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ABSTRACT

The objectives of the present study were to characterize the sensorial properties of
the virgin olive oils, that produced in the year crop 2009/2010 in two different areas of Egypt,
Siwa oasis and Giza, and their relations to the volatile compounds and chemical
composition. Results revealed that the free faity acid content of all cultivars olive oils was
below 1, except for VOO of Maragi cultivar was 1.20%(as Qleic acid). Whereas, peroxide
value was lower than 2.76 meq O:/kg for studied olive oils. Data showed that the values
recorded at 232 and 270 nm and AK for all samples studied complied with IOC limits for
extra virgin olive oil. Alsc data showed that all studied VOO, the ocleic acid was always the
most abundant fatty acid {monounsaturated), representing the 67 % of the tota! fatty acid
composition at least, except for VOO of Arbequina where was only 44 %.The VOO of
Maragi and Wattagen showed the lowest total SFA (14.83 and 14.81, respectively) and,
hence, the highest total USFA (85.08 and 85.12, respectively), while that of Arbequina
showed the highest total SFA (23.28%) and the lowest total USFA (76.58%) as compared to
the other VOOs. Furthermore, VOO of Coratina had the highest content of total tocopherols
(798.649 mg/kg) and VOO of Wattagen had the Jowest content of total tocopherols (559.089
mg/kg). Voo of Maraqi and Arbequina contained 3-nonen-1-ol (Z) as the most abundant
volatile compound (2675.594, 2192.071 ppm respectively). Data showed that VOO of
Wattagen contained 1-undecanol and 1,10 decanediol as the most prevalent volatile
compounds (7150.116 and 7150.107 ppm, respectively). Results also revealed that VOO of
Koroneiki contained 2-nonen-1-ol {2} as the most abundant volatile compound (2799.950
ppm), On the other hand, VOO of Coratina showed the lowest number of detectable volatile
cormnpounds {only 5 compounds}, 1,9- nonanediol being the most abundant (632.065 ppm).
Sensory data showed that The highest median of fruity , bitter and pungent (7.4 and 5,
respectively) were found for Coratina olive oil. Finally, data showed that no defects in ail
studied VOQOs. Sensory properties of detected volatile compounds of Maragi olive oil were
Fresh, green, fruity, floral, rose, fatty, nutty, coconut, herbal and sweet.. Sensory properties
of detected volatile compounds of Wattagen olive oil were Fruity, green, floral, tomato, nutty,
fatty, waxy, citrus, sweet and herbal. Octanal , heptanal and other detected compounds
were responsible about pungent and bitter for Maragi and Wattagen olive oils. These data
agreed with the results of sensory analysis of Maraqi and Wattagen olive oils. Also, sensory
properties of detected volatile compounds of Arbequina, Koroneiki, Coratina olive oils
agreed with the results of sensory analysis .

Keywords: Sensory analysis, Egyptian olive oil, Maraqi, Wattagen, Arbequina, Koroneiki, Coratina,
Volatile compounds and Chemical composition, Virgin Olive Oil (VOO).

Vol. 16 (1), 2011 13



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

INTRODUCTION

Virgin olive oil {VOO), an excellent natural food, is obtained from olive
fruit by mechanical or physical procedures. Its composition varies widely,
depending on fruit variety, degree of fruit ripeness, environmental
conditions, grown region, and techniques of processing and storage
(Barranco et al., 1996). VOO has a high resistance to oxidative
deterioration due to its fatty acid composition and its phenolic content.

The chemical composition of VOO shows several compounds such
as hydrophilic phenols, that affecting its sensorial and healthy properties,
differentiate VOO from all the other vegetable oils used by humans.
Chemical composition of VOO consists of major and minor components.
The major components, that include triacylglycerols, represent more than
98% of the total oil weight. Minor components, that are present in very low
amount (about 2% of oil weight), include more than 230 chemical
compounds such as aliphatic and triterpenic alcohols, sterols,
hydrocarbons, volatile compounds and antioxidants (Servili ef al., 2004).

The nutritional value of olive oil arises from high level of oleic acid
and minor components, such as phenol compounds (De Nino A. et al,
2000), whereas the aroma is strongly influenced by volatiie compounds
{Kiritsakis, 1998; Angerosa, 2002). Nutritional value and pleasant fiavour
have contributed to 'an increase in consumption of olive oil which has
fostered cultivation of olives outsides the traditional olive oil producing
region of the Mediterranean and into newer areas where cultivars
adaptability, different climatic conditions and different agronomic practices
may alter olive quality (Patumi et al., 2002). Olive oil quality may be defined
from commercial, nutritional or sensorial perspectives (Duran, 1990).

Recently, extra virgin olive oil (EVOQ) has been in great demand by
the consumers due to its nutritional, sensorial and functional properties.
The desired aroma characteristics of EVOO are the result of the phenolic
and volatile.contents of the olive oil (Morales et al., 1997). Factors such as
cultivar, environment and cultural practices determine the quality and
uniqueness of specific EVOOs (Cosio et al., 2006). The geographical origin
of olive oil is one of the most significant factors affecting the aroma profile
of olive oil (Araghipour et al., 2008). The detection of the aromatic volatiles
is important in EVOO quality control (Morales et al, 1997). The
conventional analytical methods that include GC (Angerosa et al., 2000),
and GC/MS (Tura et al.,2004) and sensory analysis( Angerosa et al., 2000,
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Caporale et al, 2006 and Cimato et al, 2006) have been used for the
geographical differentiation of EVOO.

The world production of olive oil is 2881,5 thousand tons (2009/2010),
with approximately 2148,5 thousand tons 74.56 % coming from the
European Community (EC) (IOC, 2010) . According to the recent
International olive council (10C) report (I0OC, 2010), Egypt produced 2000
tons (approximately 0.07 %) of the world olive oil production over that time.
Egypt consumption is 5000 tons of olive oil and imported 3000 tons of olive
oil at season 2009/2010 (10C, 2010).

The International Olive Council (IOC, 2006) and the European
Commission (EEC, 1991) have defined the quality of olive oil, based on
parameters that include free fatty acid (FFA) content, peroxide value (PV),
UV specific extinction coefficients (Ka; and Kaz) and sensory score. In
particular, the quantity of FFA is an important factor for classifying olive oil
into commercial grades (Boskou, 1996; Rosseli, 1986). The general
classification of olive oils into the different commercial grades is based on
FFA and sensory characteristics (taste and aroma). The commercial
grades separate oil obtained from the olive fruit solely by mechanical or
physical means (virgin) from the other oils that contain refined oils (Kalua et
al., 2007).

Sensory analysis has been defined as a scientific discipline which
consists of a panel of trained or untrained panelists. Generally, it is used 1o
discriminate olive oil with respect to its region of origin, variety, ripeness
and extraction techniques (Cimato et al., 2006). The sensory quality of a
food points to its desirability and acceptability. Color, taste and aroma are
the main variables for the definition of the quality of olive oils (Angerosa,
2000).

Sensory evaluation of olive oil is the main criterion for evaluating its
quality. The organoleptic quality of olive oils depends on several factors,
one of which is cultivars. The organoleptic quality of the oils was assessed
in the light of the following parameters: aromas, total phenols, and phenol
composition (Dhifi et al, 2006). Volatile compounds have a significant role
in determination of correjation between the olive oil quality and sensory
appreciation (Cimato et al., 2006).

Flavor is one of the most important qualities of foodstuffs and plays a
major role in consumer acceptance. Sensory evaluation is generally
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considered to be the ultimate method to measure flavor quality of
foodstuffs, because chemical and instrumental procedures lack the acuity
of the human senses and the ability to integrate perceptions. In recent
years, however, many attempts have been made to obtain more objective
results by using volatiie compounds analysis and correlation between
instrumental and sensory data (Jacobson et al., 1989). Pilgrim and Schutz
(1957), Noble et al, (1987), and Kuentzel and Bahri (1991) tried
successively to relate sensory perceptions with chemical components.

The main quality assays include organoleptic characteristics, free
acidity, peroxide values and absorbance in the ultraviolet region.{ Ceci and
Carelli, 2007).In most cases quality parameters change by the time the oil
reaches the consumer (Gutierrez and Fernandez, 2002). Olive oil is
susceptible to both hydrolytic and oxidative reaction (Duran, 1990) that can
adversely affect oil quality parameters. For instance, an increase in PV,
Kasz and K7 values and development or loss of certain volatile compounds
is very common between extraction and consumption (Boskou, 1996;
Gutierrez and Fernandez, 2002). The presence or absence of particular
volatile compounds may also be a good indicator of olive oil quality
changes.

Several factors are known to affect the quantitative profile of olive
fruits. Among these factors, the degree of ripeness, the geographic origin
and the nature of the cultivar are certainly those that have a pronounced
influence on the composition. Some studies were already published
concerning the influence of these factors on some French (Amiot et al.,
1986); Spanish (Botia et al., 2001); Htalian (Esti et al., 1998; Romani et al.,
1999; ), Portuguese (Vinha et al., 2005) and Tunisian cultivars (Lazzez A.,
et al., 2008).

Olive oil sensory quality is so important that the relevant European
Communities (EC) regulation and International olive oil (IOC) include
sensory analysis ( EEC, 1991; IOC, 2007).

Because synergy and antagonism processes between volatile
compounds contribute to the sensory evaluation of virgin olive oil, it is of
great interest to ascertain the relationship between sensory attributes and
volatiles responsible for them (Aparicio et al., 1996).

Thus, the main objective of the present paper was to highlight the
relation of sensory analysis of some Egyptian olive oils and its volatile
compounds and chemical composition.
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MATERIALS AND METHODS
SAMPLES

Olive oils of some Egyptian cultivars were obtained during season
2009/2010 from Agricultural Research center, Giza, Egypt. These olive oils
were Maraqi and Wattagen cultivated in Siwa oasis (in the west of Egypt)
and Coratina, Koroneiki and Arbequina cultivated in Giza (in the middle of
Egypt). These oils were extracted using a two phase continuous extraction
system (Toscana Enoclogica Mori, Italy). Olives were crushed by using a
hammer mill, operating at 3000 rpm, malaxation of pastes was made in a
mixer at 14 rpm and 30°C for 1 h. Separation of the paste into oily must
and pomace was performed by a tow phase centrifugal decanter working at
3500 rpm. Finally a horizontal centrifuge at 40°C, operating at 6500 rpm
and fed with 1L tap water/ kg oily must, was used to remove the remaining
solids from the must. All oil samples were filiered through anhydrous
Na,S0O, and stored at -18°C in dark glass bottles prior to analysis.

METHODS

Free fatty acids, peroxide value and UV light absorption (Kasz, Karo,
AK) were determined following the official analytical methods described in
EC Regulation 2568/91 (EEC, 1991).

Fatty acids composition

The fatty acids composition was determined as methyl esters
following the procedures described in the enclosures of the Commission
Regulation EEC no. 2568/91: 0.15 g oil plus 1 mL hexane plus 0.1 mL 1 N
KOH in methanol were shaken vigorously for 5 min. Subsequently 0.25 ml
of the supernatant was taken, deposited in a vial and dissolved in 1.5 ml of
the hexane.

GC-FID analysis

Hexane solution (1 plL) was injected into GC (Agilent 6890N)
equipped with a capillary column SP-2340 (60 m x 0,25 mm i.d., 0.2 uym f.t.,
Supelco). The separation was carried out with a programmed temperature
(110 °C for 5 min, increase of 3 °C/min to 150 °C for 16.33 min, increase of
4 °C/ min to 230 °C for 27 min) and FID detector at 260 °C. The results are
expressed in percentage of chromatographic areas (De Nino et al., 2008).

Tocopherols analysis
Olive oil (0.6 g) was dissolved with hexane until 10 mbL. This
solution was filtered (PTFE filter 0.2 mm, 25 mm, Whatman) and 20 pL
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were injected into HPLC (Agilent 1100) equipped with a zorbax NH,
column (25 cm x 4.6 mm, id. 5 mm, Agilent} using an isocratic mobile
phase hexane: ethyl acetate (80:20). The flow rate was 2 mL/min and the
detector was a fluorescence spectrophotometer with a programmed
wavelength (lex 295 nm and iem 325 nm). The results are expressed in mg
of a (Fluka), or 8 (Supelco), or y (Sigma) & (Sigma) tocopherol per kilogram
of oil (ppm) (De Nino et al., 2008).

Volatile Compound

Olive oil (2 mL) was dissolved in a 10mL viais and added with a
fixed quantity of internal standard (2-methyl-4-pentancl). The olive oil
samples were directly analyzed by SPME-GC-MS using a Varian 4000 GC-
MS mass spectrometer (Cavaliere et al, 2007, Benincasa ef al, 2003).
Particularly, a DVB/CARB/PDNS 70pum solid phase micro extraction fibre
and a GC capillary column VF-5ms 60m x 0,25 mm i.d., 0,25 pum f.t. were
used. Instrumental parameters were: split ratio 50/1; helium gas flow 1,2mL
/min; Injection volume 1uL; column oven: T=50°C hold for ten minutes, then
ramp to 180°C at 25°C/min; then ramp to 220°C at 10°C/min. Injection T
250°C; Transfer line T 270°C; lon source T= 200°C. Pre-incubation time
20min at 40 °C; adsorption time 5min; adsorption time 3min.

Sensory analysis

Sensory analysis of the samples was carried out by trained
panellists according to the method described in International Olive Council
(IOC/T.20/No 15-Rev.2) (IOC, 2007). The method involves, as a measuring
instrument, a group of 8-12 persons suitably selected and trained to
identify and evaluate the intensities of positive and negative sensory
perceptions (Boskou , 2006). The oil samples (15 ml each) were randomly
presented in covered blue glasses at 28+29C. The cover was removed and
the sample was smelled and tasted by each panelist and panelists were
requested to mark their perceptions on a profile sheet and to evaluate their
intensity on an unstructured scale ranked from 0 to 10 (profile sheet)
(Figure 1) (10C, 2007).

Olive oil was classified (IOC, 2007):

* The extra virgin category when the median of the defects was equal to 0
and the median of the fruity attribute was more than 0.

* The virgin category when the median of the defects was more than 0 and
less than or equal to 3.5 and the median of the fruity attribute was more
than 0.
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* The ordinary virgin category when the median of the defects was more
than 3.5 and less than or equal to 6.0 or when the median of the defects
was less than or equal to 3.5 and the median of the fruity attribute was
equal to 0.

* The lampante virgin category when the median of the defects was more

than 6.0.

INTENSITY OF PERCEPTION OF DEFECTS:

Fusty/ | -
Muddy-sediment 0 10
Musty-humid- | —_
earthy

Winey-vinegary - | —p

acid- sour

Metallic | —>

Rancid | —>

Others (specify) | N

INTENSITY OF PERCEPTION OF POSITIVE ATTRIBUTES:

Fruity | —_p
greenly O ripely O

Bitter | —p

Pungent | —_b

Name of taster:

Sampie code: Date:

Comments:

Figure (1): PROFILE SHEET FOR VIRGIN OLIVE OIL

Vol. 16(1), 2011 19



I. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

RESULTS AND DISCUSSION
Quality characteristics
Percentage of free fatty acids

Virgin olive oil contained about 98% neutral lipids, mainly
triglycerides (96-97%) followed by small quantity of diglycerides (1-2%) and
a variable quantity of free fatty acids which were used as marker of oil
quality (Olias and Garcia, 1997). The quality indices of VOO in Table (1)
revealed that the free fatty acid (FFA %) content of all cultivars was below
1%, except for VOO of Maragi cultivar was 1.20%(as Oleic acid) and fell
within the accepted values for extra-virgin olive oils and virgin olive oil as
the standard FFA limit for extra-virgin olive oil and virgin olive oil were 0.8,
2.0 maximum, respectively (EEC, 1991 and 10C, 2006).

Table (1). Quality parameters of some Egyptian olive oils.

Characters Maraqi Wattagen Arbequina Koroneiki Coratina

FFA %(as
Oleic acid) 1.20 0.45 0.76 0.30 0.35
Peroxide value 2.45
(meqO./kg 2.39 2.76 : 2.69 2.16

oil)
Kaas 1.428 2.189 2.264 1.968 1.782
K270 0.067 0.097 0.133 0.182 0.117
Ak 0.0005 -0.0005 -0.011 0.016 0

Peroxide value

The peroxide value (PV) is a measure of primary oxidation. Data in
Table (1) revealed that the peroxide value (PV) of all studied VOOs was
lower than 2.76 meq Oxkg. None of the oil sampies analyzed exceeded the
maximum peroxide value for extra virgin olive oil (20 meq Oukg) (IOC,
2006). These results concur with those obtained for Coratina cuitivar by
(Clodoveo et al., 2007).
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Specific extinction coefticient at 232 nm, 270 nm and AK.

The Ky3, parameter is mainly indicative of the conjugation of trienes
and also of the presence of carbonylic compounds. Data in Table (1)
showed that the minimum and maximum values for the absorbance at 232
nm were recorded respectively for VOO of Maraqi) (1.428) and (VOO of
Arbequina) (2.264), K232 values of Egyptian Koronaki and Arbequina olive
oils is agreed with values obtained by Dabbou et al,( 2010) for the same
cultivars in Tunisia .The absorbance at 270 nm was measured, the
minimum value was recorded for (VOO of Maraqgi) (0.067) and the
maximum value for (VOO of Koroneiki) (0.182). This value of K270
Koronaki Egyptian olive oil was near to the same cultivar oil in Australia
(Mailer et al.,, 2010). The values recorded at 232 and 270 nm for all
samples studied complied with 10C limits for extra virgin olive oil. Also, all
the values for AK lie inside the limits specified for extra virgin olive oil in the
standard (10C, 2006).

Fatty acid composition

Fatty acid composition is an essential aspect of the qualitative
assessment of olive oil. Monounsaturated fatty acids are of great
importance because of their nufritional implications and effect on the
oxidative stability of oils (Martinez de Victoria and Manas, 2001).

Fatty acid composition of VOO obtained from different olive oil
cultivars is shown in Table (2).Data revealed that the identified tatty acids in
all VOO were typically of olive oil and consisted of myristic acid {Cia0);
palmitic (Cys.); palmotoleic (Cqq.1) stearic (Cqs.); oleic (Cis.); linoleic (Cqs. 2);
linolenic (Cyg3) arachidic acid (Czoy); eicosenic acid (Cz.), behenic acid
(Cas0): and lignoceric acid (C,40). These fatty acids play an important part
in the sensory characterization of olive oil (Ryan et al., 1998).
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Table (2). Fatty acid composition of virgin olive oils (%) extracted from
different olive cultivars.

ultivar
Maraqgi Wattagen Arbequina Koroneiki Coratina
Fatty aci :

Ciso 0.02 0.02 0.01 0.04 0.01

Ciso 11.69 11.98 21.36 14.93 14.36
Ci6:1 isomer 0.07 0.06 0.08 0.05 0.05
Cis:1c 0.28 0.50 3.24 0.97 042
Cizo 0.05 0.06 0.06 0.03 0.05
Ciza 0.06 0.07 0.15 0.04 0.05
Cis0 2.69 2.34 1.43 2,12 1.88

Cis:a 74.80 73.26 44.00 71.86 67.62

| P 8.87 10.21 28.02 8.08 13.62
Coo.0 0.27 0.31 0.27 0.38 0.37
Cisa 0.69 Q.79 0.79 0.85 0.93
Caoa 0.31 0.23 0.30 0.37 0.40
Coo 0.08 0.06 0.10 0.14 0.12
Cau 0.03 0.04 0.05 0.05 0.06

Iz SFA* 14.83 14.81 23.28 17.69 16.85

zZ USFA** 85.08 85.12 76.58 82.22 83.09
SFA/USFA 0.17 0.17 0.30 0.21 0.20
18:1/18:2 8.43 717 1.57 8.89 4.69

18:2/18:3 12.85 12.92 35.46 9.51 14.64
18:1/USFA 0.87 0.86 0.57 0.87 0.81

* SFA= saturated fatty acid *"USFA= unsaturated fatty acid

Table (2) showed that in all VOO, the oleic acid was always the
most abundant fatty acid (monounsaturated), representing the 67 % of the
total fatty acid composition at least, except for VOO of Arbequina where
was only 44 %. Palmitic acid was also the most dominant saturated fatty
acid in ali VOOs investigated. The content varied between 11.69 for Maragqi
cultivar and 21.36 % for VOO of Arbequina. Linoleic acid is a di-
unsaturated fatty acid. When present in notable quantities, it could
contribute to the oxidation of olive oil during storage (Ryan et al,, 1998).The
analytical results showed that the content of this acid varied between 8.08
and 28.08 %. These results agreed with those obtained by Manai et
al.(2006} and Ceci and Carelli ,(2010). The fatty acids composition of the
studied olive oils complies with the requirements of the I0C trade standard
(I0C, 2006), except for Arbequina olive oil.
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The VOO of Maraqi and Wattagen showed the lowest total SFA
(14.83 and 14.81, respectively and, hence, the highest total USFA (85.08
and 85.12, respectively), while that of Arbequina showed the highest total
SFA (23.28%) and the lowest total USFA (76.58%) as compared to the
other VOOs.

The ratios between the total SFA to total USFA, again, confirmed
the above results that the VOO from Maragi and Wattagen cultivars had the
iowest ratios (0.17), on the other hand, the VOO from Arbequina had the
highest ratio (0.30}).

Tocopherols

Tocopherols are particularly important -functional components in
foods. They have vitamin E properties and display antioxidant activity,
which protect the body tissues against the damaging effects caused by the
free radicals that result from many normal metabolic functions. Among all
tocopherol homologues, a-tocopherol presents the highest biological
potency (Perri et al., 2000). It is the predominant representive of Vitamin E
in virgin olive oil. The concentration of a-tocophercl, reported in the
literature for good-quality VOO’s, is usually in the range 100-300 mg/kg, B-
and y-tocopherols are found in smaller amounts, and &-tocopherol only in
traces (Boskou et a/.2006 and Psomiadou et al., 2000).

In general, the data of Table (3) showed the high values of Egyptian
olive oils. As expected, the data showed the predominance of a-tocopherol
in all olive oil samples studied, followed by v, B-, and &-tocopherol,
respectively. These findings appear to agree with the results obtained by
Speek et al. (1985) and Perrin (1992) in that good-quality oils generally
have a-tocopherols concentration of more than 100 ppm, with a-
tocopherols accounting for approximately 95% of that total.

The lowest a-tocopherols (mg/kg) were recorded for VOO of
Wattagen (541.345 mg/kg) and the highest a-tocopherols were for VOO of
Coratina. Results revealed that VOO of Koroneiki had the lowest content of
B-tocopherois (3.016 mg/kg) and VOO of Wattagen had the highest content
of B-tocopherols (6.534 mg/kg).

Data in Table (3) showed that VOO of Coratina had the highest
content of ¥ tocopherols (27.169 mg/kg) and VOO of Wattagen had the
lowest content of y- tocopherols (6.667mg/kg).
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Finally, data in Table (3) showed that VOO of Coratina had the
highest content of total tocopherols (798.649 mg/kg) and VOO of Wattagen
had the lowest content of total tocopherols (559.089 mg/kg).

Table 3. Tocopherols of some Egyptian olive oils (mg/kg).

Cultivars a- B- v & Total
tocopherol tocopherol tocopherol tocopherol tocopherols
Maraqi 691.745 6.390 11.807 1.297 711.238
Wattagen 541.345 6.534 6.667 4.543 559.089
Arbequina 634.341 5.939 16.620 0.788 657.687
Koroneiki 678.749 3.016 14.816 0.423 697.004
Coratina 765.995 3.569 27.169 1.916 798.649

Volatiles compounds

VOO of Maraqi contained (Table 4) 3-nonen-1-ol (Z) as the most
abundant volatile compound (2675.594 ppm). Results revealed that hexane
2,4 dimethyl was the second most dominant compound in VOO of Maragi
(396.318 ppm). Both octanal and 2-decenal-(Z) were also found at lower
concentrations (ie. 213.336 and 192.944 ppm, respectively), both 10-
undecenal and pentadecenoic acid ethyl ester were detected at 176.647
and 106.513, respectively. The concentrations of the other detected
compounds (24 compounds) were less than 100 ppm.

Table 4. Volatiles compounds of Egyptian olive oils (ppm).

GC-MS
ANALYSIS OF . . s .
EGYPTIAN Maraqi Wattagen Arbequina Koroneiki Coratina
OLIVE OILS
1,10 decanediol 38.091 7150.107 n.d. n.d. n.d.
1,4
pentadecenoic nd. n.d. n.d. n.d. n.d.
acid
1,9-nonanediol n.d. n.d. n.d. 33.205 632.055
10-heneicosene n.d. 3.671 n.d. n.d. n.d.
10-octadecenal 9.619 0.421 n.d. n.d. n.d.
10-undecenal 176.647 n.d. 830.330 264.624 n.d.
13-octadecenal
@ n.d. n.d. | n.d. n.d. 85.041
1-hexene 2,5
dimethyl n.d. n.d. n.d. n.d. n.d.
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1-octanol 17.749 122.116 34.596 n.d. n.d.
1-propyl- '
cvelopentanol 16.748 n.d. n.d. n.d. n.d.
1-undecanol n.d. 7150.116 n.d. n.d. n.d.
2.4 dfgaE‘;'e“a' 21.066 141503 nd. nd n.d
2,4 dodecadienal n.d. n.d. 80.870 n.d. 32.655
2,4 ”“("E"Ed'e"a' n.d. n.d. n.d. nd. nd.
2-4-pentadien-1-
ol-3-pentyl (Z,2) 16.089 n.d. n.d. n.d. n.d.
2-decanone 22.74% 101.571 n.d. n.d. n.d.
2-decenal-(E) n.d. n.d. 686.045 65.580 n.d.
2-decenal-({Z) 192.944 n.d. n.d. 243.769 60.158
2-hexancne-4-
methvl n.d. 15.434 n.d, n.d. n.d.
2H-pyran-2-one-
tetrahydro-6- 4.334 n.d. n.d. n.d. n.d.
nonyl
2-isopropyl-5-
methyl-1- 14.652 n.d n.d. n.d. n.d.
heptanol
2-n-octylfuran 7.336 n.d. n.d. n.d, n.d.
2-nonhanone 18.699 111.689 n.d n.d. n.d.
2-nonen-1-o0l (Z) n.d. n.d. n.d. 2799.950 n.d.
2-nonenal {E) n.d. 38.294 n.d. n.d. n.d.
2-nonenal (Z) n.d. 335.221 n.d. n.d. n.d.
2-octen-(Z) n.d. 33.031 n.d. n.d. n.d.
2-undecenal 8.938 25.601 n.d. n.d. n.d.
3-hexen-1-ol n.d. n.d. n.d n.d. n.d.
3-nonen-1-ol n.d. n.d. n.d. n.d. n.d.
3-nonen-1-ol (Z) 2675.594 n.d. 2192.071 n.d. n.d.
4.4,6-trimethyl-
cyclohex-2en-1- n.d. 102.806 n.d. n.d. n.d.
ol
4-hydroxy-4-
methylhex-5-
enoic-acid- n.d. 56.390 n.d, n.d. n.d.
tertbutyl-ester
4-nonenal (E) 38.336 245,082 n.d. 53.852 n.d.
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S-isopropyi-6,6-
dimethylhept-3- n.d. 14.379 n.d. n.d. n.d.
_yne-2,5-diol
6-nonenal (2) 23.895 n.d. n.d. n.d. n.d.
7'“"1;;*”"3' nd. 545701 n.d. n.d. n.d.
9-hexadecenoic
acid methyl ester  30.851 n.d. n.d. n.d. n.d.
C4]
butane-2-methyl 27.498 n.d. n.d. n.d. n.d.
cyclohexanol 4-
methyl-trans n.d. n.d. n.d. n.d. n.d.
cyclohexanone
3,3,5,5 n.d. 17.187 n.d. n.d. n.d.
tetramethyl
cyclotridecanone n.d. 41.320 n.d. nd. n.d.
cyclpentanone 3-
butyl 10.669 14.048 n.d. n.d. n.d.
E-2-methyl-
tetradecen-1- n.d. n.d. n.d. 3.493 n.d.
olacetate
E'3'p°2_tg|de°e"' nd. 101570 n.d. 9.666 n.d.
ethanol-2-(9-
octadecenyloxy)- n.d. n.d. n.d. nd. n.d.
(2)
ethyl oleate n.d. n.d. 262.152 88.103 269.799
furan-2-pentyl 16.333 46.591 28.296 8.727 n.d.
Furanone n.d. n.d. 4.035 n.d. n.d.
Heptanal 75.487 253.810 72.956 23.865 n.d.
heptane 2,4-
dimethyl n.d. n.d. n.d. n.d. n.d.
heptanoic acid n.d. n.d. n.d. n.d. n.d.
hexadecanoic
acid ethyl ester n.d. n.d. n.d. n.d. n.d.
hexane 2,4
dimethyl 396.318 244180 1.359 238.171 n.d.
hexane 3-methyl 47.688 76.930 102.111 13.955 n.d.
hexanoic acid n.d. 92.379 nd. n.d. n.d.
hexanoic acid n.d. 57.172 n.d. n.d. n.d.
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propyl ester

nonanoic acid 26.107 677.163 41.336 197.348 nd.
Nonanol nd. n.d. n.d. n.d. n.d.
Octanal 213.336 569,182 206.848 48.454 n.d.
Octane n.d. 1690.011 n.d. n.d. n.d.
octanoic acid nd 335.821 n.d. n.d. n.d.
oxiran-tetradecyl n.d. n.d. n.d. n.d. n.d.
pentadecenoic
acid ethyl ester 106.513 nd. n.d. n.d. n.d.
pentan-3-methyl nd. nd. n.d. nd. nd.
pentane 2,3
dimethyl n.d. n.d. nd. n.d. nd.
pentane-3-methyl nd. n.d. 170.159 nd. n.d.
phenol 3,5-bis
(1,1 n.d. n.d. 98.867 n.d. n.d.
dimethylethyl)
phenol-4-ethyl-2-
methoxy n.d. n.d. n.d. n.d. n.d.
phenylethyl
alchol n.d. n.d. n.d. n.d. n.d.
propanoic acid 2-
hydroxy-2- n.d. 2165.040 n.d. n.d. nd.
methyl-ethyl ester
tetranoic acid
ethyl ester n.d. n.d. n.d. 16.010 n.d.
valeric acid-4-
tridecyl ester 10.711 nd. n.d. n.d. n.d.
Vinyl caprylate 16.681 n.d n.d n.d. nd.
Z-11-
pentadecenol n.d. n.d. n.d. 34.883 nd.
Z-8-methyl-9-
tetradecenoic nd. 23.412 n.d. n.d. n.d.
acid
Z-9-pentadecenol n.d. 40.882 n.d n.d. nd
5 nonajactone 4,536 7.483 n.d. n.d. n.d.

* n.d.= not detected
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Data of Table (4) showed that VOO of Wattagen contained 1-
undecanol and 1,10 decanediol as the most prevalent volatile compounds
{7150.116 and 7150.107 ppm, respectively), followed by propanoic acid 2-
hydroxy-2-methyi-ethyl ester as the third most dominant volatile
compounds (2165.040 ppm). Data also revealed that the VOO of Wattagen
contained octane, nonanoic acid, octanal and 7-tetradecenal (Z) at
concentrations of 1690.011, 667.163, 569.182 and 545.701 ppm,
respectively. The oil also contained octanoic acid, 2-nonenal (Z), heptanal
and 4-nonenal (E) at concentrations of 335.821, 335.221, 253.810 and
245.082 ppm, respectively. Both of hexane 2,4 dimethyl and 24
decadienal (E,E) were also found at concentrations (ie. 244.180 and
141.503 ppm, respectively), both 1-octanol and 2-nonanone were detected
at 122.116 and 111.689 ppm, respectively. The concentrations of 4, 4, 6-
trimethyl-cyclohex-2en-1-ol, 2-decanone and E-3-pentadecen-2-ol were
around 102 ppm. The concentrations of the other detected compounds (18
compounds) were less than 100 ppm.

Moreover, the most abundant volatile compound (Table 4) in VOO
of Arbequina was 3-nonen-1-ol {Z) (2192.071 ppm) like VOO of Maragqi.
Data showed that the concentrations of 10-undecenal and 2-decenal-(E)
were 830.330 and 686.045 ppm, respectively.The VOO of Arbequina also
contained smaller concentrations of ethyl oleate (262.152 ppm), octanal
(206.848 ppm), pentane-3-methyl (170.159 ppm} and hexane- 3- methyl
(102.111 ppm). The concentrations of the other detected compounds (8
compounds}-were less than 180 ppm.

Results in Table (4) revealed that VOO of Koroneiki contained 2-
nonen-1-ol () as the most abundant volatiie compound (2799.950 ppm),
although detected only in this oil, followed by 10-undecenal and 2-decenal-
(Z), 264.624 and 243.769 ppm, respectively. Data also showed that the
concentrations of hexane 2, 4 dimethyl and nonanoic acid were 238.171
and 197.348 ppm, respectively. The concentrations of the other detected
compounds (12 compounds) were less than 100 ppm.

On the other hand, VOO of Coratina showed the lowest number of
detectable volatile compounds (only 5 compounds), 1,8- nonarediol being
the most abundant (632.055 ppm). Results revealed that ethyl oleate was
the second most dominant compound (269.799 ppm). The oil also
contained smaller concentrations of 13-octadecenal, 2-decenal (z} and 2,4
dodecadienal (85.041, 60.158 and 32.655 ppm, respectively).
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Sensory analysis:

Virgin olive oil flavour is usually characterized by pleasant sensory
notes that are much appreciated by consumers {Aparicio et al, 1996 and
Aparicio et al, 1897).These sensory characteristics, together with
nutritional aspects, are the main reasons for the increment of virgin olive oil
consumption in recent years (I00C, 2003). The quality of olive oil is not the
only criteria required by standards (Codex, 2003), but also the expectations
of different consumer segments must be taken into account (Caporale et
al., 2006). Therefore, sensorial and consumer tests of olive oil quality have
been gaining importance in addition to the common chemical and
instrumental analyses. Olive oil is prized for its sensory attributes (Lipworth
et al. 1997, Visioli and Galli., 1998, Wiseman et al, 1996). Sensorial
analysis was a critical parameter in this study as it was goal to determine
virgin olive oil sensory attributes and relate them to their chemical
composition and volatile compounds.

Results of sensory analysis of all studied Egyptian clive oils agree
with values of free fatty acid, peroxide value and Specific extinction
coefficient at 232 nm, 270 nm and AK as all studied Egyptian olive oils
were extra virgin olive oil and virgin olive oil.

Sensory data in table (5) showed that positive attributes of VOOs,
were perceived with a median intensity ranging between 5.5- 7.0, 1.0 - 4.0,
1.3 - 5.0 for the attributes of fruity, bitterness and pungency, respectively.
As expected, the VOO of Coratina cultivar showed the highest median
values of bitterness and pungency. Also data showed that no defects in all
studied VOOs.

Fruity and positive attributes of Maragqi olive cil were related to 3-
ncnen-1-ol {Z), hexane 2,4 dimethyl, octanal, 2-decenal-(Z),10-undecenal
and other detected compounds as shown at Tables (5 and 6).

Fruity and positive attributes of Wattagen olive oil were due to 1-
undecanol, 1,10 decanediol, octane, octanal, 7-tetradecenal (Z), 2-nonenal
(Z), heptanal, 4-nonenal (E), hexane 2,4 dimethyl, 2,4 decadienal (E,E).1-
octanol, 2-nonanone, 2-decanone and other detected compounds as
shown at Tables (5 and 6).

Fruity and positive attributes of Arbequina olive oil were related to
was 3-nonen-1-ol (Z), 10-undecenal, 2-decenal-(E), octanal, and other
detected compounds as shown at Tables (5 and 6).

Vol. 16 (1), 2011 29



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

Fruity and positive attributes of Koroneiki olive oil were related to 2-
nonen-1-ol (z), 10-undecenal, 2-decenal-(Z), tetranoic acid ethyl ester and
other detected compounds as shown at Tables (5 and 6).

Finally, Fruity and positive attributes of Coratina olive oil were
related to 1,9- nonanediol, 13-octadecenal, 2-decenal (z) and 2,4
dodecadienal as shown at Tables (5 and 6).

Data in Table (6) showed that sensory properties of detected
volatile compounds of Maragqi olive oil were Fresh, green, fruity, floral, rose,
fatty, nutty, coconut, herbal and sweet. These data agreed with the
obtained results of sensory analysis for fruity attribute (Table: 5 ). Bitter
and pungent attributes were related to octanal , heptanal and other
detected compounds .

Data also in Table (8) revealed that sensory properties of detected
volatile compounds of Wattagen olive oil were Fruity, green, floral, tornato,
nutty, fatty, waxy, citrus, sweet and herbal. Green odor perception is the
most remarkable, being produced mainly by Cg aldehydes, alcohols and
their corresponding esters { Olias et al., 1993). Also octanal , heptanal and
other detected compounds were responsible about pungent and bitter.
These data agreed with the results of sensory analysis of Wattagen olive oil
(Table: 5).

Data in Table(6) showed sensery properties of detected volatile
compounds of Arbequina olive oil, these data agreed with the results of
sensory analysis (Table: 5). Also, these results agreed with Aparicio et
al.,(1996) that, volatile compounds (green- sweet) were esters and furanic
compounds. Some nonadienes have been described sensorial as buttery (
Evans et al., 1971) and as sweet fruity green (Aparicio et al,1996). Also,
data in Table(6) showed sensory properties of detected volatile compounds
of Koroneiki ,Coratina olive oils, these data agreed with the results of
sensory analysis (Table: 5).

I concluded that studied Egyptian olive cil had different volatile
compounds from other olive oils, might be degree of ripeness, the
geographic origin, the nature of the cultivar, climate, soil,....etc. Also, this
difference might be explained by the fact that sensory properties of volatile
compounds can change with concentration and that new sensory
properties can be achieved if other compounds are present, because of
synergism, suppression and enhancement (Aparicio et al.,1996).

Vol. 16 (1), 2011 30



J. Adv. Agric. Res. { Fac. Ag. Saba Basha)

_Table (5): Sensory analysis of Egyptian olive oils .

Maraqi Wa:age Arbt:‘qum Kortime_lk Coratina
attributes
2:;2‘:3; Not Not Not Not Not
attributes) detected detected detected detected detected
7
6.5 -
5.5 6 - Aromatic
6 Aromatic herbs
" :i:ﬁ:fl -Floral herbs -Fruity
2 Fruit olivey -Fruity -Fruity -Fruity olive
2 y mature olive olive ripe olive ripe ripe
£ i mature - Pear -Fruity -Fruity
© - Almond - Banana green green
_g If\lln;gl:d flavors olive olive
% avors -Almond  -Almond
& flavors
Bitter 3.3 3.5 1 2 4
Pungent 3.5 4 1.3 35 5
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Table {6): Volatiles compounds and its sensory properties .

GC-MS ANALYSIS Molecular Molecular
OF EGYPTIAN OLIVE petected in * Formula Weight: Sensory properties*”
oIS (g/mol)
1,10 decanediol W M HO({CH,),,OH 174.29
1,9-nonanediol C,K CoH200; 160.25
10-heneicosene w
10-octadecenal M, W Fatty
Citrus, Fatty, oily and
aldehydic with a
10-undecenal AK M C1iHaO 168.27 x;‘:":,'& ::g:lfy';"‘:';:"fh
a green, soapy nuance,
aldehydic rose.
13-octadecenal (Z) C Ci:H1,0 266.46
Waxy green orange
aldehydic rose, citrus,
1-octanol W, A M CaH1s0 13022 A e Tt
nuance, and aldehydic
with a fruity nuance.
1-propyi-
cyclopentanol M CothsO 128.21
Fresh, waxy, rose,
1-undecanol w CH{(CHIO 17231 soapy, clean clothes,
Sigma-Aldrich Inc
Fatty, oily, melon, citrus,
. CH5(CH,),CH pumpkin nut, coriander,
2,4 decadienal (E,E) W, M =CHCH=CHC  152.23 aldehydic, green, Sigma-
HO Aldrich Inc
2 4 dodecadienal AC Ci2HxO 18028 Faw 5;::;‘“;;’:;:““9“'
2-4-pentadien-1-0l-3- M
_pentyl (Z,2)
2-decanone W, M C1oH2O 156.26 °r=ﬂsﬁ; ;‘:::I fatty,
Waxy, fatty, coriander,
green, orange odor with
floral top notes
Very compatible with
orris or citrus bases.
Flavor; fatty ,fried ,citrus
Adds dimension to
2-decenal-(E} AK CuHisO 154.24 oach flavors, as well as
guava, strawberry,
chocolate, tangerine,
mandarin, grapefruit and
coffee flavors., Diffusive
orange odor, rose top
note
CH3{CH,)CH Fatty, orange, rose,
2-decenal-(Z) K, M, C =CHCHO 15425 sidehydic floral, green.
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2-hexanone-4-methyt

C;H.,0

114.19

2H-pyran-2-one-
tetrahydro-6-nonyl

CMHZEOZ

226.36

Waxy, creamy, oily,
buttery, fatty, Soft
;creamy with sweet milky
and dairy nuances
Flavor: fatty
For butter, milk, nut, and
truit flavors

2-isopropyl-5-methyl-
1-heptanol

C11H240

172.31

2.n-octylfuran

Ci2H20O

180.28

2-nonanone

CQH1 gO

142.23

Fresh, sweet ,green,
weedy, herbal, Fruity,
waxy, soapy, cheese,

green herbaceous,
coconut like, buttery,
creamy, fatty, coconut;
oily, floral
Odor: RUE-LIKE
Flavor: ROSE TEA-LIKE
TASTE

2-nonen-1-ol {Z)

CgHwO

142.23

Slightly waxy, melon
,sweet green, fatty
Used for melon, fatty,
sweet notes.
Flavor: green fatty
Used in vegetable, melon
and tropical flavors

2-nonenal (E)

CgHWO

140,22

Green, fatty, aldehydic
citrus, aldehydic, fatty
with a citrus nuance,
soapy,

Flavor: green
Can be used in green
apple, cantaloupe,
vegetable, watermelon,
orange, citrus and lime
flavors.

Odor: Fatty, Violet,
powerful fried fatty odor
with citrus-like
Suggested Uses:
Apricot, Cheese, Citrus
Fruits, Coffee, Hard
Fruits, Nut, Orange, Soft
Fruits, Tea, Tomato

2-nonenal (Z)

CqHs4 ;0

140.22

Fatty, green, waxy and
{omato nuance.

2-acten-(Z)

2-undecenal

C1 1 Hmo

168.27

Fresh fruity, citrus,
orange peel, Aldehydic,
waxy, with a fatty green

nuance

Qdor: fresh, fruity,
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citrus
Can be used as a fresh,
citrus note in many
fragrances.
Flavor: waxy aldehydic
Found mostly in citrus
flavors orange;
herbaceous; fruity

Odor: fresh, waxy, green

melon
142.23862 Used for fresh, tropical,
3-nonen-1-ol {Z) M, A CaH,s0 0 melon notes,
Flavor: waxy
A fresh green melon
4.4 6-trimethyl- w
cyclohex-2en-1-ol
4-hydroxy-4-
methylhex-5-enoic- w
acid-tertbutyl-ester
4-nonenal (E) W,K,M CqoHys0 140.22 Fruity
S5-isopropyl-6,6-
dimethylhept-3-yne- w
2,5-diol
Melon, green,
cantaloupe, waxy
6-nonenal (Z) M CgH,:C 140.22 Odor: Powerful fresh
citrus,
7-tetradecenal {Z) w C14 H26 O 210.35 Fruity, citrus
9-hexadecenoic acid M
methyl ester {Z)
butane-2-methyl M CH:‘CH':;::H(C 72,15
cyclohexanone w
3,3,5,5 tetramethyl
cyclotridecanone W C13H240 196.33
Fruity, peach, apricot,
cyclopgzttanone 3- W, M jasmin, lactonic, herbal,
vl lavender
E-2-methyl-
tetradecen-1- K
olacetate
E-3-pentadecen-2-oi w
Floral, fatty, oily, dairy,
Ethyl oleate (Oleic milky, waxy
acid ethyl ester) CAK CaoHe0: 310.51  ogor: Delicate fragrance
with a faini, floral noile,
furan-2-pentyl W, A MK C.H..O 138.20 Fruity, green, sweet,
waxy
furanone A C4H,0, 84.07 Sweet
heptanal W, M, A, K CH,40 1141  'resh, aldehydic, fatty,

green, herbal, harsh,
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pungent, oily, woody,
fruity, nutty.

MW, K A

hexane 2,4 dimethyl C8 H18 114.23
hexane 3-methyl AW, MK C7 H16 100.20
R Sour, fatty
Odor: Acidic, Burnt,
Fatty, Fruity.
Suggesied Uses: Apple,
hexanoic acid w CeHy20; 116.15 Bakery, Cheese, Dairy
Products, Savoury,
Strawberry, Tropical
Fruits, Vegetables.
hexanoic acid propyl . S fruity. iui
ester ; weel, fruity, juicy,
w CoHyi50: 158.23 pineapple, green and
' tropical.
o ' Fatty, waxy and cheesy
nonanogic acid WK AM CgHq1502 158.23 with a mild sweet creamy
. background
Octanal Aldehydic waxy, citrus,
W.M A K C¢H4;0 128.21 orange peel ,green, fatty,
s _ harsh.
Octane w CeHys 114.23
Fatty, waxy, oily,
octanoic acid w CHa(%I;g)BCO 144.21 vegetable, cheesy
pentadecenoic acid M
ethyl ester
___pentane-3-methyl A CeHya 86.17
phenol 3,5-bis (1,1
dimethylethyl) A CraH2:0 206.32
propanoic acid 2- -
hydroxy-2-methy!- W CsH1;04 132.16
ethyl ester
tetranoic acid ethyl ) .
ester K C¢H120; 116.16 Fruity
valeric acid-4-
tridecyl ester M CrsHse0, 284.48
Vinyl caprylate M C10H1802 170.25
Z-11-pentadecenol K :
Z-8-methyl-9- W
tetradecenoic acid . )
Z-9-pentadecenol w
& nonalactone W.M CgH150; 156.22 Apricot, butter, nutty,

sweet,

* M= Maragqi, W= Wattagen, A= Arbeguina, K= Koroneiki, C= Coratina virgin olive

oils.

“* Sigma-Aldrich,(2011) ; Merck .(2011), The good Scents Company, (2010) ,

and Aparicio efaf, (1996).

Vol. 16 (1), 2011 35



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

ACKNOWLEDGEMENT

The author wish to thank Prof Dr/ Enzo Perri and Dr/ Anna
Russo, CRA-Research Center for olive growing and olive oil industry,
Rende (CS}), ltaly, for analysis olive oil samples at CRA-Research Center
for olive growing and olive oil industry in Italy. At last but not least, | want to
thank Prof Dr/ Luciano Di Giovacchino, Instituto Experimental de
Elaiotecnia,Pescara (ltalia} for his advice before and during this research,

REFERENCES

Amiot, M. J., Fleuriet, A., and Macheix, J. J. (1986). Importance and
evolution of phenolic compounds in olive during growth and
maturation. J. Agric. Food Chem., 34, 823 — 826.

Angerosa, F. (2000). Sensory quality of olive oil. In: Harwood, J., Aparicio,
R. (eds) Handbook of olive oil: analysis and properties. Aspen
Publishers, Gaithersburg, pp 355-356.

Angerosa, F., Mostallino, R.C., Basti, R.V. (2000). Virgin olive oil odour
notes: their relationships with volatile compounds from the
lipoxygenase pathway and secoiridoid compounds. Food Chem
68:283-287.

Angerosa, F., (2002). Influence of volatile compounds on virgin olive oil
guality evaluated by analytical approaches and sensor panels.
European Journal of Lipid Science and Technology 104 (9 — 10),
639 — 660.

Aparicio, R., Morales, M. T., and Alonso, M. V. (1996). Relationship
between volatile compounds and sensory attributes of olive oils by
the sensory wheel. Journal American Oil Chemists Society, 73,
1253-1264.

Aparicio, R., Morales, M. T,, and Alonso, M. V. (1997). Authentication of
European extra-virgin olive oils by their chemical compounds,
sensory descriptors and consumers attitudes. Journal of Agricultural
and Food Chemistry, 45, 1076-1083.

Araghipour, N., Colineau, J., Koot, A., Akkermans, W., Rojas, J.M.M.,
Beauchamp, J., Wisthaler, A, Ma'rk, T.D., Downey, G., Guillou,
C., Mannina, L., van Ruth, S. (2008). Geographical origin
classification of olive oils by PTR-MS. Food Chem .108:374-383.

Barranco, D., Fernandez-Escolar, R. and Rallo, L. (1996). El cultivo del
olivo, Junta de Andalusia, Consejeria de Agricultura y pesca and
ediciones mundiprensa, Madrid, Barcelona, Mexico.

Benincasa, C., De Nino, A., Lombardo, N., Perri, E., Sindona. G., and
Tagarelli, A. (2003). Assay of Aroma Active Components of Virgin

Vol. 16 (1), 2011 36



I. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

Olive Qils from Southern halian Regions by SPME-GC/lon Trap
Mass Spectrometry, J. Agric. Food Chem.,51 (3), pp 733-740.

Boskou, D. (1996). Olive oil chemistry and technology, AOCS press,
Champaigen, IL, USA, PP: 52- 83.

Boskou, D. {2006). Olive oil: chemistry and technology. AOCS Monograph
Series on Qilseeds, lilinois.

Boskou, D., Blekas, G., and Tsimidou, M. (2006). Olive oil composition.
In Boskou, D. (Ed.), Olive cil, chemistry and technology (pp. 41-72).
Champaign lllinois: AOCS Press.

Botia, J. M., Ortuno, A., Benavente—-Gracia, O., Baidez, A. G., Frias, J.,
Marcos, D., and Del Rio, J. A. (2001). Modulation of the
biosynthesis of some phenclic compounds in Olea europeae L.
fruits: Their influence on olive oil quality. J. Agric. Food Chem, 49,
355 — 358.

Caporale, G., Policastro, S., Carlucci, A., Monteleone, E. (2006).
Consumer expectations for sensory properties in virgin olive oils.
Food Qual Pref 17:116—125.

Cavaliere, B., De Nino, A., Hayet, F., Lazez A., Macchione, B., Moncef,
C., Perri, E., Sindona, G. and Tagarelfli, A.,(2007). “"A Metabolomic
Approach to the Evaluation of the Origin of Extra Virgin Olive Qil: A
Convenient Statistical Treatment of Mass Spectrometric Analytical
Data”. Journal of Agricultural and Food Chemistry, pp. 1454-1462.
0021-8561.

Ceci ,L.N and Carelli, A.A. (2007). Characterization of Monovarietal
Argentinian Olive Qils from New Productive Zones. J Am Oil Chem
Soc 84:1125-1136.

Ceci ,L.N and Carelli, A.A. (2010). Relation Between Oxidative Stability
and Composition in Argentinean Olive Oils. J Am Qil Chem Soc .
87:1189-1197.

Cimato, A., Dello Monacoa, D., Distante, C., Epifani, M., Siciliano, P.,
Taurino, AM., Zuppa, M., Sani, G. (2006). Analysis of single-
cultivar extra virgin olive oil by means of an electronic nose and HS-
SPME/GC/MS methods. Sens. Actuators B 114:674—680.

Clodoveo, M.L., Deilcuratolo, D., Gomes, T., and Colelli, G. (2007).
Effect of different temperatures and storage atmospheres on
Coratina olive oil quality. Food Chemistry, 102, 571-576.

Codex standard for olive oils and olive pomace oils (2003). Codex Stan
33-1981 (Rev. 2-2003).

Cosio, M.S., Ballabio, D., Benedetti, S., Gigliotti, C. (2006). Geo-
graphical origin and authentication of extra virgin olive oils by an

Vol. 16 (1), 2011 37



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

electronic nose in combination with artificial neural networks. Anal
Chim Acta, 567:202-210.

Dabbou,S., Brahmi, F., Taamali, A., Issaoui, M., Quni, Y., Braham, M.,
Zarrouk, M., and Hammami, M. (2010). Extra Virgin Olive Oil
Components and Oxidative Stability from Olives Grown in Tunisia.
J Am Oil Chem Soc . 87:1199~1209.

De Nino A., Mazzotti F., Perri E., Procopio A., Raffaelli A., Sindona G.
(2000). Virtual freezing of the hemiacetal-aldehyde equilibrium of
the aglicones of oleuropin and ligstroside present in olive oils from
Carolea and Coratina cultivars by ionspray ionization tandem mass
spectrometry, J. Mass Spectrometry, 35, 461-467.

De Nino, A., L. Di Donna, F. Mazzotti, A. Sajjad, G. Sindona, E. Perri, A.
Russo, L. De Napoli, L. Filice, (2008). Oleuropein expression in
olive oils produced from drupes stoned in a spring pitting apparatus
(SPIA) Food Chemistry, Volume 106, Issue 2, Pages 677-684.

Dhifi, W., Ben Khedher, M., Elyes Kchouk, M., and Marzouk, B.
(2006).Qualitative and quantitative of the aromas and polyphenols
of some Tunisian alive oils.Olivae, no.105, September, pp. 36-40.

Duran, R. M. (1990). Relationship between the composition and ripening of
the olive and the quality of the oil. Acta Horticulturae, 286, 441 —
451,

EEC (1991). Characteristics of olive and olive pomace cils and their
analytical methods. Regulation EEC / 2568 / 91 and latter
modifications. Official Journal of the European Communities, L 248,
1-82.

Esti, M., Cinquanta, L. and la Notte, E. (1998). Phenolic compounds in
different olive varieties. J. Agric. Food Chem., 46, 32 — 35.

Evans, C.D., Moser, H.A. and List, G.R. {1971). Odor and flavor
responses to additives in Edible oils, J. Am. Oil. Chem. Soc. 48:
495-498.

Gutierrez, F., and Fernandez, J. L., (2002). Determinant parameters and
components in the storage of virgin olive oil. Prediction of storage
time beyond which the oil is no longer of "extra" quality. J. Agric.
Food Chem., 50 (3), 571 — 577.

10C (2006). Trade standard applying to olive oils and olive pomace oils in
COI/T.15/NC no. 3/Rev. 2.

10C (2007). Sensory analysis of olive oil. Method for the organoleptic
assessment of virgin olive oil. COl/ T.20 / Doc. No 15/ Rev. 2.

10C (2010). International olive council. Olive products market report
summary no 35- January.

Vol. 16 (1), 201t 38



1. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

I00C (2003). International Olive OQil Council activities: World olive oil
consumption. Available from: www.internationaloliveoil.org.

Jacobson, G.A., Horsely, D.M., and Ford, J.A. (1989). Correlation of
instrumental and sensory analyses of lipid Foods, in Flavor
Chemistry of Lipid Foods, edited by Min, D.B. and Smouse, T.H.
American Oil Chemists Society Press, Champaign, pp. 421-433.

Kalua, C. M., Allen, M. S., Bedgood, Jr. D. R., Bishop, A. G., Prenzler,
P. D., Robards, K. (2007). Olive oil volatile compounds, flavour
development and guality. A critical review. Food Chem, , 100, 573 —
286.

Kiritsakis, A. K. (1998). Flavor components of olive oil — a review. Journal
of the American Oil Chemists Society, 75 (6), 673 — 681.

Kuentzei, H.,, and Bahri, C. (1991). Synthetic Ingredients of Food
Flavorings, in Food Flavorings, edited by Ashurst, P.R., Blackie
Academic and Professional, Glasgow, pp. 115-157.

Lazzez A., Perri E., Caravita M.A., Khlif M., and Cossentini M. (2008).
Influence of Olive Maturity Stage and Geographical Origin on Some
Minor Components in Virgin Olive Qil of the Chemlali Variety. J.
Agric. Food Chem., J. 56, 982—988.

Lipworth, L., Martinez, M.E., Angell, J., Hsien, C.C., and Trichopoulos,
D.(1997). Olive oil and human cancer, an assessment of the
evidence, Preventive Medicine, vol. 26, no :81, 190.

Mailer , R.J. , Ayton, J., Graham, K. (2010). The Influence of Growing

Region, Cultivar and Harvest Timing on the Diversity of Australian
Olive Oil. J Am Qil Chem Soc 87:877—884.

Manai, H., Mahjoub Haddada, F., Imen, O., Trigui, A., Daoud, D., and
Zarrouk, M. (2006). Variability in the composition of olive oil
produced from hybrids obtained by controlled crossbreeding.
Olivae, 106: December2006, pp.17-23.

Martinez de Victoria, E. and Manas, M. (2001). El aceite de oliva en la
dieta y salud humanas. In Barranco, D., Fernandez, E. P., and
Rallo, L. (Eds). El cultivo del olivo (PP. 663 — 684). Madrid:
Mundiprensa.

Merck, (2011). Merck chemical : Home ¥ Search, 2011© Merck KGaA,
Darmstadt, Germany, 2011.available from: www.merck-
chemical.com

Morales, M.T., Rios, J.J., Aparicio, R.J. (1997). Changes in the volatile
composition of virgin olive oil during oxidation: flavors and off-
flavors. J Agric Food Chem, 45:2666—2673.

Vol. 16 (1),2011 39



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

Nobel, A.C., Arnold, R.A., Buechsenstein, J., Leach, E.J., Schmidt,
J.0., and Stern, P.M. (1987). Modification of a standardized system
of wine aroma terminology, Am. J. Enol. Vitic. 38:143-146.

Olias, J.M., Perez, A.G., Rios, J.J., and Sanz, L.C. (1993). Aroma of
virgin olive oil: Biogenesis of the "Green" odor notes, J. Agric. Food
Chem. 41: 2368-2373.

Olias, J.M., and Garcia, J.M. (1997). Olive. In Mitra, S.K. (Ed.).
Postharvest physiology and storage of tropical and subtropical fruits
(pp. 229-243). Wallingford, UK: CAB International.

Patumi, M., D'andria, R., Marsiilio, V., Fontanazza, G., Morelli, G., and
Lanza, B. (2002). Olive and olive oil quality after intensive
monocone olive growing (Olea europaea L., CV. Kalamata) in
different irrigation regimes. Food Chemistry, 77 (1), 27 — 34.

Perri, E., Mazzotti, F., Raffaelli, A., and Sindona, G. (2000). High-
throughput screening of tocopherols in natural extracts, J. Mass
Spectrometry, 35, 1360-1361.

Perrin, J.L. (1992). Les composés mineurs et les antioxygenes naturels de
l'olive et de son huile. Rev. Fr. des Corps Gras.1/2, 25-32.

Pilgrim, F.J. and Schutz, H.G. (1957). Measurements of the qualitative
and quantitative attributes of flavor, in Proceedings of chemistry of
natural food flavor symposium, Department of the Army, USA, pp.
47-55.

Psomiadou, E., Tsimidou, M., and Boskou, D. (2000). a-tocopherol
content of Greek virgin olive oils. Journal of Agricultural and Food
Chemistry. 48, 1770-1775.

Romani, A., Mulinacci, N., Pinelli, P., Vincieri, F.F., and Cimato, A.
(1999). Polyphenolic content in five Tuscany cultivars of Olea
europaea L. J. Agric. Food chem., 47, 964 — 967.

Rossell, J.B. {(1986). Classical analysis of cils and fats. In Hamilton, R. J
and Rossell, J. B (Eds.), Analysis of oils and fats. England: Ef sevier
Applied Science Publishers. Ltd.

Ryan, D., Robards, K., and Lavee, S. (1998). Assessment of quality in
olive oil. Olivae, 72: 23-41.

Servili, M, Selvaggini, R., Esposto, S., Taticchi, A, ‘Montedoro, G. F.,
Morozzi, G. (2004). Heaith and sensory properties of virgin olive oil
hydrophilic phenols: agronomic and technological aspects of
production that affect their occurrence in the oil. Journal of
chromatography A, 1054: 113 - 127.

Sigma- Aldrich .(2011). Home->Site>Search. Available from:
www.sigmaaldrich.com.

Vol. 16 (1), 2011 40



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

Speek, A.J., Schrijver, J., and Schreus, W.H.P.(1985). Vitamin E
composition of some seed oils as determined by high performance
liquid chromatography with fluorimetric detection. J. Food. Sci 50,
121-124.

The good Scents Company, USA. (2010). Available from:
www.thegoodscentscompany.com

Tura, D., Prenzler, P.D., Bedgood, D.R. Jr., Antolovich, M., and
Robards, K. (2004). Varietal and processing effects on the volatile
profite of Australian olive oils. Food Chem 84:341-349

Vinha, A. F., Ferreres, F., Silva, B. M., Valentao, P., Goncalves, A.,
Pereira, J. A., Oliveira, M. B., Seabra, R. M., and Andrade, P. B.
(2005). Phenolic profiles of Portuguese olive fruits (Olea europaea
L.) Influence of cultivar and geographical origin. Food Chem., 89,
561 — 568.

Visioli, F.,and Galli, C. (1998). Olive oil phenols and their potential effects
on human health. J. Agric, Food Chem., vol. 46, 4292-4296.
Wiseman, S.A., Mathot, JN.N.J., De Flow L.N., and Tijburg, L.B.M.
(1996). Dietary non-tocopherol antioxidants present in exira virgin
olive oil increase the resistance of low density lipoproteins to

oxidation in rabbits. Atherosclerosis. Vol.120, 15.

Al padlad
9 5_slhaiall LgalS oy giBe g Ay paall (6 5 Qg1 ot uad Judail)
rs Sassl) LS 5

(5.!)@“ d_.pl.u.a! J;Ium A
PR SRS WIBE RUTH I GVE A TR TR FUPNEVED

Do 5 Ay eadd G g gl puall Qe A 50 Clagy Al o3a oy el
Jsmans Pla Aexiiuall S o538 g cilical CuilS y (5 glasll LS 5y 3 il L8l s
) (Ctanll @3y dgma ) B 3ual e 5 {matay =¥ s ) g Raly Ga M3NS 2010/2009 an se
(LS - SUs S - S
: ledle Jumaidl pilall cals
eVl A jlie b al Rgiaall aleal) e el o fiae pa g JH el Caiia o505 Cu
5 AY

VYol 16(1),2011 41



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

fonaasl 6 HSa e 2.76 ~2.16 (7 J S5 AediSunall (5 3 i) pnasd 2yt S8 *
-y aas

2paadt B LRl 0 o S st Qi aead AK, NM 270 « 232 e pabiaiayl oF culs®
oAt Sl st 3 st el et lacaa A

Baaii (B ol y Gmatial driaad (alaall s ol o s sial LSy ) il &g i cu ?
i il o o) pesla gl ciiedd G Gy AV cilad oy Aande il Buaall aleal
et el Agadl Galad! dns A aadlel ) dapdd) dgadl (uleall A

o el Gilial @y Aol Taada il padll (el [ Aeudal duaal Galadl A ¢
RETPYN G- EOR g g i

e (5 sine i U oS Citeal Gad¥l o8 g A ead) Gl o sl Cina ¢
o8 sS 5 Ul all 5 Y g 8 oS il (e

iimia Gy 3 Al S el IS S Ll o S Al O Qi) Bl S g ot
1- Laa g ol Gt <y 31 lailull LSal s 3-nonen-1-ol (Z) s Lo )l chiiay 3 all

1,10 decanediol.undecanol

Gy o bl il Gyl 5 2-nonen-1-0l (Z) s (Sl S e Gy 3 bl (Sl
1,9 a Sl S gl 5l Ll Sl 2ae 8 Ay el Gl J8 U 8 Caba
. nonanediol

7-5.5 Oz 55 Anlag¥l Gl sl dagu gl a o dungpaall a3l el Gt 06 e f
Ll o€ Ciiea <y o) 5 il Je fruity, bitterness and pungency 1 5-1 < 4-1 .
. Fruity, bitterness and pungency — Jaju,y 4aid et

Fresh, green, fruity, floral, 3 ciie ;5 <3 s et GlS yall Lpuall ol 20l *
ot Jatl 2l ae Aaliia 4 4 rose, fatty, nutty, coconut, herbal and sweet
NAede Jumandl

Fruity, green, floral, osabs (i o355 a5 pUald) G jall Bpuall Gal g2l *
Jeeglatll il pa Luliia 4 5 tomato, nutty, fatty, waxy, citrus, sweet and herbal.
Jegde Jeanidl ool

pungent and il o a lgle Juasidl 5 el <€ 5dl , Octanal , Heptanal*
Ol a5 Qi 3 bitter

e Sl Uigh S 5 (SUg S 5 WSy )b lhaal (g5 a5 el S jall Dl el 530
Aggle Juasidl ol ladll 30
Vol. 16 (1), 2011 42



