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Abstract: Fatty acids’ ethyl and methyl esters are not natural components of edible vegetable oils and therefore should not be present 
in virgin olive oils. Among the quality requirements for extra virgin olive oils, the International Olive Council (IOC) Norm, 2015 
review, set limits for the ethyl ester content at ≤ 435 ppm for the 2014/2015 and 2015/2016 harvests and at ≤ 30 ppm for the 
2016/2017 harvest. The purpose of this paper is to: (a) determine the alkyl ester content in two extra virgin olive oils (of the 
Arbequina and Coratina varieties) as parameters of quality at the moment of their elaboration and to assess the length of their shelf 
life, over a 12 month period at room temperature; (b) determine extra virgin olive oils’ free alcohols content as these may esterify due 
to the free fatty acids present during storage. After 6 months of storage, the Arbequina oil’s ethyl ester content was 32 ppm, and the 
Coratina’s was 46 ppm. As a result, the shelf life for both was only about half a year (labeling usually indicates it must be consumed 
“before 1 year”). However, parameters related to oxidation (peroxide index, K 232, K 270 and ∆K) remained within the limits set by 
the International Olive Council (IOC) throughout the year. In conclusion: ethyl ester content is a very fine parameter for assessing the 
quality of extra virgin in an olive oil and determining the length of its shelf life. 
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1. Introduction 

In literature there are several studies on the shelf 

life of virgin olive oils [1-8]. Most of them determine 

the length of the shelf life depending on the variation 

of the acidity and/or rates of oxidation and/or changes 

in the content of antioxidants. There are also assays on 

accelerated storage conditions [9, 10]. 

None of these papers takes the formation of alkyl 

esters during storage into consideration. 

Fatty acid methyl and ethyl esters are not natural 

components of vegetable oils, therefore, should not 

present in virgin olive oils [11, 12]. So that they 

appear, should have previously free methanol and 

ethanol in the oil. This is only possible through some 

kind of fermentation of the carbohydrates present in 

olives. Later on, a transesterification of the 

triglycerides or esterification of the free fatty acids 

with such alcohols should occur. As a consequence, 

the presence of these esters in extra virgin olive oil 
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could indicate a poor treatment of the olives as a cause 

for the fermentation [13, 14]. 

If virgin olive oils contain methanol and ethanol 

during their elaboration process, these will gradually 

esterify with the free fatty acids causing the 

corresponding esters. As this process is relatively slow, 

an increase in the content of alkyl esters and decrease 

of the free alcohols should occur during storage [15]. 

These reactions are independent of the oil oxidative 

degradation. 

The International Oil Council (IOC) Norm [16] has 

established, among its quality requirements for extra 

virgin olive oils, limits for the content of ethyl esters: 

≤ 35 ppm for the 2014/2015 and 2015/2016 harvests 

and ≤ 30 ppm for the 2016/2017 harvest. 

Therefore, the purpose of this paper is to determine 

the alkyl ester content in extra virgin olive oils as 

quality parameters at the moment of elaboration and to 

assess the length of their shelf life. On the other hand, 

the content of free alcohols in extra virgin olive oil 

was determined as these may be esterified by the free 
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fatty acids present during storage. 

2. Materials and Methods 

2.1 Samples 

Extra virgin olive oils, of the Arbequina and 

Coratina variety, of industrial elaboration and from the 

same Uruguayan mill were analyzed. These varieties 

were chosen for being the most cultivated in Uruguay. 

Four imported extra virgin olive oils (one from 

Argentina, at the beginning of its shelf life, one from 

Spain, at the end of its shelf life, and two from Italy in 

the middle of their shelf life) were also analyzed. 

Shelf life of the oils: Two monovarietal Arbequina 

and Coratina extra virgin olive oils, of Uruguayan 

industrial production were stored in 100 mL capped 

amber glass bottles over a 12 month period, in an oven 

at 30 ºC. This temperature was selected because it is 

about room temperature in the summer in Uruguay. 

Every month or every 3 months one bottle was 

removed from the oven and the oil analyzed; the 

remaining oil was discarded. 

2.2 Analytical Techniques 

Determination of the methyl and ethyl ester content: 

method COI/T.20/Doc. nº. 28 “Determination of the 

content of waxes and methyl and ethyl esters content 

of the fatty acids through chromatography of gases 

with capillary column” [17]. 

Determination of free methane and ethane content: 

according to the method of Gómez-Coca et al. [18]. 

Peroxide Index: method AOCS Cd 8b-90 [19]. 

Ultraviolet Absorption: method AOCS CH 5-91 

[19]. 

All determinations were performed in duplicate. 

3. Results and Discussion 

Fig. 1 shows the evolution of methyl esters (EM), 

and ethyl esters (EE) content (ppm) in Arbequina and 

Coratina olive oils over the storage period (months) at 

room temperature. The evolution of the sum of both is 

also shown. At the time of packaging, Arbequina oil 

contained 34.9 ppm of ethyl esters and Coratina oil 

contained 21.6 ppm. During storage, the methyl ester 

content increased much more slowly than the content 

of ethyl esters, causing the total amount of alkyl esters 

to be, principally, determined by the content of ethyl 

esters. The Norm from the International Olive Council 

(IOC), in its 2015 review, allows a maximum of 35 

ppm, meaning the Arbequina oil, since the beginning, 

was at the limit allowed. 
 

 
Fig. 1  Evolution of the content (ppm) of methyl ester (ME), ethyl ester (EE) and the addition of both, over the storage 
period. 
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After 6 months, the ethyl ester content for the 

Arbequina oil was 32.3 ppm, and 46.0 ppm for the 

Coratina oil. As a consequence, the life of both lasted 

about half a year (labeling usually indicated “best 

before 1 year”). On the other hand, after 9 months of 

storage there was a significant acceleration in the 

formation of ethyl esters in both oils, the reason for 

this is unknown. 

The quality parameter values associated with 

oxidation (peroxide index and ultraviolet absorption 

index) are shown on Table 1. After 6 months of 

storage, all these quality parameters did not exceed the 

limits set by the IOC 2015. This is not in accordance 

with the ethyl ester content which surpassed the 

corresponding IOC 2015 limits. 

The formation of methyl and ethyl esters in the oil 

is caused by the esterification of free methanol and 

ethanol with the free fatty acids (acidity). The 

oxidation of the oils during storage is different from 

the esterification of free alcohols, hence, both 

parameters may be independent: not just in relation to 

their initial values, but also their evolution over time. 

In order to complement this study on the storage of 

two Uruguayan oils, imported oils were analyzed at 

different stages of its life. Thereby, it is possible to 

confirm whether the formation of ethyl esters also 

appears in them. Table 2 shows the results of some 

purity and quality parameters for the four imported 

oils. The values that did not comply with the 2015 

IOC Norm are presented in grey. These results 

confirm that the formation of ethyl esters is a problem 

of virgin olive oils packaged and not just a casual 

problem of two Uruguayan oils studied. 

Considering their ultraviolet absorption, (K232, 

K270 and ΔK) two of the four oils in the study failed 

to comply with the 2015 IOC requirements to be 

considered extra virgin. Two oils exceeded the 

standard IOC limits for the content of waxes but only one 
 

Table 1  Variation of peroxide and ultraviolet absorption indexes over the storage period. 

Months 0 1 2 3 4 5 6 9 10 IOC 2015

Arbequina oil   
Peroxide 
index 

4.1±0.2 5.3±0.3 6.8±0.4 6.8±0.4 7.8±0.4 8.0±0.4 6.8±0.4 10.4±0.5 7.6±0.3 ≤ 20 

K232 1.80±0.09 1.99±0.10 2.14±0.10 2.12±0.10 2.05±0.10 2.18±0.10 2.19±0.10 2.17±0.10 2.35±0.10 ≤ 2.50 

K270 0.11±0.01 0.16±0.01 0.12±0.01 0.11±0.01 0.10±0.01 0.15±0.01 0.14±0.01 0.11±0.01 0,20±0.01 ≤ 0.22 

∆ K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.001 ≤ 0.01 

Coratina oil   
Peroxide 
index 

4.9±0.2 5.7±0.3 6.4±0.3 8.3±0.4 7.8±0.4 6.7±0.3 8.3±0.4 8.6±0.4 7.0±0.3 ≤ 20 

K232 1.43 1.78 1.46 1.49 1.97 2.11 2.01 1.82 2.12 ≤ 2.50 

K270 0.16±0.01 0.20±0.01 0.16±0.01 0.14±0.01 0.16±0.01 0.18±0.01 0.17±0.01 0.17±0.01 0.26±0.01 ≤ 0.22 

∆ K 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 ≤ 0.01 
 

Table 2  Some purity and quality parameters for four imported extra virgin olive oils, in accordance with the 2015 IOC 
Norm. 

  Italy 1 Italy 2 Spain Argentina IOC 2015 

K232 1.96±0.10 2.42±0.13 2.22±0.11 2.34±0.12 < 2.5 

K270 0.15±0.01 0.28±0.02 0.27±0.02 0.16±0.01 ≤ 0.22 

ΔK 0.00 0.01 0.01 0.00 ≤ 0.01 

ΔECN42 0.11±0.01 0.05±0.01 0.08±0.01 0.12±0.01 ≤ 0.2 

Waxes (ppm) 
without C40 0 834±58 47±5 705±49 ≤ 150 extra 

with C40 21±5 875±60 94±8 727±50 ≤ 250 ordinary 

Methyl esters (ME) ppm (ppm) 44±3 158±8 18±3 89±4  

Ethyl esters (EE) ppm  88±5 91±5 110±6 51±3 ≤ 35 

Addition of ME and EE (ppm) 132±17 249±26 128±28 140±15 < 75 
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of these two oils coincided with the previous two. It is 

interesting to notice the high content of wax for two of 

the olive oils as they should have been labeled as 

olive-pomace oil as the 2015 IOC Norm allows a wax 

content greater than 350 ppm for this. 

The four oils presented very small quantities of free 

alcohols: between 8.1 ppm and 23.3 ppm for methanol 

and between 1.6 ppm and 15.9 ppm for ethanol. 

However, the amounts of alkyl esters present were far 

superior: between 18 ppm and 158 ppm for methyl 

esters and between 51 and 110 for ethyl esters. None 

of the four oils complies with the maximum 

established by the 2015 IOC Norm for ethyl esters in 

extra virgin olive oils (in spite of being labeled as 

such). The Argentinian oil was at the beginning of its 

shelf life, both Italian oils were in the middle of their 

shelf life, and the one from Spain, at the end of its 

shelf life. 

In Table 2 the content of EE is shown for the four 

oils imported (oils are ordered according to increasing 

amounts of EE): this order coincides with the moment 

of the shelf life in which they were analyzed. These 

results coincide with the general behavior observed 

during the storage of the Uruguayan Arbequina and 

Coratina oils. 

The values obtained for Uruguayan Arbequina oils 

and Coratina oils at the time of packaging are also 

indicated in Table 1. The values for these were far 

lower than those of the four imported oils available in 

the Uruguayan market. 

4. Conclusions 

Ethyl ester content is a quality parameter required 

by the 2015 IOC Norm for extra virgin olive oils. This 

paper shows its importance because oils that meet the 

quality parameters linked to oil oxidation (peroxide 

index and ultraviolet absorption), exceed the 

maximum content of ethyl esters. It is a contribution 

to the debate currently taking place in the IOC about 

the importance of controlling this parameter to limit 

the quality extra virgin. 
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