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Abstract An electronic nose (e-nose), in combination

with chemometrics, has been used to classify the cultivar,

harvest year, and geographical origin of economically

important Turkish extra virgin olive oils. The aroma fin-

gerprints of the eight different olive oil samples [Memecik

(M), Erkence (E), Gemlik (G), Ayvalık (A), Domat (D),

Nizip (N), Gemlik–Edremit (GE), Ayvalık–Edremit (AE)]

were obtained using an e-nose consisting a surface acoustic

wave detector. Data were analyzed by principal component

analysis (PCA) and discriminant function analysis (DFA).

Classification of cultivars using PCA revealed that A class

model was correctly discriminated from N in two harvest

years. The DFA classified 100 and 97% of the samples

correctly according to the cultivar in the 1st and 2nd har-

vest years, respectively. Successful separation among the

harvest years and geographical origins were obtained.

Sensory analyses were performed for determining the dif-

ferences in the geographical origin of the olive oils and the

preferences of the panelists. The panelists could not detect

the differences among olive oils from two different regions.

The cultivar, harvest year, and geographical origin of extra

virgin olive oils could be discriminated successfully by the

e-nose.
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Introduction

Recently, extra virgin olive oil (EVOO) has been in great

demand by the consumers due to its nutritional, sensorial

and functional properties. The desired aroma characteris-

tics of EVOO are the result of the phenolic and volatile

contents of the olive oil [1]. Factors such as cultivar,

environment and cultural practices determine the quality

and uniqueness of specific EVOOs [2]. The geographical

origin of olive oil is one of the most significant factors

affecting the aroma profile of olive oil [3].

The detection of the aromatic volatiles is important in

EVOO quality control [1]. The conventional analytical

methods that include GC [4], and GC/MS [5] and sensory

analysis [4, 6, 7] have been used for the geographical dif-

ferentiation of EVOO. But these methods are often laborious

and time consuming as well as requiring qualified staff. An

e-nose providing fast, simple and easy sensory information

in combination with chemometrics has been used for odor

recognition and differentiation of EVOOs [8]. The dis-

crimination among cultivars and geographical origin

including adulteration, and authentication has mainly been

proposed by Rezzi et al. [9]. Oliveros et al. [10] demon-

strated the successful discrimination of different aromas of

olive oils from five Mediterranean areas using an e-nose and

chemometrics. Cosio et al. [2] characterized the geograph-

ical origin of Garda EVOOs by an e-nose and chemometrics.

The discrimination capability of an e-nose using PCA has

also been shown to analyze different Tuscan cultivars [7].

Sensory analysis has been defined as a scientific disci-

pline which consists of a panel of trained or untrained

panelists. Generally, it is used to discriminate olive oil with

respect to its region of origin, variety, ripeness and

extraction techniques [7]. The sensory quality of a food

points to its desirability and acceptability. Color, taste and
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aroma are the main variables for the definition of the

quality of olive oils [11]. Volatile compounds have a sig-

nificant role in determination of correlation between the

olive oil quality and sensory appreciation [7].

Several studies have been reported regarding the dis-

crimination of olive oils produced in major olive oil pro-

ducing countries such as Spain, Italy, and Greece using

e-noses. Turkey is the fourth largest oil producing country

(4.2% olive oil production) and has provided 9.2% of the

world export in the last decade [12]. Few studies have been

published about olive oils produced in Turkey and none of

these studies performed discrimination of olive oils using

an e-nose. The objective of this study was to classify

Turkish EVOOs according to olive cultivar, harvest year,

and geographical origin using their aroma fingerprints

obtained by an e-nose equipped with a surface acoustic

wave (SAW) detector in combination with chemometrics.

Sensory panels were conducted to determine any differ-

ences between the same cultivars of EVOOs obtained from

different geographical origins. Consumers’ preferences for

the olive oils based on their color, odor, and taste attributes

and their overall acceptability were also determined.

Materials and Methods

Olive Cultivars

The olive cultivars including Memecik (M), Erkence (E),

Gemlik (G), Ayvalık (A), Domat (D), Nizip (N) were

obtained from the Olive Research Institute (İzmir, Turkey).

These cultivars except N are mainly cultivated in western

part of Turkey. However, N is mainly cultivated in the

southeastern part of Turkey, but N used in this study was

obtained from an orchard in İzmir. Two olive cultivars,

Ayvalık and Gemlik, were also obtained from the Olive

Nursery in Edremit (located *160 km north of İzmir) and

named as Ayvalık–Edremit (AE) and Gemlik–Edremit

(GE) in order to determine the geographical differences

among the same cultivars. About 15–25 kg olives of each

cultivar were picked at once from olive trees at the same

maturity level for two consecutive harvest years (2005/06

stated as 1st and 2006/07 stated as 2nd) and each cultivar

was collected at the same time of the year. They were

divided into 5 kg batches randomly for the extraction

processes. The maturation level of each cultivar was

determined by calculating the maturation index (MI, cate-

gories 0–7) according to Vinha et al. [13].

Production of Olive Oil

Olive oils were produced in a laboratory scale mill (maxi-

mum 5 kg capacity, TEM Spremoliva, Italy) in Food

Engineering Department of İzmir Institute of Technology.

The olives were poured into the hopper and ground for

5 min at room temperature (20–22 �C). After grinding, the

paste was stirred slowly for 45 min in the mill, where the

microscopic oil drops joined together into bigger drops,

which facilitated the mechanical extraction. The paste was

then pressed by centrifugation and the water was separated

from the oil during centrifugation and this process com-

pleted within 20 min. At least two different batches of olive

oils were obtained from each cultivar for each harvest year,

stored in dark brown bottles at 8 �C, and the headspaces of

the bottles were flushed with nitrogen prior to analyses.

Electronic Nose Analysis

An e-nose (zNoseTM 7100 vapor analysis system, EST,

Newbury Park, CA, USA), consisting of a 1-m DB-5 col-

umn and a SAW detector with a parts per billion sensi-

tivity, was used to obtain the aroma fingerprints of EVOO

samples. Ten milliliters of each oil sample was transferred

into a 40-ml septa-sealed screw cap vial and left overnight

at room temperature prior to analysis. The vials were then

placed in a water bath at 30 �C for 15 min. During this

time, the oil samples were allowed to equilibrate with the

headspace in the vial and then the sample’s vapor was

pumped into the e-nose with a side-ported sampling needle

(5 cm) through the septa. While the headspaces of the

samples were equilibrated in the water bath, the system

was calibrated with n-alkane calibration mixture (C6–C14)

(SKA002190, EST, USA) before starting the sample

measurements as well as in between each sample to ensure

cleaning the system and a stable baseline. For each oil

sample at least three vials were prepared and two readings

were taken from each vial. After each run the detector was

heated to 150 �C for 15 s for detector cleaning.

For each measurement, there were three phases: sam-

pling, injection, and analysis. The sampling mode was set to

10 s, after that the system was switched to a 10-s data

acquisition mode and the inlet temperature was 200 �C.

While the sample was passing through the valve, the com-

pounds were adsorbed onto the trap tube. Then the valve, set

at 165 �C, was rotated to put the trap in line with the column

for the injection phase. During the injection phase, the trap

was heated to 280 �C in order to vaporize the adsorbed

compounds. The compounds were transported to the capil-

lary column (1 m, DB-5) with the carrier gas (purified

helium) with a flow rate of 4.0 cm3/min. The temperature of

the column was programmed from 40 to 180 �C at a rate of

7 �C/s and the compounds were separated and sequentially

detected by the SAW detector (20 �C) through a deviation

from its set frequency. The frequency profile read from the

SAW detector was transformed to its first derivative. Each

peak in the derivative plot corresponded to a specific volatile
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compound having a retention time specific for the column

and analysis temperature. The area under the peak correlated

with the concentration of the volatile compound, was

expressed in counts [8].

Data were collected every 0.02 s using Microsense

version 4 software (Newbury Park, CA, USA). The average

of the duplicate e-nose measurements for each vial was

calculated and a total of nine observations for each EVOO

variety were used for the data analysis.

Sensory Analysis

Two different sensory analysis techniques were performed.

First, the same-different discrimination test was used to

determine whether there was any detectable difference

between the EVOOs produced from the same cultivars

grown in two different regions. The EVOOs used in this

test were produced from Ayvalık and Gemlik olive culti-

vars which were grown in İzmir (A, G) and Edremit (AE,

GE) in two harvest years. The test was carried out with 30

untrained panelists who were chosen among the graduate

students and faculty members (aged between 23 and 45) of

the İzmir Institute of Technology. They were frequent olive

oil consumers and agreed to taste olive oil by itself without

a carrier such as bread or other food. With four EVOOs (A,

AE and G, GE), six combinations of different sets were

possible. Two pairs of EVOO samples were presented to

the panelists in glasses at each session and one of the pairs

contained identical samples (A–A, AE–AE, G–G or GE–

GE), and the second pair contained the samples that differ

in the growing region (A–AE or G–GE). A total of 60 pairs

was presented to the panelists and the pairs having identical

and different pairs were randomly selected. The panelists

were asked to evaluate the samples and determine whether

they were the same or different samples by examining their

color, odor and flavor. Re-tasting was allowed and they

were instructed to rinse their mouths with tap water (at

room temperature) and to neutralize their palates between

samples by eating unsalted bread. Two sessions were

conducted for each harvest year and the second session was

conducted 15 min after completion of the first session.

Next, the acceptance test was conducted to establish the

panelists’ preference between eight different EVOO sam-

ples (M, E, G, A, D, N, GE, and AE) with respect to their

color, odor, taste and overall acceptability. A total of 20

panelists was selected among the ones who had attended

the same-different discrimination test and had discrimi-

nated the samples successfully. EVOO samples were pre-

sented and they were asked to define their preferences

based on color, odor, taste, and overall acceptance

according to the categorical scale ranging from excellent

(1) to very bad (5). Panelists were instructed to rinse their

mouths with tap water (at room temperature) and to

neutralize their palates between samples by eating unsalted

bread. Two sessions were performed for each harvest year

on two consecutive days and in each session a total of four

samples were allowed to be tested. The samples were

stored at 8 �C, and the headspaces of the bottles were

flushed with nitrogen prior to the sessions.

Data Analysis

PCA and DFA were performed to discriminate EVOO

samples based on their aroma fingerprints obtained by the

e-nose using SIMCA software (Umetrics, Umeå, Sweden)

and Statistica software (StatSoft Inc., Tulsa, OK, USA),

respectively. PCA is a multivariate projection method

reducing the number of variable dimensionality to a

smaller number of principal components (PCs) by effective

visualization, regression and classification of multivariate

data [14]. Soft independent modeling of class analogy

(SIMCA) is used as a class-modeling tool. SIMCA calcu-

lates the PCs for each category separately and model

functions for each class are calculated using a specified

number of PCs. Coomans’ plot is a graphical display

constructed using the PCA class models used for the

classification of cultivars, harvest years or geographical

origins. The significant PCs of each category build the

class model after a separate scaling of each category. In

Coomans’ plot, class distances for two classes (class 1 and

class 2) are plotted against each other in a scatter plot and

both axes on the plot indicate the critical distances [15].

DFA is a supervised classification technique, where the

number of categories and samples that belong to each

category are previously defined. The criterion of DFA for

selection of variables is a maximum differentiation

between the categories and minimizes the variance within

the categories. A number of orthogonal discriminant

functions (DFs), equal to the number of categories minus

one, are obtained and this allows the samples to be clas-

sified in one or another category. Two or three DFs are

used to map the data in two or three dimensional plots and

observe separation between categories. Correct classifica-

tion rates are calculated [16, 17].

The data of the same-different discrimination test and

acceptance test were analyzed using the Chi-square test and

ANOVA using MINITAB� release 14 (Minitab Inc., State

College, PA, USA), respectively.

Results and Discussion

Electronic Nose Analysis

The aroma fingerprints of eight different oils were obtained

by an e-nose equipped with a SAW detector. Figure 1
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shows the typical chromatogram of an EVOO sample.

Total of 15 peaks in all the chromatograms were consid-

ered and their areas were counted. Among them, six were

common compounds for all the samples and the rest were

seen in some oil samples. In fact, different EVOOs showed

variations in the amount of every compound.

The aroma fingerprints of eight different EVOO samples

were analyzed using PCA to see the discrimination of the

samples based on the cultivar. Using the PCA class model,

the Coomans’ plot was constructed for the classification of

A and N olive oils in two consecutive harvest years. Model

parameters and Coomans’ plots are shown in Fig. 2. This

Fig. 1 A typical e-nose chromatogram of EVOO

Fig. 2 Coomans’ plot for the classification of N and A olive oils of

the 1st harvest year (a) and the 2nd harvest year (b). [(a) PCA of A:

p = 7, rx
2 = 0.998 and N: p = 4, rx

2 = 0.976; (b) PCA of A: p = 3,

rx
2 = 0.958 and N: p = 3, rx

2 = 0.927]

Fig. 3 3-D DFA of EVOOs based on cultivar produced in the 1st

harvest year (a) and 2nd harvest year (b) [Plot of the first three

discriminant functions (DFs).]
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figure reveals that the A class model was correctly dis-

criminated from the N in two harvest years. Additionally, a

similar discrimination pattern was visualized among the

other olive oil samples obtained from different cultivars.

The clear separation among A and N models can be

attributed to the difference in the cultivation areas of these

oil samples. A is the most commonly consumed cultivar in

the north-west region and N is mainly cultivated in the

south-east region of Turkey and is the least commonly

consumed cultivar. A previous study on discrimination of

Tuscan single-cultivar EVOOs using an e-nose equipped

with five different micro-sensors revealed that classifica-

tion of these cultivars was possible [7].

Using DFA, the aroma fingerprints of eight different

EVOO samples were also analyzed to see the discrimination

of the samples based on the cultivar. As observed in Fig. 3,

the DFA results represented as a 3-D plot of DFs allowed us

to obtain well-defined and separated clusters for each olive

cultivar. In the 1st harvest year, the cultivars were grouped

with a 100% correct classification rate (Fig. 3a). However,

in the 2nd harvest year, the correct classification rate was

97%. One of the samples of M (Memecik) and N (Nizip)

cultivars were grouped in E (Erkence) and GE (Gemlik–

Edremit), respectively (Fig. 3b).

The comparison of the EVOO samples in two harvest

years was obtained by applying Coomans’ plot (Fig. 4) to

the e-nose data. The x-axis of the Coomans’ plot corre-

sponded to the distance to the 1st harvest year, the y-axis

showed the distance to the 2nd harvest year. The model

parameters are given in Fig. 4. The EVOO samples of 2nd

harvest year were grouped in the lower-right hand side of

the plot. The EVOO samples of 1st harvest year were

clustered in the upper-left hand side of the plot. This figure

shows that the harvest year is effective on the discrimina-

tion of the EVOOs. It is well known that the changes in the

climate during each year affect the aroma profile of the

olive oils [18].

The model parameters and Coomans’ plot of the G and

A olive oil samples obtained from the same olive cultivars

collected from two different orchards located in İzmir and

Edremit regions in two consecutive harvest years are pre-

sented in Fig. 5. G and A olive oils obtained from İzmir

Fig. 4 Coomans’ plot for the

classification of EVOOs of the

1st and 2nd harvest year. [PCA

of 1st harvest year: p = 5,

rx
2 = 0.825 and 2nd harvest

year: p = 4, rx
2 = 0.731]

Fig. 5 Coomans’ plot for the classification of EVOOs according to

geographical origin and harvest year for G (a) and A (b) olive oils.

[(a) PCA of G2: p = 5, rx
2 = 0.993 and GE2: p = 2, rx

2 = 0.904;

(b) PCA of A1: p = 3, rx
2 = 0.861 and AE1: p = 2, rx

2 = 0.810]
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and Edremit were able to be separated clearly. This result

demonstrated the effect of geographical origin on the same

cultivar of olive oil. Figure 5 also suggests that these olive

oil samples were able to be separated with respect to the

harvest year since G and GE olive oils harvested in the 1st

year were clustered beyond the critical limits in Fig. 5a.

Similarly A and AE olive oils harvested in the 2nd year

were plotted beyond the critical limits (Fig. 5b). In previ-

ous studies, the successful discrimination ability of an

e-nose associated with chemometrics used for classification

of the olive oil samples from different cultivars and geo-

graphical origins were also reported [19, 20].

Sensory Analysis

The panelists’ scores of the same-different test for the A

and G olive oil samples of the 1st and 2nd harvest years

were evaluated by the Chi-square test. Based on the pan-

elists’ scores, the Chi-square test results for A and AE olive

oils were 0.07 and 0.27 for the 1st and 2nd harvest years,

respectively. The Chi-square test results for G and GE oils

were 0.31 for the 1st harvest year and 1.07 for the 2nd

harvest year. The associated Chi-square value was 3.84

(df = 1, a = 0.05) and the results were lower than this

value [21]. The results showed that there were no differ-

ences distinguished between the EVOO samples obtained

from A and G olives cultivated in two different geo-

graphical regions (İzmir and Edremit) based on the pan-

elists’ responses. It could be concluded that no differences

were observed related to the effect of environmental and

location conditions on the sensorial quality of these olive

oils by the panelists.

Based on the acceptance test results, there were no

significant differences among the samples based on their

color, odor and taste attributes in the 1st harvest year. In

addition, the difference between the odors of the samples

was not recognized by the panelists in the 2nd harvest year

(Table 1). Only N showed a different odor property among

the olive oil samples. When the overall acceptance results

were compared, significant differences were observed

among the samples (p \ 0.05). E olive oil samples were

preferred by the panelists for their color. AE and G olive

oil samples were preferred for their odor in the 1st and 2nd

harvest year, respectively. GE olive oil sample in the 1st

harvest year and A olive oil in the 2nd harvest year were

mostly liked for their taste and also the most preferred

among olive oils. Caporale et al. [6] worked with a panel of

consumers familiar with several typical EVOOs to assess

the impact of information about the origin of the product on

the sensory profile perception and it was shown that the

origin affected the expectations based on the specific sen-

sory attributes in consumers familiar with EVOO.

Conclusion

The results revealed that EVOOs obtained from different

cultivars were able to be classified by PCA class model as

well as with 97–100% correct classification rate between

different cultivars by DFA. G and A EVOO samples

Table 1 Sensory scores for the

EVOOs of the 1st and 2nd

harvest years

Data = Means ± SD

M memecik, E erkence,

G gemlik, A ayvalık, D domat,

N nizip, GE gemlik–edremit,

AE ayvalık–edremit

Column means having a

different letter or letters differ

significantly (p \ 0.05)
A Sensory scores range from 1

(excellent) to 5 (very bad)

Olive oil samples Sensory scoresA

Color Odor Taste Overall acceptance

1st harvest year

M 2.05 ± 0.60a 2.45 ± 0.76a 2.80 ± 1.01a 2.68 ± 0.67ab

E 2.00 ± 1.08a 2.45 ± 0.69a 2.95 ± 1.19a 2.84 ± 1.01bc

G 2.30 ± 0.80a 2.60 ± 0.94a 3.00 ± 0.97a 2.89 ± 0.81bc

A 2.15 ± 0.75a 2.50 ± 1.00a 3.25 ± 1.21a 2.95 ± 0.94b

D 2.30 ± 0.57a 2.30 ± 0.73a 2.55 ± 0.76a 2.40 ± 0.68ac

N 2.50 ± 0.83a 3.20 ± 1.32b 2.80 ± 1.47a 3.05 ± 1.31b

GE 2.05 ± 0.60a 2.60 ± 0.95a 2.40 ± 0.82a 2.33 ± 0.69a

AE 2.15 ± 0.67a 2.25 ± 0.72a 2.50 ± 0.89a 2.35 ± 0.61ac

2nd harvest year

M 2.10 ± 0.45ab 2.40 ± 0.82a 2.50 ± 0.76a 2.47 ± 0.77ab

E 1.85 ± 0.87a 2.50 ± 1.19a 3.45 ± 1.14b 3.10 ± 1.15b

G 2.15 ± 0.67ab 2.20 ± 0.69a 2.40 ± 0.82a 2.37 ± 0.68a

A 2.20 ± 0.52ab 2.50 ± 0.68a 2.30 ± 0.57a 2.25 ± 0.44a

D 3.15 ± 0.81c 2.65 ± 0.93a 2.75 ± 0.72a 2.79 ± 0.63ab

N 1.90 ± 0.78a 2.74 ± 0.87a 2.95 ± 1.09a 2.68 ± 1.06ab

GE 2.05 ± 0.39ab 2.40 ± 0.82a 2.60 ± 0.99a 2.53 ± 0.90ab

AE 2.40 ± 0.94ab 2.40 ± 0.94a 2.55 ± 0.76a 2.53 ± 0.69ab
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obtained from two different regions (İzmir and Edremit)

were also discriminated successfully. Sensory evaluation of

these olive oil samples showed that the effect of geo-

graphical origin on the sensorial properties of olive oil

samples could not be distinguished by the panelists. The

acceptance test results showed that G/GE and A/AE olive

oil samples obtained either from İzmir or Edremit were

liked most by the panelists in the 1st and 2nd harvest years.

As a conclusion, the e-nose in combination with chemo-

metrics could be used to classify Turkish EVOO samples

based on their aroma fingerprints with respect to the olive

cultivar, geographical origin and harvest year. Although in

order to validate fully the usefulness of an e-nose for the

classification of olive oils, larger sets of data should be

processed to improve the precision of the classification

models developed in this study.
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