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Abstract

The stimulation of the human sensory receptors by compounds present in virgin olive oils (VOOs)
gives rise to the sensory attributes that describe its particular aroma. The sensor panel evaluation
and the molecules responsible for sensory perceptions of virgin olive oil quality are elucidated.
The methodology for the evaluation of the sensory characteristics of VOOs is reported, and typical
flavours and off-flavours are described. Relationships between chemical compounds and sensory
characteristics are evaluated using the new sensory analyses method promoted by the Interna-
tional Olive 0il Council (I00C) and included recently in EU regulation (Reg. 1348/2013 and fol-
lowing revisions). Oil quality may be defined in a number of ways, but the sensory perception of
flavour is the ultimate determinant.
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1. Introduction

Virgin olive oils (VOOs) are defined by the European Community as those “...oils obtained from the fruit of the
olive tree solely by mechanical or other physical means under conditions that do not lead to alteration in the
oil...” (EEC Reg. 2568/91).

VOOs represent the main source of fats in the countries of the Mediterranean basin where the production of
olive oil is concentrated. Recent studies [1]-[3] have evidenced the beneficial effects on health of the so-called
“Mediterranean diet”. Numerous research studies have proved that some non-volatile compounds are related in
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an indirect way to positive effects on human health [4]-[6], whereas sensory attributes are directly ascribable to
the strong stimulation of human sensory receptors by volatile and some non-volatile compounds [7]-[9] present
in virgin olive oil. Phenolic compounds stimulate the tasting receptors and also the free endings of the trigeminal
nerve eliciting the former with the bitterness perception and the latter with pungency and astringency [10] [11].
Volatile compounds are low-molecular weight compounds (less than 300 Da) that vaporise readily at room
temperature, which by stimulating the olfactive receptors, are responsible for the whole aroma of the virgin olive
oil [10] [12]-[16]. The major volatile compounds reported in VOOs are the C6 and the C5 volatile compounds.
C6 and C5 compounds are enzymatically produced from polyunsaturated fatty acids through the so-called li-
poxygenase (LOX) pathway and their concentrations depend on the level; the activity of each enzyme involved
in this LOX pathway is reported in Figure 1 [15]-[18].

The best way to comprehend aroma development is the understanding of the various enzyme pathways, which
provide the formation of olive oil volatile compounds. In general, the release of enzymes at the cell destruction
stage can be considered the switch-on of the lipoxygenase pathway. In the first step of volatile formation, acyl
hydrolase (AH) hydrolyses triglycerides and phospholipids release free fatty acids. The second step is defined
by the formation of hydroperoxides for the lipoxygenase (LOX) that oxidise the fatty acids released by the ac-
tion of AH. The enzyme is more active with linolenic acid than with linoleic acid by a factor of two. The highest
LOX activity for linolenic acid supports the biogenesis of more of the six-carbon unsaturated volatile compounds,
which are the major constituents of the virgin olive oil aroma. Olive fruits show highest LOX activity 15 weeks
after anthesis, this activity decreasing during the development and ripening period [18]. Hydroperoxide lyase
(HPL) catalyzes the cleavage of fatty acid hydroperoxides, producing volatile aldehydes and oxoacids. The HPL
enzyme can yield C6 aldehydes and C12 w-oxoacids from the 13-hydroperoxides of linolenic or linoleic acid, or
C9 aldehydes from the 9-hydroperoxide derivates of the same fatty acids, depending on the substrate specificity of
the enzyme. The highest level of HPL activity is detected in green olive fruits harvested at initial developmental
stages. Alcohol dehydrogenase (ADH) catalyzes the reversible reduction of aliphatic aldehydes to alcohols that
contribute to the aroma of vegetable products. There is a decline in ADH activity when the olive fruit changes to
a purple colour during the ripening process and thus the content of C6 alcohols decreases. Alcohols, produced
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Figure 1. Pathway for the formation of major volatile compounds in virgin olive oils (adapted from Ridolfi et al.

2002).
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by the action of ADH, can form volatile esters. Alcohol acetyltransferase (AAT) catalyzes the formation of ace-
tate esters through acetyl-CoA derivates. In olive oils, ethyl propionate and hexyl acetate are significant compo-
nents of the sweet, fruity note.

It should be emphasized that the high-concentration volatile compounds are not necessarily the major con-
tributors of odour [18]. Cultivar, geographic region, fruit maturity, processing methods and parameters influence
the volatile composition of olive oil [16]-[21]. The large increase in demand for high-quality olive oil is thought
to be related to its peculiar organoleptic characteristics that play an important role in human nutrition [12].

Conversely, all compounds, strongly affecting sensory receptors, can decisively influence food acceptability,
direct the preference of consumers and, in short, to a great extent, determine the quality of life.

2. Sensory Evaluation of Virgin Olive Oil: COI-Panel Test

Sensory analysis is still the most effective tool to evaluate quality, but a common perplexity regarding the sen-
sory evaluation of virgin olive oil is represented by the fact that each tester judges the organoleptic characteris-
tics subjectively. For this reason, collaborative international studies, supported by the International Olive Oil
Council (I00C), developed a quantitative descriptive analysis (QDA) sensory methodology for virgin olive oil,
known as the COI-Panel test. This methodology defines a specific vocabulary of sensory attributes (Table 1)
and outlines a uniform testing technique, thereby eliminating any problems that may compromise the sensory
trial [1]. The purpose of this international method is to determine the criteria required to assess the characteris-
tics of the flavour of virgin olive oil, and is applicable in its classification, according to the intensity of the de-
fects as determined by a group of testers selected and trained as a panel. This group, ranging from 8 - 12 mem-
bers, is designated in a codified manner and suitably trained to identify and measure the strength of the negative
and positive attributes. A defined structured scale is used for measuring the intensity of the different attributes.
Since tasters are considered as measurement instrument, it is absolutely essential to remove or, at least, to mi-
nimize any possible problems that could compromise the sensory trial. The shape and dimension of the glass,
sample volume, and oil temperature are precisely established (COI/T20/Doc.15/Rev.6/2013). Samples, never
numerous in order to avoid sense organ fatigue, are presented in an anonymous and random way. A profile sheet
is utilized (Figure 2) which considers the negative attributes (e.g., fusty, musty, muddy sediment, winey-vine-
gary, metallic and rancid) being those most commonly detectable in virgin olive oil [22]-[27]. Other defects de-
scribed in the specific vocabulary (Table 1) can be named by means of designation to “others”. Furthermore the
profile sheet presents only fruity, bitter and pungent among positive notes. The tester indicates, on the profile
sheet provided, the intensity with which each of the negative and positive attributes are perceived using an un-
structured scale. A 100 mm long unstructured scale, was chosen to overcome the problems deriving from the
fact that the amplitude of all intervals of the old structured scale could not be considered equally by tasters and
to the reluctance of tasters to use the extreme portions of the structured scales.

The median value of the defect perceived with the strongest intensity identifies the olive oil grade; the median
value of the fruity attribute identifies the olive oil category (Table 2). When the median of the bitter and/or
pungent attribute is more than 5.0 this will be indicated by the panel supervisor on the oil test certificate.
Evaluation of the sensory quality of virgin olive oils involves perception of both favourable and unfavourable
sensory attributes, with evaluation of sensory defects being used to classify oils into various grades [14].

When analyses are carried out either to check for compliance with the standard or for a second opinion, the
panel supervisor will have the organoleptic assessment performed in triplicate, with at least one day elapsing
between each test. The median of attributes will be calculated from the set of profile sheet data for the three tests.
Statistical procedures were applied to evaluate the data provided by assessors and produced results that, due to
their significance levels, could be considered as reliable as those of other methods usually adopted in scientific
fields. The reliability of panel assessors is measured by the robust coefficient of variation that should be <20%
for the median of defects in extra virgin and virgin categories and <10% in lampante. For the fruity median it
should be <10% in extra virgin and virgin categories. The method has been included in EU regulation (Reg.
n.1989/03 and following revisions). The maintenance of the panel is carried out by continuous training over the
duration of the life of the same panel, checking of the sensory acuity of tasters, and by methods that permit the
measurement of panel performance. Every year, all panels must assess a number of reference samples in order to
verify the reliability of the results obtained and to harmonize the perception criteria; they must also update the
Member State on their activity and on any composition changes within their group. Actually, the
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Table 1. Specific vocabulary for virgin olive oil (COI/T20/Doc.15/Rev.6/2013 e Reg. EU 1348/13).

Negative attributes:

Fusty/muddy sediment

Musty-humid-earthy

Winey-vinegary
acid-sour
Rancid

Frostbitten olives

(wet wood)

Other negative attributes:

Heated or burnt

Hay-hood
Rough
Greasy

Vegetable water

Brine

Metallic

Esparto

Grubby
Cucumber

Positive attributes:

Characteristic flavour of oil obtained from olives piled or stored in such conditions as to have
undergone an advanced stage of anaerobic fermentation, or of oil which has been left
in contact with the sediment that settles in underground tanks and vats and which
has also undergone a process of anaerobic fermentation.

Characteristic flavour of oils obtained from fruit in which large numbers of fungi and yeasts
have developed as a result of its being stored in humid conditions for several days or of oil obtained
from olives that have been collected with earth or mud on them and which have not been washed.

Characteristic flavour of certain oils reminiscent of wine or vinegar. This flavour is mainly due to
a process of aerobic fermentation in the olives or inolive paste left on pressing mats which have
not been properly cleaned and leads to the formation of acetic acid, ethyl acetate and ethanol.

Flavour of oils which have undergone an intense process of oxidation.

Characteristic flavour of oils extracted from olives which have been injured by frost while on the tree.

Characteristic flavour of oils caused by excessive and/or prolonged heating during processing,
particularly when the paste is thermally mixed, if this is done under unsuitable thermal conditions.

Characteristic flavour of certain oils produced from olives that have dried out.
Thick, pasty mouth feel sensation produced by certain oils.
Flavour of oil reminiscent of that of diesel oil, grease or mineral oil.
Flavour acquired by the oil as a result of prolonged contact with vegetable water.

Flavour of oil extracted from olives which have been preserved in brine.

Flavour that is reminiscent of metals. It is characteristic of oil which has been
in prolonged contact with metallic surfaces during crushing, mixing, pressing or storage.

Characteristic flavour of oil obtained from olives pressed in new esparto mats.
The flavour may differ depending on whether the mats are made of green esparto or dried esparto.

Flavour of oil obtained from olives which have been heavily attacked
by the grubs of the olive fly (Bactrocera oleae).

Flavour produced when an oil is hermetically packed for too long, particularly
in tin containers and which is attributed to the formation of 2 - 6 nonadienal.

Set of olfactory sensations characteristic of the oil which depends on the variety and comes from

Fruity sound, fresh olives, either ripe or unripe. It is perceived directly and/or through the back of the nose.
Bitter Characteristic primary taste of oil obtained from green olives or olives turning colour.

= It is perceived in the circumvallate papillae on the “V” region of the tongue.

Pungent Biting tactile sensation characteristic of oils produced at the start of the crop year, primarily from olives

that are still unripe. It can be perceived throughout the whole of the mouth cavity, particularly in the throat.

Table 2. Median values of defects and fruity aroma in virgin olive oil categories according to the EU1989/03 and following
revisions.

Median of defects Median of fruity aroma Olive oil category

0 >0 Extra virgin
>0<35 >0 Virgin
>3.5 >0 Lampante
<35 0 Lampante
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COI/T.20/Doc. Nol5/Rev. 6
page 11

Figure 2
PROFILE SHEET FOR VIRGIN OLIVE OIL
INTENSITY OF PERCEPTION OF DEFECTS

Fusty/muddy sediment
*)

Musty/humid/earthy (*)

Winey/vinegary
acid/sour (¥)
Frostbitten olives

(wet wood)
Rancid
Other negative
attributes:
Metallic[ ] Hay[] Grubby[] Rough[]
Descriptor: Brine [] Heated or burnt[] Vegetable water [ ]

Esparto[ | Cucumber [ ] Greasy[]

(*) Delete as appropriate

INTENSITY OF PERCEPTION OF POSITIVE ATTRIBUTES

Fruity
Green [] Ripe [ ]
Bitter
Pungent
Name of taster: Taster code:
Sample code: Signature:

Date:

Comments:

Figure 2. Profile sheet actual adopted by EU regulation.

most important result for sensory analysis of VOO is the identification of the presence of defects rather than the
evaluation of positive attributes, in compliance with the aim of such an analysis, which is essentially to classify
the product in different commercial classes.

Upon request, the panel leader may certify that the oils, which have been assessed, comply with the defini-
tions and ranges corresponding to the following adjectives according to the intensity and perception of the
attributes:

Positive attributes (fruity, bitter and pungent): According to the intensity of perception:

Intense—when the median of the attribute is more than 6;

Medium—when the median of the attribute is between 3 and 6;

Light—when the median of the attribute is less than 3.

Fruity: set of olfactory sensations characteristic of the oil which depends on the variety of olive and comes
from sound, fresh olives in which neither green nor ripe fruitiness predominates. It is perceived directly and/or
through the back of the nose.

Greenly fruity: set of olfactory sensations characteristic of the oil which is reminiscent of green fruit, depends
on the variety of olive and comes from green, sound, fresh olives. It is perceived directly and/or through the
back of the nose.

Ripely fruity: set of olfactory sensations characteristic of the oil which is reminiscent of ripe fruit, depends on
the variety of olive and comes from sound, fresh olives. It is perceived directly and/or through the back of the

nose.
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Well balanced: oil which does not display a lack of balance, by which is meant the olfactory—gustatory and
tactile sensation where the median of the bitter and/or pungent attributes is two points higher than the median of
the fruitiness.

Mild oil: oil for which the median of the bitter and pungent attributes is 2 or less [27].

In 2005, the 100C issued a document on methods to be used for the organoleptic assessment of EVOO for
granting designation of origin (D.O.) status (IOOC/T.20/Doc. no 22). In the case of specifications for the desig-
nation of origin of some D.O. oils, it is first necessary to verify that the sample has the characteristics provided
in the extra virgin category using current methods (UE Reg. 1348/13), and to subsequently analyze it to verify
the presence of characteristic descriptors. The final score for the D.O must be at least 7, but can be even higher.

3. Relationships between Chemical Compounds and the Sensory Characteristics
of Virgin Olive Oils

The concentrations of the different volatile compounds may be related to some sensory notes. In some cases this
presupposition proved true: as an example, the amount of trans-2-heptenal was found to be related to the degree
of oil rancidity or the concentrations of ethanol and ethyl acetate which are related to the winey defect. But the
simple concentrations of volatile compounds cannot take into account the complex interactions occurring in the
olfactory system either between taste and smell, or between oral trigeminal irritations and taste and smell [28]
[14]. Indeed, the relationships do not always result from the interactions between a single odor note and a single
volatile compound, but sometimes from the connections between a single attribute and the sum of the volatile
compounds [29]. On the other hand, the volatile compounds of the virgin olive oil do not contribute to its whole
aroma with the same importance. What is more, the influence of different volatile compounds must be evaluated
not only on the basis of their concentration, but also on the basis of their sensory thresholds, whose determina-
tion is also affected by individual differences in sensitivity observed in human normal subjects [30] [31].

The essential role played by hexanal in the formation of most of the green attributes is confirmed by several
researchers [32] [33] who studied possible correlations between fruity, leaf, almond, banana, freshly cut grass,
walnut husk, wild flowers, tomato, bitter, pungent, and sweet attributes, and the concentrations of compounds
deriving from the LOX pathway. In order to evaluate the bitter taste in extra virgin olive oils (EVOOs), some
authors [34] have proposed a simple analytical method based on the extraction of the bitter compounds meas-
ured by spectrophotometric determination at 225 nm, reporting a good correlation with the bitter taste evaluated
by sensory analysis. Moreover, other authors [35] have proposed an easy method to estimate the oil bitterness
intensity by measuring the total phenol content. However, in both cases, a predictive model has not been vali-
dated with unknown oil samples. Besides, an experimental investigation was performed on blended EVOOs
from different cultivars with the aim of evaluating the possibility of estimating the perceived bitterness intensity
by using chemical indices, such as the total phenol content and the compounds responsible for oil bitterness
measured spectrophotometrically at 225 nm (K225 value), as bitterness predictors in different EVOO. The re-
sults indicated that the oil bitterness intensity could be satisfactorily predicted by using the K225 values of oil
samples [36]. It is of interest that, due to the positive contribution of the phenolic compounds to the oxidative
stability of the olive oil and to human health, consumers are increasing their consumption of oils with high bit-
terness intensity [37]. Although it is clearly known that polyphenols are the main contributors to olive oil bitter-
ness and astringency, the contribution of each individual polyphenol to the total bitterness is not yet clear; a
strong correlation between the concentration of secoridoidderivates of hydroxytyrosol and bitterness has been
found, but only if one olive variety is used or in oils in which these compounds are the main components [38].

Using a trained olive oil sensory panel, some investigators [39] have studied the temporal perception of bit-
terness and pungency with a time-intensity (TI) evaluation technique. It was shown that the bitterness curves had
a faster rate of increase and decline than the pungency curves. It was also demonstrated that differences in ki-
netic perception are linked to the slower signal transmission of thermal nociceptors compared to other neurons.

In general, it is correct to surmise that from healthy olives, picked at the right degree of ripening and properly
processed, it is always possible to obtain an extra virgin olive oil; otherwise, from unhealthy or fallen olives it is
inevitable that an olive oil characterized by unpleasant flavours and sensory defects will be produced. Long ma-
laxing times are associated with a significant increase in the total volatile compounds, a decrease in volatile
compounds responsible for the pleasant aroma of virgin olive oil and elevated production of 2-methyl butanol
and 3-methyl butanol associated with sensory defects [40].

()



D. De Santis, M. T. Frangipane

4. Origin of Off-Flavours

When oils are of poor quality the sensory basic characteristics are considerably modified. Green, bitter and pun-
gent notes are absent or very weakly perceived by tasters who identify the presence of some unpleasant sensa-
tions in the flavour.

4.1. Defects from Bad Sanitary Conditions of Fruits

An essential aspect to obtain high quality oils is the sanitary conditions of fruits. Grubby, is the most common
defect typical of oils obtained from olives which have suffered a Bactrocera oleae infestation. Changes in the
phenolic compounds and also in the volatile composition of oils are very considerable [41].

4.2. Defects from Wrong Harvesting Procedure

Olive harvesting is an important operation that contributes to a good quality of oil. Ground picked olives are the
defect of oils obtained from fallen olives which have remained on the ground for several days. In fact, the con-
tact between the olives and the ground causes an increase in the content of volatile alcohols and carbonyl com-
pounds with the appearance of a typical defect, which can be described by mouldy [42] [43].

4.3. Defects from Unsuitable Conditions of Olive Fruit Preservation

Time and fruit storage conditions play an essential role in determining the appearance of off-odours such as
fusty (typical of oils obtained from olives stored in piles which suffered degradative phenomena), winey (typical
of oils obtained from olives stored in piles which suffered some fermentation) and musty (typical of oils ob-
tained from olives stored in piles which suffered the more or less considerable fungal invasion). The profile of
aromatic compounds is significantly modified during the olive preservation period. Indeed, the amount of the all
volatile compounds, expressed as ppm of nonan-1-ol, decreases by about 30% - 40% in oils obtained from olives
preserved for 15 d in relation to that detected in oils from fresh fruits [40].

4.4. Defects from Unsuitable Extraction Technology

When the olives are processed without washing, the resulting oils are characterised by a defective aroma remi-
niscent of wet earth; in fact this defect is typical of oils obtained from fruits collected together with earth. An-
other defect related to technological aspects is a metallic attribute, typical of oils extracted both at new process-
ing plants and in plants used for the first time during the crop year; moreover under these conditions free fatty
acids contained in the oils dissolve the thin layer of iron oxide that covers the plant surfaces during the period in
which the plant is not used, imparting the metallic defect to the oil [31]. Concerning the malaxation phase,
which consists of a slow kneading of the olive paste, the time-temperature pair should be carefully controlled to
obtain a high quality EVOO. The lipoxygenase pathway is triggered by the milling of olives and is active during
malaxation. The volatile compounds produced are incorporated into the oil phase to confer its characteristic
aroma. Specifically, a temperature above 28°C for more than 45 min should be avoided; in fact, these conditions
can lead to the deactivation of enzymes that produce both positive volatile compounds and oxidize the phenolic
compounds causing changes in oil flavor. The too long times or too high temperatures adopted during the mal-
axation step can induce the appearance of the heated defect. This defect is related to the production of high
amounts of 2-methyl butanal and 3-methyl butanal [44].

4.5. Defects from Unsuitable Oil Storage Conditions

Rancid is the most common defect related to the unsuitable oil preservation, typical of oils strongly oxidized.
Oxidation is an inevitable process that starts after the virgin olive oil has been extracted and leads to deteriora-
tion that becomes serious during incorrect oil storage. During oil preservation the original volatile composition
changes, the concentration of Cg aldehydes, especially that of trans-2-hexenal, and Cg alcohols decreases, while
the amount of Cs - Cy; aldehydes increases; these aldehydes contribute mainly to undesirable aromas [45].
Another type of sensory defect can appear during oil preservation: muddy sediment, typical of oils stored for
a long time on their sediment. In fact, after a few months a layer of sediment is formed at the bottom of the con-
tainer in which oil is stored; this sediment can ferment and give rise to the production of unpleasant com-
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pounds.In unfiltered oil, the low quantities of sugars or proteins that remain for extended times in oil can be
fermented or degraded by specific anaerobic micro-organisms of the Clostridium genus, producing volatile
compounds responsible for an unpleasant muddy odour by butyric fermentation. Filtration of newly-produced
oil can avoid this phenomenon [46].

5. Consumer Acceptability of the Sensory Characteristics of VOO

The quality of virgin olive oil is not always correctly perceived by the consumer. Generally, consumers appre-
ciate what is familiar, what is strongly linked to the territory (tradition/origin) [47] [48]. For a correct perception
of the overall quality the fruity (green or ripe) and bitter and pungent attributes should be perceived by consum-
ers as “healthy” indicators of quality [49]. However, consumers do not appear to practice an informed consump-
tion of EVOO.

A study in Italy [47] demonstrated that information about origin creates a favourable hedonic expectation, re-
garding specific sensory attributes, such as pungency and bitterness. To confirm this opportunity to perceive
pungent as a positive attribute a paper can be cited [50]. The authors hypothesize that this pungency, distin-
guishing particularly good olive oils within the European Union standard, similar to other common food irritants
turns, from a usually negative taste-kinesthetic sensation into positive, because the molecules that elicit it have a
body healthy action. In the case of EVOO it’s important that consumers are actually able to appreciate its fun-
damentals of sensory profile (fruity, bitter, pungent) as related to its quality [51].

6. Conclusions

At present, even taking recent development of sensory analysis into account, there is no other food that has such
a highly controlled environment regulated by the EU, the International Olive Oil Council and, as with any food
product, Codex Alimentarius (FAO-OMS). Therefore, the challenge for the future is to improve the education of
consumers in the appreciation of fundamental attributes of quality.

Nowadays, the key to providing the consumer with a truly effective knowledge of EVOO quality could be in
the dissemination of all sensory attributes related to “healthy” and in the ability to recognize the presence of de-
fects.

The quality of oil may be defined in a number of ways, but the sensory perception of flavour is the ultimate
determinant.
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