This article appeared in a journal published by Elsevier. The attached
copy is furnished to the author for internal non-commercial research
and education use, including for instruction at the authors institution
and sharing with colleagues.
Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party
websites are prohibited.
In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information
regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:
http://www.elsevier.com/copyright

Author's personal copy

LWT - Food Science and Technology 42 (2009) 50–55

Contents lists available at ScienceDirect

LWT - Food Science and Technology
journal homepage: www.elsevier.com/locate/lwt

Bitterness, odor properties and volatile compounds of virgin olive oil with
phospholipids addition
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a

Department of Food Technology & Control, School of Medicine, University of Rijeka, Braće Branchetta 20, 51000 Rijeka, Croatia
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Bitter hydrophilic phenolic compounds contained in virgin olive oil (VOO) beneﬁcially affect human
health. However, consumers mostly do not tolerate oils with a pronounced bitter taste (bitterness index
K225  0.360) and this could limit their consumption. The possibility of bitterness attenuation of quite
bitter VOO (K225 ¼ 0.501) by the addition of granular soy lecithin, as a source of phospholipids, up to the
levels present in seed oils (2.5–30 g/kg), was evaluated by sensory difference tests. Statistically signiﬁcant
differences were found starting from 5 g/kg of added phospholipids (p  0.05). Phospholipids addition
caused a signiﬁcant decrease of the total concentration of 20 volatiles determined by HS-SPME–GC
analysis (slope 0.056; r ¼ 0.9962), and the most inﬂuenced among them was E-2-hexenal (slope 0.048;
r ¼ 0.9975). Results of quantitative descriptive sensory analysis showed that the addition of phospholipids in a range from 5 to 10 g/kg slightly reduced olive fruity and green odor notes, signiﬁcantly
increased sweetness and decreased bitterness. The signiﬁcant changes of overall sensory quality grading
were not found between pure VOO and samples enriched with phospholipids. Thus, in the context of
functional food formulation, addition of phospholipids could be proposed as a procedure useful for
bitterness attenuation of VOO.
Ó 2008 Swiss Society of Food Science and Technology. Published by Elsevier Ltd. All rights reserved.
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1. Introduction
Chemopreventive phytonutrients are naturally occurring ingredients of plant foods that beneﬁcially affect human health. Many
efforts in plant production and food processing are directed to
enhance or preserve existing phytonutrients, as well as to create
functional foods by their addition to the signiﬁcant concentration
levels. However, a lot of known phytonutrients, such as phenolic
compounds, ﬂavonoids, terpenes and glucosinolates, are bitter or
astringent (Drewnowski & Gomez-Carneros, 2000). This imposes
limitations in enrichment possibilities, because the consumers
mostly do not tolerate pronounced bitter taste of food.
The main phenolic compounds responsible for the bitter taste of
virgin olive oils are secoiridoids, hydrophilic aglycone derivatives of
oleuropein and ligstroside. Among them, the major contribution
has aldehydic form of oleuropein aglycone (Mateos, Cert, PerezCamino, & Garcia, 2004), although high correlation coefﬁcients
between oil bitterness and the concentration of total phenols have
also been reported (Morales & Tsimidou, 2000). Their health
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beneﬁcial effects are related to the prevention of cardiovascular
diseases, cancer and neuro-degenerative diseases (Servili et al.,
2004; Visioli, Galli, Galli, & Caruso, 2002). These impacts are primarily attributed to their antioxidant activity in vivo, but some
other pharmacological effects, such as inhibition of cyclooxygenases, have also been reported (Yang, Kong, & Zhang, 2007).
Despite these positive aspects, consumers prefer virgin olive oils
with low or moderate levels of bitterness, rejecting very bitter ones
(Mateos et al., 2004).
In order to improve the acceptance of bitter food or drugs, different bitter-taste masking substances have been studied, e.g.
sugars (Kreutzmann, Christensen, & Edelenbos, 2008), sweeteners,
sodium ions, adenosine monophosphate, cyclodextrins (Binello,
Cravotto, Nano, & Spagliardi, 2004), ﬂavanones, hydroxybenzoic
acid vanillylamides (Ley, Blings, Paetz, Krammer, & Bertram, 2006),
lipoproteins and phosphatidic acid (Katsuragi et al., 1997). In most
cases, bitterness-masking potential has been evaluated in aqueous
solutions of different standard bitter substances, such as caffeine,
quinine, propylthiouracil, and bitter peptides. Little information
exists about bitter-taste masking substances applied to model
systems or real food matrixes. As regards olive oil phenols, Pripp,
Busch, and Vreeker (2004) studied the effect of sodium caseinate
on bitterness of 65% oil in water emulsion. They have found that the
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addition of 1% of sodium caseinate signiﬁcantly reduce the bitterness of emulsion containing phenols extracted from virgin olive oil,
despite relatively weak binding of these phenols to proteins.
According to our knowledge, the addition of bitterness-masking
substances directly to virgin olive oils has not been reported yet. It
must be noticed that no additives are permitted in virgin olive oils
(Codex Alimentarius, 1981), so in case a bitterness-masking
substance is used, the resulting olive oil is not be considered virgin,
but it could be interesting as a particular functional food formula.
Katsuragi et al. (1997) have proposed phospholipids (PL), i.e.
lecithin fractions with a high content of the phosphatidylinositol
and phosphatidic acid, as a bitterness inhibitor for practical applications. They have demonstrated that these fractions sufﬁciently
inhibit the bitterness of many bitter substances, when they are
dissolved together in water solutions, incorporated to the granules
or used as coating of the granules containing bitter substances.
Phospholipids are one of the minor constituents of seed oils, in
which they are usually present in concentration range from 10 to
20 g/kg (Bernardini, 1983). Virgin olive oils contain amounts of
phospholipids that are 300–400 times lower than in seed oils
(Koidis & Boskou, 2006). Thus, VOO could be a suitable matrix for
addition of those possible bitterness inhibitors.
In this work we investigated the possibility of bitterness attenuation of extra virgin olive oil with pronounced bitter taste, by
addition of granular soy lecithin as the source of PL. To select the
appropriate concentration range of PL and to verify its inﬂuence on
the perception of bitter taste, sensory difference tests were applied.
Besides, the effect of the increased PL concentration on odor
properties was evaluated by quantitative descriptive analysis and
correlated to the concentration changes of volatile substances,
determined by GC analysis of oil headspace volatile composition
after solid-phase microextraction (SPME).
2. Materials and methods
2.1. Materials
A ﬁltered extra VOO was purchased from a local Croatian olive oil
producer. De-oiled soy lecithin in the form of granules around 2 mm
in diameter, characterized by neutral taste and moderately
expressed odor reminding dry soybeans, was supplied from Life
Time Nutritional Specialities Inc. (Anaheim, USA). It contained 30 g/
kg of phosphorus, 37 g/kg of choline, 22 g/kg of inositol, <1% of
water and 97% of phospholipids. Methanol p.a. and n-hexane p.a.
were purchased from Panreac (Barcelona, Spain). Superclean TM LC18 SPE 1 mL tubes were supplied from Supelco Inc. (Bellefonte, USA).
Twenty standards of aroma compounds had a GC purity  90%. Butyl
acetate, E-2-hexenal, E-2-octenal, E-2-penten-1-ol, E-2-pentenal,
ethyl-2-methylbutyrate, octanal, pentan-3-on, Z-2-penten-1-ol and
Z-3-hexenyl acetate were purchased from Aldrich (Steinheim,
Germany). 1-Hexanol, 1-penten-3-on, 3-methylbutan-1-al, E-2hexen-1-ol, E-3-hexen-1-ol, hexanal, hexyl acetate, Z-2-hexen-1-ol
and Z-3-hexen-1-ol were supplied from Fluka (Buchs, Germany),
while 3-methylbutyl acetate from Merck (Darmstadt, Germany).
2.2. Sample preparation
The granular lecithin in amount of 50 g was added to 500 mL of
VOO, previously warmed up to 40  C. The mixture was stirred for
30 min with propeller blade laboratory mixer at 500 rpm. The oil
containing dissolved and dispersed PL was separated from sediment and ﬁltered over quantitative ﬁlter paper with medium wide
pores, obtaining the primary solution of PL. The same treatment
was applied to pure extra VOO (without PL) in order to obtain fully
comparable samples. The oil samples with various concentration of

51

PL were prepared by diluting the primary solution with proper
portions of pure extra VOO.

2.3. Phospholipids quantiﬁcation
The concentration of total PL in pure extra VOO and in the primary solution was determined as acetone insoluble matters at 0  C
by method of Lüde, described by Pardun (1964) and lately modiﬁed
by List, Heakin, Evans, Black, and Mounts (1978). Oil sample (5 g)
was mixed with 20 mL of acetone (in the water–ice bath at 0  C)
and ﬁltered over a chilled quantitative ﬁlter paper with medium
wide pores. The treatment was repeated four times and the ﬁlter
paper with the sediment (containing acetone insoluble matters)
was dried at 70  C and weighed. Results are expressed as PL in
grams per kg of the oil. The exact concentration of PL dissolved in
the primary solution was calculated as a difference between the PL
concentration in the primary solution and pure extra VOO.

2.4. Sensory analysis
Two panels, each composed of eight assessors trained to VOO
sensory analysis, participated in three sensory test sessions, carrying out one session per day. Approximate minimal PL concentration (AMC) effective in VOO bitterness attenuation was
determined applying simple ranking test on a set of four samples
containing 0, 10, 20 and 30 g/kg of PL. Each assessor performed one
analysis and, in total, 16 responses were obtained. AMC was deﬁned
as the lowest PL concentration at which signiﬁcant difference of
bitterness (p  0.05) in relation to pure VOO was found.
Afterwards, efﬁciency of PL concentration lower than AMC value
(i.e. in the middle of interval between AMC and the closest lower
concentration from the ranking set) was veriﬁed using the triangle
difference test, comparing this concentration with pure VOO. Sixteen assessors analyzed one or two series of samples, in order to
obtain 24 responses. Assessors who analyzed two series had a 30min break between series. The assessors were asked to identify the
different sample and to specify if it was more or less bitter than
remaining two. Responses were considered correct when both
answers were exact. The same procedure was used to check the
difference in bitterness between AMC and the above-described PL
concentration lower than AMC. In both ranking and triangle test, oil
samples (15 g) were presented to assessors in blue-colored glasses,
coded with three-digit numbers, at 29  1  C, in random order.
Apple, crisp bread and water were provided to rinse the mouth
between tasting samples.
One panel of eight trained assessors performed the quantitative
descriptive analysis and quality grading of ﬁve samples in one
session (single determination), according to the method described
in European Communities Regulation (1991). Different odor (olive
fruity, ripe fruits, green grass or leaves) and taste attributes (bitter,
pungent and sweet) were quantiﬁed using a six-point intensity
ordinal rating scale from 0 (no perception), 1 (scarce), 2 (light), 3
(middle), 4 (strong) to 5 (extreme). For quality grading, a nine-point
overall grading scale from 1 (lowest quality) to 9 (best quality) was
applied. VOO with score equal to or higher than 6.5 is considered of
extra quality. Samples were presented and coded as described for
sensory tests.

2.5. Bitterness index determination
The bitterness index (K225) was determined applying the
method described by Gutiérrez Rosales, Perdiquero, Gutiérrez, and
Olias (1992). The analyses were run in triplicate.
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2.6. Volatile compounds analyses
Fused-silica ﬁber coated with highly crosslinked divinylbenzene/carboxen/polydimethylsiloxane
(DVB/CAR/PDMS),
1 cm
length, 50/30 mm ﬁlm thickness (Supelco, Bellefonte, USA) was
used for the SPME and concentration of volatiles. The sample (3.5 g)
was placed in a 10-ml vial containing a microstirring bar and sealed
with PTFE/silicone septum (Restek, Bellefonte, USA). Before extraction, the headspace in the vial was stabilized by equilibration
for 10 min at 40  C and gently agitated for 3 min with a magnetic
stirrer. The extraction was carried out at 40  C for 40 min. The
thermal desorption of the analytes was achieved by inserting the
ﬁbre into the injection port of the GC system equipped with an
0.80 mm i.d. SPME liner in splitless mode for 3 min at 245  C. Before
sampling, the ﬁbre was reconditioned for 10 min in an injecting
port at 245  C and blank runs were done periodically during the
study. No carry-over effect was detected after that time.
GC analyses were performed using a Varian 3350 gas chromatograph equipped with a ﬂame ionization detector operated at
248  C and a 30 m  0.25 mm i.d.  0.25 mm ﬁlm thickness capillary column Rtx-WAX (Restek, Bellefonte, USA). Initial oven temperature was kept 8 min at 40  C, than raised to 85  C at 2.5  C/min
and ﬁnally increased to 245  C at 10  C/min and kept 20 min. The
carrier gas was helium at pressure of 15 psi at the column head.
Volatiles were identiﬁed by comparing their retention times to
those of the pure standards. Calibration graphs used for the
quantiﬁcations were prepared by GC analysis of freshly reﬁned
sunﬂower oil solutions containing known amounts of the standards. Calibration curves (relative peak area vs. concentration of
compound) and all quantiﬁcations were performed by the external
standard method using Varian Star 4.51 software. All the analyses
were run in triplicate.
2.7. Statistical analysis
The Friedman-type statistic for rank data and nonparametric
analog to Fisher’s LSD for rank sums were calculated and multiple
comparison procedure was performed to determine the signiﬁcance of differences between bitterness of samples evaluated by
ranking test. The signiﬁcance of differences in the case of the triangle test was determined by the comparison of results with critical number of correct responses (Meilgaard, Civille, & Carr, 1999).
Differences among results obtained by quantitative descriptive
analysis, as well as those related to concentrations of volatile
compounds, were tested by one-way analysis of variance at 5%
signiﬁcance level. The homogeneity of variance was tested by
Levene’s test and the mean values were compared by the Tukey’s
honest signiﬁcant difference test. Pearson linear correlation was
applied to relate the concentration of volatile compounds to the
concentration of added PL. All statistical analyses were performed
using the software package Statistica 7.1 (StatSoft Inc., Tulsa, USA).
3. Results and discussion
3.1. Efﬁciency of PL in bitterness attenuation of VOO
Extra VOO used in the experiment was chosen on the basis of its
strong bitter taste, evaluated by quantitative descriptive sensory
analysis. This property was additionally checked by bitterness index determined at 225 nm that was 0.501 (Table 1). Since Gutiérrez
Rosales et al. (1992) have reported that K225 value of the order
0.360 corresponds to quite bitter oils, which are rejected by many
consumers, this result conﬁrmed the suitability of the sample for
the purpose of the study. For preliminary estimation of the possibility of bitterness attenuation, a pure VOO sample (0 g/kg of added
PL) and samples with PL concentrations similar to those present in

Table 1
Bitterness index (K225) and overall sensory grading of VOO with phospholipids (PL)
addition in range from 0.0 to 10.0 g/kg
PL concentration (g/kg)

K225a

Overall sensory gradingb

0.0
2.5
5.0
7.5
10.0

0.501  0.007a
0.309  0.002b
0.244  0.002c
0.182  0.003d
0.150  0.002e

7.9  0.2a
7.9  0.2a
7.8  0.2a
7.6  0.3a
7.7  0.2a

a
Results are the means of three replications  SD; the means within the column
labelled by different letters are signiﬁcantly different (Tukey’s test, p  0.01).
b
Scale from 1 (lowest quality) to 9 (best quality), results are the means of values
obtained by single determination from eight assessors  SD; the means within the
column labelled by different letters are signiﬁcantly different (Tukey’s test, p  0.05).

seed oils (10, 20 and 30 g/kg) were analyzed by simple ranking test.
The results in Fig. 1 show that there were statistically signiﬁcant
differences between pure VOO and all samples enriched with PL, as
well as between samples with 10 and 30 g/kg of PL. This conﬁrms
the effectiveness of PL dissolved in oil matrix as a possible bittermasking substance. However, differences between 10 and 20 g/kg,
as well as between 20 and 30 g/kg, were not statistically signiﬁcant
at the level of 95%, indicating that in this range the relation between two parameters (oil bitterness and PL concentration) was
not linear for the chosen VOO. Nevertheless, the results of ranking
test showed that the minimum PL concentration effective in bitterness attenuation of chosen VOO was lower than or equal to 10 g/
kg. In order to select an appropriate concentration scale to study
the inﬂuence of PL addition on the taste, odor and volatiles composition of VOO, the efﬁciency of concentration positioned in the
middle of interval between 0 and 10 g/kg was veriﬁed by the triangle difference test. Two pairs of concentrations (0 vs. 5 g/kg and 5
vs. 10 g/kg) were tested and 24 responses were obtained for each
pair. No statistically signiﬁcant difference was found between 5 and
10 g/kg (assessors were correct at 10 out of 24 trials, p  0.40), but it
was between 0 and 5 g/kg of PL (21 correct answers out of 24 trials,
p  0.001). Assuming that values lower than 5 g/kg of PL could have
impact not only to bitterness but as well to the other sensory
characteristics of oil, a ﬁve-point concentration scale with 2.5 g/kg
as the least distance in the range from 0 to 10 g/kg was chosen.
Fig. 2 shows sensory proﬁles of oil samples, obtained by quantitative descriptive analysis. Beside a strong bitter taste, pure VOO
sample was characterized by strong pungency and scarce to light
sweetness. It is evident that pungency was the taste property least
inﬂuenced by PL addition, with no statistically signiﬁcant differences of intensity between the samples. A signiﬁcant decrease of

80
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Fig. 1. Results of simple ranking test related to bitterness of oil samples containing 0,
10, 20 and 30 g/kg of added phospholipids (PL); data are rank sums of 16 responses;
columns labelled by different letters are signiﬁcantly different (p  0.05).
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Fig. 2. Sensory proﬁles of oil samples enriched with 0.0 ( ), 2.5 ( ), 5.0 ( ), 7.5 ( ) and 10.0 ( ) g/kg of phospholipids. Intensity of perception was quantiﬁed using a six-point
ordinal rating scale from 0 (no perception) to 5 (extreme); results are the means of values obtained by single determination from eight assessors  SD; the means within each
sensory attribute labelled by different letters are signiﬁcantly different (Tukey’s test, p  0.05).

bitterness with respect to pure VOO was obtained starting from 5 g/
kg of added PL. However, no signiﬁcant differences were found
among samples in the range from 5 to 10 g/kg, which is in accordance with the results of triangle tests. The opposite trend is evident for sweetness of oil. Despite neutral taste of used granular
lecithin, addition of PL at levels of 7.5 and 10 g/kg caused signiﬁcant
differences with regard to pure VOO.
The K225 values determined on a methanol extract of oil by UVspectroscopy (Table 1) also demonstrate a remarkable bitternessmasking potential of PL dissolved in VOO. This property could be
ascribed to the bipolar character of PL, which are known as emulsiﬁers. Schwarz et al. (2000) have reported that some commercial
emulsiﬁers added to the bulk oil (Tegocare 215 and Tegocare 450)
form lamellar structures visible by transelectron microscopy. Polar
groups of those molecules could entrap hydrophilic substances
within the layers and similar behavior might be expected from PL.
Since the main bitter-tasting substances in VOOs are hydrophilic
phenols, it is most likely that PL in such a way hinders their contact
with bitter-taste receptors located on taste buds.
3.2. Effect of PL on odor properties and volatile substances
As regards the odor properties, pure VOO was characterized by
middle to strong ‘‘olive fruity’’, light to middle ‘‘green grass or leafs’’
and scarce ‘‘ripe fruits’’ odor intensity. In all samples enriched with
PL, intensities of ‘‘olive fruity’’ as well as ‘‘green grass or leafs’’ odor
notes showed a decreasing trend with respect to pure VOO. On the
other hand, those samples had more pronounced ‘‘ripe fruits’’ notes
that contribute to the richness of oil aroma. Although these changes
were not statistically signiﬁcant at the level of 95% (except for ‘‘olive
fruity’’ in sample with 10 g/kg of PL), their consistency implies that
PL could have some impact on the release of volatile compounds
from oil. This was checked by the analysis of the oil headspace
volatile composition after SPME. Twenty substances with known
green, sweet or rancid (fatty, oxidized) odor descriptors (Kalua
et al., 2007) were taken into consideration (Table 2). In order to
obtain more information about the effect of PL addition, the concentration range of PL was extended up to 20 g/kg. The main
compound in the headspace of pure VOO sample was E-2-hexenal,
followed by 1-hexanol, E-2-hexen-1-ol and Z-3-hexen-1-ol (data
not shown), the compounds that are characteristic for oils obtained

from green or partly ripe olives (Kalua et al., 2007). Fig. 3A shows
that PL addition caused a signiﬁcant and almost linear decrease of
the total concentration of 20 volatiles taken into consideration
(slope 0.056; r ¼ 0.9962) (Table 2), suggesting their retention due
to interactions between PL and volatile compounds. This is to the
highest extent linked to the decrease of the E-2-hexenal concentration that was characterized by a similar linear regression slope
(0.048) and correlation coefﬁcient (r ¼ 0.9975) as of total

Table 2
Odor descriptors and results of linear regression analysis between volatile compound concentration (mg/kg) and phospholipids concentration (g/kg) in VOO
samples
Volatile compound
‘‘Green’’ volatile substances
1-Hexanol
1-Penten-3-on
Butyl acetate
E-2-hexen-1-ol
E-2-hexenal
E-2-penten-1-ol þ
Z-3-hexenyl acetateb
E-2-pentenal
E-3-hexen-1-ol
Hexanal
Hexyl acetate
Z-2-penten-1-ol
Z-3-hexen-1-ol
Total ‘‘other green’’ substancesc
‘‘Sweet-fruity’’ volatile substances
3-Methylbutan-1-al
3-Methylbutyl acetate
Ethyl-2-methylbutyrate
Pentan-3-on
Total ‘‘sweet-fruity’’ substances
Other volatile substances
Octanal
Z-2-hexen-1-ol þ E-2-octenalb
Total of 20 volatile substances
a
b
c

Odor descriptorsa

Slope

Correlation
coefﬁcient r

Green, fruity, tomato
Green
Green, fruity
Green, grass, leaves
Green, apple, almond
Green

0.002
0.000
0.000
0.002
0.048
0.001

0.0968
0.9098
0.3318
0.8249
0.9975
0.9298

Green, apple, almond
Green
Green
Green, fruity
Green, banana, almond
Green

0.000
0.000
0.001
0.000
0.000
0.003
0.008

0.8579
0.9116
0.8036
0.4807
0.7739
0.9496
0.9294

Malty, sweet
Sweet, banana
Fruity
Sweet

0.000
0.000
0.000
0.000
0.000

0.0458
0.9701
0.3633
0.3755
0.1359

Rancid (fatty, oxidized)

0.000
0.000
0.056

0.7642
0.8578
0.9962

Kalua et al. (2007).
Substances that could not have been separated by GC analysis.
Sum of ‘‘green’’ volatile substances excluding E-2-hexenal.
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concentration of octanal, the product of oleate 11-hydroperoxide
breakdown, did not change signiﬁcantly upon the PL addition. This
suggests that used granular lecithin did not cause any prooxidant
activity on oil matrix, composed predominantly of oleic acid. As
regards ‘‘sweet-fruity’’ compounds (Fig. 3C), the total concentration
of these substances showed a poor linear correlation with added PL
(r ¼ 0.1359). Among them, only 3-methylbutyl acetate (Table 2) had
a positive linear trend (r ¼ 0.9701).
As a whole, the results of SPME–GC analysis of the oil headspace
volatile composition are in accordance with slightly reduced sensory perception of green odor notes in the samples with added PL. A
likely reason for such PL inﬂuence could be its bipolar character.
The polar moieties of its molecules can make bonds with functional
groups of aldehydes, alcohols or ketones dissolved in VOO, reducing
their volatility. Some accordance with this hypothesis could be
found in the results of Tsoutsi, Konstantinou, Hela, and Albanis
(2006). They have reported that increasing concentration of free
fatty acids and sterols in olive oil spiked with organophosphorus
insecticides reduces the release of those insecticides from oil matrix into the headspace.
Nevertheless, comparing overall sensory quality grading of oil
samples (Table 1), that takes into account not only the intensity but
also equilibrium of odor and taste characteristics, it is evident that
the addition of PL had no undesirable impact. Differences among
samples were not statistically signiﬁcant and all oils had values
higher than 6.5 that indicate the absence of any unacceptable
sensory characteristics. It seems that a slight reduction of green
odor notes was recompensed by higher intensities of ripe fruity
notes and, thanks to the lower bitterness and higher sweetness,
much agreeable taste of oils enriched with PL.
Despite promising results concerning bitterness attenuation and
odor evaluation, it is noteworthy to remind that such oils cannot be
labelled and marketed as VOO, but only as a kind of functional food.
Besides, PL present in concentrations higher than naturally occurring in VOOs could inﬂuence the shelf life performance and this will
be the objective of our further research.
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Acknowledgement
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PL concentration (g/kg)
Fig. 3. Effect of phospholipids on concentration of total volatiles (:), E-2-hexenal (C),
other ‘‘green’’ compounds (-), hexanal (6), octanal (B) and ‘‘sweet-fruity’’ compounds (,) in oil headspace, determined by SPME–GC analysis. Results are the means
of three replications  SD; the means (marks) of the same curve labelled by different
letters are signiﬁcantly different (Tukey’s test, p  0.05).

volatiles. Total ‘‘other green’’ substances concentration, i.e. the sum
of green substances excluding E-2-hexenal, decreased as well
(r ¼ 0.9294), although to a much less extent than E-2-hexenal
(linear regression slope 0.008). Inside this group of compounds,
only the concentration of hexanal, up to 7.5 g/kg of PL, showed
a positive trend (Fig. 3B). Hexanal is known as oil oxidation marker
that is produced by breakdown of linoleate 13-hydroperoxide
(Morales, Rios, & Aparicio, 1997; Vichi, Pizzale, Conte, Buxaderas, &
Lopez-Tamames, 2003). Since soybean lecithin naturally contains
considerable amounts of linoleic acid, it could be a direct source of
hexanal in oil samples enriched with PL. On the other hand, the

The presented results are derived from the scientiﬁc projects
‘‘Bioactive and volatile compounds of virgin olive oil in processing
and ﬁnishing’’ (062-0580696-0284) and ‘‘Stability of oil and
bioactive compounds in oil during processing and storage’’
(058-0580696-0704) supported by Ministry of Science, Education
and Sports of Republic of Croatia. We are grateful to Dubravka
Štrucelj for valuable suggestions related to the topic and to the
sensory assessors for their careful work during test sessions.
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