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grown in NW Argentina versus the Mediterranean. For 
Arbequina, the oleic content decreased with increasing 
temperature during oil accumulation (22% per °C). The 
classification of varieties should be useful in the selection of 
virgin olive oils for corrective blending and for choosing varieties 
for new orchards in order to meet IOOC requirements. The 
differences in fatty acid composition between NW Argentina 
and the Mediterranean Basin are most likely to be related to a 
genotype x environment interaction, and the negative effect of 
the high seasonal mean temperature during oil accumulation 
will need further research. 

KEY-WORDS: Oil quality – Oleic acid – Temperature – 
Virgin olive oil – Warm arid environment.

1.  INTRODUCTION

In the last two decades, olive production 
has increased dramatically in Argentina due to 
governmental tax promotions spurred by the increased 
international demand for olive oil. New orchards 
have been planted in the warm desert valleys of 
mountainous Northwestern Argentina including the 
Provinces of La Rioja, Catamarca, and San Juan (28 
– 31° S latitude). This extensive region covers about 
25,000 km2 and has a great deal of environmental 
variability in temperature, rainfall, elevation above sea 
level, and soils (Ayerza and Sibbett, 2001). The climate 
is semi-arid to arid with higher temperatures (especially 
in the winter and spring) than in the Mediterranean 
Basin, and rainfall occurs predominately in the summer 
months with a pronounced dry season in the winter. 
The new olive industry mainly consists of large private 
growers and investors with intensive mono-varietal 
orchards including both table and oil varieties from 
Italy and Spain along with some production of the 
local Argentine variety Arauco (Matías et al., 2004). 
Domestic olive oil consumption is very low, and olive oil 
is mainly exported to Brazil, Canada, the United States, 
and some European countries (MAGPyA, 2010).

The increase in olive production has been 
accompanied by a modernization of the industrial 
extraction facilities. Modern facilities have been 
installed with the primary aim of producing high 
quality virgin olive oils rather than refining or 
extracting oil with solvent from olive-pomace. The 
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SUMMARY

Fatty acid profiles of varietal virgin olive oils (Olea 
europaea L.) from mature orchards in warm arid valleys 
of Northwestern Argentina (La Rioja).

The olive industry in Northwestern Argentina has 
experienced substantial growth during the past two decades to 
produce virgin olive oil for export. To assess the fatty acid 
profiles of the main varietal olive oils, 563 oil samples from 17 
varieties cultivated in the province of La Rioja were analyzed 
from 2005-2008. Olive varieties were ranked according to oleic 
acid content as low (55%; Arbequina, Arauco), intermediate 
(55-65%; Barnea, Frantoio) or high (65%; Manzanilla, 
Empeltre, Leccino, Coratina, Changlot, Picual). Using data 
from this study and the literature, the fatty acid composition of 
Spanish (Arbequina, Picual) and Italian (Coratina, Frantoio) 
varieties indicated consistently lower oleic acid contents when 
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industry mainly uses continuous systems with 
two-phase centrifuge decanters. Most olives are 
harvested by hand from March to June (i.e., late 
summer to autumn) after the summer rainy season 
although an increasing proportion of the orchards 
are harvested mechanically. 

The definition of olive oil quality is complex 
and variable because it depends on consumer 
evaluation of chemical and sensorial attributes 
(Civantos, 1999). Trade standards on olive oil have 
designated specific chemical criteria including the 
fatty acid profile for determining the quality and 
purity of olive oil (IOOC, 2006). Such criteria were 
formed primarily based on the composition of olive 
oils from the Mediterranean Basin. However, the 
chemical parameters of olive oils produced in other 
areas may not always enter into these accepted 
ranges. While olive variety is the major determinant 
of chemical oil composition, environmental factors 
such as temperature during fruit growth also play 
a role in oil quality (Uceda and Hermoso, 2001). 
Environmental factors have likely contributed to 
some of the differences in the fatty acid composition 
found in Tunisia (Dhifi et al., 2004; Manaï et al., 
2007; Zarrouk et al., 2009), Turkey (Nergiz and 
Engez, 2000), Iran (Sadeghi and Talaii, 2002), and 
Australia (Mailer, 2005) compared to traditional 
European producers. 

In Argentina, olive varieties from the Mediterranean 
Basin, mainly from Spain and Italy, have been 
selected due to their acceptance on the world market 
with the expectation that they will perform similarly 
in their new environment. Some early evidence for 
specific geographic zones such as Catamarca in NW 
Argentina indicated that the chemical composition of 
olive oils from some Mediterranean varieties often 
includes low levels of oleic acid and high linoleic acid 
(Ravetti, 1999; Mannina et al., 2001; Ravetti et al., 
2002; Ceci et al., 2004). Thus, olive oils from warm 
valleys in NW Argentina may not necessarily pass the 
required purity analyses used for acceptance as virgin 
olive oil (Ceci and Carelli, 2007; Torres et al., 2009; 
Ceci and Carelli, 2010). 

The chemical characterization of olive oils in 
NW Argentina is still relatively limited, and a greater 
understanding of olive oils from non-Mediterranean 
regions is essential considering the increasingly 
global nature of the olive industry. Previous 
studies from NW Argentina evaluated samples 
(50) primarily from young trees (10 years-old) 
because older, mature trees were not yet available 
for many varieties (Mannina et al., 2001; Ravetti 
et al., 2002; Ceci et al., 2004). To the best of our 
knowledge, there are no detailed studies on 
fatty acid composition over several consecutive 
years in NW Argentina with a large number of 
samples (500) obtained from mature, intensively 
managed orchards. Additionally, the provinces of 
La Rioja and Catamarca currently represent about 
50,000 of the 90,000 ha planted in Argentina and 
their industrial facilities often process fruits from 
neighboring provinces. The primary objectives of 
this study were to: i) assess the fatty acid profiles of 

17 olive varieties in NW Argentina over four years 
(2005- 2008) based on 563 oil samples from the 
province of La Rioja and surrounding areas in order 
to rank the varieties by oleic acid content; and ii) 
compare fatty acid performance from the region 
with that of the Mediterranean Basin using data 
from the literature. Secondarily, the influence of 
temperature on oleic acid content was considered.

2.  MATERIALS AND METHODS

2.1.  Oil samples

Samples of virgin olive oil (Table 1) were obtained 
from ten commercial olive oil extraction facilities in 
the Province of La Rioja. The oil samples provided 
by these facilities were primarily from fruit harvested 
in orchards located in La Rioja although some oil 
samples from fruits harvested at other geographical 
locations, but extracted in La Rioja, were also 
provided by these same facilities. The overall olive 
growing area that the samples represented was 
27° - 31° S latitude and 64° - 68° W longitude. 
This area includes a significant range of mean 
temperature and elevation above sea level due to 
the mountainous terrain (Table 2). The extraction 
facilities provided tracking information such as 
variety, area of origin, date of milling, and fruit 
maturity for all samples (except for fruit maturity 
in 2006). The fruit maturity index was defined 
according to Uceda and Hermoso (2001) with 
05 brilliant green to 75 skin and pulp completely 
black). The harvest season was from March 25 - 
July 2 in 2005, April 4 - May 30 in 2006, February 
28 - June 13 in 2007 and March 19 - June 4 in 
2008. Seventeen olive varieties were assessed, 
but Arbequina represented 57% of all the samples 
because it is the most frequently planted oil variety 
in NW Argentina. Arbequina was followed by 
Barnea (10%), Frantoio (7%), Manzanilla (6%) and 
Picual (5%). Oil samples were obtained directly 
from the production line at the vertical centrifuge, 
from two-phase continuous extraction systems with 
temperature and time of milling typically ranging 
from 30-34°C and 40-60 minutes, respectively. 
Oil was collected in 300-mL glass bottles without 
air space. After decantation of impurities (about 
a month), the samples were passed to clean 
glass bottles and stored in the laboratory at room 
temperature, in the dark until analysis. 

2.2.  Chemical analysis

The fatty acid composition of the oils was 
determined by gas chromatography in the Natural 
Products Laboratory of CRILAR-CONICET, following 
the analytical methods described in the Regulations 
of the Commission of the European Union (EEC 
2568/91). Fatty acid methyl esters were prepared 
by cold transmethylation in a basic medium (IOOC, 
2001) and were separated in an HP 5890 II gas 
chromatograph (Hewlett-Packard, Sacramento, CA) 
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Table 1
Origin of virgin olive oil samples analyzed

Year Locations Facilities a Varieties
Range of 
Maturity index 

2005 
(15) b

Aimogasta (5), Chilecito (1), La Rioja (2), 
Pomán (4), San Juan (1), Cruz del Eje (2) 

A (15) Arauco (1) 
Arbequina (11)
Barnea (1)
Coratina (1)
Frantoio (1)

2.1
1.6-5.5
2.6
1.9
1.9

2006 
(105)

Aimogasta (30), Andalgalá (2), Cruz del Eje 
(1), La Rioja (62),Tinogasta (5), Valle 
Central Catamarca (2), Villa Mazán (3)

A (92), B (6), C (7) Arauco (12)
Arbequina (54)
Barnea (19)
Carolea (1)
Coratina (1)
Empeltre (5)
Frantoio (1)
Manzanilla (7)
Picual (5)

nd
nd
nd
nd
nd
nd
nd
nd
nd

2007 
(226)

Aimogasta (78), Chilecito (45), Chumbicha 
(3), La Rioja (86), Pomán (5), San Juan (2), 
Valle Central Catamarca (3),Villa Mazán (4)

A (83), B (21), C 
(1), D (49), E (32), 
F (26), G (11), H (3)

Arauco (9)
Arbequina (157)
Barnea (17)
Changlot real (2)
Coratina (8)
Empeltre (4)
Frantoio (10)
Leccino (1)
Manzanilla (11)
Picual (7)

3.0-3.4
1.9-4.8
2.9-3.6
3.7-3.8
1.3-1.8
nd
2.5-3.6
3.6
2.3-4.8
1.5-4.2

2008 
(217)

Aimogasta (27), Chilecito (15), La Rioja 
(156), Valle Central Catamarca (11), 
Tinogasta (5), Villa Mazán (3)

A (67), B (4), C (1), 
D (4), E (84), F 
(32), G (4), H (5), I 
(5), J (11)

Arauco (4)
Arbequina (98)
Arbosana (2)
Barnea (19)
Changlot real (5)
Coratina (4)
Farga (2)
Frantoio (29)
Hojiblanca (1)
Leccino (11)
Manzanilla (19)
Nabali (1)
Peranzana (1)
Picual (20)
Sirio (1)

nd
2.4-4.5
4.0-4.2
2.8-3.4
2.9-3.7
1.5-1.6
3.1-3.7
2.2-4.9
nd
3.7-5.2
2.2-4.2
nd
nd
2.7-4.4
nd

a The olive oil extraction facilities are named using an alphabetical code. 
b The number of samples per year, location, variety and facility are given in parenthesis. 
nd data not available

fitted with a 25-m capillary column (CP-Wax 52 CB; 
Chrompack, Holland) with a 0.32 mm I.D., 0.25 μm 
film thickness and equipped with split injection and 
an FID detector. Hydrogen was the carrier gas, and 
injector and detector temperatures were set to 250 
and 300°C, respectively. Oven temperature was 
programmed at 180°C for 5 min, increased from 180 
to 240°C at 4°C min-1, and then was set at 240°C 
for 10 min. Individual fatty acids (myristic, palmitic, 
palmitoleic, heptadecanoic, heptadecenoic, stearic, 
oleic, linoleic, linolenic, arachidic, arachidonic, 
behenic and lignoceric acids) were determined by 
comparison with retention times of known standards 
(AOCS-1, Sigma–Aldrich, St. Louis, MO).

2.3.  Bibliographic data

Data of fatty acid compositions (palmitic, stearic, 
oleic, linoleic and linolenic acids) were obtained 
from the published literature for the Spanish 
varieties Arbequina and Picual and the Italian 
varieties Coratina and Frantoio for several regions 
of Spain and Italy (Table 3). The data correspond to 
oils from fruit harvested at their typical harvesting 
time (variable between areas and production 
systems), and the fruit maturity index is given when 
available. Studies without maturity index data were 
included in order to have sufficient data to facilitate 
comparisons. The fatty acid data from Spain and 
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Table 2
Characteristics of the olive production areas in NW Argentina used in this study

Province Location Latitude 
(°S)

Longitude 
(°W)

Elevation  
(m)

Average mean temperature 
during oil accumulation (°C)

La Rioja Aimogasta 28° 34' 66° 46' 800 24.4  0.5

Chilecito 29° 38' 67° 24' 850 23.7  0.3

La Rioja City 29° 33' 66° 49' 420 25.2  0.9

Villa Mazán 28° 40' 66° 33' 654 nd

Catamarca Andalgalá 27° 36' 66° 20' 1018 nd

Chumbicha 28° 52' 66° 14' 429 nd

Valle Central 28° 36' 65° 46' 450 25.8  0.7

Pomán 28° 23' 66° 13' 820 25.1  0.5

Tinogasta 28° 03' 67° 34' 1212 23.6  0.5

San Juan San Juan 31° 31' 68° 33' 630 23.9  0.4

Córdoba Cruz del Eje 30° 43' 64° 48' 460 nd
a Average mean temperature  SD from December to April on 4 years (2005-2008). 
nd data not available

Table 3
Studies from NW Argentina and the Mediterranean region used for linear discriminate analysis  

and tree cluster analysis of fatty acid composition in four olive varieties 

Location Olive variety Maturity index Reference

Catamarca, Argentina Arbequina
Frantoio
Coratina

nda

nd
nd

Mannina et al. 2001

Catamarca, Argentina Arbequina
Picual

1-3.5
1-2

Matías et al. 2004

Córdoba, Argentina Arbequina nd Torres and Maestri 2006

Central Italy Frantoio
Coratina

nd
nd

Mannina et al. 2001

Lazio, Italy Frantoio nd Bucci et al. 2002

Pescara, Italy Frantoio 1-4 Ranalli et al. 1998

Pescara, Italy Coratina nd Ranalli et al. 1999

Puglia, Italy Coratina nd Di Giovacchino et al. 2002

Ciudad Real, Spain Arbequina
Picual

nd
nd

Pardo et al. 2007

Córdoba, Spain Arbequina
Frantoio
Picual

1.8
2.2
2.8

Civantos 1999

Córboba, Spain Arbequina
Picual

5
5

Sánchez-Ortiz et al. 2007

Jaén, Spain Arbequina
Frantoio
Picual

nd
nd
nd

Uceda and Hermoso 2001

Jaén, Spain Picual 1-3.5 Beltrán et al. 2004

Jaén & Córdoba, Spain Frantoio 3 Aguilera et al. 2005

Lleida, Spain Arbequina nd Tovar et al. 2002

Lleida, Spain Arbequina nd Morelló et al. 2004

and: no data indicated in the bibliographic source
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Italy were contrasted to the observed values for 
the same varieties growing in La Rioja and other 
locations in Northwest Argentina including values 
from this study and published values from the 
literature (Tables 1, 3).

2.4.  Statistical analysis

Descriptive statistics were performed using the 
Infostat software package (Infostat, Universidad 
de Córdoba, Argentina) and data on fatty acid 
composition are presented as means  standard 
deviations. Pearson correlation coefficients were 
also calculated between individual fatty acids and 
year, latitude, longitude, elevation, fruit maturity 
index, location and variety. Categorical variables 
(i.e., location, variety) were transformed into 
discrete numeric values when necessary. Linear 
regression was fitted to the relationships between 
linoleic, palmitic and oleic acid. The temperature 
response of oleic acid content in Arbequina was 
analyzed by regressing the oleic acid content of 
each location by year combination with seasonal 
mean temperature during the oil accumulation 
period (i.e., the monthly mean temperature from 
December to April in the Southern Hemisphere). 

Linear discriminate analysis (LDA) and tree 
cluster analysis (TCA) were applied to fatty acid 
compositions (palmitic, stearic, oleic, linoleic and 
linolenic acids) of four olive varieties growing in NW 
Argentina and the Mediterranean region based on 
data from this study (Table 1) and the published 
literature (Table 3). The LDA method determines 
which variables discriminate between two or more 
a priori defined groups. In our case, the a priori 
groups were each olive variety from NW Argentina 
or the Mediterranean region (i.e., 8 groups in total). 
The selected variables were used to obtain a data 
matrix (dissimilarities matrix) and a discriminant 
(canonical) linear equation. The discriminator 
power of each variable was evaluated using Wilki´s 
lambda factor. The TCA method joins objects into 
successively large clusters using some measure 
of distance. We used the dissimilarity matrix from 
Mahalanobis distances, and the unweighted pair-
group average was used as the amalgamation rule. 

3.  RESULTS

3.1.  �Fatty acid profile of varietal virgin olive 
oils from NW Argentina

The fatty acid compositions of the oil samples 
depended mainly on olive variety (Table 4). Year, 
location, latitude, longitude, elevation, and oil facility 
did not show significant correlations with individual 
fatty acids when data from all varieties were 
considered (Table 4), nor did the fruit maturity index 
in the 235 samples that included this information (r5 
0.09, p5 0.38). The wide range of oleic acid values 
observed in Table 5 permitted the classification of 
varieties as low (55%), intermediate (55-65%) 
or high (65%) in oleic acid contents. The lowest 
mean oleic acid values were found in the Spanish 
variety Arbequina (51.8%, N 5 320) and the 
Argentine variety Arauco (54.9%, N5 26), while 
the highest mean corresponded to Picual (71.9%, 
N 5 32). Intermediate oleic acid values were found 
in Barnea and Frantoio. Manzanilla, Leccino, 
Empeltre, Changlot and Coratina had high values 
as well as Picual. This classification was stable 
between years and locations and was not a function 
of differences in maturity index between varieties. 
For example, Picual and Arbequina had a similar 
average maturity index (3.4 and 3.1, respectively) 
and had the most contrasting oleic acid values 
(Table 5). Varieties with only 1-2 samples over the 
4 years were not classified.

Negative linear relationships were observed 
between oleic and linoleic acids when including 
all varieties, locations and years (linoleic5 55.3 
– 0.64*oleic; r25 0.90; p0.0001). Oleic and 
palmitic acids also showed a strong negative 
linear relationship for all samples (palmitic5 
34.0 – 0.29*oleic; r25 0.78; p0.0001). Similar 
relationships were apparent when varieties were 
evaluated individually (Fig. 1). Thus, varieties 
with low oleic acid values such as Arbequina 
and Arauco showed concomitantly high levels of 
linoleic and palmitic acids. By contrast, varieties 
with high oleic acid contents such as Picual, 
Changlot and Coratina had low levels of linoleic 
and palmitic acids. For linolenic acid, 25% of oil 
samples exceeded the IOOC limit of 1.0% needed 

Table 4
 Correlation coefficients (r) between fatty acid composition and variety, year, location, latitude, longitude, 

elevation, or oil facility for olive oil samples from NW Argentina

Fatty acid Variety Year Location Latitude Longitude Elevation Facility

Palmitic (16:0) 20.62* 20.15 20.18 20.24 20.13  0.07 20.07

Palmitoleic (16:1) 20.53* 20.10 20.01 20.03 20.09 20.09 20.09

Stearic (18:0)  0.58*  0.10  0.03  0.02 20.10 20.07 20.01

Oleic (18:1)  0.77*  0.25  0.15  0.17  0.07 20.07  0.15

Linoleic (18:2) 20.80* 20.27 20.13 20.13  0.00  0.09 20.17

Linolenic (18:3)  0.18 20.10  0.00 20.03 20.22 20.18  0.00

Asterisks indicate correlation with significant slope (p0.05).
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for categorization as virgin olive oil with Empeltre, 
Manzanilla and Arauco varieties having the highest 
mean values (Table 5). 

3.2.  �Response of oleic acid content to 
temperature in Arbequina 

Oleic acid values in Arbequina were significantly 
associated (r250.59; p 0.0005) with seasonal 
mean temperature during oil accumulation for 
the 6 locations in La Rioja and Catamarca where 
reliable meteorological data were available (Fig. 
2). Interestingly, the relationship is negative, 
indicating that oleic acid decreased 2 percentage 
points per °C in the range of seasonal mean 
temperatures from 23-27°C. Some apparently 
negative relationships between oleic acid content 
and temperature were observed in other varieties, 
but with a lesser number of years and locations 
than Arbequina (data not shown).

3.3.  �Comparison between NW Argentina  
and the Mediterranean Basin

The values of oleic acid from this study and 
others conducted in NW Argentina were lower than 
those reported from the Mediterranean basin for two 
Italian and two Spanish varieties (Fig. 3). As would 

be expected, linoleic acid (%) was thus higher 
in NW Argentina. Linear discriminant analysis 
applied to 5 variables (palmitic, stearic, oleic, 
linoleic and linolenic acids) indicated that oleic, 
linoleic, and palmitic acids provided the highest 
discriminating power. Classifications between the 
4 varieties x 2 growing regions were successful 
in 95% of cases. Mahalanobis distances ranged 
from 4.3 between Frantoio and Coratina in the 
Mediterranean to 69.2 between Arbequina in 
Argentina and Picual in the Mediterranean. All of 
the distances were significantly different (p0.01) 
except between Frantoio and Coratina in the 
Mediterranean (p5 0.06). The tree cluster analysis 
(Fig. 4) indicated that Arbequina cultivated in NW 
Argentina was completely different from all of the 
other combinations of variety and growing region 
(cutting the dendrogram at the first level) due to 
low oleic acid content and high levels of palmitic 
and linoleic acids. By cutting the dendrogram at 
the second level, two additional groupings were 
apparent: one including Picual from both Argentina 
and the Mediterranean, and another including the 
rest of the varieties. The results indicate that of the 
four varieties evaluated only Picual produced an 
olive oil with a similar fatty acid composition in NW 
Argentina and the Mediterranean.

Table 5
Fatty acid composition (%) and fruit maturity index of olive oil varieties from NW  

Argentina (2005 – 2008) in order of ascending oleic acid content

Olive  
variety

Na Oleic
(%)

Linoleic
(%)

Linolenic
(%)

Palmitic
(%)

Stearic
(%)

Palmitoleic
(%)

Arachidic
(%)

Arachidonic
(%)

Behenic
(%)

Lignoceric
(%)

Maturity 
index

Arbequina 320 51.8  4.1b 21.9  2.8 1.0  0.1 19.2  1.3 1.6  0.1 3.3  0.7 0.4  0.05 0.2  0.03 0.1  0.05 0.1 ± 0.12 3.1  0.6

Peranzana 1 53.2 22.9 1.3 17.3 2.1 1.9 0.5 0.3 0.2 0.1 1.0

Nabali 1 53.6 21.6 1.2 18.4 2.1 2.0 0.4 0.3 0.1 0.1 1.5

Arauco 26 54.9  3.1 19.1  2.1 1.1  0.2 18.2  0.9 2.6  0.3 2.2  0.3 0.5  0.03 0.2  0.02 0.2  0.06 0.7  0.32 2.7  1.0

Farga 2 59.4  0.6 16.2  0.8 1.2  0.1 18.5  0.2 1.6  0.01 2.3  0.04 0.4  0.01 0.3  0.01 0.1  0.01 0.1  0.02 3.4  0.5

Arbosana 2 61.0  0.8 15.6  1.0 0.9  0.1 16.5  0.3 2.0  0.4 2.8  0.2 0.4  0.02 0.3  0.01 0.2  0.02 0.1  0.01 4.2  0.1

Barnea 56 61.0  2.1 19.8  1.7 0.9 ± 0.1 13.6 ± 1.0 2.1 ± 0.2 1.3 ± 0.3 0.4 ± 0.02 0.2 ± 0.02 0.1 ± 0.05 0.3 ± 0.15 3.2 ± 0.3

Carolea 1 62.5 11.9 0.8 17.7 2.3 2.5 0.5 0.3 0.1 0.8 nd c

Sirio 1 62.8 16.2 0.8 14.0 3.8 1.0 0.5 0.3 0.2 0.1 nd c

Frantoio 41 63.1 ± 2.1 15.3 ± 1.8 1.0 ± 0.1 15.4 ± 0.8 2.3 ± 0.3 1.6 ± 0.1 0.4 ± 0.02 0.3 ± 0.02 0.1 ± 0.03 0.1 ± 0.09 3.0 ± 0.7

Manzanilla 37 65.3 ± 7.0 11.6 ± 5.4 1.1 ± 0.2 15.9 ± 1.4 2.3 ± 0.8 2.2 ± 0.4 0.4 ± 0.10 0.3 ± 0.04 0.1 ± 0.03 0.3 ± 0.27 3.4 ± 0.8

Empeltre 9 65.5 ± 4.7 12.8 ± 4.0 1.2 ± 0.1 15.7 ± 1.1 1.9 ± 0.4 1.2 ± 0.5 0.4 ± 0.06 0.3 ± 0.03 0.1 ± 0.04 0.3 ± 0.19 nd c

Leccino 12 67.5 ± 2.3 11.9 ± 2.0 0.9 ± 0.1 14.8 ± 0.5 2.4 ± 0.4 1.5 ± 0.1 0.3 ± 0.02 0.3 ± 0.01 0.1 ± 0.02 0.1 ± 0.05 4.2 ± 0.5

Coratina 14 68.9 ± 2.3 12.9 ± 1.6 0.9 ± 0.1 12.9 ± 1.4 2.1 ± 0.2 0.7 ± 0.3 0.4 ± 0.03 0.5 ± 0.03 0.1 ± 0.02 0.4 ± 0.21 1.6 ± 0.2

Changlot 7 69.1 ± 0.9 11.8 ± 0.7 0.9 ± 0.1 13.4 ± 0.4 2.0 ± 0.1 1.0 ± 0.1 0.4 ± 0.02 0.5 ± 0.02 0.1 ± 0.01 0.3 ± 0.30 3.5 ± 0.3

Hojiblanca 1 69.8 8.0 1.3 15.8 2.2 1.4 0.4 0.3 0.2 0.2 nd c

Picual 32 71.9 ± 3.0 7.7 ± 2.1 1.0 ± 0.1 13.8 ± 0.8 2.5 ± 0.3 1.7 ± 0.3 0.4 ± 0.03 0.3 ± 0.02 0.1 ± 0.04 0.4 ± 0.36 3.4 ± 0.7
a Number of samples per variety
b Values are means ± SD 
c nd data not available
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Figure 1
Oleic and linoleic acid contents in olive oils from ten different varieties analyzed from 

2005-2008 in the warm arid valleys of NW Argentina. The grey zone indicates the 
standard values accepted by the IOOC for virgin olive oil (oleic 55-83 %; 	

linoleic 3.5-21 %). Each data point represents one individual sample although high 
data density prevents identifying each point.
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4.  DISCUSSION

This study characterized the fatty acid profile 
of olive oils produced by the olive industry in the 
Province of La Rioja over 4 years including olives 

grown and harvested in modern, mature monovarietal 
orchards over an extensive portion of NW Argentina. 
Fatty acid composition is one of the primary chemical 
parameters used to distinguish virgin olive oil from 
other vegetable oils. In this study, oleic acid contents 
showed a clear varietal influence, which permitted 
a ranking of major varieties into three categories for 
oleic acid contents when grown in NW Argentina: 
low (55%; Arbequina, Arauco), intermediate (55-
65%; Barnea, Frantoio), and high (65%; Manzanilla, 
Empeltre, Leccino, Coratina, Changlot, Picual). 

Currently, Arbequina is the most commonly 
planted variety in NW Argentina because of its 
rapid growth and high productivity. For this reason, 
Arbequina represented 320 of the 563 samples 
analyzed in our study. The low values reported here 
for Arbequina are similar to those obtained from 
the province of Catamarca for younger orchards 
(Ravetti, 1999; Mannina et al., 2001; Matías et al., 
2004; Ceci et al., 2004; Ceci and Carelli, 2007). 
The categorization of olive oil varieties by oleic acid 
content from this study (Table 5) may be useful 
for blending the oil of Arbequina with that of other 
varieties to meet the minimum IOOC requirements 
for virgin olive oil, and also to select a wider range of 
olive varieties with improved fatty acid composition 
for future orchards.

Four common olive varieties (Arbequina, Picual, 
Frantoio, Coratina) evaluated for differences in 
fatty acid composition between NW Argentina 
and the Mediterranean Basin all showed lower 
values of oleic acid and higher values of linoleic 
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Figure 2
Oleic acid content in Arbequina olive oils as a function of 

seasonal mean temperature at six different locations in the 
provinces of La Rioja and Catamarca, NW Argentina. Seasonal 
mean temperature is the average for the 5 months during the oil 

accumulation period (December-April). Each point is the 
average oleic acid content for each year by location 

combination. Fitted linear regression is shown and the dotted 
line indicates the lower accepted limit of oleic acid by the IOOC.

Figure 3
Relationships between oleic and linoleic acids for the olive varieties Arbequina, Picual, Frantoio, and Coratina when grown in NW 

Argentina and the Mediterranean Basin (Spain and Italy). Data are from this study and previously published literature (listed in Tables 1 
and 3, respectively).
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acid in NW Argentina when combining results 
from our study with previously published data (Fig. 
3). This suggests that lower oleic acid content 
in NW Argentina versus the Mediterranean is a 
general phenomenon. Lower oleic acid values 
have also been noted recently in the Spanish 
variety Arbequina growing in Central Argentina 
although the differences were not as pronounced 
(Torres et al., 2009). Of the varieties evaluated in 
our study, the Spanish variety Picual had a similar 
overall fatty acid composition in comparison to 
the Mediterranean based on tree cluster analysis 
despite having somewhat lower oleic acid values in 
NW Argentina. Thus, Picual may be an appropriate 
olive variety for the warm valleys of NW Argentina 
with an aim of increasing the area planted with 
varieties able to yield oils with high oleic acid. Also, 
the production of monovarietal blends using olive 
oil from NW Argentina and from more southern 
and cooler regions of the country (Ceci and Carelli, 
2010) is an increasingly used commercial strategy.

The differences in fatty acid compositions 
between NW Argentina and the Mediterranean 
Basin are most likely related to a genotype x 
environment interaction. Studying the seasonal 
patterns of fatty acid composition as has been done 
recently in southern Greece (Vekiari et al., 2010) 
would be a first step towards understanding the 
physiological basis of the varietal classification 
found in this study for the warm arid and 
semi-arid valleys of NW Argentina (Table 
5). Preliminary results indicate that the low 
oleic acid values may be due to a continuous 
decrease in oleic acid content in Arbequina 
during fruit growth and oil accumulation, while 
other varieties such as Coratina and Picual do 
not show a pronounced decrease (Rondanini et 
al., 2008). 

Other studies from different continents also 
indicate differences in oil fatty acid compositions 
compared to the european Mediterranean Basin 
and with respect to IOOC standards, especially 
for oleic acid contents in warm areas such as 
Tunisia, Turkey, and Iran (Nergiz and Engez, 
2000; Sadeghi and Talaii, 2002; Dhifi et al., 2004; 
Manaï et al., 2007; Zarrouk et al., 2009; Diraman, 
2010). Air temperature in NW Argentina can reach 
maximum daily temperatures of up to 5-10°C above 
that observed in Córdoba and Jaén (Spain) during 
many months of the year. Thus, the low values of 
oleic acid in NW Argentina could be related to high 
temperatures, as was recently suggested by Ceci 
and Carelli (2010). Supporting this hypothesis, a 
negative relationship between oleic acid content 
and seasonal mean temperature during oil 
accumulation was demonstrated for Arbequina in 
this study (Fig. 2). This model for Arbequina grown 
in La Rioja and Catamarca predicts that oleic acid 
content is below the minimum IOOC accepted value 
of 55% with seasonal temperatures above 23.5°C.  
However, the negative relationship between oleic 
acid content and temperature is contrary to the well-
studied effect of temperature on the oil composition 
of oilseed crops such as soybean, sunflower, and 
flax (Gunstone et al., 2007). In these species, higher 
temperatures during seed development result in 
higher oleic acid content values at the expense of 
polyunsaturated fatty acids. Potentially, metabolic 
differences in lipid metabolism between olive and 
other oil crops are responsible for these divergent 
results. For example, various studies have shown 
differences in the metabolic control of oil synthesis 
in olive and oil palm (Elaeis guineensis) (Ramli 
et al., 2002; 2005). Thus, olive may be an interesting 
alternative model to oilseed crops (Hernández 
et al., 2005). Manipulative, branch-warming 
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Figure 4

Dendrogram from the tree cluster analysis of fatty acid compositions for the varieties Arbequina, 
Picual, Frantoio and Coratina growing in NW Argentina (A) and the Mediterranean Basin (M). Data 
are from this study and previously published literature (listed in Tables 1 and 3, respectively). The 

dashed lines divide the dendrogram into different group levels.
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experiments are currently being conducted in NW 
Argentina to better evaluate the proposed negative 
relationship between temperature and oleic acid 
content (García-Inza, personal communication). 

5.  CONCLUSIONS

This study indicates strong varietal differences 
in the fatty acid composition of olive oil from NW 
Argentina. The major varieties were identified 
as having low (55%; Arbequina, Arauco), 
intermediate (55-65%; Barnea, Frantoio), and 
high (65%; Manzanilla, Empeltre, Leccino, 
Coratina, Changlot, Picual) oleic acid contents. The 
differences in oleic acid contents among varieties 
grown in NW Argentina and the Mediterranean 
Basin suggests a genotype x environment 
interaction with some varieties such as Arbequina 
showing much lower oleic acid values in NW 
Argentina and others such as Picual being less 
affected. This response is likely to be temperature 
driven although further research is needed. 
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