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SUMMARY: The characterization of olive oils from seven representative fruit varieties (Arbequina, Carrasqueña, 
Corniche, Manzanilla Cacereña, Morisca, Picual, and Verdial de Badajoz) from the southwest of Spain is carried 
out according to antioxidant capacity of the phenolic fraction and oxidative stability in different ripening stages. 
Antioxidant capacity is measured through the reduction of a 2,2′-azino-bis-3-ethylbenzthiazoline-6-sulphonic 
acid radical cation previously oxidized with peroxidase/hydrogen peroxide. The decrease in absorbance at 730 nm 
at 3 min was measured. Values like Trolox Equivalents Antioxidant Capacity and oxidative stability varied from 
0.6 to 2.5 mmol Trolox·kg–1 oil and 28.3 to 170.9 hours Rancimat respectively. The best positive correlation 
between total phenolic compounds and antioxidant capacity were in the Carrasqueña and Arbequina varieties. 
The rest showed moderated correlations. Correlation between antioxidant capacity and oxidative stability was 
found in a range from 0.66 to 0.97, depending on varieties.

KEYWORDS: ABTS radical cation; Antioxidant capacity; Olive oil; Oxidative stability; Phenolics

RESUMEN: Capacidad antioxidante de la fracción fenólica de aceites de variedades de aceitunas del sur-oeste de 
España y su efecto sobre la estabilidad oxidativa. Se caracterizaron Aceites de Oliva Virgen procedentes de siete 
variedades de aceitunas (Arbequina, Carrasqueña, Corniche, Manzanilla Cacereña, Morisca, Picual y Verdial 
de Badajoz) representativas del sur-oeste de España de acuerdo a la capacidad antioxidante de su fracción 
fenólica y a su estabilidad oxidativa, en diferentes estados de maduración. La capacidad antioxidante se midió 
por la disminución de absorbancia a 730 nm, producida por la reducción del radical ácido 2,2′azino-bis-3-etil-
benzotiazolin-6-ácido sulfónico, a 3 min del inicio de la reacción en presencia del extracto fenólico. Los valores 
de capacidad antioxidante y de estabilidad oxidativa variaron de 0,6 hasta 2,5 mmol Trolox·Kg–1 y de 28,3 hasta 
170,9 horas respectivamente. La mejor correlación entre los compuestos fenólicos y la capacidad antioxidante 
se observó para las variedades Carrasqueña y Arbequina. Por otro lado, la correlación entre la capacidad anti-
oxidante y la estabilidad oxidativa se encontró dentro de un rango entre 0,66–0,97 dependiendo de la variedad.

PALABRAS CLAVE: Aceite de oliva; Capacidad antioxidante; Cation radical ABTS; Compuestos fenólicos; 
Estabilidad oxidativa
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1. INTRODUCTION

The Mediterranean diet includes the consump-
tion of noticeable amounts of extra virgin olive oil, 
EVOO. To be classified as EVOO, the oil must be only 
obtained from the fruit of the olive tree by mechani-
cal or other physical means under conditions that 
do not lead to alteration in the oil and without any 
other treatment than washing, decantation, centrif-
ugation, or filtration (EC Reg. 1513/2001).

Epidemiological data show that a Mediterranean 
diet significantly reduces the incidence of  car-
diovascular disease and cancer, which suggests a 
characteristic role of  the southern European diet, 
where EVOO is the major source of  fatty acids. 
Also, VOO naturally presents a group of  minor 
components, phenolic compounds, with a high 
antioxidant capacity and important because of 
their nutritional and sensorial interests. It has been 
suggested that the high concentration of  pheno-
lic compounds in olive oil may contribute to the 
healthy action of  the Mediterranean diet (Paiva-
Martins et al., 2010). The antioxidant capacity of 
phenols and other compounds present in oils has 
been widely studied by several authors (Morelló 
et al., 2005; Arslan and Schreiner, 2012). Phenolic 
compounds continue to be an investigation aim as 
a consequence of  their fundamental chemical and 
antioxidant properties. Several researchers have 
used the ABTS radical method. This proposal 
uses the following approach: a synthetic colored 
radical is generated and the capacity of  a biologi-
cal sample to reduce the radicals is measured by 
spectrophotometry, making use of  an appropri-
ate standard to quantify the antioxidant capacity. 
This method is one of  the most commonly applied 
and it is considered as a highly sensitivity, practical 
and fast method. On the other hand, the phenolic 
compounds are reported as molecules which sig-
nificantly prevent the oxidation of  olive oil even at 
low concentrations (Esti et al., 2009) because they 
possess antioxidant capacity. Oxidative stability 
is a central parameter in the estimation of  EVOO 
quality, since the oxidative degeneration is the main 
cause of  its damage (Del Carlo et al., 2004; Bendini 
et al., 2007). Nevertheless the oxidation process 
can be delayed by antioxidants that enhance oxida-
tive stability by preventing the propagation of  lipid 
peroxidation or removing free radicals. In addi-
tion, the oil antioxidant content is not constant; it 
depends on the cultivar, fruit ripening stage, agro-
climatic conditions and olive growing techniques 
(Beltrán et al., 2000; Uceda and Hermoso, 2001; 
Tovar et al., 2003).

The European Union dominates the world pro-
duction of olive oil (>70 %), and it is the largest 
consumer. Spain is the country with the highest pro-
duction of olive oil in Europe (54%) and Spanish 

olive oils have been recognized as high quality. Olive 
oil is considered one of the most important Spanish 
products. One of the southwest Spanish regions, 
Extremadura, has made a great effort to increase 
its production of VOO in recent years, and is now 
the third community of Spain in this sense. For 
that reason, the aim of this work was to evaluate 
the antioxidant capacity of the phenolic fraction 
of olive oils obtained from the seven olive variet-
ies most representative of the southwest of Spain 
(Arbequina, Carrasqueña, Corniche, Manzanilla 
Cacereña, Morisca, Picual, and Verdial de Badajoz) 
and examine the relationship between total phenolic 
compound contents and oxidative stability at differ-
ent stages of maturation.

2. MATERIAL AND METHODS

2.1. Samples

The study was carried out in an experimen-
tal olive (Olea europaea L.) cultivar maintained 
within the limits of the olive-growing area “Tierra 
de Barros” by the Researcher Center “Finca La 
Orden” (Badajoz, Spain) during the olive season 
2011/12. The UTM coordinates of the cultivar 
were x=702192.29, y=4303406.71. The climate of 
the area is Mediterranean; the average annual rain-
fall was 404 mm, mostly distributed outside of a 
4-month summer drought period. The olive orchard 
was composed of fifteen-year-old olive trees (plan-
tation frame 6×6 m2) of seven varieties predominate 
in the southwest of Spain: Arbequina, Carrasqueña, 
Corniche (sinonim Cornicabra variety), Manzanilla 
Cacereña, Manzanilla Sevillana, Picual, and Verdial 
de Badajoz. The soil at the experimental orchard was 
a sandy loam (depth 2 m). The orchard was managed 
by drip irrigation, with linear irrigation scheduling 
of 3582 cm3 water.ha–1 from 15 May to 18 November 
and no tillage conditions; weeds were controlled 
with post-emergence herbicides. Note that the fact 
of getting all the test samples from the same experi-
mental olive grove allowed us to study the effect of 
the variables “variety” and “maturity stage” on the 
minor components of the olive oil elaborated from 
fruits developed in  the  same geographical area, 
under the same agronomic  and  pedoclimatic con-
ditions. In our experiments, we used a statistical 
design which is based on randomized blocks with 
three replicates for each variety. Each elementary 
block consisted of three olive trees. We studied the 
effect of different olive varieties in analytical param-
eters, along with the evolution of these parameters 
throughout the stage of maturation. A  total of 
63  samples of olives were handpicked in perfect 
sanitary conditions. The olive samplings were car-
ried out in the morning, taking random samples in 
different parts of the central area of the olive tree, 
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assuming a total of 6 kg per variety and matura-
tion. The samples were collected at three matura-
tion stages (green, spotted, and ripe). The index of 
ripeness (IR) of the olives was calculated using the 
subjective evaluation of color of the skin and flesh, 
as was proposed by Uceda and Frías (1975). After 
harvesting, the olive fruit samples were immediately 
transported to the laboratory in ventilated storage 
trays to avoid compositional changes. The oil was 
extracted within 24 h. 

Oil samples were obtained using the Abencor 
grinding system (Abengoa SA, Sevilla, Spain) 
(Martínez et al., 1975). Olives were crushed with a 
hammer mill and were slowly beaten for 30 min at 
28 °C. Then the obtained paste was centrifuged at 
3500 rpm for 2 min. The oil was separated by decan-
tation and was stored in dark in amber-colored glass 
bottles at 4 °C until analysis (within 1 month).

2.2. Chemicals

The Folin-Ciocalteau reagent, caffeic acid, 
and sodium carbonate used for polyphenolic con-
tent determination were provided by Panreac 
(Barcelona, Spain). For the ABTS method, the 
standard antioxidant used was 6-hydroxy-2,5,7,8-
tetramethyl-chroman-2-carboxylic acid (Trolox) 
from Sigma-Aldrich (Steinheim, Germany). 2,2′-​
azobis-(3-ethylbenzothiazoline-6-sulfonic acid was 
from Fluka Chemicals (Madrid, Spain). 

Instruments

A UV-Vis spectrophotometer model HP8453 
(Agilent, Madrid, Spain) was used for the ABTS 
assays and determination of the total polyphe-
nol contents. The ABTS assay was measured by 
Biochemical Analysis software. The oxidative sta-
bility of the oil was assessed in a 743 Rancimat 
(Metrohm, Herisau, Switzerland) eight-channel oxi-
dative stability instrument.

2.3. Analytical methods

2.3.1. Antioxidant capacity assays

Sample preparation: According the slightly 
modified method of Mateos et al. (2001), a sam-
ple of VOO was weighed (2.5 g) and dissolved in 
6 mL of n-hexane. A diol-bonded phase cartridge 
(500 mg Supelco Co., Bellefonte, PA) was placed in 
a vacuum elution apparatus and conditioned with 
6 mL of methanol and 6 mL of n-hexane. The oil 
solution was applied to the column, and the sol-
vent was removed while the interesting compounds 
were retained in the solid phase. After this, it was 
washed with 6 mL of n-hexane (2 x 3 mL) and 4 mL 

of n-hexane/ethyl acetate (85:15, v/v). The pheno-
lic compounds were eluted with 15 mL of methanol 
and the solvent was evaporated in a rotary evapora-
tor at room temperature and a low speed until dry-
ness. The phenolic residue was dissolved in 2 mL of 
methanol.

ABTS assay: The radical scavenging capacity of 
the oil samples was assessed by the ABTS method 
(Cano et al., 1998; Cano et al., 2000). To generate 
the ABTS radical cation ABTS was treated with 
the enzyme system peroxidase (POD)/hydrogen per-
oxide (H2O2) in acidified ethanol and stored in the 
dark for 12–16 hours. When the radical was formed, 
1 mL of ABTS•+ was mixed with 20 µL of pheno-
lic extract, and the absorbance was measured at 
730 nm for six minutes. This procedure was applied 
to a variable concentration of Trolox and the absor-
bance decrease was taken as an analytical signal to 
obtain the calibration line. The results correspond-
ing to phenolic fractions were expressed as TEAC 
(Trolox Equivalent Antioxidant Capacity) values, 
mmol Trolox·kg–1 oil.

2.3.2. Oxidative stability

The oxidative stability of the examined oils was 
assessed in a 743 Rancimat (Metrohm, Herisau, 
Switzerland) eight-channel instrument (Gutiérrez, 
1989). 2.5 g of oil were placed in each of the 
Rancimat channels. A continuous air stream was 
introduced through the oil solution to 10 L·h–1 and 
the system temperature was established at 100 °C. 
Changes in conductivity were caused by the forma-
tion of volatile organic acids, mainly formic acid 
and were measured automatically and continuously. 
The peroxidation curve was recorded, and the 
inflection point was selected as the induction time 
(IT, expressed in hours). A high IT value indicates 
oxidative stability in the sample.

2.3.3. Determination of total polyphenol contents

The total polyphenol contents in VOO were 
determined according to the Folin-Ciocalteau col-
orimetric method, using caffeic acid as a standard 
(Montedoro et al., 1992). Each sample was pre-
pared in duplicate and quantification was carried 
out on the basis of the external standard calibration 
curve of caffeic acid whose linearity ranged from 
5 to 75 mg·L–1. The results of polyphenol contents 
in the VOO samples are expressed as caffeic acid 
equivalent (CAE), in mg·kg–1 oil.

2.3.4. Statistical analysis

The results are expressed as mean values and 
standard deviations. The data were statistically ana-
lyzed by ANOVA and Duncan’s multiple range 
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tests. Statistical significance was accepted at a level 
of p<0.05. The SPSS 18.0 software (SPSS Inc., 
Chicago, IL, USA) was used for variance analysis 
(ANOVA) and linear regression analyses. 

3. RESULTS AND DISCUSSION

3.1. Antioxidant capacity of the phenolic fraction 
of VOO

The antioxidant capacity of the phenolic fraction 
of the VOO from seven Extremadura olive varieties 
is presented in Table 1. The results are expressed in 
TEAC. The absorbance spectrum of radical ABTS 
generated by the enzyme system peroxidase (POD)/
hydrogen peroxide (H2O2) and dissolved in acidified 
ethanol shows different maximum levels at 414, 730 
and 873 nm (Re et al., 1999). The method is based on 

the measurement of the reduction in the radical cat-
ion that is shown by the decrease of the absorbance 
at 730 nm and the discoloration of  the ABTS•+. 
Samaniego et al. (2007) showed that the ABTS 
method was the best to measure the antioxidant 
capacity of olive oil, giving good results of reproduc-
ibility and with acceptable correlation coefficients. 

For this study, a 730 nm wavelength has been 
selected since good sensitivity and reliability is 
achieved (Calvo et al., 2010). We checked the stabil-
ity of the dissolution of the ABTS radical formed by 
the absorbance measurements at 730 nm at intervals 
of 3 hours. Re et al. (1999) indicated that the ABTS 
radical was stable for more than two days when 
stored in the dark at room temperature. However, 
our results showed that, under the same conditions, 
the absorbance varied during the first 18 hours, and 
subsequently it was significantly maintained over 

Table 1.  Antioxidant capacity, oxidative stability, and total phenolic compounds of seven varieties of VOOs obtained from 
fruits at three stages of ripening

Ripening index Variety

Antioxidant 
Capacity ABTS, mmol 

Trolox·kg-1 oil Oxidative Stability hours
Total phenolic compound 

mg CAE·kg-1·10

Green RI<2

Arbequina 1.7±0.2ab B 68.5±4.4ab B 40.9±5.4a B

Carrasqueña 2.5±0.4c B 163±25d B 120.3±15.3d B

Corniche 2.0±0.1b B 171±13d C 70.8±9.6c C

Manzanilla Cacereña 1.6±0.1a B 140.0±7.7c B 70.7±7.3c B

Morisca 1.9±0.4ab B 54.7±7.2a C 53.7±7.7ab C

Picual 1.7±0.1ab B 151.9±4.8cd B 67.1±3.4bc C

Verdial de Badajoz 2.0±0.1c C 47.6±2.1a B 55.9±7.9abc B

Spotted RI=2–3

Arbequina 1.2±0.1a B 49.0±1.0a A 23.4±2.4a A

Carrasqueña 1.7±0.3bc A 94±2.5b A 62.9±16.2b A

Corniche 1.9±0.1c B 150±10c B 49.7±5.5b B

Manzanilla Cacereña 1.2±0.3a AB 80±10b A 21.7±13.2a A

Morisca 1.2±0.2a A 28.3±4,3a A 13.0±3.9a A

Picual 1.8±0.1bc B 148.3±2.8c B 59.3±2.2b B

Verdial de Badajoz 1.5±0.2ab B 27.9±5.8a A 24.5±5.2a A

Ripe RI>3

Arbequina 0.6±0.1a A 45.5±3.9bc A 16.0±3.2a A

Carrasqueña 1.4±0.3c A 84±17e A 46.1±19.6c A

Corniche 1.3±0.1c A 113.7±3.2f A 29.9±3.8ab A

Manzanilla Cacereña 0.9±0.1b A 70±13de A 20.1±8.6a A

Morisca 0.8±0.0b A 30.6±2.7ab B 23.2±0.7a B

Picual 1.3±0.1c A 123.4±4.7f A 41.9±0.5bc A

Verdial de Badajoz 0.7±0.1ab A 24.4±5.1a A 18.3±4.9a A

CAE, caffeic acid equivalents. Results are expressed as mean±SD of three sample replicates. Different small letters in the same 
maturation stage indicate significant statistical differences among varieties (Duncan´s Test, p<0.05). Different capital letters in the 
same column indicate significant statistical differences (Duncan´s Test, p<0.05) during the maturation stage.
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the following 42 hours (Figure 1). Therefore, prepa-
ration of the radical one day before its utilization is 
advisable. 

On the other hand, Arnao (2000) indicated that 
it is a very reliable method, although the values 
of antioxidant capacity might depend on the time 
chosen to perform the measurement. In this sense, 
Re et al. (1999) indicated 4 min as the most appro-
priate time. However, Sellappan et al. (2002) sug-
gested 6 minutes for standards and 7 min for pure 
compounds in plant extracts or foods, whereas 
Calvo et al. (2012) considered optimal a measure-
ment time of 20 minutes after the start of  the reac-
tion in samples of extra virgin olive oil. In this work, 
the kinetic curves Absorbance-time, corresponding 
to the interaction of the ABTS radical cation with 
Trolox (Figure 2) as a standard compound has been 
constructed. These results have demonstrated that 
the ABTS•+ reduction reaction is complete in about 
2 min and absorbance values do not change signifi-
cantly up to 20 min. The selection of a measurement 

time of 3 min is enough to ensure repeatability since 
the reaction has been completed successfully. This 
proposal is very time saving because it enables the 
measurement of a large number of samples in a 
short time. 

The analytical figures of  merit correspond-
ing to this method are shown in Table 2. A linear 
relationship was observed between the analytical 
signals (loss in absorbance) and the concentra-
tions of Trolox. The regression coefficient was 
0.993. The slope of this plot was 0.37 kg·mmol–1. 
The limit of  detection (LODs), calculated with the 
ACOC software package, was 0.05 by the Long and 
Winefordner method (1983) and 0.10 mmol·kg–1 by 
the method of Clayton et al. (1987). The limit of 
quantification (LOQ) was calculated as LOD (Long 
and Winefordner) x 3.33, was 0.16 mmol·kg–1. 
The calibration curve was utilized to evaluate the 

Figure 1.  Measurement of ABTS radical stability over time.
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Figure 2.  The effect of reaction time on the decrease in ABTS•+ absorbance value 
for the reference standard Trolox.
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Table 2.  Analytical figures of merit for 
ABTS method

Parameters Trolox

Linear regression y=0.37x+0.02

Determination coefficient r2 0.993

% Linearity 97.9

LODa ppm 0.05

LODb ppm 0.10

LOQc ppm 0.17

aLimit of detection, Long and Winefordner method 
bLimit of detection, Clayton et al. method α=β=0.05 
cLimit of quantification, from LOD×3.33
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antioxidant capacity of  various EVOOs examined 
and the results are shown in Table 1. In general, the 
antioxidant capacity presents a trend to decrease as 
the same time that olive ripening advances in the 
seven olive oil varieties studied. This trend was sig-
nificant in all maturation stages of  the Verdial de 
Badajoz (2.0–0.7 mmol·kg–1) variety. On the other 
hand, Corniche and Picual varieties showed simi-
lar antioxidant capacities from the green to spotted 
stages and from this stage, the values of  antioxi-
dant capacity decreased significantly until the ripe 
maturation stage. However, the TEAC values of 
Carrasqueña, Manzanilla Cacereña, and Morisca 
varieties decreased significantly from the green 
to the spotted stage, and from this stage the anti-
oxidant capacity remained constant until the ripe 
maturation stage. In general, vegetable oils con-
tain a large variety of  substances with antioxidant 
properties which include free radical scavengers, 
reducing agents, complexing agents for pro-oxidant 
metals, and quenchers of  the singlet oxygen forma-
tion (Gorinstein et al., 2003). The methanol soluble 
phase of vegetable oils contains most of  the phe-
nolic antioxidant; it is also called the polar fraction 
(Valavanidis et al., 2004). There is no information 
on the trend of the antioxidant capacity as the olive 
ripening advances in the literature. 

The examined oils could be classified into 
different groups according to their antioxidant 
capacity from the results in Table 1. The first 
group, with lower TEAC values, would include the 
Arbequina, Manzanilla Cacereña, and Morisca 
varieties, while higher TEAC values were obtained 
for the Carrasqueña and Corniche varieties in 
all stages of maturation. The Picual and Verdial 
de Badajoz varieties did not show a clear group-
ing according to their antioxidant capacity. The 
Corniche and Carrasqueña varieties had higher 
antioxidant capacities, 2 and 2.5 mmol Trolox·kg–1 
oil, respectively, in the green stage. The Verdial de 
Badajoz variety presented antioxidant capacity val-
ues in the green stage of maturation similar to the 
Carrasqueña variety, while it is placed in the second 
group in the spotted and ripe stages of maturation. 
Our results are in agreement with those found in the 
literature. Therefore, Calvo et al. (2012) presented 
values of total antioxidant capacity of 1.35 mmol 
Trolox·kg–1 oil in Morisca and Picual monovari-
etal oils in the ripe stage, however they obtained 
values of 0.83 mmol Trolox·kg–1 oil in a commer-
cial oil of the Picual variety. Also, Samaniego et al. 
(2007) reported values of 1.00 mmol Trolox·kg–1 
oil in EVOO from the Picual variety, in the years 
2003/2004. Montedoro et al. (1992) found low values 
of antioxidant capacity (0.63 mmol Trolox·kg–1 oil) 
in the Cornicabra variety, similar to those obtained 
in our study for group of varieties with lower anti-
oxidant capacities in the ripe stage.

3.2. Oxidative stability in VOOs

A significant decrease in the time of induction 
from the green to spotted olives stage of matura-
tion has been found for most of the studied variet-
ies, except for the Picual variety which is maintained 
constant. From this state of maturation, the change 
in oxidative stability is, in general, less pronounced 
until the ripe stage of maturation (Table 1). Salvador 
et al. (2001) reported that oxidative stability decreased 
slightly as the olive ripening advanced, although the 
trend was not clear and in some cases there was a 
small increase with fruit maturity. 

Within each variety, differences in the stability of 
the oil were observed for different stages of  ripeness, 
and oxidative stability values are strongly depen-
dent on each olive variety (Oueslati et al., 2009). 
The range of  values of  oxidative stability was from 
24.4 to 47.6 and from 113.7 to 170.9 hours for the 
Verdial de Badajoz and Corniche varieties, respec-
tively (Table 1). In all the varieties of  oils produced, 
differences were observed for the various oils exam-
ined when analyzing the influence of  olive maturity 
on oxidative stability. The stability of  oils from the 
Morisca variety decreased rapidly (48.26%), while 
the Arbequina, Corniche and Verdial de Badajoz 
varieties only slightly decreased (about 20%) from 
the green to spotted stage of  maturation. The oxi-
dative stability was constant in the Picual variety 
until the spotted stage of  maturation and from that 
point it decreased until the ripe stage of  maturation 
(16.8%). The highest oxidative stability was for the 
Carrasqueña and Corniche varieties in the green 
stage of  maturation (Table 1) with statistically sig-
nificant differences compared to the rest of  the vari-
eties. The lowest oxidative stability was presented 
in Arbequina, Morisca, and Verdial de Badajoz. 
The Manzanilla Cacereña variety presented inter-
mediate values in all the stages of  maturation. In 
addition, the Corniche and Picual varieties pre-
sented the longest induction times throughout the 
different stages of  maturation. These results are in 
agreement with those obtained by other researchers 
(Salvador et al., 2001; Pérez-Arquillué et al., 2003; 
Aguilera et al., 2005; Baccouri et al., 2008; Fuentes 
et al., 2008).

3.3. Contribution of the phenolic fraction to 
antioxidant capacity and oxidative stability in VOOs

The Trolox equivalent antioxidant capacity 
is strongly related to the concentration of  phe-
nolic compounds in olive oil. We can observe 
that those varieties which presented the highest 
contents in phenolic compounds (Table 1) like 
Carrasqueña, also had the highest antioxidant 
capacity. However, the varieties with minor con-
tents, like the Arbequina and Morisca varieties, 
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were the varieties which had the lowest antioxidant 
capacities. In general terms, a tendency to decrease 
the total phenolic content was observed in all the 
varieties analyzed during ripening (Table 1). This 
trend was more pronounced in the Morisca vari-
ety from the green to the spotted stage. Phenolic 
content showed the same evolution but with a less 
marked decrease in the concentration of  phenolic 
compounds in the rest of  the varieties. Regarding 
oils from the Corniche and Picual varieties, the 
concentration of  phenolic compounds signifi-
cantly decreased in all stages of  maturation of  the 
olives, while from the Morisca variety, the oils sig-
nificantly increased up to the ripe stage. Previous 
studies have described a general decrease in total 
phenolic compounds as fruit ripening advanced, 
while different trends were observed when examin-
ing specific compounds (Dugo et al., 2004; Agati 
et al., 2005). Oueslati et al. (2009) did not find clear 
differences between the content of  phenolic com-
pounds and the maturation index. On the other 
hand, the total phenol contents showed significant 
differences (p<0.05) among the different variet-
ies (Table 1). The range of  values of  total pheno-
lic compounds obtained in all the varieties from 
Extremadura varied from 129.8 to 1203.3 mg·kg–1. 
The lowest values found in the green stage corre-
sponded to the Arbequina variety whose concen-
tration was 409.4 mg·kg–1, while the Carrasqueña 
variety had the greatest concentration in phenolic 
compounds with values of  1203.3 mg·kg–1 in the 
same stage. The total phenolic compounds in olive 
oil showed a positive linear correlation with anti-
oxidant capacity (Figure  3), hence an increase in 
the concentration of  total phenolic compounds 
causes an increase in antioxidant capacity. The best 
correlation between total phenolic compounds and 
antioxidant capacity was found in the Carrasqueña 
(r2=0.97) and Arbequina (r2=0.90) varieties and 
the worst for the Morisca (r2=0.48) variety by the 
ABTS method. The rest of  the varieties presented 
moderated correlations (r2=0.66 to 0.77). 

The correlation between total phenolic content 
and antioxidant capacity has been widely studied 
in different foodstuffs: fruit and vegetables (Kedage 
et al., 2007), wine (Fernández-Pachón et al., 2005; 
Villaño et al., 2006), plants (Velioglu et al., 1998), 
seeds (Holasova et al., 2002) and olive oil (Ubando-
Rivera et al., 2005; Del Carlo et al., 2004), and it 
has been shown that a high concentration of total 
phenol content implies that the antioxidant capac-
ity of that food significantly increases due to its 
capacity to block free radicals (Gorinstein et al., 
2003; Morelló et al., 2005; Baiano et al., 2009). 
Samaniego et al. (2007) determined that the best 
correlation between total phenol content and anti-
oxidant capacity was given by the ABTS method 
(r2=0.89) in oil samples from the Picual variety from 

different harvests. At the same time, they found that 
the olive oil samples studied presented a mean value 
of 201 mg gallic acid·kg–1 oil (n=6), a value which is 
below that of the EVOO samples, revealing a lower 
content of phenolic compounds, which are bioactive 
compounds in olive oil with the highest antioxidant 
capacity (Gorinstein et al., 2003).

On the other hand, it is well known that the 
behavior observed in oxidative stability, and 
therefore in oil conservation, is influenced by the 
content of phenolic compounds (Gutiérrez et  al., 
1999). Therefore, there must be a correlation 
between antioxidant capacity and oxidative stability 
and, indeed, from our results there is a range of 
correlation between of 0.66–0.97, depending on the 
variety (Figure 3). However, very precise relations 
between stability and the preservation of the oil 
cannot be established because oxidative stability is 
determined under the extreme conditions achieved 
in a Rancimat (100 °C and oxygen saturation with 
air flow from 10 L·h–1), while in the conservation 
of the oil, the supply of oxygen is limited and the 
temperature is much lower (Cert et al., 1999), although 
this parameter can be useful in order to have a more 
rigorous understanding of the oxidation capacity 
and the characteristics of the VOO produced. On 
the other hand, the effect of concentration on the 
antioxidant capacity of phenolic compounds has not 
been fully clarified. Baldioli et al. (1996) observed 
that the oxidative stability increased linearly with the 
concentration in olive oil with 1.10 mmol·kg–1 oil of 
antioxidant capacity while Mateos (2002) showed an 
increase in oxidative stability until the antioxidant 
activity reached a concentration of approximately 
1 mmol·kg–1 and although the concentration of 
antioxidants increased the antioxidant capacity 
remained practically constant.

4. CONCLUSIONS

The ABTS method contributed to the character-
ization of EVOO, from seven varieties of fruits from 
the southwest of Spain and it has been proven that 
a 3 min waiting time is enough to reach a reliable 
value in the measurement of antioxidant activity. 
This fact is very timely, considering that free radi-
cals are short-lived and that permits the measure-
ment of a large number of samples. Two different 
groups have been established in the examined oils. 
The first of them, with lower TEAC values, would 
include the Arbequina, Manzanilla Cacereña, and 
Morisca varieties, while the higher TEAC values 
were obtained for the Carrasqueña and Corniche 
varieties. 

The oxidative stability has also served to 
characterize VOOs. In this sense, the highest 
oxidative stability was for the Carrasqueña and 
Corniche varieties. The lowest oxidative stability was 
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Figure 3.  Linear correlations between antioxidant capacity and total phenolic compounds and oxidative stability in seven 
Extremadura varieties of VOOs produced by the Abencor system.
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presented in the Arbequina, Morisca, and Verdial de 
Badajoz. The Manzanilla Cacereña variety presented 
intermediate values. The Corniche and Picual 
varieties presented the longest induction times. 

A good correlation was found between antioxidant 
capacity, total phenolic content and oxidative stabi
lity in the seven Extremadura varieties studied 
throughout the maturity of  the fruit, indicating 
that antioxidant capacity is mainly influenced by 
the amount of  phenolic compounds which greatly 
contribute to the inhibition of lipid oxidation. 
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