil)according to region and year.

4.3.6. DPPH values irdifferent geographical regions

In 2013, the highest DPPH value (743.61) was in Salfit and the lowest DPPH value (283.22)
was in Surif.On the other handin 2014, the highest DPPH value (798.67) was in Burin and
the lowest DPPH value (374.27) was in S(féble 4.19.

The DPPH values(mg Torolox/Kg oil) of olive oil samples were351.33+11.21and
445.67+251.03espectively in 2013 and 2014 Anabta, 351.50+87.9@&nd 419.33+78.23
respectively in Bayt Jala, 438.67+42.01and 561.83£291.21 respectively in
Burkin,798.67+1.32 in2014 in Burin,564.27+305.01and 498.11+37.43respectively in
Dheisha, and 497.25+188.11 2013 inAsira Al-Shamaliya, and 346.58+127.9Y 2013 in
Si'ir, 743.61+120.01and 616.83+41.2Trespectively inSalfit, 466.39£141.09n 2014 inAl-
Shuyukh, 283.22+35.24nd374.27+83.16espectively irSurif and 691.33+250.13 2014 in
Asira Al-Qibliya (Table 4.19.

According to (Figure 4.19) it was observed that the higp@RHvalue in 2013 was iSalfit

and the lowesDPPHyvalue in 2013 was isurif, while the highesDPPHvalue in 2014 was

in Burin but the lowesDPPHvalue in 2014 was in Surif.

DPPHassay is an efficient electron donor, regardless of the reaction medium conditions and

the compounds to be reduced.
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The higher the total phenolic compounds in the EVOO extracts, the higher the antioxidant

capacities, regardless of the metlardioxidant activity assagmployed.

Thereis a correlation between the total phenolic contents and DRPHEVOO polar
extractsThe difference ilDPPH valuegsan not be explained according to the differenence in
geographical regions since geographical origin alone is not sufficient to explain the TPC
values (Ballus et al, 2015; Yancheva et al, 2016; Samaniego Sanchez et ala@Qrg
results will be discussed later when comparing farmers data within the same region
according to their questionnaire.

Table 4.19: AverageDPPH valuegmg Torolox/Kg oil)for different geographical regions in

Palestineaccording taegionand yearresults are expressed as average = SD

Year
Region
2013 2014
Anabta 351.33+11.21 | 445.67+251.09
Bayt Jala 351.50+87.98 | 419.33+£78.23
Burkin 438.67+42.01 | 561.83+291.2]
Burin 798.67+1.32
Dheisha 564.27+305.01 498.11+37.43

Asira Al-Shamaliya 497.25+188.11

Si'ir 346.58+127.97

Salfit 743.61+120.01 616.83+41.21
Al-Shuyukh 466.39+141.09
Surif 283.22+35.21 | 374.27+83.16
Asira Al-Qibliya 691.33+250.15
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Figure 4.19: Average DPPH valugsng Torolox/Kg oil)according to region and year.
4.3.7.lodine values in different geographical regions

In 2013, the highest lodine value (95.63) was in Anabta and the lowest lodine value (64.91)
was in Si'ir.Onthe other handn 2014, the highest lodine value (96.28) was in Salfit and the
lowest lodire value (64.37) was in Dheisfibable 4.20.

The lodine valus (g lodine/100 g oil)of olive oil samples wer®5.63+9.76and 76.91+5.66
respectively in 2013 and 2014 Anabta, 83.54+8.5And 87+5.7 respectively inBayt Jala,
84.68+15.17and 92.45+11.92%espectively inBurkin, 65.64+0 in2014 inBurin,70.27+16.91
and64.37+7.58espectively irDheisha, and 81.72+13.11 2013 inAsira Al-Shamaliya, and
64.91+4.5 in2013 inSi'ir, 88.85+13.64and 96.28+8.23respectively inSalfit, 84.02+13.75 in
2014 inAl-Shuyukh, 68.67+3.8and68.15+8.6respectively irSurif and 88.52+6.99 iA014 in
Asira Al-Qibliya (Table 4.20.

There are several factaditsataffect iodine value such adive fly infection ripening leveland

locationof olive tree as reported in thager of Amarnaet al, 2011).

Gharbiet al, (2015) found thdhe rate of polyunsaturated fatty acid synthesis are affected by

the ripeness of the pressed olives.
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Differences in oulodine valueresults can not be explained according to the difference in

locations alone.

Table 4.20: Average iodine test valu€g lodine/100 g oil¥or different geographical regions

in Palestineaccording taegionand yearresults are expressed as average + SD.

Year
Region

2013 2014
Anabta 95.63+9.76 76.91+5.66
BaytJala 83.54+8.57 87+5.7
Burkin 84.68+15.17 92.45+11.92
Burin 65.64+0
Dheisha 70.27+£16.91 64.37+7.58
Asira Al-Shamaliya 81.72+13.11
Si'ir 64.91+4.5
Salfit 88.85+13.64 | 96.28+8.23
Al-Shuyukh 84.02+13.75
Surif 68.67+3.9 68.15+8.6
Asira Al-Qibliya 88.52+6.99
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Figure 4.20: Average iodine valuelg lodine/100 g oilaccording to region and year.

4.3.8. Acidity% Valuesin different geographical regions

In 2013, the highest Acidity% value (1.44) was in Burkin and the lowest Acidity% value
(1.03) was in Dheishan the other handin 2014, the highest Acidity% value (1.7) was in
Burin and the lowest Acidity% value (0.98) was in Dhei€frable 4.2]).

The Acidity% values(% as oleic acidpf olive oil samples werel.35+0.48and 1.56+0.12
respectively in 2013 and 2014 Anabta, 1.35+0.14nd 1.24+0.35respectively inBayt Jala,
1.44+0.32 and 1.35%0.12 respectively inBurkin,1.7+0 in 2014 in Burin,1.03+0.41and

0.98+0.11 respectively inDheisha, and 1.28+0.34 8013 in Asira Al-Shamaliya, and
1.06+£0.43 in2013 inSi'ir, 1.26+0.3and1.34+0.38respectively irSalfit, 1.11+0.45 ir2014 in

Al-Shuyukh, 1.14+0.2&nd 1.06+0.28respectively inSurif and 1.39£0.34n 2014 in Asira

Al-Qibliya (Table 4.2}.

According to (Figure 4.21) it was observed that the highesglity% valuein 2013 was in
Burkin and the lowesAcidity% valuein 2013 was inDheisha while the highesAcidity%

valuein 2014 was in Burin but thewestAcidity% valuein 2014 was in Dheisha.
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According to I00C (2015), it can be observed that all our acidity results in both 2013 and
2014 categorized our oil samples as virgin olive oil.

Mansouriet al, (2013) stated that factors causing damage tolitre fruits affect acidity of

olive oil, while (Salvador et al., 2001) considered that ripening stages affect acidity.

Tamendjari, et al. (2009) found that olive oils obtained from infested olives had higher acidity

values than non infested olives.

Méndez & Falqué (2002) found that during olive oil storage, acidity increased slightly in
almost all oils tested and showed that the lowest degree of acidity was obtained with hand

harvested olives and the highest level was obtained with olives fallen intootiredg

If the olives are healthy and processed soon after harvesting (within 24 hr), environmental
conditions do not appear to have any substantial influence on the free acidity of the oil, which
allow the classification of the oils as EVOOs (Pannelll.et290a; Ripa et al. 2008).

It was not be able to explain the results due to the difference among regions.

Differences in ouAcidity% values results can not be explained according to the difference in

locations alone.

Table 4.2%a: Averageacidity% values(% as oleic acidjor different geographical regions in
Palestineaccording taegionand yearresults are expressed as average = SD.

Year
Region
2013 2014
Anabta 1.35+£0.48 1.56+0.12
Bayt Jala 1.35+£0.14 1.24+0.35
Burkin 1.44+0.32 1.35+0.12
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Table 4.2%b: Averageacidity% valueg% as oleic acidjor different geographical regions in

Palestineaccording taegionand yearresults are expressed as average = SD.

Burin 1.7+0
Dheisha 1.03+0.41 0.98+0.11
Asira Al-Shamaliya 1.28+0.34

Si'ir 1.06+0.43

Salfit 1.26%0.3 1.34+0.38
Al-Shuyukh 1.11+0.45
Surif 1.14+0.28 1.06%0.28
Asira Al-Qibliya 1.39+0.34
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Figure 4.21: Average acidity% value@b as oleic acidaccording to region and year.
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4.3.9. Peroxide values in differenjeographical regions

In 2013, the highest peroxide value (17.76) was in AsiréSiAdmaliya and the lowest
peroxide value (15.58) was in Anab@n the other handn 2014, the highest peroxigalue
(17.45) was in Burin and the lowest peroxide value ()8x&k in Dheish@Table 4.22.

The peroxide valus (milliequivalents Q kg oil) of olive oil samples weré5.58+0.28and
16.81+0.61respectively in 2013 and 2014 Amabta, 17.28+0.5and 16.85+1.21respectively
in Bayt Jala, 17.38t1.27and 16.75x1.93 respectively in Burkin,17.45+0 in 2014 in
Burin,16.23+1and 16.71+0.81respectively inDheisha, and 17.76+0.48 8013 inAsira Al-

Shamaliya, and 16.23+0.7 #013 inSi'ir, 16.81+1.14and 17.08+0.14respectively inSalfit,

17.194£0.9 in2014 in Al-Shuyukh, 16.94+1.37and 17.35+1.16respectively inSurif and
16.91+0.51 irR014 inAsira Al-Qibliya (Table 4.22.

According to (Figure 4.22) it was observed that the highesbxidevalue in 2013 was in
Asira Al-Shamaliyaand the lowesperoxidevalue in 2013 wa# Anabtg while the highest
peroxidevalues in 2014 were in Burend Surif

Depending on IOOC (2015), all oil samples in both 2013 and 2014 are within EVOO and
VOO.

According to Mansouret al (2013) here are many factors affectipgroxide values of ole

oil such adactors causing damage to the olive fruits, while it is not affected by cultivar.

Storage time affestalso peroxide value, where peroxide value decreased with storage time
and then after 6 months of storage the peroxide value startedréamse with storage time
(Méndez & Falqué, 2002).

Fly-infected olives were found to increase the value of peroxide (Tamendjari et al, 2009).

If the olives are healthy and processed soon after harvesting (within 24 hr), environmental
conditions do not appe#& have any substantial influence on the peroxide number of the ail,

which allow the classification of the oils as EVOOs (Pannelli et al, 1990; Ripa et al, 2008).
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Table 4.22: Average peroxide test valuegmilliequivalents Q@ kg oil) for different

geographical regions in Palestimecording toregion and year;results are expressed as

average + SD.

Year
Region

2013 2014
Anabta 15.58+0.28 | 16.81+0.61
Bayt Jala 17.28+0.52 | 16.85+1.21
Burkin 17.38+1.27 | 16.75+1.93
Burin 17.450
Dheisha 16.23+1 16.71+0.81
Asira Al-Shamaliya 17.76+0.48
Si'ir 16.23+0.7
Salfit 16.81+1.14 | 17.08+0.14
Al-Shuyukh 17.19+0.9
Surif 16.94+1.37 | 17.35+1.16
Asira Al-Qibliya 16.91+0.51
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Figure 4.22: Average peroxide valugsnilliequivalents Q kg™ oil) according to region and
year.

4.3.10.Specific gravity values in different geographical regions

In 2013, the highest oil specific gravity value (0.9173) was in Bayt Jala and the lowest oil
specific gravity value (0.9102) was in Salf@n the other handin 2014, the highest oll
specific gravity value (0.9175) was in Burin and the lowest oil specific gravity value (0.9106)
was in Asira AlQibliya (Table 4.23.

The specific gravity valug (dimensionless quantity) of olive oil samples weB8161+0.0016
and 0.9118+0.0006 respectively in 2013 and 2014 Amabta, 0.9173+0.0024 and
0.9107+0.0015 respectively iBayt Jala,0.9126+0.004 and 0.9136%0.0052 respectively in
Burkin, 0.9175+0 in 2014 inBurin, 0.9112+0.0031 and 0.9114+0.0018 respedyiviel
Dheisha, and.9129+0.0023 in 2013 iAsira Al-Shamaliya, an@.9162+0.0038 in 2013 in
Si'ir, 0.91024+0.0052 and 0.9155+0.0036 respectivelgaifit, 0.9142+0.0036 in 2014 iAl-
Shuyukh,0.9121+0.0037 and 0.914+0.0029 respectivel$imif and0.9106.0031 in 2014

in Asira Al-Qibliya (Table 4.23.

Specific gravity varies with temperature and pressure; reference and sample must be compared

at the same temperature and pressure, and since most important factor here is temperature it
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must be taken precisely. There were no significant differences in specific gravity values since
the density values of oil samples were so close to each other. It was not easy to explain the

slight differences in specific gravity values between regions.

Table 4.23: Average oil specific gravity values (dimensionless quantity) for different

geographical regions in Palestimecording toregion and year;results are expressed as

average + SD.

Year
Region

2013 2014
Anabta 0.9161+0.0014 0.9118+0.000€
BaytJala 0.9173+0.0024 0.9107+0.0015
Burkin 0.9126+0.004 | 0.9136+0.0057
Burin 0.9175+0
Dheisha 0.9112+0.0031 0.9114+0.001§

Asira Al-Shamaliya

0.9129+0.0025

Si‘ir 0.9162+0.003¢§

Salfit 0.9102+0.0052 0.9155+0.003¢
Al-Shuyukh 0.9142+0.003¢
Surif 0.9121+0.0037 0.914+0.0029
Asira Al-Qibliya 0.9106+0.0031
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Figure 4.23: Average oil specific gravity valuggdimensionless quantitgccording to region
and year.

4.3.11 Refractive index valuesin different geographical regions

In 2013, the highest refractive index value (1.4659) was in Si'ir and the lowest refractive value
(1.4647) was in BurkinOn the other handin 2014, the highest refractive value (1.4667) was
in Burin and the lowest refractive value (1.4652) was in Bufkable 4.24.

Therefractive index value (dimensionless quant)tef olive oil samples were 1.4652+0.0007
and 1.4657+0 respectively in 2013 and 2014 Anabta, 1.4657+0 and 1.4654+0.0006
respectively inBayt Jala,1.4647+0 and 1.4652+0.0007 respectivelyBuwkin, 1.4667+0 in
2014 inBurin, 1.4655+0.0004 and 1.4654+0.0006 respectivel®heisha, and..4652+0.0006
in 2013 in Asira Al-Shamaliya, andl.4659+0.0005 in 2013 i®i'ir, 1.4654+0.0005 and
1.4657+0 respecteaty in Salfit, 1.4657+0.0006 in 2014 iAl-Shuyukh,1.4654+0.0006 and
1.4655+0.0005 respectively faurif and1.4659+0.0008 in 2014 iAsira Al-Qibliya (Table
4.24).

All refractive index values in both 2013 and 2014 were so close.
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It was found that there @ve a relation between high refractive index values and olive fly
infection Amarnaet al, 2011).Differences in our refractive index value results can not be

explained according to the difference in locations.

Table 4.24: Average refractive index values (dimensionless quantityfor different
geographical regions in Palestiaecording toregion and year;results are expressed as

average *= SD.

Year
Region
2013 2014
Anabta 1.4652+0.0007 | 1.4657+0
Bayt Jala 1.4657+0 1.4654+0.0006
Burkin 1.4647+0 1.4652+0.0007
Burin 1.4667+0
Dheisha 1.4655+0.0004 | 1.4654+0.0006

Asira Al-Shamaliya

1.4652+0.0006

Si'ir 1.4659+0.0005

Salfit 1.4654+0.0005 | 1.4657+0
Al-Shuyukh 1.4657+0.0006
Surif 1.4654+0.0006 | 1.4655+0.0005
Asira Al-Qibliya 1.4659+0.0008
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Figure 4.24: Average refractive index valu¢dimensionless quantityaccording to region and

year.
4.3.12 K 70 values in different geographical regions

In 2013, the highest ¥ value (0.2356) was in Asira Ahamaliya and the lowest value
(0.2238) was in Si'irOn the other handin 2014, the highest ¥, value (0.2344) was in Surif
and the lowest [ value (0.2135) was in Salf{Table 4.2% and(Figure 4.25)

The Kz70 values (Ki/1lcm) of olive oil samples were 0.2315+0.0054 and 0.2312+0.012
respectively in 2013 and 2014 #Anabta,0.23+0.0052 and 0.2188+0.0077 respectively in
Bayt Jala,0.2274+0.0064 and 0.2152+0.0007 respectivelBimkin, 0.2307+0 in 2014 in
Burin, 0.23+£0.0116 and 0.2172+0.0D8spectively irDheisha, an®.2356+0.0095 in 2013 in
Asira Al-Shamaliya, and.2238+0.0145 in 2013 iBi'ir, 0.2256+0.014 and 0.2135+0.0012
respectively in Salfit, 0.2163+0.0029 in 2014 inAl-Shuyukh, 0.2283+0.0149 and
0.2344+0.0111 respectively Burif and 0.2193+0.0051 in 2014 iAsira Al-Qibliya (Table
4.25).
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In 2013, all oil samples were in the VOO category, while in 2014, all the oil samples were in
the VOO category also, while those frdayt JalaBurkin, Dheisha Salfit, Al-Shuyukhand
Asira Al-Qibliya werein the EVOO category according to IOOC (2015).

K270as one of the quality indices is affected by variety and factors causing damage to the olive
fruits (Mansouri et al, 2003

If the olives are healthy and processed soon after harvestingn(\24hhr), environmental
conditions do not appear to have any substantial influence on the UV absorbencies of the oil,
which allow the classification of the oils as EVOOs (Pannelli et al. 1990a; Ripa et al. 2008).
Table 4.25: AverageK 7o values(Kio/1cm)for different geographical regions in Palestine

according taegionand yearresults are expressed as average + SD.

Year
Region
2013 2014

Anabta 0.2315+0.0054 | 0.2312+0.012
Bayt Jala 0.23+0.0052 0.2188+0.0077
Burkin 0.227440.0064 | 0.2152+0.0007
Burin 0.2307+0
Dheisha 0.23+0.0116 0.2172+0.0037

Asira Al-Shamaliya 0.2356+0.0095

Si‘ir 0.2238+0.0145

Salfit 0.2256+0.014 | 0.2135+0.0012
Al-Shuyukh 0.2163+0.0029
Surif 0.2283+0.0149 | 0.2344+0.0111

Asira Al-Qibliya

0.2193+0.0051
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Figure 4.25: Average k7o Values(Kio/1cm)according to region and year.
4.3.13 K 3pvalues in different geographical regions

In 2013, the highest K, value (1.67) wadoth in Dheisha andurif, while the lowest K3,
value (1.56) was in BurkirOnthe other handin 2014, thehighest k3, value (1.6) wadoth

in Surif andBurin, whilethe lowest K3, value (1.45) was in Salfit.

The Ky3, values (K19/1cm)of olive oil samples weré&.65+0.02and1.58+0.01respectively in
2013 and 2014 i\nabta, 1.63+0.0And 1.48+0.02respectively inBayt Jala, 1.56+0.0and
1.53+0.13espectively irBurkin,1.6+0 in2014 inBurin,1.67+0.02and1.48+0.02respectively
in Dheisha, and 1.65+0.02 @013 inAsira Al-Shamaliya, and 1.62+0.07 013 in Si'ir,
1.57+0.09and 1.45+0.01respectvely in Salfit, 1.51+0.08 ire014 inAl-Shuyukh, 1.67+0.02
and1.6+0.04respectively irSurif and 1.48+0.05 i2014 inAsira Al-Qibliya (Table 4.26.

In both 2013 and 2014 all olive oil samples were in the EVOO category according to |IO0OC
(2015).K,3; as ore of the quality indicethatis affected by varietpf factors causing damage

to the olive fruits fMansouri et al, 200)3and is affected with olives storage conditioGh&rbi

et al, 201%. If the olives are healthy and processed soon after harvesting (within 24 hr),

environmental conditions do not appear to have any substantial influence on UV absorbencies
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of the oil, which are normally within the values that allow the classificatiorhefoils as
EVOOs (Pannelli et al. 1990a; Ripa et al. 2008).

Table 4.26: AverageK,3, values(Kio/1cm)for different geographical regions in Palestine

according taegionand yearresults are expressed as average + SD.

Year
Region

2013 2014
Anabta 1.65+0.02 1.58+0.01
Bayt Jala 1.63+0.01 1.48+0.02
Burkin 1.56+0.05 1.53+0.13
Burin 1.6+0
Dheisha 1.67+0.02 1.48+0.02
Asira Al-Shamaliya 1.65+£0.02
Si'ir 1.62+0.07
Salfit 1.57+0.09 1.45+0.01
Al-Shuyukh 1.51+0.08
Surif 1.67+0.02 1.6+0.04
Asira Al-Qibliya 1.48+0.05
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Figure 4.26: Average ks, values(Kiq/1cm)according to region and year.

4.4. Variations of the studied parameters(TPC, TFC, FRAP, CUPRAC, ABTS, DPPH
Acidity%, peroxide value, K3, Kz7o, i0odine value, specific gravity andrefractive index)

amongregions

According to ANOVA test analysis and the Tukey HSD post hoc pair wise tests, the

conclusions about regions are as the following:

I n 2013, there were signi f ireganstwheasSiif ltas ences
refractive higher than Burkin. Salfit has DPPH higher than both Surif and Si'ir. f&sif

ABTS higher than Asira ABhamaliya. Dheisha has TFC higher than AsirssAadmaliya, and

Surifhas TFC higher than Asira AAhamaliya also.

In 2014, therever e si gni fi cant di f fregions wheeas: Sarlias ( U=0 .
K270 higher than each one of Burkin, Salfit, Asira@ibliya, Dheisha, and ABhuyukh. Both

Salfit and Asira AlQibliya have lodine values higher than both Dheisha%umif. Eat one

of Dheisha,Surif and AtShuyukh have ABTS higher than Asira-@ibliya. Burkin has

FRAP higher than each one of Bayt Jala, Surif an®Wdyukh. Anabta has TFC higher than

Salfit and Surithas TFC higher than eacheof Salfit, Asira AlQibliya andBayt Jala.
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4.5. Assays results for farmers

Olive oil samples from sixty farmers were collected in 2013 and 2014 freshly during milling
their olive fruits from different geographical areas in the West Bank: Jenin (Bufkilkarm
(Anabtg, Nablus (SalfeetNorth Asera, Burin and South Asera), Bethlehem (Bayt Jala and
Dheisha) and Hebron (Sourii'ir and Alshuokh).The samples were taken in late October
2013 and late October 2014 in similar conditions.

The samples were analyzed for their total phenoliderds, total flavonoids content, their
antioxidant activity (FRAP, CUPRAC, ABTS and DPPH), Acidity%, peroxide value, iodine
value, specific gravity, kg2, K270 and refractive index.

4.5.1.Average TPC Values according to region, farmer code and year

Theamounts of total phenols show significant differences among the different farmers in both
2013 and 2014.

In 2013 it was observed that in Anabta there were two farmers and their oil contains TPC
values were 777 and 615.7 respectively, in Bayt Jala there twer farmers and their TPC
values were 219.3 and 355.7 respectivelyBurkin there were four farmers and their TPC
values were 439.3, 728, 597.7 and 590.7 respectivelheisha there were five farmers and
their TPC values were 705.517.3 817.7 730 and 1050 respectively and irsira Al-
Shamaliya there were four farmers and their TPC values were, 2863 134 and 176.7
respectively, in Si'ir there were four farmers and their TPC values werer824957 and

441.3 respectively, in Salfit thereewe six farmers and their TPC values were 1229, 1134
477, 480, 179.7and 383.3 respectively and in Surif there were three farmers and their TPC
values were 794.3, 12%hd506 respectivelyTable 4.27.

In 2014 it was observed that in Anabta there were favmers and their TPC values were
577.7and359.7respectively, in Bayt Jala there were three farmers and their TPC values were
204, 459 and157.3respectivelyjn Burkin there were two farmers and their TPC values were
560 and 652.7respectively,in Burin there was one farmer and his TPC value 8#&%3 in
Dheisha there were three farmers and their TPC values5s8r812 and473.3respectively,

in Salfit there were two farmers and their TPC values 8&k3and 385.3 respectivelyjn
Al-Shuyukh tlere were six farmers and their TPC values vi@&ie 352 563 611.7 672and
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678 respectively, inSurif there were five farmers and their TPC values wWe38 478.3
358.7 627 and 1144 respectively and irAsira Al-Qibliya there were six farmers and their
TPC values wer&40.7, 319.3 202.7,573.3 761.7and517respectivelyTable 4.27.

Dajdelen (2016) reported that total phenol i c
159.99 and 189.64 mg gallic acid equivalent/kg, and that was in agreemerauwiiPC

values, whileHoushia et al (2014) reported that the total concentration of polyphenol in some
samples of Palestinian olive oil from Jerusalem, Tulkarem and Jenin ranges from 150 to 300
mg/kg which are in general lower than our results exdspt Al-Shamaliya particularly TPC

results were in agreement and some results for all farmeksiia Al-Qibliya in both years

2013 and 2014 anfdr some farmers in Bayt Jalaboth years too.

However, it is possible to find ranges significantly differén the literature, as in the work

of Sanchez et al (2007) ari®hllus et al (201pbwho reportecthat total phenolic contents
range between 1085 and 140§ GAE kd* were found for 39 samples of Picual EVOO in
Spain and that was in agreement with someuwof resultsike 1229, 1134 in Salfit in 2013
and1144in Surifin 2014.

Statistical analysis showed that olive fruit percentage yield (olive fruit percentage yield in
comparison with the highest years yielos a positive significant correlation with dbt
phenolics content in 2014 since the correlatioefficientwas equal toq.449 (p < 0.05)and
sincethe yield percentage of our samples were from 10% to 100%, and some of our samples
were from green olives, others from black and most of them were mixture between green and
black in different proportions, therefore that ntegveaffected the results sindeetik (2005)

stated that green table cultivars should be harvested at green maturity whereas black table
cultivars should be harvested at black maturity while Kaynas et al (2002) reported that green
maturity started at the end of September or grimingof october in the Mrmara region

and the latest green maturity cultivars were 'Domat’ and 'Manzanilla de Sevilla’, while black
maturity begins in the last week of November dimghlu et al (2009) was in agreement with

the same results and stated that theeee some fluctuations in yield between growing seasons
and reported that result may be explained as being the result of the application of good cultural
practice, while Leitao (1990) in Portugal and Rio D. & Caballero (1994) and Tous et al (2002)
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in Span, reported that there were significant differences between cultivars in productivity and
that ecological factors also had significant impacts on yield.

Mailer et al (2005) and Kalogeropoulds Tsimidou (2014) reported that TPC increased
progressively aslives matured and decreased in the final ripening stage,while El Sohaimy et
al (2016) emphasized the previous and in addition reported that the higher the moisture
content in olive fruit is the less polyphenols levels are,Servili et al (2004)showed hat

some factors affect the TPC of olive oil between which cultivar, climate and other
environmental factors, harvesting time, the extraction process, the conditions of packing,
distribution, and storagand Baiano et al (2014) reported that there a stpmsitive linear
correlation was observed between the phenolic content and antioxidant activity measured
accordingto the ABTS+to indicate a noticeable radical scavenging ability of phenolic

compounds.

Pearson correlations were done between some agroradiolive fruits treatmentskds,,
ko7, RI, Specific gravity Peroxide valugAcidity%, lodine value DPPH, ABTS CUPRAC
FRAP, TFC, TPC) with studied quality indiceéolive fly infection days of storagegreen to
black % oil %, drop % andolive yield %) obtained from farmers and oil tests in 2013 and
2014.

A close look at the results 2013 reveals that the degree of olive fruit infection with olive fly,
days of storage before pressing, drop percentage and yield percentage were not significantly

corrdated with any of the studied olive oil quality parameters.

Olive fly infection and olive fruit percentage yield were positively correlated with TPC but the
correlation was statistically not significant sinpearson coefficient foolive fly infection

(0.147) andpearson coefficient faslive fruit percentage yiel(D.282.

Days of storage, oil percentage and dropped olive percentage were negatively correlated with
TPC but the correlation was statistically not significant spearson coefficient fobays of
storage(-0.216), pearson coefficient fooil percentagg-0.0368) andoearson coefficient for

droppedolive percentagé-0.009.
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Only green to black olive ratio has a negative significant correlation with total phenolics
content since the correlatiaroefficient was equal t0-0.4337% (p < 0.05) and that was in
agreement witl{Gharbiet al, 2015) who stated thail obtained from green olives is less rich

in phenolic compounds which have antioxidant prope(fieble 4.40)

While a close look at theesults in 2014 reveals that the degree of olive fruit infection with
olive fly, days of storage before pressing and drop percemtagenot significantly correlated
with any of the studied olive oil quality parameters.

Olive fly infection and days aftoragewere positively correlated with TPC but the correlation
was statistically not significant singeearson coefficient foolive fly infection (0.116) and

pearson coefficient fatays of storag€0.158.

Green to black olive ratio, oil percentage amwpped olive percentage were negatively
correlated with TPC but the correlation was statistically not significant Sie@gson
coefficient forgreen to black olive ratig-0.068), pearson coefficient fooil percentagd-
0.102) andgpearson coefficient fadropped olive percentaged.202.

Only olive fruit percentage yield has a positive significant correlation with total phenolics
content since the correlati@oefficientwas equal to(.449 (p < 0.05)(Table 4.41)
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Table4.27: Average TPC value(mg gallic acid/Kg of oil)in different regions in Palestine
according to region, farmer code and yeasults are expressed as average only since farmers

in 2013 in the same region are not themselves in 2014 in the same region.

2013 2014
Region and Regionand
o Farmer o Farmer
significant TPC significant TPC
Code Code
symbols symbols
Anabta:D 1 277 AnabtaC,D,E,F |1 577.7
E.FG 2 615.7 1,J,K 2 359.7
Bayt JalaN,O 1 2193 Bayt JalaL,M,N 1 204
K,L,M 2 355.7 G,H,I,J 2 459
Burkin: 1LJ,K,L |1 439.3 N 3 157.3
D,E 2 708 Burkin: D,.E,F.G |1 560
E,F.GH 3 5977 B,C.D,E 2 652.7
F,G,H 4 590.7 Burin: H,1,J,K 1 379.3
DheishaD,E,F |1 Dheisha 1
eishaD,E,
705.3 D,E,F,G 559
G,H,I 2 5173 K,.L,M 2 312
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D 8177 F.G,H,I 473.3
D,E 730 SalfitH,1,J,K 374.3
B,C 1050 H,1,J,K 385.3
Asira Al
sh i Al-Shuyukh
amaliya

y 259.7 C,D,EF 5717
M,N,O
© 1663 | | UK 352
o] 134 C,DEFF,G 563
@) 176.7 C,D,E 611.7
Si'ir: L,M,N ,.C,

I'ir 324 B,C,D 672
D 782 B,C 678
C 957 Surif: E,F,G 553
1,J,K,L 4413 F.GH 478.3
Salfit: A 1229 1,J,K 358.7
A,B 1134 C.DE 627
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A

H,I1,J,K 477 1144
Asira Al-Qibliya:

H,1,J,K 480 N 140.7

O 179.7 K,L 319.3
M,N

J,K,.L,M 383.3 ) 202.7

. G

Surif: D 294.3 C,D,E,F, 573.3

A 1252 B 761.7
B

G,H,1,J 506 517
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Figure 4.27: Average TPC value§ng gallic acid/Kg of oil)according to region, farmer code

and year.
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4.5.2.Average TFC values according to region, farmer code and year

In 2013 it was observed that in Anabta there were two farmers and their TFC valu&g were
and127.7respectively, in Bayt Jala there were two farmers and their TFC values were 51 and
49 respectivelyjn Burkin there were four farmers and their TFC valuweerel71, 94.7, 94

and 25.7 respectively,in Dheisha there were five farmers and their TFC values @2ré

65.7, 140.3, 130.3and 139.7respectively and isira Al-Shamaliya there were four farmers

and their TFC values were 18,13, 9 and 34 respectively, in Si'ir there were four farmers and
their TFC values werd9.3 120.3 120.7and 33 respectively, in Salfit there were six farmers

and their TFC values wefl4.3 132.7, 33.7, 59, 25.3and24.3respectively and in Surif there

were three farmers and their TFC values were 100, 189 and 98 respddialsé/4.23.

In 2014 it was observed that in Anabta there were two farmers and their TFC valud® Wwere
and110.7respectively, in Bayt Jala there were three farmers and their TFC valueg8&re
56.7and53.7respectivelyjn Burkin there were two farmers and their TFC values Wéx8
andL00.7respectivelyjn Burin there was one farmer and his TFC valuel®asin Dheisha
there were thefarmers and their TFC values we6, 64.7 and 84.7 respectively,in Salfit
there were two farmers and their TFC values w&teand 23 respectively,in Al-Shuyukh
there were six farmers and their TFC values wete3 84.7, 106 52, 78.3and 81.3
respectively, inSurif there were five farmers and their TFC values wkt6.7 95.3 105.3
184.7 andl16.7 respectively and irAsira Al-Qibliya there were six farmers and their TFC
values were4.7,61.7, 76.3 66.3 123.7and80.3respectivelyTable 4.28.

Thetotal flavonoidscontentvalues of our study ranged froral89 mg catechin/Kg of oilEl

Sohaimy et al (2016) reported that tb&al flavonoids content of extracted oil from
Manzanill a vari ety ranged from 61.62N1. 74 t
flavonoids content of Kalamata oil was varied
and reported that flavonoids level in gamhaturation stages wdmsgher than late maturation

stages since high levels of total phenolics and flavonoids in the early maturation stages might

refer to the accumulation of these compounds in metabolic processes with the maturation
developments and itate stages the phenolase enzyme may cause degradation of phenolic

compounds and decreasing their concentrations.
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Oil percentage (ratio between oil weight and olive fruit weight) has a negative significant
correlation with TFC in 2013 and the correlatmoefficientwas equal to-0.416 (p < 0.05).

The oil percentage of our samples were from 16% to 35% which were in agreement with
Toplu et al (2009) who stated that oil content varied significantly between cultivars ranging
from 16.7% to 31.2%, while Mailer et al (2005) stated that oil yields ranging from 5% to 30%
by weight and reported that low yields have been attributed to a rangasuns such as
incorrect variety, immature trees, harvesting too early, high fruit moisture contents and poor
extraction efficiency. Salvador et al (2001) and Beltran et al (2004) reported that numerous
studies in the mediterranean have shown that duhegripening period, oil percentage
increases dramatically during early fruit ripenithgn slows as full ripeness approaches and
declines slightly as fruits become over ripe.

In 2013, olive fly infection, dropped olive percentagad olive fruit percentag yield were
positively correlated withTFC but the correlation was statistically not significant since
pearson coefficient foolive fly infection (0.093), pearson coefficient fodropped olive

percentag€0.009) ancpearson coefficient faslive fruit pecentage yield0.044.

Days of storage and green to black olive ratio were negatively correlated Wathbut the
correlation was statistically not significant sinpearson coefficient fodays of storag€-
0.169) andpearson coefficient fagreen to blek olive ratio(-0.359.

Only oil percentage has a negative significant correlation with total phenolics content since
the correlatiorcoefficientwas equal t0-0.416 (p < 0.05)Table 4.40)

While a close look at the results in 20idvealed that daysfostorage and olive fruit
percentage yield were positively correlated WithC but the correlation was statistically not
significant sincepearson coefficient fodays of storag€0.246) andpearson coefficient for

olive fruit percentage yiel(D.209.

Olive fly infection, green to black olive ratio, oil percentage and dropped olive percentage
were negatively correlated witiFC but the correlation was statistically not significant since
pearson coefficient faolive fly infection (-0.318),pearson coefficient fagreen to black olive
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ratio (-0.227),coefficient foroil percentag€-0.102) andoearson coefficient fadropped olive
percentag€-0.24) (Table 4.41)

Table 4.28: Average TFC valuegmg catechin/Kg of oil)in different regions in &estine
according to region, farmer code and yeasults are expressed as average only since farmers

in 2013 in the same region are not themselves in 2014 in the same region.

2013 2014
Region and Regionand
o Farmer o Farmer
significant TFC significant TFC
Code Code
symbols symbols
Anabta E,F,G 1 84.7 Anabta: B,C 1 121
B,C 2 127.7 B,C.D 2 110.7
Bayt JalaH,l,J |1 Bayt Jala: 1
ayt Jalan,l, :
4 >1 E,F,G,H,I,J 8.3
H,1,J 2 49 1, 2 56.7
Burkin: A 1 171 J,K 3 53.7
D,E,F 2 94.7 Burkin: F,G,H,1,lJ | 1 70.3
D,E,F 3 94 B,C,D,E,F 2 100.7
J.K 4 257 Burin: B 1 122
DheishaD,E,F |1 Dheisha: 1
eishaD,E, ,
921 E,F,G,H,I,J 80
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F.G,H 65.7 H,1,J 64.7
B 140.3 D,E,F,G,H,| 84.7
B 130.3 Salfit:K,L 24
B 139.7 L 23
Asira Al- Al-Shuyukh:

ShamaliyakK 18 C,D,E,F,GH L3
K 13 D.E.F.GH,I 84.7
K 9 B,C.D,E 106
1,J,K 34 J,K,L 52
Si'ir: H,1,J 49.3 E,F.G,H,1,J 78.3
B,C,D 120.3 D,E,F,G,H,1,J 81.3
B,C,D 120.7 Surif: B,C 116.7
1,J,K 33 B,C,D.EF,G 95.3
Salfit: B,C,D,E 114.3 B,C,D,E 105.3
B 132.7 A 184.7
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1,J,K 33.7 B.C 116.7
HLG o ,:ira Al-Qibliya: ot
JK 25.3 H,1,J 61.7
J,K 24.3 E,F,G,H,I,J 76.3
Surif. C,D,E 100 G,H,I,J 66.3
A 189 B 123.7
CDE 98 B 80.3

94




TF/2013

200.0 189
180.0 171
160.0
1403 139.7
140.0 1327
127.7 1303 1327
120.3 120.7
120.0 114.2
100.0 9047 94 927
80.0
65.7 Tk
59
40.0 34 33 337
18
0.0
1 2 1 2 1 2 3 4 1 2 3 4 5 1 2 3 4 1 2 3 4 1 2 3 4 5 6 1 2 3
Anabta BaytJala Burkin Dheisha Asira Al-Shamaliya Si'ir Salfit Surif
Farmers within Regions
200
184.7
uTF

Al-Shuyukh Asira Al-Qibliya

Farmers within Regions

Figure 4.28: Average TFC valueémg catechin/Kg of oilaccording to region, farmer code

and year.
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4.5.3.Average FRAP values according to region, farmer code and year

In 2013 it was observed that in Anabta there were two farmers and their FRAP values were
110.00 and 126.67 respectively, in Bayt Jala there were two farmers and their FRAP values
were 40.00 and 46.67 respectivalyBurkin there were four farmers and thERAP values

were 230.00, 203.33, 183.33 and 83.33 respectiielpheisha there were five farmers and
their FRAP values were 73.33, 46.67, 126.67, 146.67 and 160.00 respectivelyAsird iAl-
Shamaliya there were four farmers and their FRAP values B&67, 23.33, 26.67 and 50.00
respectively, in Si'ir there were four farmers and their FRAP values were 16.67, 106.67,
133.33 and 13.33 respectively, in Salfit there were six farmers and their FRAP values were
230.00, 233.33, 70.00, 96.67, 36.67 and @Q@spectively and in Surif there were three
farmers and their FRAP values were 113.33, 216.67 and 86.67 respgqtaialy 4.29.

In 2014 it was observed that in Anabta there were two farmers and their FRAP values were
90.00 and 43.33 respectively, inyBalala there were three farmers and their FRAP values
were 53.33, 80.00 and 26.67 respectivetyBurkin there were two farmers and their FRAP
values were 153.33 and 143.33 respectivelyBurin there was one farmer and his FRAP
value wa93.33in Dheisha there were thre farmers and their FRAP values were 83.33, 70.00
and 66.67 respectivelin Salfit there were two farmers and their FRAP values were 66.67 and
73.33 respectivelyin Al-Shuyukh there were six farmers and their FRAP values were 80.00,
33.3, 60.00, 30.00, 56.67 and 23.33 respectiviel\surif there were five farmers and their
FRAP values were 70.00, 60.00, 33.33, 96.67 and 93.33 respectively AsidaAl-Qibliya

there were six farmers and their FRAP values were 36.67, 53.33, 60.000,10026.67 and
100.00 respectivelgTable 4.29.

The FRAP values of our study ranged from 13.333.33mmole Fé&% /Kg of oil, and jelkovic

et al (2009) found that antioxidant activity (expressed as FRAP values in mmaJ/kg3)

in olive oil sampes produced in 2005 and 2006 crop season were 45.0 £ 3.5 and 45.8 £ 0.7
respectively which were in agreement with our results and stated that the early ripening stages
showed the highest antioxidant capacity while significantly decreased with the degebdpi
ripening stages, while the higher the moisture content is, the higher possibility of deterioration

of the oil and might also be a loss of its flavor and reduced levels of antioxidants.
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El Sohaimyet al (2016) and Ninfali et al (2001) reported thiateooil obtained from mie
period of maturation and stored for two weeks had an antioxidant capacity significantly lower

than the top level brand oil.

In 2013, olive fly infection, dropped olive percentaged olive fruit percentageyield were
positively correlated witiFRAP but the correlation was statistically not significgpéarson
coefficient forolive fly infection (0.064) andpearson coefficient foolive fruit percentage
yield (0.009.

Days of storage, green to black olive ratid percentage andlive fruit percentageield were
negatively correlated witlfFRAP butthe correlation was statistically not significant since
pearson coefficient fodays of storagé-0.164), pearson coefficient fogreen to black olive
ratio (-0.202),pearsn coefficient foroil percentag€-0.044) andoearson coefficient faolive
fruit percentaggield (-0.023 (Table 4.40).

While a close look at the results in 20¥ealed that olive fly infectiqroil percentage and
olive fruit percentage yield were pbgely correlated withFRAP butthe correlation was
statistically not significant sincpearson coefficient foolive fly infection (0.069), pearson

coefficient foroil percentageq.108 and pearson coefficient foolive fruit percentage yield

(0.19.

Days of storage, green to black olive ratio aige fruit percentageyield werenegatively
correlated withFRAP but the correlation was statistically not significant sinpearson
coefficient fordays of storag€-0.045), pearson coefficient fogreen toblack olive ratio(-

0.023) andpearson coefficient faslive fruit percentageield (-0.104 (Table 4.41)
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Table4.29: Average FRAP valuegmmole Fé&? /Kg of oil) in different regions in Palestine

according to region, farmer code and yeasults arexpressed as average only since farmers

in 2013 in the same region are not themselves in 2014 in the same region.

2013 2014
Region and Regionand
o Farmer o
significant Cod FRAP significant FarmerCode | FRAP
ode
symbols symbols
Anabta 1 Anabta: B, C, L
E,F.GH,I 11000 | I pEF 90.00
D,E,F,G,H 2 126.67 G,H,ILJ,K 2 43.33
Bayt Jala 1 Bayt Jala: 1
K,L,M,N,0 40.00 | | F G H,I9K 53.33
C,D,EFG
K,L,M,N,O 2 46.67 2 80.00
Burkin: A 1 K 3
urkin. 230.00 26.67
AB,C -
2 203.33 Burkin: A 1 153.33
A,B,C.D
3 183.33 | | A 2 143.33
G,H,I1,J,K,L,M .
4 83.33 Burin: B,C,D,E | 1 9333
Dheisha 1 Dheisha: C, 1
H.1,3,K,LM,N 7333 | IDEF 83.33
K,L,M,N,O 5 C,D,E,F,G,H,I 5
46.67 70.00
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D,E,F,.G,H

C,D,E,F,G,H,IJ

126.67 66.67
C,D,E,F Salfit: C,

146.67 D.EF.G.H.IJ 66.67
B,C,D,E

160.00 | | ¢ D.EF.GH 73.33
Asira Al-
. |' Al-Shuyukh: C,

amaliya
ly 56.67 DEF.G 80.00

1,J,K,L,M,N,O
N.O 1,J,K

23.33 33.33
M,N,O D.E,F,GH,IJ K

26.67 60.00
JK.LMN.O JK

50.00 30.00

— E,F,G,H,1,J,K

Si'ir: N,O 16.67 56.67
EF.GHIJ K

106.67 23.33
DEFG Surif: C,

133.33 D.E.F.GH.l 70.00
O D1E1F1G1H1|1J1K

13.33 60.00

n 1,J,K

Salfit: A 230.00 33.33
A B,C,D

233.33 96.67
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H,1,J,K,L,M,N,O

B,C,D,E

70.00 93.33
F,.G,H,I,J,K Asira Al-Qibliya:

96.67 | ||k 36.67
L,M,N,O F.G,H,1,J,K

36.67 53.33
1,J,K,L,M,N,O D,E,F,G,H,J,K

60.00 60.00

N B,C

Surif: E,F,G,H,| 113.33 100.00
AB AB

216.67 126.67
G,H,ILJK,L

86.67 | |AB 100.00
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Figure 4.29: Average FRAP valuegnmole Fé? /Kg of oil) according to region, farmer code

and year.

101




4.5.4.Average CUPRAC values according to region, farmer code and year

In 2013 it was observed that in Anabta there were two farmers and their CUPRACwelees
17.54 and 21.88 respectively, in Bayt Jala there were two farmers and their CUPRAC values
were 7.61 and 10.68 respectively, Burkin there were four farmers and their CUPRAC
values were 34.14, 17.75, 17.51 and 10.93 respectivelpheisha there we five farmers

and their CUPRAC values were 15.14, 17.46, 21.43, 20.11 and 23.96 respectivelysina in
Al-Shamaliya there were four farmers and their CUPRAC values were 7.03, 5.08, 6.03 and
7.75 respectively, in Si'ir there were four farmers and BEIPRAC values were 6.78, 21.04,
19.10 and 9.68 respectively, in Salfit there were six farmers and their CUPRAC values were
22.35, 24.14, 10.77, 11.35, 4.92 and 7.01 respectively and in Surif there were three farmers
and their CUPRAC values were 19.07,18and 22.35 respective{yable 4.30.

In 2014 it was observed that in Anabta there were two farmers and their CUPRAC values were
13.29and20.02respectively, in Bayt Jala there were three farmers and their CUPRAC values
were7.79 12.28and6.64 respedtwely, in Burkin there were two farmers and their CUPRAC
values werel5.60and 12.65respectively,in Burin there was one farmer and his CUPRAC
value wad4.18 in Dheisha there were thre farmers and their CUPRAC values 20255
16.11and12.41respectivelyjn Salfit there were two farmers and their CUPRAC values were
8.01and10.96respectivelyjn Al-Shuyukh there were six farmers and their CUPRAC values
werel6.79 11.86 14.72 10.95 16.60and11.32respectively, irSurif there were fivedrmers

and their CUPRAC values wel&.5Q0 12.02 9.54 19.52and19.13respectively and ir\sira
Al-Qibliya there were six farmers and their CUPRAC values vied® 7.74 7.28 7.54
18.19and18.03respectivelyTable 4.30.

The CUPRACVvalues of our study ranged from 4-92.14mg Torolox/g oil

¢CELKK et al (2009) found that antioxidant act
samples produced in 2009 crepason was 0.16 migprolox/g in methanol: KO solution of

Tarik virgin olive oil extracts and found t
antioxidant capacity while significantly decreased with the developing of ripening stages and

the higher the misture content is the higher possibility of deterioration of the oil and might

also be a loss of its flavor and reduced levels of antioxidants.
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El Sohaimyet al (2016) and Ninfali et al (2001) reported that oil obtained frompartbd of
maturation andtored for two weeks had an antioxidant capacity signifigdower than the

top level band oil.

In 2013,0live fly infection green to black olive ratj@ropped olive percentagadolive fruit
percentagegield werepositively correlated wittCUPRACDbut the correlation was statistically
not significant sincgearson coefficient foolive fly infection (0.01), pearson coefficient for
green to black olive rati(0.027),pearson coefficient fadropped olive percentad®.007) and

pearson coefficient faslive fruit percentage yiel(D.139.

Days of storage and oil percentage were negatively correlated GWRRAC but the
correlation was statistically not significa(gearson coefficient fodays of storag€-0.077)

andpearson coefficient fawil percenage(-0.33]) (Table 4.40)

While a close look at the results in 20deealed that days of storaggeen to black olive
ratio, oil percentage andlive fruit percentaggield werepositively correlated wittCUPRAC
but the correlation was statistically reagnificant sincgpearson coefficient falays of storage
(0.054),pearson coefficient fogreen to black olive raticd(104, pearson coefficient fooil

percentage(.045 andpearson coefficient faslive fruit percentage yiel(D.291).

Olive fly infection and dropped olive percentagere negatively correlated witBUPRAC
but the correlation was statistically not significant simpm@arson coefficient foolive fly
infection (-0.104) andgpearson coefficient for droppetive percentagé0.267) (Table 4.41)
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Table 4.30: Average CUPRAC valueéng Torolox/g oil)in different regions in Palestine
according to region, farmer code and yeasults are expressed as average only since farmers

in 2013 in the same region are not themselves in 20k isame region.

2013 2014
Region and . o
o Farmer Regionand significant | Farmer
significant CUPRAC CUPRAC
Code symbols Code
symbols

Anabta E,F 1 17.54 Anabta:A,B,C,D,E,F,G,H 1 13.29
B,C,D,E 2 21.88 AB 2 20.02
Bayt JalaH,l,J |1 7.61 Bayt Jala:G,H,| 1 7.79
G,H 2 10.68 C,D,E,F,G,H,I 2 12.28
Burkin: A 1 34.14 H,l 3 6.64
D,E,F 2 17.75 Burkin: A,B,C,D,EF |1 15.60
E.F 3 17.51 B,C,D,E,F,G,H,I 2 12.65
G,H 4 10.93 Burin:A,B,C.D,E,F,GH |1 14.18
DheishaF,G 1 15.14 Dheisha: A 1 20.55
E.F 2 17.46 AB,C,D,E 2 16.11
B,C,D,E 3 21.43 B,C,D,E,F,G,H,I 3 12.41
C,D,E 4 20.11 Salfit: F,G,H,| 1 8.01
B,C 5 23.96 D,E,F,G,H,I 2 10.96
Asira Al-

) 1 7.03 Al-Shuyukh: A,B,C,D,E| 1 16.79
ShamaliyaH,l,J

104



H,1,J 5.08 C,D,E,F,G,H,I 11.86
l,J 6.03 AB,C,D,E,F,G 14.72
1,J 71.75 D,E,F,G,H,I 10.95
Si'ir: H,1,J 6.78 AB,C,D,E 16.60
B,C,D,E 21.04 D.,E,F,G,H,I 11.32
D.,E,F 19.10 Surif: A,B,C, D,E 16.50
H,I 9.68 C,D,E,F,G,H,I 12.02
Salfit: B,C,D 22.35 E,F.G,H,I 9.54
B,C 24.14 AB, C 19.52
G,H 10.77 So0l4AB, C 19.13
G,H 11.35 Asira Al-Qibliya:l 5.42
J 4.92 G,H,I 7.74
H,1,J 7.01 G,H,I 7.28
Surif: D,E,F 19.07 G,H,I 7.54
B 25.18 A,B,C,D 18.19
B,C,D 22.35 A,B,C,D 18.03
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Figure 4.30: Average CUPRAC value@ng Torolox/g oil)according to region, farmer code

and year.
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4.5.5.Average ABTS values according to region, farmer code and year

In 2013 it was observed that in Anabta there were two farmers and their ¥8B0&s were
393.33 and 420.00 respectively, in Bayt Jala there were two farmers and their ABTS values
were 270.00 and 226.67 respectivealy,Burkin there were four farmers and their ABTS
values were 1030.00, 63.33, 926.67 and 410.00 respectivelpheiha there were five
farmers and their ABTS values were 513.33, 603.33, 936.67, 1046.67 and 1183.33
respectively and iisira Al-Shamaliya there were four farmers and their ABTS values were
480.00, 183.33, 196.67 and 313.33 respectively, in Si'ir there foarefarmers and their
ABTS values were 363.33, 616.67, 286.67 and 476.67 respectively, in Salfit there were six
farmers and their ABTS values were 900.00, 1453.33, 620.00, 666.67, 370.00 and 553.33
respectively and in Surif there were three farmers aed #tABTS values were 1036.67,
1333.33 and 896.67 respectivéRlable 4.3).

In 2014 it was observed that in Anabta there were two farmers and their ABTS values were
443.33 and 190.00 respectively, in Bayt Jala there were three farmers and their ABTS values
were 326.67, 400.00 and 306.67 respectivalyBurkin there were two farme and their
ABTS values were 873.33 and 650.00 respectiviehBurin there was one farmer and his
ABTS value was343.33,in Dheisha there were thre farmers and their ABTS values were
896.67, 800.00 and 513.33 respectively,Salfit there were two farmerand their ABTS
values were 300.00 and 310.00 respectiviel\Al-Shuyukh there were six farmers and their
ABTS values wer&20.0Q 690.0Q 876.67 466.67 880.00and486.67respectively, irSurif there

were five farmers and their ABTS values were 606993.33, 530.00, 523.33 and 920.00
respectively and imsira Al-Qibliya there were six farmers and their ABTS values were
276.67, 103.33, 226.67, 436.67, 483.33 and 340.00 respediiadlie 4.3).

The ABTS-persulphate methoehlues of our study ranged fro88.331453.33 mg Torolox/kg

oil.

CELKK et al (2009) f ound t hpetsulplaate tmetbod witha n t ac
values expressed in mmol Torolox/g oil) in olive oil samples produced in 2009 crop season
was 0.1 mg Tarlox/g in methanol: O s ol uti on of Tari kK virgin o

Minioti et al (2010) reported that antioxidant capacities determined in the hydrophilic fraction
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range between 5.4222.5 mM gallic acid K@ olive oil for the ABTS method and fodrthat

early ripening stages showed the highest antioxidant capacity while significantly decreased
with the developing of ripening stages and reported that the higher the moisture content is, the
higher possibility of deterioration of the oil and mightcalse a loss of its flavor and reduced
levels of antioxidants, whil&l Sohaimyet al (2016) and Ninfali et al (2001), showed that
olive oil obtained from migperiod of maturation and stored for two weeks had an antioxidant
capacity significantly lower thathe top level brand oil and Baiano et al (2014) reported that
there were a strong positive linear correlation between the phenolic content and antioxidant
activity measured by ABTS+ method which indicate a noticeable radical scavenging ability of

phenoliccompounds.

In 2013, olive fly infection dropped olive percentagend olive fruit percentageyield were
positively correlated withABTS but the correlation was statistically not significant since
pearson coefficient foolive fly infection (0.194), pearsa coefficient fordropped olive

percentag€0.019), angearson coefficient faslive fruit percentage yiel(D.33.

Days of storage, green to black olive ratio and oil percentage were negatively correlated with
ABTS but the correlation was statisticallptrsignificant sincgearson coefficient fodays of
storage(-0.093), pearson coefficient fogreen to black olive ratid-0.284) andpearson
coefficient foroil percentag€-0.212 (Table 4.40).

While a close look at the results in 20tdvealed that days of storage aalive fruit
percentaggield werepositively correlated witiABTS but the correlation was statistically not
significant sincepearson coefficient fodays of storag€0.307) andpearson coefficient for
olive fruit percerdige yield(0.326.

Olive fly infection, green to black olive ratio, oil percentage and dropped olive percentage
were negatively correlated withBTS but the correlation was statistically not significant since
pearson coefficient faolive fly infection (-0.105), pearson coefficient fagreen to black olive

ratio (-0.129, pearson coefficient fooil percentage-0.191) and pearson coefficient for
dropped olive percentaded.169 (Table 4.41)
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Table 4.31: Average ABTS valuegmg Torolox/Kg oil) in different regions in Palestine
according to region, farmer code and yeasults are expressed as average only since farmers

in 2013 in the same region are not themselves in 2014 in the same region.

2013 2014
Region and Regionand
o Farmer o Farmer
significant ABTS significant ABTS
Code Code
symbols symbols
Anabta 1 Anabta: G,H,I 1
G,H,ILJK 393.33 navia: =1 443.33
AL 2 2000 | |MN 2 190.00
Bayt Jala J, 1 Bayt Jala: L
K,L,M 270.00 1,J,K,L,M 326.67
G,H,ILJ,K
LMN 2 226.67 2 400.00
. 1,J,K,L,M
Burkin: C,D 1 e
urkan: €, 1030.00 3 306.67
N 2 Burkin: A,B 1
63.33 Y 873.33
D
3 926.67 D.E 2 650.00
G,H,1,J .
Y 4 B "HILIJKL (1
41000 | | B ALK 343.33
Pheisha 1 Dheisha: A,B 1
E,F,G.H 513.33 eisha- A, 896.67
E,F 5 B,C 5
603.33 800.00
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5 EF.G
936.67 513.33
C.D i+
1046.67 Salfit: J,K,L,M 300.00
B.C
1183.33| | MHKEM 310.00
Asira Al-
< |' Al-Shuyukh:
amallya
Y 480.00 | |D.EF 620.00
F.GH,l
MN CD
183.33 690.00
L.M.N A.B
196.67 876.67
LJ.K.LM G,H
313.33 466.67
TN A’B
Si'ir: H,1,J,K,L 363.33 880.00
EF F.G
616.67 486.67
JKLM £
286.67 Surif: D,E,F 606.67
FGH,I A
476.67 993.33
- EF.G
Salfit D 000.00 530.00
A EF.G
1453.33 523.33
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Figure 4.31:Average ABTS valueéng Torolox/Kg oil)according to region, farmer code and
year.
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4.5.6.Average DPPH values according to region, farmer code and year

In 2013 it was observed that in Anabta there were two farmers and their DPPH values were
359.00 and 343.67 respectively, in Bayt Jala there were two farmers and their DPPH values
were 413.67 and 289.33 respectively,Burkin there were four farmers andeth DPPH

values were 422.33, 472.00, 473.67 and 386.67 respectivelpheisha there were five
farmers and their DPPH values were 550.67, 1093.00, 366.00, 442.33 and 369.33 respectively
and in Asira Al-Shamaliya there were four farmers and their DPPHeslere 411.67,
390.67, 779.67 and 407.00 respectively, in Si'ir there were four farmers and their DPPH values
were 265.33, 534.67, 321.33 and 265.00 respectively, in Salfit there were six farmers and their
DPPH values were 774.33, 771.33, 740.67, 715@6,00 and 915.33 respectively and in
Surif there were three farmers and their DPPH values were 263.67, 262.33 and 323.67
respectively(Table 4.32.

In 2014 it was observed that in Anabta there were two farmers and their DPPH values were
268.33 and 623.0fespectively, in Bayt Jala there were three farmers and their DPPH values
were 475.00, 453.00 and 330.00 respectivalyBurkin there were two farmers and their
DPPH values were 356.33 and 767.33 respectivelBurin there was one farmer and his
DPPH vdue was798.67,in Dheisha there were thre farmers and their DPPH values were
472.33, 481.33 and 540.67 respectivety Salfit there were two farmers and their DPPH
values were 588.00 and 645.67 respectiviel\Al-Shuyukh there were six farmers and their
DPPH values were 588.67, 389.67, 293.00, 618.00, 343.00 and 566.00 respectiSaky, in
there were five farmers and their DPPH values were 339.00, 512.33, 388.67, 305.33 and
326.00 respectively and in Asira -@libliya there were six farmers and their BHP values

were 606.33, 532.67, 811.67, 328.67, 844.33 and 1024.33 respe(iaiely 4.32.

The DPPH values of our study ranged from 26218®3 mg Torolox/kg oil.

Minioti et al (2010) reported that antioxidant capacities determined in the hydrdpduiion
range between 1.299.95 mM Kg' for the DPPH method and El Sohairayal (2016) and
Ninfali et al (2001) reported that olive oil obtained from fp&tiod of maturation and stored
for two weeks had an antioxidant capacity signiftgalower thanthe top level baind oil.
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Only oil percentage has a positive significant correlation \REPH since the correlation
coefficientwas equal tod.469 (p < 0.05).

The oil percentage of our samples were from 16% to 35% which were in agreement with
Toplu et d (2009) who stated that oil content varied significantly between cultivars ranging
from 16.7% to 31.2%, while Mailer et al (2005) stated that oil yields ranging from 5% to 30%
by weight and said that low yields have been attributed to a range of reasbrassncorrect
variety, immature trees, harvesting too early, high fruit moisture contents and poor extraction
efficiency. Salvador et al (2001) and Beltran et al (2004) showed that numerous studies in the
mediterranean have shown that during the riggnperiod, oil percentage increases
dramatically during early fruit ripeninthen slows as full ripeness approaches and declines
slightly as fruit becomes over ripe.

In 2013,0live fly infection days of storageyreen to black olive ratjil percentagand olive
fruit percentageyield were positively correlated withDPPH but the correlation was
statistically not significant sincpearson coefficient foolive fly infection (0.047), pearson
coefficient fordays of storag€0.067),pearson coefficiengreento black olive ratio(0.02),
pearson coefficient foroil percentage(0.365), andpearson coefficient forolive fruit
percentage yiel@.489.

Dropped olive percentageas negatively correlated witDPPH but the correlation was
statistically not significat sincepearson coefficient fodropped olive percentage0.205)
(Table 4.40).

While a close look at the results in 20feVealed that olive fly infection, days of storage,
green to black olive ratio, dropped olive percentage @ne fruit percentageyield were
negatively correlated witlbPPH but the correlation was statistically not significant since
pearson coefficient foolive fly infection (-0.01), pearson coefficient fodays of storagé-
0.315), pearson coefficient fogreen to black olive ratig-0.174, pearson coefficient for
droppedolive percentage-0.119 and pearson coefficient foolive fruit percentageyield (-
0.29]) (Table 4.41)

Only oil percentage has a positive significant correlation VibfAPH (the correlation
coefficientwas equal toq.468 (p < 0.05)(Table 4.41))
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Table 4.32: Average DPPH valuegmg Torolox/Kg oil) in different regions in Palestine
according to region, farmer code and yeasults are expressed as average only since farmers

in 2013 in the same regi@me not themselves in 2014 in the same region.

2013 2014
Region and Regionand
o Farmer o Farmer
significant DPPH significant DPPH
Code Code
symbols symbols
AnabtaN,O 1 359.00 Anabta: Q 1 268.33
oP 2 343.67 D.E 2 623.00
Bayt Jalal,J 1 413.67 BaytJala:J, K 1 475.00
K
2 2
Q 289.33 453.00
Burkin:H, | 1 N 3
o 422.33 330.00
G -
2 472,00 | | BUKINM 1 356.33
G
3 473.67 ¢ 2 767.33
K,L,M -
4 3ge.67 | | UM B 1 798.67
DheishaF 1 550.67 Dheisha:J, K 1 47233
A J
2 2
1093.00 481.33
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265.00 512.33
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E Asira Al-
715.00 | | Qibliya:E,F 606.33
F Hl
545.00 532.67
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. N.O
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Figure 4.32: Average DPPH valugsng Torolox/Kg oil)according to region, farmer code and

year.
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4.5.7.Average iodine values according to region, farmer code and year

In 2013 it was observed that in Anabta there were two farmers and their iodine values were
88.73 and 102.53 respectively, in Bayt Jala there were two farmers and their iodine values
were 77.48 and 89.60 respectivalyBurkin there were four farmers anigeir iodine values

were 99.77, 79.53, 65.79 and 93.62 respectivelidheisha there were five farmers and their
lodine values were 65.12, 55.77, 65.08, 65.76 and 99.59 respectively aksiranAl-
Shamaliya there were four farmers and their iodine valere 64.47, 84.36, 81.79 and 96.25
respectively, in Si'ir there were four farmers and their iodine values were 66.44, 70.40, 62.77
and 60.04 respectively, in Salfit there were six farmers and their iodine values were 92.01,
87.73, 110.28, 86.67, 88.87 afd.52 respectively and in Surif there were three farmers and
their lodine values were 64.17, 70.88 and 70.96 respecfiVable 4.33.

In 2014 it was observed that in Anabta there were two farmers and their iodine values were
80.91and 72.91respectively,n Bayt Jala there were three farmers and their iodine values
were 85.34 93.34and 82.31respectivelyin Burkin there were two farmers and their iodine
values weré4.02and100.88respectivelyjn Burin there was one farmer and his iodine value
was65.64 in Dheisha there were theéarmers and their iodine values wéte.62 56.49and
64.99respectivelyin Salfit there were two farmers and their iodine values @2 10and
90.46respectivelyjn Al-Shuyukh there were six farmers and their iodinkies were’6.09
92.38 104.94 86.52 78.60and65.60respectively, inSurif there were five farmers and their
iodine values weré3.52 72.94 69.44 75.65and69.19respectively and ilsira Al-Qibliya
there were six farmers and their iodine valuesevg®.26 88.53 89.23 97.39 80.91and
94.78respectivelyTable 4.33.

Theiodine values of our study ranged from 538.28 g iodine/100 g oil.

According toCodex Alimentarius Commission (20019dine value (Wijsyange betweeii5
i 94g iodine/100 gil.

Amarna et al (2011) showed that average iodine number for their oil samples was 91.8 g
1,/100g oil while Christopher & Island (2015) found that olive oil iodine value was 81.01 g
[,/100g oil. In the other hand El Sohainey al (2016) found that theodine value was
significantly decreased with ripening developméumify et al (2015) found that iodine value
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using "Wijs method" was (86.3 mg/100 g oil), while Madhavi & Saroja (2014) found that
olive oil iodine value was 83.412 using "Hanus methodl Amarna et al (2011) found that

average iodine number of the studied olive oil samples was 91.8 cg/g.

Only oil percentage has a positive significant correlation viattine valuessince the

correlationcoefficientwas equal toq.48 (p < 0.01)

In 2013, olive fly infection days of storagand droppedlive percentage were positively
correlated withodine valueshut the correlation was statistically not significant sipearson
coefficient forolive fly infection (0.133),pearson coefficient fodlays ofstorage(0.095), and

pearson coefficient for droppetdive percentagé0.309.

Green to black olive ratio andlive fruit percentageyield werenegatively correlated with
lodine valuesbut the correlation was statistically not significant sipearson cefficient
green to black olive rati¢-0.091) andpearson coefficient foolive fruit percentageyield (-
0.1079.

Only oil percentage has a positive significant correlation waitine valuessince the

correlationcoefficientwas equal toq.48 (p < 0.01)Table 4.40)

While a close look at the results in 20f¥ealed that olive fly infectigroil percentagend
droppedolive percentage were positively correlated wittline valuesut the correlation was
statistically not significant sincpearson coeffient for olive fly infection (0.027), pearson
coefficient foroil percentagg0.139), andpearson coefficient fodropped olive percentage
(0.123.

Dropped olive percentage were negatively correlated with lodine values but the correlation
was statisticallynot significant sincgearson coefficient fodlays of storagé-0.135),pearson
coefficient for green to black olive ratio-@.157 and pearson coefficient foolive fruit
percentaggield (-0.209 (Table 4.41)

Fakhri & Qadir (2011) reported that in comparison between the specific gravitjodime
value it was suggested that as tgecific gravity $ lower represent that thedine valueis
higher. Also the study shows that when the peroxide value is high and lweshabrange, the

iodine values also high and has abnormal range but not vice versa.
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Table 4.33: Average iodine valuegg lodine/100 g oiin different regions in Palestine
according to region, farmer code and yeasults are expressed as average dnyesfarmers

in 2013 in the same region are not themselves in 2014 in the same region.

2013 2014
Region and _ Regionand .
o Farmer lodine o Farmer lodine
significant significant
Code value Code value
symbols symbols
Anabta:
Anabta:E,F,.G,H | 1 88.73 1 80.91
F.G,HI1JK
A,B 2 102.53 1,J,K,L 2 72.91
Bayt Jala:
Bayt Jalal,J,K,.L | 1 77.48 1 85.34
E,F,G,H
C,D.,E,F,.GH 2 89.60 AB,C,D,E 2 93.34
Burkin: A,B,C 1 99.77 E,F,G,H,I,J 3 82.31
H,1,J,K 2 79.53 Burkin: E,F,G,H,I| 1 84.02
M,N,O 3 65.79 AB,C 2 100.88
B,C,D,E,F 4 93.62 Burin: L,M 1 65.64
DheishaM,N,O |1 65.12 Dheisha: J,K,L |1 71.62
O 2 55.77 M,N 2 56.49
M,N,O 3 65.08 L,M,N 3 64.99
M,N,O 4 65.76 Salfit: A,B 1 102.10
AB,C,D 5 99.59 B,C,D,E,F,G 2 90.46
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Asira

Al-

) Al-Shuyukh:
Shamaliya 64.47 76.09
H,I,J,K,L

M,N,O
F,G,H,I 84.36 B,C,D,E,F 92.38
G,H,1,J 81.79 A 104.94
B,C,D,E 96.25 D.E,F,G,H 86.52
Si'ir: M,N,O 66.44 G,H,1,.J,K 78.60
K,L,M,N 70.40 LM 65.60
M,N,O 62.77 Surif: N 53.52
N,O 60.04 1,J,K,L 72 94
Salfit: K,L

92 01 69.44
B,C,D,E,F,G
E,F.G,H,I 87.73 H,1,lJ,K,L 75.65
A 110.28 K,L 69.19
E,F,.G,H,I Asira Al-Qibliya:

86.67 80.26

G,H,I,J,K

D.E,F,GH 88.87 D,E,F,G 88.53
L,M,N 67.52 C,D,EFG 89.23
Surif: M,N,O 64.17 AB,C,D 97.39
K,L,M,N 70.88 F,G,H,1,J,K 80.91
J,K,L,M 70.96 F,G,H,1,J,K 94.78
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Figure 4.33: Average iodine value§ lodine/100 g oilaccording to region, farmer code and
year.
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4.5.8.Average Acidity% values according toregion, farmer code and year

In 2013 it was observed that in Anabta there were two farmers and their Acidity% values were
1.01 and 1.69 respectively, in Bayt Jala there were two farmers and their Acidity% values
were 1.25 and 1.45 respectiveily,Burkin there were four farmers and their Acidity% values
were 1.48, 1.62, 0.98 and 1.69 respectivetyDheisha there were five farmers and their
Acidity% values were 1.06, 0.60, 0.78, 1.02 and 1.69 respectively aksiran Al-Shamaliya

there were four farmersd their Acidity% values were 0.84, 1.66, 1.34 and 1.26 respectively,
in Si'ir there were four farmers and their Acidity% values were 1.04, 1.64, 0.59 and 1.00
respectively, in Salfit there were six farmers and their Acidity% values were 1.04, 1.41, 1.62,
1.52, 1.06 and 0.90 respectively and in Surif there were three farmers and their Acidity%
values were 1.00, 0.97 and 1.46 respectiyEable 4.34.

In 2014 it was observed that in Anabta there were two farmers and their Acidity% values were
1.65and 1.48 respectively, in Bayt Jala there were three farmers and their Acidity% values
were 1.45 0.84 and 1.44 respectivelyjn Burkin there were two farmers and their Acidity%
values werdl.26and1.44respectivelyjn Burin there was one farmer and his Acidity#lue
wasl.70Q in Dheisha there were thed¢armers and their Acidity% values weted8 0.86 and
1.00respectively,in Salfit there were two farmers and their Acidity% values wief8 and
1.61respectivelyjn Al-Shuyukh there were six farmers and their Acidity% values W@

1.61 0.89 0.51, 0.92 and 1.06 respectively, inSurif there were five farmers and their
Acidity% values werel.34, 0.90, 1.38 0.77 and 0.89 respectively and irAsira Al-Qibliya
therewere six farmers and their Acidity% values wéré5 1.42 1.68 0.90 1.64and1.04
respectively(Table 4.34.

Theaverage acidity% values oftir samples weranged from 0.51..70(% as oleic acid)

according tocCodex Alimentarius Commission (200Agidity maximum %of virgin olive oil
(expressed as oleic acid) equals, 38 ouracidity% results showed that our oil in EVOO
category.Amarna et al (2011) showed that average free acid value of their olive oil samples
was 1.22%.Essiari & Chimi (2014) reported that acidity of olive oil was a function of
geographical area and found that oils produced from olives grown on calcareous soils have a

lower acidity than those obtained from olives cultivated on clay soils, while Desouky et al
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(2009 noticed that the acidity increased during maturation progress, especially in black stage,
which had the highest acidity percentage and the reason according to Bengana et al (2013),
Arslan & Schreiner (2012) and Youssef et al (2010) that free acidityaeed slightly as fruit
ripening progress, as during the olive ripening there is progressive activation of lipolytic
activity and olives are more sensitive to pathogenic infection and mechanical damage, which
result in oils with higher acidity values, whiEl Sohaimyet al (2016) reported that the oil
showed an unstable trend in the relation between the acid value and ripening stages and
concluded that the reddish ripening stage was the best stage for harvesting of the olive fruits to

get the high qualityf oil.

Only oil percentage of our samples has a positive significant correlatioeidtty% values

since the correlatioooefficientwas equal tod.47) (p < 0.05).
The oil percentage of our samples were from 16% to 35%.

In 2013, olive fly infection, days of storagegreen to black olive ratjoil percentageand
droppedolive percentage were positively correlated wAitidity% valuesbut the correlation
was statistically not significant sinpearson coefficient faolive fly infection (0.04),pearson
coefficient for days of storagg0.021), pearson coefficient fogreen to black olive ratio
(0.097), pearson coefficient fooil percentagg0.329) andpearson coefficient fodropped

olive percentagé0.051).

Olive fruit percentaggield was negatively @rrelated withAcidity% valuesbut the correlation
was statistically not significant sinqgeearson coefficient foolive fruit percentageyield (-
0.199 (Table 4.40)

While a close look at the results in 20delealed that olive fly infectigrdays ofstorage
green to black olive ratioglive fruit percentageyield and droppedlive percentageavere
negatively correlated witAcidity% valuesbut the correlation was statistically not significant
since pearson coefficient foolive fly infection (-0.268), pearson coefficient fodays of
storag€g(-0.412),pearson coefficient fagreen to black olive ratioc@.195, pearson coefficient
for olive fruit percentageyield (-0.009), andpearson coefficient foolive fruit percentage
yield (-0.191). Only oil percaitage has a positive significant correlation wAitidity% values
since the correlatioooefficientwas equal toQ.476) (p < 0.05)Table 4.41)
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Table 4.34: Average Acidity% value§% as oleic acid)n different regions in Palestine
according to region, farmer code and yeasults are expressed as average only since farmers

in 2013 in the same region are not themselves in 2014 in the same region.

2013 2014
Region and Regionand
o Farmer o o Farmer o
significant Acidity% significant Acidity%
Code Code
symbols symbols
Anabta
1 1.01 Anabta: A,B,C| 1 1.65
E,F,G,H
A 2 1.69 A,B,C,D,E 2 1.48
Ba Jala Ba Jala:
4 1 1.25 4 1 1.45
D,E,F B,C,D,E
A.B,C,D 2 1.45 G,H 2 0.84
Burkin:
1 1.48 B,C,D,E 3 1.44
A.B,C,D
AB 2 1.62 Burkin: E,F 1 1.26
G,H 3 0.98 B,C,D,E 2 1.44
A 4 1.69 Burin: A 1 1.70
DheishaE,F,.G | 1 1.06 Dheisha F,G |1 1.08
I 2 0.60 G,H 2 0.86
H,l 3 0.78 G,H 3 1.00
E,F.G,H 4 1.02 Salfit:F,G 1 1.08
A 5 1.69 A,B,C.D 2 1.61
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Asira Al-
) Al-Shuyukh:
Shamaliya 0.84 1.66
AB,C

G,H,I
AB 1.66 A,B,C.D 1.61
C.D 1.34 G,H 0.89
C,D.,E 1.26 I 0.51
Si'ir: E,F,G,H 1.04 G,H 0.92
AB 1.64 F.G 1.06
I 0.59 Surif: E 1.34
F,.G,H 1.00 G,H 0.90
Salfit. E,F,G,H 1.04 D.E 1.38
B,C,D 1.41 H 0.77
AB 1.62 G,H 0.89
AB,C Asira Al-

1.52 Qibliya: 1.65

AB,C

E.F.G 1.06 C,D,E 1.42
G,H 0.90 A,B 1.68
Surif: F,G,H 1.00 G,H 0.90
G,H 0.97 AB,C 1.64
A,B,C.D 1.46 AB,C 1.04
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Figure 4.34: Average acidity% value@bo as oleic acidaccording to region, farmer code and

year.
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4.5.9.Average peroxide values according to region, farmer code and year

In 2013 it was observed that in Anabta there were two farmers and their Peroxide values were
15.38 and 15.78 respectively, in Bayt Jala there were two farmers and their Peroxide values
were 16.91 and 17.65 respectively, Burkin there were four farmers and their Peroxide
values were 18.31, 18.58, 16.65 and 15.98 respectivelheisha there were five farmers

and their Peroxide values were 17.65, 15.38, 16.78, 15.25 and 16.11 respectiveljsira in
Al-Shamaliya there we four farmers and their Peroxide values were 18.31, 17.25, 17.98 and
17.51 respectively, in Si'ir there were four farmers and their Peroxide values were 16.38,
16.91, 15.25 and 16.38 respectively, in Salfit there were six farmers and their Peroxide value
were 16.98, 16.11, 14.98, 17.58, 16.98 and 18.25 respectively and in Surif there were three
farmers and their Peroxide values were 15.51, 18.25 and 17.05 resp&@iaméy4.35.

In 2014 it was observed that in Anabta there were two farmers and ¢nexide values were
16.38and 17.25respectively, in Bayt Jala there were three farmers and their Peroxide values
werel7.98 15.58and16.98respectivelyjn Burkin there were two farmers and their Peroxide
values werel8.11 and 15.38 respectively,in Burin there was one farmer and his Peroxide
value wad7.45 in Dheisha there were tredarmers and their Peroxide values wéie18§
15.78and17.18respectivelyjn Salfit there were two farmers and their Peroxide values were
16.98and17.18respectivelyjn Al-Shuyukh there were six farmers and their Peroxide values
werel6.2517.18 16.51 18.78 17.51and16.91respectively, irSurif there were five farmers
and their Peroxide values wet8.58 18.05 18.51 17.78and 16.85respectively and ir\sira
Al-Qibliya there were six farmers and their Peroxide values Wérgg8 16.98 16.78 16.11,
16.71and17.51respectively(Table 4.35%.

Peroxide valudor our samples range between 1418878(milliequivalents Q kg™ oil).

According toCodex AlimentariuCommission (2001)peroxide valudor virgin olive oil (in

milliequivalentsO/ kg oi |l ) O 20

Peroxide values of our samples when compared with the limits fixed in the Codex

Alimentarius Commission (2001), it can be seen that all thpkes analysed complyith the

st andard and can therefore be graded as extr a
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Amarna et al (2011) showed that average peroxide value of their olive oil samples was 19.1

meq Q/kg which was in agreement with our results.

Fakhri & Qadir (2011) reported that in cparison between the specific gravity and iodine
value, it was suggested that as the specific gravity is lower represent that the iodine value is
higher values, also when the peroxide value is high and has abnormal range value, the iodine
value is also higrand has abnormal range, but not vice versa, while Matleal (2005)
reported that peroxide value was shown to be higher in young olives than later in the season
although that was not understood and also it was influenced by years (p = 0.010 to < 0.001),
but from another point of view Essiari et al (2014) reported that there were a clear effect of oil
extraction immediately after the olives had been harvested and they emphasize the effect of
geographical origin and year on peroxide values, while El Sghetmal (2016) reported that
peroxide values increased significantly with developing in the ripening process for the
examined varieties of olive fruits which was in agreement with Desouky et al (2009) who
remarked that peroxide values in extracted oilgpumple as well as in black fruits were
significantly higher than those from green fruits, while Rahmani et al (1997) mentioned that

peroxide values did not change significantly during the maturation periods.

Only green to black olive ratiof our samples ds a positive significant correlation with

peroxide valuesince the correlatioooefficientwas equal todQ.49 (p < 0.01).

Some of our samples were from green olives, others from black and most of them were
mixture between green and black in differerdgmrtions, therefore that mémaveaffected the

results since (Tetik 2005) stated that green table cultivars should be harvested at green
maturity whereas black table cultivars should be harvested at black maturity since Kaynas et
al. (2002) reported thareen maturity started at the end of September or the beginning of
october in the marmara region and the latest green maturity cultivars were 'Domat' and
'Manzanilla de Sevilla', while black maturity begins in the last week of Novembéerapid

et al (20®) was in agreement with the same results.

In 2013, olive fly infection, oil percentagend dropped olive percentage were positively
correlated withperoxide valuesbut the correlation was statistically not significant since
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pearson coefficient foolive fly infection (0.133), pearson coefficient fooil percentage
(0.184) andpearson coefficient fadropped olive percentag@.111).

Days of storage andlive fruit percentageyield were negatively correlated witliPeroxide
valuesbut the correlation as statistically not significant singeearson coefficientlays of

storagg-0.069) andgpearson coefficient faslive fruit percentagegield (-0.343.

Only green to black olive ratibas a positive significant correlation wiBeroxide values

since the caelationcoefficientwas equal toQ.49 (p < 0.01)(Table 4.40)

While a close look at the results in 20®4ealed that green to black olive ratio was positively
correlated withPeroxide valuedut the correlation was statistically not significant since

pearson coefficient fagreen to black olive rati(D.124).

Olive fly infection, days of storage, oil percentage dropped olive percentagaieadruit
percentageyield were negatively correlated withPeroxide valuesdut the correlation was
statistically not significant sincpearson coefficient foolive fly infection (-0.129), pearson
coefficient for days of storagg-0.105), pearson coefficient fooil percentage(-0.167),
pearson coefficient fodropped olive peentage {0.169, and pearson coefficient foolive
fruit percentaggield (-0.09]) (Table 4.41)
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Table 4.35: Average peroxide value@nilliequivalents Q@ kg™ oil) in different regions in
Palestine according to region, farmer code and yesyltsare expressed as average only

since farmers in 2013 in the same region are not themselves in 2014 in the same region.

2013 2014
Region and _ Regionand .
o Peroxide o Peroxide
significant Farmer Code significant FarmerCode
Value Value
symbols symbols
Anabta N,O 1 15.38 Anabta: K,L,M,N | 1 16.38
L,M,N 2 15.78 F,.G,H,I,J 2 17.25
Bayt Jala:
Bayt JalaG,H,l 1 16.91 1 17.98
B,C,.D,E
C,D 2 17.65 o,P 2 15.58
Burkin: A,B 1 18.31 G,H,1,lJ,K 3 16.98
A 2 18.58 Burkin: B,C 1 18.11
H,1,J 3 16.65 O 2 15.38
K,L,M 4 15.98 Burin: D,E,F,G,H| 1 17.45
_ Dheisha:
Dheisha C,D 1 17.65 1 17.18
F,G,H,1J
N,O 2 15.38 N,O,P 2 15.78
G,H,I 3 16.78 F,G,H,1,J 3 17.18
N,O 4 15.25 SalfitG,H,1,lJ,K |1 16.98
JK.L 5 16.11 F,G,H,1,J 2 17.18
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Asira Al- Al-Shuyukh:
ShamaliyaA,B 18.31 L,M,N 16.25
D.E,F,G 17.25 F.G,H,IJ 17.18
B,C 17.98 K,L,M 16.51
C,D,EF 17.51 A 18.78
Siir: 1,J,K 16.38 C,D,E,F,.G 17.51
GH,| 16.91 G,H,1,J,K 16.91
N,O 15.25 Surif: O,P 15.58
1,d,K 16.38 B,C.D 18.05
Salfit: F,G,H 16.98 AB 18.51
JK.L 16.11 C,D,EFF 17.78
o) 14.98 H,1,J,K,L 16.85
C,D,E Asira Al-

1758 Qibliya:E,F,G,H,| 17.38
F.G,H 16.98 G,H,1,J,K 16.98
AB 18.25 1,J,K,L 16.78
Surif: M,N,0 15.51 M,N,O 16.11
AB 18.25 JKLM 16.71
E,F,G,H 17.05 JKLM 17.51
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Figure 4.35: Average peroxied value@nilliequivalents Q@ kg’ oil) according to region,

farmer code and year.
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4.5.10.Average specific gravity values according to region, farmer code angear

In 2013 it was observed that in Anabta there were two farmers and their specific gravity values
were 0.9173and 0.9150respectively, in Bayt Jala there were two farmers and their specific
gravity values werd.9156and 0.9190respectively,n Burkin there were four farmers and
their specific gravity values wef@9105 0.9113 0.9100and0.9186respectivelyjn Dheisha
there were five farmers and their specific gravity values We3&51 0.9124 0.9071 0.9094
and0.9117respectively and i\sira Al-Shamaliya there were four farmers and their specific
gravity values wer®.9106 0.9118 0.9135and 0.9158respectively, in Si'ir there were four
farmers and their specific gravity values wér@19Q 0.912Q 0.9199and0.9141respectively,

in Salfit there were six farmers and their specific gravity values We3&04 0.9112 0.9057
0.9102 0.9045and0.9192respectively and in Surif there were three farmers and their specific
gravity values wer@.9108 0.9164and0.9093respectivelyTable 4.3.

In 2014 it was observed that in Anabta there were two farmers and their specific gravity values
were0.9122and0.9114respectively, in Bayt Jala there were three farmers and their specific
gravity values wer©.909Q 0.9118and0.9112respectivelyjn Burkin there were two farmers
and their specific gravity values weded173and0.9100respectivelyjn Burin there was one
farmer and his specific gravity value wa®9175 in Dheisha there were thedarmers and
their specific gravity values wef®9128 0.9094and0.9119respectivelyjn Salfit there were

two farmers and their specific gravity values wér8180and 0.9129respectively,in Al-
Shuyukh there were six farmers and their specific gravity values@@td2 0.9123 0.9082
0.9163 0.9188and 0.9152respectively, inSurif there were five farmers and their specific
gravity values wer®.9141 0.9158 0.9176 0.9117and0.9106respectively and iisira Al-
Qibliya there were six farmers and their specific gravity values @&3@65 0.9156 0.909%,
0.9095 0.9097and0.9125respectivelyTable 4.36.

Theaverage specific gravity values our study ranged from 0.90459199 (dimensionless

quantity)

According toCodex Alimentarius Commission (2008pecific gravity(Relative densityfor
virgin olive oil (20°C/water at 20°C) range between 081916, so our oil samples are in

EVOO category. Zafar (2012) reported that average specific gravity value for olive oil
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samples extracted from olives grown in Khyber pakhtunkhwa was 6&dri & Qadir
(2011) reported that in comparison between the specific gravity and iodine value, it was
suggested that as tkpecific gravityis lower the iodine value is higher. Also the study shows
that when the peroxide value is high and has abnormal raige the iodine value is also

high and has abnormal range but not vice versa andsti@yed that density and specific
gravity may not seem an exciting physical property for evaluating edible oils.

Only oil percentage has a negative significant coielatvith Specific gravity valuesince

the correlatiorcoefficientwas equal to-0.45%5) (p < 0.05).

In 2013,days of storagandgreen to black olive ratio were positively correlated \gipecific
gravity valuesbhut the correlation was statistically nagrsficant sincepearson coefficient for

days of storag€0.009) ancpearson coefficient fagreen to black olive rati(0.242.

Olive fly infection,dropped olive percentage antive fruit percentageield werenegatively
correlated withspecific gravityvaluesbut the correlation was statistically not significant since
pearson coefficienlive fly infection (-0.04), pearson coefficiendropped olive percentade

0.152) andpearson coefficient faslive fruit percentageield (-0.174.

Only oil percentag has a negative significant correlation wshecific gravity valuesince
the correlatiorcoefficientwas equal to-0.45%) (p < 0.05)Table 4.40)

While a close look at the results in 20b¥ealed that olive fly infectigrdays of storage and
droppedolive percentage were positively correlated wapecific gravity valuesut the
correlation was statistically not significant sinpearson coefficient foolive fly infection
(0.176), pearson coefficient fodays of storag€0.139) andpearson coefficianfor dropped
olive percentag€0.369).

Green to black olive ratio, oil percentage avlve fruit percentageyield were negatively
correlated withSpecific gravity valuebut the correlation was statistically not significant since
pearson coefficient forgreen to black olive ratiq-0.346), pearson coefficient foroil
percentagg-0.282, and pearson coefficient foolive fruit percentageyield (-0.156 (Table
4.41)
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Table 4.36: Average oil specific gravity valugglimensionless quantityip different regons
in Palestine according to region, farmer code and yeaults are expressed as average only

since farmers in 2013 in the same region are not themselves in 2014 in the same region.

2013 2014
R'egi'o'n and Farmer Oil Specific R.egi.o.n and Farmer Oil Specific
significant _ significant _
symbols Code gravity V symbols Code gravity V

Anabta F,.G |1 0.9173 Anabta:C |1 0.9122

H 2 0.9150 J 2 0.9114
Bayt Jala: M| 1 0.9156 BaytJala: A| 1 0.9090

B 2 0.9190 C 2 0.9118
Burkin: 1LJ,K | 1 0.9105 C 3 0.9112

l,J 2 0.9113 Burkin: D,E | 1 0.9173
A 3 0.9100 G 2 0.9100

M 4 0.9186 Burin: H 1 0.9175
Dheisha:H |1 0.9151 Dheisha: B |1 0.9128

C 2 0.9124 G 2 0.9094

L 3 0.9071 B 3 0.9119
J,K 4 0.9094 Salfit: H 1 0.9180

I 5 0.9117 I 2 0.9129
Asira Al- 1 0.9106 Al-Shuyukh: 1 0.9142
Shamaliya: P F
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I 0.9118 J 0.9123
D,E 0.9135 G 0.9082
GH 0.9158 B 0.9163
Si'ir: E,F 0.9190 D 0.9188
I 0.9120 H 0.9152
E 0.9199 Surif: H 0.9141
N 0.9141 E,F 0.9158
Salfit: ,J,K 0.9104 B 0.9176
P 0.9112 I 0.9117
Q 0.9057 H 0.9106
LIK 0.9102 Asira Al 0.9065
Qibliya: K
Q 0.9045 I 0.9156
O 0.9192 G 0.9097
Surif: 1,J,K 0.9108 K 0.9095
C,D 0.9164 G 0.9097
K 0.9093 G 0.9125
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Figure 4.36: Average oil specific gravity valugglimensionless quantitygccording to region,

farmer code and year.
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4.5.11.Average refractive index values according to region, farmer code and year

In 2013 it was observed that in Anabta there were two farmers and their refractive index
values werel.4647and 1.4657respectively, in Bayt Jala there were two farmers and their
refractive index values weré.4657 and 1.4657 respectively,in Burkin there were four
farmers and their refractive index values wer647 1.4647 1.4647and1.4647respectively,

in Dheisha there were five farmers and their refractive index values 4647 1.4657
1.4657 1.4657and 1.4657respectively and irAsira Al-Shamalya there were four farmers
and their refractive index values wer&657 1.4647 1.4647and1.4657respectively, in Si'ir
there were four farmers and their refractive index values Wwer@57 1.4657 1.4657and
1.4667respectively, in Salfit there wergx farmers and their refractive index values were
1.4657 1.4657 1.4657 1.4647 1.4657and1.4647respectively and in Surif there were three
farmers and their refractive index values w657 1.4657and 1.4647respectively(Table
4.37).

In 2014 it was observed that in Anabta there were two farmers and their refractive index
values werel.4657and 1.4657respectively, in Bayt Jala there were three farmers and their
refractive index values wefe4657 1.4647and1.4657respectivelyjn Burkin there were two
farmers and their refractive index values wer647and1.4657respectivelyjn Burin there

was one farmer and his refractive index value Wd667 in Dheisha there were theéarmers

and their refractive index values wekrel657 1.4657 and 1.4647respectivelyjn Salfit there
were two farmers and their refractive index values Wwet657and1.4657respectivelyjn Al-
Shuyukh there were six farmers and their refractive index valueslwisg7 1.4667 1.4657
1.4657 1.4647and 1.4657 respectively, inSurif there were five farmers and their refractive
index values werd.4647 1.4657 1.4657 1.4657and 1.4657respectively and ifsira Al-
Qibliya there were six farmers and their refractive index values vdb7 1.4647 1.4667
1.4657 1.4667and1.4657respectivelyTable 4.37.

Therefractive indexwalues of our study ranged froh6471.4667 (dimensionless quanjity

According toCodex Alimentarius Commission (200fractive indexvaluesrange between

1.4677- 1.4705(dimensionless quanti}y so our results were slightly lower than the range for
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the temperature effect since Fakhri& Qad®011) showed that refractive index values

decrease with increasing temperatures

El Sohaimyet al (2016) reported that refractive indesdues of Manzanilla oil were between
1.46741.4677 and 1.4678.4683 for Kalamata oil, whildmarna et al (2011) showed that
average refractive index of their oil samples was 1.4696, while Ali-&/&$eif (2015) and
Ghanbari et al (2012) reported that age refractive index value at 25 °C of olive oll
extracted from Manzanillo olive fruits was1.4704 and that was in agreement with 100C
Standard for olive oils and olive pomace oils (2001), and from the otherhand (B
showed that the refractive indekthe olive oil samples studied against storage ages decreases
as a function of storage age and reported thaavbeage value of refractive index of all olive

oil samples was 1.4708 and the range of refractive index of all samples extended from 1.4690
(16 years storage age) to 1.4718 (1 year storage age).

Only green to black olive ratio and oil percentage have a negative significant correlation with
Refractive Index values in 2018nce the correlatiocoefficientswere equal to-0.4) (p <

0.05) forgreen to black olive ratio and equal t6.462) (p < 0.05) for oil percentage while in
2014 only green to black olive ratio has a negative significant correlation Refactive

Index valuesince the correlationoefficientwas equal to-0.452) (p < 005).

In 2013,dropped olive percentage antive fruit percentageyield werepositively correlated
with Refractive Index valuelut the correlation was statistically not significant sipearson
coefficient for dropped olive percentagf.238) and pearsoncoefficient for olive fruit

percentaggield (0.168)

Olive fly infection and days of storage were negatively correlated Réfractive Index
valuesbut the correlation was statistically not significant sipearson coefficienvlive fly
infection (-0.118) andpearson coefficient fallays of storagé0.269.

Only green to black olive ratio and oil percentage have a negative significant correlation with
Refractive Index valuesince the correlationoefficientswere equal to-0.4) (p < 0.05) for

green o black olive ratio and equal teD(4&) (p < 0.05) for oil percentad@&able 4.40)
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While a close look at the results in 20®4ealed that oil percentage was positively correlated
with Refractive Index valuelut the correlation was statistically nogsificant sincepearson
coefficient foroil percentag€0.045).

Olive fly infection days of storagedropped olive percentagandolive fruit percentageyield
were negatively correlated witliRefractive Index valuebut the correlation was statistically
not significant sincgearson coefficient faslive fly infection (-0.495) pearson coefficient for
days of storagg-0.102), pearson coefficient fodropped olive percentage0.101) and

pearson coefficient favlive fruit percentageield (-0.062)

Only green to black olive ratio has a negative significant correlation Refractive Index

valuessince the correlationoefficientwas equal to-0.42) (p < 0.05 (Table 4.41)
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Table 4.37: Average refractive index valu¢dimensionless quantixyn different regions in
Palestine according to region, farmer code and yesylts are expressed as average only

since farmers in 2013 in the same region are not themselves in 2014 in the same reg

2013 2014
Region and Regionand
significant Farmer Refractive significant Farmer Refractive
symbols Code symbols Code

Anabta:C 1 1.4647 Anabta:B 1 1.4657
B 2 1.4657 2 1.4657
Bayt Jala: B 1 1.4657 Bayt Jala:B |1 1.4657
B 2 1.4657 B 2 1.4647
Burkin: C 1 1.4647 B 3 1.4657
C 2 1.4647 Burkin:C 1 1.4647
C 3 1.4647 B 2 1.4657
C 4 1.4647 Burin:A 1 1.4667
Dheisha: C 1 1.4647 Dheisha:B |1 1.4657
B 2 1.4657 B 2 1.4657
B 3 1.4657 C 3 1.4647
B 4 1.4657 Salfit:B 1 1.4657
B 5 1.4657 B 2 1.4657
Asira Al- 1 1.4657 Al-Shuyukh: 1 1.4657
Shamaliya: B B
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C 1.4647 A 1.4667
C 1.4647 B 1.4657
B 1.4657 B 1.4657
Si'ir: B 1.4657 C 1.4647
B 1.4657 B 1.4657
B 1.4657 Surif: C 1.4647
A 1.4667 B 1.4657
Salfit: B 1.4657 B 1.4657
B 1.4657 B 1.4657
B 1.4657 B 1.4657
1.4647 Asira Al- 1.4657
¢ Qibliya:B
B 1.4657 C 1.4647
C 1.4647 A 1.4667
Surif: B 1.4657 B 1.4657
B 1.4657 A 1.4667
C 1.4647 A 1.4657
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Figure 4.37: Average refractive index valugdimensionless quantiyaccording to region,

farmer code and year.
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