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Abstract

The new base of the pyramid that represents the Mediterranean Diet (MD) 
includes a balanced lifestyle, healthy cooking methods, traditional, local 
and eco-friendly products, conviviality, physical activity with an adequate 
amount of rest, as well as caloric restriction and food frugality. Moreover, 
it has been confirmed that the main source of MD fat is Extra Virgin Olive 
Oil (EVOO). EVOO is considered a key feature of the healthy properties 
of the MD, due to its fatty acid, vitamin and polyphenol composition. 
However, these components need to be bioavailable to allow EVOO to exert 
its nutraceutical properties, which include antioxidant, anti-inflammatory, 
anti-cancer, antimicrobial, antiviral and hypoglycemic properties, as well as 
protective effects on the heart and brain, and during pregnancy and breast 
feeding. The main phenolic components responsible for the nutraceutical 
properties of EVOO are hydroxytyrosol, tyrosol and oleuropein. The adopted 
oil production and extraction technologies, such as extraction at low oxidative 
stress, determine the final polyphenol content in virgin olive oil.

Limited information on the epigenetic effects of olive polyphenols 
is presently available, although the epigenetic effects of many other plant 
polyphenols have been well documented. In this context, it has been found 
that, if mothers consume an adequate amount of olive oil during pregnancy, 
their children will be exposed to a lower risk of wheezing in the first period 
of their lives. 

In addition, EVOO, because of its oleochantal content, a natural anti-
inflammatory substance, may have an effect on many inflammatory diseases, 
even in the early period of life. 
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Introduction

The new base of the pyramid that represents the 
Mediterranean diet (MD) includes a balanced life
style, healthy cooking methods, traditional, local 
and eco-friendly products, conviviality, physical 
activity with an adequate amount of rest, caloric 
restriction and food frugality. The MD pyramid 
confirms the importance of a daily food intake of 
vegetables, cereals, fruit, legumes, as well as nuts 
and seeds, which are rich in micronutrients; the 
daily consumption of water and herbal infusions 
is also considered of fundamental importance [1].

The MD has been indicated as being very 
important in the prevention of Non Communicable 
Diseases (NCDs) [2], which are also known 
as chronic diseases that are not transmissible. 
According to the World Health Organization 
(WHO) definition, these include: cardiovascular 
diseases, cancer, chronic respiratory diseases and 
diabetes [3].

The main dietary fat in the MD is Extra Virgin 
Olive Oil (EVOO) [1].

EVOO is considered a key feature of the healthy 
properties of the MD, due to its fatty acid, vitamin 
and polyphenol contents. Sureda and colleagues 
from the Balearic Island University have recently 
shown, within the PREDIMED study, that an 
MD supplemented with EVOO, nuts or with a 
low-fat diet can enhance the plasma antioxidant 
capabilities and decrease the xanthine oxidase 
activity in patients suffering from metabolic syn
drome [4].

What affects the nutritional characteristics of 
EVOO 

The nutritional and chemical characteristics of 
EVOO are influenced by many/several different 
parameters (Tab. 1). First, environmental fac
tors (such as altitude, cultivation practices and 
irrigation) have an effect on the final quality of 
EVOO. For example, the polyphenol, oleic and 
stearic acid contents of different Ortice olive 
cultivars grown in Campania (Italy) were found to 
be different when grown at 50 m a.s.l. (above sea 
level) and at 500 m a.s.l. The oil obtained from the 

olives grown at 500 m a.s.l. showed a higher total 
biofenol and fatty acid content than those grown 
at 50 m a.s.l. [5]. Irrigation practices may also 
affect the biophenol oil content. Water deficit has 
been found to enhance the phytoprostane content 
in EVOO from the Cornicabra cultivar (Toledo, 
Spain) [6]. 

A study on the effect of different irrigation 
treatments applied to the Chemlali olive tree culti
var (East Coast of Tunisia) showed that different 
irrigation practices affected some aspects of the 
olive oil composition, as the palmitic acid, linoleic 
acid, total phenols and α-tocopherol contents 
were modified significantly [7]. The polyphenol 
content of olives is highest during the “veraison” 
period (the spotted olives, grape berry colouring), 
and it then decreases until complete ripening [8]. 
Moreover, different cultivars have different total 
polyphenol contents (Tab. 2), and the chemical 
characteristics of olive oils are influenced by the 
harvest time and the malaxation temperature. 
The oil extracted from Ayvalik and Memecik 
olives (Turkish monocultivars), by means of an 
industrial two-phase continuous system, showed 
higher hydroxytyrosol, tyrosol and pigment con
centrations at early harvest than at mid-harvest; 
moreover, the malaxation temperature affected 
the hydroxytyrosol, tyrosol, and peroxide values 
[9]. A positive relationship has been observed in 
a recent study between the malaxation temperature 
and the phenolic concentration in olive pastes and 
in virgin olive oils from four Italian olive cultivars 
for two different initial atmospheric composition 
conditions [10]. A study concerning two typical 
Sardinian cultivars, Bosana and Semidana, showed 
that an extraction technology, with a low oxygen 
contact during malaxation, using a plant equipped 
with a vertical-axis malaxator and with a low 
oxidative stress impact, allowed oil to be obtained 

Table 1. Parameters affecting EVOO nutritional and 
chemical characteristic.

•	Cultivar
•	Altitude
•	Irrigation
•	Cultivation practices
•	Degree of ripeness
•	Oil extraction technologies (malaxation, pressure or 

centrifugation system, low oxidative stress extraction 
technology)

•	Procedures and timing of the olive conservation
•	Procedure for transporting
•	Storage condition before use (industry and home)
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with significantly higher antioxidant activity values, 
and a higher phenol content [11].

Nutraceutical properties of EVOO

The nutraceutical properties of EVOO include 
antioxidant, anti-inflammatory, anti-cancer, anti
microbial, antiviral and hypoglycemic properties, 
and have a protective effect on the heart and brain, 
as well as during pregnancy and breast feeding 
[12]. The high oleic acid content of EVOO was 
once believed to be responsible for the benefits 
obtained from consuming EVOO. Currently, 
the known benefits are considered to be due 
to a combination of several nutrient and non-
nutrient phytochemicals. EVOO contains a series 
of phenolic components that induce important 
antioxidant activities [13].

The main EVOO phenolic compound clas
ses are flavonoids, lignans, simple phenols and 
secoiridoids, with the latter two groups pre
dominating. The phenolic compounds present in 
EVOO are shown in Tab. 3. The hydroxytyrosol, 
tyrosol, oleuropein and ligostride phenolic com
pounds are those that are mainly responsible for 
the health benefits, for the antioxidant activity, for 
the protection from blood lipid oxidation, for the 
antinflammatory activity, the anticarcinogenetic 
potential, the oxidative stress resistance, and nu
merous other health benefits [14]. 

In addition, EVOO contains decarboxymethyl 
ligstroside aglycone (oleochantal), a natural anti-
inflammatory substance, which may have an effect 
on several inflammatory diseases [15], even in the 
early period of life. Decarboxymethyl ligstroside 
aglycone was first isolated by Montedoro in 1992 
[16], and in 2005 was named, by Beauchamp, 
oleochantal, which stands for, oleo for olive, canth 
for sting, and al for aldehyde. The oleochantal of 
EVOO has the same anti-inflammatory charac
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teristics as ibuprofen (the dose-dependent inhibi
tion of COX-1 and COX-2 activities) [17]. 

The health benefits of continuous virgin olive 
oil consumption, as part of the Mediterranean diet, 
derive from its natural pharmacological qualities 
and its ability to reduce the diseases that cause 
inflammation, such as joint-degenerative and neuro-
degenerative diseases and cancer [12].

Natural plant, fruit and vegetable polyphenols 
play a role in the prevention and treatment of 
chronic diseases, as they modulate the effect of 
epigenetic-related enzymes [18]. This effect has 
been demonstrated for cancer and in other NCDs. 

Despite the limited information on the epige
netic effects of olive polyphenols that is presently 
available, the similarities between many effects 
of different plant polyphenols at the molecular 
level suggest that the well documented epigenetic 
effects reported for many other plant polyphenols 
could also be hypothesized for olive polyphenols. 
However, data on the epigenetic effects of olive 
polyphenols are still scarce, and further research 
is needed to increase the information necessary 
to propose the possible use of these substances as 
epigenome modulators in humans [19].

How much EVOO? 

In order to have an effect on the metabolism, the 
currently recommended dietary intake of EVOO is 

Table 2. Total polyphenol contents of different olive culti­
vars.

Cultivars 
containing 

phenols  
> 600 mg/kg oil

Cultivars 
containing 

phenols  
500-200 mg/kg oil

Cultivars 
containing 

phenols  
< 200 mg/kg oil

Chetoui 
Picual 

Coratina 
Manzanilla 
Cornicabra
Ogliarola
Moraiolo

Manzanilla 
Koroneiki
Leccino

Hojiblanca
Arbequina
Frantoiana 

Nocellara
Tanche
Leccino

Taggiasca
Hojiblanca
Arbequina
Sevillano

Table 3. Phenolic compounds contained in EVOO.

•	Benzoic acids and derivatives: 3-hydroxybenzoic acid, 
p-hydroxybenzoic acid, 3,4-dihydroxybenzoic acid, 
gentisic acid, vanillic acid, gallic acid, syringic acid

•	Cinnamic acids and derivatives: o-coumaric acid, 
p-coumaric acid, caffeic acid, ferulic acid, sinapic acid

•	Phenyl ethyl alcohols: tyrosol ([p-hydroxyphenyl]
ethanol), hydroxytyrosol ([3,4-dihydroxyphenyl] ethanol)

•	Other phenol acids and derivatives: 
p-hydroxyphenylacetic acid, 3,4-dihydroxyphenylacetic 
acid, 4-hydroxy-3-methoxyphenylacetic acid, 
3-(3,4-dihydroxyphenyl), propanoic acid

•	Dialdehydic forms of secoiridoids: 
decarboxymethyloleuropein aglycon (oleacin), 
decarboxymethyl ligstroside aglycon (oleocanthal)

•	Secoiridoid aglycons: oleuropein aglycon, ligstroside 
aglycon, aldehydic form of oleuropein aglycon, 
aldehydic form of ligstroside aglycon

•	Flavonoids: taxifolin, apigenin, luteolin
•	Lignans: pinoresinol, (+)-1-acetoxypinoresinol, 

(+)-1-hydroxypinoresinol
•	Other categories like the hydroxyisochromans 

1-phenyl-6,7-dihydroxyisochroman, 1-(3-methoxy-4-
hydroxy)phenyl-6,7-dihydroxy-isochroman
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20 g per day, with at least 5 mg of hydroxytyrosol 
and its derivatives. In order to bear the health 
claim, consumers should be informed that the 
beneficial effect is only obtained with a daily 
intake of 20 g of olive oil [20, 21]. This quantity 
of oil includes EVOO used both for cooking and to 
dress vegetables.

Influence of EVOO on maternal, neonatal and 
pediatric health 

A recent study has proved that a healthy diet is 
capable of influencing the health at different life 
stages, that is, as a fetus, a newborn and/or during 
adult life. This research showed that a diet rich 
in monounsaturated fats (20% of olive oil/EVOO 
enriched diet) was able to influence the oxidative 
parameters and ameliorate the neurotrophic factor 
gene expression in different brain areas of rats at 
different stages of life, even during the prenatal 
period. The diet period was also found to be able to 
influence the body weight of pups in a significant 
way. When, after weaning, the diet rich in EVOO 
was changed with the control diet, the body weight 
of the adults increased. The same increase was 
not observed when the enriched EVOO diet was 
maintained over the whole period, thus showing 
an inverse relationship between the Mediterranean 
diet and overweight or obesity. This effect is due to 
the monounsaturated fatty acids present in EVOO, 
which play a role on body weight regulation [18].

Pase and colleagues showed that an EVOO 
enriched diet could reduce oxidative damage 
in the total brain areas of rats at weaning, by 
decreasing the lipid peroxidation levels and 
the reactive species production, by eliciting 
significant free-radical scavenging effects, and 
by enhancing the antioxidant defense system, 
which was estimated on the basis of the reduced 
glutathione levels in the cortex of adult rats [22, 
23]. Furthermore, EVOO consumption could in
crease Brain-Derived Neurotrophic Factor gene 
expression in the prefrontal cortex of rats [18, 24]. 
Fibroblast Growth Factors are trophic factors in 
the central nervous system that have an important 
influence on neuronal protection, plasticity, de
velopment and repair. Fibroblast Growth Factor 
2 (FGF-2) mediates synaptogenesis and neurite 
branching [25]. These are able to induce the 
proliferation of neuronal progenitor cells in the 
hippocampus and in the subventricular zones 
[26]. If there is a reduced expression of FGF-2, 
it is possible that the vulnerability of a selected 

neuronal population will increase (altered mood 
disorders) [27]. Pase and colleagues [22] showed 
that the constant consumption of EVOO in 
pregnancy and breastfeeding may increase FGF-
2 mRNA expression. It is therefore possible to 
infer that nutritional interventions during critical 
developmental windows produce enduring effects 
on brain functions as well as an enhanced resilience 
toward pathologic conditions. These findings open 
a pioneering line of investigation on dietary ad
junctive therapeutic strategies and the potential 
of healthy dietary habits to prevent neonatal con
ditions and their influence in adulthood [18].

New technologies to create super healthy oils at 
a low cost [28, 29], obtained by adding microalgae 
or polyphenols to improve EVOO stability, are 
currently being advertised on the Internet. Using this 
approach, olive oil can achieve the same beneficial 
effects as standard EVOO in reducing rheumatoid 
arthritis and anti-inflammatory processes. In ani
mals, the supplementation of refined olive oil with 
hydroxytyrosol has been shown to significantly 
decrease paw edema, histological damage, cyclo
oxygenase-2 and inducible nitric oxide synthase 
expression, bone resorption and osteophyte for
mation. The improvement in the inflammatory status 
improves the articular function, and is therefore 
beneficial for chronic and acute inflammation [30]. 
However, the protective effects of MD are due to the 
nutritional food complex, rather than to individual 
macronutrients and micronutrients [31], and refined 
olive oil is not EVOO, even when polyphenols have 
been added.

A study that compared the effects of fish oil 
and olive oil supplementation in sows and their 
piglets, in late pregnancy and during lactation, on 
oxidative stress and inflammation showed that that 
oxidative stress indicators and cytokines can be 
carried over from mothers through the colostrum 
and milk. The oxidative stress of sows fed with fish 
oil can be reduced by adding extra antioxidants at a 
level of 2% during late gestation and 4.8% during 
lactation. In this study, lower cytokine levels in 
the colostrum and milk of sows and the plasma of 
piglets were observed in the olive oil treated group, 
thus showing that the maternal diet can decrease 
the plasma pro-inflammatory cytokine levels of 
piglets due to a lower transfer from the maternal 
colostrum and milk [32].

A mother-child study, named “Rhea project”, 
conducted in Heraklion, Crete, prospectively 
studied a cohort of pregnant women (Greek and 
immigrants) and their offspring. The study was 
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the first to prospectively examine, in a general 
population, the relationship between dietary 
patterns during pregnancy and post partum de
pression (symptoms). It showed that women who 
followed a “healthy” diet (MD) during pregnancy 
(a diet comprising vegetables, fruit, nuts, pulses, 
fish and seafood, EVOO and dairy products) had 
a reduced risk of postpartum depressive symptoms 
[33]. It has also been found that if mothers have 
consumed an adequate amount of olive oil as the 
main source of fat for cooking or salad dressing 
during pregnancy, their children are exposed to a 
lower risk of wheezing in the first period of their 
lives [34].

It is also interesting to note that in this study, 
when an infant did not suffer from wheezing during 
the first year of life, the mothers had a significantly 
higher MD score. When the effect of MD vanished, 
after removing the potential confounders, only 
the use of EVOO remained as a protective factor 
against wheezing during the first year of life. The 
results could suggest that an increase in olive oil 
consumption during pregnancy and the first 1,000 
days of life might be a primary prevention measure 
to reduce wheezing early in life [35].

In addition, it has been shown that dietary 
supplements with n-3 long chain polyunsaturated 
fatty acids (LCPUFA), which are also present 
in EVOO, may change the developing immune 
system of a newborn baby before allergic 
responses are established, particularly for those 
with a genetic predisposition to the production of 
the immunoglobulin E (IgE) antibody [36].

It has been shown that the urinary metabolome 
can be affected by the MD [37], with variations in 
the compounds of the metabolism of carbohydrates, 
creatine, creatinine, amino acids, lipids and the 
cometabolites of bowel microbes. An appropriate 
quantity of EVOO can influence the urinary 
metabolome [38]. It could therefore be interesting 
to evaluate how the MD, with a suitable quantity 
of EVOO, can influence the urinary metabolome 
of nursing mothers and the health of breastfed 
children. 

Conclusion 

It has been demonstrated that a high level of 
adherence to the MD early on in life protects 
against the development of asthma and atopy in 
children, and helps prevent wheezing in children. 
Olive oil is an important pillar of the MD, as it is the 
main and highest quality source of fat. If taken at 

an early age (the first 1,000 days of life) childhood 
and adolescence, it plays an important role in the 
prevention of adulthood diseases. Studies recently 
conducted on model animals have opened new and 
interesting perspectives on the efficacy of a diet 
integrated with EVOO for children. For this reason, 
it is important that olive oil producers should put 
more effort into increasing the phenolic content 
of olives, by selecting more suitable cultivars and 
more suitable degrees of ripeness, as well as by 
improving oil extraction technologies.

I want to conclude by citing a few verses from 
the Ode to Olive Oil by Pablo Neruda: “… It’s not 
only wine that sings/Olive oil sings too/It lives in 
us with its ripe light/And among the good things of 
the earth/I set apart/Olive oil, /Your ever-flowing 
peace, your green essence/Your heaped-up treasure 
which descends/In streams from the olive tree”.
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