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SUMMARY: ‘Arauco’ forms part of the over two thousand olives (Olea europaea L.) varieties identified worldwide with the peculiarity
of being the only recognized variety from Argentina. In this work, the fruit and oil characteristics from the ‘Arauco’ variety cultivated in
the three main olive growing zones of Mendoza province (Argentina) were evaluated over two harvests (2016 and 2017). The characteris-
tics assessed were oil and water concentrations, pulp/pit ratio, industrial yield, oxidative stability, fatty acid profile, total phenols and total
flavonoids, among others. The results showed relatively high oleic acid and phenolic contents, together with low acidity and extinction
coefficients (K3, and Ky7), as well as a well-balanced fatty acid profile. In addition, three interesting relationships among oxidative sta-
bility and ratios of monounsaturated fatty acids/polyunsaturated fatty acids (R>=0.96), oleic/linoleic (R?>=0.96) and stearic acid (R>=0.93)
were observed. These results showed that the ‘Arauco’ variety cultivated in Mendoza provides excellent oil quality.
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RESUMEN: Caracterizacion de la calidad del aceite de la variedad Arauco en las principales areas productoras de Mendoza (Argen-
tina). ‘Arauco’ forma parte de las mas de dos mil variedades de olivo reconocidas mundialmente, con la particularidad de ser la tinica
variedad reconocida de Argentina. En este trabajo, se evaluaron las caracteristicas de frutos y aceite de la variedad ‘Arauco’ cultivada en
las tres principales areas productoras de la provincia de Mendoza (Argentina), durante dos cosechas (2016 y 2017). Las caracteristicas
estudiadas fueron concentracién de agua y aceite, relacién pulpa/hueso, rendimiento industrial, estabilidad oxidativa, perfil de acidos
grasos, fenoles y flavonoides totales entre otras. Los resultados mostraron un contenido relativamente alto de fenoles y de acido oleico,
sumado a bajos coeficientes de extincion (Kas: y Ka7o) y acidez, asi como un perfil de acidos grasos bien equilibrado. Ademas, se observa-
ron tres interesantes relaciones entre estabilidad oxidativa y las relaciones de acidos grasos monoinsaturados/poliinsaturados (R>=0.96),
oleico/linoleico (R>=0.96) y el acido estearico (R=0.93). Los resultados mostraron que la variedad ‘Arauco’ cultivada en Mendoza da
aceite de excelente calidad.
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1. INTRODUCTION

The olive tree is an ancient species from the Mediterra-
nean region. Evidence of its use dates back to 3000 years
before Christ, when Crete already exported olive oil to the
Egyptians (Riley, 2002). In the American continent, it was
first introduced by colonizers in the fifteenth century, and
it was thanks to its plasticity that this crop spread to new
environments. Nowadays, only four varieties are recog-
nized in America: ‘Arauco’ in Argentina, ‘Azapa’ in Chile,
‘Mission’ in the United States (Bartolini ez al., 1998), and
‘Criolla’ in Peru (Castillo-Llanque et al., 2008).

In Argentina, the commercial expansion of the olive
crop took place after 1850 with the arrival of European
immigrants. In 1992, tax exemption laws benefited the
northwestern provinces (i.e. Catamarca, La Rioja and
San Juan) located between latitude 28°S and 31°S, which
widely expanded their olive cultivation surface area
(SAGPYA, 2010). Before that law, Mendoza (a south-
ern province located at 32°S latitude) was the main ol-
ive growing area due to its environmental conditions (i.e.
low daily temperatures) (Gomez Del Campo et al., 2010).
This, added to other environmental conditions such as low
nightly temperatures, high irradiance during fruit matura-
tion and the quality of irrigation water, favored the pro-
duction of oil of excellent quality. Cornejo ef al. (2014),
evaluating oil quality of ‘Arbequina’ from three different
regions in the San Juan province (31°S), observed that
high temperatures (above 35 °C) affected oleic and lin-
oleic acid composition, and affected the olive oil’s shelf-
life. Similar results were obtained by Rondanini et al.
(2011) and Rondanini ef al. (2014), who evaluated sev-
enteen varieties from warm valleys of La Rioja province
(29°S). This particular situation entails difficulties in in-
ternational marketing, because an oil can be suspected of
fraud or adulteration for this reason.

In recent years, many studies have been conducted in
Argentina to describe the morphologic, agronomic and man-
agement characteristics of foreign varieties (Rondanini ez al.,
2011; Torres and Maestri, 2006; Torres et al., 2017), although
little is yet known about the local ‘Arauco’ variety. For ex-
ample, some studies describe it as a table olive variety due
to its considerable size and high pulp/pit ratio (Fernandez et
al,, 2014; Fernandez et al., 2018). Other studies highlight ol-
ive oil from ‘Arauco’ variety for its well-balanced fatty acid
composition (Bodoira ef al., 2015) and high phenolic content
(Bodoira et al., 2015; Ceci and Carelli, 2007; Monasterio et
al., 2017). High phenolic content oils are increasingly in-
teresting due to their nutraceutical quality (Aguilera et al.,
2004; Visioli and Galli, 1998) and sensory attributes like
bitterness and pungency (Inarejos-Garcia et al., 2013). In ad-
dition, among olive oil phenolic compounds, flavonoids are
an important group with a key role due to their antioxidant
effects (Bouaziz et al., 2005).

Ceci and Carelli (2010) studied olive oils from a wide
range of Argentinian zones that showed an increase in the
concentration of some fatty acids (mainly oleic acid) and
phenol compounds with an increase in latitude. Similar
results were found by Rondanini et al. (2014) and Tren-
tacoste et al. (2020). Ceci and Carelli (2010) also detect-
ed an increase in the oleic/(linoleic + linolenic) ratio and
oxidative stability toward higher southern latitudes (i.e.
colder environments). In Mendoza, ‘Arauco’ has been one
of the most cultivated varieties (20% of the total provin-
cial olive crop surface area) mainly grown in the North
(Maipu and Lavalle) and East (Junin, Rivadavia and San
Martin) of the province. ‘Arauco’ predominates in olive
orchards with trees over fifty years old with traditional
management (low density, surface irrigation and manu-
al harvest) (Baroni ef al., 2010). The new trend in olive
farming toward growing just a few varieties with demon-
strated adaptation to high plant density, drip irrigation
and mechanization, increases the risk of loss in genetic
variability. The ‘Arauco’ variety has not been selected for
new orchards; it has even been superseded by more easily
adapted varieties. Precisely for this reason, knowing the
characteristics of this variety is becoming progressively
more important as its excellent nutraceutical attributes are
increasingly appreciated. In this sense, the aims of this
work were to: (i) evaluate the fruit characteristics and oil
composition of the ‘Arauco’ variety in the three main olive
growing areas of Mendoza (Junin, Rivadavia and Maipu),
and (ii) explore the relationship between oil and fruit traits
affected by environmental (regional) conditions.

2. MATERIALS AND METHODS
2.1. Zones and plant material

Assays were carried out over two harvest years (2016
and 2017) on the ‘Arauco’ variety grown in orchards with
similar management and ages, located in three important
olive growing areas of the Mendoza province (see maps
in Figure 1).

Zone 1 (Junin) is included in the Olive Germplasm
Collection of Mendoza, which is situated in the exper-
imental farm of INTA in Junin (33°06°S, 68°29'W, 653
m.a.s.l). The plantation was established in 1956. The re-
gion has a historical average temperature of 17.3 °C, a
rainfall of 275 mm (mainly in summer and far below ol-
ive crop water requirements) and a frost-free period from
November to April. Trees from the olive collection are
spaced 12 m x 12 m (traditional system) and fortnightly
flood irrigated to replenish the soil water content over the
growing seasons.

Zone 2 (Rivadavia) is located within a commercial olive
orchard in Los Campamentos, Rivadavia (33°15°S, 68°26"W,
660 m.a.s.1). The plantation was established in 1980. The re-
gion has a historical average temperature of 18.5 °C, a rain-
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FiGURE 1. Map of Argentina highlighting Mendoza province and map of Mendoza highlighting the main three olive growing zones evaluated.

fall of 195 mm (mainly in summer) and a frost-free period
from November to March. Trees are spaced 10 m x 10 m
(traditional system) and drip irrigated to replenish the soil
water content and thus avoid water deficit.

Zone 3 (Maipu) is situated within a commercial ol-
ive orchard in Russell, Maipu (33°0°S, 68°44°W, and 850
m.a.s.l). The plantation was established in 1986. The re-
gion has a historical average temperature of 19.5 °C, a
rainfall of 120.5 mm (mainly in summer) and a frost-free
period from October to April. Trees are spaced 10 m x 10
m (traditional system) and flood irrigated to replenish the
soil water content and avoid water deficit.

From each orchard, four trees were randomly selected
before collecting olives with similar crown volume and high
fruit load. Manual harvest was conducted during the first half
of May, before frost events. A fruit sample of 20 kg per tree
(replicate) was taken. One replicate was used for machine
conditioning and the oil obtained was not considered for the
study. From the other three replicates, a fruit subsample of
2 kg was randomly selected to perform fruit analysis (pulp
oil concentration in fresh and dry basis, fruit weight, fruit
humidity, pulp/pit ratio and maturity index). The rest of the
fruits (18 kg) were milled to extract olive oil. Briefly, olive
fruits were crushed with a hammer mill and the olive paste
obtained was malaxated for 40 min until passing through
the decanter (Spremolive New 20 kg-h™!, Toscana Enologica

Mori) without the addition of water. Afterwards, the olive oil
obtained was filtered and stored in a cold and dark place until
its analytical parameters were determined.

2.2. Morphological and chemical characteristics of the fruit

Fruit dry weight and water concentration were deter-
mined in a sample of 100 fruits which were fresh-weighed
and oven-dried (60 °C) to a constant weight. Fruit dry
weight was also measured. Next, water concentration was
calculated from the difference between fresh and dry weight
divided by fresh weight. Pulp/pit ratio was determined from
a sample of 50 randomly selected and weighed fruits; then,
their pits were manually separated and weighed. Another
sample of 100 fruits was randomly selected to determine
maturity index, according to Uceda and Frias (1975). In-
dustrial yield was calculated by dividing kilograms of olive
oil obtained by kilograms of milled fruit and then multi-
plied by 100 to express it as percentage.

Pulp oil concentration was determined in triplicate
according to Avidan et al. (1999). In brief, 5 g of pulp
were weighed and oven-dried (60 °C) to constant weight.
Dried-pulp was weighed and crushed in a mortar and
transferred to a test tube containing 10 mL of petroleum
ether. After 12 h of shaking, the samples were filtered,
transferred to a new, previously-weighed test tube and
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air-evaporated. Later, samples were oven-dried (60 °C) to
constant weight. Pulp oil concentration was calculated on
fresh basis (POCfb) and dry basis (POCdb) from weight
difference.

2.3. Analytical methods

Oil quality was determined through acidity (expressed
as oleic acid) and extinction coefficients (K,;, and Kyy)
according to the International Olive Council (IOC, 2015a,
2015b). In addition, oil oxidative stability was calculated
by measuring oxidation induction time using Rancimat
equipment (Metrohm Ltd., Herisau, Switzerland). In sum-
mary, a sample of oil (3 g) was force-oxidized by means of
air flow (10 L.h") and heat (110 °C). As a result, the neces-
sary time to reach the curve inflection point was obtained.

Total phenolic content was determined according to
the International Olive Council method (I0C, 2017).
Briefly, a portion of olive oil (2 g) was weighed and mixed
together with the internal standard syringic acid. Next, it
was extracted by an ultrasound bath at room temperature
with a mix of methanol/water (80/20 v/v). Afterwards, it
was centrifuged and the supernatant was filtered and in-
jected into a liquid chromatograph Dionex Ultimate 3000
HPLC system (CA, USA) with a UV detector at 280 nm.
A Cg reverse-phase column, Roc® Restek (250 x 4.6 mm;
5 um) (Pennsylvania, USA) was used, employing a gra-
dient of water 0.2% phosphoric acid ((v/v)/methanol/ace-
tonitrile) as indicated by the official methodology.

Total flavonoids were determined by the modified
method of Zhishen et al. (1999). A sample of olive oil (6
g) was added to 10 mL of methanol/water solution (4:1
v/v), the mixture was shaken for 10 min at 4000 rpm,
and the supernatant was extracted and put in a flask. This
process was repeated three times. In a 10 mL volumetric
flask, 1 mL of sample was added to 4 mL of distilled H,O.
Next, 0.3 mL of sodium nitrite (5% p/v) were added. Af-
ter 5 min, 0.3 mL of aluminum chloride (10% p/v) were
added, and 6 min later, 2 mL of sodium hydroxide (1M)
were added. The volumetric flask was filled to the mark
with distilled water. Flavonoids were measured by spec-
trophotometry at 510 nm of absorbance against a blank.

Olive oil fatty acid composition was determined by the
I0C method (2001). An oil sample was weighed and dis-
solved with heptane. Afterwards, it was derivatized with
a methanolic potassium hydroxide solution. The solution
was left to decant and the supernatant was analyzed with a
Shimadzu GC 2010 Plus gas chromatography system (Shi-
madzu, Japan), using a hydrogen flame ionization detector
and a ZB-FAME capillary column (60 m x 0.25 mm; 0.2
um) (Zebron, Phenomenex, USA). Detection and injection
were set at 260 °C and 240 °C, respectively, using hydrogen
as carrier gas. The amounts of fatty acids were expressed as
relative area percentages and identified by comparing their

retention times with those of standard solutions. The fatty
acids detected were palmitic (C16:0), palmitoleic (C16:1),
margaric (C17:0), margaroleic (C17:1), stearic (C18:0),
oleic (C18:1), linoleic (C18:2), linolenic (C18:3), arachidic
(C20:0), eicosenoic (C20:1) and behenic (C22:0).

2.4. Statistical analysis

Data of zones and harvest years were submitted for
variance analysis and means separated using the Tuk-
ey-test (0=0.05) and InfoStat statistical software version
1.5 (Di Rienzo ef al., 2002). A regression analysis was ap-
plied to study the relationships among all the parameters
analyzed in both fruits and oil.

3. RESULTS AND DISCUSSION

Absolute maximum, absolute minimum and mean
temperatures, relative humidity and accumulated rainfall
from August to May (i.e. from bud-break to harvest) for
the two seasons studied (2015-2016 and 2016-2017), and
the three main olive growing zones in Mendoza are shown
in Figure 2 and Table 1. Mean temperatures in Zones 1, 2
and 3 were 16.6 °C, 17.1 °C and 17.3 °C, respectively, for
the 2015-2016 season, and 17.9 °C, 18.3 °C and 18.1 °C,
respectively, for the 2016-2017 season. The highest tem-
peratures during the fruit development period (i.e. Janu-
ary-May), were 39.6 °C and 42.0 °C, recorded in January,
2016 and January, 2017 in Zone 2, respectively. While
the lowest temperatures recorded were -2.8 °C in April,
2016 and -2.3 °C in May, 2017, both in Zone 2. Thus,
the main difference among zones was thermal amplitude,
mainly during the January-May period, which was higher
in Zone 2 (average 2015 and 2016 = 27.9 °C), followed
by Zones 1 (26.5 °C) and 3 (24.5 °C) in an east-west gra-
dient. Accumulated rainfall ranged from the lowest values
recorded in Zone 3 (195 and 168 mm in 2016 and 2017,
respectively), intermediate in Zone 1 (425 and 239) to the
highest values in Zone 2 (425 and 239, respectively). The
2015-2016 season was wetter than the 2016-2017 season.
Orchards were frequently irrigated because the amount of
rainfall was far below crop water requirements.

3.1. Fruit characteristics

The fruit characteristics of the ‘Arauco’ variety from
the three main olive growing zones of Mendoza for the
two seasons are shown in Table 2.

Taking into account zones and crop seasons, fruits
from the ‘Arauco’ variety showed fresh and dry weight of
5.1 g and 1.8 g, respectively, pulp/pit ratio of 7.8, water
concentration of 64.4% and oil concentration of 15.8%
and 50.1% on fresh and dry weight basis, respectively,
and a maturity index of 1.5. ‘Arauco’ has a large size,
pulp/pit ratio higher than 5, and slow change in skin color,
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FIGURE 2. Absolute maximum (gray symbols), mean (black symbols) and absolute minimum (white symbols) temperatures from August to
May during 2015-2016 and 2016-2017 growing seasons in three olive growing zones of Mendoza, Argentina.

characteristics which are highly appreciated for table ol-
ive elaboration (Bodoira et al., 2015; Kailis and Harris,
2007), which constitutes the main industrial use of this
variety in Argentina.

Fruit characteristics were significantly different
among zones with the exception of pulp oil concentration.
Across seasons, the fruits collected from Zone 2 showed
higher fresh weight (6.4 g) and dry weight (2.2 g), pulp/
pit ratio (8.9) and were more mature (2.3) than the fruits
collected from Zones 1 and 3 (average 4.4 g, 1.6 g, 7.3,
1.1, following the same sequence as Zone 2). The fruit
water concentration from Zones 1 and 2 was on average
65.4% higher than Zone 3 (62.6%). During oil processing,
the oil extraction yield showed a similar pattern, with the
highest value in Zone 2, intermediate in Zone 1, and the
lowest in Zone 3. The earlier maturation and higher fruit
size and pulp/stone ratio observed in Zone 2 seem to be
more associated with fruit load and orchard management
than with environmental conditions.

In all environments, except Zone 2 (MI = 2.3), fruits
were harvested with a maturity index lower than 1.5 prior
to the occurrence of severe early frost, which served to en-
sure high-quality oil. Bodoira et al. (2015) evaluated the
olive variety ‘Arauco’ in the San Juan province and deter-
mined maximum oil concentration at a low maturity index
(below 1) and maturity index between 1 and 2 to achieve
maximum oil quality. In a previous study carried out in
Mendoza on the ‘Arauco’ variety, it was observed that
harvest before mid-May led to obtaining maximum oil
quality by reducing olive exposure to severe frost events
(Trentacoste et al., 2020). Similarly, Morell6 et al. (2003)
evaluated the effects of frost on the Arbequina variety oil
and determined a significant decrease in phenol content
and pigments due to frost.

3.2. Oil characteristics

Basic oil quality parameters (phenolic content, oxi-
dative stability, acidity, extinction coefficients) and total

TasLE 1. Total rainfall, relative humidity (RH) and average
monthly maximum, mean and minimum temperatures from No-
vember to May during 2015-2016 and 2016-2017 growing sea-

sons in the three principal olive zones of Mendoza, Argentina

Average date* tlzlr:‘l)]‘) 1:/::;?[])1 tlZ[nl:;) R(i::::g“ ::A)H)
O O O
Zonel  33.0 18.4 5.8 425.0 69.8
2016 Zone2 332 19.1 6.1 514.4 60.4
Zone3 322 19.1 7.2 194.6 61.7
Zonel  34.6 19.7 6.2 239.2 59.5
2017 Zone2 359 20.1 5.1 382.6 50.5
Zone3 339 20.1 7.1 168.4 S51.1

*Nov/May average dates (2015-2016 and 2016-2017).

TABLE 2. Fruit characteristics (mean + standard deviation, n=6)
from ‘Arauco’ variety evaluated during two harvests (2016 and
2017) in the three main olive zones of Mendoza, Argentina

Variable Zone 1 Zone 2 Zone 3
POC1b (%) 14.3+1.3 14.7£1.0 18.4+5.1
POCdb (%) 50.5+1.7 49.7+1.2 50.3+4.9
MI 1.1£0.4b 2.3+0.6a 1.2+0.2b
FFW (g-100 fruits') 474.8+87.0b 645.5+51.1a 407.7+28.4b
FDW (g-100 fruits')  164.7427.9b 222.7+25.7a 152.3+7.3b
P/P 7.9+1.1b 8.9+0.4a 6.6+0.5¢
1Y (%) 4.9£1.1b 6.6x1.8a 3.4+0.7¢c
WC (%) 65.24+24a  65.6tl.4a  62.6£1.8b

POCHb: pulp oil concentration on fresh basis, POCdb: pulp oil
concentration in dry basis, MI: maturity index, FFW: fruit fresh
weight, FDW: fruit dry weight, P/P: pulp/pit ratio, IY: industrial
yield, WC: water concentration. Significant differences in the same
row are shown by different letters (p < 0.05). Tukey test (p < 0.05)
was used for comparison of means
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TasLE 3. Oil characteristics (mean + standard deviation, n=6) from ‘Arauco’ variety evaluated during two harvests (2016 and 2017) in the
three main olive zones of Mendoza, Argentina

Variable Zone 1 Zone 2 Zone 3
Acidity < 0.8% oleic acid* 0.19+0.1 0.17+0.0 0.20+0.1
K232 <2.50* 1.05+0.6b 1.15£0.7a 0.91+0.8¢
K270 <0.22% 0.09+0.0 0.09+0.0 0.10+£0.0
Oxidative stability (h) 8.5+1.4b 7.8+0.3b 10.4+0.8a
Total phenol content (mg-kg™') 401.7463.1 438.8+59.4 462.24+70.3
Total flavonoid content (mg-kg™') 50.2+25.3 61.5+17.1 49.9+35.3
Fatty acids
Palmitic acid (C16:0) 7.50 - 20.0%* 16.2+2.7b 18.1£0.9a 14.6+1.1c
Palmitoleic acid (C16:1) 0.3 - 3.5%* 1.5+0.4b 2.2+0.2a 1.1£0.2¢
Margaric acid (C17:0) < 0.4%* 0.1+0.1ab 0.1+0.0a nd
Margaroleic acid (C17:1) < 0.6%* 0.1+0.1 0.1+0.0 0.1+0.0
Stearic acid (C18:0) 0.5 - 5.0%* 2.340.1b 2.340.1b 2.740.1a
Oleic acid (C18:1) 55.0 - 83.0%* 65.6+5.7b 59.1+1.3¢ 71.7+0.5a
Linoleic acid (C18:2) 2,5 - 21,0%* 12.242.7b 16.2+0.8a 8.0+0.4¢
Arachidonic acid (C20:0) < 0.6%* 0.5+0.1 0.5+0.1 0.4+0.2
Linolenic acid (C18:3) < 1.0%* 1.0£0.1 1.0£0.3 0.9+0.1
Eicosenoic acid (C20:1) < 0.5%* 0.30.1 0.3£0.0 0.3£0.1
Behenic acid (C22:0) < 0.2%* 0.2+40.1 0.2+0.0 0.2+0.0
MUFA / PUFA 5.4+1.5b 3.6+0.2¢ 8.2+0.3a
Oleic / linoleic 5.7£1.7b 3.7+0.3¢ 9.0+0.4a
UFA / SFA 4.3+0.7a 3.7+0.2b 4.6+0.2a

*Limit according to the IOC standards for extra virgin olive oil. Significant differences in the same row are shown by different letters (p < 0.05).
Tukey test (p < 0.05) was used for comparison of means. K232 and K270: Extinction coefficients measured at 232 and 270 nm. MUFA/PUFA:
monounsaturated fatty acids/polyunsaturated fatty acids. UFA/SFA: unsaturated fatty acids/saturated fatty acids. nd: not detected

flavonoids are shown in Table 3. All measured samples
were classified as extra virgin olive oil according to IOC,
2015a; 10C, 2015b; I0C, 2017. On average, the ‘Arauco’
variety presented 0.18% acidity, 0.09 extinction coeffi-
cients Ky, 434 mg-kg' phenolic content and 54 mg-kg!
total flavonoids with non-significant differences among
zones, in contrast to oxidative stability (8.9 h) and extinc-
tion coefficient Ky3, (1.04). The oil from Zone 3 showed
the highest oxidative stability (10.4 h), and the oil from
Zone 2 the highest extinction coefficient (K,;,=1.2).

It is worth noting that the phenol content in ‘Arauco’
oil was above 400 mg-kg™!, regardless of zone. According
to Montedoro et al. (1992), ‘Arauco’ oil could be classi-
fied as a variety within the “medium” category (i.e. 200-
500 mg-kg™') in relation to phenolic content. The phenolic
content range observed here coincides with Monasterio
et al. (2017), who evaluated oil from eight olive varieties
from Mendoza province, including ‘Arauco’. The authors
determined the phenolic content in ‘Arauco’ oil to be
within the range of 233 to 404 mg-kg'. In addition, the
phenolic content in the oil from ‘Arauco’ olives grown in

Mendoza was similar to that of ‘Arauco’ oil from San Juan
(433 mg-kg™") (33°S, Bodoira et al., 2015) and higher than
that from La Rioja province (166 mg-kg™!) (28°S, Ceci and
Carelli, 2010). These results reveal a possible latitudinal
gradient where phenols increase with increasing latitude
in the Southern hemisphere in relation to a decrease in
temperature (Mousa et al.,, 1996), which is greater than
the thermal gradient observed among the zones studied.
The fatty acid composition of olive oils from the three
main growing zones of Mendoza during the two sea-
sons is shown in Table 3. All samples were within IOC
legal limits. On average across zones and seasons, the
‘Arauco’ variety presented the following fatty acid pro-
file: 16.29+2.25% palmitic acid, 1.59+0.54% palmitoleic
acid, 0.04+0.01% margaric acid, 0.09+0.01% margaroleic
acid, 2.42+0.22% stearic acid, 65.47+6.15% oleic acid,
12.1343.74% linoleic acid, 0.49+0.11% arachidonic acid,
0.98+0.18% linolenic acid, 0.3+0.05% eicosenoic acid,
and 0.184+0.02% behenic acid. The contents in palmit-
ic, palmitoleic, margaric, stearic, oleic and linoleic acids
were significantly different among zones. Conversely, the
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contents in margaroleic acid, arachidonic acid, linolenic
acid, eicosenoic acid and behenic acid were not signifi-
cantly different among zones.

The oil from Zone 2 presented the highest contents in
palmitic, palmitoleic, margaric and linoleic acids, and the
lowest oleic and stearic acids contents. (the latter not sig-
nificantly different from Zone 1) with respect to oils from
Zones 1 and 3. Maximum temperature during fruit devel-
opment would partially explain the lower oleic acid con-
tent in Zone 2 and a reverse trend for palmitic and linoleic
acids. Garcia-Inza et al. (2014) carried out a manipulation
experiment over the fruit-growth period in which fruits
were exposed to increments of 5 °C and 10 °C above am-
bient temperature. The authors observed that the contents
in palmitic and linoleic acids in oil increased linearly with
fruit temperature, while oleic acid content decreased. In
addition, greater fruit maturity from Zone 2 could contrib-
ute to explaining the fatty acid pattern. Gémez del Campo
and Garcia (2012) found that more mature fruits produced
oil with lower oleic acid content; while the polyunsaturat-
ed fatty acid percentage was greater than in less mature
fruits.

In the ‘Arauco’ oils studied, the oleic acid content was
higher than 57%, above the IOC limit (55%). The oleic
acid content in oil from ‘Arauco’ olives grown in Mendo-
za was similar to the oleic acid range observed in ‘Arauco’
oil from San Juan (33°S, Bodoira et al., 2015) and higher
than the 53.7-54.3% obtained in La Rioja and Catamarca
provinces (28°S, Ceci and Carelli, 2007; Rondanini et al.,
2011). For the same variety, pooled results reveal a possi-
ble latitudinal gradient where oleic acid content increas-
es with increasing latitude in the Southern hemisphere in
relation to a decrease in temperature, as previously de-
scribed by Rondanini et al. (2011).

The main monounsaturated fatty acid was oleic, which
ranged from 59.1 to 71.7%; the main saturated fatty acid
was palmitic, ranging from 14.6 to 18.1%; and the main
polyunsaturated fatty acid was linoleic, which ranged
from 8.0 to 16.2%. Together, they accounted for 93.4 to
94.3% of the fatty acid content. Monounsaturated fatty
acid/polyunsaturated fatty acid (MUFA/PUFA), oleic/
linoleic acid, and unsaturated/saturated fatty acid (UFA/
SFA) ratios were calculated (Table 3). On average, the
‘Arauco’ variety showed the following values for the three
zones and two seasons: MUFA/PUFA = 5.6, oleic/linoleic
= 5.9, and UFA/SFA = 4.2. These values were lower than
those around 4.4 which were observed for the same ratios
estimated in previous studies on the Arbequina olive va-
riety in Junin (Zone 1) Mendoza, (Lémole ef al., 2018).
In addition, Zone 3 presented the highest MUFA/PUFA
and oleic/linoleic ratios, which were significantly differ-
ent from the other zones; while the UFA/SFA ratio was
similar in both Zones 1 and 3 and significantly higher than
in Zone 2.

In addition, linear regressions were studied among all
the oil traits analyzed. Some interesting relations were
identified between oxidative stability (OS) and fatty acids,
or their ratios. Thus, a positive and closer relationship was
found between the OS and MUFA/PUFA ratio (R?>=0.96),
than between the OS and UFA/SFA ratio (R?>=0.66). Bhat-
nagar ef al. (2009) determined that OS is negatively relat-
ed to PUFA. Our results showed that the induction time to
oxidation in ‘Arauco’ oils was more related to monoun-
saturated fatty acids than to total phenolic and total flavo-
noid compounds. This could be explained by the fact that
all the samples showed similarly high phenolic contents.
Given that the highest content in monounsaturated and pol-
yunsaturated acids in olive oils is due to oleic and linoleic
acids, respectively, OS was positively related to the oleic/
linoleic ratio (R?>=0.96). Nevertheless, not every monoun-
saturated acid plays such an important role given that pal-
mitoleic acid (C16:1) displayed negative relationships with
OS (R?>=0.79). Other negative relationships were found
between OS and linoleic and palmitic acids (R*=0.90 and
R?=0.72, respectively). Martinez et al. (2014) determined
that linoleic acid is highly susceptible to oxidation due to
its key role in the lipoxygenase pathway as the precursor of
many volatile compounds. In addition, stearic acid (C18:0)
showed a positive relationship with OS (R>=0.93). Bhat-
nagar et al. (2009) evaluated blends with coconut oil, and
observed that an increase in saturated fatty acids improved
their oxidative stability.

4. CONCLUSION

The results of the present study highlight the excellent
characteristics of the ‘Arauco’ variety grown in Mendoza
from a nutritional viewpoint in terms of oil quality. The data
obtained were not affected by abnormal weather conditions.
Environmental variability was slight; therefore, other factors
such as fruit load could have contributed to the differences
obtained in fruits and oils. However, the total variability in
the parameters evaluated was within IOC legal limits. ‘Arau-
co’ olive oil from Mendoza presented high oleic acid con-
tents, which was positively correlated with oxidative stabili-
ty rather than total phenolic and flavonoid contents. MUFA/
PUFA and oleic/linoleic ratios and stearic acid were also pos-
itively correlated with oxidative stability. In addition, ‘Arau-
co’ showed high fruit fresh weight and high pulp/pit ratio,
which explains its extensive use as a double-purpose variety.
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