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Olive oil: a review on the identity and quality 
of olive oils produced in Brazil
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Abstract – The sensory quality of olive oils is influenced by the diversity and concentration 
of volatile and non-volatile compounds that vary according to cultivar, and edaphic, 
climatic, and cultivation conditions, which allows for establishing the origin of the product. 
In addition, since this crop has been recently introduced in Brazil, little is known about 
the performance of cultivars in this region, where investments in this activity have been 
made. Thus, relevant aspects about the chemical and sensory quality of olive oils are 
presented and discussed, as well as how these aspects influence the identity of the product.
Index terms – Brazilian olive oil, volatile compounds, chemical composition.
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Resumo – A qualidade sensorial dos azeites é influenciada pela diversidade e concentração 
de compostos voláteis e não-voláteis, que variam conforme a cultivar e as condições 
edafoclimáticas e de cultivo, o que permite estabelecer a procedência do produto. Além 
disso, por se tratar de uma cultura introduzida recentemente no Brasil, pouco se sabe sobre 
o desempenho das cultivares nas regiões onde o investimento nessa atividade vem sendo 
feito. Dessa forma, são apresentados e discutidos, nessa revisão, aspectos relevantes sobre 
a qualidade química e sensorial dos azeites de oliva e como esses aspectos influenciam a 
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Introduction

Extra-virgin olive oil is widely appreciated by 
consumers as a consequence of its sensory attributes 
and health benefits (APARICIO et al., 2012; BAJOUB; 
SÁNCHEZ-ORTIZ et al., 2015). According to data from 
the International Olive Council (IOC), both olive oil 
production and consumption have grown considerably 
in areas outside the Mediterranean region, mainly in the 
United States, Australia, Canada, Chile, Uruguay, Brazil, 
Japan, and China (IOC, 2020), and this is due to the fact 
that it is a food product widely reported as beneficial 
to health (GUASCH-FERRÉ et al., 2020) and a part 
of different culinary profiles, from the most classic to 
more recent trends, such as vegetarian and vegan diets 
(MENAL-PUEY et al., 2019).

In Brazil, olive growing occupies about 7,000 
hectares, of which 4,500 hectares are cultivated in Rio 
Grande do Sul and about 2,000 hectares in the “Serra da 
Mantiqueira” region, which encompasses areas of the states 
of Minas Gerais, São Paulo, and Rio de Janeiro (KIST et 
al., 2019). The cultivation of olive trees (Olea europaea L.) 
is expanding in Espírito Santo, which currently has 186.5 
hectares and expects further investments. In addition, in 
“Chapada Diamantina” (Bahia), the first 1.6 tons of olives 
were harvested in 2021, totaling 280 liters of oil (SANTO, 
2019; MINAS, 2021). Rio Grande do Sul accounts for the 
vast majority of the area planted with olive trees in Brazil 
and also for the largest olive oil production. In the 2019 
harvest, 180 thousand liters of olive oil were produced, 
75% more than in the previous year. However, the 2020 
harvest was affected by climatic factors, which caused 
57% reduction in the total production of olives in many 
orchards of Rio Grande do Sul (IBRAOLIVA, 2020).

In addition to the increase in olive oil production 
and consumption, there is a trend in consumer buying 
habits, which show greater concern about traceability, 
authenticity, and quality of olive oils, so that greater value 
is given to products that are associated with a specific 
location (geographical indication) and/or special means 
of production (BAJOUB et al., 2018). In this context, the 
aromatic profile of olive oils is of great interest, since 
numerous volatile organic compounds (VOCs) including 
aldehydes, alcohols, esters, ketones, terpenes, among 
others, have been described as indicators of sensory 
quality (DA SILVA et al., 2012; BAJOUB; SÁNCHEZ-
ORTIZ et al., 2015). In addition to influencing the 
sensory characteristics of olive oils, VOCs authenticate 
the geographical origin of this type of product, since the 
profile and abundance of these compounds may vary 
depending on the environmental conditions characteristic 
of each region and cultivar (PROCIDA et al., 2005; 
CAJKA et al., 2010; BAJOUB; SÁNCHEZ-ORTIZ et 
al., 2015).

In addition to volatile compounds, phenolic 
compounds also influence the sensory characteristics of 
olive oils and can be used as quality markers. Phenolic 
compounds such as elenolic acid, ligstroside aglycone, 
oleuropein aglycone and acetoxypinoresinol allow 
discriminating oils from different geographical regions 
(OUNI et al., 2011). On the other hand, the composition 
of fatty acids seems to be more dependent on the cultivar 
than on the cultivation conditions or production region 
(LANTERI et al., 2002).

Thus, scientific knowledge about the chemical 
and sensory quality of Brazilian olive oils is essential, 
since production is recent and little is known about the 
quality of Brazilian commercial olive oils. The knowledge 
about its composition allows producers to strengthen the 
identity of the regional product and position their products 
in the market with distinctive signs. As a matter of fact, 
Brazilian olive oils have received international awards 
for their outstanding sensory quality. In addition, as it is 
a recently introduced crop (mid-2003) (KIST et al., 2019; 
CAYE et al., 2020), little is known about the performance 
of cultivars in this new growing region (outside the 
Mediterranean region). Within this context, in this review, 
the relevant aspects about olive growing in Brazil, the 
production of olive oils and the chemical and sensory 
quality of olive oils and how these aspects influence the 
product identity will be presented and discussed.

Olive growing
Olive growing occupies sixth place in the world 

production of vegetable oils, and the Mediterranean Basin 
region represents approximately 90% of the world olive oil 
production. The main producing countries are Spain, Italy, 
Greece, Tunisia, Turkey, Morocco, and Portugal. However, 
olive cultivation has been progressively increasing in 
countries and regions outside the Mediterranean Basin 
such as Argentina, Australia, Brazil, Canada, Chile, China, 
Japan, Peru, United States, Uruguay, and West Africa 
(IOC, 2020). The expansion and intensification of olive 
cultivation are associated with the perception that olive 
oil and table olives are healthy foods (Rallo et al., 2018) 
and versatile for use in international food and gastronomy 
(KOIDIS; BOSKOU, 2006).

Following this trend, the area cultivated with olive 
trees in Brazil is around 7,000 hectares, the largest area 
(4,500 ha) is located in Rio Grande do Sul and in the 
Serra da Mantiqueira region (2,000 ha), the latter covering 
areas of the states of Minas Gerais, São Paulo, and Rio 
de Janeiro. Olive growing has also been taking place, but 
in smaller areas, in states such as Espírito Santo, Bahia, 
Santa Catarina and Paraná, in all cases with prospects for 
expansion (ROYO, 2010; DA COSTA, 2019; FLORIPA, 
2019; KIST et al., 2019; SANTO, 2019; MINAS, 2021).
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In Rio Grande do Sul, the most favorable climatic 
parameters for fruit ripening are observed in the southern 
half of the state, with temperatures between 25º C and 35º 
C, within the temperature range considered ideal for the 
ripening of olives, although the rainfall index is above 
levels commonly agreed as optimal for the development 
of the olive tree (650 mm) (ALBA et al., 2013). In the 
mountain areas of Rio Grande do Sul and Santa Catarina, 
the cold hours accumulated during winter favor the 
dormancy of olive trees (WREGE et al., 2015). On the 
other hand, in Paraná although the thermal requirements 
regarding heat and rainfall are met, the low number of 
cold hours in most of the state is a limiting factor for 
olive production (SIMÕES, 2016). In the state of Espírito 
Santo, the “Capixaba” Institute for Research, Technical 
Assistance and Rural Extension (Incaper) has already 
identified 150,000 hectares of land suitable for olive 
cultivation in the mountainous region, with altitude above 
900 meters above sea level (DA COSTA, 2019). The fact 
that the region of Minas Gerais has higher altitudes favors 
the cultivation of olive trees in the Serra da Mantiqueira 
region; however, only the southern regions and a small part 
of the midwestern region of Minas Gerais have climatic 
characteristics favorable to the cultivation of olive trees 
(GARCIA et al., 2018; MARTINS et al., 2020).

In the context of the olive oil business, Brazil is the 
world’s second largest olive oil importer, only behind the 
United States, and has production corresponding to less 
than 2% of its domestic consumption. Thus, investment 
in the sector is promising and the challenge today is to 
increase production (AGROLINK, 2020). According to 
the Brazilian Institute of Olive Growing, the Brazilian 
olive oil production in 2019 was estimated at 230 
thousand liters, approximately 180 thousand liters in RS. 
It is important to observe that Brazilian olive trees are 
young and have not yet reached their peak production, 
with only 40% of the planted area being currently in 
production. Currently, Brazil grows cultivars Arbequina, 
Arbosana, Ascolano 315, Coratina, Frantoio, Grapollo 
541, Koroneiki, Manzanilla, and Picual, with ‘Arbequina’ 
being the predominant one, as it adapts well to the climate 
and soil of producing regions (KIST et al., 2019). It is in 
the context of an emerging and vigorous activity, that the 
production of olives and olive oils appears on the national 

scenario. Despite the success it has already reached, 
there are challenges to be overcome, which demand 
research, knowledge generation, validation and sharing 
of knowledge, and promotion of the national product.

The perception of traders, associations and regular 
consumers of olive oils is that products made in Brazil 
have high quality (SÁ et al., 2019). The construction of 
the identity of a food product demands, in addition to the 
production system, a technical-scientific classification 
in sensory and chemical terms (BAJOUB et al., 2014). 
In addition, food quality certification is an important 
requirement in the agrifood sector, as it assures the 
consumer the conformity and authenticity of products 
and allows establishing a bond of trust and fidelity 
in the acquisition of products of proven quality. The 
characterization of an olive oil increases the added value 
of the product and promotes its commercialization in both 
domestic and foreign markets (POULIAREKOU et al., 
2011). Although the commercial production of olive oils 
in Brazil is still recent, the construction of databases on 
the composition of the products needs to be carried out in 
order to support future demands for indication of origin 
(IO) or designation of origin (DO).

Fruit constituents 
The olive tree (Olea europaea L.) is a dicotyledonous 

angiosperm plant of the Oleaceae family, of arboreal size 
and native to temperate regions, characterized by two 
seasons: one cold and wet, in which the plant reaches 
dormancy, and the other hot and dry, when fruiting occurs. 
The olive tree fruit is a drupe spherical or elliptical in 
shape, varying in size and weight (2 to 20 g) (even on 
the same tree) and dependent on the cultivar, fruit load, 
pedoclimatic conditions, and agricultural practices. 
Anatomically, olives consist of three parts: skin or peel, 
called epicarp (1.0-3.0% of the drupe weight), pulp or 
flesh, also called mesocarp (70-80% of whole fruits), and 
the stone, called woody endocarp (18-22% of the fruit 
weight) (BIANCHI, 2003).

Fruit ripening is accompanied by a change in the 
epicarp color from green to purple (Figure 1), which 
is related to a progressive decrease in the content of 
chlorophylls and carotenoids, followed by increase in the 
content of anthocyanins as the fruit matures (BIANCHI, 
2003; LANZA e DI SERIO, 2015; SERVILI et al., 2016).

Figure 1. Changes in the olive color during ripening (Source: Filoda, P.F).
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 The epicarp cells are covered by a cuticle 
composed of cutin (a polymer almost impermeable to 
water) and waxes that can be intracuticular or present 
on the fruit surface and protect internal tissues from 
mechanical damage and from the attack of fungi and 
insects. The mesocarp makes up most of the olives and 
together with the skin, represent the edible portion of 
olives. Depending on the cultivar and maturation level, 
its composition is comprised of mainly water (70-75%) 
and lipids (14-30%) (SERVILI et al., 2016).

 The lipid fraction of olives, located mainly in 
the mesocarp, includes triglycerides, phospholipids, and 
waxes. In general, table olives have lower oil contents, 
since high levels of this fraction tend to impair the 
consistency and conservation of the processed fruit 
(BIANCHI, 2003). Triglyceride content increases with 
fruit growth and maturation. The fatty acid profile of 
lipids present in olives is composed of oleic acid (18: 1) 
as the major fatty acid, followed by palmitic acid (16: 0), 
linoleic acid (18: 2), palmitoleic acid (16: 1), stearic acid 
(18: 0), and linolenic acid (18: 3), in addition to other 
minorities whose abundance does not reach 1% of the 
total fraction (GÓMEZ-RICO et al., 2009; INGLESE et 
al., 2011; RALLO et al., 2018). Olives also have organic 
acids such as oxalic, succinic, malic, and citric acids (1.2-
2.1% of the dry pulp) (SERVILI et al., 2016).

 The sugar content decreases during fruit 
maturation. The main soluble sugars in olives are glucose, 
fructose, sucrose, and mannitol, although other sugars, 
such as galactose, mannose, sorbitol, xylose, and rhamnose 
are also found as structural and reserve components 
(DROSSOPOULOS; NIAVIS, 1988; BIANCHI, 2003; 
TAIZ et al., 2017; RALLO et al., 2018). Sugars are related 
to textural properties (important components of the cell 
wall, polymerized in the form of pectins and cellulose), 
in addition to being precursors of oil biosynthesis and 
providing energy for metabolic changes (MARSILIO et 
al., 2001; RALLO et al., 2018).

 The aspects considered when determining the 
ideal harvest time include  maximization of the fruit size 
and oil production and quality within a context of efficient 
orchard management (RALLO et al., 2018). Usually, 
late fruit harvest results in oils with lower concentration 
of phenolic compounds and less pronounced aromatic 
profile (SALVADOR et al., 2001; SERVILI et al., 2015). 
For example, the contents of the phenolic compound 
hydroxytyrosol and the volatile organic compound trans-
2-hexenal (responsible for fruity aroma and green notes) 
in olive oils obtained from more ripe fruits are lower 
than those obtained from less ripe fruits (BAJOUB; 
CARRASCO-PANCORBO et al., 2015; ROMERO et 
al., 2016). Therefore, olive growers start harvesting 
earlier in order to obtain high quality olive oils; however, 
green olives have characteristics that affect technological 
and rheological properties, in addition to obtaining low 

oil yield (AGUILERA et al., 2010). Thus, the time for 
harvesting olives influences characteristics of bitterness, 
pungency, and oxidative stability of olive oils, and 
consequently the acceptance of the product by consumers 
(DAG et al., 2011).

Olive oil production
Unlike most vegetable oils, olive oil is obtained 

through mechanical extraction (ANGEROSA et al., 
2006). Brazilian legislation defines olive oil as the 
product obtained only from olive tree fruits, excluding 
oils obtained through solvent extraction or re-esterification 
processes and/or any mixture of other oils (BRASIL, 
2005). According to Normative Instruction No. 1 of the 
Ministry of Agriculture, Livestock, and Supply (MAPA), 
olive oil and olive-pomace oil are categorized according 
to their identity requirements such as raw material and 
processes used for obtaining olive oil, and the quality 
requirements defined in terms of the percentage of 
free acidity, peroxide indexes, and specific extinction 
coefficient in the ultraviolet spectrum. Thus, olive oil 
and olive-pomace oil can be classified into the following 
groups and types: Virgin olive oil, Olive oil, Refined 
olive oil, Olive-pomace oil, and Refined olive-pomace 
oil (BRASIL, 2012). Virgin olive oil is further classified 
into three types: extra virgin, virgin, and lampante, which 
is dependent on the quality parameters of free acidity, 
peroxide index, and specific extinction coefficient in the 
ultraviolet spectrum (BRASIL, 2012).

 The production of olive oil involves a series of 
stages ranging from the harvest of olives to oil storage. 
In this process, some of the main stages of the industrial 
process for obtaining the different types of olive oil are 
illustrated in Figure 2. Dashed arrows indicate stages 
of mixtures between the oils that may occur during the 
process to obtain the final product.
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Figure 2. Flowchart showing the processes for obtaining olive oil of different categories (Source: Filoda, P.F).

 Once harvested, whether using manual or 
mechanical methods, olives must be placed in ventilated 
boxes for transport from the field to the oil press. Olives 
should be processed as quickly as possible, usually within 
24 hours after harvest in order to limit oxidation and 
biochemical changes. Then, olives are selected for quality, 
rinsed in running water and weighed to be submitted 
to crushing and malaxation stages (EPAMIG, 2006; 
SOUILEM et al., 2017).

 The crushing of olives using mechanical hammer 
crushers is a process used to break the fruit tissues and 
release the oil contained within the cells. The crushing 
step is followed by malaxation, an operation that consists 
of slowly stirring the olive paste obtained to increase the 
crushing effect, making the paste uniform and breaking 
the oil/water emulsion, so that oil drops come together 
to form bigger drops. The malaxation step is carried out 
in cylindrical mixers (thermomixers), with blades inside 
that rotate and mix the paste and exert, in a certain way, a 
scissor effect that cuts the formed paste, considered one 
of the most crucial stages of the oil extraction process, 
in which temperature and duration parameters are very 
influential in the quality and composition of the oil 
obtained (KAPELLAKIS et al., 2008). At the end of 
the process, the olive paste derived from the previously 
mentioned operations, consists of a solid fraction (pomace) 
and a liquid fraction (oily wort composed of oil and 
water). The main objective of the remaining stages of the 
extraction process is the adequate and efficient separation 

of these phases in order to achieve the greatest possible 
recovery of the oily phase (BAJOUB, 2016).

 For the separation of solid-liquid mixtures, agro-
industries commonly use decanter-type centrifuges, where 
due to the different densities, the high centrifugal forces 
separate the finely distributed solid particles from the 
suspension. In this process, a rotating screw conveyor 
continuously conducts the solid to the discharge. The 
liquid phase (s) flow (s) along the screw conveyor. 
Decanter centrifuges are the most modern and widely 
used method for phase separation (BAJOUB, 2016).

 Two-phase and three-phase decanter systems 
differ mainly in water requirements during the process. 
Thus, when water is added to the paste to facilitate the 
extraction process, the system is called three-phase, 
whereas when oil is centrifuged without adding water, the 
process is described as two-phase. In a continuous three-
phase system, three products are generated: oil, pomace, 
and wastewater. However, the oil fraction obtained still 
contains water droplets in the emulsion and insoluble 
solids in the dispersion, and therefore must be submitted 
to a vertical centrifuge where oil separation and cleaning 
occurs. In this process, large amounts of wastewater are 
generated. Although the two-phase system provides two 
final flows (oil and olive pomace), wastewater continues 
to be eliminated, but together with the solid portion 
(MORAL; MÉNDEZ, 2006).

Rev. Bras. Frutic., Jaboticabal, 2021, v. 43, n. 3  (e-847)                                                                      



6 P. F. Filoda et al.

Filtration is the final stage of olive oil processing, 
which can be carried out using diatomaceous earth or 
cellulose to remove suspended solids, as well as moisture 
before bottling and storage of the final product. Olive 
oil oxidation, which can start during processing, can 
be accelerated during the storage stage by exposure to 
air, heat, light, and metals. Thus, to avoid this problem, 
olive oil must be stored in dark containers (to prevent 
exposure to light and oxygen), and kept at about 15-18 
°C (BAJOUB, 2016).

Residues obtained from the olive oil extraction 
process comprise the aqueous residue, composed of water 
used during the extraction process, in addition to water 
contained in fruits and water used to wash them and 
the solid residue, called pomace, composed of pulp and 
epicarp, parts of the crushed stone and water. Extraction 
industries seek to invest in alternatives that enable the use 
of residues, such as composting and mineral fertilization, 
herbicide, animal nutrition, use of dry pomace for energy 
generation, and food applications (MEDEIROS et al., 
2016).

Due to the costs of olive oil cultivation, harvesting, 
and extraction processes, in addition to having higher 
concentration of antioxidant compounds than other oils 
and exclusive sensory characteristics, olive oil has high 
market value among vegetable oils, being frequent target 
of adulteration. In view of the fact that food adulterations 
often involve replacing high-cost ingredients with cheaper 
substitutes, fraud involving olive oil by adding other 
types of vegetable oils of lesser commercial value and of 
similar composition becomes a major problem both for 
the industry and for the health of consumers (FLORES et 
al., 2006; VLACHOS et al., 2006).

Quality parameters
Brazilian legislation has implemented quality 

and identity criteria for vegetable oils established by 
the International Olive Council (IOC) and the Codex 
Alimentarius Commission (BRASIL, 2005). IOC is an 
international agency that regulates olive oil by defining 
quality standards and monitoring authenticity. According 
to this agency, traditional methods used for detecting 
adulteration in edible oils include mainly sensory 
evaluation, chromatography, mass spectrometry, and 
nuclear magnetic resonance (IOC, 2013). However, 
although knowledge about the sensory profile of olive 
oils is relevant to distinguish the quality of products, 
Brazilian legislation does not require the performance of 
sensory analysis.

The quality and authenticity of olive oils can be 
assessed from parameters of free acidity, peroxide index, 
and specific extinction coefficients, as well as from the 
composition of fatty acids, sterols, stigmastadienes, 
and waxes (BRAZIL, 2012). These parameters can 
be influenced by factors such as maturation, storage, 
enzymatic action, olive quality, olive oil production 
system, degree of refining, and purity (BRASIL, 2005; 
DA SILVA et al., 2012).

The acidity of olive oils comes from the action 
of lipases that hydrolyze triacylglycerols, releasing 
fatty acids. The peroxide index measures the degree of 
oil oxidation, which increases as unsaturated and free 
fatty acids react with oxygen. Extinction coefficients 
indicate whether the product comes from good quality 
raw materials and whether the processing conditions 
were adequate, since this analysis verify the presence 
of carbonyl compounds (secondary oxidation stage) and 
conjugated trienes formed during the clarification stage 
by oxidation and dehydration of epoxides derived from 
unsaturated fatty acids (ANGEROSA et al., 2006; AUED-
PIMENTEL et al., 2008).

Olive oil composition
In general, olive oil is basically composed 

of two fractions: the saponifiable fraction and the 
unsaponifiable fraction. The saponifiable fraction 
represents approximately 98% of the total oil weight, 
which is mainly composed of triacylglycerols (fatty acids 
esterified in glycerol) and other minor components, such 
as free fatty acids, phospholipids, waxes, and esters of 
sterols. The unsaponifiable fraction, which represents 
approximately 2% of the total oil weight, comprises 
a complex set of compounds belonging to chemical 
families such as aliphatic and triterpene alcohols, sterols, 
hydrocarbons, phenolic compounds, pigments, and 
volatile components (SERVILI et al., 2004; DABBOU 
et al., 2009). These groups of compounds from the 
unsaponifiable fraction are essential in the taste and 
oxidative stability of olive oils and there is evidence of 
the beneficial health properties provided by some of these 
olive oil components, including vitamin E, pigments, 
phytosterols, and phenolic compounds (BAJOUB; 
CARRASCO-PANCORBO et al., 2015).

Olive oil is distinguished from other oils due to its 
high content of monounsaturated fatty acids, with oleic 
acid (C18: 1 Δ9) being the most abundant, representing 
55 to 83% of total fatty acids (AL-BACHIR; SAHLOUL, 
2017). Linoleic (C18: 2 Δ9,12) and linolenic (C18: 3 
Δ9,12,15) polyunsaturated acids represent 3 to 21% and 
less than 1%, respectively, of the total olive oil fatty acid 
composition (BRASIL, 2005; MAGGIO et al., 2009; DA 
SILVEIRA et al., 2017). In addition, olive oil is a product 
that contains considerable amounts of saturated fatty 
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acids in its composition, especially palmitic acid, which 
can represent up to 20% of the total olive oil fatty acid 
composition. Table 1 shows the fatty acid composition of 
extra virgin olive oils, established by IOC and adopted 
by Brazilian legislation. However, a certain difference 

between limits for myristic (less than or equal to 0.05) 
and linoleic (3.5 to 21.0) fatty acids established in Brazil 
is verified in relation to IOC limits, where the amount of 
myristic acid must be less or equal to 0.03 and for linoleic 
acid, the limit is 2.5-21.0.

Table 1. General composition of extra virgin olive oil fatty acids 
Fatty Acids Established limits (%) 

C 14:0 – Myristic Less than or equal to 0.03
C 16:0 – Palmitic 7.5-20

C 16:1 – Palmitoleic 0.3-3.5
C 17:0 – Margaric Less than or equal to 0.3

C 17:1 – cis-10-Heptadecanoic Less than or equal to 0.3
C 18:0 – Stearic 0.5-5.0
C 18:1 – Oleic 55.0-83.0

C 18:2 – Linoleic 2.5-21.0
C 18:3 – Linolenic Less than or equal to 1.0

C 20:0 – Arachidonic Less than or equal to 0.6
C 20:1 – cis-11- Eicoseneic Less than or equal to 0.4

C 22:0 – Behenic Less than or equal to 0.2
C 24:0 – Lignoceric Less than or equal to 0.2

Source: IOC, 2013

Olive oil composition can vary depending on 
cultivar, latitude, agricultural techniques adopted, 
maturation level of olives at harvest, olive oil extraction 
system and storage conditions (ROMERO et al., 2016). 
The authenticity of the product and the distinction of oils 
from different cultivars and geographical origins can be 
performed based on the fatty acid profile (YOUSSEF et 
al., 2011; BAJOUB; CARRASCO-PANCORBO et al., 
2015; BORGES et al., 2017).

In Brazil, due to the recent olive oil production, little 
is known about the composition of local products. Studies 
on the composition of Brazilian olive oils began in 2010, 
when the physicochemical characteristics of different olive 
cultivars cultivated in the municipality of Maria da Fé 
(MG) were evaluated, with the first oils extracted from the 
region being classified as extra virgin (DE OLIVEIRA et 
al., 2010). Subsequently, olive oils extracted from cultivars 
JB1, Ascolano 315, Negroa, 0025 and 0004 cultivated 
on the Epamig experimental farm, in the municipality 
of Maria da Fé (MG), were evaluated for characteristics 
of acidity index, iodine, saponification, peroxides and 
fatty acid profile. ‘Negroa’ and ‘JB1’ showed the highest 
productivity and the best acidity, saponification, peroxides 
and iodine rates. In addition, all cultivars showed fatty acid 
levels within expected limits (CARDOSO et al., 2010). 
Olive oils from ‘Arbequina’ grown in southern Brazil, 
in the municipalities of Caçapava do Sul and Cachoeira 
do Sul, were evaluated in terms of physicochemical 
parameters and fatty acid profile. The results of analyses 
met the required standards, classifying oils as extra virgin 
(MELLO; PINHEIRO, 2012).

Ballus et al. (2014) evaluated the profile of 
phenolic compounds, tocopherols and fatty acids from 
17 monovarietal olive oils produced at the Maria da 
Fé (MG) experimental station. Ballus et al. (2015) also 
evaluated the profile of phenolic compounds of cultivars 
Arbequina, Grappolo, Koroneiki, and Manzanilha grown 
in Dom Pedrito and ‘Arbequina’, ‘Coratina’, ‘Frantoio’ 
and ‘Koroneiki’ grown in Pelotas. In all cases, it was 
observed that these oils had high quantity and diversity 
of phenolic compounds.

The production and yield of olive oils from cultivars 
Arbequina, Arbosana, and Koroneiki in four locations in 
Santa Catarina were evaluated in order to obtain more 
information about the production potential of the crop 
in that region. In general, cultivars showed good fruit 
productivity and satisfactory olive oil yield, particularly 
cultivar Koroneiki (DA CROCE et al., 2016). In a previous 
study, the physicochemical characteristics of olive oils 
produced in experimental units of Santa Catarina were 
evaluated, and the authors reported that ‘Koroneiki’, 
‘Arbequina’, and ‘Arbosana’ were adapted to the local 
edaphic and climatic conditions and were able to produce 
high-quality olive oils, according to chemical quality 
parameters required by IOC (DA CROCE et al., 2012).
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The composition of Brazilian oils was also 
evaluated by Bruscato et al. (2017), who determined the 
levels of tocopherols, pigments, phenolic compounds, and 
fatty acids in olive oils produced at the “Embrapa Clima 
Temperado” (RS) research station. The composition of 
olive oils from cultivar Arbequina produced in Pelotas-
RS and Maria da Fé-MG was also evaluated in order 
to compare it with that of oils from the same cultivar 
produced in Spain (BORGES et al., 2017). More recently, 
the volatile profile and organoleptic characteristics of 
olive oils from cultivars Arbequina, Arbosana, Coratina, 
Grappolo, and Koroneiki produced in Minas Gerais, São 
Paulo, and Paraná were evaluated (ZAGO et al., 2019). 
Crizel et al. (2020), demonstrated that harvest and cultivar 
influence the chemical composition related to the quality 
of oils produced in Pinheiro Machado, RS.

Among the classes of compounds found in olive 
oils, phospholipids, found in small amounts in olive 
oil (usually <150 mg / kg), act as antioxidants in olive 
oils (KOIDIS; BOSKOU, 2006; ALVES et al., 2016). 
Olive oils, in general, contain virtually no wax in their 
composition because they are extracted via mechanical 
processing. Thus, the presence of waxes can be indicative 
of fraudulent mixtures containing vegetable oils, since 
waxes are dissolved in solvents used during the process of 
extracting oils from other sources (MAILER et al., 2010).

Olive oil also has α-tocopherol, a vitamin E 
component with antioxidant activity, which contributes to 
the oil stability and provides health benefits. α-tocopherol 
levels between 117.47 and 325.00 mg kg-1 have been 
reported in olive oils from six cultivars produced in 
southern Brazil in the 2017 and 2018 harvests (CRIZEL 
et al., 2020). The percentage of tocopherols is strongly 
influenced by climatic factors, agricultural management, 
maturation level, and cultivar (SERVILI et al., 2009; EL 
RIACHY et al., 2011; RALLO et al., 2018).

Among pigments responsible for color in olive 
oil, chlorophylls contribute to the green color while 
carotenoids to the yellow-orange color. Carotenoids 
also promote immunological, endocrine and metabolic 
benefits due to their pro-vitamin A activity. The content 
of carotenoids in olive oil depends on storage period 
and conditions as they are susceptible to degradation by 
exposure to light and high temperatures (RALLO et al., 
2018). Monovarietal olive oils obtained in southern Brazil 
showed pigment levels varying according to cultivar and 
year of harvest, with carotenoid content between 3.80 and 
31.0 mg kg-1 and chlorophyll content between 0.1 and 7.2 
mg kg-¹ (CRIZEL et al., 2020).

Phenolic compounds are minor constituents 
in olives comprising 1-3% of the fresh pulp weight. 
Synthesized by plants during growth and development 
in part due to responses to stressors, phenolics can act 
as antimicrobials, photoprotectors, visual attractants, 
as a defense against herbivores and pathogens, and 
as instruments of communication between plants 
and between plants and the environment (NACZK; 
SHAHIDI, 2004; KARBAN, 2008). The main class of 
specialized metabolites typical of the Oleaceae family is 
represented by secoiridoids, a group of monoterpenoids 
with a cleaved methylcyclopentane skeleton, the most 
abundant representatives being oleuropein and ligstroside 
derivatives (Figure 3) (RYAN; ROBARDS, 1998; 
ALAGNA et al., 2012).

The class of phenolic constituents influences the 
nutritional and sensory quality of olive oils, contributing 
with bitterness, astringency, and pungency. In addition, 
phenolic compounds present in olive oils prevent lipid 
oxidation, making the product more stable and with a 
longer shelf life (SERVILI et al., 2009; DAĞDELEN et 
al., 2013; BAJOUB; CARRASCO-PANCORBO et al., 
2015). Many of these phenolic compounds also have to 
beneficial effects on human health, with antioxidant, anti-
inflammatory, and antimicrobial properties, among others 
(CARRASCO-PANCORBO et al., 2005; MEDINA et al., 
2006; CICERALE et al., 2012).

The phenolic fraction of olive oils consists of 
a heterogeneous mixture of compounds belonging to 
several families with different chemical structures. These 
compounds belong to five main classes: (i) phenolic acids 
(e.g., caffeic and syringic acids), (ii) phenolic alcohols 
(e.g., hydroxytyrosol and tyrosol), (iii) flavonoids (e.g., 
luteolin and apigenin), (iv) secoiridoids (e.g., oleuropein 
and ligstroside) and (v) lignans (e.g., pinoresinol and 
1-acetoxypinoresinol) (SERVILI et al., 2009; EL RIACHY 
et al., 2011; BAJOUB; CARRASCO-PANCORBO et al., 
2015).
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Figure 3. Examples of secoiridoids and phenolic alcohols commonly found in olive oils.

The main phenolic alcohols in olive oils are 
hydroxytyrosol, also known as 3,4-dihydroxyphenyl 
ethanol (3,4-DHPEA) and tyrosol (also known as 
p-hydroxyphenyl ethanol or p-HPEA). These alcohols 
are present at low concentrations in fresh oils, but 
concentrations increase over the storage period as a result 
of the hydrolysis of secoiridoids (BRENES et al., 2001; 
EL RIACHY et al., 2011). During olive oil extraction, 
oleuropein and ligstroside are enzymatically hydrolyzed 
to dialdehyde (3,4-DHPEA-EDA, p-HPEAEDA) and 
aldehyde carboxymethyl (3,4-DHPEA-EA and p-HPEA-
EA, respectively from oleuropein and ligstroside). Its 
concentration in olive oil varies considerably according 
to the management practices adopted, maturation level, 
geographical region, and oil extraction conditions 
(MALHEIRO et al., 2015). Table 2 shows the levels 
of phenolic compounds so far found in Brazilian 
monovarietal olive oils. Among identified compounds, 
phenolic alcohols appear as the most abundant group of 
phenolic compounds among analyzed samples, followed 
by secoiridoids and flavonoids. Higher levels of coumaric, 
vanillic, and syringic acids, in addition to compounds 
such as hydroxytyrosol and luteolin, seem to characterize 
oils from cultivar Arbequina. In addition, regardless of 
cultivar, compounds such as oleuropein aglycone and 
oleacin are among the most abundant secoiridoids found 
in olive oils (CRIZEL et al., 2020).

The phenolic composition of olive oils is stron-
gly affected by growing conditions (cultivar, production 
region, planting density, nutrition, water supply, abiotic 
stresses, among others) and by technological produc-
tion conditions (CRIADO et al., 2004; RANALLI et al., 
2005; SERVILI et al., 2007; TURA et al., 2007). Within 
this context, olive oils obtained from orchards without 
irrigation showed higher levels of phenolic compounds 
compared to irrigated orchards. Nitrogen-rich fertiliza-
tion seems to reduce the phenolic content. In both cases, 
regulation of the phenolic composition is influenced by 
the activity of the phenylalanine ammonia lyase enzyme 
(PAL) (ROMERO et al., 2016).

Both non-targeted metabolomic analysis and the 
targeted assessment of the phenolic compound profile 
have been used to differentiate oils from different culti-
vars and to reveal discriminating characteristics between 
oils from different geographical origins and therefore 
can be used as markers to prove the authenticity of olive 
oils (DABBOU et al., 2009; BAJOUB, 2016; KALO-
GIOURI et al., 2016).
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Volatile organic compounds (VOC)
Regular consumption of virgin olive oil is 

associated with health benefits; in addition, this type of 
product is appreciated all over the world for its flavor and 
aroma, characterized by the presence of various volatile 
organic compounds (VOCs) from different chemical 
classes (CECCHI; ALFEI, 2013). Both positive attributes 
and sensory defects in olive oils can be associated with 
volatile compounds. The absence of sensory defects is 
necessary for the product to be classified as extra virgin 
olive oil (ANGEROSA et al., 1999).

The sensory quality of olive oils is largely related 
to the perception of aroma, flavor and color, decisively 
influencing recognition, selection, and acceptability of 
this type of product by consumers. The perception of 
aroma in olive oils is the result of a complex sensory 
interaction between compounds responsible for flavor 
and aroma and human olfactory and taste receptors 
(BOSKOU, 2012). Non-volatile components, particularly 
phenolic compounds, stimulate taste receptors and the free 
endings of trigeminal nerves, stimulating the perception 
of bitterness, pungency, and astringency, characteristics 
considered positive attributes in olive oil (SERVILI et al., 
2004; BENDINI et al., 2007).

Aroma is related to a complex mixture of volatile 
compounds, which also stimulate the olfactory receptors, 
providing positive or negative attributes to the oil. The 
peculiar flavor and aroma of olive oils are characterized 
by a balance between green, fruity, bitter and pungent 
sensory notes, which provide both the green character and 
the impression of freshness (APARICIO; LUNA, 2002; 
AKACHA; GARGOURI, 2009).

VOCs described in literature as aroma components 
of olive oils are compounds of low molecular weight (<300 
Da) and of different chemical nature, being present at very 
low concentrations. Such compounds, often fat-soluble 
and capable of binding to proteins (membrane receptors), 
volatilize at room temperature, so that, when they reach 
olfactory receptors, they promote an odor sensation 
(ANGEROSA et al., 2004; CECCHI; ALFEI, 2013).

VOCs responsible for the aroma of olive oils 
are derived from the action of lipoxygenase (LOX) on 
unsaturated fatty acids. Some of the volatile compounds 
found in olive oils are present in the intact tissue of 
olives, while others are formed during the disruption of 
the cell structure during oil processing due to enzymatic 
reactions in the presence of oxygen. The main precursors 
of volatile compounds are fatty acids (particularly linoleic 
and linolenic) and amino acids (leucine, isoleucine, and 
valine) (LUNA et al., 2006). Valine and leucine can be 
converted into volatile compounds such as esters and 
branched alcohols (KALUA et al., 2007).

During oil extraction, in the crushing stage, olive 
tissues are broken and enzymes are released and end up 
hydrolyzing triglycerides and phospholipids, releasing free 
fatty acids. These fatty acids are then oxidized by LOX 
to form hydroperoxides (9 and 13-hydroperoxides). The 
generated hydroperoxides are subsequently cleaved by 
hydroperoxide lyases, leading to the formation of short-
chain aldehydes such as hexanal, cis-hexenal and trans-
hexenal (Figure 4) (ANGEROSA et al., 2004; CECCHI; 
ALFEI, 2013).

Six-carbon aldehydes are unstable and, 
spontaneously or by enzymatic action, are reduced to 
alcohols by alcohol dehydrogenase enzymes. These 
six-carbon alcohols can then be esterified by the activity 
of alcohol acyltransferase (DUDAREVA et al., 2006; 
AKACHA; GARGOURI, 2009).

The most abundant compounds that favorably 
contribute to the aroma of olive oils are aldehydes and 
alcohols originating from the action of LOX, so that 
compounds such as aldehydes and alcohols with five and 
six carbons formed from 13-hydroxyperoxides of linoleic 
and linolenic acids (e.g., hexanal, cis / trans-hexenal, 
hexanol, hexenol, acetate esters, pentenol), generally 
comprise 60-80% of the total volatile compounds and 
contribute to the green odor and astringency of virgin olive 
oils and are associated with some of the positive attributes: 
“Pungent-sweet-floral”, “floral”, “apple-green”, “grass”, 
and “citrus” (APARICIO; LUNA, 2002; POULIAREKOU 
et al., 2011).

Compounds formed by fermentation of sugars or 
transformations of amino acids by exogenous enzymes 
(usually of microbial activity) and oxidative processes 
provide negative sensory characteristics compromising 
the olive oil quality (APARICIO; LUNA, 2002; KALUA 
et al., 2007; PROCIDA et al., 2016). Volatile components 
such as monounsaturated aldehydes (7 to 11 carbons), 
dienes (6 to 10 carbons), branched aldehydes (5 carbons), 
and alcohols or some ketones (8 carbons) can reach 
relatively high concentrations in oils and are characterized 
as “off-flavors”, that is, volatiles that confer sensory 
defects or strange flavors (APARICIO; LUNA, 2002; 
RALLO et al., 2018).
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The contribution of VOCs to the global aroma of 
olive oils depends not only on their concentration, but 
also on their sensory threshold values (ANGEROSA et 
al., 2004; KALUA et al., 2005). In addition, antagonism 
and / or synergism between different molecules can occur 
and affect the final flavor of olive oils. Chemical aspects 
of molecules (volatility, hydrophobic character, size, 
shape, and conformational structure) and the type and 
position of functional groups affect the sensory threshold 
value and, therefore, odor and taste intensity. All these 
aspects contribute to favor the interaction with receptor 
proteins and, for this reason, the sensory threshold is 
more important than its concentration. Thus, highly 
concentrated VOCs are not necessarily the main odor 
contributors (ANGEROSA et al., 2004; POULIAREKOU 
et al., 2011).

The qualitative and quantitative composition of 
VOCs is strongly dependent on the levels and activity 
of enzymes involved in the biosynthetic pathway. The 
production of metabolites also changes in relation to the 
maturation level, geographic region, and conditions used 
during olive oil extraction and processing. The content of 
each volatile compound from the LOX pathway presents 
a different evolution pattern in relation to the extent of 
fruit pigmentation; in addition, fruits of different cultivars 
grown under the same environmental conditions lead to 
different volatile compound profiles, as well as fruits of 
the same cultivar produced in different geographic regions 
(ANGEROSA et al., 1999; KALUA et al., 2007).

Table 3 shows volatile compounds identified in 
olive oils obtained from cultivar Arbequina produced 
in different states of Brazil (Minas Gerais, São Paulo, 
and Paraná) (ZAGO et al., 2019). Thus, it is possible to 
verify the effect of the environment on the performance 
of the same cultivar, since the profile and abundance of 
volatile compounds varied according to the environmental 
conditions characteristic of each region. In addition to 
the influence on the sensory characteristics and flavor 
profile of olive oils, VOCs can potentially authenticate 
the geographical origin of this type of product in order to 
identify markers of geographical or cultivar origin.

Figure 4. Route for the formation of the main volatile compounds in olive oil and enzymes involved (Source: 
Adapted from Angerosa et al. (2004)).
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Table 3. Volatile compounds (mg kg-1 of olive oil) identified among Brazilian oils from cultivar Arbequina grown in 
Minas Gerais (MG), São Paulo (SP) and Paraná (PR) *

Compounds Contribution to aroma Arbequina 
(MG)

Arbequina 
(SP)

Arbequina 
(PR)

Aldehydes     
2-Methyl butanal malted 2.10 1.00 2.09
3-Methyl butanal malted 1.10 1.10 2.00

cis-3-Hexenal green / leaf 3.76 2.16 1.23
trans-2-Hexenal green / green apple / bitter almond 184.17 225.07 184.20
trans-2-Pentenal green / apple / bitter almond 2.65 2.79 --

Hexanal green / green apple 17.45 8.53 10.19
Nonanal fat / wax / pungent 2.10 -- 0.95

Total aldehydes  213.33 240.66 200.66
Ketones     
3-Pentanone sweet 9.23 5.34 3.47

1-Penten-3-one green 9.14 13.22 8.20
Total ketones  18.37 18.56 11.67
Alcohols     

trans-2-Hexen-1-ol green / leaves 17.36 7.54 5.89
2-Penten-1-ol  banana 0.49 1.33 0.48
Ethyl alcohol alcohol 1.07 -- --
Total alcohols 18.93 8.87 6.36

Carboxylic acids     
Propanoic acid pungent / sour 1.33 -- --

Acetic acid sour / vinegar 40.55 10.99 5.38
Total carboxylic acids  41.88 10.99 5.38

* Zago et al. (2019)

In Brazil, sensory analysis is among assessments 
listed in Normative Instruction No. 01/2012 of MAPA, 
which establishes identity and quality standards for olive 
oil. However, the legislation does not require producers 
to assess the sensory characteristics of their products. 
In addition to the need for a permanent team of trained 
panelists, panel testing is an expensive and slow procedure, 
which is not always available to small and medium-size 
companies (ROMERO et al., 2015). In addition, only 
laboratories accredited by IOC are able to carry out such an 
analysis, and in Latin America, only Argentina and Chile 
have accredited laboratories. The proposal of validating 
sensory analysis methods independently, similar to what 
has been performed for other foods, is a research priority 
to be considered.

The international method for the organoleptic 
assessment of olive oils, proposed by IOC, is based on the 
intensity of defects and attributes perceived by a group of 
selected and trained panelists. The main positive attributes 
are fruity, bitter, and pungent, while defects include old, 
mold, wine, acid, rancid, among others. According to the 
detection and intensity of these sensory defects, olive oils 
are classified into extra virgin, virgin, ordinary or lampante 
categories (IOOC, 2013).

 In addition to sensory analysis, many analytical 
procedures have been used to isolate, identify, and 
quantify volatile compounds that characterize the aroma 
of olive oils. The most common analytical method used 
for the extraction of volatile compounds is solid phase 
microextraction (SPME). It is a sample preparation 
technique in which volatile components are adsorbed 
in a polymeric matrix and later desorbed in the gas 
chromatography system coupled to flame ionization 
detector (FID) or mass spectrometry (ANGEROSA et al., 
2004; TEMIME et al., 2006).
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The solid phase consists of a fine fused silica fiber 
covered with polymeric material used as stationary phase 
in which volatile substances are adsorbed. Fibers with 
different coatings are available, depending on the type of 
matrix to be analyzed. In the case of olive oil samples, 
the best extraction efficiency is obtained by using fibers 
with coating material composed of three types of material, 
Divinylbenzene / Carboxen / Polydimethylsiloxane (DVB 
/ CAR / PDMS) (CAVALLI et al., 2003; ANGEROSA 
et al., 2004). For the collection of volatile compounds, 
the method consists of exposing, for a determined period 
(equilibrium time), the fiber to the vapor phase (headspace) 
in equilibrium with the sample contained in a temperature-
controlled flask, sealed with a perforable septum, and 
under stirring, as illustrated in Figure 5. Thus, substances 
are concentrated and adsorbed on the fiber, being directly 
desorbed on the gas chromatograph injector (ANGEROSA 
et al., 2004).

Olive oil is a complex matrix, containing volatile 
compounds of different chemical classes, with different 
physicochemical properties, such as volatility and polarity. 
Thus, it is expected that these different compounds have 
different equilibrium times. As the SPME technique 
is a multiphase equilibrium process, the tendency is a 
progressive enrichment of less volatile compounds with 
the increase in equilibrium time (CUI et al., 2009). It 
is expected that the combination of data from sensory 
analysis and those from organic volatile compounds would 
allow distinguishing cultivars and collection sites in order 
to be used as a distinctive sign for products.

Concluding remarks
 
The production of olive trees in Brazil is recent 

(mid-2003) and the knowledge about the crop is based 
on the performance of cultivars in traditional cultivation 
regions (Mediterranean Basin). However, it is necessary 
to generate knowledge from actual cultivation conditions, 
since different soils and climates found in different regions 
of Brazil provide different cultivation conditions and, 
consequently, different characteristics to olive oils. Thus, 
the measurements of olive oil quality variables can help 
determine the adaptability of cultivars to the local edaphic 
and climatic conditions, enabling producers to strengthen 
the identity of the products and adequately position them 
in the market.
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