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ABSTRACT  

Argentina has greatly increased the olive oil production (2007/2008 = 25,000 ton). An 

increase of about 200 % in export sale volume was registered from 1999 to 2008 with the 

maximum historical value in 2008 (18,000 ton). Argentina has large monovarietal-implanted 

areas and can potentially be a world centre to produce oils from out-of-origin zone varieties, 

especially Arbequina from Cataluña. There are no precedents on the performance of 

Mediterranean varietals in Argentina and their adjustment to international normative. 

Twenty-five samples of extra-virgin olive oils from Arbequina corresponding to 2004-

2008 harvests from different regions of Argentina were evaluated. Chemical compositional 

data, between them fatty acids, sterols, erytrodiol-uvaol and waxes, were compared with 

international purity criteria. 

Some oils from intra-continental hot regions (La Rioja, Catamarca and Córdoba) 

principally presented low oleic acid content (40.57-54.34 %) and/or high contents of the 

palmitic (20.05-23.79 %), palmitoleic (3.58-5.25 %) and linoleic (21.15-26.55 %) acids. 

Atlantic littoral oil samples did not show these deviations. They had oleic/linoleic ratios (6.0-

6.81) higher than those from intra-continental regions (1.53-4.54), accompanied by higher 

polyphenol contents and oxidative stability. 

All the samples fulfilled the normative for total sterols and erythrodiol-uvaol. Oils 

from the Atlantic littoral and Mendoza province had sterol composition and apparent 

sitosterol percentages adjusted to the normative. In contrast, some samples from hot regions 

presented campesterol percentage higher than 4.0 (4.05-5.50 %), and in some cases, along 

with apparent sitosterol lower than 93.0 % (91.75-92.89%). 

With respect to C40-C46 wax contents, they were within the legal limit (<250 mg/kg) 

in the samples from Mendoza, San Juan and the Atlantic littoral. However, some oils from hot 

regions presented wax contents (294-646 mg/kg) beyond the limit. Only the partially soluble 

waxes (C40-C42) underwent a significant increase with the total wax content, causing 

evidently the high wax content in the oils outside wax legal limit. In conclusion, Arbequina 

evidences an excellent performance in the Atlantic littoral and some traditional productive 
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provinces. But, its oil presents some compositional data that do not satisfy international 

parameters in intra-continental provinces characterized by high temperatures, low thermal 

amplitudes and low rain levels. 

Key words: Arbequina, olive oil, fatty acids, sterols, waxes 

 

INTRODUCTION 

 Argentina has greatly increased the production of olive oil in the last decade reaching 

25,000 ton in 2007-2008 [1]. On the other hand, the olive oil consumption in Argentina has 

stayed stable and low in about 5,000 ton during the last decade, favoring a substantial 

augment in the export sales that reached an historical maximum of 18,000 ton in the last year 

[1]. New productive areas, including La Rioja and Catamarca provinces in the north-western 

region of the country, have been added to traditional productive provinces (Mendoza, San 

Juan and Córdoba) located in the west-central region distinguished by continental or 

subtropical climates. New intra-continental productive areas from La Rioja and Catamarca are 

characterized by high temperatures, low thermal amplitudes, and low rain levels. In contrast, 

the Atlantic littoral (Buenos Aires and Río Negro) close to the Atlantic Ocean presents lower 

temperatures, wider thermal amplitudes and higher humidity indexes. Figure 1 shows the 

distribution of olive oil production in Argentina. La Rioja and Catamarca with a 59% 

productive volume present the higher percentage, followed by Mendoza and San Juan (32%), 

Córdoba (3.4%), and Buenos Aires and Río Negro with less than 3%. 

Argentina has great implanted areas with Arbequina variety for oil production and can 

potentially be a world centre to produce this monovarietal oil out of its origin zone, Cataluña. 

There are no precedents on the performance of Arbequina in the different Argentinian 

regions, as well as the fulfillment of these oils to the quality and purity criteria established by 

the International Olive Council (IOC) and the Codex Alimentarius [2, 3]. Nowadays, the 

international organizations have opened discussions about normative for olive oils, suggesting 

that data that demonstrate natural variation should be provided in order to adequate the norms 

[4, 5]. 

 The main objective of this paper is to evaluate the fatty acid composition, total sterol 

content, methylsterol composition, erythrodiol-uvaol and wax content of Arbequina extra-

virgin olive oil produced in different regions from Argentina. The natural compositional 

variations and the fulfillment to the current international legal limits are also discussed. 
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MATERIAL AND METHODS 

Olive Oils: Twenty five samples of Arbequina extra-virgin olive oils corresponding to 2004, 

2005, 2006 and 2008 harvests from different Argentinian regions were evaluated. Table 1 

shows some cultural and processing data for analyzed samples. Oil extractions were carried 

out by two-phase decanters, with exception of three samples from Córdoba, and one from 

mountain region in La Rioja, extracted by three-phase decanters. 

Fatty Acids: Fatty acid methyl esters were obtained by trans-esterification with a cold 

methanolic solution of potassium hydroxide [6] and were analyzed by GLC according to 

IUPAC 2.302 method [7]. A HP 4890D gas chromatograph with HP3398a GC Chemstation 

for data processing and a SP2380 column [stabilized poly (90% bi cyanopropyl/ 10% 

cyanopropylphenyl siloxane)], 30 m length x 0.25 mm i.d., 0.25 μm film thickness (Supelco 

Inc., Bellefonte, PA) were used. Operation conditions were: column temperature = 170 °C (15 

min)-4 °C/min-210 °C (10 min), carrier gas = hydrogen (17 cm/min), detector and injector 

temperature = 220 °C, split injection ratio = 1:100. 

Methyl Sterols and Erythrodiol-Uvaol: GLC with IOC and European Union analytical 

methods were used to evaluate the contents of sterols and erythrodiol-uvaol [8, 9]. The oil 

sample containing 5-α-cholestan-3-β-ol (from Fluka Switzerland, purity 95%) as internal 

standard was saponified with potassium hydroxide solution in ethanol. The unsaponifiable 

fraction containing sterols, erythrodiol, and uvaol, was removed with ethyl ether and then was 

separated by silica gel plate chromatography. Separation and quantification of the silanized 

compounds was carried out by GLC using a 30 m SE 54 column of 0.25 mm i.d. and 0.2 μm 

film thickness (Supelco Inc., Bellefonte, PA). The operating conditions were as follows: oven 

temperature, 260 °C (2 min)-1 °C/min-265 °C (20 min); injector temperature, 280 °C; FID 

temperature, 300 °C; injection volume, 1 μL, and carrier gas, hydrogen at 37 cm/s. 

Waxes: the contents and composition of waxes were evaluated by GLC after fractionation by 

chromatography on a hydrated silica gel column [10]. A Varian 3700 GLC chromatograph 

equipped with FID, cold injector for on-column injection, and capillary column (HP 5, 11 m 

length x 0.32 mm i.d., 0.52 μm film thickness) from Hewlett-Packard (Palo Alto, CA) was 

used. The oven programming temperature was: initial temperature, 80 °C, increase at 30 

°C/min to 200 °C, hold for 1 min, increase at 3 °C/min to 340 °C, hold for 20 min. On- 

column injector was programmed from 80 °C to 320 °C at 40 °C/min. The other operation 
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conditions were: FID temperature, 350 °C; injection volume, 3 μL; carrier gas, hydrogen at 3 

mL/min. 

 

RESULTS AND DISCUSSION 

 Some oils from hot intra-continental regions (Catamarca, La Rioja, and Córdoba) were 

characterized by oleic acid (C18:1) content lower than 55.0%, particularly at Central Valley 

from Catamarca, where this behavior was observed in all the samples [Table 2]. Low C18:1 

content was generally accomplished by contents of palmitic acid (C16:0) and/or palmitoleic 

acid (C16:1) higher than 20.0% and 3.5%, respectively [Table 2]. In these samples was also 

detected a higher percentage of linoleic acid (C18:2) than the international limit of 21.0%. 

Oils from Mendoza, San Juan and Atlantic littoral satisfied the international normative 

for above mentioned fatty acids, being noticeable the high oleic content (68.7-72.0%) in those 

oils from cold regions next to the ocean [Table 2]. In fact, oils from Atlantic littoral presented 

the highest oleic acid to linoleic acid ratios (O/L=6.0-6.8). Although Arbequina are not 

characterized by their high resistances to oxidative processes, the oils from Atlantic littoral 

showed high Oxidative Stability Indexes (OSI) (up to 27.9 h at 110 °C) and high contents of 

antioxidant total-polyphenols (up to 248.2 mg/kg) [11]. 

According to previous researches [12, 13], the deviations in fatty acid profile observed 

for Arbequina oils in Argentinian hot regions were not registered for samples from other 

varieties such as Picual, Arauco, Frantoio, Empeltre, Coratina and Manzanilla. Only two 

Barnea samples from these hot regions had C18:2 higher than 21.0%. 

 Only one Arbequina sample from Catamarca Central Valley in 2006 harvest, presented 

linolenic acid (C18:3) slightly higher than 1.0% [Table 2]. Some Argentinian olive oils from 

other varieties such as Picual, Frantoio and Manzanilla, had C18:3 up to 1.1%, showing more 

incidence of values higher than 1.0% [12]. Recently, a draft amendment has been proposed 

for the Standard to Olive Oils and Olive Pomace Oils [5]. The document proposes recognize 

as authentic those oils with C18:3 up to 1.1% or 1.2%, if the authenticity can be verified 

through further testing, including stigmastadiene (up to 0.05 mg/kg), ΔECN42 (up to 0.1), and 

campesterol (up to 3.5% total sterols). 

 The contents of total sterols and erythrodiol-uvaol for Arbequina olive oils in 

Argentina were respectively ≥ 1000 mg/kg and ≤ 4.5% in accordance to international limits 
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[Table 3]. Values outside of these limits were not observed in Argentinian olive oils from 

other varieties [11-13]. 

 Campesterol percentages higher than 4.0 were observed in Arbequina oils from hot 

intracontinental regions, but not from Atlantic cold regions [Table 3]. In some samples, low 

apparent sitosterol percentage (ASP) (< 93.0%) was accompanied with high campesterol 

values [Table 3]. In 2005, lower deviations in campesterol and ASP were observed in samples 

from Catamarca and La Rioja probably due to a higher level of autumnal rains. In previous 

research [12, 13]., high campesterol and/or low apparent sitosterol contents were also 

observed in Barnea, Arauco and Frantoio oils from hot regions, being most affected Barnea 

oils  

 In 2004 and 2005 harvests, high percentages of cholesterol (>0.5) and/or brassicasterol 

(> 0.1), were observed separately in a few samples of Arbequina from Catamarca, La Rioja 

and Córdoba [Table 3]. In previous work, similar deviations with respect to international 

limits for these two sterols were detected in a few oils from Arauco, Frantoio and Coratina 

from the same provinces [12]. 

 As shown in Table 3, Arbequina oils from Catamarca, La Rioja and Córdoba 

presented variable percentages of Δ-5-avenasterol (2.6-9.7%), a sterol associated with 

antioxidant activity. In contrast, those samples from San Juan, Mendoza and Atlantic littoral 

had higher values for this sterol (9.4-14.7%). Other Argentinian monovarietal oils (Empeltre, 

Arauco, and Manzanilla “Criolla”) also have shown high Δ-5-avenasterol [11, 12]. 

 All evaluated samples of Arbequina oils satisfied the international limit for Δ-7-

stigmastenol (≤ 0.5%) [Table 3]. But, Δ-7-stigmastenol in excess was found in some samples 

from Coratina produced in Catamarca (0.6%) [12], and from Farga produced in Atlantic 

littoral (0.57-0.65%) [11]. Syria has proposed amend the Codex Standard to raise the limit for 

Δ-7-stigmastenol to 0.7%, arguing natural variations and justifying that other compounds 

found in olive oil, such as β-sitosterol and campesterol, could be used as additional evidence 

for detection of adulteration [14]. Anyway, this deviation would not seem to be spread in 

Argentinian oils. 

 The Arbequina oils from intracontinental hot regions showed C40-C46 wax contents 

in excess (> 250 mg/kg), while those from San Juan, Mendoza and Atlantic littoral were in 

accordance to the normative [Table 4]. Lower wax contents were observed in 2005 in 

Catamarca and La Rioja valleys probably due to a rainier autumn season in this region. The 
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increase in wax content principally involved a raise in partially soluble waxes (C40-C42) 

while the insoluble waxes (C44-C46) not evidenced a significant increase, as shown in Figure 

2. In new productive areas a reduction in wax content could be obtained by means effective 

control of kneading temperature below 30 °C, but these processing conditions lead to lower 

extraction efficiency of oil [15]. However, kneading temperatures lower than 30 °C have no 

significant effect on fatty-acid composition [15]. 

 

CONCLUSIONS 

 The authentic extra virgin olive oils from Arbequina, the most implanted variety in 

Argentina, show considerable natural and geographic variations with respect to the 

composition of fatty acids, sterols and waxes. The major incidence of some parameters 

outside the international normative (campesterol > 4.0%, apparent sitosterol < 93.0% and 

C40-C46 waxes > 250 mg/kg). was observed in hot intracontinental regions (Catamarca, La 

Rioja and Córdoba), principally during periods under water stress with rain shortage. The 

most frequently deviation in fatty acid composition of these oils was oleic acid < 55.0% 

and/or palmitic acid > 20.0%, palmitoleic acid > 3.5%. 

 The oils from Arbequina in cold Atlantic littoral (Buenos Aires and Rio Negro) not 

presented deviations to international normative for fatty acids, sterols and waxes. These 

results show the significant influence of geographic area on oil composition moreover the 

genetic factors. 

 The Arbequina oils from Argentina have not shown deviations to international 

normative with respect limits values for linolenic acid (≤ 1.0%) and Δ-7-stigmastenol (≤ 

0.5%) that were observed in other varieties and world regions. 
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Table 1- Cultural and processing data for analyzed samples 

Origin Altitude (m) Harvest Samples OTA RI BTE BTI 
Catamarca:        

Central Valley 525 2004 3 5-6 3.2-3.9 29-35 NP-90 

  2005 1 8 3.2 27 90 

  2006 1 9 3.9   

Mountain Region 900-1500 2005 1 3 NP 33 120 

La Rioja:        

Capital Valley 523 2004 3 5-9 3.1-4.2 30-38 25 

  2005 2 8-10 NP-2.5 28-32 NP-60 

  2006 2 9-11 2.8-3.5   

Mountain Region 840 2005 2 7 1.3-2.0 30-35 27-60 

  2006 1 8 2.0   

  2008 1 8 3.0 <37 40 

Traditional Provinces        

Córdoba 500-700 2004 3 50 G-E-R 29 45 

Mendoza 475-700 2004 1 4-5 4.5 29-35 NP 

San Juan 475-700 2008 1 8 3.1 <37 40 

Atlantic Littoral:        

Buenos Aires Sea level 2008 2 50 4.0-5.0 30-33 60-80 

Río Negro Sea level 2008 1 6 3.0 27 <35 

OTA: Olive Tree Age (years), RI: Ripeness Index (proposed by IOC, based on the color of 
the skin and flesh of the fruits, ranging 0 to 7, NP: not provided, G: green, E: Envero, R: 
Ripe, BTE: Beating Temperature (°C), BTI: Beating Time (min). 



Table 2- Fatty acid composition (methyl esters, % m/m) in Arbequina oil samples from different Argentinian regions 

Fatty acid Catamarca La Rioja Córdoba San Juan &  Atlantic Littoral 

 Valley Mountain Valley Mountain  Mendoza  
C14:0 0.03-0.04 0.02-0.03 0.00-0.03 0.02 0.02-0.03 0.01-0.02 0.01-0.02 

C16:0 20.11-23.79 19.17-19.81 16.58-20.14 18.39-20.14 19.37-20.09 15.80-18.09 12.26-14.39 

C16:1 3.40-5.25 2.67-2.90 1.98-3.59 2.47-2.81 2.65-2.86 1.63-2.88 1.04-1.31 

C17:0 0.11-0.14 0.10-0.11 0.10-0.14 0.12-0.13 0.10-0.13 0.10-0.12 0.11-0.16 

C17:1 0.26-0.29 0.23-0.26 0.21-0.27 0.24-0.28 0.24-0.27 0.25 0.22-0.35 

C18:0 1.58-1.75 1.63-1.69 1.49-1.77 1.45-1.66 1.83-1.84 1.60-1.95 1.94-2.16 

C18:1 40.57-53.16 54.34-55.33 49.48-64.15 53.82-59.40 52.56-53.59 57.92-63.25 68.71-72.02 

C18:2 19.26-26.55 18.95-19.82 14.13-22.91 16.48-20.04 19.50-21.15 15.53-17.62 10.58-11.43 

C20:0 0.30-0.42 0.31-0.36 0.26-0.47 0.26-0.33 0.44-0.46 0.34-0.42 0.39-0.40 

C18:3 0.86-1.09 0.67-0.83 0.55-1.00 0.61-0.79 0.87-0.92 0.55-0.75 0.69-0.79 

C20:1 0.21-0.28 0.23-0.27 0.25-0.30 0.26-0.28 0.27-0.31 0.27-0.30 0.31-0.34 

C22:0 0.06-0.14 0.08-0.11 0.04-0.15 0.03-0.10 0.14-0.15 0.11-0.13 0.12-0.13 

C24:0 0.04-0.10 0.03-0.06 0.01-0.09 0.00-0.05 0.08-0.09 0.05-0.06 0.05-0.07 

O/L 1.53-2.76 2.74-2.92 2.16-4.54 2.69-3.60 2.49-2.75 3.29-4.07 6.01-6.81 

OLR = Oleic to linoleic ratio; Variation Coefficients (n=4): VC < 7.2% for FA ≥ 1%, VC < 29.7% for FA between 0.1 and 1%, and 
VC< 69.2% for FA ≤ 0.1%; n= 4. 
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Table 3- More relevant methylsterols, total sterols and erythrodiol-uvaol in Arbequina oil samples from different Argentinian regions 

Sterol (%) Catamarca La Rioja Córdoba San Juan & Atlantic Littoral 

 Valley Mountain Valley Mountain  Mendoza  

1 0.14-0.26 0.08-0.31 0.12-0.28 0.19-0.92 0.11-0.60 0.13 0.09-0.33 

2 0.00-0.15 0.00 0.00-0.11 0.00-0.11 0.00-0.70 0.00-0.03 0.00-0.06 

3 4.47-4.80 a

4.51 b
5.27 c

 
4.24 b

 
4.81 d

4.40-5.04 a

3.94-3.96 b
4.94-5.12 c

 
3.76-4.05 b

4.61 c

 

4.33-5.50 a 4.00 a

 
 

4.31 d

 
 
 

3.37-3.90 d

4 1.16-1.57 0.90-1.03 0.87-1.44 0.81-1.32 0.94-1.10 0.75-1.00 0.57-1.42 

5 86.29-87.92 83.57-84.46 80.96-86.22 80.33-86.39 83.96-86.03 76.74-80.47 77.74-81.85 

6 2.64-4.06 6.05-7.72 4.22-9.73 5.06-8.43 4.33-5.29 9.67-14.66 9.37-12.70 

7 0.09-0.45 0.15-0.20 0.10-0.25 0.20-0.37 0.11-0.21 0.15-0.27 0.08-0.32 

ASP 92.62-93.03 a

92.87 b
92.11 c

 
93.68 b

 
92.89 d

91.75-93.52 a

93.75-93.90 b
91.79-92.41 c

 
93.14-93.70 b

92.41 c

 

91.70-93.11 a 93.95 a

 
 

93.06 d

93.17-94.04 d

STE 2007-2699 1869-2321 1780-3004 1762-2460 1009-2403 1424-2192 1634-1689 

EU 0.85-2.17 1.47-1.71 0.87-2.39 1.03-1.84 1.47-1.78 1.14-1.47 1.56-2.10 

Harvest: a 2004, b 2005, c 2006, d 2008. 1=Cholesterol, 2=Brassicasterol, 3=Campesterol, 4=Stigmasterol, 5=ß-Sitosterol, 6=Δ-5-
Avenasterol, 7=Δ-7-Stigmastenol, ASP=Apparent sitosterol percentage, STE=Total sterol content (mg/kg), EU=Erythrodiol-uvaol (% 
of total sterols). Variation coefficients (n=3): VC ≤ 1.1% for = β-Sitosterol, VC ≤ 15.3% for sterols in the range 1.0-15.0 %, VC ≤ 
48.6%for sterols in percentages lower than 1.0%, VC ≤ 3.9% for STE and VC ≤ 18.3% for EU. 
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Table 4- C40-C46 wax contents (mg/kg) in Arbequina oil samples from different Argentinian regions 

Harvest Catamarca La Rioja Córdoba San Juan & Atlantic Littoral 

 Valley Mountain Valley Mountain  Mendoza  
2004 449-646  294-496  280-459 136  

2005 312 130 156-299 119-138    

2006 523  339-389 236    

2008  301    215 109-150 

Variation Coefficients (n=4): VC ≤ 10.4%. 



 

 

Catamarca 
32 %

La Rioja 
27 % 

Mendoza 
17 % 

Córdoba 
3.4 %

Buenos Aires 
2.4 %

Río Negro 
No significant

San Juan 
15 % 

Figure 1. Olive oil production (%) in Argentina. 
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Figure 2. Correlations between both insoluble and partially-soluble waxes and the total wax 

content. 
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