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INTRODUCTION

The olive tree (Oleo europaea) is widely cultivated
for the production of both olive oil and table olive and
importance for
countries. Olive oil which is obtained from the fruit using

they are significantly economic
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ABSTRACT

n this work the effect of different growing areas on olive (Ayvalik, Memecik,

Gemlik, Beylik, Edincik Su, Girit, Kilis Yaglik, Sar1 Ulak, TavsanYiiregi, Topak Asi)
oil bitterness index (Kz2s) were studied at the South Marmara, South and North
Aegean, West and East Mediterranean Regions at two, two and a half (2.5), and
three phase extraction system, during 2014/2015 crop season. A total of 41 virgin
olive oils samples were collected from these Regions. Total phenol content and
bitternes index (Kz:s) were analyzed in the research. A Solid-Phase Extraction
procedure were carried out for extraction of the bitter compounds. The results of
total phenol content and K:s values showed that the Beylik olive oil was
determined with the highest total phenol conent and bitterness index (Kz2s) with
330.26 mg Caffeic Acid Equivalents (CAE) kg™ oil and 1.21 at 2.5 phase extraction
system from Manavgat at the West Mediterranean Region, respectively. After the
Beylik variety, the highest total phenol content was determined Ayvalik and
Edincik Su olive oil with 291.03 and 270.62 mg CAE kg™ oil, respectively. The
Memecik and Ayvalik olive oil bitterness index (Kz2s) was determined 0.86 and 0.85
at two phase extraction system from Mugla and Burhaniye at the South and North
Aegean, respectively.

OZET

u calismada, zeytinyaglarinin acilik indeksi (K:25) degeri tizerine yetistirilme

boélgelerinin etkisi incelenmistir. Bu amagla, 2014/2015 hasat yilinda Giiney
Marmara, Giiney ve Kuzey Ege ile Bati ve Dogu Akdeniz Bolgelerinde yetisen
zeytinlerden (Ayvalik, Memecik, Gemlik, Beylik, Edincik Su, Girit, Kilis Yaghk, Sari
Ulak, Tavsan Yiiregi, Topak As) iki, iki bucuk ve ¢ fazl ekstraksiyon sistemi elde
edilen, toplam 41 zeytinyagi 6rnegi toplanmistir. Calismada toplam fenol icerigi
ve acilik indeksi analizleri yapilmistir. Acilik bilesenlerinin ekstraksiyonu icin kati
faz ekstraksiyon sistemi uygulanmistir. Toplam fenol icerigi ve acilik indeksi (K225)
degeri sonuglarina bakildiginda, Bati Akdeniz Bolgesindeki Manavgat ilcesinden
iki bucuk faz ekstraksiyon sistemi ile elde edilen Beylik zeytinyaginin 330.26 mg
CAE kg’ yag ile en yiiksek toplam fenol ve 1.21 ile en yiiksek acilik indeksi
degerini gosterdigi tespit edilmistir. Beylik cesidinden sonra, en yiiksek toplam
fenol icerigi 291.03 mg CAE kg™ yag ile Ayvalik ve 270.62 mg CAE kg yag ile
Edincik Su zeytinyaginda tespit edilmistir. iki fazl ekstraksiyon sistemin ile Giiney
Ege’de Mugla’dan elde edilen Memecik ve Kuzey Ege'de Burhaniye'den elde
edilen Ayvalik zeytinyaglarinin acilik indeksleri degerleri sirasiyla 0.86 ve 0.85
olarak tespit edilmistir.

only mechanical and physical processes is ready for
human consumption and possess uniquie sensory
characteristics and nutritional properties (Inarejos-
Garcia et al.,, 2009). Virgin olive oil is unique among
the other vegetable oils because of its high level of
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particular phenolic compounds, to which, together with
the high content of unsaturated fatty acids, the health
benefits of virgin olive oil are attributed (Visioli and Galli,
1998). In olive oils, minor components, especially the
phenolic contents are affected by cultivar, climatic and
environmental conditions, agronomic  practices,
maturity index and extraction systems (Sevim et al,
2013; Condelli et al.,, 2015). Giovacchino et al. (2002)
reported that quality parameters of olive oil did not
significantly change during the extraction of the fine
olives with the two-phase and three-phase centrifugal
decanter, while the olive oils obtained with the triple-
phase centrifugal decanter had lower total phenol and
o-diphenol content than the two-phase centrifugal
decanter. The decreases in phenol compounds
explained by their water-solubility. Higher water/paste
ratios are used in three-phase centrifugation, and
therefore larger amounts of phenols are eliminated
with water wastes. The three-phase system decanter
separates the paste into a relatively dry solid, fruit-
water, and oil. Water is added to this system to get it to
flow through the decanter (Salvador et al., 2003). For
that reason a minimum quantity of water can be added
to separate the solid material better and to retain
water-soluble phenol compounds as much as possible.
Depending on the type of phenols present the intensity
of bitterness of olive oils can have high variations (high
or low) (Favati et al., 2013). It is generally accepted that
the phenolic fraction, secoridoid derivatives such as
oleuropein and ligstroside derivates, of olive oil are
mainly responsible for the bitter taste (Morello et al.,
2004; Favati et al, 2013). Due to the positive
contribution of phenolic compounds to human health,
consumers are increasing their consumption of oils
with high bitterness attribute (Inarejos-Garcia et al.,
2009). As a result, bitterness index (K»,s) is becoming an
important area in olive oil research (Favati et al,
2013). Oil bitterness intensity can be measured with a
simple analytical method using spectrophotometric
determination at 225 nm (K,;) of extraction of bitter
compounds.

Out of the many agricultural products of Turkey,
olive oil has a remarkable place. In recent years, as a
result of confirmation of positive effects of olive and
olive oil on human health and nutrition by scientific
studies, olive growing has gained a new acceleration in
Turkey besides throughout the world. As a result of this
trend, new olive orchards have been established. The
olive growing regions in Turkey are the South Marmara,
South and North Aegean, West and East Mediterranean
where Ayvalik, Memecik, Gemlik, Beylik, Edincik Su, Girit,
Kilis Yaglk, San Ulak, Tavsan Yiregi, Topak Asi are the

main cultivars. According to local characteristics the
olive harvest is starting in October and continuing until
the end of January in Turkey (Kutlu and Sen, 2011).

The aims of this work were to determine the effect of
growing regions and processing systems on the total
phenol content and bitterness index (Kxs) of Turkish
virgin olive oils. For this purpose, a total of forty-one
virgin olive oils samples which extracted with two, two
and a half, and three phase system were collected from
these Regions, during 2014/2015 crop season. A total
phenol content were determined with the Folin-
Ciocalteu method and Solid-Phase Extraction (SPE)
procedure were carried out for extraction of the bitter
compounds (Kxs).

MATERIAL and METHODS
Materials
Sampling of Extra Virgin Olive Oils

As seen from Table 1 forty one (41) extra virgin olive
oils collected from the South Marmara (7), South (8) and
North Aegean (15), West (4) and East Mediterranean (7)
at 2, 25 and 3 phase extraction system, during
2014/2015 crop season. The South Marmara Region
contains Gemlik and Edincik Su olive oils, were collected
from district of Mudanya, Erdek, Edincik, Osmangazi,
iznik. Ayvalik olive oil was collected from the North
Aegean Region. This cultivar is grown in Edremit,
Ayvalik, Karasinan, Zeytindag, Kuigukkuyu, Ezine,
Altinova, Burhaniye and Havran. Memecik olive oil was
collected from the South Aegean Region. It is grown at
provinces of Aydin, izmir and Mugla. The East
Mediterranean Region contains the Topak Asl, San Ulak,
Ayvalik, Gemlik and Kilis Yaglik olive oils were collected
from the city of Tarsus, Adana and Hatay. Beylik, Girit,
Gemlik and Tavsan Yuregi olive oils were collected at the
locations of Manavgat and Gazipasa at the West
Mediterranean Region.

All oil samples were extracted between October,
November and December under industrial conditions in
a olive plant in Turkey. Samples were removed from
each of three bottles from the same extraction for each
samples of olive oils. Each oil samples (contains 500 mL)
stored in the dark glass bottles and at +4°C until they
were analyzed.

Determination of Total Phenol Content

Analysis of total phenol content of olive oil was
determined spectrophotometrically according to the
Folin-Ciocalteu method previously described by
Gutfinger (1981) and Hrncirik and Fritsche (2004). 2.5 g
of oil sample was dissolved in 5 ml of hexane and after
adding 5 ml methanol/water (60:40 v/v) the solution
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was shaked for 2 min. The extraction were separated
from each other by centrifuging the solution at 3500
rpm for 10 min. 0.2 ml of methanolic phase was put
into flask and completed with deionized water to 5 ml,
then Folin-Ciocalteu reagent (0.5 ml) was added to
the mixture. After 3 min, 1T ml of Na,CO; solution
(35%, w/v) was added and diluted to 10 ml with pure
water. The solution was incubated for 2 h in a dark
place and the absorbance of the solution was read at
725 nm with a spectrophotometer (Shimadzu UV-
1700, Japan). The total phenol concentration was
calculated from caffeic acid calibration curve. Data
was expressed as mg equivalent of caffeic acid per
kilogram of oil (mg CAE kg™).
Determination of Bitterness Index (K2s)

The compounds responsible for oil bitterness
were evaluated spectrophotometrically at 225 nm
as absorbance (Kys values) with a Shimadzu
spectrophotometer UV-1700 PharmaSpec (Japan)
according to the Gutierrez et al. (1992). A Solid-Phase
Extraction (SPE) procedure were carried out for
extraction of the bitter compounds. A sample of
1.0+£0.01 g of oil was dissolved in 4.0 mL hexan and
passed over a C18 column (Bakerdond spe Columns,
J.T. Baker, Phillipsburg, NJ, Holland) previously
activated with methanol (6.0 mL) and washed with
hexane (6.0 mL). After elution, 10.0 mL hexane was
passed to eliminate the fat, and the retained
compounds were eluated with methanol/water (1:1)
to 25.0 mL in a flask. The absorbance of the extract
was measured at 225 nm againest methanol/water
(1:1) in a 1.0 cm cuvette. Results were expressed as the
absorbance of 1.0 g in 100 g (Kx,s values).

Statistical analysis

Data analysis was performed using MINITAB
statistical software package version 15. One way
analysis of variance (ANOVA) were performed based on
the geographical regions of the olive oil samples for
both total phenol and bitternes index results. Following
ANOVA, Fisher’s least significant difference test method
(LSD) were used for the pairwise comparison of the five
different geographical regions. In addition, simple least
squares and multiple regression analysis were also
carried out with the same software package where the
two and three dimensional scatter plots of bitterness
index (Kxs) were generated with the same software
package.

RESULTS and DISCUSSION

Phenolic compounds are the minor compounds in
olive oils with high antioxidant activity providing
nutritional and sensorial properties. Bitterness is a
considered as a positive sensorial attribute of the

virgin olive oils and enchances the whole flavour with
related to green olive fruit. Consumers are increasing
their consumption of olive oils with high bitterness
intensity. As a result of this, bitterness assessment is
becoming an important subject in olive oil research
(Escuderos et al., 2014).

As can be seen from Table 1, there are five diffrent
geographical regions where olive oils were collected
which were processed with two and three-phases
systems along with two other samples processed with
2.5 phases system coming from East Mediterranean
(Manavgat). Beylik olive oil was determined the
highest total phenol content (330.26 mg CAE kg™ oil)
and bitterness index (Kys) (1.21) that extracted
with 2.5 phase centrifugal system at the West
Mediterranean Region. Memecik and Ayvalik olive oils
bitterness index (K,2;) which were extracted with two
phase system at South Aegean Region and North
Aegean Region, were followed the Beylik olive oil
bitter index with 0.86 and 0.85, respectively (Table 1).
Total phenol content of Ayvalik and Edincik Su were
determined 291.03 and 270.62 mg CAE kg’ oil,
respectively. The lowest total penol content and
bitternes index was determined with 12.41 mg CAE
kg' oil and 0.13 on Sari Ulak and Ayvalik cultivar
extracted with three phase system in Tarsus and
Edremit at the East Mediterranaean and the North
Aegean Region, respectively.

According to Aguilera et al. (2005) location do not
play an important role on the oil bitterness index (Kys)
for Frantoio and Lecciono cultivars. A significant effect
was reported of olive cultivar and harvest time on the
bitterness intesity (spectrophotometric) by some
authors (Skevin et al., 2003; Morello et al., 2004; llyasoglu
et al, 2010; Rotondi et al, 2010; Favati et al, 2013;
Condelli et al, 2015). There is no limit set for the
bitterness index value at National or International
standards. Consumers only refuse or consume the oil
products according to their preference. Some
consumers prefer to consume olive oils of high
bitterness index value, while others prefer to consume
olive oils of low bitterness index value. Gutierrez et al.
(1992), have reported that K,s value > 0.360 correspond
to quite bitter olive oils that some consumers are do not
choose to consume of these oils. For that all, due to the
positive attribution of phenolic compounds to
human health, some consumers are increasing their
consumption of oils with high bitterness index value
(Inarejos-Garcia et al., 2009). It was seen in the study that
the Kys value of 27 olive oils samples is above 0.360
value. The results of South Aegean Region samples of
K25 value was a quite higher than this value. The West
Mediterranean and the East Mediterranean Regions
were followed the South Aegean Region with 0.52 and
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0.45, respectively. As reported by authors (Kdseoglu and
Unal, 2008; ilyasoglu et al., 2010, Késeoglu et al., 2016)
different factors, such as olive cultivar, climatic
conditions, maturity index, technological processing of
oil and harvesting time had a significantly influence on
the level of total phenols and also the intensity of

bitterness. The highest total phenol content was
determined at the South Marmara Region samples with
200.28 mg CAE kg oil. The South Aegean Region and
North Aegean Region olive oil total phenol contents
were followed the South Marmara Region with 148.92
and 136.64 mg CAE kg™ oil (Table1).

Table 1. Total phenol content and bitterness value of olive oil samples according to geographical region and cultivar

. . . . Total Phenol Bitterness index

Region Name Subregion Name |Processing Name | Cultivar Name (mg CAE kg™) (Ka2)
Mudanya Gemlik 222.18 0.20

Erdek Edincik Su 270.62 0.62

South Marmara Edincik Edincik Su 226.98 0.49
Erdek Three-phases Edincik Su 207.37 0.48

Orhangazi Gemlik 94.08 0.23

iznik Gemlik 197.36 0.31

Edincik Edincik Su 183.35 0.45

Mean 200.28 0.40
Zeytindag Ayvalik 126.10 0.29

Karasinan Ayvalik 133.71 0.32

Zeytindag Two-phases Ayvahk 152.52 0.47

Burhaniye Ayvalik 291.03 0.85

Kuglikkuyu Ayvalik 106.08 0.45

Edremit Ayvalik 76.86 0.29

Edremit Ayvalik 42.83 0.13

North Aegean Kiiciikkuyu Ayvalik 165.33 038
Ezine Ayvalik 133.31 0.43

Altinova Ayvalk 79.26 0.28

Havran Three-phases A;/vallk 46.84 022

Edremit Ayvalik 148.12 0.45

Ezine Ayvalik 205.76 0.64

Ayvalik Ayvalik 184.55 0.49

Ayvalik Ayvalik 157.33 0.45

Mean 136.64 0.41
izmir Memecik 222.18 0.78

Aydin Two-phases Memecik 139.71 0.74

Aydin Memecik 112.89 0.46

South Aegean Mugla Memecik 135.71 0.86
Aydin Memecik 155.32 0.76

Aydin Memecik 161.73 0.83

o Three-phases Memecik 184.15 0.77

Aydin Memecik 79.66 0.48

Mean 148.92 0.71
Tarsus Ayvalik 178.14 0.75

Tarsus Two-phases Gemlik 90.87 0.20

. Adana Gemlik 134.11 0.52

East Mediterranean Tarsus Topak Asi 15.61 0.18
Tarsus Three-phases Sari Ulak 12.41 0.20

Hatay Kilis Yaglik 192.55 0.72

Hatay Kilis Yaglik 145.32 0.59

Mean 109.86 0.45
Manavgat Beylik 330.26 1.21

West Mediterranean | Manavgat 2.5-phases Girit 37.63 028
Gazipasa Three-phases Gemlik 49.64 0.30

Gazipasa Tavsan Yiregi 85.67 0.30

Mean 125.80 0.52

Inarejos-Garcia et al. (2009) reported that Cornicabra
olive oil Kys values was ranged from 0.47 to 0.52
extracted at 28°C, 60 min with two phase extraction

system, Condelli et al. (2015) observed Maiatica,
Coratina, O. Vulture, Leccino and O. Bradano olive
cultivars Kys values 0.12, 0.32, 0.24, 0.21 and 0.22,
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respectively. Morello et al. (2004) determined Arbequine
varietiy (harvested first week of November to second
week of January) Kys values was ranged from 0.15 to
0.37, Favati et al. (2013) defined K,s values of Coratine,
Ogliarola, Maiatica, Leccino and Blend range from 0.17
to 0.60, 0.15-0.45, 0.06-0.16, 0.07-0.32 and -0.06-0.35,
respectively. Aguilera et al. (2005) observed Frantoio
and Lecciono cultivars Kjs values range 0.41-0.37 and
0.38- 0.43, respectively. In this study, Kys values of
Turkish olive cultivars were ranged from 1.21 to 0.13.
Some cultivars of the regions like Edincik Su, Ayvalik,
Memecik, Kilis Yaglik and Beylik were determined more
higher than Italian and Spanish varieties.

In the research it was determined that the total
phenol content in Kiglikkuyu sample was low but the
bitterness index value was high or vice versa. This may
be due to that the proportion of the phenolic
compounds causing the bitterness value is high or low
in the oil samples. Phenolic acids, phenolic alcohols,
flavonoids and hydroxy-isochromes are the phenolic
compounds that are found in extra virgin olive oil. These
compounds are play very important role in bitterness
and pungency value of olive oils. Important phenolic
compounds in olive oil are hydroxytyrosol, tyrosol and
oleuropein. Their concentrations in the olive oil
depending on the olive variety, the olive maturity, the
time of harvest and the transportation methods and the
processing technology (Boskou, 2009).

For a general evaluation of bitterness index (Kys) as
function of total phenol content of the olive oil samples,
it is reasonable to analyze the data with simple least
squares (SLS) method. Figure 1 shows the scatter plot of
total phenol content versus bitterness index (Kas) of 41
olive oil samples.

1.24|  Region Name y = 0.00235x + 0.14533 ®
® East Mediterranean R2=0.4970
1.0 | ® North Aegean
—~ South Aegean
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g
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o
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Figure 1. Simple least squares regression plot of total phenol content
vs bitterness index (Kas) of olive oil samples collected from five
different geographical region.

The regression coefficient of the least squares
model indicates that there is a correlation between
total phenol content and bitternes index as expected

but due to the the differences among the several
geographic regions, this correlation gave an R? value
of 0.497. On the other hand, there are a few samples
which were labelled with a circle around them are
causing significant deviations from the regression line
and this is the another reason for low regression
coefficient. It is expected that when these three
sample were left out regression model a better
regression models could be obtained. Figure 2 shows
the scatter plot of this reduced data set when these
three samples were left out.
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Figure 2. Simple least squares regression plot of total phenol
content vs bitterness index (Kzzs) of olive oil samples after removing
three outlier samples.

From Figure 2, it is clear that there is a slight
increse in R? value of regression bu this increase is not
sufficient to expelain total variablity in the bitternes
index of the olive oil samples as the samples are
collected at various geographical regions. In addition,
most of the samples were processed with two diffrent
methods (two and three phase) and two of them with
2.5 phase system. Besides theese diffrences, three
were 10 diffrent cultivar though most of the samples
were Ayvallk and Memecik. As a result of these
differences, it is expected that a multiple regression
model that accounts not only lineer effects but also
quadratic contributions woud generate a better
model for bitterness index. Therefore, a second order
polynominal model equation (Equation 1) which is
composed of geographical region (xi), processin
method (x;), cultivar (x3), and total phenol (xs) was
proposed to describe bitterness index (Kas) (y).
However, there is only one sample with 2.5 phase
processing method and therefore no square term
were used for x, term.

As seen from equation 1, there are 14 coefficients
including four lineer terms, three square terms and six
binary interaction terms along with an intercept term.
The statistical significance of the model equation was
evaluated by multiple regression with the F-values for
analysis of variance (ANOVA) given in Table 2.
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Y = bo -+ blxl -+ b2X2 -+ b3X3 -+ b4X4 -+ blle -+ b33X% -+ b44X421

-+ b12X1X2 -+ b13X1X3 -+ b14X1X4 -+ b23X2X3 -+ b24X2X4 -+ b34X3X4

Table 2. Results of ANOVA

€9)

Terms Coefficients Standarq Error of t-values P-values
Coefficiens
Constant 0.626 0.037 16.893 <<0.05
Region -0.022 0.076 -0.293 0.772
Processing 0.028 0.026 1.075 0.293
Cultivar 0.116 0.079 1.466 0.156
Total Phenol 0.435 0.059 7.307 <<0.05
Region*Region -0.103 0.083 -1.243 0.226
Cultivar*Cultivar 0.069 0.108 0.637 0.530
Total Phenol*Total Phenol 0.012 0.099 0.124 0.902
Region*Processing 0.045 0.054 0.829 0415
Region*Cultivar -0.241 0.127 -1.893 0.070
Region*Total Phenol 0.043 0.130 0.327 0.747
Processing*Cultivar 0.003 0.042 0.076 0.940
Processing*Total Phenol -0.012 0.066 -0.185 0.855
Cultivar*Total Phenol 0.050 0.098 0.506 0.617

ANOVA evaluations of this model, shown in Table 2,
indicates that the most dominating factor ofthe model
is total phenol content as expected from the previous
simle regression analysis. On the other hand, none of
the other terms of the model equation has P-values
lower than suggesting that at 95% confidence level,
they are statistically insignificant. Neverthees, following
total phenol content type of cultivar seems to the
second important lineer term of the model and it is
followed by processing method and geographical
region. In terms of nonlineer contribution of the factors,
geographical region has the largest absolute coefficient
whereas region*cultivar interaction is is also quite
important at least 90% confidence limit (P-value is less
than 0.10). The predicted versus referance bitterness
index (Kxs) values plot is given in Figure 3.

0.9

081 y = 0.8772x + 0.0567
’ R2 =0.8772

0.7

0.64

0.59

Region Name
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A South Marmara
West Mediterranean

0.4

0.39

Predicted Bitterness Index (K 225)

0.2

0.14
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Measured Bitterness Index (K 225)

Figure 3. Measured vs. predicted bitterness index (Kazs) by the
multiple regression model.

As seen from figure 3, the multiple regression model
proposed for the bitternes index produced an R? of
0.877 indicating that about 88% of the total variability
within the given data were explained with the current
model. This is a much better value compared to the
simple least squares model generated with just total
phenol content given in Figure 2. Response surface
plots of the four factor namely geographical region,
processing method, cultivar type and total phenol are
shown in Figure 4. While two of the four factor being
plotted in the three dimensional surface plots, the other
two factor were held constant at their middle values.

As seen from Figure 4, there are strong nonlinearities
in the top two figures where geographical region and
processing type (top left) and geographical region and
cultivar (top right) whereas the other figures are mainly
dominated by lineer effects. In addition, it is seen that
total phenol is the main factor which significantly
determines the bitterness index (Kxs) of the olive oil
samples.

CONCLUSION

It is generalley known that total phenol content was
greater in the centrifuge-extracted oil than in the
pressure extracted oil. The concentration of total phenol
content was slightly lower in the oils extracted using the
three-phase decanter than those from the two-phase
decanter. This is due to the addition of water to the olive
paste processed with the 3-phase centrifugal decanter.
In the research it was determined that the total phenol
content in Kiglkkuyu sample was low at two-phase
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decanter and high at three-pahse decanter. This maybe
a minimum quantity of water could be added to the
three-phase decanter to separate the solid material
better and to retain water-soluble phenol compounds
as much as possible.

In this study, Turkish olive oils total phenol content
were found to be ranging from 12.41 to 330.26 mg
CAE kg oil and bitterness index (K5 value) ranging
from 0.13 to 1.21. The results were demonstrated that
total phenol content and bitterness index (Kys) of
olive oils were affected from cultivars, location and
regions. Especially, Beylik, Memecik and Ayvalik olive
oils K5 values were found be highest that consumers
may refuse to consume them in the past. However, in
the majority of the reports given in the literature it is
stated that bitterness, pungency and astringency are

0.6
Bitterness

0.5 3.0

0.4 5 .
Processing

1.0

25 40 2.0
Region

Bitterness

300
200
Total Phenol

Region

Bitterness

300
200
100 Total Phenol

25 0
3.0

Processing

positive sensorial attribute of the extra virgin olive oils
and related to the phenolic compounds in the olive
oil. Therefore, due to the positive affect of phenolic
compounds to human health, consumers make their
preference to oils with more bitterness in recent years.
For Beylik cultivar that was located in Manavgat, in
which bitterness is so excessive as to cause consumer
rejection of the olive oil. Appropriate control of the
some factors like maturiy index, technological
variables to produce a desirable reduction of intensity
of this attribute and hence improve consumer
preference. In addition, some Turkish cultivars like
Edincik Su, Ayvalik, Memecik, Kilis Yaglik and Beylik
were found have higher bitternes values than Italian
and Spanish varieties.

Bitterness

50 .
25 Cultivar

Region

0.8

Bitterness

0.6

0 )
Cultivar

25 00
Processing

3.0

Bitterness

300
200

00 100 Total Phenol

25 5.0

75

Cultivar

Figure 4. Response surface plots of geographical region, processing type, cultivar and total phenol content as a function of bitterness index (Kazs).
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