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A B S T R A C T   

Background: Flavouring and fortifying virgin olive oils is an increasing commercial trend, aiming to meet new 
consumers’ preferences and provide new differentiated products. These practices usually positively impact the 
oils’ sensory profile and chemical composition, increasing their natural richness on bioactive compounds. 
However, some negative effects have also been reported. 
Scope and approach: This review provides a summary of common flavouring/fortification techniques as well as of 
the usual natural agents used. Co-extraction, contact and essential oils incorporation techniques are addressed. 
Usually, flavouring/fortification enhances desirable sensory sensations, and shelf-life, and promotes the incor
poration of bioactive compounds like antioxidants. Also, the excess of flavouring may promote the appearance of 
unpleasant sensory sensations and, in some cases, results in pro-oxidant activity. Fortification, in turn, involves 
the incorporation of extracts rich in bioactive compounds, contributing to the nutritional and healthy enrichment 
of the olive oil. However, fortification may also increase the oil’s turbidity and/or promote the appearance of 
unpleasant sensory sensations, resulting in a less appealing oil, hindering the consumers’ purchasing. 
Key findings and conclusions: Although traditional in the Mediterranean, olive oil flavouring or fortification may 
have positive/negative effects at chemical and sensory levels. This awareness is of paramount commercial 
importance and can be used as a decision-maker tool for olive oil producers. Thus, the advantages/disadvantages 
of the different methodologies are discussed, and some perspectives and possible future directions are proposed 
and briefly discussed.   

1. Introduction 

Olive (Olea europaea L.) growing has a strong implementation in the 
Mediterranean region, and, nowadays, this is an agronomic activity that 
has spread in the world, mainly in the geographical regions with a 
Mediterranean climate. In the regions where olive tree is the main crop, 
it plays an important role in the economy and landscape preservation, 
responsible for an outstanding industrial, environmental, gastronomic 
and cultural heritage (Kandylis et al., 2011). Olive fruits are mainly 
produced for olive oil extraction; nevertheless, table olives have a lower 
but relevant expression. Olive oil is a key element of the Mediterranean 
diet, which popularity has spread worldwide due to the recognized 
positive effects on consumers’ well-being and health (Mariotti & Peri, 
2014). Indeed, in recent years, the consumption of olive oil has 
increased, not only in traditionally consuming countries but also in 
countries where its consumption was residual. 

Virgin olive oil is extracted from freshly harvested healthy fruits, 
using mechanical processes (milling, malaxation, centrifugation) that 

allow the preservation of chemical and sensory characteristics (Com
mission Regulation (EEC) Nº 2568/91). The benefits that come from 
olive oil consumption are related to its chemical composition. Olive oil 
comprises a high content of monounsaturated fatty acids, of which oleic 
acid stands as the most abundant; and a high amount of natural anti
oxidants, like phenolic compounds, tocopherols and carotenoids, which 
intake is beneficial to human health (Lolis, Badeka, & Kontominas, 
2020). Several studies demonstrate the healthy properties of olive oil, 
namely anti-cancer and cardiovascular, and the positive effects related 
to its consumption (Foscolou, Critselis, & Panagiotakos, 2018; Pichierri, 
Pino, Peluso, & Guido, 2020). However, to ensure an effective and 
positive health impact, olive oil must contain a minimum amount of 
some bioactive compounds like phenolics, as stipulated by the 
polyphenols-related health claim (European Commission Regulation 
(EU) No 432/2012, 2012). Furthermore, the olive oil must be suitable 
for human consumption. Only extra virgin and virgin olive oils comply 
with a set of quality parameters that guarantee the commercial category, 
which ensures a satisfactory oxidative stability, being delayed and/or 
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reduced the natural oxidation that takes place during the shelf-life of the 
olive oils. 

Shelf-life depends on several factors, and its reduction is associated 
with oxidation reactions that naturally occur during storage, making the 
olive oil unsuitable for consumption. Thus, all aspects that accelerate 
oxidation must be carefully considered so that the olive oil retains its 
exceptional physicochemical and sensory qualities, ensuring a long 
shelf-life. Olive oil shelf-life is greatly influenced by the oils composi
tion, which is affected by the olive variety, the agro-climatic conditions 
under which olives grow, the olives harvest time, the oils’ extraction 
conditions and the storage conditions (Lolis, Badeka, & Kontominas, 
2020). Thus, to ensure that virgin olive oils preserve their high quality 
for longer periods of time, it is necessary to control all aspects that can 
lead to their degradation, such as temperature, contact with oxygen, 
direct exposition to light, type of packing material, among other. 

On the other hand, the novel consumption trends that emerged in the 
last decades pointed out that consumers seek new sensory sensations 
and new forms of presentation, with a greater concern regarding health 
and well-being. That way, there has been a rediscovery of flavoured and 
fortified olive oils, not only those resulting from the incorporation of 
traditional aromas and flavours, but also with the inclusion of non- 
characteristic aromas or by using new flavouring processes. Tradi
tional flavours include those of plants and spices usually used by the 
Mediterranean cuisine, like garlic, pepper, rosemary and other aromatic 
plants/herbs. However, in the last years, olive oils flavoured with non- 
traditional agents, like cinnamon, chocolate, coffee, orange and to
mato, have emerged as a novel commercial trend. Flavoured olive oils 
are oils for which the used flavouring agent promoted a set of differ
entiated sensory characteristics. In fact, according to Baiano, Gamba
corta, and la Notte (2010), a flavoured oil can be defined as an “olive oil 
(generally an extra-virgin olive oil) that has been processed with vegetables, 
herbs, spices or other fruits in order to improve the nutritional value, enrich 
the sensory characteristics and increase shelf-life”. 

Some studies (Baiano et al., 2016; Benmoussa et al., 2016; Sousa 
et al., 2015) reported that flavoured/fortified olive oils are gaining 
relevance in the food industry, namely in the section of gourmet prod
ucts. This fact implies clear innovation strategies, including those 
associated with the level/type/form of the flavouring agents used, 
aiming to enhance the value of the olive oil and meet the consumer’s 
sensory requirements. Thus, the incorporation of spices, herbs, fruits, 
essential oils, or mushrooms is a traditional practice in Mediterranean 
gastronomy, allowing integrating bioactive compounds with known 
nutritional or health benefits. Indeed, the incorporation of flavouring 
agents (e.g., fresh or dried; powders or extracts) enhanced the oils’ 
antimicrobial, anticancer and antioxidant properties, contributing the 
latter to avoid or delay the undesirable natural oxidation of the olive oils 
(Caponio et al., 2016). 

The flavouring of virgin olive oils affects the physicochemical and 
sensory characteristics of the oils, and the effects can be either positive 
or negative (Bittencourt Fagundes et al., 2020; Gambacorta et al., 2007; 
Sousa et al., 2015). The most striking changes occur at the sensory level. 
The process may strengthen some typical positive sensations or lead to 
the appearance of new desirable feelings, related to the used flavouring 
agent, being sometimes easily perceived. On the other hand, flavouring 
can mask the presence/intensity of sensory defects, which is a fraudulent 
practice that can be used to change a low commercial classification of 
olive oil for a higher-value one (Bobiano et al., 2019). Regarding the 
oils’ chemical characteristics, flavouring can also influence the antiox
idant contents and enhance the shelf-life of the oils, since the incorpo
ration of antioxidant compounds from the flavouring agent can promote 
the oxidative stability and slow down the oxidation, in comparison with 
non-flavoured olive oils (Baiano, Terracone, Gambacorta, & Notte, 
2009; Bittencourt Fagundes et al., 2020; Reboredo-Rodríguez et al., 
2017). However, some studies also reported an opposite trend, i.e., a 
pro-oxidant negative effect due to the incorporation of flavouring 
agents, which could decrease the oxidative stability of the flavoured oils 

(Cherif, Rodrigues, Veloso, Zaghdoudi, et al., 2021). 
Commonly, three techniques are used for flavouring olive oils, 

namely the contact method (permanent or temporary), co-extraction, 
and incorporation of essential oils (Baiano et al., 2016; Benmoussa 
et al., 2016; Caponio et al., 2016; Caporaso, Paduano, Nicoletti, & 
Sacchi, 2013; Clodoveo et al., 2016; Romaniello & Baiano, 2018). 
Among these, the contact method, in which a direct contact is promoted 
between the olive oil and the flavouring agent, is the most usual and 
traditional technique. Nowadays, the incorporation of natural extracts, 
rich in specific bioactive compounds, has gained relevance. For 
example, the extracts rich in lycopene or lutein from algae, have been 
incorporated into olive oils, without the objective of enhancing any 
particular aroma or flavour, but to increase the richness in a certain 
compound or a family of compounds, with known positive nutritional or 
healthy properties (Murillo-Cruz, Chova, & Bermejo-Román, 2021, 
Murillo-Cruz, García-Ruíz, Chova-Martínez, & Bermejo-Román, 2021), 
being these olive oils classified as fortified oils. 

2. Flavouring/fortifying olive oils 

According to the European Union (EU) regulation (Regulation Nº 
136/66/EEC), virgin olive oils can be defined, according to the process 
of extraction, as “olive oils obtained from the fruit of the olive tree solely by 
mechanical or other physical processes - under conditions, namely thermal, 
that do not change the olive oil - and which have not undergone other 
treatments other than washing, decanting, centrifuging and filtering, with the 
exclusion of olive oils obtained with solvents or by re-esterification processes 
and any mixture with oils of another nature”. The legal thresholds 
regarding the chemical and sensory characteristics established by the EU 
regulation (Commission Regulation (EEC) Nº 2568/91) and its subse
quent updates, allow classifying olive oils into the following categories 
(Commission Implementing Regulation (EU) Nº 29/2012):  

• Extra virgin olive oil – superior category olive oil obtained directly 
from olives and solely by mechanical means, whose characteristics 
are in accordance with those foreseen for this category;  

• Virgin olive oil – olive oil obtained directly from olives and solely by 
mechanical means, whose characteristics are in accordance with 
those foreseen for this category;  

• Lampante olive oil – olive oil obtained directly from olives and solely 
by mechanical processes, which does not meet the requirements to 
be classified in previous categories. 

On the other hand, taking into account the latest consumers trends, 
which seek products with unique nutritional, healthy and sensory 
characteristics, the traditional olive oil sector has been engaged with 
product innovation in order to deliver novel olive oil-based products like 
flavoured and fortified olive oils, which research field has become a 
topic with a growing interest. 

Flavoured olive oils are obtained by adding a flavouring agent (e.g., 
aromatic plants or herbs, spices and fruits) aiming to enhance the 
chemical, nutritional and sensory characteristics of the oils. Fortified 
olive oil results from incorporating a fortifying agent aiming to add 
inexistent compounds or group of compounds or enhance their contents, 
promoting specific nutritional or healthy characteristics. Thus, extra 
virgin or virgin olive oils are usually used for flavouring and fortifica
tion. However, the flavoured or fortified oils cannot be labelled using the 
initial commercial category of the olive oil used since these oils were not 
obtained following the EU regulation guidelines (Regulation N◦

136/66/EEC). 

3. Flavouring techniques 

Flavouring olive oils is a very old practice in the Mediterranean re
gion, being nowadays performed by contact, the most common tech
nique, co-extraction or essential oils incorporation (Baiano et al., 2016; 
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Benmoussa et al., 2016; Caponio et al., 2016; Caporaso et al., 2013; 
Clodoveo et al., 2016; Romaniello & Baiano, 2018). The flavouring by 
contact and essential oil incorporation are techniques implemented after 
the olive oil extraction, while flavouring by co-extraction implies the 
contact between olive mass and flavouring agent during olive oil 
extraction. Fig. 1 shows a summarized scheme of the abovementioned 
forms of flavouring the olive oils. 

In the co-extraction technique (Fig. 1A), the flavouring process oc
curs during the olive oil extraction, being the flavouring agent usually 
added during the milling step. Thus, a pre-established amount of fla
vouring agent is added to the olives, which are crushed in its presence, 
and the remaining extraction steps are not altered. During the malax
ation stage, there is a large contact surface between the small olive oil 
droplets, which aggregate, and the flavouring agent, allowing the easy 
migration of compounds and aromas, which are then incorporated into 
the extracted olive oil. Some fruits, such as lemon, orange, and 
tangerine, have been used as flavouring agents when flavouring by co- 
extraction is applied (Benkhoud, M’Rabet, Gara ali, Mezni, & Hosni, 
2021; Mannina et al., 2012). In these cases, and since the fruit’s skin is 
rich in soluble essential oils, the migration of compounds and aromas to 
olive oil is promoted. Besides the mentioned fruits, olive leaves have also 
been used as a form of enrichment/flavouring of olive oils, due to the 
known functional properties of this by-product (Perito, Coderoni, & 
Russo, 2020). Furthermore, olive leaves usually increase the oxidative 
stability of the extracted olive oil (Talhaoui et al., 2014) and improve 
oils’ sensory profiles and olive oil composition (Contreras et al., 2020). 
This technique allows obtaining a clear flavoured olive oil, ready for 
consumption, as the flavouring agent is added during the extraction of 
the olive oil. The olive oils obtained by this technique have different 
sensory characteristics and can present a high nutritional value as well 
as an increased shelf-life (Trabelsi et al., 2019). 

The flavouring by contact (Fig. 1B) is a technique that consists of 
flavouring the olive oil after its extraction. The contact between the 

flavouring agent (entire or milled, fresh or dried) and the previously 
extracted olive oil is promoted using different methods (ultrasound, 
microwaves or heating) that facilitate the oil’s flavouring. After, the 
flavouring agent can be, or not, removed from the oils by filtration. 

In the last decades, the flavouring using essential oils has gained 
relevance (Fig. 1C). In this technique a small amount of essential oil is 
usually required. Essential oils are concentrated matrices that can be 
obtained using several techniques like distillation, organic solvent 
extraction and cold pressing (Dima & Dima, 2015; Pateiro et al., 2021). 
Usually, a known amount of the essential oil is added to the olive oil and 
the flavouring process is achieved by mixing and natural diffusion. 

4. Fortifying techniques 

Fortification with a specific compound or with extracts rich in 
bioactive compounds is a more recent practice, although fortified olive 
oils are already commercially available. This technique is implemented 
after the olive oil extraction by adding a fortified rich extract. Fig. 1C 
shows the flowchart of the olive oil fortification method, for which 
natural extracts, rich in a specific bioactive compound or a family of 
compounds, are added to olive oils allowing to obtain fortified oils with 
enhanced nutritional and/or healthy properties, as well as with a higher 
shelf-life (Limón et al., 2015). Also, some recent works used olive oil as 
an extraction agent since some fortifying agents are highly soluble in 
lipid matrices. Nevertheless, these practices are scarcely used, and due 
to its drasticity can have a negative impact on olive oil quality. 

5. Flavouring and fortification agents 

Tables from 1 to 4 summarize the different olive oil flavouring 
strategies described in the literature, respectively, flavouring by contact, 
co-extraction, incorporation of essential oils or fortification. Details are 
included regarding the flavouring/fortification agent used, the 

Fig. 1. Schematic representation of different techniques of flavouring olive oils: A) Co-extraction; B) Contact; C) Incorporation of essential oil/Fortification.  
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experimental conditions (e.g., time, temperature, agitation, and amount 
of agent used) and the main effects observed. 

As can be inferred from the information gathered in Tables 1–4, a 
vast number of studies have been devoted to the flavouring of olive oils, 
pointing out the interest of this ancient Mediterranean practice as well 
as the diversity of techniques, agents and effects of the flavouring pro
cess. Based on the available data, it can be stated that the use of fla
vouring by direct contact is the most studied technique, which could be 
attributed to the easy implementation of this technique, not requiring 
any change in the usual oil extraction process (Benmoussa et al., 2016; 
Clodoveo et al., 2016). Furthermore, considering that the flavouring is 
performed directly on the extracted oils, the desirable sensory properties 
of the flavouring agent can be delivered/migrated to the oil (Benmoussa 
et al., 2016). Even so, there is still a considerable number of studies 
reporting the production of flavoured olive oils by co-extraction or by 
the addition of essential oils. Finally, a lower number of studies, yet 
significant, focused on the olive oil enrichment with specific bioactive 
compounds, mainly antioxidants, to enhance the oils’ nutritional and 
healthy properties. 

Regarding the used flavouring agents, and based on the compiled 
literature (Fig. 2), different classes can be grouped, namely aromatic 
plants, that represents more than 42% of the references compiled in this 
work, followed by spices, with around 24% of the references, fruits, with 
14%, and the other agents representing about 19%. Within the aromatic 
plants (Fig. 2), oregano and rosemary were the most common agents (14 
references), followed by thyme (12 references), and basil (9 references). 
The lemon dominates with eight references on fruits, followed by to
matoes (with 7) and orange (3 references). Regarding spices, three fla
vouring agents should be highlighted, namely garlic (11 references), 
pepper (7 references) and chilli pepper (4 references). In other fla
vouring agents, the olive leaves had been frequently used (11 refer
ences), which is justified for being a by-product of the olive oil 
extraction. The huge use of aromatic plants could be related to different 
factors, such as the wide range of flavours and aromas, the great avail
ability, low price and easiness of use. In fact, choosing agents whose 
flavours are well-known and appreciated by consumers turn their 
acceptance easier, overcoming a possible initial resistance to new and, in 
some cases, exotic sensory sensations (Caporaso et al., 2013). On the 
other hand, flavouring agents could introduce or facilitate the intro
duction of olive oil in non-traditional olive oil consumer countries. In 
fact, the use of agents known or used by consumers on a daily basis 
together with the emerging consumption trend of olive oil due to the 
recognized health benefits, may increase the acceptance and respective 
consumption of olive oil by consumers from non-traditional consuming 
countries. Also, flavoured olive oils can be more prone to fulfil new 
consumers’ expectations in countries where the olive oil consumption is 
not comprised in the traditional gastronomy (Baiano et al., 2016). 

From the studies mentioned (Tables from 1 to 4), it is also possible to 
infer that different effects, sometimes contradictory, have been drawn 
by different studies when using the same flavouring agent or the same 
flavouring technique. These differences may be due or tentatively 
attributed to different factors, which must be taken into account when 
comparing similar studies, such as:  

- the conditions under which the flavouring is carried out (e.g., time 
and temperature);  

- the amount of flavouring agent used;  
- the state of the flavouring agent used (e.g., fresh or dry, powder or 

not);  
- the chemical composition of the flavouring agent (although the same 

agent is used, it does not imply the same composition, which would 
depend on the geographical origin, the production/extraction con
ditions, etc.); and,  

- the storage conditions of the flavouring agent before use. 

Indeed, for example, when rosemary is used as a flavouring agent, 

some studies claim a positive effect regarding the peroxide value, which 
decreased (Ayadi, Grati-Kamoun, & Attia, 2009; Kasimoglu, Tontul, 
Soylu, Gulen, & Topuz, 2018; Rodrigues, Silva, Veloso, Pereira, & Peres, 
2021; Taleb, Boutoial, Kzaiber, & Oussama, 2016) however, other 
studies revealed an opposite trend for this same quality parameter 
(Gambacorta et al., 2007). Similar contradictory trends have also been 
reported for the flavouring effect on the composition of the phenolics. 
Another example is oregano, in which the free acidity, the peroxide 
value and the content of phenolic compounds increase, and in other 
studies, the values of these parameters decrease (Clodoveo et al., 2016; 
Sousa et al., 2015). 

On the other hand, the quality of the olive oil (i.e., the raw matrix) to 
be flavoured must also be considered. Different quality grades are 
available (e.g., extra virgin, virgin or olive oil), some of which are 
monovarietal and other blended oils. The chemical-sensory profiles of 
the olive oil chosen to be flavoured would have, for sure, a deep impact 
on the final attributes of the flavoured olive oil, and thus, the flavouring 
procedure, even using the same technique and agent, could have both 
positive or negative effects, either enhancing or hindering the final 
quality of the flavoured olive oil. 

5.1. Advantages and disadvantages of flavouring/fortification techniques 

5.1.1. Advantages 
The incorporation of flavouring/fortifying agents into olive oil can 

be an advantageous procedure from different points of view. The most 
usual and accepted is the increase of the sensory acceptation of the olive 
oil, by enhancing the known and desirable aromas and flavours, thus 
fulfilling consumers’ search for novel sensory sensations. Also, once the 
used agents are usually rich in antioxidant compounds, such as phenolic 
compounds, the process may increase the flavoured oil’s shelf-life, being 
assumed that part of the antioxidants migrates from the agent used to 
the oils, increasing their oxidative stability when compared to unflav
oured olive oils (Baiano et al., 2009; Bittencourt Fagundes et al., 2020; 
Reboredo-Rodríguez et al., 2017). In this way, flavouring agents act as 
food additives and preservatives promoting the hopeful incorporation of 
bioactive compounds due to migration, enriching the olive oil’s natural 
nutritional and healthy composition, enhancing the flavour, and 
improving the sensory properties of the raw olive oil (Sena-Moreno 
et al., 2018). According to the compiled literature (Fig. 3), the most 
referred positive effect attributed to the flavouring/fortification of olive 
oils is the increase of the oxidative stability (46 references) and the in
crease of the amounts of phenolic compounds (36 references). Never
theless, a high number of positive effects is highlighted by the literature 
(Fig. 3), which mainly depend on the flavouring/fortification agent used 
and the applied methods. 

Studies using various flavouring agents (e.g., oregano, pepper, 
lemon, rosemary and garlic) show that the antioxidant content is higher 
in flavoured olive oils than in non-flavoured olive oils, which is more 
noticeable after olive oil storage (Baiano et al., 2009). Flavouring orig
inates changes in quality, composition, bioactive properties and stability 
on the flavoured olive oils; however, the specific changes and their ex
tents greatly depend on the type of flavouring agent used (Sousa et al., 
2015). 

Regarding the impact on the fatty acid profile, olive oils flavoured 
with some herbs or spices, specially laurel and oregano, show a slight 
higher oleic acid content and a minor reduction of the concentration of 
saturated fatty acids, which trends although statistically significant, do 
not reveal a practical impact of the flavouring process (Sousa et al., 
2015). 

The incorporation of essential oils usually is a beneficial procedure in 
terms of the oils’ quality parameters, limiting the oxidation of the lipid 
fraction, thus enhancing the shelf-life, which can be related to the ex
pected natural antioxidant potential of the essential oils (Asensio, 
Nepote, & Grosso, 2013). However, there are differences according to 
the methods of obtaining flavoured olive oils. Co-extraction allows 
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Table 1 
Olive oil flavouring by contact: type of flavouring agent, flavouring conditions and main effects observed.  

Agent Conditions Effect References 

Type and amount Time and temperature 

Basil (Ocimum basilicum) Dry basil 
5% (w/w) 

15 days at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the contents of all vitamin E 
isoforms 
(+) Decrease of the contents of saturated 
fatty acids 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Decrease of the phenolic compounds 
contents 

Ayadi et al. (2009) 

Dry basil 
15% 

Ultrasound 
466 W for 10 min 

(− ) Decrease of the content of the terpenes, 
esters and volatile compounds 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 
(− ) Decrease of the phenolic compounds 
contents 

Soares et al. (2020) 

Dry basil 
15% (w/w) 

7 and 15 days at room 
temperature 

(+) Increase of the content of the terpenes, 
esters and ketones volatile compounds 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 
(− ) Decrease of the phenolic compounds 
contents 
(− ) Decrease ofthe oxidative stability 

Dry basil 
5% (w/w) 

15 days at 15–18 ◦C (+) Increase of the oxidative stability 
(+) Increase of the sensory attributes 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 
(− ) Decrease of the phenolic compounds 
contents 

Baiano et al. (2016); Caponio et al. (2016);  
Romaniello and Baiano (2018) 

Dry basil 
0.011, 0.055 and 0.110 
g/kg 

15 days at room 
temperature 

(+) Increase of the sensory attributes 
(− ) Increase of the peroxide value only by 
0.110 g/kg 
(− ) Increase of the extinction coefficients 
(− ) Decrease of the oxidative stability 

Bobiano et al. (2019) 

Fresh basil leaves 
50 and 150 g/L 

Ultrasound 
25 kHz 

(+) Use of ultrasound accelerated the 
aromatization process 

Veillet, Tomao, and Chemat (2010) 

Black pepper (Piper 
nigrum) 

Dry black pepper 
10 g/L 

90 days at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the contents of oleic acid and 
all vitamin E isoforms 
(+) Decrease of the contents of saturated 
fatty acids 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Decrease of the phenolic compounds 
contents 

Sousa et al. (2015) 

Caraway (Carum carvi) Crushed caraway seeds 
150 g/L 

6 h at 25 ◦C (+) Increase of the antioxidant activity 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Assami, Chemat, Meklati, and Chemat (2016) 

Crushed caraway seeds 
150 g/L 

Ultrasound 
25 kHz 

(+) Increase of the antioxidant activity 
(+) Decrease of the time of flavouring due to 
the use of ultrasounds 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Chili pepper (Capsicum 
frutescens) 

Dry chili pepper 
10 g/L 

90 days at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the contents of oleic acid and 
all vitamin E isoforms 
(+) Decrease of the contents of saturated 
fatty acids 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Decrease of the phenolic compounds 
contents 

Sousa et al. (2015) 

Dry chili pepper 
20% (w/w) 

7 days at 15–18 ◦C (+) Increase of the phenolic compounds 
content 
(+) Increase of the oxidative stability 

Baiano et al. (2016); Romaniello and Baiano 
(2018) 

Cinnamon (Cinnamomum 
verum) 

Dry cinnamon 
1.5% (w/v) 

15 days at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the phenolic compounds 

Rodrigues et al. (2021) 

(continued on next page) 

S. Lamas et al.                                                                                                                                                                                                                                   



Trends in Food Science & Technology 124 (2022) 108–127

113

Table 1 (continued ) 

Agent Conditions Effect References 

Type and amount Time and temperature 

content 
(+) Increase of the fruitiness and bitterness 
intensity 
(+) Increase of the oxidative stability 

Garlic (Allium sativum) Fresh garlic 
10 g/L 

90 days at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the contents of oleic acid and 
all vitamin E isoforms 
(+) Decrease of the contents of saturated 
fatty acids 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Decrease of the phenolic compounds 
contents 

Sousa et al. (2015) 

Dry garlic 
10% (w/w) 

7 days at 15–18 ◦C (+) Increase of the phenolic compounds 
contents 
(+) Increase of the oxidative stability 

Baiano et al. (2016); Romaniello and Baiano 
(2018) 

Fresh garlic 
40 g/200 g 

5 min at 100 ◦C (+) Increase of the antioxidant activity 
(+) Decrease of the peroxide value 
(− ) Decrease of the phenolic compounds 
contents 

Kishimoto and Kashiwagi (2020) 

Fresh garlic 
10% (w/w) 

7 days at 15–18 ◦C (+) Increase of the phenolic compounds 
contents 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 
(− ) Decrease of the sensory attributes 

Caponio et al. (2016) 

Dry garlic 
50 g/L 

15 days at room 
temperature 

(+) Increase of the content of the terpenes 
volatile compounds 

Perestrelo, Silva, Silva, and Câmara (2017) 

Dry garlic 
20, 30 and 40 g/L 

210 days at room 
temperature 

(+) Increase of the antioxidant activity 
(+) Increase of the fruitiness intensity 
(− ) Increase of the peroxide value 

Gambacorta et al. (2007) 

Dry garlic 
1.5% (w/v) 

15 days at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the phenolic compounds 
contents 
(+) Increase of the fruitiness and bitterness 
intensity 
(+) Increase of the oxidative stability 

Rodrigues et al. (2021) 

Ginger (Zingiber 
officinale) 

Dry ginger 
1% 

60 days at 4 ± 2 ◦C or 20 
± 2 ◦C 

(− ) Increase of the free acidity 
(− ) Decrease of the contents of oleic acid 

Ambrosewicz-Walacik and Tanska (2015) 

Laurel leaves (Laurus 
nobilis) 

Dry laurel leaves 
10 g/L 

90 days at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Decrease of the phenolic compounds 
contents 

Sousa et al. (2015) 

Fresh laurel leaves 
5% 

12 h at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the phenolic compounds 
contents 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 

Taleb et al. (2016) 

Lavender (Lavandula) Dry lavender 
5% (w/w) 

15 days at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the contents of all vitamin E 
isoforms 
(+) Decrease of the contents of saturated 
fatty acids 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Decrease of the phenolic compounds 
contents 

Ayadi et al. (2009) 

Lemon (Citrus limonum) Lemon zest dried 
5% (w/w) 

15 days at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Decrease of the phenolic compounds 
contents 

Ayadi et al. (2009) 

Dry lemon 
20, 40, 60 and 80 g/L 

2 months at room 
temperature 

(+) Increase of the phenolic compounds 
contents 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 

Issaoui, Flamini, Hajaij, Cioni, and Hammami 
(2011) 

Mint (Mentha spp.) Dry mint 
5% (w/w) 

15 days at room 
temperature 

(+) Increase of the free acidity 
(+) Decrease of the peroxide value 
(+) Increase of the contents of oleic acid and 
all vitamin E isoforms 
(+) Decrease of the contents of saturated 

Ayadi et al. (2009) 
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Table 1 (continued ) 

Agent Conditions Effect References 

Type and amount Time and temperature 

fatty acids 
(+) Increase of the oxidative stability 
(− ) Decrease of the phenolic compounds 
contents 

Oleaster (Olea europaea 
var. sylvestris) 

Dry olive leaves powder 
10 g/100 mL 

1 day at 25 ◦C (+) Increase of the phenolic compounds 
contents 
(+) Increase of the antioxidant activity 
(+) Increase of the oxidative stability 

Ayadi, Yahia, Othman, and Hannachi (2020) 

Dry olive leaves powder 
4 g/20 mL, 7 g/110 mL 
and 10 g/200 mL 

12, 30 and 48 h at room 
temperature 

(+) Increase of the phenolic compounds 
content 
(+) Increase of the organoleptic quality 
(+) Increase of the oxidative stability 

Hannachi and Elfalleh (2020) 

Olive tree leaves (Olea 
europaea) 

Ground dry olive leaves 
1 g/10 mL 

Ultrasound 
225 W for 20 min at 
25 ◦C 

(+) Increase of the phenolic compounds 
contents 

Japón-Luján et al. (2008) 

Dry olive leaves 
5, 10 and 15% (w/w) 

3000 rpm for 30–40 s (+) Increase of the phenolic compounds 
contents 
(+) Increase of the fruitiness and bitterness 
intensity 
(+) Increase of the content of total 
chlorophylls 

Nenadis, Moutafidou, Gerasopoulos, and 
Tsimidou (2010) 

Dry olive leaves 
150 g/L 

Ultrasound 
60 W for 45 min at 16 ◦C 

(+) Increase of the phenolic compounds 
contents 
(+) Increase of the oxidative stability 

Achat et al. (2012) 

Ground dry olive leaves 
150 g/L 

45 min at 16 ◦C 

Orange (Citrus sinensis) Fresh orange peel 
1, 3 and 5% (w/w) 

10 days at room 
temperature 

(+) Increase of the antioxidant activity 
(+) Increase of the carotenoid content 
(− ) Increase of the free acidity 
(− ) Decrease of the oxidative stability 

Khemakhem, Yaiche, Ayadi, and Bouaziz 
(2015) 

Oregano (Origanum 
vulgare) 

Dry oregano 
10 g/L 

90 days at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the contents of oleic acid and 
all vitamin E isoforms 
(+) Decrease of the contents of saturated 
fatty acids 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Decrease of the phenolic compounds 
contents 

Sousa et al. (2015) 

Dry oregano 
5 g/100 mL 

11 days at room 
temperature 

(+) Increase of the antioxidant activity Nevado, Robledo, and Callado (2012) 

Dry oregano 
50 g/L 

15 days at room 
temperature 

(+) Increase of the content of the terpenes 
volatile compounds 

Perestrelo et al. (2017) 

Dry oregano 
0.011, 0.055 and 0.110 
g/kg 

14 days at room 
temperature 

(+) Decrease of the free acidity 
(− ) Increase of the peroxide value only for 
0.110 g/kg 
(− ) Increase of the extinction coefficients 
(+) Increase of the sensory attributes 
(− ) Decrease of the oxidative stability 

Bobiano et al. (2019) 

Dry oregano 
5% (w/w) 

1, 2 or 3 days at 40 ◦C (+) Increase of the phenolic compounds 
contents 
(+) Increase of the content of total 
chlorophylls 
(+) Increase of the oxidative stability 

Damechki, Sotiropoulou, and Tsimidou (2001) 

Dry oregano 
10 g/kg 

15 days at room 
temperature 

(+) Decrease of the free acidity 
(+) Decrease of the peroxide value 
(+) Increase of the phenolic compounds 
contents 
(+) Increase of the oxidative stability 

Clodoveo et al. (2016) 

Dry oregano 
10, 20 and 40 g/L 

210 days at room 
temperature 

(+) Increase of the antioxidant activity 
(+) Increase of the fruitiness and bitterness 
intensity 
(− ) Increase of the peroxide value 

Gambacorta et al. (2007) 

Dry oregano 
1, 2, 3.5, 5 and 7 g/mL 

400 and 700 rpm at 37 
± 3 ◦C for 30 h 

(− ) Decrease of the oxidative stability Peñalvo et al. (2016) 

Paprika (Capsicum 
annuum) 

Dry paprika 
10 and 20% (w/w) 

30 days at room 
temperature 

(+) Increase of the content of the terpenes 
volatile compounds 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Caporaso et al. (2013) 

Pepper (Capsicum spp.) Dry pepper 
20% (w/w) 

7 days at 15–18 ◦C (+) Increase of the phenolic compounds 
contents 
(+) Increase of the oxidative stability 
(+) Increase of the sensory attributes 

Caponio et al. (2016) 
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Table 1 (continued ) 

Agent Conditions Effect References 

Type and amount Time and temperature 

(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Fresh pepper 
10, 20 and 40 g/L 

210 days at room 
temperature 

(+) Increase of the antioxidant activity 
(+) Increase of the fruitiness intensity 
(− ) Increase of the peroxide value 

Gambacorta et al. (2007) 

Dry pepper 
1% 

60 days at 4 ± 2 ◦C and 
20 ± 2 ◦C 

(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Decrease of the contents of oleic acid 

Ambrosewicz-Walacik and Tanska (2015) 

Dry pepper 
50 mg/5 g 

30 days at 20 ◦C (+) Increase of the oxidative stability Plastina et al. (2021) 

Dry pepper 
10% 

14 days at room 
temperature 

(+) Decrease of the free acidity 
(+) Increase of the phenolic compounds 
contents 
(+) Increase of the antioxidant activity 
(+) Increase of the carotenoid content 
(+) Increase of the content of the terpenes 
volatile compounds 
(− ) Increase of the peroxide value 

Zellama et al. (2022) 

Pink pepper (Schinus 
terebinthifolius) 

Dry pink pepper 
10% (w/w) 

Ultrasound 
37 min at 35 ◦C and 25 
kHz 

(+) Decrease of the peroxide value 
(+) Increase of the contents of oleic acid 
(+) Increase of the content of the terpenes 
volatile compounds 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Increase of the extinction coefficients 

Bittencourt Fagundes et al. (2020) 

Dry pink pepper 
10% (w/w) 

7 and 15 days at room 
temperature 

Rosemary (Salvia 
rosmarinus) 

Dry rosemary 
5 g/100 mL 

11 days at room 
temperature 

(+) Increase of the antioxidant activity Nevado et al. (2012) 

Dry rosemary 
5% (w/w) 

15 days at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the contents of oleic acid and 
all vitamin E isoforms 
(+) Decrease of the contents of saturated 
fatty acids 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Decrease of the phenolic compounds 
contents 

Ayadi et al. (2009); Kasimoglu et al. (2018) 

Dry rosemary 
10% (w/w) 

Ultrasound 
798 W during 10 min 

(+) Increase of the content of terpenes, esters 
and ketones volatile compounds 
(+) Increase of the phenolic compounds 
contents 
(− ) Decrease of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Soares et al. (2020) 

Dry rosemary 
10% (w/w) 

7 and 15 days at room 
temperature 

Dry rosemary 
5% (w/w) 

1, 2 and 3 days at 40 ◦C (+) Increase of the phenolic compounds 
contents 
(+) Increase of in total chlorophyll content 
(+) Increase of the oxidative stability 

Damechki et al. (2001) 

Dry rosemary 
5 g/50 mL 

Microwave at  
400 W during 10 min 

(+) Increase of the fruitiness and bitterness 
intensity 
(+) Increase of the content of the terpenes 
volatile compounds 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Benmoussa et al. (2016) 

Dry rosemary 
5 g/50 mL 

12 h at room 
temperature 

Dry rosemary 
10, 20 and 40 g/L 

210 days at room 
temperature 

(+) Increase of the antioxidant activity 
(+) Increase of the fruitiness intensity 
(− ) Increase of the peroxide value 

Gambacorta et al. (2007) 

Fresh rosemary 
5% 

12 h at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the phenolic compounds 
contents 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 

Taleb et al. (2016) 

Dry rosemary 
1.5% (w/v) 

15 days at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the phenolic compounds 
contents 
(+) Increase of the fruitiness and bitterness 
intensity 
(+) Increase of the oxidative stability 

Rodrigues et al. (2021) 

Dry rosemary 
5% (w/w) 

15 days at room 
temperature 

(+) Increase of the content of the terpenes 
volatile compounds 

Perestrelo et al. (2017) 

Sage (Salvia officinalis) Dry sage 
5% (w/w) 

15 days at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the contents all vitamin E 

Ayadi et al. (2009) 
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obtaining cleaner flavoured olive oils and enables reaching a faster 
sensory stability than the contact method, which requires greater con
tact periods, depending on the flavouring agent under evaluation 
(Caponio et al., 2016). In addition, the co-extraction method is usually 
more efficient regarding the extraction of phenolic compounds, thus 
leading to a flavoured olive oil richer in bioactive antioxidant com
pounds, as well as in flavour-related compounds (Dalgic, Ozkan, & 
Karacabey, 2018). 

As for the use of essential oils, these can be obtained from different 
parts of the plants such as bark, flowers, fruits, leaves, roots and stems 
(Pateiro et al., 2021), with the advantage of being directly added to the 
oils and thus avoiding the degradation of their constituents, since they 
are not subjected to the usual oil extraction conditions (Marić et al., 
2020). In fact, essential oils are known as natural preservatives due to 
their antioxidant and antimicrobial activities, allowing the aroma to last 
longer, being in general used in very small amounts for flavouring the 
olive oils (Torres-Alvarez et al., 2020). 

5.1.2. Disadvantages 
Olive oils flavouring is a traditional and ancient practice, namely in 

the Mediterranean region, allowing the valorisation of several by- 
products, which would be considered and treated as waste. However, 
this procedure can also intentionally mask the presence of some sensory 
defects or their intensities. For example, an olive oil can be classified as 
lampante only due to the sensory evaluation, showing a chemical quality 
similar to that of extra virgin or virgin olive oils. Thus, masking the 
intensity of the sensory defects through the incorporation of flavouring 
agents may allow its fraudulent commercialization as flavoured olive 
oils or, depending on the intensity perception of the flavouring agent as 

virgin olive oil (Bobiano et al., 2019). 
Besides flavouring can also result in poorer oil from a chemical point 

of view. For example, attention should be paid to the amount of fla
vouring agent that is added to the olive oil. The use of high levels of 
these agents may promote an excess of flavouring, completely masking 
the usual and appreciated olive oil flavour and making it unpleasant for 
consumers. However, the amount used depends on each flavouring 
agent, as the properties vary according to each one (Sousa et al., 2015). 

The most negative effects reported in the literature due to the use of 
flavouring/fortification agents are linked with the impact on the quality 
parameters of olive oils (Fig. 3). Furthermore, it should be remarked 
that, according to the findings of some studies, some flavouring agents 
promote a pro-oxidant effect, for example, when pepper is used in high 
concentrations (Baiano et al., 2009) or when lemon verbena essential oil 
was used (Cherif, Rodrigues, Veloso, Zaghdoudi, et al., 2021). This 
behaviour could be attributed to the intrinsic and specific composition 
of the flavouring agent (e.g., presence of ascorbic acid, reducing sugars 
or other reducing compounds). Another issue to consider is the water 
activity of the flavouring agent since water can act as a catalyst for the 
oxidation reaction, thus affecting the oxidative stability of the flavoured 
olive oils (Kasimoglu et al., 2018). The high water content of fresh 
versus dehydrated garlic was suggested as a possible explanation for the 
lower antioxidant activity found in olive oils flavoured with the former, 
which may have promoted unwanted oxidation reactions leading to a 
decrease of the antioxidant activity (Sousa et al., 2015). The flavour 
agents’ incorporation can also introduce microorganisms, like moulds, 
yeasts and bacteria (Ciafardini, Zullo, & Peca, 2004), as well as heavy 
metals (Ziarati, Makki, Vambol, & Vambol, 2019), but further studies 
are needed to fully understand the real impact on the flavoured oils. 

Table 1 (continued ) 

Agent Conditions Effect References 

Type and amount Time and temperature 

isoforms 
(+) Decrease of the contents of saturated 
fatty acids 
(+) Increase of the oxidative stability 
(− ) Decrease of the phenolic compounds 
contents 
(− ) Increase of the free acidity 

Sweet lemon (Citrus 
limetta) 

Fresh sweet lemon peel 
1, 3 and 5% (w/w) 

10 days at room 
temperature 

(+) Increase of the antioxidant activity 
(+) Increase of the carotenoid content 
(− ) Increase of the free acidity 
(− ) Decrease of the oxidative stability 

Khemakhem et al. (2015) 

Thyme (Thymus vulgaris) Dry thyme 
5 g/100 mL 

11 days at room 
temperature 

(+) Increase of the antioxidant activity Nevado et al. (2012) 

Dry thyme 
5% (w/w) 

15 days at room 
temperature 

(+) Decrease of the peroxide value 
(+) Increase of the contents all vitamin E 
isoforms 
(+) Decrease of the contents of saturated 
fatty acids 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Decrease of the phenolic compounds 
contents 

Ayadi et al. (2009) 

Dry thyme 
50 g/L 

15 days at room 
temperature 

(+) Increase of the content of the terpenes 
volatile compounds 

Perestrelo et al. (2017) 

Dry thyme 
10 g/kg 

15 days at room 
temperature 

(+) Decrease of the free acidity 
(+) Decrease of the peroxide value 
(+) Increase of the phenolic compounds 
contents 
(+) Increase of the oxidative stability 

Clodoveo et al. (2016) 

Dry thyme 
20, 40, 60 and 50 g/L 

60 days at room 
temperature 

(+) Increase of the phenolic compounds 
contents 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 

Issaoui et al. (2011) 

Dry thyme 
1% 

60 days at 4 ± 2 ◦C and 
20 ± 2 ◦C 

(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Decrease of the contents of oleic acid 

Ambrosewicz-Walacik and Tanska (2015) 

(− ) negative effect; (+) positive effect; n.a.: information not available (i.e., not provided by the author(s)). 
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Table 2 
Olive oil flavouring by co-extraction: type of flavouring agent, flavouring conditions and main effects observed.  

Agent Conditions Effect References 

Type and 
amount 

Time and 
temperature 

Basil (Ocimum 
basilicum) 

Dry basil 
5% (w/w) 

30 min of 
malaxation 
at 26 ◦C 

(+) Increase of the oxidative stability 
(+) Increase of the sensory attributes 
(− ) Decrease of the phenolic compounds contents 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Caponio et al. (2016) 

Cape gooseberry 
(Physalis peruviana) 

Fresh cape 
gooseberry 
0.40, 0.99, 
1.58 and 
1.98% (w/ 
w) 

20, 30, 45, 
60 and 70 
min of 
malaxation 
at 18, 25, 
35, 45 and 
52 ◦C 

(+) Increase of the content of total chlorophylls 
(+) Increase of the carotenoid content 
(+) Increase of the oxidative stability 
(− ) Increase of the content of the undesired volatile compounds 
(i.e. 2-furaldehyde and 1,2-xylene) 

Dalgic et al. (2018) 

Cumin (Cuminum 
cyminum) 

Seeds cumin 
50 g/kg 

30 min of 
malaxation 
at room 
temperature 

(+) Increase of the content of the terpenes volatile compounds Trabelsi et al. (2018) 

Cardamom (Elettaria 
cardamomum) 

Seed 
cardamom 
50 g/kg 

30 min of 
malaxation 
at room 
temperature 

(+) Increase of the content of the terpenes volatile compounds Trabelsi et al. (2019) 

Cinnamon 
(Cinnamomum 
verum) 

Bark of 
cinnamon 
50 g/kg 

30 min of 
malaxation 
at room 
temperature 

(+) Increase of the content of the cinnamaldehyde volatile 
compounds 

Trabelsi et al. (2019) 

Clove (Syzygium 
aromaticum) 

Dry clove 
50 g/kg 

30 min of 
malaxation 
at room 
temperature 

(+) Increase of the content of the terpenes volatile compounds Trabelsi et al. (2018) 

Garlic (Allium sativum) Dehydrated 
garlic 
10 kg/300 
kg 

malaxation 
at 30–35 ◦C 

(+) Increase of the sensory attributes 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 
(− ) Decrease of the phenolic compounds contents 

Baiano et al. (2009) 

Fresh garlic 
10% (w/w) 

30 min of 
malaxation 
at 26 ◦C 

(+) Increase of the phenolic compounds contents 
(+) Increase of the oxidative stability 
(+) Increase of the sensory attributes 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Caponio et al. (2016) 

Ginger (Zingiber 
officinale) 

Dry ginger 
50 g/kg 

30 min of 
malaxation 
at room 
temperature 

(+) Increase of the content of the terpenes volatile compounds Trabelsi et al. (2019) 

Leaves laurel (Laurus 
nobilis) 

Dry leaves 
laurel 
50 g/kg 

30 min of 
malaxation 
at room 
temperature 

(+) Increase of the content of the terpenes volatile compounds Trabelsi et al. (2019) 

Lemon (Citrus limon) Fresh lemon 
50 g/kg 

30 min of 
malaxation 
at room 
temperature 

(+) Increase of the content of the terpenes volatile compounds Trabelsi et al. (2018) 

Fresh whole 
lemon 
60 kg/300 
kg 

Malaxation 
at 30–35 ◦C 

(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 
(− ) Decrease of the phenolic compounds contents 

Baiano et al. (2009) 

Fresh lemon 
0.35 kg/kg 

30–40 min 
of 
malaxation 
at 32–34 ◦C 

(+) Decrease of the free acidity 
(+) Decrease of the peroxide value 
(+) Decrease of the extinction coefficients 
(+) Increase of the contents of oleic acid 
(+) Increase of the content of the terpenes volatile compounds 
(+) Increase of the oxidative stability 
(− ) Decrease of the phenolic compounds contents 

Sacchi, della Medaglia, Paduano, Caporaso, and 
Genovese (2017) 

Olive tree leaves (Olea 
europaea) 

Fresh olive 
leaves 
5 and 10% 
(w/w) 

30 and 40 
min of 
malaxation 
at 25 ◦C 

(+) Increase of the fruitiness and bitterness intensity 
(+) Increase of the content of the esters and aldehyde volatile 
compounds 

Malheiro et al. (2017) 

Fresh olive 
leaves 
1% (w/w) 

45 min of 
malaxation 
at 22 ◦C 

(+) Increase of the sensory attributes 
(+) Increase of the phenolic compounds contents 
(+) Increase of the oxidative stability 

Marx et al. (2022) 
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Table 2 (continued ) 

Agent Conditions Effect References 

Type and 
amount 

Time and 
temperature 

(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 
(− ) Increase of the contents of saturated fatty acids 

Fresh olive 
leaves 
1, 2, 3 and 
5% (w/w) 

60 min of 
malaxation 
at 24 ◦C 

(+) Increase of the fruitiness and bitterness intensity 
(+) Iincrease of the content of the aldehyde volatile compounds 

Di Giovacchino, Angerosa, and di Giacinto (1996) 

Fresh olive 
leaves 
1, 2.5, 5 and 
10% (w/w) 

30 min of 
malaxation 
at 27 ◦C 

(+) Increase of the intensity of the positive sensory attributes 
(+) Increase of the contents all vitamin E isoforms 
(+) Increase of the oxidative stability 

Malheiro, Casal, Teixeira, Bento, and Pereira (2013) 

Fresh olive 
leaves 
2 and 5%/ 
3500 g 

40 min of 
malaxation 
with 
ultrasound 
200 W and 
26 kHz 
during 5, 
10, 15, 20, 
25, 30, 35 
and 40 min 

(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Sari and Ekinci (2017) 

Olive leaves 
water 
extract 
500 g/5 L/ 
20 kg 

60 min of 
malaxation 

(+) Increase of the fruitiness and bitterness intensities 
(+) Increase of the phenolic compounds contents 
(+) Increase of the antioxidant activity 

Kiritsakis, Rodríguez-Pérez, Gerasopoulos, and 
Segura-Carretero (2017) 

Fresh olive 
leaves 
1.5–2 kg 

30 min of 
malaxation 
at 27 ◦C 

(+) Increase of the phenolic compounds contents 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Ammar et al. (2017); Sonda, Akram, Boutheina, 
Flamini, and Mohamed (2014) 

Fresh olive 
leaves 
1 and 3% 
(w/w) 

30 min of 
malaxation 
at 30 ◦C 

(+) Increase of the phenolic compounds contents 
(+) Increase of the antioxidant activity 

Sevim, Tuncay, and Koseoglu (2013) 

Olive mill 
wastewater 

Olive mill 
wastewater 
extracts 
5 L/20 kg 

60 min of 
malaxation 

(+) Decrease of the peroxide value 
(+) Increase of the antioxidant activity 
(+) Increase of the phenolic compounds contents 
(+) Increase of the oxidative stability 

Suárez et al. (2011) 

Orange (Citrus 
sinensis) 

Fresh 
orange peel 

30 min of 
malaxation 
at 25 ◦C 

n.a. Mannina et al. (2012) 

Oregano (Origanum 
vulgare) 

Powder 
oregano 
30 kg/300 
Kg 

Malaxation 
at 30–35 ◦C 

(+) Decrease of the phenolic compounds contents 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Baiano et al. (2009) 

Dry oregano 
0.4 and 
4.6% (w/w) 

30 min of 
malaxation 
at 28–30 ◦C 

(+) Increase of the phenolic compounds contents 
(+) Decrease of the free acidity 
(+) Decrease of the peroxide value 
(+) Decrease of the extinction coefficients 
(+) Increase of the sensory attributes 
(+) Increase of the oxidative stability 

Peres, Roldão, Mourato, Martins, and Ferreira-Dias 
(2021) 

Dry 
oreganoat 
10 g/kg 

Olive past 
sonication 
with 
ultrasound 
2, 4, 6 and 
8 min, after 
malaxation 

(+) Decrease of the free acidity 
(+) Decrease of the peroxide value 
(+) Increase of the phenolic compounds contents 
(+) Increase of the oxidative stability 

Clodoveo et al. (2016) 

Pepper (Capsicum spp) Dry pepper 
10 kg/300 
kg 

Malaxation 
at 30–35 ◦C 

(+) Decrease of the phenolic compounds contents 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Baiano et al. (2009) 

Dry pepper 
20% (w/w) 

30 min of 
malaxation 
at 26 ◦C 

(+) Increase of the phenolic compounds contents 
(+) Increase of the oxidative stability 
(+) Increase of the sensory attributes 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Caponio et al. (2016) 

Baiano et al. (2009) 
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The flavouring technique applied may also be responsible for some 
disadvantages. For instance, in the case of the contact method, turbidity 
may occur as well as the extraction of undesirable compounds, such as 
waxes and bitter compounds, being possible the incorporation of some 
not native microorganisms. Also, the contact method can promote an 
excess of olive oil flavouring since it usually takes several weeks or 
months (Mannina et al., 2012; Yilmazer, Göksu Karagöz, Ozkan, & 
Karacabey, 2016). Once again, the possible negative effects may arise on 
the shelf-life of the flavoured oil, on its sensory characteristics and sta
bility. Therefore, optimising the amount of flavouring agent used and 
the flavouring conditions would be of paramount importance as well as 
the standardization of the flavouring procedures. The co-extraction 
method also possesses several drawbacks regarding the 
non-homogeneous distribution of the flavouring agent during the oil 
extraction and its consequences in the extracted flavoured olive oil. 
Indeed, during the olives milling process, it is not ensured that the 
addition of the flavouring agent would allow obtaining, in each 
extraction batch, olive oils with similar characteristics. For example, 
when leaves and woody olive tree parts are used, the migration of 
compounds from the flavouring agent to the olive paste is affected as 
well as from this latter to the olive oil, influencing the quality and 
composition of the extracted oil (Bittencourt Fagundes et al., 2020). 

Regarding the essential oil incorporation, the main disadvantages are 
related to the usual low yields and high costs involved in obtaining it. In 
fact, its attainment usually requires high consumption of energy, long 
periods of extraction at high temperatures, involving successive re- 
distillations of the extracts, which promotes the extraction and con
centration of different polar compounds, some of them undesirable and 
that may cause the degradation of temperature-sensitive bioactive 
compounds (Dima & Dima, 2015; Pateiro et al., 2018). New extraction 

technologies are being developed to overcome these drawbacks, such as 
ultrasound-assisted extraction or microwave-assisted extraction, allow
ing the preservation of the bioactive compounds due to the use of low 
temperatures and avoiding/reducing the use of organic solvents. The use 
of essential oils presents other challenges due to their high volatility and 
low water solubility (Torres-Alvarez et al., 2020). 

Concerning the usual quality parameters assessed during the olive oil 
analysis, it should be highlighted that the free acidity may not be an 
adequate parameter for the quality control of flavoured olive oils. This is 
because free acidity can be affected by several acids (e.g., citric acid) 
that may be present in plants or aromas arising during the preparation of 
the flavoured olive oil (Mannina et al., 2012). 

Nevertheless, it should be strengthened that the research carried out 
on flavoured olive oils evidenced the difficulty to perform a fair com
parison regarding the overall effects of the different flavouring strategies 
reported in the literature on the chemical-sensory quality of the flav
oured olive oils. Namely, in the impact on the phenolic profiles since 
different olive cultivars were used to extract the oils evaluated, the olive 
trees were grown in different geographical locations under different 
agro-climatic conditions. The extraction scale and conditions are not 
usually comparable (Baiano et al., 2016). 

6. Concluding remarks 

The flavouring of olive oils is a traditional activity in Mediterranean 
countries that, in recent years, has emerged as an impactful commercial 
trend in the oil market. This trend appears as a response from the olive 
oil sector to innovate and provide novel and differentiated products, 
aiming to increase the olive oil consumption as well as to conquer new 
consumers. One way to achieve this is to modify olive oil’s typical and 

Table 2 (continued ) 

Agent Conditions Effect References 

Type and 
amount 

Time and 
temperature 

Rosemary (Salvia 
rosmarinus) 

Fresh 
rosemary 
5.5 kg/300 
kg 

Malaxation 
at 30–35 ◦C 

(+) Decrease of the phenolic compounds contents 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Dry 
rosemary 
50 g/kg 

30 min of 
malaxation 
at room 
temperature 

(+) Increase of the content of the terpenes volatile compounds Trabelsi et al. (2019) 

Thyme (Thymus 
vulgaris) 

Dry thyme 
50 g/kg 

30 min of 
malaxation 
at room 
temperature 

(+) Increase of the content of the terpenes volatile compounds Trabelsi et al. (2018) 

Dry thyme 
at 10 g/kg 

Olive past 
sonication 
with 
ultrasound 
2, 4, 6 or 8 
min, after 
malaxation 

(+) Decrease of the free acidity 
(+) Decrease of the peroxide value 
(+) Increase of the phenolic compounds contents 
(+) Increase of the oxidative stability 

Clodoveo et al. (2016) 

Tomato (Solanum 
lycopersicum) 

Lyophilized 
skin and 
seeds 
0.240 kg/ 
40 kg, 1 kg/ 
40 kg, 
0.270 kg/ 
60 kg and 
1.125 kg/ 
60 kg 

35 min of 
malaxation 
at 27 ◦C 

(+) Enrichment in the carotenoids 
(+) Enrichment in the lycopene 
(+) Increase of the antioxidant activity 

Bendini et al. (2015) 

Turmeric (Curcuma 
longa) 

Dry thyme 
50 g/kg 

30 min of 
malaxation 
at room 
temperature 

(+) Increase of the content of the terpenes volatile compounds Trabelsi et al. (2018) 

(− ) negative effect; (+) positive effect; n.a.: information not available (i.e., not provided by the author(s)). 
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unique aroma by introducing new flavours more attractive to young 
and/or non-traditional consumers accustomed to spicier and/or aro
matic sensations. The bibliographic survey highlighted that the most 
common flavouring agents studied by the academia are rosemary, 
oregano, garlic and basil, being flavouring by contact the most common 
technique, in-line with the commercially available flavoured oils that 
can be found on the markets. Nevertheless, the use of non-traditional 

Mediterranean flavour agents like cinnamon, coffee, chocolate, cloves, 
ginger, mint, cardamom, aniseed, mustard, poppy, and cannabis, can 
open new uses for this key ingredient, attracting new clients that are 
prone to novel sensations and gastronomic experiences. In this sense, 
flavoured olive oils can also increase the sales as well as the price of this 
food in traditional and not traditionally consuming countries. In this 
latter, the use of aromas and flavours typical of those cultures can 

Table 3 
Olive oil flavouring using essential oils: type of flavouring agent, flavouring conditions and main effects observed.  

Agent Conditions Effect References 

Type and amount Time and temperature 

Black pepper (Piper 
nigrum) 

500 ppm 365 days at room 
temperature 

(+) Decrease of the free acidity 
(+) Decrease of the peroxide value 
(+) Decrease of the extinction coefficients 
(+) Increase of the sensory attributes 
(+) Increase of the content of the terpenes volatile 
compounds 

Benkhoud et al. (2021) 

Chili pepper 
(Capsicum 
frutescens) 

0.5% (w/w) 15–23 MPa for 10 min at 
40 ◦C 

(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Gouveia, Duarte, Beirão Da Costa, 
Bernardo-Gil, and Moldão-Martins (2006) 

0.05% (v/w) n.a. (+) Increase of the content of the terpenes volatile 
compounds 

Kiralan, Goksu Karagoz, Ozkan, Kiralan, and 
Ketenoglu (2021) 

Garlic (Allium 
sativum) 

Crushed fresh 
garlic 
2.5 g/10 mL 

9 days at room temperature (− ) Increase of the free acidity González et al. (2017) 

Laurel leaves (Laurus 
nobilis) 

0.05% (v/w) n.a. (+) Increase of the content of the terpenes volatile 
compounds 

Kiralan et al. (2021) 

Lemon verbena 
(Aloysia citrodora) 

0.1, 0.2, 0.3 and 
0.4% (w/w) 

15 days at 18–25 ◦C (+) Promote of the antioxidant and total reducing 
capacities (i.e., higher phenolic content) 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 
(− ) Decrease of the oxidative stability 

Cherif, Rodrigues, Veloso, Zaghdoudi, et al. 
(2021) 

0.2–0.4% (w/w) 15 days at room temperature (+) Decrease of the free acidity 
(+) Decrease of the peroxide value 
(+) Increase of the phenolic compounds contents 
(+) Increase of the carotenoid content 
(+) Increase of the oxidative stability 
(− ) Increase of the extinction coefficients 

Cherif, Rodrigues, Veloso, Pereira, and Peres 
(2021) 

Orange (Citrus 
sinensis) 

500 ppm 365 days at room 
temperature 

(+) Decrease of the free acidity 
(+) Decrease of the peroxide value 
(+) Decrease of the extinction coefficients 
(+) Increase of the sensory attributes 
(+) Increase of the content of the terpenes volatile 
compounds 

Benkhoud et al. (2021) 

Oregano (Origanum 
vulgare) 

0.05% (w/w) 126 days at room 
temperature (23 ◦C) 

(+) Increase of the phenolics contents 
(+) Increase of the oxidative stability 
(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction coefficients 

Asensio et al. (2013) 

0.05% (v/w) n.a. (+) Increase of the content of the terpenes volatile 
compounds 

Kiralan et al. (2021) 

0.05% (w/w) 28 days at room temperature; 
28 days at 60 ◦C 

(+) Decrease of the peroxide value 
(+) Increase of the contents of oleic acid 
(+) Increase of the oxidative stability 

Asensio, Nepote, and Grosso (2011) 

Rosemary (Salvia 
rosmarinus) 

500 ppm 365 days at room 
temperature 

(+) Decrease of the free acidity 
(+) Decrease of the peroxide value 
(+) Decrease of the extinction coefficients 
(+) Increase of the sensory attributes 
(+) Increase of the content of the terpenes volatile 
compounds 

Benkhoud et al. (2021) 

Thyme (Thymus 
vulgaris) 

0.05% (v/w) n.a. (+) Increase of the content of the terpenes volatile 
compounds 

Kiralan et al. (2021) 

500 ppm 365 days at room 
temperature 

(+) Decrease of the free acidity 
(+) Decrease of the peroxide value 
(+) Decrease of the extinction coefficients 
(+) Increase of the sensory attributes 
(+) Increase of the content of the terpenes volatile 
compounds 

Benkhoud et al. (2021) 

Zataria multiflora 
(Shirazi thyme) 

1000 ppm n.a. (+) Decrease of the peroxide value 
(+) Decrease of the extinction coefficients 
(+) Increase of the antioxidant activity 
(+) Avoided the degradation of chlorophyll and 
carotenoids 

Keramat, Aminlari, and Shekarforoush 
(2018) 

(− ) negative effect; (+) positive effect; n.a.: information not available (i.e., not provided by the author(s)). 

S. Lamas et al.                                                                                                                                                                                                                                   



Trends in Food Science & Technology 124 (2022) 108–127

121

Table 4 
Olive oil fortification: type of fortification, conditions and main effects observed.  

Agent Conditions Effect References 

Type and amount Time and Temperature 

Blakeslea trispora Direct contact with β-carotene 
0.082 mg/mL 

Direct addition (+) Enrichment in the carotenoids 
(+) Increase of the oxidative 
stability 
(+) Increase of the shelf-life 
(+) Enhance of the nutritional 
value 
(− ) Increase of the peroxide value 
(− ) Changed colour to yellow- 
orange 

Murillo-Cruz et al. (2021a) 

Direct contact with β-carotene 
0.041 and 0.082 mg/mL 

Direct addition (− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction 
coefficients 
(− ) Changed colour to yellow- 
orange 

Murillo-Cruz et al. (2021b) 

Direct contact with β-carotene 
0.05, 0.1 and 0.15 mg/mL 

Ultrasound 
30 min 

(− ) Increase of the free acidity 
(− ) Increase of the peroxide value 
(− ) Increase of the extinction 
coefficients 
(− ) Decrease of the phenolic 
compounds contents 
(− ) Changed colour to orange 

Murillo-Cruz et al. (2022) 

Carrot (Daucus carota) Carotenoid extract 
200 and 400 ppm 

Mixed by stirring for 30 min (+) Increase of the oxidative 
stability 

Yamani, Sakar, Boussakouran, and 
Rharrabti (2020) 

Goji berries (Lycium barbarum) Extraction of carotenoids 
1.5 mg/100 g 

Ultrasound 
2 min 

(+) Enrichment in the carotenoids 
(+) Increase of the oxidative 
stability 
(− ) Decrease of the phenolic 
compounds content and 
α-tocopherol 

Blasi et al. (2018); Montesano et al. 
(2019) 

Marigold flowers (Tagetes erecta) Direct contact with lutein 
0.05, 0.1 and 0.15 mg/mL 

Ultrasound 
30 min 

(− ) Increase of the peroxide value 
(− ) Increase of the extinction 
coefficients 
(− ) Decrease of the phenolic 
compounds contents 
(− ) Decrease of the oxidative 
stability 
(− ) Changed colour to orange 

Murillo-Cruz et al. (2022) 

Microalgae (Chlorella vulgaris) Microalgae extract 
0.5, 1 and 1.5% (w/w) 

Ultrasound 
50 W for 20 s at 25 ◦C 

(+) Decrease of the peroxide value 
(+) Decrease of the extinction 
coefficients 
(+) Enrichment in the carotenoids 
(+) Increase of the oxidative 
stability 

Alavi and Golmakani (2017b) 

Microalgae (Scenedesmus 
almeriensis) 

Microalgae extract 
0.1 and 0.21 mg/mL 

Direct addition (+) Decrease of the peroxide value 
(+) Increase of the concentration of 
lutein, β-carotene 
(+) Increase of the oxidative 
stability 
(− ) Increase of the extinction 
coefficients 
(− ) Changed colour to yellow- 
orange 

Limón et al. (2015) 

Myrtle (Myrtus communis) Leaves extract 
500 μL/500 g 

Ultrasound 
700 W for 1 min 

(+) Increase of the antioxidant 
activity 
(+) Increase of the phenolic 
compounds contents 

Dairi et al. (2017) 

Leaves extract 
500 μL/500 g 

60 min at room temperature 

Olive oil refining water Dry extract 
25 mL/25 mL 

Mixed by stirring for 2 h at 
room temperature 

(+) Increase of the antioxidant 
activity 
(+) Increase of the phenolic 
compounds contents 

Venturi et al. (2017) 

Sage (Salvia officinalis) and 
Rosemary (Rosmarinus 
officinalis) 

Extraction of carnosic acid 
0.01 and 0.1% (w/w) 

Direct addition (− ) Increase of the peroxide value 
(− ) Increase of the extinction 
coefficients 

Zunin, Leardi, Bisio, Boggia, and 
Romussi (2010) 

Spinach (Spinacia oleracea) Lutein-zeaxanthin enrichment 
75:25, 50:50, 25:75 (w/w) 

12, 24, 36, 48 and 60 h at 
30 ◦C 

(+) Enrichment in the lutein- 
zeaxanthin 
(+) Enrichment in the carotenoids 

Valle-Prieto et al. (2017) 

Spirulina (Arthrospira platensis) Spirulina powder 
0.5, 1 and 1.5% (w/w) 

Ultrasound 
50 W for 42 days at 70 ◦C 

(+) Decrease of the peroxide value 
(+) Decrease of the extinction 
coefficients 
(+) Enrichment in the carotenoids 
(+) Increase of the oxidative 
stability 

Alavi and Golmakani (2017a) 
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facilitate the inclusion of olive oil into their food style and normal diets. 
Additionally, the fortification of olive oils with specific bioactive 

compounds, can be another strategy to enhance the already recognized 
nutritional/healthy characteristics of olive oils, allowing to enlarge the 
target consumers, namely by contributing to the recommended daily 
intake of some bioactive compounds (ex: carotenoids) through the usual 
oils consumption. Fortified oils can even be a vehicle for promoting the 
intake of several other compounds with beneficial effects, such as 
lycopene or fat-soluble vitamins (A, D, E and K). On the other hand, the 
fortification of olive oils by incorporating olive tree by-products (e.g., 
olive leaves or olive pomace), matrices rich in bioactive compounds 
such as phenolics, has gained relevance, namely from an academic point 
of view. This strategy is in-line with the basis of a circular economy 
aiming at the by-products valorisation, contributing to their incorpo
ration into the production chain and reducing waste generation. Extracts 
prepared from other agro-industrial by-products have also been used for 
fortification. For example, tomato skins and seeds or their extracts, as 
lycopene sources, are well established. In addition, other plant-based by- 
products have also been applied, namely, leftovers from carrots, lettuce, 
spinach, orange, among others, allowing their reuse and consequently 
the valorisation of endogenous resources. 

This integrated flavouring/fortification approaches clearly enhance 
the sustainability of the olive/olive oil sector, generating alternative 
high-value chains and promoting a positive impact at the environmental 
and social sustainability levels. This is of utmost relevance for small 
producers from low-density territories from inland areas of the Medi
terranean basin, where olive growing is one of the few wealth- 

generating activities, favouring short-chain commercial circuits and 
encouraging the fair trade of these products. 

It should be noticed that based on the compiled studies, there is no 
consensus regarding the benefits and/or disadvantages related with the 
flavouring/fortification processes, which greatly depend on several 
factors, such as the amount of flavouring/fortifying agent used, the 
contact time and temperature, as well as the quality of the raw olive oil 
chosen to be flavoured/fortified. Among all these, the flavouring/forti
fying agent used plays a crucial role. Its choice is critical since it in
fluences the oils’ chemical characteristics, especially the peroxide value, 
acidity, oxidative stability, phenolic and other bioactive compounds 
contents, which can act as antioxidants or pro-oxidants. 

Furthermore, it is clear that the aromatization and fortification of 
olive oils still present several challenges, namely concerning the tech
nological methods applied and the standardization of the 
physicochemical-sensory quality of the final flavoured oil. In fact, it is 
required that the producers can guarantee that the legal limits regarding 
the quality parameters are not exceeded due to the flavouring process. 
Regarding the technological process, most of the oils are still flavoured 
in an artisanal way with very incipient monitoring/controlling tools. It is 
necessary to optimize the flavouring technologies, especially those by 
contact or co-extraction, to ensure the consistency of the product char
acteristics at the production and also the use of greener emerging 
technologies. Vacuum, microwave and ultrasound technologies should 
be envisaged and optimized in view of establishing a better aromatiza
tion/extraction process. These techniques may promote the incorpora
tion of a greater amount of the flavouring agent and respective bioactive 

Table 4 (continued ) 

Agent Conditions Effect References 

Type and amount Time and Temperature 

(− ) Decrease of the phenolic 
compounds contents 

Thyme (Thymus zygis) and Wet 
bagasse 

Thyme extract and olive 
pomace 
2.5 g/100 g 

Ultrasound and centrifugation 
for 10 min at 3500 rpm 

(+) Increase of the fruitiness and 
bitterness intensity 
(+) Increase of the phenolic 
compounds contents 
(+) Increase of the oxidative 
stability 

Rubió et al. (2012) 

Tomato (Solanum lycopersicum) Pure lycopene 
0.5 and 1 mg/100 mL 

Room temperature (+) Increase of the phenolic 
compounds contents 
(+) Increase of the oxidative 
stability 

Montesano, Cossignani, D’Arco, 
Simonetti, and Damiani (2006) 

Lycopene extraction 
300 ppm 

Commercial samples (n.a.) (+) Enrichment in the lycopene 
(+) Increase of the phenolic 
compounds contents 
(+) Increase of the oxidative 
stability 

Nieva-Echevarría et al. (2020) 

Lycopene extraction 
350 mg/L 

Commercial samples (n.a.) (+) Increase of the antioxidant 
activity 
(+) Increase of the oxidative 
stability 

Garrido et al. (2013) 

Addition of oleoresin 
250, 500, 1000 and 2000 μg/g 

200 rpm at 25 ◦C (+) Increase of the antioxidant 
activity 
(+) Increase of the oxidative 
stability 

Kehili, Choura, Zammel, Allouche, 
and Sayadi (2018) 

Lycopene obtained from dried 
and ground skin and seeds 
200, 500 and 1000 ppm 

Stirring for 30 min (+) Enrichment in the lycopene 
(+) Increase of the antioxidant 
activity 
(+) Increase of the phenolic 
compounds contents 
(− ) Decrease of content of 
unsaturated fatty acids 

Azabou et al. (2020) 

White tea and green tea Lyophilized aqueous extract 
1 mg/mL 

Microwave 
1000 W for 1, 3, 5 and 10 min 

(− ) Increase of the extinction 
coefficients 
(− ) Decrease of the α-tocopherol 
(− ) Decrease of the antioxidant 
activity 
(− ) Decrease of the oxidative 
stability 

Malheiro, Casal, Lamas, Bento, and 
Pereira (2012) 

(− ) negative effect; (+) positive effect; n.a.: information not available (i.e., not provided by the author(s)). 
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Fig. 2. Frequency, in number of references, compiled from the literature (1996–2022), of each flavouring and fortification agent used for obtaining flavoured 
olive oils. 
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compounds into the oils, minimizing at the same time possible negative 
impacts on the known olive oils quality and bioactivity. In this sense, the 
optimization of the flavouring/fortifying process must be implemented, 
considering life cycle carbon-energy footprint analysis studies. 

Another key aspect to be considered within the quality/safety 
assurance is the traceability throughout the production chain, including 
the raw materials (olives/commercial olive oil categories and flavour
ing/fortifying agents). For flavouring, the commercial categories of 
“extra virgin olive oil” and “virgin olive oil” should be preferably used. 
The latter category has been the most used, contributing to the economic 
sustainability of the olive oil sector since the lower-value oils are being 
flavoured, allowing increasing their selling price. However, flavouring 
can also have risks of fraudulent use of “Lampante Olive Oil”. According 
to European legislation, this oil cannot be marketed directly to the 
consumer without undergoing a refining process. However, these oils 

could often be classified as virgin olive oils from a physicochemical 
quality point of view, being only classified as lampante oils due to the 
perception of intense sensory defects. The use of flavouring agents with a 
strong aroma can mask the defects, making fraud detection a hard task. 
On the other hand, flavouring organic and varietal oils and the capacity 
to guarantee authenticity is a growing analytical challenge. In organic 
olive oils, to keep the designation of “organic”, the flavouring agents 
must also be produced under organic agronomic guidelines, while in 
varietal oils, the use of these agents still poses other challenges in terms 
of traceability throughout the chain. Thus, several concerns have 
emerged regarding questions of authenticity and product traceability. 
Also, the use of flavouring agents or flavouring methods poses serious 
concerns regarding the chemical-microbiological safety of the agents 
applied. For example, many pesticides and other contaminants have 
lipophilic properties and can easily migrate into the oil. Thus, good 

Fig. 3. Frequency, in number of references, compiled from the literature (1996–2022), of positive (+) and negative (− ) effects attributed to the olive oil flavouring or 
fortification with different agents. 
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production practices must be guaranteed regarding the olive/olive oil 
production and the production chain of the flavouring agents. 

Last but not least, there is a lack of legislation at the European Union 
level regarding the production and commercialization of flavoured/ 
fortified olive oils, being not possible until now to market them in any oil 
commercial category. This aspect is of utmost importance since the lack 
of clear legislation and regulations leaves the market and the regulatory 
agents without any official guidelines/tools. This concern is evident in 
the recommendation of the “French Interprofessional Olive Association” 
(www.afidol.org). Depending on the flavouring/fortification method 
applied, this Association recommend the use of a denomination like 
“Food preparation based on olive oil extra virgin/virgin olive oil flavoured 
with …. ” or “Cooking preparation based on extra virgin olive oil/virgin olive 
oil flavoured with …. ” among other possible designations. However, the 
lack of regulations for these products introduces an undesirable entropy 
in the economic agents and does not favour the market transparency, not 
safeguarding the consumer’s expectations. 

Hence, the world of flavoured olive oils still needs to be further 
studied, being clear the need to go through a path that would allow the 
standardization of this Mediterranean tradition, aiming to limit and/or 
overcome the intrinsic variabilities of the flavouring/fortification com
mercial strategies. 
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Rubió, L., Motilva, M. J., Macià, A., Ramo, T., & Romero, M. P. (2012). Development of a 
phenol-enriched olive oil with both its own phenolic compounds and complementary 
phenols from thyme. Journal of Agricultural and Food Chemistry, 60, 3105–3112. 

Sacchi, R., della Medaglia, D., Paduano, A., Caporaso, N., & Genovese, A. (2017). 
Characterisation of lemon-flavoured olive oils. Lebensmittel-Wissenschaft und 
-Technologie- Food Science and Technology, 79, 326–332. 

Sari, H. A., & Ekinci, R. (2017). The effect of ultrasound application and addition of 
leaves in the malaxation of olive oil extraction on the olive oil yield, oxidative 
stability and organoleptic quality. Food Science and Technology, 37, 493–499. 

Sena-Moreno, E., Alvarez-Ortí, M., Serrano-Díaz, J., Pardo, J. E., Carmona, M., & 
Alonso, G. L. (2018). Olive oil aromatization with saffron by liquid–liquid extraction. 
Journal of Food Science & Technology, 55, 1093–1103. 

Sevim, D., Tuncay, O., & Koseoglu, O. (2013). The effect of olive leaf addition on 
antioxidant content and antioxidant activity of “memecik” olive oils at two maturity 
stages. JAOCS, Journal of the American Oil Chemists’ Society, 90, 1359–1369. 

Soares, V. P., Fagundes, M. B., Guerra, D. R., Leães, Y. S. V., Speroni, C. S., Robalo, S. S., 
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