Evaluation of Virgin Olive Oil Bitterness
by Quantification of Secoiridoid Derivatives
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ABSTRACT: The bitterness of the main compounds identified
in the phenolic extract of virgin olive (Olea europaea L.) oils has
been sensory-tested. The aldehydic form of oleuropein aglycone
(AOA) was responsible for this attribute. Correlations between
the sensory bitterness and concentrations of secoiridoid deriva-
tives, analyzed separately or in different combinations, were ob-
tained for olive oils from different olive varieties. The best corre-
lation obtained corresponds to AOA content (r = 0.96; P = 1.83
x 107" in the concentration range of 0.03 to 0.5 mmol/kg. AOA
concentrations 20.5 mmol/kg produce sensory saturation of this
attribute. The correlation with AOA concentration was better
than that with the absorbance of the phenolic extract at 225 nm.
Therefore, the equation obtained allows the evaluation of the
bitterness in virgin olive oils by HPLC analysis of the phenolic
extract using detection at 280 nm.
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Olive oil is called “virgin” if it is obtained from fruits crushed
by press or centrifugation. It is an oily fruit juice, whose
widely recognized nutritional value is related to its protective
action against cardiovascular diseases and cancer (1-3). The
consumption of this product is increasing in countries such as
the United States, Canada, and Japan and in the European
Community. However, consumers in these countries are not
habituated to some of the sensory attributes of this oil, such
as bitterness, astringency, or pungency. Virgin olive oils
(VOO) with a high intensity of these attributes are hardly
marketable in these countries. Consequently, these oils must
be blended with nonbitter VOO or with refined olive oil, con-
stituting a “‘coupage” or an “olive oil,” respectively. The stan-
dard method of analyzing the bitter taste of olive oil is by sen-
sory analysis using a panel of tasters (4). However, an analyt-
ical panel is not likely to be available, since a permanent staff
of trained tasters and a highly specialized panel chief is nec-
essary. For this reason, methods for the evaluation of the bit-
terness level based on physicochemical determinations would
be very useful for the industry.

Several authors have found a strong relationship between
these sensory attributes and the content of phenolic com-
pounds of the olive oils (5-8). Gutiérrez et al. (9) proposed
the use of absorbance at 225 nm of the phenolic extract ob-
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tained from VOO for evaluation of bitter taste, since a good
relationship with bitterness evaluated by an analytical panel
was found. However, several nonbitter phenolic compounds
absorb at 225 nm; consequently, this estimation is not appro-
priate for comparing bitterness of oil samples obtained from
olive varieties with very different profiles in phenolic com-
pounds, such as Picual and Arbequina.

The main objective of this work was to the identify the phe-
nolic compounds actually responsible for olive oil bitterness
and, with this information, elaborate a new method of evaluat-
ing the level of intensity of this important sensory attribute.

EXPERIMENTAL PROCEDURES

VOO samples. VOO obtained from olive (Olea europaea L.,
cvs. Arbequina, Cobrangosa, Hojiblanca, Manzanilla, Picual,
and Verdial) varieties growing in Portugal, Tunisia, and Spain
were supplied by industrial oil mills located in the aforemen-
tioned countries.

Reference compounds. The following commercial prod-
ucts were used: p-Hydroxyphenylacetic, o-, p-coumaric, and
vanillic acids; vanillin; and luteolin were obtained from
Sigma Chemical Co. (St. Louis, MO); apigenin was from
Fluka AG (Buchs, Switzerland); ferulic and cinnamic acids
were from Aldrich (Steinheim, Germany); and 2-(4’-hydroxy-
phenyl)ethanol (tyrosol) was obtained from Janssen Chemi-
cal Co. (Beerse, Belgium).

The following compounds were isolated or synthesized: 2-
(3’,4’-Dihydroxyphenyl)ethanol (hydroxytyrosol) was syn-
thesized from 3,4-dihydroxyphenylacetic acid by reduction
with LiAlH, (10); 2-(3",4’-dihydroxyphenyl)ethyl acetate
(hydroxytyrosyl acetate) and 2-(4’-hydroxyphenyl)ethyl ac-
etate (tyrosyl acetate) were obtained from hydroxytyrosol and
tyrosol, respectively, by enzymatic transesterification with
ethyl acetate (11); the secoiridoid derivative, an aldehydic
form of oleuropein aglycone (AOA), was obtained by enzy-
matic hydrolysis of oleuropein with B-glucosidase from al-
monds (Sigma Chemical Co.) (12). This compound was puri-
fied by fractionation on a silica gel column using dichloro-
methane/acetone/hexane (3:2:5, by vol) as mobile phase.
NMR data were in accordance with those reported by Monte-
doro et al. (13). Elenolic acid was obtained from oleuropein
by hydrolysis with 1 N sulfuric acid at 55°C (14).

Analytical materials and reagents. All solvents and
reagents were of analytical grade unless otherwise stated. Ace-
tonitrile (far-UV), acetic acid, and methanol were of HPLC
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grade (Romil Ltd., Cambridge, United Kingdom). Solid-phase
extraction (SPE) cartridges (3 mL), packed with diol-bonded
phase, were from Supelco (Bellefonte, PA). Ethyl alcohol was
from Merck, KGaA (Darmstadt, Germany).

Bitterness test. The bitter taste of phenolic compounds was
evaluated by the bitterness test described by Walter et al. (14).
The bitterness of each compound of the phenolic fraction was
evaluated by eight trained tasters. A Whatman filter paper was
cleaned with ethyl alcohol and cut into squares of sides of 1 cm.
Then 0.1 mL of the compound dissolved in ethanol (0.05
mmol/L) was placed on the paper and alcohol was evaporated.
Squares of paper in which the compound was absorbed were
placed by the panelists on their tongues to perceive the presence
or absence of this attribute. Blank squares of paper were given
to tasters first, and then a series of five papers containing in-
creasing levels of the compound, using concentrations of 0.05,
0.10, 0.15, 0.20, and 0.25 mmol/L. Panelists were asked to dis-
continue the test at the first level where bitterness was detected.

Sensory evaluation of bitterness. All analyses of bitterness
of VOO samples collected in Table 1 were determined by the
same group of trained tasters according to European Commis-
sion Regulation EEC/2568/91 (4), using a structural scale of
6 points, where 0 means the absence of the attribute, 1 simple
perception, 2 light presence, 3 middle presence, 4 strong in-
tensity, and 5 the highest intensity.

Determination of phenolic compounds. The phenolic frac-
tion was isolated by SPE and analyzed by RP-HPLC using a
diode array UV detector (15).

Quantification of phenols, and the secoiridoid derivatives
in particular, was carried out at 280 nm, and the results are
expressed in millimol/kg.

Determination of the intensity of bitterness (IB). IB was
determined by the method proposed by Gutiérrez et al. (9). A
sample of 1.00 = 0.01 g VOO was dissolved in 4 mL of
hexane and passed through the C ¢ column previously acti-
vated with methanol (6 mL) and washed with hexane (6 mL).
After elution, 10 mL of hexane was added to eliminate the fat,
and then the retained compounds were eluted with
methanol/water (1:1), collecting this fraction in a tared 25-
mL beaker. The absorbance of the extract was measured at
225 nm against methanol/water (1:1) in a 1 cm cell. The re-
sults are expressed as the absorbance of 1 g in 100 g (K,,s).
IB was calculated by the following expression: IB = 13.33
K,,5—0.837.

Statistical analysis. Correlation parameters and equations
were automatically calculated using CoStat 5.0 (CoHort Soft-
ware, Monterey, CA).

RESULTS AND DISCUSSION

Simple components of the phenolic fraction of olive oil, such
as hydroxytyrosol, tyrosol, vanillic acid, vanillin, p-coumaric
acid, ferulic acid, cinnamic acid, elenolic acid, hydroxytyrosyl
acetate, tyrosyl acetate, luteolin, and apigenin were evaluated
by using the content usually found in olive oil for these com-
pounds (approximately 0.25 mmol/L) as the highest concen-
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tration, following the bitterness test (14). None of them
showed a bitter taste. On the other hand, the secoiridoid deriv-
ative AOA showed a high intensity of this attribute, since all
tasters detected it at the initial concentration (0.05 mmol/L).
The aldehydic form of ligstroside aglycone (ALA), the dialde-
hydic forms of decarboxymethyl oleuropein aglycone (DOA),
and ligstroside aglycone (DLA) were not isolated from olive
oil in large enough amounts for quantification. Finally, Arbe-
quina VOO (sample no. 6), containing significant amounts of
pinoresinol and I-acetoxypinoresinol (0.15 mmol/kg) and
flavones (0.05 mmol/kg) and a very low concentration of sec-
oiridoid derivatives (0.04 mmol/kg), did not have a bitter taste.

The bitterness of VOO from different varieties evaluated
by the panel of tasters (4) and the secoiridoid derivative com-
position determined by HPLC (15) are presented in Table 1. A
relationship between the IB of oils and the influence of each
one of the secoiridoid derivatives of hydroxytyrosol and ty-
rosol was established. In our opinion, the most valuable infor-
mation can be obtained from oil samples with a lower IB.
Thus, oil sample number 2, with a low IB (1.0), had a rela-
tively high DOA content (0.44 mmol/kg). In the same way, oil
sample number 5, with an even lower level of IB (0.5), had a
relatively high DLA content (0.42 mmol/kg). The contribu-
tion of DOA and DLA molecules to the bitter taste of the olive
oil appears to be very slight. On the other hand, oil sample
numbers 7, 8, 9, 10, 14, 25, and 32, showing an extreme IB (5
on a 5-point scale), were not useful to study a possible linear
regression between IB and the content of secoiridoid deriva-
tives, since this limit value (5.0) is the same for different satu-
rating concentrations of these compounds; consequently, they
should not be included in this study. Correlation between 1B
and the concentrations of these compounds was studied, tak-
ing into account each one individually and in all possible com-
binations (Table 2). The best correlation obtained corre-
sponded to the AOA concentration considered alone. The
other secoiridoid derivatives also were significantly correlated
with IB, but less strongly than AOA, because all of them were
significantly correlated with AOA. ALA did not significantly
correlate with bitter taste. For instance, oil sample 36 was
evaluated as 3.3 in the scale of IB, and contained 0.51
mmol/kg of ALA and 0.33 mmol/kg of AOA, whereas oil
sample 32 was extremely bitter and contained 0.34 mmol/kg
of ALA and 0.47 mmol/kg of AOA. A similar pattern was
noted in comparing samples 15 and 16 or samples 28 and 29.
This pattern seems to indicate that ALA is secondary com-
pared to the contribution of AOA to bitter taste. Oils with con-
centrations of AOA over 0.5 mmol/kg gave the maximum bitter-
ness value (or 5), indicating that the saturation level was reached
(Fig. 1). A linear relationship (r = 0.96, P = 1.83 x 107'7)
occurred between sensory bitterness and AOA concentration
in the 0.0 to 0.5 mmol/kg range. However, the high gradient
of the linear function between 0 and 0.5 on the bitterness scale
indicated that small amounts of these compounds can be eas-
ily perceived by tasters assigning a value of 0 or 0.5. For this
reason, these results allow evaluation of bitterness by means
of one analytical determination of AOA concentration, where
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TABLE 1
Values of Bitterness and Concentration of Each Secoiridoid Derivative Expressed in mmol/kg of Different Extra Virgin Olive Oils?
Sample Bitterness DOAC DLAY AOA® ALAf Total secoiridoid
number  Variety (0=5)b (mmol/kg) (mmol/kg) (mmol/kg) (mmol/kg)  derivatives (mmol/kg) 1B
1 Arbequina 20+0.3 0.09 + 0.01 0.06 +0.02 0.15+0.02 0.16 +0.03 0.46 = 0.05 0.80 = 0.05
2 Arbequina 1.0+0.3 0.44 = 0.08 0.16 = 0.04 0.04 +0.01 0.03 = 0.00 0.67 = 0.08 1.38 +0.08
3 Arbequina 0.7+0.3 0.32 £0.05 0.37 £ 0.04 0.04 = 0.00 0.08 +£0.02 0.81 = 0.06 1.70 £ 0.09
4 Arbequina 0.6 £0.1 0.15 +0.04 0.14 £ 0.01 0.04 = 0.00 0.02 +0.01 0.35 = 0.04 0.51 +0.06
5 Arbequina 0.5+0.1 0.13 = 0.04 0.42 +0.02 0.03 = 0.00 0.05 = 0.00 0.63 = 0.07 1.79 + 0.07
6 Arbequina 0.0+0.0 0.01 = 0.00 0.03 = 0.00 0.00 = 0.00 0.00 = 0.00 0.04 +0.01 0.10 +0.03
7 Cobrangosa 5.0+0.0 2.10 £ 0.05 0.42 +0.06 2.92 £0.05 0.58 £0.03 6.02 +0.02 15.60 + 0.09
8 Cobrangosa 5.0+ 0.0 1.23 +0.08 0.74 = 0.09 2.17 +£0.06 0.10 £ 0.01 4.24 + 0.06 5.80 = 0.04
9 Hojiblanca 5.0+0.0 2.87 +£0.09 0.51 £ 0.05 0.70 = 0.09 0.11 +0.01 4.19 £ 0.09 15.60 + 0.08
10 Hojiblanca 5.0+0.0 1.84 £ 0.05 0.33 =0.04 0.46 + 0.01 0.06 +0.02 2.69 £ 0.09 6.50 = 0.09
11 Hojiblanca 25+03 0.58 = 0.06 0.96 = 0.04 0.28 = 0.04 0.32 £0.01 2.14 +0.09 5.20 = 0.05
12 Hojiblanca 25+0.2 0.48 £ 0.03 0.37 £0.05 0.21 +£0.04 0.19 +0.02 1.25+0.08 0.46 = 0.04
13 Hojiblanca 0.9+0.1 0.28 +0.05 0.17 +0.06 0.09 +0.01 0.04 +0.01 0.58 = 0.06 0.88 = 0.04
14 Manzanilla 5.0+ 0.0 1.23 +0.04 1.35+0.08 1.20 + 0.04 1.06 + 0.03 4.84 +0.09 12.10 + 0.04
15 Manzanilla 45+0.4 0.43 £0.03 0.35 £ 0.04 0.47 £ 0.05 0.24 = 0.05 1.49 + 0.04 5.30 £ 0.05
16 Manzanilla 4.5x0.6 0.40 = 0.05 0.30 +0.02 0.46 = 0.05 0.37 =0.04 1.53 £ 0.04 5.00 = 0.06
17 Manzanilla 4.0+0.5 0.40 = 0.05 0.36 = 0.05 0.43 +0.08 0.22 +£0.01 1.41 +0.08 5.00 = 0.06
18 Manzanilla 4.0+0.5 0.44 = 0.04 0.35 £ 0.06 0.43 = 0.06 0.22 £0.03 1.44 +0.08 5.00 = 0.06
19 Manzanilla 3.5+05 0.12+0.03 0.19 +0.02 0.40 = 0.04 0.22 +0.05 0.93 =0.07 4.75 +0.09
20 Manzanilla 3.0+03 0.36 = 0.08 0.31 +£0.05 0.40 £ 0.03 0.21 = 0.04 1.28 + 0.07 4.88 + 0.09
21 Manzanilla 3.0+04 0.18 +0.01 0.20 = 0.05 0.39 £ 0.08 0.12 +0.03 0.89 = 0.05 3.75 +£0.07
22 Manzanilla 2.7+04 0.31 = 0.04 0.24 = 0.04 0.35 = 0.04 0.21 +0.06 1.11 £ 0.04 4.32 £0.04
23 Manzanilla 25+05 0.22 +0.08 0.15 = 0.04 0.22 +0.03 0.13 £0.03 0.72 £ 0.06 3.25 +0.04
24 Manzanilla 2.2+0.6 0.20 £ 0.05 0.10 + 0.04 0.19 +0.02 0.18 + 0.04 0.67 = 0.06 2.50 +0.08
25 Picual 50+03 0.57 = 0.04 0.44 = 0.04 0.50 = 0.05 0.40 = 0.01 1.91 £ 0.05 3.75+0.04
26 Picual 42+05 0.47 +0.04 0.45 = 0.04 0.44 +0.03 0.16 £ 0.02 1.52 + 0.05 3.80 = 0.04
27 Picual 3.0+£04 0.11 +0.04 0.20 £ 0.05 0.40 = 0.04 0.10 £ 0.01 0.81 = 0.09 3.50 = 0.06
28 Picual 25x04 0.28 +0.05 0.52 +0.06 0.21 +0.05 0.26 + 0.02 1.27 £0.08 2.90 £ 0.04
29 Picual 20+04 0.36 = 0.08 0.22 = 0.04 0.20 = 0.04 0.06 +0.03 0.84 = 0.09 0.84 +0.02
30 Picual 20+04 0.16 + 0.07 0.04 +0.01 0.22 £0.03 0.05 + 0.01 0.47 = 0.06 2.37 +£0.06
31 Picual 0.5+0.1 0.00 = 0.00 0.00 = 0.00 0.03 = 0.00 0.02 +0.00 0.05 + 0.01 1.37 £0.05
32 Verdial 5.0+ 0.0 0.34 = 0.06 0.75 +0.03 0.47 +0.08 0.34 £ 0.03 1.90 + 0.09 9.10 = 0.08
33 Verdial 35+04 0.40 = 0.05 0.17 +0.03 0.42 £ 0.04 0.15 +0.02 1.14 £ 0.07 6.80 = 0.07
34 Verdial 3.5+0.6 0.40 = 0.04 0.26 +0.03 0.45 = 0.04 0.13 +£0.05 1.24 £0.08 6.55 = 0.07
35 Verdial 35+04 0.30 £ 0.01 0.36 = 0.07 0.35 +£0.02 0.23 £0.03 1.24 + 0.06 7.00 £ 0.07
36 Verdial 33+04 0.14 + 0.01 0.49 = 0.05 0.33 £0.05 0.51 = 0.04 1.47 +0.05 7.52 £0.05
37 Verdial 33+03 0.31 +0.03 0.17 +0.06 0.42 +0.06 0.12 +0.04 1.02 £ 0.04 6.25 + 0.04
38 Verdial 2.8+05 0.09 = 0.01 0.06 = 0.01 0.26 = 0.07 0.05 +0.01 0.46 = 0.05 5.85 +0.03
39 Verdial 2.7+05 0.11 +0.02 0.36 = 0.05 0.22 +0.08 0.30 = 0.06 0.99 = 0.05 5.00 = 0.09
40 Verdial 25+0.2 0.09 +0.02 0.08 +0.01 0.20 + 0.04 0.09 = 0.01 0.46 +0.02 6.00 = 0.09
41 Verdial 23+04 0.09 = 0.02 0.19 = 0.05 0.18 £ 0.02 0.14 +£0.03 0.60 = 0.06 5.50 = 0.04
42 Verdial 1.9+£0.4 0.06 = 0.03 0.26 = 0.05 0.12 +0.04 0.12 +0.03 0.56 +£0.02 4.12 £ 0.05
43 Verdial 1.4+0.3 0.01 £ 0.01 0.04 +0.01 0.08 +0.01 0.06 + 0.01 0.19 + 0.06 4.12 £ 0.06
44 Verdial 1.2+0.6 0.01 = 0.00 0.05 = 0.00 0.04 = 0.00 0.05 +0.01 0.15 = 0.04 4.00 + 0.09
45 Verdial 1.1+£0.5 0.02 = 0.00 0.04 = 0.00 0.06 = 0.00 0.07 £ 0.02 0.19 +0.04 3.25+0.08
46 Verdial 1.0+£0.2 0.01 +0.00 0.02 +0.00 0.05 = 0.00 0.06 +0.02 0.14 + 0.04 3.25+0.07

“Each point is the mean value + SD of three replicates.

bscale from 0, absence of the attribute, to 5, the highest intensity.
“Dialdehydic form of decarboxymethyl oleuropein aglycone.
9Dialdehydic form of decarboxymethyl ligstroside aglycone.
“Aldehydic form of oleuropein aglycone.

fAldehydic form of ligstroside aglycone.

8IB (intensity of bitterness) = 13.33 K,,; — 0.837.

for values higher than 0.5 mmol/kg, bitterness is 5; for values
included in the range between 0.03 and 0.5 mmol/kg, the level
of bitterness is described by the following equation:

bitterness = 0.51 + 7.99 AOA [1]

where AOA is expressed as mmol/kg.

This measurement of bitterness can be useful for prepar-
ing coupages or olive oil mixtures of very bitter VOO with
nonbitter VOO or refined olive oils, respectively.

Equation 1 shows a very good correlation with the sensory
bitterness data for each variety considered separately and
also for all varieties together. Furthermore, IB obtained by
absorbance at 225 nm gave poorer correlations with sensory
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TABLE 2

Correlation Between Sensory-Evaluated Bitterness of 39 Different
Virgin Olive Oils and Their Respective Contents of Different
Combinations of Secoiridoid Derivatives

Variable rd P(r=0)
DOA 0.58 1.15x107*
DLA 0.39 1.4 %1072
AOA 0.96 1.83x107"7
ALA 0.68 222 %107
DOA + DLA 0.55 2.92x107*
DOA + AOA 0.85 6.25 x 10712
DOA + ALA 0.75 4.87 %1078
DLA + AOA 0.78 4.38x 1070
DLA + ALA 0.54 3.97x107*
DOA + DLA + AOA 0.77 1.12x 1078
DOA + AOA + ALA 0.89 1.86 x 10714
DOA + DLA + ALA 0.64 1.35x 107
DLA + AOA + ALA 0.79 2.05x107°
DOA + DLA + AOA + ALA 0.80 1.44 %1077
ILinear regression coefficient.
bprobability that r= 0. For abbreviations see Table 1.
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FIG. 1. Linear function that correlates concentration of the aldehydic
form of oleuropein aglycone (AOA) and sensory bitterness in the range
0.03 to 0.5 mmol/kg (r, linear regression coefficient; P, probability that r
=0).

TABLE 3
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bitterness of all varieties together, and even showed a non-
significant correlation for Arbequina and Hojiblanca varieties
considered separately (Table 3).

Whereas slopes for the equations obtained from the regres-
sions between sensory bitterness and IB values obtained from
different varieties vary from a minimum of 0.463 (Verdial)
up to a maximum of 0.943 (Picual), the gradients obtained
considering Equation 1 vary from a minimum of 0.951
(Picual) up to a maximum of 1.007 (Arbequina) only. This
means that IB is effective for evaluating the bitterness of olive
oils for samples obtained from each variety separately, but is
less effective for comparing samples from different varieties.
For this reason, Verdial oils showed higher IB values than
Manzanilla oils, and the latter higher than Picual oils. All had
similar levels of sensory-evaluated bitterness.

These results can be explained by the fact that AOA ab-
sorbs at 225 nm, together with other secoiridoid derivatives
(DOA, DLA, and ALA) and other compounds of the pheno-
lic extract that are not bitter (Fig. 2), such as the very abun-
dant elenolic acid and other minor compounds (hydroxytyro-
syl acetate, hydroxytyrosol, tyrosol, pinoresinol, and 1-ace-
toxypinoresinol).
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