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ABSTRACT

Aral F.S. (2016) Effects of Edible Coating on Phenolic Content and Lipid
Oxidation of Olives During Storage. Yeditepe University, Institute of Health

Science, Department of Nutrition and Dietetics, Master of Science Thesis, Istanbul.

Olive fruit which is called Olea europaea L. is the main food of Turkish
breakfast culture. Olive consumption of the Turkey is the forth place in the world. This
fruit consists of oil, fat, protein, sugar, water and microelements, has lots of beneficial
constituents for the human health. Especially one of the microelement called phenolic is
an organic compound is found in the olive fruit and can act as an antioxidant. This study
aims to investigate the effects of storage temperatures (4°C, 20°C, 30°C, 60°C) and the
effects of chitosan coating (2,5%, w/v) on total phenolics level and lipid peroxidation
value in green olive samples which were came upon unripe from Ayvalik, Balikesir.
Spectrophotometer and Folin Ciocalteau reagent used to specify the changes on
phenolic contents and titration method with sodium thiosulphate used to determine the
changes on lipid peroxidation levels in olive samples. For the standards, gallic acid
curve were used to calculate total phenolics, codex alimentarius and previous studies
were used as references of lipid peroxidation levels in olive. The recorded raw data
were plotted versus time in order to investigate the occurance of the lipid peroxidation
and downtrends of the total phenolics of olive fruit samples which accelerates decay of
the fruit were drawn. The results show that maximum phenolic levels are 455,89
GAEug /100g, 492,82 GAEug /100g, 520,36 GAEug /100g and 362,50 GAEug /1009
for the coated olives. Uncoated olives have 285,10 GAEug /1009, 267,38 GAEug
/100g, 303,69 GAEug /100g and 218,43 GAEug /100g phenolic levels at 4°C, 20°C,
30°C and 60°C. The final results of the phenolic contents are 30,18 GAEpug /100g, 95,10
GAEug /100g, 167,20 GAEug /100g, 92,64 GAEug /100g for the coated samples and
18,17 GAEug /100g, 18,69 GAEug /1009, 18,17 GAEug /100g, 11,15 GAEug /1009
for uncoated ones at 4°C, 20°C, 30°C and 60°C. The final peroxide values are 16,19
mEQqO2/kg, 17,14 mEqO2/kg, 18,57 mEqO2/kg and 23.33 mEqO2/kg for coated samples.
For uncoated ones 18,57 mEqO2/kg, 25,95 mEqO2/kg, 33,57 mEqO2/kg and 36,67
mEQqO2/kg at 4°C, 20°C, 30°C and 60°C respectively. As it is seen from results, coated
samples have higher in phenolic contents and lower in peroxide values than uncoated

samples in several temperature degrees. It is determined that chitosan based edible



coating act as a barrier of lipid peroxidation in olive fruit thus, loss of phenolics could
be decreased.

Key words; Phenolics of Olive, Lipid Peroxidation, Olive Coating, Chitosan
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OZET

Aral F.S. (2016) Zeytinlerin Saklanmasi Sirasinda Yenebilen Kaplamalarin
Fenolik Icerik ve Lipid Peroksidasyon Uzerine Etkisi. Yeditepe Universitesi, Saghk

Bilimleri Fakiiltesi, Beslenme ve Diyetetik Bolimii, Master Tezi, Istanbul.

Latince Olea europaea L. ad1 verilen zeytin, Tiirk kahvalti kiiltiiriiniin en 6nemli
Ogesidir. Tiirkiye zeytin tiikketimi agisindan Diinyada dordiincii siradadir. Bu meyve yag,
protein, seker, su ve mikroelementler gibi bir¢cok yararli bilesenden olugmaktadir.
Ozellikle fenolik adi verilen bir mikro element, zeytin meyvesinde organik olarak
yiksek duzeyde bulunur ve antioksidan olarak gorev alir. Bu ¢aligmanin amaci
Balikesir’in Ayvalik ilgesinden gelen olgunlagsmamis yesil zeytinleri, degisik saklama
sicakliklarinin (4°C, 20°C, 30°C, 60°C) ve kitosan kaplamanin (% 2,5’luk v/w, %2 aseti
asit ile v/v) lipid peroksidasyon ve total fenolikler {izerine olan etkisi arastirmaktir.
Fenolik igerikteki degisimleri saptamak igin spektrofotometre ve Folin-Ciocalteau
ayraci kullanilmistir ve lipid peroksidasyon degerindeki degisimlerini belirlemek igin
sodyum tiyosiilfat ile titrasyon yontemi kullanilmistir. Zeytin icin total fenoliklerin
hesaplanmasinda, galik asit egrisi standart olarak kullanilmistir, peroksidasyon degerleri
icin ise daha Once yapilan ¢alismalar ile codex alimentarius referans olarak alinmus.
Kaydedilen ham veriler zamana gore isaretlenerek, insan sagligi agisindan zarali olan ve
yiyeceklerin ¢lirlimesine sebep olan lipid peroksidasyon olusumu ile fenoliklerin diisiisti
arastirilmistir. Fenolik degeleri 4 °C, 20 °C, 30 °C ve 60 °C’de kapli olanlar igin sirasiyla
455,89 GAEug /100g, 492,82 GAEug /100g, 520,36 GAEug /100g ve 362,50 GAEug
/100g’dir. Kapli olmayanlar igin 285,10 GAEug /100g, 267,38 GAEpg /100g, 303,69
GAEpug /100g ve 218,43 GAEug /100g’dir. Fenolik igerigi son seviyede 4°C, 20°C,
30°C ve 60°C’de kapli olanlar i¢in 30,18 GAEug /100g, 95,1 GAEug /100g, 167,2
GAEug /1009, 92,64 GAEug /100g; kapl olmayanlar igin ise 18,17 GAEug /100g,
18,69 GAEug /100g, 18,17 GAEug /1009 ve 11,15 GAEug /100g’dir. Deney sonundaki
peroksit degerler agisindan kaph olanlar igin 4°C, 20°C, 30°C ve 60 °C’de degerler
sirasiyla 16,19 mEqO2/kg, 17,14 mEqO2/kg, 18,57 mEqO2/kg ve 23.33 mEqO2/kg’dur.
Kapli olmayanlarda ise 18,57 mEqO2/kg, 25,95 mEqO/kg, 33,57 mEqO./kg ve 36,67
MEQO2/kg’dir. Sonuclardan da anlasildig: lizere; kapl zeytinlerde her sicaklik degeri
icin fenolik degerleri yiiksek iken, peroksit degerlerinin daha disik oldugu

Xii



gozlemlenmistir. Zeytin i¢in kitosan kaplamanin lipid peroksidasyonu engellemede ve

boylelikle fenolik kayiplarinin azalmasinda rol aldigi saptanmuistir.

Anahtar Sozcukler; Zeytinde Fenolik, Lipid Peroksidasyon, Zeytin kaplama, Kitosan
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1. INTRODUCTION

Olive fruit has rich phenolic content and also has a significant role in Turkish
breakfast culture. Olive fruit could be lost their phenolic compounds during storage
because of the conditions. Olives can keep in an aqueous solutions thereby phenolics
can be swiftly disappearead. In addition, olive decays so fast without interference.
Olives were coated with the chitosan based edible film in order to prevent missing

phenolics and protect against decays by preventing lipid oxidation.

Antioxidants are involved in the scavenging of reactive oxygen species (ROS)
which are occured in an aerobic metabolism in cells are associated with aging,
metabolic damages, neurodegerative diseases and inflammation in excessive
production. In addition, lipid peroxidation can be caused some diseases and
carcinogenesis in the body that could be prevented by polyphenol-rich diets. Avoiding
from lipid peroxidation is not only important for the human body, but also substantial
for the food industry. In recent years, food industry try to develop new methods for
prohibiting the food decays and nutritional losses. Edible film coating which is one of
the new method uses different organic materials such as chitosan is not harmful for the

health and suitable for the consumption.

Phenolics that are basically found in vegetables and fruits have beneficial effects on
the health by their antioxidant property. They are organic compounds and they could
disappear quickly in view of storage conditions. Particularly, during storage food
exposed to oxygen so there could be formed lipid oxidation and this leads to spoilage
and get loss of phenolics as well. Therefore, the food industry aims to hold beneficial
compounds at maximum level especially during storage and also trying to find new food
covering techniques in food industry, which is called edible film coatings. This kind of
coating uses as different types of materials to cover food and these materials are

nontoxic and fully safe for the consumption.

Chitosan which is used constantly in recent years, is one of edible film coating
material. Chitosan is derived from chitin. Chitin is abundant naturally occuring

biopolymer and mainly found in exoskeleton of crustaceans.



In this thesis, lipid oxidation levels were determined by using titration with
sodiumthiosulphate which is mentioned in codex alimentarius as a standard of lipid
peroxidation in olive oils and phenolic contents were determined spectrophotometric
method by using folin ciocalteau reagent. In addition for determination of moisture
content, ash content and fat content were done at the beginging and at the end of the

experiments.

Olives can oxidize especially at the storage conditions and can lose their phenolic
content so covering olives with different materials could be avoided from the oxidation

and phenolic loss.

Olives which were unripe, provided from Ayvalik, Balikesir in Turkey and
delivered to the laboratory immediately for the experiments. They were matured at the

laboratory conditions and then were covered with chitosan based edible film.

The thesis covers the theoretical background about basic literature survey of olives,
nutritional value of olives, phenolics of olives, lipid peroxidation in olives and edible
film coatings especially chitosan coatings. Materials and methods were used to
understand the relationship between lipid peroxidation levels and phenolic content of
olive. Standard curve of gallic acid were used to understand phenolic content of olive
and the spent of the sodiumthiosulphate in titration were used to understand lipid
peroxidation of olives. The aim of this thesis is to prevent lipid peroxidation in the olive
fruit by covering them within an edible film material chitosan during storage at different
temperature degrees. Another purpose of the study is preventing the oxidation of olives
keep their phenolic levels at the top level. So that one of the precious organic material is
called phenolics which are found in olives were set at high levels by coating them
during storage at different temperatures. Thus, preventing the lipid peroxidation and
during the consumption of the olive fruit humans can gain more benefit from its

nutritional components.



2. LITERATURE REVIEW

2.1 Olive

Olive (Olea europaea L.) is one of the oldest fruit cultivated trees in the world,
belongs to the family of oleacaea. Olive trees have approximately 600 species which are
distributed in the costal areas of southern Europe, Asia, northern Africa and near by
Caspian Sea [1]. Olive’s fruit and leaves are used as a remedy for physical treatment and
mental well being. According to the International Olive Council, approximately 97% of
the world’s olive cultivation is held by Mediterranean countries [IOOC, 2011]. Turkey
produced 13.6% of the world’s production of the table olives between 2010-2011 season
and is the second greatest table olive producer in the world after Spain [1, 2]. Table 1.1

show the production of the table olives between 2005 to 2015 years in the world [3].

Table 1.1 Production of the table olives in the world [3]

_m 2005/ 2006/7 2007/8  2008/9 2009/10 201041 2011112 2012112 201314 | 201415 | 201516
{prov.) {prév.)

- {18) 07 (18) (1) {20) (21) {22) (23) (24) (25) (26)
Siltenks Abang 80 200 180 280 270 410 285 20.0 270
Algerie Algeria 885 810 910 980 1360 1925 1455  175.0 208.0 2335 234.0
Arganfine Amentna 85.0 750 1000 050 2200 20.0 1500 0.0 140.0 28.0 120.0
Chypre Cyprus
Croatie Crostia 10 15 15 15 1.0 15 1.0 1.0
Egypte Egypt 200.0 4360 4320 4400 4000 3500 3845 4530 400.0 400.0 470.0
f'?" Iran 240 305 305 205 475 47.0 350 480 67.5 855 20.0
2., Iraq 0.0 0.0 00 2.0 8.0 2.0 8.0 8.0 2.0
=8l Israel 10.0 240 2.0 17.0 95 19.0 17.0 18.0 14.0 18.0 15.0

vrdanie Jordan 230 24.0 205 27.0 340 540 26.0 28.0 105 280 30.0
Liban Lebanon 8.0 60 225 18.0 195 400 175 17.5 18.5 17.0 17.0
Libye Libya 3.0 3.0 3.0 3.0 3.0 2.0 3.0 2.0 3.0 3.0 30
Maroc Morocco 100.0 800 1000  100.0 800 1100 1000  100.0 120.0 100.0 120.0
Montenegro  Montenegro 05 0.5 05 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Syrie. Syria 120.0 2000 1000 1200 135.0 1470 1720 134.0 120.0 75.0 180.0
Tunisie Tunisia 285 15.0 18.0 18.0 220 20.0 240 25.0 220 25.0 25.0
Turquie Turkey 280.0 2400 200.0 300.0 390.0 3200 400.0 4100 4300 4100 307.0
UE EU 6235 7145 7206 6770 6750 8285 7410 7805 704.0 8415 708.0
Uruguay 0.0 0.0 0.0

TOTAL A 1.571.0 19500 1.873.0 19665 22095 22685 22515 23030 22910 | 227195 2.5310
2005/6  2006/7 2007/8 2008/ 2009/10 201011 2011142 201243 201314 | 2014M5 | 201546
{prov.) (prév.)
{18) (17 (13) 9 {20) 21) (22) {23} (24) 25) (26)

& Saoudite Saudi Arabiz 3.0 0 45 45 43 45 45 45 45 45

Australs Asniralls 40 25 20 30 35 35 a5 35 30 40 4

Brésil Brazi 05 0.0 0o 0.0

Bulnarie Bulaaria

Canads Canada

Chili Chile 100 280 140 200 250 200 340 340 340 340 34.0

Etsts-Unis USA 118.0 180 1000 475 240 1540 26.0 780 825 225 540

Jagon Jagan

Mexique Mexico 25 0.0 95 8.0 100 890 20 80 3.0 20 3.0

Palestine Palestine 8.0 1.0 13.0 0.0 25 11.0 00 0.0 125 120 120

P Peru 30.0 520 1120 0.0 75.0 725 810 575 110.0 200 200

Roumane Romana

Russie Russia

Suisse Swizerand

Autres Pprod.  Other pr.coun 15.0 15.0 15.0 15.0 150 15.0 15.0 15.0 15.0 150 15.0

Autr.Punimp.  Oth non-prod

TOTAL B 1910 1385 2785 116.0 1595 2945 181.0 2095 2695 1910 2115
WORLD TOTAL 1,762.0 2,088.5 2,151.5 20825 2369.0 2563.0 24325 25125 2660.5| 24705 | 2,742.5




Many table olive cultivars are grown in different areas in Turkey such as
Memecik, Ayvalik, Gemlik, Domat, Uslu, Edincik and so on. If these cultivars have low
oil and high sugar content, they are used as table olives, however some cultivars are

suitable for both oil and table olive production [4]. The regional production of the table

olive in Turkey is given at Figure 1.1

Figure 1.1 Production areas of table olive in Turkey [5]
1. Aegean 2. Marmara 3.Mediterranean 4. Southeast Anatolia 5.Blacksea (Euxine Sea)

Aeagen part is the most important region in production of table olives in Turkey.
This region produces 30% of Turkey’s table olives. Marmara, Mediterranean, Southeast
Anatolia and Blacksea regions produce 28%, 23%, 11%, 8% of Turkey’s table olives,
respectively [5].

Not only the production of the olive is sustantial in Turkey, but also the
consumption is noteworthy. Turkey has the fourth place in consumption of the olive in
the world which is approximately 11% of the world’s consumption [6]. Table 1.2 shows

the consumption of the table olives between 2005-2015 years in the world [3].



Table 1.2 Consumption of table olives in the world [3]

m 20058 20067 200748 20083 2009/10 2010011 2012 201213 201314 201415 201516
{prov.) (prév.)
{18) (17} (18) {18} 120} 121} (22) 123) 124) (28) (28)
Albanie Abania 75 20.0 18.0 285 280 410 200 30.0 275
Algane Algeria 80.0 815 86.0 975 1340 180.0 166.0 1720 205.0 2310 2315
Argantne Argenting 15.0 150 13.0 140 35.0 35.0 35.0 35.0 355 355 355
Chypre Cyprus
Croatie Croalia 1.0 1.0 1.0 30 3.0 35 20 20
Egypte Egypt 170.0 300.0 350.0 380.0 3400 300.0 300.0 330.0 3180 350.0 380.0
HET Iran 255 405 405 325 47.5 50.5 375 40.0 835 825 845
raq Iraq 0.0 0.0 8.0 14.0 235 235 235 235 235
Nsradl Israel 18.0 250 215 210 215 235 21.0 240 105 200 210
Jordania Jordan 205 240 18.0 255 30.5 51.0 18.0 230 175 240 250
Liban Lebanon 55 55 20.0 20.0 205 25.0 250 250 200 18.0 18.0
Libye Lioya 75 75 75 75 7.5 7.5 14.0 140 140 14.0 14.0
Maroe Morocen 35.0 azo 355 200 320 320 320 320 33.0 330 330
Montenegro  Montenegro 05 05 05 05 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Syrie Syria 1020 1480 940 940 116.0 1220 1320 104.0 107.0 275 125.0
Tunisie Tunis@a 240 16.0 13.0 10.0 200 200 20.0 220 210 200 20.0
Turquie Turkey 2210 180.0 180.0 2400 260.0 300.0 350.0 350.0 355.0 330.0 3275
UE EU 5845 628.0 577.0 5400 510.0 582.0 864.5 580.0 530.5 580.0 581.0
Uruguay Uruguay 40 4.0 4.0
TOTAL A 1.290.0 15045 1.431.0 1.5235 16055 17835 18695 18355 1,797.0 1.883.0 1.941.0
2005/ 200657 20073 20089 200910 201011 201112 201213 201314 201415 2015M1¢
(prov.) (prév.)
18] {17) {18) {18} {20} 121) (22) 128) (24) (28) (28)
A Sacudite Saud Arabia 200 300 310 315 315 320 41.0 410 430 430 43.0
Austridie Australia 185 18.5 180 19.0 205 25 210 210 210 195 200
Brest Brazil 55.5 60.5 740 69.0 90 87.0 1015 108.0 1140 103.0 104.0
Bulkswie Bulgaria 120
Canada Canada 250 255 260 260 275 275 275 20 290 290 29.0
Chili Chile 115 28.0 16.0 210 230 300 320 320 340 3ao 340
Etats-Unis USA 2200 2200 2405 2100 203.0 2400 2100 2100 2105 185.0 2000
Japon Japan 25 20 25 25 3.0 35 40 40 40 45 45
Mexigue Maxioa 135 1256 170 16.5 7.0 17.0 180 165 145 1586 16,6
Palastine Palestne 6.0 75 13.0 50 5.0 105 a0 80 120 110 1.0
Pérou Peru 180 400 60.0 2548 s00 500 500 400 400 500 500
Roumania Romania 10.5
Russie Russia 45.0 700 80.0 90.0 €70 715 €3.0 750 725 €00 60.0
Suisse Switzadand 50 50 55 55 8.0 60 80 84 8.5 80 70
Autres P prod.  Other pr.coun 30.0 250 250 250 250 250 250 250 250 250 250
Autr P.unsmp. Oth non-prod 450 30.0 40.0 400 400 50.0 705 705 705 805 708
TOTAL B §35.0 5745 6455 §36.5 §93.5 €725 €825 687.0 €96.5 £€50.0 673.5
TOTAL MONDIAL WORLD 1,829.0 20790 21305 21100 2,199.0 2466.0 25520 25225 24935 25330 26145

Turkish cuisine has many recipies with using olive and olive oil, so that Turkey
uses so much olive and olive oil in its culinary culture. According to one of the study, the
factors that effects the consumption of the table olives in Izmir were investigated. The
results were showed that gender, age, household size and location of the olive production

could affect the consumption of the table olives [6].

Although the consumption of olive has a serious levels in Turkey, olive fruit
cannot be consumed directly before maturation, because its oleuropein compound. It
gives bitter taste of the fruit and it degraded in the water [7]. To remove this bitterness
material from it, some of different processing methods related to maturation stage of
green and black olive were used [8]. Although numerous processing methods are used

around the world for the maturation of the table olive, processing is mainly conduced




according to the four methods. These are called; Spanish-style green olives, Sicilian style
green olives, Californian- style black olives and greek style ripe black olives also known

as ‘Natural style’ or ¢ Kalamata’ [8,9].

The method of the Spanish style, the fruits are harvested when became green.
Olives were treated by Sodium hydroxide (NaOH) or an alkaline lye which penetrate 2/3
of the way through the skin. After fermentation, all residues and lye are removed then
replaced by water and this process was repeated. After washing, olives were placed into
the bottles containig %8-%210 brine [8,9,10]. In Sicilian style, like Spanish style, the fruit
harvested when they are green then put into water or brine directly, without using any lye
[9]. Californian style method, olives are harvested at the stowe stage were treated by
0.5% sodium hydroxide (NaOH) solution for three days which oxidizes the pigments and
turns the black olives [8, 9]. The method of the Greek style (natural) olives are harvested
completly mature and washed and only treated by 8%-10% sodium chloride (NaCl) brine
(w/v) without help of preliminary alkaline lye [8,9,10]. All three methods of maturation,
were used glass bottles and were tightly sealed in order to avoid olives to be exposed to

air.

Approximately, 39.7 % of the world’s production of olive includes green olive,
40% is black and 20.3 % is used for all other commercial types [2]. All methods using for
the fermentation of olive are mainly based on degradation of oleuropein during the
brining of fruit [1]. However, while doing fermentation and water treatment, nutritional
constituents, especially sugar and phenolic content of the olives will be decreased [4, 11].
Although reduction of important constituents of the olive fruit during processing, fat
content will be slightly increased [11]. For the Spanish-style green olive processing, one
of the study showed that fermentation of washing water under acidic condition,
concentration of the phenolics will slightly decreased during storage [12].

2.2 Nutritional VValue of Olive

The olive is a drupe (fruit with stone), composed of kernel (endorcarp), pulp
(mesocarp) and fruit coat (epicarp) [13]. There are many varieties of olive whose shape
and colour differ, and it is a valuable product in terms of nutritional value. The average

physical properties of the olive are given in Table 2.1.



Table 2.1 Average physical properties of olive fruit [14]

Properties Quantity (%)
Kernel Ratio 13-30
Pulp Ratio 66 -85
Fruit Coat 15-35

The main constituents of olive fruit are oil, sugar, proteins, water and phenolic
compounds [4]. The maturity degree, the region of the olive cultivar and the olive type
affect the composition of the olive [15]. The average composition of an olive drupe is
given in Table 2.2

Table 2.2 Average composition of the olive drup [16]

Composition Quantity (%)
Water 50
Qil 22
Protein 1.6
Sugar 19.1
Cellulose 5.8
Minerals (Ash) 1.5

Olives have rich source and wide range of fatty acids and micronutrients which
are beneficial for human health. Also the phenolics, biologically active chemicals, are a
major health benefit of olives [10, 17]. Hippocrates (the father of the medicine) is known

to have used olive fruit for the treatment of patients in early 400 B.C. [18].

There is significant relationship between nutrition and health. The
Mediterranean diet, for example, is rich in fruits, vegetables, grains and olive oil, and so
includes a high amount of antioxidant agents which lower the risk of disease[1]. In the
Mediterranean region, quality of life is increased and incidence of chronic disease

decreased when compared with the other regions of the world because of this type of diet



[19]. Mediterranean diets could lower morbidity and mortality from cardiovascular
diseases and reduce the incidence of obesity and metabolic syndrome in comparision with
other types of food intake [20]. Researchers have focused on the health benefits of the
Mediterranean diet components, especially olive oil [21]. The consumption of olive oil
protects cardiometabolic functions because of the potentially antioxidant phenolics and
the anti- inflammatory and vasculo-protective properties of the monounsaturated fatty
acids (oleic acid; OA, 18:1 n-9 cis) [20]. Galli and Visioli (1999) concluded that enough
daily consumption of the table olives and olive oils could reduce the risk of diseases
caused by generation of free oxygen, such as coronary heart disease [22]. Devi et. al.
(2008) indicated that olive oil (OO), consisting of many antioxidant compounds, has
beneficial properties like protecting against cancers. Studies have evaluated the effect of
OO on B(a)P hydroxylase enzyme which mediates B(a)P pyrene a toxic material
inducing oxidative stress. The results proved that OO had a protective role against B(a)P
— induced oxidative damage [23]. Oliveras- Lopez et. al (2014) showed that daily
consumption of extra virgin olive oil (EVOOQO) which is rich in phenolic compounds,
antioxidant activity and antioxidant enzymes, improved the antioxidant status of healthy
adults and modified their antioxidant gene expression levels without affecting metabolic
parameters [24]. Rosillo et. al. (2014) showed that oral administration of EVOO
polyphenol extract could slow the arthritic process in collagen — induced arthritis (CIA)
model of rheumatoid arthritis (RA) [25]. Oliveras- Lopez et. al. (2008) studied the
mechanism of an olive oil (OO) which has high content in phenolics and antioxidants
which had effect on the pancreatic islets of the liver in control mice. The results showed
both a direct and an indirect effect of the extra-virgin OO on the pancreatic area of the
mice. Direct effects were shown against oxidative stress while indirect effects were

involved in the activity of certain enzymes with antioxidant function [26].

2.3 Phenolics in Olive

Phenolics, also known as phenols, consist of an hydoxyl group (-OH) bonded
directly to an aromatic hydrocarbon group. Carbolic acid (CsHsOH) is the simplest
class of the phenols. Phenolics were classified as simple polyphenols which are
abundant in human diet by virtue of the number of phenolic units in the molecule [27].
Figure 2.1 shows the structure of the simplest of the phenols [27].



OH OH

or

Figure 2.1 The simplest phenols structure [27]

Phenolic compounds can be naturally occurring or synthetic [27]. Phenolic
compounds which are synthesized by plants during their development are thought of as
secondary metabolites [28]. These compounds are various groups of phytochemicals
produced in response to stress conditions, such as injury, UV and infection. Phenolics
may produce bitter taste, colour, odour, flavour and oxidative stability of food products,
but are not homogenously dispersed in plant tissue cellular and subcellular levels, such
that phenolics can be either soluble or insoluble. At the tissue level, the outer layers of

the plant contain higher levels of phenolics than inner parts [29].

Plant phenolics which occur naturally include simple phenols, phenolic acids,
flavonoids, lignans and lignins. In addition, these components can act as phytoalexines,
antioxidants and UV protectors [30]. Especially, the duty of phenolics as antioxidants
can inhibit or delay oxidation and are involved in scavenging of reactive oxygen species
(ROS) [31, 32]. ROS that are formed as a natural by-product of the normal metabolism
of oxygen in the cell, can be a contributing factor to heart disease, cancer, diabetes,
stroke, and rheumatoid arthritis [33]. This structural class of mainly natural organic
chemicals is characterized by the presence of large multiples of phenol structural units
[34], and numerous studies have shown that polyphenolic compounds can be found in
high concentration in fruit and vegetables, with the concomitant antioxidant and radical
scavenging capacities. Consequently, the significance of the consumption of foods that
contain antioxidants and health supporting phytochemicals is increased [35]. Olives
include high concentration of phenolic matter, approximately 1% to 3% of its olive/pulp
ratio contains phenolics [27]. Olives include some of the major phenolics which can be
categorized into seven main groups: secoiridoids (oleuropein, ligustroside); phenolic
alcohols (tyrosol, hydrotyrosol); phenolic acids; flavanoids; flavones; hydroxycinnamic

acid (verbascoside); and anthocyanins [8, 27, 36]. Some and most abundant phenolic
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compounds structure of table olives were given at Figure 2.2. Concentration of
individual phenolic compounds of Hurma, Erkence and Gemlik olive types were given

at Table 3.8 (Appendix B)

RS H=CHCO,H
HO OH r = OH
HO

hydroxytyrosol tyresal cinammic acid
(3 4-dihydroxyphenyl ethanal)

(0]
H=CHCO.H
=

OCH; OCHy HO

homovanillic alcohol homovanillic acid
-hydroxy-3-methoxy phenylethanal 4-hydroxy-3-methoxy phenylacetic acid

0. .0
AT 0o ol Bornm ol 3o

p - coumaric acid

. o P o = H
T o CHiOH |
o H OH
HO
olauropeain alenolic acid with clozed ring elenolic acid with open ring

Figure 2.2 Some of the table olive phenolics structure [37]

The phenolic fractions of table olives are very complicated and depend on
processing methods, degree of maturation, growing conditions and cultivar [1, 37].
Studies about Greek table olives showed that every different type of table olive had
different phenolic profile and these differences caused changes in quality and quantity of
the polyphenols in olive compounds which in turn affected the total antioxidant capacity
of the olive [38]. Unprocessed olives contain three main phenolics: hydroxytyrosal,
tyrosol, and the most abundant, oleuropein [35]. The concentration of these phenolics

depends upon the maturation degree and the treatment [39,40].
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The bioavalibility of phenolic compounds of olive fruit is another important
consideration. Kountouri et. al. (2007) studied the bioavailability of polyphenols in olive
fruit, finding that table olive polyphenols were metabolised in the human body and were
increased in the plasma, thus having good bioavalibility. Otherwise, these polyphenols

can lead to increase in total antioxidant potential in the human body [41].

One of the studies on consumption of the polyphenol extract from olives was
carried out by Filip et. al. (2014), and could be an example of the health protecting
capacity of the polyphenolic compounds. The study showed that an olive polyphenol
extract can affect serum osteocalcin levels which can stabilize lumbar spine bone mineral
density in postmenopausal women with osteopenia. In addition, this intake of the
polyphenolic extract could improve blood lipid profiles [42]. Khalid et. al. (2015)
investigated antioxidant activity, total phenolic and flavonoid contents and possible
protective effects of different cultivars of olive lipid peroxidation induced by iron in mice
liver. The study showed that oxidative stress in the liver can be managed by dietary
intake of olive fruit, which is rich in total phenolics and flavonoids [43]. Okcu and Keles
(2009) studied the functioning of antioxidants in fruits and vegetables, including
vitamins, minerals, phenolic compounds, and antioxidant enzymes which could be
preventative of free radical damage resulting from metabolisim. As a result, the risk of
certain diseases, such as cardiovascular disease and cancer, can be reduced by
consumption of these [44].

2.4 Lipids in Olive

One of the best sources of energy is fats which are a sub-group of lipids, very
large vaguely connected group of compounds [45]. They contain the elements carbon,
hydrogen and oxygen, like carbohydrates, and they are the esters of glycerol and fatty
acids. Glycerol has three -OH groups and is a trihydric alcohol, while fatty acid is
RCOOH known as alkonoic acid and having a hydrocarbon chain represented by the R.
The OH group of glycerol reacts with -COOH of the fatty acid to form a molecule of oil
[46]. Fats and oils, which are both known as lipids, are chemically similar, however oils
are liquid whereas fats are solid at room temperature [45]. One molecule of glycerol is
combined with three molecules of fatty acid and triglycerides were emerged. Figure 3.1

were shown the equation of the formation of triglyceride.

11



Glycerol

0 H H H H H H e H H H H
[T . 1 [T |
e e I omam Conme Conman Comaw Comam [ ooy H e [ o e e e e e
I || I 1 |

H H H H H H H H H

Dehydration

0 H H H H H : 0 H H H H
TR Synthesis TR
amm Comoms C oo oo s Conem o M (TR U PR NN SR , S g
. || | |

H H H H H + 3 HZO H H H H

removed

0 H H H H H O H HW H H
T . R T O O
— e e o e [omee Comem e (T W ey e ey (Y e
I || | I 11

H H H H H H H H H H
Fatty Acids Triglyceride Molecule

Figure 3.1 Formation of triglyceride [47]
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If all three fatty acids are the same, the triglyceride is called a simple

triglyceride. If triglyceride contains two or three different fatty acids, it is called a mixed

triglyceride. 40 different fatty acids have been found in foods. Generally though, there are

two types of fatty acids, saturated and unsaturated.

Saturated fatty acids have a hydrocarbon chain which is saturated with hydrogen,

and with each carbon atom attached by a single bond to the next atom. Unsaturated fatty

acids, on the other hand, contain at least one double bond and a hydrocarbon chain which

is not saturated with hydrogen. Saturated fatty acids were shown at Figure 3.2 and

unsaturated fatty acids were shown at Figure 3.3

H H H H H H

I
COOH —C—C—C—C—C—C—H

H H H H H H

Figure 3.2 Saturated fatty acids [48]
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Figure 3.3 Unsaturated fatty acids [48]

Unsaturated fatty acids can contain one double bond, in which case they are called
monounsaturated fatty acids, or more than one double bond, in which case they are
polyunsaturated fatty acids. Oleic and linolenic acids are monounsaturated fatty acid
while linoleic acid is polyunsaturated fatty acid. Figure 3.4 was shown the structure of
oleic acid, Figure 3.5 was shown the structure of linolenic acid and Figure 3.6 was shown

the structure of linoleic acid.

H, H, H, HH H, H, H, ©
HC C C C C=C C C C C-OH

RN, Nl Nl N SN Nl
C C C C C C C C
H, Ho Ho H, H, H, H, H;

Figure 3.4 Structure of oleic acid [49]

H, H, HH HH H, H, H, O
C C-C C=C C C C C-OH
NG N N 7 N N NN

HC C C C C C C C
H2 H2 Hz Hz Hz Hz H2

Figure 3.5 Structure of linoleic acid [49]
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Figure 3.6 Structure of linolenic acid [49]

The composition of olives differs with their region, climate conditions, ripening
degree and processing methods. One of the components is oil, which can be divided into
two main categories: saponifiable (triacylglyserol) fractions, of which olive oil contains
98-99%; and unsaponifiable fractions (phenols, esters, terpenes, pigments, tocopherols),
of which olive oil contains 2%. The total lipid composition of olives includes 80% oleic
acid and monounsaturated fatty acids (MUFA) which are composed of saponifiable
fractions. One of the polyunsaturated fatty acids (PUFA) found in olive oil is linoleic acid
and the other major saturated fatty acid is palmitic acid. Because of these fatty acid
compositions, olive oil has beneficial effects on human health. Studies were showed that
higher monounsaturated fatty acids or omega 3 fatty acid consumption in the diet can
reduce the risk of cardiovascular disease [50]. Oleic acid is the most common MUFA in
Daily nutrition. The National Institute of Medicine, the United States Department of
Agriculture, the European Food and Safety Authority and American Diabetes Association
do not give any dietary recommendation for MUFA. However, for daily consumption, the
Academy of Nutrition & Dietetics and the Canadian Dietetics Association both

recommend more than 20% of MUFA in their guidelines [51].

2.4 Lipid Peroxidation in Olives

Oxidation reactions play an important role in human physiology and the food
industry [52]. The reactive oxygen species (ROS) which occur in an aerobic metabolism
in cells are associated with aging, metabolic damage, neurodegerative diseases and
inflammation in excessive production [52,53]. ROS could lead to oxidative stress which
can cause oxidative damage of biomolecules resulting in lipid peroxidation, causing

several chronic diseases and carcinogenesis [53,54] while free radicals generated during
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normal body function could cause damage to significant cellular structures [55,56]. Thus,

these could contribute to several diseases like cancer and atherosclerosis.

Not only is lipid peroxidation important for human health, but also rancidity and
oxidative spoilage of fruits and vegetables are important issues for the food industry
[57,58]. The overall mechanism of lipid oxidation in food consists of three phases. The
first phase is initiation and the formation of free radicals, the second phase is
propagation and free-radical chain reactions, and the third phase is termination and the
formation of nonradical products [59]. Figure 4.1 shows the scheme of the lipid

peroxidation phases in food.

» Initiation:
RH + 02 -->R- + -OH
R-+ 02 --> -+ ROO-

* Propagation:

ROO- + RH --> R- + ROOH
ROOH--> RO- + HO-

» Termination:

R-+R--->RR
R:- + ROO---> ROOR
ROO- + ROO:- --> ROOR + 02

Figure 4.1 Scheme of the mechanism of lipid peroxidation phases in food [59]

Human body has a great defense mechanism against free radicals which could be
enzymatic such as catalase, superoxide dismutase or non-enzymatic such as vitamin C,
carotenoids and flavonoids [60]. Dietary intake of antioxidants which are generally non-
enzymatic components could be inhibit or prevent this oxidative damages [61]. Robertson
et. al. (2003) showed that oxidative stress in pancreatic islets could be much more
harmful than other tissues [62]. Facchini and Saylor (2003) indicated that polyphenol-rich
diets could be protective effect on diabetes which is an pancreatic disease [63]. Rainis et.
al. (2007) studied that oxidative stress is the main factor of carcinogenesis in the
gastrointestinal tract [64]. Diet that was rich in antioxidant components like fruits and
vegetables could be decrease the risk of the colonary heart disease and cancer [65]. Cook
and Sammon (1996) also showed that high consumption of food and beverage rich in
phenolics had a great correlation in reduction of the incidence of heart disease [66]. In a
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study antioxidant activity will be measured for understanding antioxidant property. There
are various methods to evaluate antioxidant capacity [67].

2.5 Film-Forming and Chitosan Edible Films

The existence of oxygen in the environment can lead to degradation processes in
food, like microorganism growth, lipid oxidation, enzymatic browning and nutritional
losses especially vitamins and phenolics [68]. Oxidation causes deterioration of the
pigments and lipids in the food. This leads to limit the shelf life of the food [69]. In order
to prolong shelf life and decrease the loss of nutritional value, storage conditions and
packaging are one of the main problems in the food industry. Moreover, browning of
food is a major concern for extending the shelf life of the food [70]. Nowadays,
consumers request safe foods with minimum impact and maximum benefit, so edible
films and coatings of foods have become prominent [71]. Furthermore, oxidation could
be reduced with the help of edible films and coatings by limiting oxygen permeability. In
particular, polysaccharide or protein based hydrophillic films and coatings could provide
a good barrier to oxygen transference [72]. Basically, edible films and coatings are a thin
layer which can be consumed easily and provides a barrier against oxygen, moisture and
microorganisms. It is safe for consumption, biodegradable and cannot change the sensory
properties of the food, thereby ensuring the quality of the food. In addition, food should
be preserved safely. It is important that the application of an edible film is determined by
its mechanical, physico-chemical barrier properties and biological activity. Shelf life and
nutritional value of fruits and vegetables could be improved by edible films by retarding
oxygen penetration, limiting water vapor permability and inhibiting microorganisms [71].
Moreover, edible films can include antioxidant agents in their formula and this results in
a better preservation quality. Temperature and relative humidty are the main factors that
affect the oxygen permeability of the edible film material [73]. During processing, storing
and dressing of the food, film coating could act as an oxygen and moisture barrier [74].
Many different materials have been tested as a protector against oxygen in both high and
low moisture products [73]. These materials are natural polymers which are derived from
polysaccharides (starch, cellulose, chitosan, alginate etc.), proteins (collagen, zein, gluten
proteins etc.) and fats (bee wax, fatty acids, glycerols etc.) [75,76, 77,78]. Preparation of
the films or coatings with these polymers are nontoxic and most of them have effective

barriers against oxygen and carbondioxide [79]. Antioxidant film and coating
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applications on some fruit and vegetable products also prevent the enzymatic browning
which is caused by oxidation of polyphenolic enzymes. Thus, the occurence of dark
colour on fruits and vegetables is prevented [80]. Especially carbohdyrate derived edible
films have hydrophillic effects exhibiting lower moisture barriers and can be produced
more cheaply [80]. One of the materials particularly suited as film materail is chitosan, a
cationic polysaccharide [81]. Lin et. al. (2011) used chitosan based edible coating for the
litchi fruit which resulted in prevention of phenolic oxidation as compared with uncoated
samples during storage [82]. Chitosan, a polymer of B- 1,4 linked 2 amino- D-
glucosamine, is derived from chitin by deacetylation [83]. Chitin is a linear structure
compound which is an abundant naturally occurring biopolymer (B- 1,4 linked N-acetyl-
d- glucosamine) [84,85]. It is mainly found in the exoskeletons of crustaceans and also
fungal cell walls. Chitin is the second most abundant linear polysaccharide [83, 86].

Chitosan is suitable for film forming material and chitosan films have
antibacterial, antifungal, biocompability, biodegratibility and non toxic properties, also
possessing a selective permeability to gasses [87]. Thanks to its properties, chitosan could
be used in broad ranges such as biotechnology, agriculture, food science, drugs,
cosmetics and so on [88]. Chitosan films can slow down the oxidation of phenolics and
prevent browning of the material when used for coating foods. It also plays an important
role in reducing microbial growth due to its antimicrobial properties [89]. Jiang and Li
(2001) used the chitosan based edible film on post-harvested longan fruit and results were
noteworthy. After coating, longan fruit respiration rate and weight loss were reduced,
polyphenol oxidase activity was delayed, colour and eating quality were changed, and
also decay of the fruit was partially inhibited during storage [90]. In another example of
application of chitosan based edible film on post-harvested grapes, it was shown that
decay was delayed [91]. Mango pulp is a sensitive fruit which can change its colour and
flavour easily when sliced. Chien et al. (2007) carried out a study on the covering of
mango fruit with chitosan based edible film to prolong shelf life. The results showed that
coating with chitosan extends the shelf life and prolongs the quality of the sliced mango
[92].
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3. MATERIALS AND METHODS

3.1 Sampling

Green table olives were harvested in September 2014 in an olive grove in
Ayvalik, Turkey and immediately transported to the laboratory where only fruits
without peel defects were selected. The green table olives were unripe and they were

matured in the laboratory.

3.2 Reagents & Solutions

Hexane, methanol, acetic acid, chloroform, sodium chloride, sodium hydroxide,
potassium iodide, podium thiosuphate, petrolium ether, gallic acid, folin-ciocalteou
reagent and starch (soluble) were used as chemicals in the experiments. All glassware
were washed and placed drying oven overnight and all chemicals were purchased from
Sigma-Aldrich.

3.3 Materials

Olives were picked over and cleaned then were put into the developing trays and
filled with Sodium chloride (NaCl) solution and stored in the fridge temperature (+4°C).
The solutions were changed every other day until the maturation of the table olives were

existed.

After maturation, olives were put into 5 litre (L) plastic containers filled with
freshly prepared 5% NaCl brine. Olives were brined with a fruit/brine ratio of 1.5
approximately (10kg/5L) and maintained at a controlled room temperature (20°C —
25°C) in room temperature then were separeted into two groups which one was coated
and the other one was uncoated. Subsequently, this two groups were divided into four
sub-groups for the different temperature conditions (4°C, 20°C, 30°C, 60°C) and stored.
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3.4 Methods

3.4.1 Chitosan-Based Edible Film Preparation

Chitosan is derived from chitin, which is found in the exoskeleton of crustaceas,
in fungal cell walls and in other biological materials, was used for coating of the green
table olives. Film forming solutions were prepared as described by Souza et. al, (2009)
[93]. Briefly, 2.5% chitosan solution (w/v) was dissolved in 1% acetic acid (v/v) until
the solution were homogenized which is about 1.5h at 25°C with the help of magnetic
stirrer. The coating material were applied on the surface of the table olives and then
stored until the film materials were dried (48h at 25°C).

3.4.2 Total Phenolic Content

Total phenolic determination of the olive extract s was based on the prosedure
introduced by Gutfinger (1981) using the Folin-Ciocalteou reagent and also as a
spectrophotometric method proposed by Singleton and Rossi (1965) [94, 95]. A sample
(2.5g) was dissolved in 5 ml hexane and then phenolic compounds were extracted with
3ml methanol/water (60:40; v/v) for 2 minutes by using vortex system. Both phases
separeted by centrifugation at 3500 rpm for 10 minutes and then hexane phase was
reexcrated with 3ml methanol/water (60:40; v/v) in the same way. The methanolic
extracts were combined and an aliquot (0,2 ml) of the methanolic phase was diluted
with water to total volume of 2.5 ml followed by addition of Folin-Ciocalteau reagent.
Briefly, 0.1 ml of extract, 5 ml Folin reagent and 1ml of distilled water were stayed for
3 minutes then 1ml Na2COs were added and filled with distilled water until 50 ml then
were vortexed. The samples incubated for 90 minutes at room temperature, in dark
conditions. The absorbance was measured at 725nm against a blank sample by using
spectrophotometer UV-vis. Standard curve was prepared using 0, 40, 80, 120, 160 and
200 pg/mL solutions of gallic acid in water concentrations. Analysis was performed
triplicated samples. The results expressed as pg GAE (gallic acid equivalents)/100g of

sample.
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3.4.3 Peroxide Value Determination

Although peroxide values (PV) could be determined by many different methods,
European standard reference method (Commision Regulation EEC N-2568/91-
Determination of PV) for the olive oil peroxide value is using starch as an indicator and
sodium thiosulphate as a titrant so that peroxide values of the table olives were
determined by AOCS Cd. 8-53 (1990) method [96]. 20 g of the olive sample were get
into the petroleum ether (200 ml) for overnight in order to get an oil from experimental

olives. Then the mixture were evaporated and oil were obtained from the olive samples.

In order to prepare 0.01 M (mol/L) sodium thiosulphate (Na2S203) which was
using as standard at the titration of olive oil samples, 2 g of potassium iodate (KI1O3)
was dried in an oven at 90-100 °C for 1-2 hours. After 1-2 hours, 0.001 mol/L KIO3
solutions (=0.1070gr KIO3/500 ml dH20) was prepared with potassium iodate (KIOz3)
taken from the oven. The weight of KI1O3 was recorded. This prosedure could be let us
to understand and be sure about the potassium iodine (KI) solution was made as a
saturated form while using this solution in the titration of olive oil samples. To prepare
0.5 M (mol/L) sulphuric acid (H2SOs4) solution, using 2.8 ml of H2SO4 (96% purity)
which was diluted with 100 ml distilled water. For preparation of starch solution as an
indicator; 1 g of starch was weighed and then dissolved in 10 ml of distilled water at
room temperature. After that 90 ml of boiling distilled water was added into the starch
solution and boiling phase continued for 5-6 minutes. So that 1% of starch indicator was

ready for using in titration.

Before titration, to be sure about the molarity (M) of the sodium thiosulphate
solution; 0.2 g of potassium iodine (K1) was weighed then 1 ml of 0.5 M H>SO4 and 50
ml of 0.001 M (mol/L) potassium iodate (KIOs3) solutions were added into the
potassium iodine (KI). Solution which was brown coloured was titrated with sodium
thiosulphate (0.01M) until the solution has turned to its brown colour into the yellow
colour. 2 ml of starch indicator solution was added into the yellow solution and titration
was completed when the solution becomes colourless. Sodium thiosulphate spent during

titration was recorded.
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To calculate and understand the molality (M) of the sodium thiosulphate before

titration of olive oil samples, these equations were used.

M kios= m ki03(d) / MW ko3 (g/mol) [96]

V kios (ml) solution

M sodiumthiosulphate = 6 X M kio3 (Mol/L) X V kios (ml) [96]

V sodiumthiosulphate (M)
m k103 = weight of KIO3 (0.1070 g)
MWkioz = molecular weight of KIO3 (214 g/mol)
Vkio solution = total volume of K103 solution (500 ml)

V kio3 = volume of KIOs3 solution (50 ml)

V sodiumsulphate = amount of sodium thiosulphate used in titration (ml)

Approximately 5 g of olive oil, which was acquired from olive samples, 0.5 ml
saturated potassium iodide (KI) solution and 30 ml of acetic acid and chloroform
solvent mixture (3:2; v/v) were combined and mixed for a minute. This sample kept in
dark conditions at room temperature for 5 minutes. Then 100 ml of distilled water and
0.5 ml starch solution (1%) which was using as an indicator, were added into the
mixture. The colour of the mixture turned into blue-brown. Titration was carried against
0.01 mol/L (N) sodium thiosulphate (Na2S.0s) until the blue-brown colour turns into
the colourless. The results were recorded and expressed in milliequivalents of oxygen

per kg of olive oil. (meq O2/kg)
The calculation of PV was determined by using this equation.

PV =V (ml) x M (mol/L) x 1000  [96]

m(9)

V = volume of sodium thiosulphate solution spent during titration (ml)

M = molarity of sodium thiosulphate solution (0.01 mol/L)

M = the weight of the sample (g of olive oil)
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3.4.4 Determination of Moisture Content

The olive samples were weighed about 5 g was placed on a desiccated, tared
petri dish and recorded as ‘wet weighed of sample’ and the results were determined
according to the AOAC (2000) 925.40 method [97]. These samples were dried at 105 °C
for 4 hours in the oven. After drying petri dishes remove from the oven and were cooled
in desiccator at room temperature (25 °C). After cooling, samples were weighed again
and recorded as the ‘dry weighed of the sample’. This analysis were triplicated and

results expressed as moisture %.

The moisture content of the sample is calculated using the following equation;

% Moisture = (Minitial - Maried ) / Minitiat X 100 [97]

3.45 Determination of Ash Content

Ash content were analysed by using muffle furnace, which was set at 525 +
25°C. The olive samples were prepared about 2 g and were placed crucibles. Crucibles
were set in the muffle furnace until the ash was appeared (about 12h). The crucibles
were removed from the muffle furnace and placed in desiccator for cooling about 2h.
Crucibles were weighed and results were calculated as ash % content. The results were
determined according to the method of AOAC (1980) [98].

Percentage of ash is determined by using the following equation;
% aSh = (Wash /Wsamp|e) X 100 [98]
Wash :Weight of ash left

Wsample :Weight of sample taken
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3.4.6 Determination of Fat Content

For the fat analysis in olive, 1ISO 659-1988 (E) prosedure and Soxhlet extractor
were used which was described as IUPAC (1979) [99]. The olive samples (10g) was
weighed and placed in a cellulose thimble (22x88 mm) and the thimble was plugged
with cotton-wool. The thimble were placed in Soxhlet chamber (500 ml) which was
fitted to a distillation flask (vessel), containing 100 ml o n- hexane (Sigma- Aldrich) and
boiling chips in it. The extraction were finished about 6h, then thimble was allowed to
cool (approximately 24h) at room temperature (25C°). After cooling prosedure, the
solvent was released with the help of rotary-evaporator and then thimbles and flash with
the extract were put in an pre-heated oven at 100C° for 2h, followed by cooling in

desiccator and then were weighed.
The results were calculated as % fat content by using formula.

F%=(M,—M:i/E)x100 [99]

Mz1: Weight of dry empty vessel + boiling chips

M2: Weight of vessel + boiling chips + fat residue after evaporation

E: Sample weight
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4., RESULTS AND DISCUSSION

The moisture analysis of green olives is done with AOAC method by using an
oven. Ash analysis is also done with AOAC method but using a muffle furnace. Fat
analysis is accomplished by using the Soxhlet Extraction Method. AOAC method is
used in the same way as moisture analysis. Measurements are obtained at the beginning
and at the end of the experiments, which are run in triplicate. Table 4.1 shows the
average levels of moisture, ash and fat content for coated and uncoated olives at the

beginning of the experiments.

Table 3.1 Average levels of moisture, ash and fat content for coated and uncoated
olives at the beginning of the experiments.

Samples Moisture (%) Ash (%) Total Fat (%)
Coated 58.54 1.83 26.13
Uncoated 58.30 1.82 26.01

Generally, initial values of moisture, fat and ash analysis are 58.54% moisture
content, 1.83 % ash content and 26.13 % total fat content for the coated samples and
58.30% moisture content, 1.82% ash content and 26.01% total fat content for the
uncoated samples, as seen in Table 3.1. Tanilgan et. al. (2007) studied the moisture
content of five different olive samples from Turkey. The results showed that moisture
content of olive fruit could vary between 35.30% to 64.72% [100]. Asik and Ozkan
(2011) found 58.16% moisture content for the conventional Memecik olive cultivar
[101]. Findings from the experiments on moisture content of olive cultivars were similar
to reports in the literature. When these initial samples were taken at different

temperature degrees, the moisture content changed.
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Table 3.2 Moisture analysis results of coated and uncoated olive samples at the end of
experiments and the percentages of change

Temperature Uncoated Moisture | Coated Moisture Change (%)
(°C) (%) (%)
4 53.79 58.50 8.39
20 53.26 58.36 9.14
30 30.58 34.03 10.68
60 21.26 30.73 36.43

Table 3.2 shows final moisture content of coated and uncoated samples at 4°C,
20°C, 30°C, and 60°C. Differences are observed in moisture content between uncoated
and coated samples. The uncoated group has 53.79% while the coated ones have
58.50% moisture content at 4°C. At 20°C uncoated samples have 53.26% while coated
ones have 58.36%. There is a big difference in moisture content by comparison with the
initial values at 30°C. Uncoated samples have 30.58% and coated samples have 34.03%
moisture ratios. The biggest variation between the moisture content of coated and
uncoated samples is seen at 60°C: while the uncoated group has 21.26% moisture, the

coated group has 30.73%.

Kilercioglu et. al. (2016) showed that the water content of Ayvalik, Light, Mega
and Sele type olives, which were bought from stores and were ready to consume, ranged
between 52% and 34% [102]. The Literature confirms that the range of fat content for
table olives is very wide. It can be said therefore that previous analysis about olive

cultivars is in agreement with the experimental analysis results.

The percentages change in moisture content between coated and uncoated
samples based on increase in temperature. From these results, it would not be wrong to
say that the coating material can act as a barrier against the loss of moisture. Table 3.3

shows the final ash content of coated olive samples and uncoated olives.
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Table 3.3 Ash analysis results of coated and uncoated olive samples at the end of
experiments and the percentages of change

Temperature (°C) | Uncoated Ash (%) | Coated Ash (%) Change (%)
4 1.78 1.80 1.12
20 1.77 181 2.24
30 1.76 1.83 3.90
60 1.76 1.82 3.35

According to the results, there is not a big difference between initial and end

point levels. In addition, there is not a great difference between uncoated and coated

samples either. Table 3.4 shows the initial and end values of the experiments for ash

content. Ash ratio is 1.83% at initial level. The end value of ash content of uncoated and

coated samples has percentages from 1.82% to 1.76%. Unal and Nergiz mentioned the

initial ash content of ‘green table’ as being 1.42% of ash content before alkaline

treatment [4]. Lanza et. al. (2013) mentioned that ash content of an Italian cultivar
ranged 4.7% to 4.9% [103]. Tanilgan et. al. (2007) showed different types of olive fruits

could have different ash contents between 0.6% to 1.2% [101]. From these results, it

seems that ash content of olives could change depending on growing region.

Table 3.4 Total fat content of coated and uncoated olive samples at the end of
experiments and the percentage change between coated and uncoated samples

Temperature (°C) | Uncoated Fat (%) | Coated Fat (%) Change (%)
4 28.19 30.07 6.76
20 26.57 28.55 7.18
30 26.03 26.98 3.58
60 25.60 25.95 1.36

Table 3.4 shows the final results of the fat content of coated and uncoated olive

samples at given temperatures. At 4°C, uncoated samples have 28.19% fat content while

coated ones have 30.07%. The percentages in total fat content between uncoated and

coated samples are close to each other at 20°C, 30°C and 60°C. Fat content of uncoated
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samples is 26.57%, 26.03% and 25.60%, and for coated samples 28.55%, 26.98% and
25.95% at 20°C, 30°C and 60°C, respectively. The reason for this change between
samples is that the coating material can be used as an oxygen barrier, thus decreasing
the prevalence of lipid oxidation, so that fat content of coated olive samples is much
better than uncoated ones. From the literature review, fat content is increased to 15.28%
then decreased to 14.82% during storage (4, 8, 12 months) [4]. Asik and Ozkan (2011)
showed that oil content of the conventional Memecik olive was 44.74% [101]. Lanza et.
al. (2013) mentioned that fat content in Italian olives was 17.7% to 21.7% after
maturation [102]. These literature results show that the range of fat content for table
olives is wide. Also analyses and reviews show that fat content of olives could decrease

during storage due to conditions which initiate oxidation.

Olive fruit has an important role in nutritive value because of its essential fatty
acids composition and phenolic content. The olive samples were stored at at 4 °C, 20°C,
30°C and 60°C and separated into two groups; coated and uncoated samples. Lipid
peroxidation value analyses were done periodically at defined temperatures. The lipid
peroxidation values were calculated by a given equation using the expenditure of sodium
thiosulphate during titration. The results were expressed as megqO./kg units. The results
of these analyses were transferred into Excel charts and graphics were composed by using
both coated and uncoated peroxidation values. Figure 6.5-6.8 (Appendix A) are the
graphics for the peroxide values of uncoated olives and Figure 6.9-7.3 (Appendix A) are
the graphics for peroxide values at given temperatures for coated olives. Figure 7.4-7.7
(Appendix A) are the graphics for peroxide values of both coated and uncoated olive
samples at given temperatures. Oxidation was started on the 6th day in every sample. At
every temperature degree coated olives had lower peroxide value than uncoated ones.

After all these analyses and graphical examinations, the peroxidation value
analyses results can be summarized in a table. The results of the initial and maximum
lipid peroxidation values and percentages of final peroxide value differences of coated

and uncoated olive samples are given in Table 3.5
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Table 3.5 Initial and final peroxide value of coated and uncoated samples and
percentages of final peroxide value differences between coated and uncoated

samples.
PV Differences
Temperature Initial PV Final PV Between Samples

(°C) Samples (mEgO2/kQg) (mEqO2/kg) (%0)
Coated 0 16.19

4 13.7
Uncoated 0 18.57
Coated 0 17.14

20 40.89
Uncoated 0 25.95
Coated 0 18.57

30 51.60
Uncoated 0 33.57
Coated 0 23.33

60 44 .47
Uncoated 0 36.67

According to the results, the percentage differences of the final peroxide values
between coated and uncoated samples are 13.70% at 4°C, 40.89% at 20°C, 51.60% at
30°C and 44.47% at 60°C. The biggest variation of peroxide values between coated and

uncoated samples was at 30°C.

Tanilgan et. al. (2007) mentioned that peroxidation value of olive samples which
were gathered as crude olives from Gemlik, Kilis, Uslu, Tirilye and Ayvalik ranged
between 15.3 and 22.5 mEqO2/kg [100]. Krkic et. al. (2013) examined the effects of
chitosan coating on lipid oxidation levels in dry fermented sausage. There were two
sausage groups; one of them is coated with chitosan and the other one is the control
group. Sausages were stored for approximately seven months. The coated group had
lower lipid oxidation levels than the control group after storage [104]. Georgantelis et.
al. (2007) mentioned about addition of chitosan individually or combination of some
antioxidants (rosemary, o tocopherol) in beef burgers. Results demonstrated noteworthy
effects on beef burgers following chitosan coating during frozen storage [105]. Suman
et. al. (2010) investigated the influence of chitosan coating on lipid peroxidation of
refrigerated groud beef in various modified atmosphere packaging systems. In all
packages, coated samples had lower lipid oxidation than the control group [106].
Pasquariello et. al. (2015) observed the changes in coating of three different sweet

cherry cultivars. From the results, it can be seen that chitosan inhibited some enzymatic
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activities and enhanced some antioxidant enzymes after storage at 2°C and 24°C. Thus,
coating of sweet cherry samples prevented browning and extended the storage life at
both temperatures [107]. Jeon et. al. (2002) reported effects of chitosan coating on fresh
fillets of Atlantic cod and herring and explained the relation between coating and lipid
oxidation. Samples were stored over 12 days at 4°C. Reduction of the lipid oxidation
were shown in coated samples so that the quality of seafoods was enhanced during
storage [108]. No study related to the coating of olives was found in the scientific
literature review. The literature review and experiments show that the peroxidation
value of olives varied with region and storage conditions. Chitosan is one of the best
materials against oxidation of foods, a fact which is supported by other studies, and the

degree of protection varies with storage conditions.

Phenolic compounds have antioxidant properties which are found in olive fruit
and have a significant role in their nutrition. Phenolic content diminishes the effects of
free radicals thus the presence of the phenolics are vital to inhibit the lipid peroxidation

caused by the environment.

Total phenolic content is determined by Folin-Ciocalteu method and from the
references, gallic acid curve is used for the standard. Figure 6.1 shows the standard

curve of gallic acid which was prepared using different gallic acid concentrations.

¥ =0,0038x + 10,3353
R? = 0,9944

Absorbance
*

i} 100 200 300 400 500 B&0O0
gallic acld cone. (pifmi)

Figure 5.1 Gallic acid curve for the standard
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Phenolic levels of olives showed variation. The results of the initial, maximum

and final phenolic contents of coated and uncoated olive samples and ratios of maximum

and final phenolic changes between coated and uncoated samples are given in Table 3.6

Table 3.6 Initial, maximum and final phenolic contents of coated and uncoated samples
and percentages of maximum and final level phenolic content differences between
coated and uncoated samples

Differences | Differences
of of Final
Maximum Phenolic
Initial | Maximum Final Phenolic Content
Phenolic | Phenolic | Phenolic Content Between
Content | Content | Content Between Coated and
Temperature | Samples (GAE (GAE (GAE Coated and Uncoated
(°C) pg/100g) | po/100g) | Mg/1009) Uncoated Samples
Samples (%) (%)
. Coated 51.94 455.89 30.18 46.10 49.68
Uncoated| 51.94 285.1 18.17
2 Coated 51.94 492 .82 95.1 59.31 134.32
Uncoated| 51.94 267.38 18.69
- Coated 51.94 520.36 167.2 59 59 160.79
Uncoated| 51.94 303.69 18.17
i Coated 51.94 362.5 92.64 49.60 157.03
Uncoated 51.94 218.43 11.15

The amount of total phenolics in the sample were calculated by using the gallic

acid curve as a reference unit and the results were expressed as pg GAE/gr units. The

curve was prepared for concentration values of 40 pug/mL, 80 pg/mL, 120 pg/mL, 160

pg/mL and 200 pg/mL. Phenolic analysis results were plotted versus time in Excel charts

and the graphical results obtained.

All samples had the same phenolic content at initial point. The highest final

phenolic content was at 30°C within the coated samples. The biggest variation of

maximum phenolic content was at 20°C between coated and uncoated samples. In
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addition, there was a huge difference between coated and uncoated olive fruits at several

temperatures.

Andjelkovic et. al. (2009) mentioned that total phenolic content of refined olive
oil from Ayvalik in 2005-2006 was between 104.6 GAEug /100g and 110.3 GAEug
/100g [109]. Although olive phenolic content changed, the literature review showed that
olives from Balikesir and Ayvalik have hydroxytyrosol content between 517.78 GAE
mg/100g and 167.41 GAE mg/100g in a specific season (September, October) [110].

Figure 5.2-5.5 (Appendix A) shows phenolic content of uncoated olive samples
during storage at different temperature degrees and Figure 5.6-5.9 (appendix 1) shows
the coated samples. Figure 6.1-6.4 (Appendix A) shows the changes of phenolic content
for both coated and uncoated samples. Pre and post harvest factors and debittering
methods influence the phenolic levels in olives. While the debittering process begins,
oleuropein, which is one of the phenolics, decreases. Although decline of oleuropein is
significant for the olive’s phenolic profile, hydrolysis products hydroxytyrosol and
tyrosol increased and the health benefits of table olives are also related to levels of

hydroxytyrosol.

It can be understood from the results of the experiments that phenolic content of
olives increased due to occurence of phenolic compounds after maturation. The
differences of the percentages may be due to the presence of oxygen and storage in
water brine. Some of the phenolics which are soluble in water could be lost while olives
are kept in water. Generally, olives are stored in brine in order to extend their shelf life.
However, this process lowers the nutritional value of olives. There are many beneficial
phenolic compounds in olives which are dissolved in water, but the main issue is how to

keep the nutritional value at the same level while preventing spoilage.

The Coating material chitosan enables the storage of olives without the need for
brine, thus coated samples contain much more phenolic compounds than uncoated ones.

Therefore, their nutritional value is optimized.

The other reason for the decline of phenolic content is environmental oxygen,
one of the main issues of decay. Oxygen starts degeneration of the structure of olive
samples. While oxygen initiates several reactions, the occurrence of oxidation is the

most important. Especially, phenolics are reduced during oxidation, thus phenolic
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content goes down in normal storage conditions. However, using chitosan edible film
inhibits the oxygen penetration of the table olives and this can lead to preclude the
oxidation and reduce loss of phenolics. Lipid peroxidation is the main reason of
substantial loss of phenolic content. Table 3.7 gives the ratios between maximum and

final phenolic contents for coated and uncoated samples.

Table 3.7 Percentage differences of coated and uncoated samples between maximum
and final phenolic contents

Phenolic Content Differences| Phenolic Content Differences
Between Maximum and Final | Between Maximum and Final
Temperature in Coated Olive Samples in Uncoated Olive Samples
(°C) (%) (%)

4 175.16 176.03

20 135.30 173.87

30 102.73 177.42

60 118.58 180.57

The percentage differences of coated samples were 175.16 %, 135.30%, 102.73%
and 118.58%; and for uncoated samples 176.03%, 173.87%, 177.42% and 180.57% at 4°C,
20°C, 30°C and 60°C. According to these results, coating material affects the percentage
changes of phenolic contents between maximum and final beneficially. The comparison
graphics of phenolics and peroxidation levels versus time were drawn simultaneously,
as in Figure 7.8-8.6 (Appendix A). The primary lines show phenolic content changes

and secondary lines show the peroxidation values.

The figures show that while phenolic content is at the maximum level, oxidation
begins in every sample at several temperatures. Although oxidation starts on the 6th day
in every sample, coated samples have lower peroxide value than uncoated ones. In
addition to that, the final peroxidation values are lower in coated samples. Not only is
the peroxide value at lower levels in coated samples, but also the phenolic content is
higher than for uncoated samples at the beginning and at the end of the experiments.
According to these results, the coating material chitosan acts as an oxygen barrier in
table olive samples, thus preventing spoilage and stabilizing the nutritional values of

olives.
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Oxidation starts with concomitant decrease of phenolic content. Lipid
peroxidation affects the phenolic contents in olives. Degeneration of olives causes loss
of phenolic compounds and the related nutritional deficiencies can be seen. Chitosan
based edible film prevents the spoilage of samples so that the nutritional value of coated

olives reamins higher than for uncoated samples at the time of consumption.
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5. CONCLUSION

In conclusion, from the nutritional side table olives could be complete food
which has water, fat, carbohydrates, protein, fiber, phenolics, vitamins and minerals.
According to these knowledge, moisture, ash, fat, total phenolics and peroxidation value
analysis were done by several methods. It wouldn’t wrong to be said that moisture
content could be changed by temperature because of the loss of water content.
Vaporization could be caused of this drying process of olives by the elevation of heat.
There is a great difference between uncoated and coated samples end point moisture
contents thus, this study shows that coating material could be used as a barrier of
moisture loss in several temperatures. On the other hand, experimental findings of the
fat analysis indicate diversities due to harvest time, cultivar, climate and ripeness

degree.

The study is showed that after maturation, the olive phenolics content increased
awhile because of the degredation of oleuropein and rise of hydroxytyrosol amount then
decreased total phenolics level sharply due to existence of oxygen and water especially
at high temperature conditions. And also decline of phenolic contents are in relation
with occurence of oxidation which cause of the lipid peroxidation of the olive fruits is
significant for nutritional value. After the formation of peroxidation, fruit lose all
benefical phenolics swiftly. Furthermore this oxidation influence the olive fruits decay

and humans which are consuming olive pass over all healthy phenolic source.

The experiments showed that coating material chitosan is suitable for using as
coverage of olive by inhibiting lipid peroxidation. By coating olives we can decline of
the loss of phenolics and also sighting of peroxidation could be prevented at given
temperatures. Using coating material provides an advantage on table olives’ nutrtitional
value. Olives can be store without any necessity of water brine thus, phenolics which
are loss in water are found at maximum level. In addition, coating with chitosan could

block the oxygen penetration and diminishes oxidation in table olives.
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7. APPENDIX A
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Figure 8.5 Phenolic and peroxide value of uncoated olive samples at
30°C
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Figure 8.6 Phenolic and peroxide value of uncoated olive samples at
60°C
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APPENDIX B

Table 3.8 Concentration of individual phenolic compounds of Hurma, Erkence and
Gemlik olive types [111]
}mv wpe MI  TPC  OE HWYT TY  AM  VER RN L7Gu LTIIN QUE o<ou pcou FA VA CA VN

1172012
390 56040 52763 201344 1749 1026462 51720 957 709598 3637 1860 6142 059 NO 216 241 079
410 64964 78615 272270 369 1022.18 6637 1299 8407 3420 2320 MNM89N 070 057 301 237 162
534 52326 116689 1424456 1868 297.04 S405 1004 128.86 ND 3513 12278 105 ND 207 388 ND
495 4268 B2.70 33579 157 Va2 8192 ND 123.80 49 NO 126.62 ND 081 304 NDO 189
374 33768 ND 82759 ND 37730 5720 NO 749 ND ND ND 5.09 ND 349 444 ND
437 53397 10371 160236 5251 1550265 51973 956 189.07 7298 3596 1609 199 23173 575 166 457
359 57968 75308 410461 73 800325 199576 2122 33476 ND 50.41 2334 386 28228 1073 214 427
394 64463 24191 323912 3258 556110 39109 2488 53248 ND 4751 4782 308 ND 941 ND 229
050 51843 138821 100116 1494 399387 25876 1223 167.93 6.5 2618 10398 ND ND ND 298 ND
127 51802 126558 162743 2419 127094 3102 1376 141,60 9842 2766 17052 146 ND 494 303 ND
225 52622 6257V 222226 3042 139048 3924 5950 6343 ND 3373 s ND ND 1152 286 ND
165 52095 13799 49787 094 990.58 1452 ND 213 10930 17.56 ND ND ND 343 148 ND
169 50469 47091 4anes 1103 w32 4033 1313 5683 9503 1255 3049 29 ND 368 212 ND
365 90069 32934 201145 2903 1545453 31288 1500 138723 16843 3788 407 1.9 ND NDO 142 207
356 69132 60861 128141 19104 9804 56654 2924 183322 35119 9564 14383 3 NO 261 270 218
367 123044 70594 B7630 1236 444334 42494 2953 220742 25230 63N 20362 288 ND 150 212 W75
110 54461 478676 307073 NO 478842 5943 NOD 78.70 ND NO 135.08 ND ND NOD ND ND
138 45233 205732 539942 ND 203006 70034 5685 23939 15425 NO 1m.69 ND 433 NO ND ND
241 63710 29453 659622 ND 1835.13 6663 2478 13399 INne8 ND 107.23 ND 564 79 ND N%N
210 41678 ND 227751 ND 2704 82 3545 017 8544 16716 ND 368 119 088 515 NO ND
365 80688 68395 380316 1736 2468941 47378 221 61982 29815 15209 13276 439 ND 367 ND 213
482 52448 23730 37040 700 2213933 68925 19.60 957.06 12893 3091 11255 324 ND 238 154 108
588 70184 30742 818335 1709 2183878 194205 7496 108114 ND ND 11647 724 ND ND 954 ND

12/2013
543 20836 78077 6183 ND 125118 7671 3365 2229 ND ND 8.27 NO 1202 1103 ND ND
456 34434 19095 25 ND 539.02 108 289 788 ND NO 313 ND ND 504 NDO 043
592 7389 60.28 3339 ND 3sn ND ND 957 ND ND 0.84 033 S11 ND ND ND
560 2921 29100 10561 755 906.07 9% 7.7 3928 ND ND 1.09 1.03 29 NDO 441 NO
618 24556 ND 2950 ND 55243 ND 353 207 ND ND NO NOD ND ND 003 ND
S42 121 ND ND ND ND ND ND ND ND NO ND ND ND ND ND ND
637 16095 14535 7534 554 585.27 1717 857 65.29 ND ND 0.76 on 615 65 116 ND
6.00 159.09 7”9 718 ND 7423 ND ND ND ND NO ND ND ND 352 NOD ND
253 33588 149037 10152 1095 929.83 2992 6184 21.73 1.03 NO 946 049 464 904 ND 115
216 35917 50548 12692 1319 122920 34737 a9 44,06 095 ND 656 027 418 351 ND ND
234 53566 43190 11645 1338 1641.20 1676 1515 5424 276 NO 043 234 504 293 502 ND
253 51832 30720 12331 1083 141250 4373 1996 nz 120 NO ND 785 666 352 264 043
317 5198 12638 21 1\ 946.92 1906 1186 1245 064 ND 049 P21 171 200 185 ND
318 34700 33488 7859 2477 22200 7517 1.6 2599 1333 NO 1.74 161 101 7859 239 138
349 66481 139N 7940 513 920.20 1108 812 39.07 ND ND 598 377 200 205 101 0.6
554 51407 867 9733 2803 12110 8042 3029 2133 56.24 ND 802 037 833 243 189 ND
242 34329 24232 1806 754 63437 8858 3477 13.56 39.23 ND 6.55 046 1473 39 NO 04
219 41137 75148 48479 1007 161570 16085 2233 90.51 ND ND 266 093 3311 19 NO ND
332 24492 16665 42743 ND LN 4710 1275 37.64 134 ND 092 038 807 212 212 ND
309 22963 28047 61673 566 142090 19456 24063 2868 ND ND 184 069 1006 239 ND 008
392 24280 45682 34604 842 88865 11062 1509 41.80 ND NO NOD 067 1554 431 ND o0&
460 10319 16324 37406 266 694.54 3777 &3 232 ND NO 0.72 020 1594 818 NO ND
426 45236 38587 4492 566 83893 10500 1079 49594 ND ND in 034 813 304 ND 053
384 22839 29094 28862 ND 70173 3760 404 815 ND ND ND 050 4314 ND ND ND

Olive types were: H, Hurma; E, Erkence; G, Gemiik. mwmmdmzmmmsmuvmm:mdmwswm week

MI, maturity index; TPC, total phenol content (averages of three

OLE, oleuropein: HYT, hydroxytyrosol; TY, tyrosol; APL apigenin; VER, varbascoside; RTN, rutin; L-7-Glu, luteolin-7-gh ; LTLN, luteolin; QUE, quercetin-3-glucoside;

ocw.ocqm::"a‘c’a:.m pc:unukodd FA, ferulic acid; VA, vanillic acid; CA, caffeic acid; VN, vanillin,

?
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