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Preface

This edited volume is a collection of research chapters on olive oil and its applications. 
The book includes scholarly contributions by various authors and is edited by a group 
of experts pertinent to the agricultural, medical, and biological sciences field. Each 
contribution comes as a separate chapter complete in itself but directly related to the 
book’s topics and objectives. Over nine interdisciplinary chapters, the book discusses 
the latest research in the production of olive oil and its applications in health and 
nutrition. This book provides advanced knowledge for researchers in related fields, 
students, life science researchers, and interested readers.

Dr. Muhammad Akram
(Associate Professor) Chairperson,

Department of Eastern Medicine,
Government College University Faisalabad,

Pakistan
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Chapter 1

Health Benefits of Extra Virgin 
Olive Oil
Anka Trajkovska Petkoska and Anita Trajkovska-Broach

Abstract

Extra virgin olive oil (EVOO), also called the “Elixir of the youth and health” by 
the Ancient Greeks, is a cornerstone in the Mediterranean diet, which has been rec-
ognized as one of the healthiest and most sustainable dietary pattern and lifestyle. 
In this chapter, a brief overview of the major and minor components of EVOO is 
given followed by a review of their health benefits. In particular, the antioxidant, 
anti-inflammatory, anti-cancer and cardiovascular protective effects of EVOO are 
emphasized. At the end of this chapter, the reader would benefit by realizing that 
EVOO, as a functional food, proves the Hippocrates’s quote “Let food be thy medicine 
and medicine be thy food”.

Keywords: Extra virgin olive oil, Mediterranean Diet, health benefits, antioxidative 
effects, anti-inflammatory effects

1. Introduction

The cultivation of olive trees and production of olive oil have been related to the 
history and the culture of the people, who lived around Mediterranean Sea. A lot of 
archeological evidence has witnessed that inhabitants in this region consumed olives 
since the copper age. Over the millennia, olive oil has been used not only as a dietary 
ingredient, but also as lamp fuel, for cosmetics and pharmacological uses, for special 
rituals such as anointing royalty, warriors, etc. Greek philosophers have showed inter-
est to examine its nutritional and medicinal benefits, while Aristotle and Hippocrates 
have recommended the olive oil for treatment of many diseases, such as dermatitis, 
stomach and intestine problems, as well as sun protection and burnt skin [1–4].

Nations with different ethnic, historical, and cultural backgrounds and religious 
beliefs have lived in the Mediterranean region, where olives have been cultivated 
[5]. Over the past several decades, experts are recognizing that the diet of the 
people in the Mediterranean is among the healthiest diets in the world, because of 
the lower incidences of many chronic diseases, like cardio-vascular and age-related 
diseases among these people [6–8]. In particular, in 1960’s, the phrase Mediterranean 
Diet (MD) was coined by Ancel Keys based on his research of the traditional culi-
nary practices in the rural areas of Southern Italy, Crete, and other countries in the 
Mediterranean basin. His research, which started as a part of the Seven Countries 
Study with a special focus directed to the nutritional practices for the prevention 
of coronary heart diseases by replacing saturated fats (saturated fatty acids, SFA) 
with unsaturated fats, including polyunsaturated fatty acids (PUFA) and mono-
unsaturated fatty acids (MUFA), mainly sourced from the olive oil, showed that 
people living in the Mediterranean basin indeed have less cardiovascular events 
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and reduced risk of other diseases [1, 7, 9–11]. Half century later, in 2010, MD even 
became a part of the UNESCO’s intangible cultural heritage, where it is defined as 
“a set of skills, knowledge, rituals, symbols and traditions concerning crops, harvesting, 
fishing, animal husbandry, conservation, processing, cooking, and particularly the shar-
ing and consumption of food” [1, 5, 12].

The traditional Mediterranean cuisine emphasizes an abundant intake of variety of 
vegetables, fruits, legumes, whole grains, and nuts, moderate intake of seafood and fish, 
and a low consumption of red meat, sweets and other processed food, while red wine is 
usually consumed with the meals. Olive oil (OO), known as the liquid gold, and mainly 
used as a virgin olive oil (VOO) or as extra virgin olive oil (EVOO), is the hallmark of the 
MD [12, 13]. It is, in fact, the main source of healthy fats in the diet, which along with the 
other OO bioactive components, such as polyphenols, are often associated to the longev-
ity, well-being and a lower incidence of chronic diseases, particularly cardiovascular 
diseases (CVDs) in the populations living in the Mediterranean region [9, 14, 15]. 
Figure 1 below is a schematic presentation of MD with the foods consumed in abun-
dance at the bottom of the pyramid and those consumed rarely at the top of the pyramid. 
Important part of MD is the social aspect of the Mediterranean lifestyle, conviviality and 
daily physical activity, also presented at the bottom of MD pyramid.

2. Composition of olive oil

The major components of OO are saponifiable lipids (~98%), which are mostly 
triglycerols, MUFA (oleic acid, 55%–83%), PUFA (linoleic acid, 2.5%–21%) and SFA 
(palmitic acid, 7.5%–20%). The minor (unsaponificable) fraction (~2%) has more 
than 200 chemical compounds among which more than 30 are phenolic compounds, 

Figure 1. 
Mediterranean diet pyramid (© 2009 Oldways preservation and exchange trust).
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such as hydroxytyrosol, oleuropein, oleocanthal and tyrosol, phenolic acids (vanil-
lic acid, syringic acid, gallic acid, etc), flavonoids (eriodictyol, apigenin, luteolin, 
etc.), secoiridoids (oleacein, oleocanthal, etc.) and lignans [8, 11, 16–23].

The lipid fraction (MUFA, PUFA) in OO gives its lipophilic character responsi-
ble for protective properties on coronary, autoimmune and inflammatory disorders, 
granting anti-thrombotic and regulation effects of blood pressure [24]. The minor 
components like α-tocopherol, tocotrienols, and carotenoids, such as β-carotene 
and lutein, squalene and other triterpenes, sterols, and pigments are also important 
for human health and they are responsible for the oil taste and aroma of olive oil. 
The chlorophyll (a non-oily component) in OO, determines the color of the OO that 
can be lost in the refining process. Its role is a facilitator of cell growth, and its part 
in the stimulation of the formation of blood cells (hematopoiesis) has been reported 
[3]. The bioactivity of the phenolic compounds is related to different properties, 
antioxidant and anti-inflammatory, although the molecular mechanism of these 
compounds in relation to many diseases could have different cellular targets [16]. 
Their content in OO varies depending on climate, cultivar, ripeness of the olives at 
harvesting, as well as the production process of the olive oil [14, 21, 25–30].

Different olive oil types are classified according to their acidity, expressed as 
amount of oleic acid (International Olive Council (IOC) standard). For instance, 
extra virgin olive oil (EVOO) has a free acidity of <0.8 grams / 100 grams, virgin 
olive oil (VOO) has a free acidity of <2 grams / 100 grams, and ordinary OO has 
a free acidity of <3.3 grams/100 grams. During the refining process some of the 
important components, like phenolic compounds and squalene, are lost; thus, 
EVOO is the olive oil with the highest phenolic compound content with the mean total 
polyphenol content of >55 mg/100 g [14].

Among the many constituents of olive oil, particular attention has been focused 
to the phenolic compounds due to their antioxidant effects, but also to their anti-
inflammatory activities since that inflammation is an important etiologic factor for 
several non-communicable diseases [16, 24, 25, 31]. There are various OO phenolic 
compounds, which can be classified as simple phenols (hydroxytyrosol, tyrosol), 
secoiridoids (oleuropein) and lignans. Among them, oleuropein, hydroxytyrosol and 
oleocanthal are the most studied compounds with proven benefits, such as being 
strong antioxidant compounds counteracting reactive oxygen species’ formation 
[18, 20, 32–35].

3. Oxidative stress and inflammation

Oxidative stress is defined as an imbalance between the oxidant and antioxidant 
systems of the body, in favor of the oxidants. It occurs when excessive generation of 
free radicals, reactive oxygen species (ROS) and reactive nitrogen species (RNS), 
produced during the normal cell metabolic processes or by external factors (pol-
lution, smoke, radiation and chemicals) is unbalanced by the body’s antioxidant 
defense system. The oxidative stress has been implicated in the etiology of many 
diseases; in particular, the oxidative stress is one of major cellular features in the 
onset of pathological conditions, such as neurodegenerative disorders (Alzheimer’s 
and Parkinson diseases), renal disease, diabetes, ischemia, atherosclerosis, pulmo-
nary dysfunction, cancers, and aging [3, 8, 25, 36–40].

The oxidative stress can activate a variety of transcription factors, which lead to 
the differential expression of some genes involved in different inflammatory path-
ways [38–41]. Inflammation and oxidative stress are interrelated and closely linked 
to many pathophysiological processes; one of them may occur before or after the 
other. In most of the cases, both of them take part in the pathogenesis of the chronic 
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diseases [37]. The oxidative stress and inflammation, when unbalanced by the anti-
oxidant defense system, can lead to changes of the crucial biomolecules in the body. 
Namely, ROS and RNS as highly reactive molecules can damage cell structures, such 
as the carbohydrates, nucleic acids, lipids, proteins and alter their functions through 
lipids’ peroxidation, DNA damage and proteins’ oxidation that lead to cell mutation, 
abnormal cellular growth, apoptosis, and necrosis (Figure 2) [30, 38].

On the other hand, the human antioxidant defense system includes endogenous 
and exogenous antioxidants. Enzymes, such as superoxide dismutase, catalase, 
glutathione reductase, glutathione and glutathione peroxidase, metal binding 
proteins form the body exogenous antioxidant system, then some elements or 
compounds (selenium, zinc, vitamins A, C and E, phenols), mainly derived from 
the diet, belong to the group of exogenous antioxidants. Therefore, the level and the 
diversity of antioxidants in the body are very important for counteracting and neutral-
izing the oxidative stress, which is critical for cell viability, activation, proliferation, 
and organ function. Enzymatic and nonenzymatic antioxidants are usually effective 
in blocking the harmful effects of ROS. However, in the human cells, de novo anti-
oxidant production is very limited. Also, in pathological conditions, the antioxidant 
systems can be overwhelmed. Hence, the intake of external antioxidants can assist 
in fighting the oxidative stress. In this context, the role of dietary antioxidants, such 
as polyphenols, carotenoids, tocopherols, tocotrienols and others is very important. 
EVOO, as a rich source of antioxidants, has been recognized and recommended by 
many experts, medical doctors, dieticians, nutritionists to help in protection against 
the oxidative stress, inflammation and related diseases [25]. In this context, the 
European Food Safety Authority (EFSA) in 2011 has approved a health claim stating 
that the dietary intake of VOO’s polyphenols is able to protect blood lipids from 
oxidative damage. However, in order this claim to be valid, 5 mg/day of hydroxytyro-
sol and its derivatives should be consumed (Commission Regulation, EU, 432/2012) 
[16, 42–44].

Figure 2. 
Oxidative stress and inflammation and their effects on different organs.



5

Health Benefits of Extra Virgin Olive Oil
DOI: http://dx.doi.org/10.5772/intechopen.96570

4. Health benefits of EVOO

4.1  Antioxidative and anti-inflammatory effects of EVOO bioactive 
constituents

The benefits of OO, especially those of EVOO, in the human organism are well 
established, and they are mainly due to its composition. The predominant MUFA 
present in EVOO is the oleic acid. Also, the microconstituents, such as phytosterols, 
squalene, tocopherols, phenolic compounds, terpenic acid derivatives, etc. have 
particular beneficial effects on the human health and well-being. Among them, the 
phenolic compounds are the most studied and proven for their remarkable antioxidant 
activities. It is worth noting that secoiridoids and alcoholic phenols (hydroxytyrosol) 
are present in much higher amounts in EVOO compared to refined OO. These phenolic 
compounds are characterized by a broad spectrum of biological activities, such as 
reducing the morbidity, prevention and slowing the progression of diseases associated 
with oxidative stress, due to their antioxidant activity [2, 6, 8, 37, 39, 45–49].

The benefits of EVOO phenolic compounds, are closely related to their chemical 
structure, specifically due to the presence of hydroxyl groups. The action mechanism 
could be attributed to the electron donating ability of the hydroxyl groups and subse-
quent formation of intramolecular hydrogen bonds with the free radicals. In addition 
to the antioxidant effect, i.e. the direct scavenging of reactive species, the EVOO 
polyphenols’ modulation of gene expression plays a key role in their anti-inflam-
matory properties. A strong scientific evidence supports the association of phenolic 
compounds with the prevention or reduced risk of diseases caused and characterized 
by oxidative stress or inflammation, such as cancers, digestive disorders, metabolic 
syndrome, obesity, atherosclerosis and CVDs [19, 24, 27, 31, 49–51]. Beside antioxi-
dant and anti-inflammation effects, polyphenols are also responsible for antihepato-
toxic, antidiarrheal, anti-ulcerous in the digestive system, anti-allergic, anthelmintic, 
anti-osteoporosis effects, but also have anti-bacterial and antiviral effects [3, 4].

It is worth mentioning that the EVOO phenolic compounds’ antioxidant and 
anti-inflammatory effects are synergic in nature giving rise to the profound bioactivity 
of EVOO against chronic diseases and different pathologies, where the oxidative stress 
has been implicated as underlying mechanism (neurodegenerative, digestive disorders, 
cancer, and metabolic syndrome). In particular, a large body of scientific evidence sup-
ports EVOO’s phenolic compounds having the following beneficial effects (Figure 3):

• Anti-cancer and chemo-preventive effects

• Cardiovascular protective effects

• Antibacterial, antiviral and antifungal activity

• Respiratory effects

• Endocrine effects

• Gut- and immuno-modulatory effects

• Neuro-protective activity, etc.

In the next section, the health benefits of EVOO through the biological activi-
ties of some of its constituents, in particular the major phenolic compounds, are 
reviewed.
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4.1.1 Hydroxytyrosol

As presented in Figure 2, hydroxytyrosol, oleocanthal and oleuropein are the 
most studied and most important polyphenols found in EVOO.

Hydroxytyrosol [14, 52–55] is considered to have the highest antioxidant and 
anti-inflammatory potency compared to the other EVOO’s polyphenols. Its 
beneficial properties for human health are strongly related to the ability of the 
molecule to scavenge free radicals, ROS and RNS, as well as to activate endogenous 
antioxidant systems in the body. For instance, it is known, ROS are involved in 
the endothelial dysfunction contributing to atherosclerosis development. In vitro 
studies have shown that EVOO polyphenols are able to lower the oxidative stress 
and inflammatory-related sequelae associated with chronic degenerative diseases. 
It was found that hydroxytyrosol regulates the intracellular ROS levels in vascular 
endothelial cells and provides a molecular basis for the prevention of CVDs [56–58]. 
Another scientific evidence is relating hydroxytyrosol to a potential risk reduction 
for developing type 2 diabetes mellitus [22]. Its antioxidant activity has been shown 
to be efficient against oxidative damage in vitro in retinal pigment epithelial cells, 
which occurs in age-related macular degeneration lesions. Moreover, an in vivo 
assay revealed that oral supplementation of EVOO and specifically hydroxytyro-
sol reduces brain lipid peroxidation, acting as a powerful brain antioxidant [59]. 
The anti-inflammatory capacity of hydroxytyrosol has been also shown against 
acute ulcerative colitis. Namely, patients with inflammatory bowel disease are at 
increased risk for developing colorectal cancer. In vivo studies have showed that 
the diet enriched in polyphenols resulted in less incidence and multiplicity of 
tumors [60, 61].

Hydroxytyrosol in EVOO has also shown anti-HIV activity in vitro. It inhibited 
the viral integrase enzyme and the fusion of the viral envelope with host cells [58]. 
It has been considered as a potential microbicide, as well. In particular, more recent 
studies have shown that hydroxytyrosol has a potent antimicrobial activity against 
Clostridium perfringens, Escherichia coli, Staphylococcus aureus, Salmonella enterica, 
Yersinia sp., and Shigella sonnei [53, 62].

Figure 3. 
Chemical structures of olive oil main phenolic compounds and the antioxidant and anti-inflammatory benefits 
of olive oil.
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4.1.2 Oleocanthal

Oleocanthal [63–66] is ~10% of the total phenolic content in EVOO; it has 
pronounced antioxidant and anti-inflammatory activity and is responsible for the 
pungency of the fresh olive oil. Oleocanthal’ anti-inflammatory activity is presented 
by inhibition of COX-1 and COX-2, cyclooxygenase enzymes, which catalyze 
important steps in inflammation pathways. It has been found that it has effects 
similar to Ibuprofen [8, 32, 65, 67, 68]. Although oleocanthal and ibuprofen are not 
chemically similar, they have similar anti-inflammatory properties that help reduce 
the risk of cancer and CVDs; oleocanthal was found to be even more potent than 
ibuprofen and is more effective in preventing inflammation. Other studies have 
been focused on its pharmacological effects, such as in cancer and neurodegenera-
tive diseases, including the multiple myeloma cells, as well as activation of cytopro-
tective pathways promoting healthy aging [22, 40, 59, 69–75].

4.1.3 Oleuropein

Oleuropein is responsible for the characteristic bitter taste of unprocessed olives 
[1, 33, 76–78]; it has been found to perform a wide spectra of properties: antioxi-
dant, anti-aging, anti-inflammatory, anti-atherogenic, anti-cancer, antimicrobial, 
antiviral, skin- and cardio-protective. Its hypolipidemic, hypoglycemic and neuro-
protective activities have been studied, too [22, 76, 77].

Oleuropein was found to be effective against various strains of bacteria, viruses, 
fungi, as well as molds and parasites. Moreover, it also inhibits platelet aggregation. 
Oral treatment with oleuropein resulted in a reduced number of blood vessels prov-
ing strong anti-angiogenic properties to inhibit macrophage-mediated low-density 
lipoprotein (LDL). There are numerous studies confirming the anticancer activity 
of oleuropein, as observed in human cancer cell lines, such as breast adenocarci-
noma, melanoma, urinary bladder carcinoma, colorectal adenocarcinoma, prostate 
cancer, lung carcinoma, glioblastoma, renal cell adenocarcinoma, etc [22]. Several 
experimental studies provide strong evidence that oleuropein exhibits beneficial 
hepatoprotective effects on the liver as the liver has been identified as one of the 
target organs of oxidative stress [76, 79, 80].

In the section below, the protective effects of EVOO in relation to particular 
diseases are briefly reviewed.

4.2 Protective effects of EVOO in different diseases

4.2.1 Cardiovascular diseases

Cardiovascular diseases (CVDs) often called “silent killers,” are mostly common in 
urban community populations [13, 17]. Initially, the mechanism of EVOO as cardio-
protector was based on the incidence on the so-called traditional risk factors (lipids 
and blood pressure), but the modern cardiovascular risk factors are extended to 
inflammation, oxidative stress, coagulation, platelet aggregation, fibrinolysis, endo-
thelial function or lipids, or even modulation of the conditions, which are predisposi-
tions for CVDs, such as obesity, metabolic syndrome or type 2 diabetes melitus [81]. 
However, among the major CVD risk factors are still considered the hypercholesterol-
emia, hypertension, and atherosclerosis. CVD is a group of disorders such as chronic 
heart disease, stroke, rheumatic heart disease, peripheral arterial disease, congenital 
heart disease, pulmonary embolism, deep vein thrombosis and most of them prolifer-
ate in general by the accumulation of fatty deposits on the inner walls of the blood 
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vessels causing a blockage of blood circulation to the arms, legs, brain, or heart [7, 17]. 
There is an evidence that EVOO’s fatty acids play an essential role in the management 
of CVDs and do not cause deposits and blockage in the blood vessels [3, 4, 17, 82]. 
Current recommendations for primary prevention of CVD highlight the importance 
of dietary patterns including dietary sources of healthy fats, such as those high in 
unsaturated fat and low in saturated fat. EVOO is a perfect example as a dietary CVD 
preventor due to the presence of MUFA and PUFA [3, 13, 19, 35].

It is not only the unsaturated fatty acids in EVOO, but its phenolic compounds 
that have shown favorable results in modulation of oxidative balance markers of 
CVDs. These beneficial effects of EVOO were more pronounced in healthy patients 
compared to unhealthy subjects. EVOO benefits were also observed in insulin sensi-
tivity, glycaemia, modulation of transcription of genes involved in lipid and glucose 
metabolism, inflammation, significant reduction of oxidized LDL, increased high 
density lipoprotein (HDL) cholesterol levels, etc. In fact, it has been shown that EVOO 
lowers the total blood cholesterol, LDL-cholesterol and triglycerides, while increasing 
the HDL-cholesterol level, which helps fend off the formation of fatty patches, thus 
stimulating the elimination of LDLs. Controlled clinical trials have shown that 1% 
reduction in total and LDL-cholesterol concentrations results in an ≈1.5% reduction in 
the incidence of CVD [3, 4, 83–87]. In addition, EVOO is capable of blunting oxida-
tive stress by regulating the platelet oxidative stress and endothelial dysfunction. In 
humans, the role of EVOO as an anti-atherosclerotic nutrient is also supported by its 
ability to modulate expression of atherosclerosis-related genes in which LDL oxidation 
is involved. Another relevant mechanism of EVOO in modulation of CVDs is its anti-
inflammatory effect in the vascular walls [88]. There are many long- and short-term 
studies that have shown that EVOO intake is also associated with a significant decrease 
in inflammatory markers, namely Thromboxane-B2 (TXB2) and Leukotriene-B4, 
which indicate EVOO’s anti-thrombotic and anti-inflammatory activity in a postpran-
dial state. Studies on subjects at high cardiovascular risk showed reduction in both 
blood pressure values, the systolic and the diastolic pressure [89, 90].

An inverse relationship between OO intake and coronary heart diseases’ mor-
tality and incidence has been reported within the EPIC (European Prospective 
Investigation into Cancer and Nutrition) cohorts [8], as well as during the 
PREDIMED (PREvención con DIeta MEDiterránea) study which included 7,216 men 
and women at high cardiovascular risk, aged 55 to 80 years [26]. The study linked 
EVOO and reduced risks of CVDs and mortality in individuals at high cardiovascular 
risk. More specifically, EVOO intake in the context of MD was associated with a 
reduction in the risk of CVD by 30% compared to controls subjected to low-fat-diet 
and reduced mortality in older high cardiovascular-risk individuals [91]. Estruch 
et al. have showed that EVOO consumption, but not MUFAs alone, was associated 
with a reduced risk of all-cause mortality, CVD events, and stroke which indicates 
that the minor constituents in EVOO could be also responsible for its health benefits. 
Furthermore, a study conducted by Guasch-Ferré et al. have suggested that 10 g/day 
of EVOO intake were associated with a 10% reduction in the risk of cardiovascular 
problems [92]. Another study suggests that EVOO is associated with lower CVD rates 
in people adhering to MD; in general, those consuming >0.5 tablespoon/day of olive 
oil had a 14% lower risk of CVD and an 18% lower risk of coronary heart disease [93].

4.2.2 Cancers

ROS have been implicated in the etiology of many cancer types; therefore a 
“control” over them would significantly reduce the risk of developing certain 
cancers [22]. There is a strong evidence that using EVOO as a main source of fats 
in someone’s diet can supress certain cancer types, such as breast [4, 7, 82, 90, 94], 
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colorectal [3, 7, 95], and prostate cancer [3, 94] due to its anti-oxidant and anti-
inflammatory effects. The cancer-preventing mechanisms of EVOO, in general, 
are less known. It has been hypothesized that the anti-cancer actions of EVOO may 
relate to the ability of its MUFA-oleic acid to specifically regulate cancer-related 
oncogenes. In fact, oncologists have discovered that MUFA and PUFA suppress the 
over-expression of an oncogene HER2, which is critical to the etiology, invasion, 
progression, and metastasis especially of human mammary carcinoma [96, 97]. 
However, there is a growing interest to identify the role of phenolics from EVOO 
in carcinogenesis, as well. They can exert an inhibitory action on cancers, acting as 
blocking and/or suppressive agents at several stages of cancer progression [4, 8].

In vitro studies have reported that some phenolic compounds isolated from EVOO 
have anticancer activity against different types of cancers. Despite the different 
molecular mechanisms of the anticancer activities of EVOO phenolic compounds, 
it can be summarized that most of them inhibit oncogenic factors, including muta-
tions, catalytic activities of predicted metabolic and epigenetic targets and interac-
tions affecting DNA methylation. For instance, the inhibition of prostate cancer by 
hydroxytyrosol was found to be mediated by inhibition of cell proliferation, adhe-
sion, migration, and invasion. Oleuropein has also demonstrated a chemo-preventive 
role in the proliferation of breast cancer cells by inhibiting estrogen-dependent 
signals. Oleocanthal and oleacein have reduced the viability and migration of non-
melanoma skin cancer cells, while hydroxytyrosol showed no effect in this cancer 
type. Moreover, the metabolites produced by the degradation of EVOO phenolic com-
pounds by gut microbiota may have a chemo-preventive effects on colorectal cancer, 
which is the second most common cancer-related death worldwide [45, 46, 98–102].

Another in vitro study of anticancer and chemo-preventive potential of EVOO’s 
tyrosol, hydroxytyrosol and secoiridoid derivatives (oleocanthal and oleacein) on 
cutaneous non-melanoma skin cancer models have demonstrated that phenolic 
EVOO’s compounds can block molecular steps that occur after the initial UV radia-
tion exposure and before or during tumor development. Another trial investigated 
whether hydroxytyrosol improves the antitumor response of women with breast 
cancer undergoing neoadjuvant chemotherapy, influencing plasma levels of mol-
ecules involved in cell proliferation, apoptosis, and metastasis (e.g., tissue inhibitor 
of metalloproteinases, TIMP-1); data showed that in women receiving a dietary 
supplement with 15 mg/day of hydroxytyrosol combined with a specific chemother-
apy treatment, the plasma levels of TIMP-1 decreased [46, 103–105]. Furthermore, 
EVOO induces molecular changes in tumors, such as in the composition of cell 
membranes, activity of signaling proteins and gene expression; all these modifica-
tions could cause lower proliferation, higher apoptosis and lower DNA damage. For 
example, there is a beneficial evidence of EVOO on breast cancer risk; consumption 
of EVOO in moderate quantities and throughout the lifetime appears to be a healthy 
choice and may favorably influence the breast cancer risk [4]. In another trial, the 
PREDIMED trial [91], part of the participants were subjected to a traditional MD 
supplemented with EVOO and compared to the participants subjected to the control 
low-fat diet. Besides the fact that the main outcome in the trial was the incidence of 
CVD, the incidence of breast cancer in women was included as a secondary outcome. 
Among 4152 women included in the analysis, women subjected to the MD supple-
mented with EVOO group exhibited a 68% lowest risk of incident breast cancer.

4.2.3 Other diseases

Metabolic syndrome (MS) is characterized by a cluster of interrelated mark-
ers including obesity, hyperglycaemia, dyslipidaemia and hypertension [4, 21, 
42, 106–110]. EVOO’s phenolic compounds have been related to the prevention 
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or inhibition of MS-related diseases. An in vitro assay has demonstrated that 
oleacein acts as an inhibitor of a central epigenetic regulator of metabolic repro-
gramming in diseases associated with obesity, neurological disorders, and cancer. 
Inhibitory effects were also found against enzymes related to hyperglycemia 
associated with hypertension [111]. Positive results were found in a two-year 
study on subjects with MS, showing a reduction in blood pressure values in 
women with moderate hypertension supplemented with EVOO versus the 
control low-fat diet group [112].

Positive modulation of gut microbiota as an approach for management of diseases 
has attracted a lot of scientific attention recently. High intake of phenolic com-
pounds from dietary source, such as EVOO, appears to regulate the CVD and other 
risk factors, through the modulation of gut microbial populations, their activities 
and diversity. This is due to the fact that many plants’ phenolic compounds are not 
totally absorbed in the mouth and gastrointestinal track and become available for 
microbiota utilization as an energy source. This is the case with EVOO’s phenolic 
compounds – reaching the gut and being consumed by its microbiota. This is very 
important since the gut microbiota, as a key factor in driving metabolic activities, is 
involved in the regulation of host immunity. Thus, supporting healthy gut micro-
biota can help boosting the overall immunity [24, 27, 82, 113–115].

Diabetes type II (T2D) could be prevented by using EVOO due to its rich 
phenolic profile [11, 22, 36, 42]. The specific components of EVOO are consid-
ered as novel candidates for improving the glycaemic profile in patients with 
diabetes mellitus. In an interventional study, it has been shown that oleuropein 
lowers postprandial glycaemia by reduction of Nox2 activity in healthy subjects. 
Another evidence is improved glucose metabolism and reduced body weight in 
the PREDIMED study, thus, preventing T2D in 80 cases of new-onset diabetes 
cases which were subjected to the MD and EVOO group of participants. More 
particularly, the positive effects of polyphenols on the metabolic control and the 
production of specific pro−/anti-inflammatory adipokines in overweight patients 
with T2D have been confirmed. EVOO consumption significantly reduced fasting 
plasma glucose and HbA1c levels, as well as body mass index and body weight. 
Therefore, daily consumption of polyphenol-rich EVOO might improve the 
metabolic control and circulating inflammatory adipokines profile in overweight 
T2D patients [110].

Reports on reduction in body weight by using EVOO in the diet have also been 
published [90, 116, 117]. Chronic obesity is a situation of chronic systemic inflamma-
tion and can contribute to the development and severity of asthmatic and probably 
allergic diseases [11, 42]. There is a limited evidence for the EVOO effects on the 
body weight regarding the reduction of fat mass with consequent increases of 
muscle mass. However, a trial evaluating the effects of hydroxytyrosol has showed 
that it can modulate the adipocyte gene expression profile through mechanisms 
involving a reduction of oxidative stress and NF-kB inhibition and may blunt 
macrophage recruitment, preventing the deregulation of pathways involved in the 
obesity-related diseases [11].

Antimicrobial activities have been found in olive extracts; EVOO components, 
like tocopherols, carotenoids, have been shown to reduce the growth of foodborne 
pathogens and stimulation of growth of probiotic microorganisms such as L. 
Acidophilus and B. Bifidum [17]. Also, EVOO phenols have been demonstrated to 
inhibit in vivo or delay the growth of bacteria, such as salmonella, cholera, pseu-
domonas, staphylococcus, fungi, viruses, and parasites. Furthermore, hydroxy-
tyrosol has showed to be highly toxic to Pseudomonas syringae pv savastanoi and 
Corynebacterium Michiganense, while oleuropein can completely inhibit the growth 
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of Escherichia coli, Klebsiella pneuomoniae, and Bacillus cereus. Also, the phenolics 
exert in vitro strong bactericidal activity against eight strains of Helicobacter pylori, 
which are linked to a majority of peptic ulcers and certain types of gastric cancers 
[8]. Therefore, there is a strong evidence of the antimicrobic effect of EVOO’s 
phenols that successfully destroy colonies of microorganisms which may cause 
respiratory tract, intestinal, and genital tract infections [8, 90].

Autoimmune diseases and immune-mediated inflammatory diseases [7, 90, 118, 119] 
like inflammatory bowel disease, rheumatoid arthritis, systemic lupus erythemato-
sus, sclerosis, psoriasis, etc., can be prevented by the favorable fat profile of EVOO. 
But, the beneficial effects of EVOO have been attributed, besides to the MUFA 
content, to the presence of phenolic compounds as well due to their antioxidant, 
anti-inflammatory and immunomodulatory properties [118]. There are many stud-
ies that support the beneficial role of EVOO in certain inflammatory diseases; for 
example, the positive effects of dietary EVOO on type II collagen-induced arthritis 
have been reported [4, 118, 119].

Skin treatments with EVOO after burning have resulted in better wound healing; 
or treatment with oleuropein and olive leaf extract after UV exposure significantly 
inhibited increase in skin thickness, reduction in skin elasticity, skin carcinogenesis 
and tumor growth. Furthermore, EVOO polyphenols exerted anti-inflammatory 
effects on human keratinocytes suppressing the key epidermal cytokines, which 
have been found as a source of skin inflammation [4, 90, 120].

EVOO has been proposed to promote healthy aging, as it is being able to virtually 
modulate all the features of the aging process, because of its favorable MUFA con-
tent and its minor bioactive compounds. Polyphenols are able to modulate abnor-
mal cellular signaling induced by pro-inflammatory stimuli and oxidative stress. 
In particular, oleocanthal and oleacein are scientifically proved that can activate 
healthy aging-promoting cytoprotective pathways and suppress the oxidative stress 
in mammalian cells [4, 21, 47].

5. Summary

Generation of oxidative species in the body, such as free radicals, ROS and RNS, 
result in oxidative stress that has been implicated in the pathogenesis of many 
chronic degenerative diseases and aging processes. In particular, the oxidative stress 
leads to structural and functional damage to the main biomolecules, nucleic acids, 
lipids, and proteins, which then result in development of many diseases, such as 
cancer, metabolic disorders, cardiovascular dysfunctions, inflammatory disorders, 
neurological degeneration, etc. Antioxidants can counteract the effects of the 
free radicals and other oxidative species, thus reducing the oxidative stress in the 
body. An imbalance between the production of oxidative species from one side, 
and the availability of antioxidants from the other side, can be detrimental for the 
human health. Therefore, the level and the diversity of antioxidants in the body are 
crucial for counteracting and neutralizing the oxidative stress. de novo antioxidant 
production in the body is limited; therefore, dietary antioxidants, such as polyphe-
nols, carotenoids, tocopherols, tocotrienols, and others, are preferred as they are 
naturally bioavailable compounds easily absorbed by the human body and ready to 
counteract the oxidative stress. In this context, EVOO is a great source of variety of 
powerful and bioavailable components, such as phenolic compounds hydroxytyro-
sol, oleocanthal and oleuropein. The health properties of EVOO have been directly 
related to these phenolic compounds. In vitro and in vivo studies involving humans 
and animals have demonstrated that EVOO’s unsaturated fatty acids and phenolic 
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compounds have remarkable and beneficial effects due to their pronounced anti-
oxidant and anti-inflammatory activity, all acting in a synergistic way. A large body 
of scientific evidence has shown EVOO’s effects on different pathologies, such as 
different types of cancers, CVDs, neurodegenerative and digestive disorders, MS 
and gut-related disorders.

In summary, EVOO - the hallmark of the Mediterranean diet - has been proven 
to have the following health and well-being benefits (Figure 4):

• Reduced risk of cancers,

• Improved endothelial function,

• Reduced blood pressure,

• Antithrombotic effects,

• Reduced total cholesterol level,

• Better glycemic control,

• Reduced metabolic-related diseases,

• Antimicrobial activity,

• Reduced inflammation,

• Yields rich gut microbiota,

• Supports healthy aging, etc.

Taking into account the above benefits of EVOO, it is obvious that EVOO should 
be used in abundance in the daily diet, as it is the case with the people adhering to 
the remarkable Mediterranean Diet, who are experiencing lower risks of certain 
diseases that could be avoided via diet. EVOO - the “Blessed nutrient” and the “Elixir 
of youth and health” known from the ancient times - is indeed the proof of the 
Hippocrates’s “Let food be thy medicine and medicine be thy food”.

Figure 4. 
EVOO’s antioxidant and anti-inflammatory compounds efficiently neutralize the oxidative stress and fight the 
inflammation.
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Chapter 2

Anti-Cancer and Cardiovascular 
Properties of Phenolic Compounds 
Present in Virgin Olive Oil
Mohammed El Haouari

Abstract

Cancer and cardiovascular diseases (CVD) are the leading cause of death 
worldwide. Furthermore, current cardiovascular and cancer therapy is accom-
panied by various side effects, which considerably reduce the quality of life. 
Epidemiological studies suggest that the Mediterranean diet has been related to a 
lower risk of non-communicable diseases such as CVD and cancer. This lower  
incidence has been partially attributed to the regular intake of virgin olive oil 
(VOO) which is the main fatty component of the traditional Mediterranean die. 
In addition to monounsaturated fatty acid, VOO contains various phenolic com-
pounds, which have shown a broad spectrum of pharmacological properties due 
to their antioxidant activity. This chapter summarizes current knowledge on the 
effects of the main phenolic compounds isolated from VOO on different cancers 
and CVD as well as the plausible action mechanisms involved.

Keywords: olive oil, phenolic compounds, cancer, cardiovascular disease,  
health benefits

1. Introduction

Cardiovascular diseases (CVD) and cancer, which are the main causes of 
morbidity and death worldwide, occurring as a result of complex factors such as 
stress, hypertension, hypercholesterolemia, obesity, smoking, inadequate diet and 
physical inactivity [1]. In addition, current anti-cancer and cardiovascular therapy 
is based on conventional drugs that have limited effectiveness and adverse side 
effects such as toxicity of chemotherapeutic drugs on normal cells and reduc-
tion of the quality of life. Thus, the need for newer and more effective drugs for 
the management of cancer and CVD is of great interest. Several epidemiological 
studies have shown a lower incidence of CVD and certain kinds of cancer in the 
Mediterranean region due to the Mediterranean diet (MD) which is rich in veg-
etables, cereals, fruit, fish, and olive oil [2]. In addition, several epidemiological 
studies suggested that olive oil intake is involved in preventing various cancers 
as well as CVD mortality and incidence [3–7]. In this sense, a clinical study by 
Estruch et al. reported that the consumption of 50 mL/day of extra-virgin olive oil 
(EVOO) reduced the incidence of major cardiovascular events [8]. Besides the tra-
ditional benefits on the high level of monounsaturated fatty acid provided by olive 
oil intake, a broad spectrum of benefits on cardiovascular risk factors and cancer is 
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now emerging associated with olive oil consumption [9]. Thus, the anticancer and 
cardioprotective properties of olive oil seem to correlate with the antioxidant and 
anti-inflammatory activity of multiple minor components such as hydroxytyrosol, 
tyrosol, and their secoiridoid derivatives. Further research have shown that olive 
oil phenolic compounds exert a possible chemoprotective and anticancer effects 
in different types of cancers such as breast cancer [10, 11], colon [12], prostate 
[13] and melanoma [14]. These phenolic compounds exist mainly in extra virgin 
and VOO and give the oil its health properties. The huge number and variety of 
phenolic compounds in olive oil might explain the unique health benefits of this 
culinary oil [15].

2. Virgin olive oil in the Mediterranean diet

The traditional MD contains a considerable proportion of fruits, vegetables, 
cereals, fish, milk and olive oil. VOO represents the main dietary source of fat 
in the MD [16]. Olive oil is a flavorsome, tasty and nutritious edible fat obtained 
directly from pressing ripe olives. Intake of olive oil in the Mediterranean countries 
is estimated to be 30–50 g/day in Greece, Italy, and Spain. Evidence supports the 
hypothesis that the health benefits properties of the MD and its ability to reduce 
the incidence of some degenerative diseases, such as CVD and cancer, may be 
attributed, at least in part, to VOO [5]. Historically, the high nutritional quality 
and the health benefits effects of EVOO intake were first attributed to the high 
concentration of monounsaturated fatty acids [17, 18]. However, greater attention 
has recently focused on a fraction of minor components (about 2% of oil weight), 
such as phenolic compounds which have a strong antioxidant activity [19]. These 
compounds are responsible for EVOO oxidative stability and sensorial properties 
(such as bitterness and pungency) [20].

3. Phenolic compounds present in virgin olive oil

Olive oil is composed of two fractions, the saponificable and the nonsaponific-
able fraction. The main constituents of the saponificable fraction are triglycerides 
(98–99%). The nonsaponificable fraction (1–2%) contains the minor constituents 
of olive oil such as tocopherols, sterols, chlorophylls, carotenoids, alcohols, waxes, 
aldehydes, esters, ketones and phenolic compounds [21].

The beneficial effects of the MD are mainly attributed to the antioxidant 
property of olive oil phenolic compounds. EVOO contains much higher amounts 
of polyphenols than common olive oil. The phenolic concentration in EVOO ranges 
from 50 to 800 mg/kg [22]. Phenolic compounds identified in EVOO includes three 
categories: simple phenols (such as vanillic, gallic, coumaric and caffeic acids, 
tyrosol and hydroxytyrosol), secoiridoids (such as oleuropein, oleocanthal, and 
oleacein), and lignans (1-acetoxypinoresinol and pinoresinol) [23]. Secoiridoid 
derivatives are the most abundant phenols in olive oil. Hydroxytyrosol and tyrosol, 
which originate from the hydrolysis of oleuropein, are part of the phenolic alcohol 
group. There is approximately 2 grams of hydroxytyrosol per 100 grams of olive 
[24]. The concentration of hydroxytyrosol and tyrosol increases as the fruits ripen, 
in parallel with the hydrolysis of compounds of higher molecular weight, while 
the total amount of phenolic compounds and α-tocopherol decreases as the fruits 
ripen [18, 25–27]. Hydroxytyrosol and tyrosol have been the subject of numerous 
investigations. To date, more than 36 phenolic compounds have been isolated from 



27

Anti-Cancer and Cardiovascular Properties of Phenolic Compounds Present in Virgin Olive Oil
DOI: http://dx.doi.org/10.5772/intechopen.96392

EVOO and identified, although they are present at very different concentrations 
(0.02–600 mg/kg) [28]. Oleuropein is the main polyphenol found in olive oil, both 
in this form and as the aglycone. It has been shown that the oleuropein content is 
higher in the first stages of fruit maturation and in green cultivars than in black 
olives [18]. The phenolic compounds are mainly responsible for the organoleptic 
characteristics (aroma and flavor) [29, 30] and oxidative stability of the olive oil 
[31, 32]. The concentration of phenolic compounds in VOO is influenced by a 
number of factors such as the area of growth, the climate, the variety, the ripeness 
of the olive, the olive storage and maturation conditions, the production process 
and the olive tree age [33, 34].

4. Cardiovascular properties of olive oil phenolic compounds

Cardiovascular diseases are a leading cause of death and disability worldwide. 
They include a group of disorders such as coronary heart disease (CHD), cere-
brovascular disease, peripheral arterial disease, pulmonary embolism, rheumatic 
heart disease, and congenital heart disease and deep vein thrombosis. Several 
cardiovascular risk factors, such as hypertension, dyslipidemia, diabetes mellitus, 
obesity and smoking, cause endothelial dysfunction, which lead to the onset of 
the inflammatory process in atherosclerosis [35]. Remarkably, these pathologies 
can be largely preventable since unhealthy diet contributes to nearly 80% of risk 
factors [36, 37]. In this sense, the low rate of cardiovascular mortality found in 
southern European-Mediterranean countries, in comparison with other western-
ized countries, despite a high prevalence of coronary heart disease risk factors 
could be attributed to the olive oil consumption. In addition, numerous random-
ized clinical trials have shown that consumption of olive oil is associated with 
beneficial effects on different cardiovascular biomarkers, such as blood lipids, 
blood pressure, inflammation and thrombosis [38]. Many authors have reported 
that VOO exerts a preventive effect against CVD [4, 9, 39] by improving many 
CVD risk factors including blood pressure, glucose metabolism and antithrom-
botic profile [40]. As evidenced by various scientific studies, the major beneficial 
properties of VOO have been attributed to the antioxidant of its phenolic com-
pounds. In fact, it has been shown that increased oxidative stress is associated to 
the pathogenesis of various risk factors of CVD including hypertension, diabetes, 
platelet hyperactivity and atherosclerosis [41]. Guasch-Ferré et al. [40] found 
that greater consumption of total olive oil, especially EVOO (rich in phenolic 
compounds repetition), was associated with reduced CVD: each 10 g/d increase 
in total olive oil consumption is associated with a 16% reduction in cardiovascular 
mortality. Low-density lipoprotein (LDL) oxidation plays a critical role in the 
development of atherosclerosis and coronary heart disease. Various in vitro and 
in vivo studies have shown that the polyphenolic compounds of EVOO play an 
important role in the prevention of atherosclerotic damage through their inhibi-
tion of LDL oxidation [42–45].

Another important risk factor for the onset of atherosclerosis is a high blood 
concentration of cholesterol and particularly LDL cholesterol. The 3-hydroxy 
3-methylglutaryl (HMG)-CoA reductase is an enzyme involved in the synthesis of 
cholesterol. Some studies have focused attention on the effect of the polyphenolic 
compounds from VOO on the activity of HMG-CoA reductase. It has been demon-
strated that the activity of HMG-CoA reductase decreased significantly in the liver 
microsomes of rats fed with polyphenols extracted from VOO [46]. The inhibition 
of HMG-CoA reductase by VOO phenolic compounds may thus play an important 
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role in the prevention of CVD. Other research has shown that hydroxytyrosol can 
prevent CVD by reducing the expression of adhesion molecules on endothelial cells 
and preventing the oxidation of LDL [47].

Summarizing, the data indicate that olive oil phenolic compounds are associ-
ated with a beneficial impact on CVDs. Clinical studies confirm these beneficial 
effects as shown by the reduction by olive oil polyphenols intake of the inflam-
matory processes involved in degenerative and chronic diseases such as CVD 
and cancer.

5.  Anti-cancer effects and molecular mechanisms induced by olive oil 
phenolic compounds

Cancer is a growing health concern worldwide, especially associated with 
unhealthy lifestyle and physical inactivity. Natural compounds can provide a real 
benefit as a chemopreventive and/or treatment of this complex disease. EVOO 
seems to have a protective effect against cancer. Actually, different authors have 
stated the cancer lowered incidences to olive oil intake, at least in part. The 
anticancer properties of olive oil polyphenols have been confirmed in several 
studies. In fact, several epidemiologic studies demonstrated an inverse associa-
tion between the consumption of olive oil and a reduced risk of different types of 
cancers such as breast [48–50], prostate [51], lung [52], laryngeal [53], colorectal 
[54] and ovarian [55] cancer. Numerous studies have investigated the anticancer 
effect of olive oil phenolic compounds using different experimental models. For 
instance, the olive oil phenolic (−)-oleocanthal (OLCT), a natural compound 
present in EVOO, has recently been reported to exert anti-cancer activity in a 
variety of human cancer types. Recently, our research group investigated the role 
of OLCT in the development of different cancer hallmarks including proliferation 
and migration in triple negative MDA-MB-231 cells, as well as in the regulation of 
intracellular Ca2+ homeostasis. Our results indicate that OLCT induced selective 
anti-proliferative and anti-migrative effect on the triple negative MDA-MB-231 
and the luminal MCF7 cell lines, without having any effect on the non-tumoral 
MCF10A cells. Furthermore, we demonstrated for the first time selective activation 
of TRPC6-dependent Ca2+ influx and TRPC6 downregulation by olive oil-derived 
OLCT in breast cancer cell lines, which might be responsible for the inhibitory 
effects of OLCT on cell proliferation and migration [56]. Additionally, several lines 
of evidence suggest that OLC is active against different types of cancers including 
hepatocellular carcinoma, multiple myeloma and breast, prostate and pancreatic 
cancer [10, 57, 58]. The anticancer molecular mechanisms of OLC (comprehen-
sively reviewed in [59]) may involve various cellular signaling pathways such as 
modulation of the apoptotic pathway and inhibition of the HGF/c-Met and the 
STAT3 signaling pathways. Mechanisms of anticancer activity of olive oil phenolic 
compounds are summarized in Figure 1.

A recent trial evaluated the in vitro anticancer and chemopreventive potential 
of two EVOO extracts (tyrosol and hydroxytyrosol) and secoiridoid derivatives 
(oleocanthal and oleacein) on cutaneous non-melanoma skin cancer models. 
Results demonstrated that phenolic EVOO extracts can block molecular steps that 
occur after the initial UV radiation exposure and before or during tumor develop-
ment. In particular, these results indicated that secoiridoid derivatives contribute 
more than simple phenols to the mechanism of action of EVOO extracts [60]. In 
a recent review, Farooqi et al. reported that oleuropein acts as an anticancer agent 
by several cellular mechanisms, such as targeting HER2, epigenetic modifications, 
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interfering with MAPK pathway, modulation of apoptosis and PI3K/AKT sig-
naling axis as well as by reducing ROS production in different cell types [61]. 
Furthermore, it has been demonstrated that hydroxytyrosol induced apoptosis and 
cell cycle arrest in cancer cells [47].

6. Conclusion

The protective and preventive benefits of regular consumption of olive oil as 
part of a healthy diet have been largely documented by various scientific works. As 
an important component of the MD, olive oil has shown to provide more beneficial 
health effects to those induced by other vegetable oils.

The literature data showed that normal consumption of EVOO or VOO, which 
is rich in bioactive compounds, is associated to lower incidence of numerous 
non-communicable ailments such as CVD and certain types of cancer. The phar-
macological properties of olive oil have been attributed not only to its high content 
of triglycerides but also to the minor fraction of polyphenolic compounds such as 
tyrosol, hydroxytyrosol, oleuropein and oleocanthal. In fact, these compounds 
have been shown to exert protective and preventive action against CVD and cancer, 
particularly through their potent antioxidant and anti-inflammatory activity. 
Furthermore, olive oil phenolic compounds have been reported to reduce several 
risk factors of CVD and cancer such as diabetes mellitus, hypertension, dyslipid-
emia and obesity.

As we have seen, the protective and the preventive effects of olive oil and/or 
its phenolic compounds against CVD and cancer seem to be pretty encouraging. 
However, more in vivo studies and clinical trials are still necessary to verify the 
beneficial effect of olive oil on human health.

Figure 1. 
Anticancer mechanisms of phenolic compounds from olive oil.
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Abstract

The market for the Mediterranean crop Olive is ever increasing in the Indian 
Sub-continent. Apart from import, exploring the local possibilities of cultivating 
Olive in this country is being explored. Adaption and acclimatization of the new 
crop is always a challenge. Though the country has large areas with similar agro-
nomic regions as that of the native Mediterranean regions, ecological adjustment 
of the crop to the micro-climate of the new area needs modification of cultural 
practices. The success of olive cultivation, the challenges encountered, the prospec-
tive of making this cultivation a sustainable one by innovative alternate usage is 
explored in this chapter.

Keywords: olive cultivation, Indian climate

1. Introduction

Olives are one of the world class premium oil producing groups of evergreen 
trees and shrubs, largely found in warm temperate and tropical regions of the 
world. It is a unique fruit crop which can withstand high temperatures and drought, 
but requires chilling temperature for fruiting [1, 2]. Olives can grow in wide range 
of soils like heavy, light, clayey or sandy soils. It belongs family Oleaceae [2, 3]. 
All the cultivated varieties of olive are diploid (2n = 46). It is a crucial oil yielding 
crops of the Mediterranean countries and in sector with similar climate alike Cuba, 
California, New Zealand and South-East Australia. Its nativity in apparently the 
eastern region of the Mediterranean Sea, deriving out of position it has circulated 
about the basin [4, 5]. Olives are grown mainly for two purposes: fruits for pickling 
and oil extraction. Apart from this, the fine yellow or light greenish brown hard 
wood is used for furniture making and the leaves have medicinal value. Earlier 
olives are confined largely to high end consumers, but now it is gaining popularity 
world over because of its numerous health benefits.

India has observed olives in consideration of the Buddhist periods as per the 
mention in the Tripitaka include numerous resources of spoiling jaitavans (Olives) 
by monks afterwards purchasing lands [6]. In 1885, the beginning olive plantation 
practice was started towards Kashmir, in an Indo-Italian merger. There is also a 
mention of other experiments included the Indo-Spanish venture for Himachal 
Pradesh olive plantations. Neither was successful to cultivate large scale olive 
production.
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2. Indian scenario for olives

It is important to note that olive oil is not as costly as recognized in consideration 
of it is used in 1/3rd the volume of other oils. Also including expands international 
disclosure, Indians awareness of the assistance of olive oil as edible oil has made 
consumption of olives and olive oil as a fashion among the middle and the wealthy 
classes. The During 1970’s, olive oil got great boost due to the health benefits and 
today olive is an important international trade commodity. Between 2009 and 2010, 
consumption of olive oil in India grew by 52%. Since 2006, it has shown a cumula-
tive growth rate of 30%. The olive has a high content of monounsaturated fat 
(mainly oleic acid) and polyphenols which are beneficial for health. It is a prosper-
ous source of polyunsaturated fatty acid (PUFA) and is exactly free come out of 
cholesterol. The consumption of olive oil has been chemically advocated to people 
suffering from hypertension and coronary disease. The fruit has bitter component 
(oleuropen), a low sugar content (2.6–6%) compare with other drupes (12% or 
more) and high oil content (12–30%) depending on time of the year and variety. 
Moreover, it is also rich in minerals like iron, calcium and phosphorus.

The imports of olive oil are ever growing and India meets 100 percent demand 
of olive oil through introduction, mainly from Europe. According to Indian olive 
oil association, the demand of olive oil is growing 20 percent annually. Olive oil is 
finally creating a niche in India’s edible oil market. Due to campaigns like “Olive it 
Up” and many international companies investing money to develop their brands, 
the market is widening and Indians are becoming more educated for the quality and 
use of oils. The 60 percent of the national market is controlled by three companies 
in India. And 90% of the import is accounted from Spain and Italy. This suggests the 
potential for cultivation and production of olive oil in the country. Acknowledging 
the import value of Olive oil, in 2006, the first attempt to cultivate the olives in 
India was initiated in one district of Rajasthan, but after 15 years, it has spread to 
five more states. The varieties grown in India are mainly the ones introduced from 
Egypt, Italy and USA.

3. Olive Research and Development in India

The olive cultivation in India is still in its infancy stage apart from Rajasthan, 
and restricted to a few pockets in the states of Jammu and Kashmir, Himachal 
Pradesh and Uttarakhand. Olive is a tree endures oil-seed crops appropriate toward 
subtropical climatic surroundings, is mostly mature for its oval shape fruit and 
that is commonly used for extricate non-drying edible oil and along with eaten 
basic in soups, salads, pickles etc. The National Bureau of Plant Genetic Resources 
(NBPGR), New Delhi has popularized frequent enhanced olive variation beginning 
at other region that is healthy well beneath Indian environment. India is importing 
around 68% of cooking oil each year. There is need to abate the import of cooking 
oil. Olive oil utilization has risen five times arising out of recent ten years. India has 
an ample capability for olive planting which needs to be explored. The Regions olive 
oil imports are developing starting of around 14,000 MT in 2013, imports are esti-
mated to develop up to 42,000 MT by 2025. Olives are high in oleic acid, which can 
help prevent heart diseases. The major deterrent to greater consumption is its price. 
One liter of extra virgin can cost between Rs 800 and Rs 1000. Presently, Rajasthan 
is the dominant state for Olive cultivation in India. Subsequent to, 2013 towards 
2016, the state has produced in bulk 11574.09 kilograms of olive oil. At the begin-
ning, the state had initiated the olive cultivation on a total range of 182 hectares on 
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government plantation. The olive cultivation has besides attained up to 425.18 ha 
on farmer’s fields. Seven olive plantation areas are enhancing in different regions 
of the state. The state had got seven distinct olive category namely Barnea (Origin 
Israel; purpose: Oil), Arbequina (Origin: Spain; Purpose: Oil), Cortina (Origin 
Italy; Purpose: Oil), Picholine (Origin France; Purpose: Dual), Picual (Origin Spain; 
Purpose: Oil), Koroneiki (Origin Greece; Purpose: Oil) &Frantoio (Origin Tuscany, 
Italy; Purpose: Oil) were imported from Israel. The government is encouraging 
farmers to plant olives and providing subsidies.

4. The first olive experiments which took off from Rajasthan

The India’s tryst along with olive cultivation was established during former 
Rajasthan Chief Minister Vasundhara Raje visited Israel in 2006. She was wonder 
struck by the olive trees in Negev desert, an arid landscape much like Rajasthan. 
She took initiative to green the Indian dessert state Rajasthan and immediately, the 
Mediterranean trees were imported and planted over 180 hectares of state govern-
ment land with the help of Israeli technology. Unlike in Mediterranean countries 
such as Spain and Italy where the trees are old and the farming traditional, the 
Israeli technique is based on intensive plantation. 1, 12, 339 Saplings of 7 olives vari-
eties viz Barnea, Arbequina, Cortina, Koronoiki, Picual, Frontio and Picholine were 
imported from Israel in 2007. Their rooted cuttings were then hardened at hi-tech 
nursery in Rajasthan. The plants were irrigated by the latest method i.e., “drip-ferti” 
irrigation techniques, the method of direct injection, water and nutrients added 
simultaneously. By 2014–2015, the plants started fruiting in about 13 of the 33 
districts of the state. 1300 tones of fruits were harvested in the first season.

After the success of the pilot project, and study of the technical feasibility 
and economic viability, commercial cultivation of olives started in Rajasthan. 
Government of Rajasthan determined to encourage the Olive cultivation under 
public-private partnership in the state and Rajasthan Olive Cultivation Limited 
(ROCL). For thus commercialism challenge Rajasthan government had united orga-
nization along Pune placed inundation tools Finolex Plasson Industries and Indolive 
an Israel firm with knowledge in olive cultivation in dessert countries. This includes 
setting up an oil extraction unit, sale and supply of saplings and equipment, and 
buying back the fruit. The company also set up an olive press in different districts 
to extract oil. The oil produced from the olive fruits grown at Rajasthan, is as good 
as international standards. Though there were some bottlenecks of low production, 
the next phase was initiated giving importance to the positive results (Figure 1).

Around 200 hectares under the National Mission on Oilseeds and Oil Palm 
(NMOOP) and 5000 hectares under the Rashtriya Krishi Vikas Yojana (RKVY) 
were brought under the olive cultivation. Farmers are being renewed to cultivate 
olive trees by offering these free plants and mechanical support.

Seven Olive farms had been developed on state owned land in various agro 
climate zones with a total area of 182-hectare under intensive farming system. 
Olive Plantation are arrange beneath almost novel and promote methods based 
on most recent experience – how and action. The methodological know – how is 
being attained from different authorities which regularly visit, inspect and monitor 
the progress of farms. Watering is being complete by computer supervised drop 
watering method. Provinces are well implemented along composed fertigation 
and climate depot. Different plantation methods likewise – super intensive planta-
tions, fertigation, plant protection, agronomical practices, leaves diagnosis were 
undertaken.
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5. The olive cultivation at Kashmir, Himachal Pradesh and other states

With the success of Olive cultivation in Rajasthan, Italian companies explored 
the possibilities at Ramban in Jammu and Kashmir, Kullu in Himachal Pradesh, 
Punjab, Haryana and Odisha. Some of these attempts failed, as a result, there was a 
dire need for importing suitable varieties from different olive producing countries 
and testing for its establishment and large scale cultivation in suitable agro-climatic 
zones of the country.

All over, for the olive tree, two Olive worlds Germplasm Banks (OWGB) are 
shortly initiated, in Co′rdoba (Spain) in 1970 and Marrakech (Morocco) in 2003. 
The olive germplasm bank of Spain has over 350 cultivars collected from different 
countries. The olives include about 1250 cultivars from over 50 countries. A large 
number of the olive collection exits in the gene bank of Albania, Algeria, Argentina, 
Australia, Azerbaijan, Brazil, China, Cyprus, Egypt, France, Greece, India, Iran, 
Israel, Italy, Japan, Jordan, Montenegro, Morocco, Nepal, Portugal, Slovenia, South 
Africa, Spain, Tunisia, Turkey and USA [2]. A core collection on olive genetic 
resources has been developed from 561 accessions from 14 Mediterranean countries 
[7]. Existence of a good amount of diversity in world olive collection has been 
reported by several authors [4].

In an effort to import suitable olive varieties for research purposes in the coun-
try from various sources, a total of 108 olive varieties were introduced into India 
by Indian Council for agricultural research- National Bureau of Plant Genetic 
Resources, New Delhi from USA and Egypt during 2000–2011. The material was 
provided to the Central Institute of Temperate Horticulture (CITH), Srinagar, 
Kashmir one of the National Active Germplasm Sites (NAGS) of the ICAR-NBPGR. 
A low success rate was observed in its establishment and only nine varieties viz., 

Figure 1. 
Olive plantations in Rajasthan, source; ROCL.
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Coratina, Frontoio from Egypt and Bouteillon, Dole 0090, Frontoio, Grossa Di 
Spagna, Leccino, Mission Leiva and Piconia introduced from USA and Egypt 
survived. Fruiting was observed in three varieties viz., Coratina, Frontoio and 
Leccino [8].

The Department of Agriculture and Cooperation (DAC), Ministry of 
Agriculture, India gave permission for bulk import of seed/planting material for 
cultivation purposes. Therefore, several olive varieties were also introduced into 
India, by various government and private agencies for cultivation purposes. These 
varieties were reported to be maintained by the State Horticultural agencies of 
Himachal Pradesh, Uttarakhand and Jammu and Kashmir. An Indian corporation, 
in a concerted deal along a Spanish corporation, has declared a project over 300 
hectares in Himachal. The Kashmir State is measuring with the 60 varieties attained 
from the U.S., Egypt and Italy.

Olive is not a native of this country, there is certain dependence for diverse 
germplasm from major olive producing countries. Olives thrive well in 
Mediterranean like climate, therefore a certain location in Jammu and Kashmir, 
Himachal Pradesh, Uttarakhand in India are suited for growing olives in India. A 
good amount of diversity is present in the olive varieties from Spain, Italy Greece 
and other countries and there is a potential for growing those varieties in India 
under suitable agro-climatic region. The systematic germplasm screening and 
evaluation of olives in India will have significant impact on Indian olive cultivation. 
In other areas, use of optimum agricultural practices such as drip irrigation is also 
being attempted for the large scale cultivation. The diverse agro-climatic conditions 
in India, including the poor and marginal soil can be efficiently utilized for olive 
production using modern agronomic practices.

6. Cultivation in new areas

With the success of ROCL in Rajasthan, Olives have now caught the fancy of 
other states. ROCL has distributed4.5 lakhs saplings to Punjab, Himachal Pradesh, 
Jammu and Kashmir, and Uttar Pradesh and North-Eastern states. It is also help-
ing states such as Haryana, Punjab, and Jammu and Kashmir to set up pilot olive 
plantations. As per the Indian Olive Association, a federation of olive importers 
and traders estimates a 40% growth in olive consumption annually. Gujarat, more, 
is experimentation along 84,000 plants at its cultivation educational institution. 
Those states need to takings benefits of the commotion in appeal for table olives and 
olive oil. The Nashik Valley in Maharashtra and the Nandi Hills near Bangalore has 
similar climate as that of Mediterranean region, hence these pockets also is being 
explored for olive cultivation.

Under a $300 million project called ‘Promotion of Olive Cultivation for 
Economic Development and Poverty Alleviation,’ Italy would help Punjab, Khyber-
Pakhtunkhwa, FATA and Baluchistan to grow olive plants.

With the Government of Rajasthan declaring Olive as” Plantation Crop”, the 
Government of India allowed 100% foreign direct investment (FDI) through 
automotive route. Demonstration of 4D Aqua technology by the ROCL allowed the 
crop to grow under high salinity. Under these developments, the Government of 
India has included olive as a crop under National Mission on Oil Seeds and Oil Palm, 
with these many other states like Arunachal Pradesh, Karnataka, Andhra Pradesh 
are also coming up to study the feasibility of Olive cultivation in India.

Many companies like Oliva International, is identifying possible land area 
for olive plantation across India (Rajasthan, Ooty, Himachal Pradesh, Kashmir, 
Punjab) and are actively exploring new possible areas. It is also providing Indian 
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hardened olive plants with subsidy, design for olive grove and complete end to end 
value chain consultation.

7. Package and practices for olive cultivation in India

Major Olive producing states: Rajasthan, Uttar Pradesh, Himachal Pradesh and 
Jammu and Kashmir.

Local Names: Jaitun (Hindi), Aliv/Olipe (Kannada).
Climate: Olive requires warm to subtropical climate. This can be cultivated at an 

latitude of 1500 m above sea level. The optimum temperature range is 15 to 30 degrees. 
It requires 100 hours of chilling environment. Mild to cool winters with a chilling 
period of about 2 months, with average temperatures varying between 1.5–10°C 
required for flower bud differentiation. It requires long, hot and dry summers to prop-
erly maturate the fruit. A few olive category, Similar those grown in Egypt, Tunisia 
or Israel, blossom and fruit with certain slight winter chilling, whilst other categories 
expect more chilling for a common flower contrast. Areas receiving a mean annual 
rainfall of 400 to 700 mm are most suitable for olive growing.

Soil: Olives can be cultivated in wide range of soils. Requires well drained loamy 
or clay loam soils for best growth. The soil pH range 6–7.5 is ideal for its growth.

Propagation: Olive propagation is made today mainly through semi-hard wood 
cuttings (60% of the total) and by grafting the desired cv. on olive seedlings (40%). 
Nowadays micro propagation is also used in olive.

Seeds: very common, however the resulting propagaule is of not true to type.
Grafting/Budding: The seedlings can, nonetheless, be grafted or chip-budded 

along material coming out of favorable cultivars.
Suckers: Another method of propagation is transplanting suckers that grow at 

the base of mature trees.
Cuttings: Shoot tips.
Irrigation: Watering is supported specifically in table olive variation where large 

fruit size is sought. It is further essential in intensive cultivation along massively 
planted trees for maximum blossoming. Irrigation also enhances the effectiveness 
of fertilization and pruning. Certainly, it may minimize the incident of substitute 
bearing. Olive trees are very sensitive to over irrigation and will not perform well in 
waterlogged soils.

Tree Spacing: the tree spacing ranges from 5 m x 5 m to 6 m x 6 m and 7 m x 
7 m. In areas where the climate is especially suitable, more areas are needed because 
tree development is higher than common.

Choosing the varieties: For early bearing- ‘Koroneiki’, ‘Arbequina’, ‘Maurino’, 
‘Picual’, ‘Manzanilla’ and for oil quality: ‘Frantoio’ ‘Arbequina’, ‘Moraiolo’, ‘Picual’ 
for cold resistance: ‘Nostrale di Rigali’, ‘Leccino’, ‘Orbetana’, ‘Dolce Agogia’, for 
Lime tolerance: ‘Picudo’, ‘Cobrançosa’, ‘Galego’, ‘Lechín de Sevilla’, ‘Lechín de 
Granada’, ‘Hojiblanca’, for salinity tolerance: ‘Picual’, ‘Arbequina’, ‘Lechín de Sevilla’, 
‘Canivano’, ‘Nevadillo’ .

8. Flowerings and pollination

Flowerings and pollination are especially crucial phase in the olive cultivation. 
Affluence about flower is the essential of a welfare yield. The appearance of flower 
in June based on bud appearance that starts on developing shoot tips in April–May 
of the year back. Flower differentiations appear later. This crucial movement is 
complicated and introduce along flower bud selection, i.e. the formation of the 
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physiologic action known as nutrient and hormone capability as the bud tips to 
coming out of the inflorescence axis and flowers. Flower configuration along with 
organ improvement occurs from March until May–June, though blossom appears. 
The fruit is produce through fertilization of the egg cell in the flower pistil.

9. Floral and fruit biology

Flower bud inflorescence is endured in the axil of each leaf. Commonly, the bud 
is produced on the present season’s arises and commit conspicuous develop in the 
coming season. The 300 of flowers each branch. All inflorescence consist of 15 to 30 
flower buds, that are short, round and white yellow in color. The flowers are white 
or whitish; the calyx is small along with four - toothed; the corolla is minute-tubed 
along four valvate petals; the stamens are two, all bearing 10.000 to 15.000 small 
also airy pollen grains. The ovary is two- loculed, carry a small style also a capitate 
stigma. The pistil endures two carpels, all fruit consist of two ovules but one is 
fertilized also thus formed one-seeded drupe.

10. Fertilization

The dependents total of fertilizers are suggested 1000–1500 kg/ha 0–20-0 and 
500–800 kg/ha 0–0-50.These quantity of fertilizers are enough to make up for the 
need in phosphate also potash as the afterwards 5–8 years. In the later year, next 
the birth of the new vegetation, 3–4 fertilizations alongside ammonium nitrate 
(20–30 g/tree every time) are essential followed through watering. The constant is 
practiced in consecutive years as far as the trees enter the producing point, develop-
ing constantly the amount of fertilizer.

11. Intercropping

Olive can be intercropped with wheat and other cereal crops, vegetables such as 
watermelons, tomatoes and potatoes etc.

12. Prunning and type of cuts

Olive trees should be pruned in preference in wintertime, amidst collecting and 
sprouting. Pruning should be afterwards in field where wintertime temperature is 
bottom in that it has a unfavorable event on cool defiance and less temperatures stop 
damage from curative hurriedly. The cuts made to the branches and shoots should 
not be too deep to avert notching branches bottom. To aid curative, they should not 
drop stub.

13. Training

In the meanwhile training, the main purpose of an action is to attain the actual 
shape as instantly as achievable in regulation to prompt consequent Olive produc-
tions. During initiative, accelerated improvement, container developed nursery 
plants should be used that have mature to acceptable height and have bit side way 
axis. The soil should implement the developing plants with the greatest attain able 
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environment to mature when they are planted out and consequently. All along this 
point pruning should be maintained to a minimal to augment developments.

14. Pests

The important pests of crops are the olive fruit fly (Bactroceraoleae), the olive-
kernel borer or olive moth (Prays oleae) and the black scale (Saissetiaoleae). Even 
though B. oleae is mentioned the common deliberate insect, all three are broadly 
founded in the Mediterranean countries and appears on olives at population  
massiveness initiating great economic losses.

15. Diseases

The greatest decisive olive tree diseases are verticillium wilt, olive knot, leaf spot 
and fruit mummification.

16. Fruit harvest

The fruits can be harvested manually and mechanically. Sometimes fruit may 
drop naturally.

17. Uses

Ripe olive fruits are pressed for rich oil. The fruit has approximately 20% oil 
and contains certainly low amount of cholesterol. Olive consists of 80% unsatu-
rated fatty acid in contrast 20% saturated ones. Thus consists of oleic acid in great 
percentage and that is greatly important as our body. The oil is used as cooking, 
salad dressing, food preparation, massage, and for the manufacture of cosmetics, 
Pharmaceuticals, toilet preparation, etc. Matured fruit are also eaten afterwards 
being treated and dehydrated in vinegar or salt mixture substance. The juicy residue 
from leaves, bark and fruits contains medicinal components. Its wood is used as 
carvings, to endow houses, to make vessels and equip for the kitchen as well as for 
the field benefit and is good firewood. Leaves are food for animals as fodder; oil 
cake is fed to livestock or is applying for manure. The olive extracts soon afterwards 
extraction of oil is perfect for manures.

18. Promotion of olive based agroforestry systems

In Greece olive tree AF systems have been considered in intercropping with 
wheat, barley, maize, and chickpea [9, 10]. In Italy, the imitation of alfalfa 
(Medicago sativa L.) or Asparagus acutifolius L. in olive rows provides profitable mar-
ket niche [11–13]. Durum wheat and chickpeas are common Mediterranean plants, 
part of the Mediterranean diet and grown under the same environmental conditions 
as olive trees, they represent interesting candidates to be the associated crops. In 
Morocco, olive- (Oleae uropaea L.) agroforestry is widespread [14] and applied 
to conventional agriculture condition and proven its resilience over millennia. 
Several species of trees (e.g., fig, carob, quince), cereals (e.g., wheat, barley), grain 
legumes (e.g., faba bean, chickpea) grow with/under olive trees [15–17] evaluated 
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two annual crops (durum wheat and faba bean) in olive agroforestry in northern 
Morocco. Agroforestry improved individual grain weight by 39% for wheat and 17% 
for faba bean, and enhanced the protein content of wheat grains and straw by 4% 
and 9%. Olive agroforestry systems can have great LERs and produce high-quality 
grains, even beneath more arid circumstances than last appraisal in Europe [18].

19. Value addition

To make the olive cultivation remunerative in Indian condition and to fetch 
good economic returns, new uses were need to explore for the fruitless olive trees. 
ROCL experimented with olive leaves and has come up with ‘Olive tea’, which has 
antioxidant properties and is creating awareness for its health benefits. The olive tea 
from Rajasthan has found market in UK with a price tag of Rs. 10,000 per kg, which 
shows the returns are high.

ROCL has also ventured into yet another herbal concoction, i.e., olive wine. 
Research is being conducted at Vidhyasagar University, West Bengal, Tripura 
University and Jiwaji University in Indore.

Another alternative, ROCL ventures were initiated was in agro-tourism. Olive 
tree landscaping is the latest fixation among the affluent. In the vast stretch of 
sandy terrain of the desert land, Rajasthan, the green stretches of olive plantations 
are welcomed as resort, based on the theme of olive agri-tourism.

Also another attraction with wood from the tree delicately carved into statuettes 
is making way in agro-tourism. Most of the demands come from farm houses, hotels, 
residential societies and high-end bungalows. That’s how India, especially Rajasthan, 
has become an unlikely innovation hub for olives. Today about 150 farmers are grow-
ing it on over 900 hectares. Three industrial have come up to formulate the tea.

20. Incentives for olive cultivation

Farmers reach 75 per cent appropriation on plants, 90 per cent appropriation 
on drop watering also Rs 3000 per hectare as fertilizers along with chemicals. 
Additionally, we get mechanical assistance of one experienced per 50 ha. Presently, 
Rajasthan farmers reach one olive plant as Rs 115, although farmers starting with 
other states buy it at the cost of Rs 150. The government of Rajasthan has declared 
Olive has plantation crop. Olive cultivation is expected to fetch about 5 times the 
profit that the farmers of Rajasthan currently fetch from wheat on a hectare land 
(Figures 2 and 3).

Figure 2. 
Olive boundary plantation established at farmers field, Deligaon, Jhansi, India.
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21. Quality planting material production

An attempt was made to multiply Olives through clonal techniques. The shoot 
tips collected from one and half year old plantation was used as planting material. 
The cuttings were quick dipped in IBA 6000 ppm solution and were placed in 
growing media (vermiculite). The cuttings started rooting after 25 days of planting. 
Overall cuttings showed 50 percent rooting (Figure 4).

Figure 4. 
Quality planting material production.

Figure 3. 
Farmer Sahab ram with olives, photo courtesy ROCL.
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22. Olive oil and market in India

ThoughOleaeuropaea L. (Olive Tree), grows enormously in Mediterranean 
countries, the output of the tree is surfing whole world as Olive oil, its main 
derived product, has experienced an increase in its majority due to its organo-
leptic attribute and its united useful health effects. Olive oil is considered as the 
premium product in the oil category whose production is the least in India, since 
it’s not native to India and we are not cultivating this species, so as it is entirely 
imported from countries like Spain & Italy. In Indian continent, Rajasthan is the 
only place for the production of olive oil. Olive plants need chilling to flower and 
fruit the temperature should be below five degrees at night time and below16 to 20 
degrees in the morning period. The Indian olive oil market is expected to grow at 
a CAGR of 9.12% in terms of Value and at a CAGR of 1.05% in terms of volume in 
coming years.

The India olive oil market size was priced at $58.6 million in 2017, and is pro-
jected to reach $127.5 million by 2025, growing at a CAGR of 9.9% from 2018 to 
2025. When we analyses the characteristic of the crop oil, it is a viscous broth which 
is dislodged coming out of the fruit of the olive tree by pressing all olives. Olive 
oils have less smoke point of 240°Calsocan be consuming natural. This oil utiliza-
tion is generally investigated healthful for it is united alongside a less difficult of 
disease of heart and convinced dealings along with colorectal also breast cancer. 
This oil is also a great origin of monounsaturated fatty acid also antioxidants like 
polyphenols, vitamins E & K, chlorophyll, also carotenoids. The olive oil corpora-
tion in India has endorsed appreciable development in the current years due to 
acceleration in health-attentive customers. The olive oil market has developed 
into great competing and expenditure conscious owed to the high capability and 
constant development of the olive oil marketing. The aspect such as expanding 
want from end-user companies such as food, personal care, pharmaceuticals, etc. 
and rising attention about health aspects is expected to drive the India olive oil 
market growth.

In accord with The Associated Chambers of Commerce and Industry of India 
(ASSOCHAM), the market size of India’s beauty, cosmetic, and grooming produc-
tion was $6.5 billion in 2016 also is predicated to reach $20 billion by 2025. It’s grows 
in utilization of cosmetic also beauty production are likely to contribute lucrative 
convenience as the improvement to forthcoming of the India market.

23. Raj olive India’s indigenous oil brand

The oil contented in the fruit collected ranged from 9 to 14 per cent. The oil 
content of the olive in other countries varies between 12 and 16 per cent. The state 
will be launching its olive oil under the brand ‘Raj Olive Oil’. One and other extra 
virgin and virgin oils are built by automated technique and are not chemically 
considered. The acceptable common of free fatty acids is greater in a virgin olive 
oil in comparison to the additional virgin variation. The country’s olive oil imports 
are developing at a quick clip - from around 14,000 MT in 2013, implication are 
projected to shoot up to 42,000 MT by 2025 as progressively Indians favor olive oil 
for its healthy aspects. It’s plenty as oleic acid amount, which can help prevent heart 
diseases. According to ROCL, India currently imports 14,500 metric tons of olive oil 
from countries like Spain, Italy and Greece, and the bottled varieties of extra virgin 
and pomace olive oil charge amount amid of Rs 700 and Rs 1000 a liter. Although 
the price of olive oil build upon international charges, we can encourage that 
indigenously-produced oil will be low cost than those transported.
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24. Deterrents to greater oil consumption

The studies have been carried out in the west of the Mediterranean, the fol-
lowing oils such as Arbequina, Carrasquena, Cornicabra, Del Pomet, Hojiblanca, 
Llumero, Picudo, Seniero, Serrana and some Villalonga contains more than 80% 
of oleic acid. Lipids are important foods provide nutrition, among the total energy 
30% has been intake from the lipids, intake of lipid percent has been dependable 
with age, weight, and possible sensitivities to pathologies of the consumer, hence 
among the total lipid intake 12 and 20 per cent has to be monounsaturated fats. 
Therefore, the active component characterization of monovarietal oils is essential 
at the moment, there is a clear need to replace the current industrial pastries made 
with different types of oils and fats, with EVOO product and the daily utilization 
of amidst 5 and 10 fruits or vegetables. Olive oil utilization has seen develops in 
the last couple of years as customers are becoming attain of the useful of olive oil 
management and its aftermath on health. There are three main types of olive oil 
Extra-virgin, Refined and pomace.

The pomace olive in 2017 assumed as the best contribution in expressions of 
profit in the Indian olive oil market and is expected to develop at a constant growth 
rate amid the predicted timings. These are applying to the pomace olive oil being 
a more comfortably costing and gladly accessible olive oil variety. Although the 
pomace olive oil is prepared, it is still investigated aim proved substitute to other 
oils in the market and hence is in high requirement as in comparison to the other 
different types of olive oils. However A deterrent to greater consumption has been 
its price - an imported one liter bottle of extra virgin can cost between Rs 800 and 
Rs 1000. A domestically produced one can be cheaper.

25. Medical authorities’ recommendations

Olive oil possesses lot of medicinal properties. The high amount of monounsatu-
rated fatty acids (MUFAs), particularly oleic acid, it plays vital role in nutrition, 
and contains high concentrations of polyphenols, tocopherols and phytosterols, it 
is important antioxidants and olive oil has been used as important nutrients in the 
Mediterranean diet. Olive oil prevents neurodegenerative disorders (Parkinson’s 
disease and Alzheimer’s disease) and also acts as a cardiovascular and cerebral-vas-
cular protector, due to these medicinal properties many neutraceutical industry has 
been working with olive oil. All these characteristics make EVOO an essential food 
component for health. EVOO, also vernacularly known as “liquid gold” is a natural 
product of inarguable value and not only in the financial sense of the term but also 
for its renowned properties and advantages on health. It is one of the recommended 
foods for its nutritive and is essentially a required of the MED, given that to the 
aspects connected with it.

Based on the chemical structures of EVOO, its coming under the lipophilic 
products since lipids is the main constituents, primarily MUFA, found by PUFA. This 
lipid fragments is responsible for preventive properties on cardiovascular disease, 
autoimmune and inflammatory disorders, provide anti-thrombotic and regulation 
effects of blood pressure although in a smaller quantities, other compounds such as 
tocopherols or polyphenols are also present, which are combined with the potent 
antioxidant and inflammatory activity of EVOO, among other features.

Oleic acid is oil that has the capability to reduce the effects of oxidative stress in 
the human body, the regulation of the levels of LDL-cholesterol without alteration 
of HDL-cholesterol and it consequently reduces the risk of heart attacks and other 
cardiac pathologies. Corresponding to the United States Department of Agriculture 
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(USDA) 1 tbsp, or 13.5 grams (g) of olive oil, contains 119 calories, 13.5 g of fat, 
among that 1.86 g is saturated fat rest of it unsaturated and also it provide vitamin 
E 1.9 milligrams (mg) and 8.13 micrograms (mcg) of vitamin K, apart from that in 
consists calcium and potassium, as well as polyphenols, tocopherols, phytosterols, 
squalene, and terpenic acids and other antioxidants. In the Spanish pharmacopeia 
as well as in other European pharmacopeias, a wide assessment is assigned to the 
treatment with of olive oil, thus it is recommended as in injectables, because of an 
accurate role in gynecology, in childhood to old ages. The authors of A Practical 
Guide on Medicinal Plants indicate that olive oil contains very beneficial oleic acid, 
phitosterina lecithin and enzymes, in addition to a bitter principle and pigments.

26. Conclusion

Government of India is promoting Olive cultivation under the National Mission 
on Oil seeds and Oil palm. The diverse agro climatic conditions in India, including 
the poor and marginal soils can be efficiently utilized for olive production. The 
government of India’s ambitious target of doubling farmer’s income can be easily 
achieved by promotion of Olive plantations in the country. Israeli methodology 
has grant Rajasthan develop into the core for India’s new-begin love for olives. 
Rajasthan’s tryst with olives and its achievement can now motivate further-more 
states to approve plantation of this tree, particularly on arid regions. ROCL has 
distributed nearly 4.5 lakh seedlings to Punjab, Himachal Pradesh, Jammu and 
Kashmir, UP and NE. In 2017–2018 India imported 10914.86 metric tonnes of oil. 
That could have huge implications on the livelihood of people in the region. Olea 
europaea L. (Olive Tree) oil considered as golden ingredient in the diet by all food 
and medical expert across the globe, in addition to offering characteristic organo-
leptic properties, provides substances capable of preventing the appearance or 
development of diseases of various nature, from heart and circulatory diseases to 
metabolic disorders, including carcinogenic processes. To add superior plants to the 
cultivators, the state government, with Israel’s help, has set up a centre of greatness 
at Jaipur’s Bassirange.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 4

Olive Phenomenon from the 
Mediterranean Diet: Health 
Promotion via Phytochemicals
Didar Üçüncüoğlu

Abstract

The Mediterranean Diet contains fruits, vegetables, nuts, whole grains, fish and 
virgin olive oil (VOO) as a key component. It is well explained that those consump-
tion has a number of positive health effects. It has been accepted for a long time 
that the leading compound in olive was oleic acid as a monounsaturated fatty acid. 
However, the latter researches were figured out that VOO rich in natural phenolics 
have multifaceted influence on major diseases including cancer, diabetes, cardio-
vascular diseases, neurodegenerative disease, and metabolic disorders. Recent 
medical studies proved that oleocanthal and oleacein, characteristic bioactive 
biophenol-secoiridoids in VOO, success in the anti-inflammatory and in the anti-
oxidant properties, respectively. It has more recently investigated that oleocanthal 
and hydroxytyrosol (HT) kills cancer cells (CCs). HT and oleuropein reduces breast 
cancer and cutaneous melanoma cancer cells both in number and aggressiveness, 
and inhibits CCs multiplying. It has been declared too many times that nutrition 
type is the strongest factor can be caused acute and chronic diseases. However, at 
the same time, nutrition can also prevent some of those heavy symptoms. The main 
purpose of presented chapter is to meet olive’s bioactive molecules and to examine 
how to improve our health with diet.

Keywords: phytochemicals, health, olive, virgin olive oil, bioactive compounds

1. Introduction

Olea europaea is naturally cultivated in Mediterranean region. It’s drupe fruit 
(olive), flowers & leaves, seeds, fibers and some of by-products (liquid and solid 
wastes) are used technologically by humans live in there, and also, this is an 
agricultural & economic culture of Mediterranean populations (Spain, Turkey, 
Greece, Italy, Morocco, Tunisia, in particular). However, olive oil is also produced 
in Australia and the USA and basically [1] consumed European Union Countries, 
United States, Turkey and China (Figure 1). The olive oil is the best demonstrated 
product that examined both its nutritional and medicinal properties. Ancient 
historical evidence recommended using VOO for stomach health and against to 
dermatological ulcer.

Nutritional quality of olives depends on various factors. Cultivar, genetic and 
biologic factors, soil structure, climatic conditions, harvest time, agricultural 
applications and extraction type are the most effective parameters [2]. These are 
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also influence on the olive oil quality and its chemical composition. Free acidity 
determines chemical subtype of olive oils such as lampante, virgin, extra virgin, etc.

The edible oils are commonly well-known due to their unsaturated fatty acids 
and phenolic profiles. In particular, olive oil is rich in both monounsaturated 
fatty acids and polyphenols. These attributes basically related to consumption 
of the Mediterranean Diet. One tablespoon of olive oil contains approximately 
120 kcal composed of 10 g monounsaturated lipid. The most important of 
polyphenols are phenolic acids such as ferulic and vanillic acids, phenolic 
alcohols like hydroxytyrosol and tyrosol, flavonoids and secoiridoids such as 
oleuropein [3].

Olive oil is contains triacylglycerols as major components (98–99%) and 
contains small quantities of free fatty acids, glycerol, phosphatides, pigments, 
flavor compounds, and sterols as minor components (1–2%). Approximate fatty 
acid composition of olive oil as fallows: 14–15% saturated fats (13% palmitic 
acid-C16:0 and 1–2% stearic acid-C18:0) and 85% unsaturated fats (60–70% oleic 
acid-C18:1, also known as ω-9 and 12–15% linoleic acid-C18:2, also known as ω-6 
fatty acid, and 3% palmitoleic acid). This profile shows us olive oil composed of 
more monounsaturated than polyunsaturated fatty acids and it is free of trans 
(E-) form of fatty acids. Previous researches indicated that a higher proportion of 
monounsaturated fatty acids in diet cause a strong reduction in the cardiovascular 
disease (CVD) risks.

The polyphenols are natural antioxidants that link oil’s bitter taste and astrin-
gency. Moreover, they raise the resistance capacity against to oxidation. The bioac-
tive compounds namely phenolic antioxidants (oleic acid, squalene, terpenoids), 
simple phenols (hydroxytyrosol, tyrosol), secoiridoids (oleuropein, aglycone of 
ligstroside, and their respective decarboxylated dialdehyde derivatives, oleacein, 
oleochantal) and lignin, vitamin E contribute to oil different biologic character 
such as antitumor, antimicrobial and antioxidant effects via possible pathophysi-
ological pathways generally associated with a decreased risk in breast, colon and 
skin cancer. It needs to be noted that the quantity of these bioactive molecules 
depends on many factors such as olive variety, environmental factors (altitude, 
cultivation practices), harvest time (unripe, semi, ripe olives the extraction and 
storage conditions [4].

Here, in this chapter, phytoactive compounds found in olive are determined 
chemically and then biologic mechanisms are described how they prevent us some 
chronic diseases.

Figure 1. 
Leading consumers of olive oil worldwide from in 2020/2021.
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2. Phytochemicals

2.1 Phenolics and tocopherols

The presences of phenolics and tocopherols affect radical scavenging activity and so, 
antioxidant capacity of olive oil. These chemicals also considered as a functional food 
component, contains different classes of phenols: simple phenols, phenolic acids, phe-
nolic alcohols, secoiridoids, lignans, and flavonoids. According to EFSA [5], molecules 
from olive (hydroxytyrosyl and oleuropein complex) have beneficial effects on human 
health. The consumption of this complex approximately 2–15 mg/day is essential. The 
vitamin E is a fat-soluble vitamin and is composed by α-, β-, γ and δ-tocopherols and 
α-, β-, γ- and δ-tocotrienol isomers. α-tocopherol has the highest antioxidant activity 
in fat-riched foods. Moreover, vitamin E and phenol mixtures are very promising oil 
stabilizing agent during frying, thanks to its capacity to reduce acrolein and acrylamide 
production. According to EFSA’s current scientific opinion [6] an average require-
ments of α-tocopherol could be 11–13 mg/day for adults. Extra virgin olive oil contains 
100–760 mg/kg α-tocopherol [7, 8].

Mediterranean country peoples demonstrate a long life and lower case of the 
age-related diseases due to their food habits. Thus, the consumption of extra virgin 
olive oil has been clinically and experimentally associated with the health promoting 
properties of the Mediterranean diet. Extra virgin olive oil is characterized by a high 
amount of polyphenols as miracle pharmanutritional properties against to the devel-
opment of several chronic diseases such as cardiovascular diseases, diabetes, obesity, 
metabolic syndrome and cancer. Squalene is a hydrocarbon composed in olive oil 
and acts as a weak antioxidant affect. Especially, its importance comes from the 
protective effect under heating against to the oxidative stress. Besides, the squalene 
quantity varies between 2 and 7 g/kg of olive oil. Scientific papers prove us the health 
benefits of squalene and its influence capability on cancer cells [9–11]. Meanwhile, 
tocopherols have attracted tremendous attentions because of their potential roles 
in preventing aging-associated diseases such as cardiovascular and Alzheimer’s 
disease [12–14]. Oleacein and oleochantal (Figure 2) are among the major phenolics 
determined in virgin olive oil. These are the dialdehydic forms of the elenolic acid 
deriving from oleuropein and ligstroside, respectively. They have positive role in the 
treatment of cardiovascular pathologies, certain types of cancers, chronic inflam-
matory diseases, Alzheimer’s disease, Helicobacter pylori infection [14]. Cutaneous 
melanoma is a type of cancer that is spreading in Europe. The relation between 
melanoma risk and consumption of olive oil has been recently studied. Oleuropein, 
the main secoiridoid glucoside present in the Olea europaea leaves have already been 
investigated in melanoma in vitro and in vivo models revealing their cytotoxic activity 
and anticarcinogenic action. Oleacein, another abundant secoiridoid in olive and 
leaves show antitumor activity via controlling the altered pattern of gene expression 
(transcripts and miRNAs) related to mTOR and BCL2 pathways in melanoma cells. 
Hydroxytyrosol, the most representative simple phenol of Olea europaea L. leaves 
and virgin oils, causes inhibition of melanoma cell proliferation activating caspase-
3-dependent apoptosis [15, 16].

2.2 Phytosterols

Phytosterols, in other words plant sterols, are bioactive compounds of seeds, 
fruits, cereals, and nuts. They can be found in free form, esterified with fatty acids 
or conjugated with glycosides. Campesterol, β-sitosterol and stigmasterol are the 
most common phytosterols. Phytosterols are by-products of isoprenoid biosynthesis 
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pathway via squalene from acetyl coenzyme A. Its generation cascade involving 
more than 30 enzymes catalyzed reactions in similar cholesterol biosynthesis within 
cell membranes. All phytosterols contain one double bond at carbon-5 position 
and saturation of this double bond occurs either enzymatically in vivo or through 
hydrogenation. Both β-sitostanol and campestanol are the two most common 
stanols. In olive oil, they are esterified with fatty acids like esters of sitostanol 
(sitostanyl oleate) and esters of campestanol (campesteryl oleate). Human cells 
cannot synthesize those endogenously, so we have to obtain them from our diet. 
The daily intake of plant stanols (saturated sterols) is about 25 mg/day com-
pared to sterols ranging from 150 to 400 mg/day which include 65% of intake as 
β-sitosterol, 30% as campesterol and 5% as stigmasterol. The maximum values of 
campesterol, stigmasterol and β-sitosterol were found in different types of olive oil 
34.46 mg, 29.56 mg and 259.46 mg/100 g oil, respectively. Serum phytosterol level 
in humans should range from between 2.9 and 17.0 mg/L. Phytosterols are alcohols 
for organic chemistry, resemblance to cholesterol both in structure and in func-
tion. Their function in plant cells is to regulate the fluidity and permeability of cell 
membranes in a way similar to cholesterol in cell membranes of mammals. They 
can inhibit the absorption of cholesterol by its direct displacement from micelles. 
This reported as the cholesterol-lowering effect of phytosterols in humans. 
Additionally, phytosterols and their derivatives have high health benefits related 
to antiinflammatory, antiulcerative, antitumor, antibacterial, and cardioprotective 
properties [17–23].

2.3 Chlorophyll and carotenoids

The minor contents in olive oil give to its characteristic organoleptic and 
nutritional features. Among them, color pigments play an important role in oxida-
tive stability during storage and in the preservation of its quality because of their 
antioxidant characteristics and prooxidant roles under light. The pigments used 
as indicators to indicate olive oil freshness or storing conditions. For example, low 
amount of pheophytins show a fresh, well-stored olive oil, while high presence of 
those indicate an old, bad-stored oil [24, 25]. Pigments are divided into two main 

Figure 2. 
Chemical structure of Oleacein and Oleochantal.
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groups in foods namely carotenoids and chlorophylls. Chlorophylls are responsible 
for the greenish color of extra virgin olive oil. On the other side, β-carotene, lutein, 
zeaxanthin and xanthophylls called carotenoids are natural antioxidants found 
in various amount in olive oil. They have beneficial properties for human health. 
β-carotene appears to lower the risk of heart diseases, while lutein protects the eye 
retina from oxidative damage. Some other studies were showed that carotenoids 
exhibit bioactivities in photosynthesis, special antioxidant properties and produce 
improvements in cognitive function and cardiovascular health [26–30].

3. Clinical and experimental studies on chronic diseases

The potential health advantages caused by olive oil consumption, particularly 
within the context of the Mediterranean diet, have been extensively investigated. 
As mentioned before, olive oil consumption was found to be beneficial for some of 
chronic non communicable diseases [31]. Below-explained clinical results are also 
given in Table 1 with references.

Scope Outcomes References

Olive oil consumption and cancer 
risk

It can decrease the risk of upper digestive 
and respiratory tract neoplasms, breast and 
colorectal cancer sites

Pelluchi et al. [32]

Whether olive oil or MUFA 
intake was associated with the 
development of cancer

Olive oil intake has a protective role on 
cancer risk. But, it was not clear which 
component is responsible for the beneficial 
effects

Psaltopoulou  
et al. [33]

MUFA effect on CVD and 
mortality

VOO reduced risk of all-cause mortality, 
CV mortality, stroke

Schwingshackl 
Hoffman [34]

VOO intake and CHD & stroke 
risks correlation

VOO intake had a significant protective 
effect

Martinez-Gonzalez 
et al. [35]

Determine inflammation or 
endothelial effect of olive oil

Olive oil might be exert benefical effects 
on endothelial function and markers of 
inflammation and endothelial function

Schwingshackl  
et al. [36]

VOO with high phenolic content, 
CVD effect and Nutraceutical 
prevention

Provides small benefical effect on systolic 
blood pressure and serum oxidative 
status. Considered as nutraceutical in CV 
prevention

Hohmann et al. [37]

Breast cancer risk and 
dose–response

Olive oil might be a protective factor for 
the cancer occurrence among case–control 
studies

Xin et al. [38]

To compare olive and other edible 
oils effects on blood lipid level

VOO intake decreased serum total 
cholesterol, LDL and triglycerides less but 
increased HDL more than other plant oils

Ghobadi et al. [39]

High versus low polyphenol 
content on CVD risk factors

olive oils contains high polyphenol show 
some CVD risk reductions

George et al. [40]

To illustrate the impact of olive oil 
on type II diabetes

Olive oil intake could be benefical for the 
prevention and management of type II 
diabetes

Schwingshackl  
et al. [41]

to investigate effects of 2 oil blends 
phytonutrient concentrations on 
blood lipid profile, compared with 
refined olive oil as a control

borderline hypercholesterolemia extent as 
refined olive oil

Haldar et al., [42]

Table 1. 
Experimental and clinical studies about olive, nutrition and health [32–42].
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3.1 Cardiovascular diseases (CVD)

A comprehensive work included 101,460 cases of Coronary Heart Disease 
(CHD) and 38,673 cases of stroke participants revealed that after every 25 g 
increase in olive oil consumption, the risk of CHD was reduced by approximately 
4%, while the risk stroke was decrease by 26%. Another research aimed to assess the 
consumption of monounsaturated fatty acids and olive oil intake on human mortal-
ity was applied 32 sample group contains total 841,211 cases. Overall, higher oil 
intakes lead to a lower risk for all-cause mortality, cardiovascular mortality, car-
diovascular events and stroke. On the other hands, the other lipid origin such from 
animal had no significant positive effect on morbidity and mortality in this work. 
A research including 3106 individuals search try to detect the potential mediators 
of the olive oil/CVD relationship. The daily consumption between 1 mg and 50 mg 
resulted in a significantly more pronounced decrease in C-reactive protein and 
interleukin-6. The other study examined the effect of high versus low concentration 
of polyphenol in olive oil on CVD risk factors in clinical trials. It was found that 
high polyphenol olive oil has beneficial effects on malondialdehyde, oxidized-LDL, 
total cholesterol and HDL cholesterol, suggesting that olive oil may have cardiopro-
tective properties. A comparative research, which aimed to explain the effects of 
olive oil or some of other edible oils consumption on blood lipids, showed that olive 
oil intake significantly diminish total cholesterol, LDL and triglyceride less, but 
increased HDL more than the others. Chronic kidney disease (CKD) is one of the 
most common chronic degenerative diseases and it carries a considerable risk factor 
for CV disorders and mortality. Noce et al., [43] study shows that daily use of high 
phenolic contents from extra virgin olive oil contributes anti-inflammatory and 
antioxidant action in nephropathic patients. Consequently, the essential role has 
been highlighted again here that a well-balanced nutritional-diet therapy plays in 
the clinical management of CKD cases and the eventual improvements in patient’s 
life style, performing positive effects on CKD symptoms.

3.2 Cancer

There are too actual clinical meta-analysis researches. They are mainly focused 
between olive oil consumption and various cancer types. 37,140 participants from 19 
case–control studies were revealed that extra virgin olive oil intake was associated 
with low probability to have any type of cancer, compared with the lowest quality 
of olive oil intake. The other study evaluated the effect of olive oil consumption on 
breast cancer risk. The results stated that olive oil can decrease the risk of breast 
cancer as well as other types of cancer. Another comprehensive research, included 
150,000 females from 5 cohort and 11 retrospective case control studies, demon-
strated that higher olive oils consumption showed a protective effect against breast 
cancer. Some clinical studies show that the mixtures of phytosterols have inhibitory 
effect on 5α-reductase, give rise to apoptosis, alter testosterone metabolism, change 
urine flow and prostate volume. On the other hand some other experimental studies 
explain that phytosterols prevent lipoprotein oxidation, inhibit cell growth and the 
expression of caveolin-1, decrease cell proliferation, reduce or inhibit hyper pro-
liferation of colonocytes, reduce in tumor size. These are the various mechanisms 
to express anticancer features from phytosterols of olives and olive oils [19, 44]. 
More recently, Bartolomei [45] provides a huge dataset to characterize of olive oils 
antioxidant properties, both in vitro by Trolox equivalent antioxidant capacity, oxy-
gen radical absorbance capacity (ORAC value), ferric reducing antioxidant power 
(FRAP value), and 2,2-diphenyl-1-picrylhydrazyl assays, and at the cellular level in 
hepatic (HepG2) and intestinal (Caco-2) cells. One of the highlighted results of this 
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study was to determine the antioxidant effects of phenolic compounds in an extra 
virgin olive oil (EVOO) extract, using either in vitro assays or liver and intestinal 
cell models, rather than the effects of single phenols, such as hydroxytyrosol or 
oleuropein. The selective trans-epithelial transport of some oleuropein derivatives 
was observed for the first time in differentiated Caco-2 cells in this research.

3.3 Type II diabetes

Risked factors for diabetes Mellitus (DM) has been described [46] as fallows: 
physical inactivity, first degree relative with DM, members of high-risk ethnic pop-
ulations (such as African Americans, Latinos, Native Americans, Asian American 
and Pacific Islanders), women who delivered baby, hypertension, HDL cholesterol 
<35 mg/dL, triglycerides >250 mg/dL, women with polycystic ovary sendrome, 
HbA1C ≥ 5.7%, impaired glucose tolerance, ımpaired fasting glucose, obesity, 
insulin resistance and finally history of CVD (Figure 3). It was proved that 10 g 
daily increasing intake of olive oil was caused 9% reduced risk of type-II diabetes, 
while when the highest quality olive oil intake category was compared to the lowest 
quality intake category, it was revealed a 16% reduced risk of diabetes. This meta-
analysis collected data from 187,068 individuals, participating in 4 cohort studies 
and 29 trials. Therefore, this meta-analysis provides beneficial evidence concerning 
the risk of type II diabetes consuming olive oil [42].

4. Conclusion

In biological systems, free radical reactions are associated with aging, cancer, 
cardiovascular disease, optical disease, and neurodegenerative disease. Antioxidants 
are used to prevent such reactions and are therefore supporting health. Regular 
consumption of olive oil has a strong correlation with prevention of cardiovascular 
disease, immune function, and gastrointestinal (GI) disease. Olive oil improves 
the curing of mortal diseases like cancer and liver disease. Dietary use of olive oil 
is therefore helpful in maintaining good health. The present chapter evaluating the 
effect of olive oil consumption on human health, identified the protective effects 

Figure 3. 
Risk factors in diabetes mellitus.
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Abstract

The Mediterranean diet has a lot of health benefits but especially because it 
lowers the incidence of cardiovascular diseases. It has been shown that food compo-
nents, certain nutrients and the pattern of the diet lowers the risk of several diseases 
such as diabetes, certain cancers, obesity, respiratory disorders, mental health and 
cognitive decline, bone diseases (osteoarthritis), healthy aging and quality of life 
among more others. It has been concluded from studying the mechanism respon-
sible for lowering these risks that food combinations, food nutrients, presence of 
non-nutritive substances, lifestyles habits and the cooking techniques all together 
make the Mediterranean dietary pattern into a tool that can not only prevent but 
can also be used as a way of treatment for these medical ailments. As part of the 
essential dietary fat, consumption of extra virgin olive oil is the main feature of 
Mediterranean diet. Olive oil is noted to have anti-bacterial characteristics, involved 
in improving the endothelial function in young females, and is hypothesized to have 
epigenetic effects interplay offering protection from cancers due to the presence of 
beneficial monounsaturated fats. The presence of antioxidants contributes to the 
inflammation protecting properties of the olive oil. Olive oil has high quantities 
of antioxidants and offers numerous benefits for cardiovascular health, such as 
protection of LDL from oxidation and lowering of the high blood pressure as well as 
offers protection from diabetes mellitus. The Mediterranean diet and the Olive oil 
consumption also have a fundamental impact in secondary prevention, such as in 
patients with atrial fibrillation that underwent catheter ablation.

Keywords: Mediterranean diet, olive oil, cardiovascular diseases, benefits of olive oil 
consumption, atrial fibrillation
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1. Introduction

Native to the Mediterranean region, olive tree also known as Olea europaea is 
considered to be one of the oldest trees still present (Figure 1). The fruits and prod-
ucts obtained from the olive tree such as olive oil have been used for a long time for 
the diet and nutritional demands of the residing population in the Mediterranean 
regions. As part of the Mediterranean culture olive trees have been cultivated and 
harvested for a long time. Olives are taken and subsequently used for olive oil 
extraction. The importance of the use of olive oil in both daily and cultural practices 
is evident by the fact that the Greek philosophers began to search on its medicinal 
and nutritional properties by as early as the seventh century BC. Particularly 
ingestion of olive oil and its use as an ointment for treating ailments related to 
dermatological ulcers and stomach was recommended by both Hippocrates and 
Aristotle who recognized the health benefits attributed to the olive oil consumption 
[1]. Mediterranean countries such as Turkey, Spain, Greece, Morocco, Italy and 
Tunisia are involved in most (70%) of the olive oil production [2]. Apart from these 
some other countries such as USA and Australia are also involved in the production 
of olive oil. Different types of olive oil with different profiles of polyphenol con-
tent are being produced by a single country [3] showing that olive oil of different 
varieties and qualities exists. Nutritional characteristics of different types of olive 
oil also differ.

Animal fats mainly constitute the saturated fatty acids, while the fats of veg-
etables mostly contain polyunsaturated fatty acids. Especially, olive oil obtained 
from the fruits of olive tree consists of both the polyphenols and monounsaturated 
fatty acids. Even today, the health benefits of consuming olive oil in place of fats of 
other origins remain unexcelled and is most likely attributed to the extraordinary 
chemical composition of olive oil [4]. However, the benefits of the olive oil for 
human health have been mostly evaluated in attribution to the consumption of the 
Mediterranean diet [5], whereas its individual beneficial impact on human health 
remains to be confirmed by more research [6].

Figure 1. 
Millennial olive tree in Italy, Puglia, San Vito dei Normanni (Mrs. Teresa Village).
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There are different types of the marketed olive oil with difference in their 
potential healthful impacts and include pomace oil, refined olive oil, virgin olive 
oil and extra virgin olive oil etc. [7]. In context of research the different types of 
olive oil are often not individually evaluated for their potential health benefits and 
therefore the difference in their beneficial properties is not properly evaluated. 
Extra virgin olive oil is the most naturally made olive oil and is produced within 
the first 24 hours after the harvest and from the very first pressing of the olives. 
Extra virgin olive oil is obtained by the mechanical means rather than the chemical 
and no excessive heating is underwent during its extraction as the temperature for 
extraction is fixed at degrees lesser than 28°C. The acidity or free fatty acid level 
of the oil is lesser than 0.8 percent contributing to the oil’s optimal odor and taste. 
It should be noted that olive fruit contains different types of hydrophilic phenolic 
compounds such as simple phenolic compounds, complex phenolic compounds and 
lignans. Simple phenolic compounds include vanillic, coumaric, galls, caffeic acids, 
tyrosol and hydroxytyrosol etc. whereas complex phenolic compounds contain 
secoiridoids such as ligstroside and oleuropein. Lignans found in the olives include 
pinoresinol and 1-acetoxypinoresinol etc. Extra virgin olive oil has the highest 
amounts of phenolic compounds as compared to the virgin olive oil [8]. Lignans on 
the other hand, are not found in any refined olive oils but only found in extra virgin 
olive oil [9]. Because of these extraordinary compositions extra virgin olive oil is the 
most beneficial to human health as compared to other refined oils and is used as a 
precautionary tool against the cardiovascular diseases [10]. Virgin olive oil just like 
the extra virgin olive oil also arises from the very first pressing of the fruits of olive 
tree but the acidity levels are a little higher in comparison i.e. lesser than 2 percent. 
Virgin oil contains in its composition the hydrophilic phenols such as phenolic acids 
alcohol, lignans, flavonoids and secoiridoids [11]. But because these compounds are 
present in comparatively lower levels, its consumption is not as healthful as com-
pared to the extra virgin olive oil. But the consumption of virgin olive oil as com-
pared to the other refined oils is still recommended [12]. Another types of marketed 
olive oil is the refined olive oil which is refined by chemical and thermal means in 
order to get as much oil from the pulp of olives as possible. This pulp is the leftover 
of the first pressing of olives. Acids and alkalis are the chemical agents used for the 
purpose of refinement. This process of oil extraction results in oil with higher fat 
and acidic content as compared to the extra virgin and virgin olive oil. Therefore, 
olive oil obtained and refined this way lacks the optimal odor, taste and natural 
antioxidants. As compared to the olive oils obtained from the first pressing of olives, 
the refined olive oil has lesser antioxidant potential. Moreover, p-hydroxyphenyl-
acetic acid, p-coumaric acid, o-coumaric acid, vanillic acid and p-hydroxybenzoic 
acid present in the refined olive oil offer very little protection and no antioxidant 
potential [13]. Pomace oil is another type of the marketed olive oil and is produced 
as a by-product in the production of extra virgin olive oil. This oil is obtained by 
heating the olive seeds, skins and pulp. The remaining oil is extracted by the use of 
hexane as a solvent. The resultant oil obtained is then further refined and therefore 
it offers very limited beneficial effects on human health as the antioxidant potential 
is very low. Still more other types of oils produced through more poor practices 
e.g. glampante oil. These oils, unless refined, are not considered to be suitable for 
human use [14].

2. Mediterranean diet and cardiovascular diseases

The Mediterranean diet was defined in 1960 by Ancel Keys circa [15] and is one 
of the most well known and most studied dietary pattern in the world [Medscape, 
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PubMed impact]. The Mediterranean diet has a lot of health benefits but especially 
because it lowers the incidence of cardiovascular diseases. It has been shown that food 
components, certain nutrients and the pattern of the diet lowers the risk of several 
diseases such as diabetes, certain cancers, obesity, respiratory disorders, mental health 
and cognitive decline, bone diseases (osteoarthritis), healthy aging and quality of life 
among more others [16]. It has been concluded from studying the mechanism respon-
sible for lowering these risks that food combinations, food nutrients, presence of non-
nutritive substances, lifestyles habits and the cooking techniques all together make 
the Mediterranean dietary pattern into a tool that can not only prevent but can also be 
used as a way of treatment for these medical ailments [17–20]. As part of the essential 
dietary fat, consumption of extra virgin olive oil is the main feature of Mediterranean 
diet. Apart from the healthy proportion of the amount and type of fatty acids pres-
ent in olive oil [21], it is consumed along with a large amount of vegetables as a salad 
dressing for cooked or raw legumes and vegetables (Figure 2). Even though the 
inhabitants of the Mediterranean countries lack knowledge regarding the benefits of 
olive oil for human health, they have believed that the long lives of their populations 
are attributed to the usage of olive oil in their diets.

3. Impact of olive oil consumption on human health

It has been revealed from the studies by The Global Burden of Disease that the 
rate of incidence of chronic illnesses such as cardiovascular diseases including 
coronary artery disease and hypertension have been persistently increasing [22]. It 
has been revealed that this increase in the rate of these diseases is most likely related 
to the adoption of unfavorable behaviors and unhealthy dietary patterns [23]. 
Therefore, the protective qualities of certain dietary patterns such as Mediterranean 
diet especially its certain components such as olive oil has been studied and evalu-
ated for their beneficial effects on human mortality and morbidity [6]. Olive 
oil is noted to have anti-bacterial characteristics [11], involved in improving the 
endothelial function in young females [24], and it has been hypothesized to have 
epigenetic effects interplay offering protection from cancers [25] due to the pres-
ence of healthful monounsaturated fats. The presence of antioxidants contributes 
to the anti-inflammatory properties of the olive oil. Olive oil has high quantities of 
antioxidants and offers numerous benefits for cardiovascular health [26], such as 
protection of LDL from oxidation and lowering of the high blood pressure as well as 
offers protection from diabetes mellitus [27].

Figure 2. 
Oil-Garlic and Pepper. The application of oil in the kitchen leads to this famous dish in the all the 
Mediterranean diet. On the right-side pure drop of extra virgin olive oil (Gianvito Matarrese EVO Restourant 
Alberobello-Italy).
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4.  Mechanism of actions of virgin olive oil as part of Mediterranean diet 
to prevent cardiovascular disorders

Atherosclerosis development is becoming one of the major risk factors in people 
having hypertension, diabetes and hypercholesterolemia [28–30]. During the 
pathogenesis of hypertension, inflammation causing factors imposes oxidative 
stress by activating the mononuclear leucocyte by enhancing the production of 
wide range of cytokines which directly exert oxidative stress on the blood vessels 
and might lead to the development of atherosclerosis. It was reported that hyper-
tension may develop due to variations in the arterial vasodilation/vasoconstriction 
particularly due to the modifications of the synthesis of molecules like NO, a potent 
relaxing factor, and ET1 a potent vasoconstrictor released by endothelium. It was 
reported in non-smoking women that when Mediterranean diet containing EVOO 
was given to these women for 1 year, this caused a decrease in hypertension with 
higher level of serum NO along with changes in gene expression including eNOS 
upregulation that played important role in the regulation of blood pressure, dilate 
the blood vessels with a number of vaso-protective and anti-atherosclerotic roles; 
and caveolin 2 down-regulation was also reported. Caveolin 2 can trap the eNOS 
and ultimately inhibit the enzyme [31]. Moreover, in patients at high risk of car-
diovascular disorders when given EVOO as part of MeDiet, a significantly decrease 
in the systolic and diastolic blood pressure were reported [31–33] and same effects 
were also reported in metabolic syndrome patients for giving the MeDiet with 
EVOO for parallel 2 years [34].

Storniolo et al. [31] explored very interesting findings when used MeDiet 
containing EVOO both in moderate hypertensive and healthy volunteers and found 
that EVOO did not decrease the blood pressure in healthy individuals although a 
drop in blood pressure in moderate hypertensive patients was reported. Approaches 
to explore the nutritional values of MeDiet supplemented with EVOO is one of the 
most interesting side as EVOO have potential to reduce the development of chronic 
disorders like type 2 diabetes, metabolic syndrome an obesity by regulating the 
metabolism of glucose and lipids in our body. It was reported that hyperglycaemic 
and hypercholesterolemic conditions are leading cause of the development of 
cardiovascular disorders or aggravating the atherosclerotic process. Violi et al. [35] 
explored that administration of MeDiet containing the EVOO significantly regulate 
the postprandial metabolic profile including the decreased blood glucose, LDL-C 
and ox-LDL levels and an increased level of insulin was also reported in healthy 
volunteers. Moreover, the impact of EVOO (10 g) in MeDiet has the potential to 
normalize the blood glucose level in post-prandial glycaemic patients with impaired 
fasting glucose. The mechanisms accounting for the positive effect of EVOO are 
related to increasing up-regulation, as EVOO reduces dipeptidyl peptidase-4 
activity with consequent increase in glucagon-like peptide-1 concentration which 
regulates postprandial glycaemia by up-regulating insulin secretion [36].

High level of lipids contents is one of the second one major risk factor for 
the development of cardiac disease but MeDiet supplemented with EVOO have 
significant impact to reduce the total cholesterol, LDL-cholesterol (LDL-C) and 
non-HDL-cholesterol (non-HDL-C) levels to prevent the cardiovascular risk [36]. 
Hernáez et al. [37] reported on administering the MeDiet particularly containing 
EVOO for 1 year to patients at high cardiovascular risk and investigated an improve-
ment in the HDL functions including the cholesterol efflux capacity, modulation 
in the metabolism of cholesterol, improvement in antioxidant as well as anti-
inflammatory properties, and increased vasodilatory properties. Moreover, it was 
also found by Covas et al. [12] that taking phenolic olive oils increases the HDL-C, 
decreased the total cholesterol/HDL-C ratio, decreased LDL-C/HDL-C ratio as 
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well as decrease in triglycerides (TG) level. A study carried out in patients having 
metabolic syndrome reported that consumption of MeDiet supplemented with 
EVOO for 2 years significantly reduced the blood glucose level, increase insulin, 
decrease total cholesterol as well as TG and improved the HDL-C level as compared 
to control group. Such findings explored that Mediterranean-style diet containing 
EVOO is an emerging therapeutic strategy to modulate cardiovascular disease risk 
in metabolic syndrome [34]. During an experimental study it was also found that 
EVOO along with corn oil have role in improving the total cholesterol, LDL-C, 
VLDL-C, Apolipoprotein-B, Apolipoprotein-A and LDL particle concentrations 
and this improvement was observed in more significant individuals given corn oil 
compared with EVOO intake. Moreover, the findings of some investigations are 
summarized in Table 1 and the targets of Me Diet supplemented with EVOO to 
prevent the cardiovascular diseases risk factors are represented in Figure 3.

Mediterranean 
diet containing 
extra virgin 
olive oil and 
quantity used

Number of 
volunteers 
participated

Plan of 
Study 
Design 
with time 
period 
used

Targets to manage 
Cardiovascular disorders

References

8 gram/Day Having metabolic 
disorders 
(n = 180)

All given 
in parallel 
upto 2 years

By Decreasing:
BMI, waist circumference, 
Body weight, Blood 
pressure, Endothelial 
function score, Blood 
glucose and insulin, hs-CRP, 
IL-6, IL-7, Total cholesterol, 
triglycerides, IL-18,
By Increasing:
HDL-C,

[34]

50 mL/Day At high risk of 
cardiovascular 
(n = 164)

All given 
in parallel 
upto 1 year

By Decreasing:
CRP, IL-6, [sICAM-1], 
[sP-selectin], [sVCAM-1], 
IL-18/IL-10

[38]

50 mL/Day At high risk of 
cardiovascular 
(n = 165)

All given 
in parallel 
upto 
3–5 year

By Decreasing:
CRP, Interleukin-6, TNF-α, 
Total cholesterol, LDL-C, 
Triglyceride, Blood pressure
By Increasing:
HDL-C

[39]

1 L/ 07 Days At high risk of 
cardiovascular 
(n = 69)

All given 
in parallel 
upto 5 years

By Decreasing:
IL-6, IL-7, IL-8, IL-18, IL-1 
β, IL-5, IL-12p70, IFN-γ, 
TNF-α, GCSF, GMCSF, 
ENA78, MCP-1, MIP-1β,

[40]

14.8 mL/Day Given to healthy 
people (n = 137)

All given 
in parallel 
upto 
6 months

By Decreasing:
Systolic blood pressure
By Increasing:
FMD

[32]

1 L/07 Days At high risk of 
cardiovascular 
(n = 231)

All given 
in parallel 
upto 1 year

By Decreasing:
Plasma tryptophan

[41]

Table 1. 
Scientific based investigations carried out to investigate the Mediterranean diet containing extra virgin olive oil 
on preventing the cardiovascular disorders.
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5. Olive oil for cardiovascular diseases in secondary prevention

If the effect of the Mediterranean diet and olive oil in primary prevention 
appears almost obvious, it is surprising to be in secondary prevention in cardiovas-
cular diseases. The Lyon Diet Heart Study provided information about outcomes 
after acute myocardial infarction. This randomized, secondary prevention trial in 
patients analyzed the incidence of myocardial infarction and cardiovascular deaths. 
Mediterranean diet was able to significantly reduce the occurrence of all-cause and 
cardiovascular death [42]. PREDIMED study pointed out the reduction in CD40 
expression on monocytes surface, and a further decrease in C-reactive protein and 
IL-6 in Mediterranean diet group (plus olive oil and plus nuts) with a significant 
reduction in the expression of adhesion molecules. These molecular changes suggest 
a protection of atherosclerotic plaques from instability resulting in a reduction in 
cardiovascular events after a heart attack [38].

However, it is surprising how the effect of olive oil is also protective against the 
incidence of arrhythmias as demonstrated in the laboratory by Bukhari group [43] 
and as demonstrated by the sub analysis of the PREDIMED trial suggests that extra 
virgin olive oil in the context of a Mediterranean dietary pattern may reduce the risk 
of atrial fibrillation [43].

However, it will be exciting to study the PREDIMAR project, a randomized, 
single-blind trial testing the effect of a Mediterranean diet enriched with extra 
virgin olive oil to reduce tachyarrhythmia relapses after atrial fibrillation ablation. 
If the study hypothesis will be confirmed, the utility of the Mediterranean diet 
enriched with extra virgin olive oil in slowing the progression of AF will be proven 
and it could actually become a true healing weapon, on a par with the most recent 
interventional cardiological technological innovations [44].

6. Conclusion

It has been concluded from studying the mechanism responsible for lower-
ing the cardiovascular risks that food combinations, food nutrients, presence of 
non-nutritive substances, lifestyles habits and the cooking techniques all together 

Figure 3. 
Major targets of Mediterranean diet containing extra virgin olive oil to prevent the development of 
cardiovascular diseases.
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make the Mediterranean dietary pattern into a tool that can not only prevent but 
can also be used as a way of treatment for these medical ailments. As part of the 
essential dietary fat, consumption of extra virgin olive oil is the main feature of 
Mediterranean diet. Olive oil possess anti-bacterial properties, involved in improv-
ing the endothelial function in young females. It has been hypothesized that 
the olive oil has epigenetic effects offering protection against cancers due to the 
presence of monounsaturated fats. The presence of antioxidants contributes to the 
anti-inflammatory properties of the olive oil. Olive oil has high quantities of anti-
oxidants and offers numerous benefits for cardiovascular health, such as protection 
of LDL from oxidation and lowering of high blood pressure. Various studies have 
shown that the intake of olive oil offers cardioprotective properties contributed 
by the high poly phenolic content as well as the presence of antioxidants and its 
curative effect is not limited to primary prevention, but also to secondary preven-
tion in unexpected fields such as in the treatment of cardiac arrhythmias. Olive oil 
has many biological activities due to the presence of many important secondary 
metabolites such as antioxidant and other useful bioactive components that sug-
gests the future use of olive oil in pharmaceutical preparations in pharmaceutical 
industries.
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Chapter 6

Olive Oil Production in Albania,
Chemical Characterization, and
Authenticity
Dritan Topi, Gamze Guclu, Hasim Kelebek and Serkan Selli

Abstract

Olive tree is present to theWestern and Southern regions of Albania, alongside
Adriatic and Ionian Sea, two body waters of the Mediterranean basin. Genetic studies
have revealed the existence of 22 native olive cultivars, while several introduced for-
eign olive cultivars are present. Twomost important olive cultivars respectively,
exploited in the olive oil production, and table olive, are Kalinjot and Kokërrmadh
Berati. Olive fruit production ranks the country 20th in the world. Olive tree comprises
an important permanent crop with considerable potential for the Albanian economy.
Principal component analyses (PCA) of fatty acids in OO displays their differentiation
according to the cultivar and their region. Chemometric analysis gives support to the
differentiation of OO according to the olive cv. in terms of phenolic compounds.
Secoiridoids are found in abundance, 3,4-DHPEA-EDA and p-HPEA-EDA as domi-
nant compounds, especially in Kalinjot olive oils. Albanian OO shows high levels of
aroma compounds with (E)-2-hexenal as the principal aroma compound. Its concen-
trations reach up to 40411 μg/kg in Kalinjot cv.,much higher compared to Bardhi
Tirana cv (27542.7 μg/kg). The authenticity of OOs constitutes an opportunity for
domestic production and certification according to the geography or origin and present
an important resource to the development of a sustainable economy.

Keywords: Olive oil, Kalinjot, Bardhi Tirana, Phenolic compounds, Albania

1. Introduction

In the last decades, the interest in olive tree (Olea europaea L.), an important
crop for Mediterranean countries, has been extended to other regions of the world,
such as Australia, North and South America, due to its valuable products; olive oil
and table olive [1]. Olea europea L. is an evergreen plant-derived from tropical and
subtropical species. It is native to the Mediterranean region, tropical and central
Asia, and other parts of North Africa. Fossil remains of olive species have been
found in Italy, France, and many other countries. Olive tree includes many clusters
and more than 2600 cultivars, many of which may be ecotypes. Native olive
O. oleaster and cultivated oliveO. sativa are the main species in the Mediterranean [2].

The geography of Albania has shaped the climate characteristics, with South and
Western regions typical of the Mediterranean climate while the Eastern and
Northern regions with typical continental climate (Figure 1). Olive tree is culti-
vated mainly in the regions with Mediterranean climate, by penetrating the
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mainland through the river valleys, up to 560 m altitudes. Genetic studies have
found 22 native olive cultivars strictly distributed into six regions - Berat, Elbasan,
Kruja, Lezha, Tirana and Vlora. Native cultivars, namely: Boç, Frëng, Kalinjot, Karre,
Kushan, Kotruvs, Kokërrmadh Berati, Mixan, Kokërrmadh Elbasani, Micka, Krips,
Managjel, Nisjot, Peperri, Ulli deti, Ulli i zi, Ulli bardhë Lezha, Sterbjak, Ulli i kuq,
Bardhi Kruja, Bardhi Tirana (Bianco di Tirana), and Ulli i bardhë Berati [4, 5].

According to their area of plantation, they are classified as ‘Principal’ and ‘Sec-
ondary’ cultivars. Kalinjot is the most distinguished native olive cultivar and is
distributed in over 50% of the country’s plantation area. Other native cultivars
important for the local economies are Bardhi Tirana and Mixan. Kokërrmadh Berati
cultivar is the primary representative and consequently the most abundant table
olive in Albania. The remaining cultivars presented in the study were classified as
Secondary cultivars [5]. Olive cultivation is closely linked with local comunities for
a long period. Olive cultivar names are conected with regions, as well as the olive
fruit name, in albanian (ulli).

Figure 1.
Land use in Albania [3].
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1.1 Olive tree cultivation and production

The olive tree dominates the country’s permanent crops with 10.28 million in a
total of 13.82 million fruit trees, or 74.4%. The main regions where the olive tree is
cultivated are Vlora, Fieri, Berat, and Elbasan (Table 1) [6, 7].

The entire agriculture sector and especially permanent crops suffered in the
last in the alternation of the 20th century with the 21st the consequences of
economic transition (Figure 2). The arable land reform distributed the entire area
to the small farms. This was a big reverse step toward the permanent crop’s culti-
vation, which suffered the most, with negative consequences such decrease in tree

No District Fruit trees Olives Citrus Vineyards (Ha) Olive share/district

1 Berat 1,132 1,949 132 1,155 18.9

2 Dibër 1,521 — — 2g00 0.0

3 Durrës 810 442 102 767 4.3

4 Elbasan 1,401 1,644 72 1,368 16.0

5 Fier 1,579 2,617 381 2,114 25.4

6 Gjirokastër 326 303 2 798 2.9

7 Korçë 3,228 — — 1,117 0.0

8 Kukës 869 — — 88 0.0

9 Lezhë 460 239 46 406 2.3

10 Shkodër 888 425 46 729 4.1

11 Tiranë 927 895 99 845 8.7

12 Vlorë 680 1,773 642 1,256 17.2

Country 13,822 10,288 1,521 10,842

Source: [6].

Table 1.
Permanent crops data in 2019 (� 1000).

Figure 2.
Area of olive trees during 1989–2019 (in ha) [6].
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numbers, and productivity. Only around 2010 because of the central
government policy, focusing the priority on agriculture, and especially to crops that
countries already have high productivity, the interest in olive culture highly
increased. A steady increase was observed in the number of trees and the area
planted. Currently, over 47000 ha are planted with olive tree, or 7.6% of the arable
land [6, 8].

FAO statistics on olive fruit production ranks Albania the 20th in the world,
with 98313 tons. The world production during 2019 harvesting year reached 19.46
million tons, with Albania’s contribution of 0.51% [8]. A total of 8.23 out of 10.28
million olive trees are under production [6]. The olive oil production was calculated
to as 20,038 tons, contribution up to 95% of domestic demands. Data on olive oil
consumption increased to five liters per capita, being the highest level among the
non-European Union member countries [9]. With an average production varying to
40,000 tons olive fruit, a sharp increase was evident in 2008 as well as in the
following years (Figure 3) [10]. A key role to this positive trend was the application
of support schemes subsidizing local farmers. Currently the annual production
fluctuates in 100000 tons of olives. Intensive production belongs to three regions:
Berat (38,000 tons), Fier (33,000 tons) and Vlora (17,000 tons), with figures
belonging to 2019 [6].

1.2 Table olive production

The olive fruits are exploited in 79 percent for olive oil production, while the
remaining goes to table olives production. Country holds the global record for table
olive consumption per capita. According to International Olive Council, table olive
consumption was 10.8 kilograms per capita [9]. Kokërrmadh Berati cv is the most
distinguished native cultivar used as table olive. It is mainly present in the Berati
region. Other olive cultivars used as table olive are not industrially processed but
used only locally by families. Another important olive cultivar, Kalinjot is used both
to extract olive oil, as well as table olive. Their nutritional profiles show small
differences regarding to the main fatty acids (Table 2). Their n/6/n-3 ratio is
around 10, showing very good profiles of unsaturated FA, compared to other
distinguished olive cultivars worldwide [11]. Both are classified as High-Content
Oleic Acid cultivars.

Figure 3.
Annual production for olive fruits during 1989–2019, in Albania [6].
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1.3 Olive oil extraction industry in Albania

OO extraction is organized in small extraction mills, with only 1/3 of their
extraction capacity exploited. OO production is reached mainly in Southern and
Central parts of the country, comprising Vlora, Fieri, Berati, Elbasani and Tirana
regions. These regions, in total they comprise more than 80% of the olive trees in
production [12, 13]. The extraction process produces high amounts of Olive Husk
(OH) and Olive Mill Wastewaters (OMWW). Their disposal in the environment is a
critical issue to the Mediterranean countries. It has been shown that the OMWW
disposal into surface waters influence negatively in their biodiversity due to high
organic load and toxic substances. The OMWW composition varies qualitatively
and quantitatively according to the olive variety, climate condition, cultivation
practices, the olive storage time and olive extraction process. Composed of 83–92%
water, 4–16% organic matter, and 1–2% minerals, constitute a potential for exploi-
tation as irrigation source and fertilizer in arable lands [13, 14]. Solid residues show
high interest if they are used in soil enrichment with potassium (K) and other
minerals. Up to 254.85 mg/kg of K, 20 mg/kg magnesium on dry weight basis is
found [14, 15].

Regions where the extraction lines are stationed face the deteriorating situation
in the environmental conditions. OMWW discharge to surface waters, solid waste
disposal produces bad odors on a large perimeter, disturbing the community. The
OMWW amounts produced is 125–137 � 106 kg, while the OH approximately to
60� 106 kg with a fluctuation in a yearly basis [15]. Traditionally, olive husk is used
as feedstuff to animals or burned to farmers’ houses. Recently, showing the high
interest for exploitation of OH by-products, an investment in processing plant is
operating at capacity 2.5 ton/hour for production of pellets.

Formula Kalinjot Kokërrmadh Berati

16:0 10.92 10.41

16:1(n-9) 0.09 0.13

16:1(n-7) 0.48 0.61

17:0 0.04 ND

17:1 (n-7) 0.14 ND

18:0 2.31 2.10

18:1(n-9)cis 75.11 76.26

18:1(n-7) 1.88 2.20

18:2 (n-6)cis 7.56 6.92

20:0 0.36 0.40

18:3 (n-3) 0.72 0.67

20:1 (n-9) 0.31 0.33

22:0 0.08 ND

n-6/n-3 10.47 10.31

Σ-SFA 13.36 12.92

Σ-MUFA 78.01 79.53

Σ-PUFA 8.29 7.59

Table 2.
Fatty acid profiles and nutritional interest of two main table olive cultivars (%).
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2. Olive oils characterization and authenticity

2.1 Kalinjot cv. Olive oils

Unique in its nutritional and sensory characteristics [16], VOO plays a vital role
as the primary source of fats in the traditional Mediterranean diet [1, 17].

Kalinjot, the most important olive cultivar, gives the main contribution to the
national level on the OO production. It covers 70% of the plantations’ structure, to
Vlora and Mallakastra regions, and relatively resilient to drought and cold weather
(Figure 4). Fruit and stone weight, respectively to approximate values of 3.6 g and
0.5 g, with the extractability rate that varies up to 28% w/w. Fatty acid composition
for olive oils obtained from different locations from Vlora and Mallakastra regions,
in different harvesting years the last decade (Table 3) [18–22].

The main fatty acid, Oleic acid, interval is 68.03–76.83%; with linoleic acid
interval 7.85–14.22% and palmitic acid interval 8.54–13.62%. The Linolenic acid
content range is 0.63–0.89% lying under the value established by EU legislation to
olive oil (Table 3).

As expected, no statistically significant differences were observed between fatty
acids of Kalinjot olive oils, and therefore the data presented refer to all samples
analyzed. The distribution of fatty acid composition of the oil samples studied is
shown in Table 1 and covers the normal range expected for olive oil. The Kalinjot
OO has a high percentage of oleic acid, with an average value of 74.25 and an
interquartile range of 1.899 (the difference between samples percentiles), and a low
percentage of linoleic acid, with an average value of 9.788 and an interquartile range
of 1.471.

Figure 4.
(A) Olive tree cultivation regions in Albania; (B) Vlora region, classifyed as: traditional, intensive and
superintensive groves. Olive tree cultivation regions in Albania, Vlora region [12].
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Principal component analysis given in Figure 5 displayed the distribution of
Kalinjot OO samples from different location within regions of Vlora and
Mallakastra. As it can be seen in the chart, according to the PCA biplot, the samples
were well categorized. The samples coded with numbers 1, 2, 6, 7, 12, 13, 16, 19, 21,
22, 23 and 24 were positioned on the positive F1 axis while the remaining were on
the negative F1 axis. In addition to those, samples coded as 29 and 30 were posi-
tioned on the negative F1 axis and clearly separated from other OO samples. OO
sample (29) belong to Nisjot olive cv., another olive cv of the Vlora and Mallakastra
region, while the OO sample (30) belonged to the same olive cultivar, Kalinjot, but
from a different geographical region, Central Albania.

Mean SDev Max Min

C14:0 0.00 0.00 0.00 0.00

C16:0 10.43 1.45 13.62 8.54

C16:1 0.74 0.53 2.91 0.42

C17:0 0.11 0.04 0.16 0.00

C17:1 0.18 0.04 0.23 0.07

C18:0 2.69 0.29 3.39 2.04

C18:1n9tr 0.00 0.00 0.00 0.00

C18:1n9c 72.44 2.34 76.83 68.03

C18:1n6c 1.81 0.71 3.16 0.00

C18:2n6c 9.79 1.47 14.22 7.85

C20:0 0.47 0.03 0.53 0.40

C18:3n3 0.77 0.06 0.89 0.63

C20:1 0.38 0.03 0.43 0.30

C21:0 0.00 0.00 0.00 0.00

C22:0 0.13 0.01 0.18 0.12

C24:0 0.06 0.03 0.09 0.00

Table 3.
Fatty acid mean, maximum and minimum values to Kalinjot OO.

Olive cultivar Mean

Mixan 139.24 � 6.56

Frëng 42.78 � 7.04

Bardhi Kruja 322.05 � 5.61

Kalinjot 285.16 � 3.29

Bardhi Tirana 445.03 � 16.83

Karren 89.74 � 0.47

Nisjot 203.07 � 7.51

Kotruvs 226.97 � 1.40

Kokërrmadh 125.60 � 6.09

Table 4.
Total phenolic content in OO from native cv (mg gallic acid/kg).
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2.2 Fatty acid composition

Fatty acid profiles from twenty-six different olive cv are presented in Table 6.
Oleic (C18:1), palmitic (16:0), linoleic (C18:2), and stearic (C18:0) acids, are pri-
mary FA in decreasing order. Results revealed that the fatty acid content falls in the
average percentage intervals described by FAO and IOOC [23]. These olive varieties
presented a significant variation in oleic acid (OA). They are clustered into two
groups containing Oleic acid, low-OA cultivars: Krips Kruja (66.24%) and Peperri
(66.27%); and high-OA cultivars: Kalinjot, Bardhi Tirana, Mixan, Frëng, Bardhi
Kruja, Managjel, Ulli deti (from 70.87 to 76.58%) [24]. Aparacio and Luna [25] have
suggested a correlation between the cultivars’ chemical composition and the pedo-
climatic conditions. These variations are probably more related to genetic factors
than to environmental conditions.

Palmitic acid is found at concentrations five to eight-fold lower than OA, i.e.,
between 9.41% (Kalinjot) to 12.87% (Ulli deti), with no considerable differences
among them. The content of linoleic acid (LA) varied from 5.73% (Frëng) to 15.19%
(Krips Kruja), whereas the content of alfa-linolenic acid showed a small variation
from 0.38% (Ulli deti) to 0.94% (Sterbjak) [11, 24].

Figure 5.
Sample distribution for Kalinjot OO samples from different locations within regions of Vlora and Mallakastra.

Phenolic compounds Kalinjot
(Himara)

Kalinjot
(Vlora)

Bardhi Tirana Ulli-i-zi Krips Kruja Bardhi Kruja

Phenolic alcohols 61.44 84.91 72.31 72.12 34.10 15.68

Phenolic acids 0.95 0.53 1.04 1.21 6.23 12.48

Secoiridoids 135.72 162.50 146.61 170.16 61.70 22.36

Flavonoids 0.19 0.32 0.23 15.85 2.33 0.60

Phenolic aldehydes 0.24 0.08 0.27 0.31 1.64 3.07

Total phenolics 198.54 248.34 220.46 259.65 106.00 54.20

Table 5.
Total phenolic compounds of OO from Albanian olive cultivars (mg/kg).
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Results showed a similarity among Albanian studied cultivars and other cultivars
from Italy and Greece [25]. Comparison of olive cultivars from this region with data
of cultivars from the Southern Mediterranean showed a profile with a high content
of polyunsaturated fatty acids [26, 27]. Statistical analyses revealed differences
among the cultivars for individual fatty acids (p < 0.05) (Table 6): only the
primary fatty acids, C16:0, C18:1 (n-9), and C18:2 (n-6), presented differences
among each other statistically.

Foreign olive cultivars were introduced last century during sixties, with two
Italian cv. Frantoio and Leccino. Nowadays this olive cultivars are well adopted.
Palmitic acid concentrations are higher 13,09% (Leccino) and 14.16% (Frantoio)
compared to OO from native olive cv. There is a similarity in respect to OA among
two foreign cv and others, while their LA concentrations were very low 4.68%
(Leccino) and 6.64% (Frantoio), compared to OO from Albanian olive cultivars. The
content of alfa-LA acid was 0.52% from both foreign cultivars [19].

A similarity was found in FA profiles among Albanian OO from native cultivars
and OO from Italy and Greece [24]. In our study, the comparison of olive cultivars
with cultivars’ data from the Southern coast of the Mediterranean Sea showed a
profile with a high content of polyunsaturated fatty acids [26, 27]. Statistical ana-
lyses reveal differences among the cultivars for individual fatty acids (p < 0.05)
(Table 6): only the primary fatty acids, C16:0, C18:1 (n-9), and C18:2 (n-6),
presented differences among them statistically.

Different authors suggest the ratio C18:1/C18:2 on evaluating VOO’s oxidative
stability, with a proposed minimum accepted value of 7.0. Among Albanian OO,
two olive cultivars, Frëng, and Nisjot exhibited higher values, 13.37 and 19.54,
respectively, while the remaining cultivars produced monovarietal olive oil with
good oxidative stability. Only two olive cultivars, Krips, and Peperr, exhibited lower
values, 4.4 and 4.5, respectively [11, 19].

Principal component analysis (PCA) was applied in order to determine the
relations between fatty acid compositions in the OO samples. Based on the results of
the PCA, two different principal components were determined, and these two
components described 95% of the total variability of the experimental data. The
PCA biplot of the fatty acids detected in the OO samples is shown in Figure 6.
According to the PCA biplot, OO samples were well categorized. As seen in

Figure 6.
PCA of FA profiles obtained from OO of different olive cultivars present in Albania.
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Figure 6 and Table 6, the OO samples coded as 1, 4, 5, 6, 7, 8, 11, 17, 18, 19, 20, 21,
26, 28 and 31 were positioned on the positive F1 axis while the other OO samples
were on the negative F1 axis.

Regarding the cultivar Kalinjot, OO samples have been taken from some regions
of the country, because this cultivar is more widespread and more productive for
olive oil. OO Kalinjot cv from Vlora region, no 2, and Kalinjot cv from Mallakastra
region, no 33, fall very close, indicating the opportunity to produce OO with desig-
nated origin. OO samples no 24, 27 and 30, belonging to Kalinjot cv, fall together,
telling the possibility yo produce OO from this cultivar and to authenticate them
(Table 7). The same interesting picture belong two samples belonging to Bardhi

Sample nr. Location Harvesting season Geographical coordinate

1 Hoshtim 2014 40° 320 28” North, 19° 290 9″ East
2 Drashovice 2014 40° 260 49” North, 19° 340 52″ East
3 Tragjas 2014 40° 190 32” North, 19° 300 36″ East
4 Trevellazer-2 2014 40° 340 46” North, 19° 300 40″ East
5 Vezhdanisht 2014 40° 290 11” North, 19° 360 37″ East
6 Kanina 2014 40° 260 23” North, 19° 310 8″ East
7 Kanina 2015 40° 260 23” North, 19° 310 8″ East
8 Panaja 2014 40° 320 13” North, 19° 280 20″ East
9 Kerkove 2014 40° 310 49” North, 19° 300 6″ East
10 Rromes 2015 40° 310 11” North, 19° 400 1″ East
11 Bestrove 2015 40° 310 4” North, 19° 290 3″ East
12 Babice 2015 40° 290 5” North, 19° 300 51″ East
13 Lubonje 2015 40° 300 28” North, 19° 340 20″ East
14 Bestrove-1 2014 40° 310 4” North, 19° 290 3″ East
15 Bestrove-2 2014 40° 310 4” North, 19° 290 3″ East
16 Himare 2014 40° 60 6” North, 19° 440 41″ East
17 Panaja 2015 40° 320 13” North, 19° 280 20″ East
18 Peshkepi 2014 40° 280 22” North, 19° 350 8″ East
19 Kanina-3 2014 40° 260 23” North, 19° 310 8″ East
20 Qeparo 2014 40° 30 25” North, 19° 490 19″ East
21 Kerkove 2014 40° 310 49” North, 19° 300 6″ East
22 Trevellazer 2014 40° 340 46” North, 19° 300 40″ East
23 Armen 2014 40° 320 11” North, 19° 350 46″ East
24 Vllahine 2014 40° 270 25” North, 19° 380 37″ East
25 Kanina-2 2014 40° 260 23” North, 19° 310 8″ East
26 Rromes 2014 40° 310 11” North, 19° 400 1″ East
27 Kanina 2015 40° 260 23” North, 19° 310 8″ East
28 Panaja 2015 40° 320 13” North, 19° 280 20″ East
29 Nisjot cv 2014 40° 330 32” North, 19° 400 53″ East
30 Marikaj-Vorë 2014 41° 220 20” North, 19° 370 56″ East

Table 7.
Sampling sites for OO Kalinjot cv. to the Vlora and Mallakastra regions..
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Tirana cv, no 3 and 25, harvested from the region with the same name. OO samples
respectively olive cultivars Boç (1), Ulli i kuq (6), Peperr (7), Ulli deti (8) belonging
to coastal regions of Durres fall together with the olive cv from Kruja region, no 20
(Krips Kruja). Another interesting conclusion is similarity among OO samples
belonging to olive cv from Tirana region Ulli i zi Tirana (11), Micka (12) with the
olive cv Bardhi Kruja (21), from region with the same name. Three regions Tirana,
Kruja and Durres, fall very close, Central Albania, while the olive cv show their
expansion route. Through PCA box plot is found another connection among olive cv
from Berat and Lezha regions. There are similarities among OO samples coded 5
(Sterbjak, Lezha region and 18, Kokerrmadh Berati, as well as OO no 4, Ulli bardhe
Lezha, and 17, Kotruvs, Berati. OO no 9 belonging to Mixan cv., that belongs to
Elbasan geographical region si different compared to other monocultivar OO. Very
interesting is the isolation of two introduced Italian olive cv Leccino (19) and
Frantoio (28).

2.3 Phenolic compounds in Albanian OO

Phenolic compounds in Olive oils usually range between 50 and 1000 ppm (mg/
kg) depending on the cultivars, pedoclimatic conditions, maturity stage of the fruit,
and extraction conditions [28]. OO is celebrated not only for its nutritional value
but also for the content of minor compounds of pharmacologically active principles,
belonging to the nutraceutical family, otherwise known as functional foods, such as
polyhydroxylated phenolic and catecholic species [17] (Figure 7). A variety of over
230 chemical compounds, approx. 2% of the weight found in the VOO’s
unsaponifiable fraction, such as polyphenols, tocopherols, sterols, flavors [29–31].
Polyphenols present in VOO, are classified into two groups: lipophilic phenols
(tocopherols) and hydrophilic or polar phenols [32, 33]. The hydrophilic phenols
(HP) present in the VOO belong to different classes: phenolic acids, phenyl ethyl
alcohols, secoiridoids, hydroxy-isochromans, flavonoids, and lignans [31]. Phenolic
compounds show many health benefits, including reducing the risk factors of
coronary heart disease, the prevention of several chronic diseases (for example,

Figure 7.
PCA of phenolic compounds in six OO from Albanian native olive cv.
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atherosclerosis), cancer, chronic inflammation, strokes, and other degenerative
disorders [29, 34]. EFSA has concluded that polyphenols in olive are the health
claims’ subject. The claimed effects are “reduces oxidative stress,” “antioxidant
properties,” “lipid metabolism,” “antioxidant activity, they protect body cells and
LDL from oxidative damages.” An amount of 5 mg hydroxytyrosol and its deriva-
tives (e.g., oleuropein complex and tyrosol) in olive oil should consume daily to
bear the claim [35].

Results on Total Polyphenol Content (TPC) indicate that Bardhi Tirana variety
presented the highest values, 445.03 � 16.83 mg/kg Gallic Acid in olive oil. In
contrast, Frëng cultivar shows the lowest levels, 42.78 � 7.04 mg GAE/kg olive oil
(Table 4). Results also show significant differences among cultivars, which may
correlate to the cultivar, rather than agriculture practices or other factors. The
comparison of TPC content in the ten studied cultivars with different cultivars,
already published from Albania [18], and neighboring countries reveal that these
cultivars are like cultivars from the Toscana Region (Italy) and Dalmatian Coast
(Croatia) [26]. Montedoro et al. [36] have grouped the monovarietal olive oils
according to the three groups’ total phenol content. A classification for studied VOO
is: “low” (50–200 mg/kg) Ulli i Zi, Frëng, Krips, Mixan, and Peperri cultivars;
“medium” (200–500 mg/kg) Bardhi Tirana, Bardhi Kruja, Managjel, Kalinjot, and
Ulli deti cultivars. The results obtained for the studied cultivars relate mainly to the
cultivar differences. The results show that the studied olive oils’ polyphenol content
had significant differences (p < 0.05) among the cultivars. The actual stage of
agriculture in Albania does not have a premise for irrigation of the olive plantations.
Furthermore, concerning the maximum and minimum temperature values in the
different regions, respectively, gives evidence that differences are not significant;
hence, differences reported on the TPC content do not come due to climatic condi-
tions. The TPC values of Bardhi Tirana are comparable with Koreiniki (Greece),
Picual (Spain), and Frantoio (Italy) cultivars [25, 26].

Data on Total Polyphenol Content (TPC) indicate that OO from Bardhi Tirana
cv present high values, 445.03 � 16.83 mg GA/kg OO. In contrast, Frëng cv OO has
the lowest levels, 42.78 � 7.04 mg GA/kg (Table 4) [18, 19]. Total phenolic content
in OO compared with OO from neighboring countries reveals that these cultivars
are similar to cultivars from the Toscana Region (Italy) and Dalmatian Coast
(Croatia) [26]. TPC values among studied cultivars resulted in statistically differ-
ent. Montedoro et al. (1992) have grouped the monovarietal olive oils according to
the three groups’ total phenol content. The studied cultivars are classified as: “low”

(50–200 mg/kg) Frëng and Mixan cultivars; “medium” (200–500 mg/kg) Bardhi
Tirana, Bardhi Kruja, and Kalinjot olive cultivars. The results obtained can be
related mainly to the cultivar differences. The results show that the studied olive
oils’ polyphenol content had significant differences (p < 0.05) among the cultivars.
Bardhi Tirana samples are comparable with Koreiniki (Greece), Picual (Spain),
Frantoio (Italy) and Memecik, Ayvalik and Gemlik (Turkey) cultivars [25, 26, 36].

Studying of Albanian OO from different cultivars by LC-DAD-ESI-MS/MS of
has found the presence of 18 phenolic compounds. Based on their chemical struc-
ture, they were grouped as secoiridoids (6), phenolic alcohols (5), phenolic acids
(4), flavonoids (2), and phenolic aldehyde (1) [37]. The highest amount of phenolic
compounds was determined in Ulli-i-Zi cv. from Tirana region (259.65 mg/kg)
followed by Kalinjot cv. from Vlora region (248.34 mg/kg), Bardhi Tirana cv. from
Tirana region (220.46 mg/kg), Kalinjot cv. from Himara region (198.54 mg/kg),
Krips Kruja cv. from Kruja region (106.00 mg/kg) and Bardhi Kruja cv. from Kruja
region (54.20 mg/kg) (Table 5) [38].

In the study conducted by Topi et al., (2020), the results on phenolic com-
pounds agreed with the same concentration pattern of all VOO in the literature with
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the highest being 3,4-DHPEA-AC (76.03 mg/kg), followed by 3,4-DHPEA
(11.36 mg/kg), p-HPEA (7.01 mg/kg), oxidized hydroxytyrosol (1.53 mg/kg) and
the last as hydroxytyrosol quinone (1.21 mg/kg). The highest values for
3,4-DHPEA-AC (76.03 mg/kg) belonged to Kalinjot cv. from the Vlora region,
followed by Ulli-i-Zi cv. (65.17 mg/kg). Phenolic alcohol pattern in Albanian VOOs
is consistent with published data from Spanish cv. Picual [39], Turkish cv. Halhali
[40] and Croatian olive oils [41]. Hydroxytyrosol levels (3.97–11.36 mg/kg) in the
Kalinjot cv. VOO samples, in both regions, were observed higher when compared
with different Greek olive cvs. [40], yet exhibited a lower value compared to
Croatian olive oils Krvavica cv. (14.9–21.9 mg/kg) [41].

Additionally, PCA was applied to generate models for the classification of OO
samples in terms of total phenolic contents. It can be observed that three groups
were mainly formed on the plot, of these, Krips Kruja and Bardhi Kruja cv. as a
group were positioned on the positive F1 axis, while the remaining samples were
located on the negative axis. The formation of this group is expected as these two
cvs. Had the lowest values of total phenolic content. On the other hand, Ulli-i-Zi cv.
is seen to be clearly separated from the others, expectedly as it had the highest
content of phenolics.

2.4 Olive oil aroma compounds

Aroma compounds are the main criteria affecting consumer acceptance and
preference and also their purchasing power remarkably. Investigation on aroma
compounds in Kalinjot and Bardhi Tirana OO indicate the aroma differences
between oils obtained from two main Albanian olive varieties from different
regions. (E)-2-hexenal is found as the principal compound in both these olive cvs.
[13]. A total of 24 aroma compounds in Kalinjot cv. comprising: aldehydes, alcohols,
ketones, esters, terpenes, phenols, and alkenes were detected; meanwhile, in Bardhi
Tirana cv. 17 aroma compounds including aldehydes, alcohols, esters, and phenols.
The aroma compounds in Kalinjot OO varied from 36700 to 40411 μg/kg, much
higher compared to Bardhi Tirana cv. OO (27542.7 μg/kg). Different regions and
varieties play a key role in the concentration and profile of volatile compounds in
the samples under study. (E)-2-Hexanal in Kalinjot (37.2–39.1%) and Bardhi Tirana
OO (55.5%) is found lower comparing with Italian Leccino cv. (73%) [41], but
higher compared to Croatian OO from Masnjaca cv (27.6–28.9%) [42]. Volatile
compounds present in high concentrations to Kalinjot cv. OO were hexanal (6.6–
9.8%), 3-hexenal (4.6–9.8%), 3-penten-2-ol (7.7–9.4%), (E)-3-hexenyl acetate
(4.0–8.8%), (Z)-3-hexenol (2.9–4.1%), (E)-2-hexenol (1.4–3.1%), β-ocimene (n.d-
4.2%) and hexanol (n.d-4.2%) [13].

Total alcohols in Kalinjot OO vary between 6903 and 9375 μg/kg, and in Bardhi
Tirana OO 6874 μg/kg. The main C-5 alcohol resulted is 3-penten-2-ol in the range
2504–3442 μg/kg. This alcohol was found in higher levels compared to olive oils
from Greek, Italian and Spanish olive cultivarssuch as Croatian cv. Coratina [43],
Italian cv. Leccino, Spanish cv. Cornicabra and Arbequina, Greek cv. Koroneiki and
Adramytini [39], and Turkish cv. Halhali, [44]. Total content of terpenes in Kalinjot
OO varies 1895–2941 μg/kg, while the presence of β-ocimene may serve to distin-
guish OO both in olive cv and region. Terpene compounds give olive oils charac-
teristic floral odors. (E)-3-Hexenyl acetate and methyl salicylate are two esters
found in OO from both Kalinjot and Bardh Tiranai cultivars. Another ester found
only in OO from Kalinjot is 2-butoxyethyl acetate. (E)-3-hexenyl acetate concen-
trations vary between 2705 and 3555 μg/kg in Kalinjot OO, while are found in lower
levels to Bardhi Tirana OO (1107.7 μg/kg). The esters concentration compared with
Greek cultivars is lower, however, higher when compared with Italian and Spanish
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cv. [42]. This ester compound gives olive oils pleasant and fruity odor notes. In
conclusion, 2-butoxyethyl acetate may use as molecular marker to distinguish OO
from these two cultivars.

3. Conclusions

Despite the modest contribution in global OO production, world ranking 20th,
olive tree comprises an important permanent crop with considerable potential for
the Albanian economy. OO with certified origin will increase the value of the final
product. With a contribution of 0.51% to total world production, OO production
reached 20,038 tons contributing almost to 95% of domestic demands. Interest-
ingly, table olive consumption ranks the country the 1st in world. Principal compo-
nent analyses (PCA) for OO samples from Kalinjot cv. displayed the differentiation
with OO samples. The authenticity of OOs originating from Vlora region constitutes
an opportunity for domestic production. In parallel, PCA of OO from different
native and foreign olive cv. displayed differentiation regarding fatty acids.

Phenolic compounds found to be significantly different among the olive oil
samples of different cultivars. 3,4-DHPEA-AC was determined as the main pheno-
lic compound. Secoiridoids are found in abundance, 3,4-DHPEA-EDA and p-
HPEA-EDA as dominant compounds, especially in Kalinjot OO. It was found that
Albanian VOOs had lower levels of flavonoids consisting of luteolin and apigenin.
Studies in OO aroma compounds from main cv indicate that Albanian OO is con-
sidered with high content OO with aroma compounds. (E)-2-hexenal is found as the
principal aroma compound. Kalinjot OO concentrations vary between 36700 and
40411 μg/kg, much higher compared to Bardhi Tirana OO (27542.7 μg/kg).
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Chapter 7

Cooking with Extra Virgin  
Olive Oil
Ana Florencia de Alzaa, Claudia Guillaume  
and Leandro Ravetti

Abstract

Mediterranean cultures have used Extra Virgin Olive Oil (EVOO) as the only 
source of cooking oil for centuries, with their diet showing the highest amount of 
scientifically proven health benefits. However, there is a common misconception 
that EVOO is not suitable for cooking given its relatively lower smoke point, despite 
no scientific evidence that support this. This chapter aims to provide an overview 
of how EVOO is healthier, safer, and more stable to cook with than other common 
edible oils. Furthermore, this chapter aims to present EVOO’s suitability for use on 
Teflon coated pans, which is another common myth.

Keywords: extra virgin olive oil, cooking oils, smoke point, nutrient content,  
key minor components, bioactives

1. Introduction

Olive oil occupied a key role in ancient Roman cooking and its culinary use 
expanded along with the Roman Empire, laying the foundation for what we now 
refer to as the Mediterranean diet. The culinary use of olive oil takes four basics 
forms: as a preservative, as a cooking medium, as an ingredient and as a condiment 
[1]. This chapter has a central focus on EVOO as a cooking medium.

As a cooking medium EVOO has a many functions, such as transferring heat 
from the heat source to the food, acting as a lubricant to prevent food from sticking 
to the cooking surface, adding flavour, crust and creating a more visually appealing 
look to the food [1]. It is an extremely healthy oil to use for all types of cooking and 
there is a lot of existing and emerging research related to the health benefits due to 
high levels of antioxidants (some of which are unique to EVOO) and the ability of 
the oil to enhance the health attributes of some ingredients once cooked [2–4].

However, myths related to cooking with EVOO have been prevalent from time to 
time, creating a lot of confusion for consumers.

2. Debunking the myths

Some of the prevalent myths related to cooking with EVOO are listed in Table 1.
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2.1 Performance of edible oils when heated

Chemical reactions such as hydrolysis, oxidation, and polymerisation are 
prone to occur when edible oils are heated. Heating oils at high temperatures or 
for long periods of time can generate decomposition products such as free fatty 
acids (FFAs), alcohols, cyclic compounds, and polymers. Several factors can affect 
or influence these reactions, such as the type and quality of the oil, the kind of 
food used in cooking, the time and temperature of cooking and the food/oil ratio. 
These chemical reactions can affect both the nutritional value and the organoleptic 
properties of the oil. In addition, some of the products formed through oil decom-
position may have adverse effects on human health. Physical changes in oil occur 
during heating and include increased viscosity, darkening in colour, and increased 
foaming. At the same time, the smoke point of the oil decreases [14–18].

There are two major properties of cooking oils commonly believed to dictate the 
behaviour of that oil, and subsequent safety when exposed to high cooking temper-
atures: smoke point and oxidative stability. While oxidative stability is a reasonable 

Myth Assumptions 
based on the myth

Truth/reality based on scientific evidence

Smoke point is a 
relevant factor in 
determining how 
suitable an oil is to 
cook with.

EVOO is not 
suitable for 
cooking at high 
temperatures given 
its lower smoke 
point.

The utilisation of smoke point as an indicator of the 
ability of an oil to withstand heat, and to determine 
suitability for cooking is technically incorrect, and is not 
supported by scientific evidence.
Recent evidence [5] shows that EVOO is the most stable 
oil when heated when compared to other edible oils with 
higher smoke points. Mediterranean cultures have used 
EVOO as their only source of cooking oil for centuries and 
their diet has the highest amount of scientifically proven 
health benefits [2, 6, 7].

Cooking with EVOO 
can ruin cookware, 
such as non-stick 
pans (e.g., Teflon 
coated pans).

EVOO could 
be damaging to 
cookware coating.

Although there is no published scientific evidence to 
support this, these beliefs are specifically supported by 
some cookware manufacturers’ specifications that oils 
with higher smoke points are more suitable for cooking 
with Teflon coated cookware [8, 9].
On the contrary, EVOO, like any other oil, acts as a 
lubricant, preventing the food from sticking to the 
pan [1].
Cooking with EVOO does not ruin non-stick Teflon 
coated pans at a different rate than other cooking oils.

Heating olive oil will 
increase the amount 
of saturated or trans 
fats.

You cannot heat 
olive oil.

All oils will oxidise and hydrogenate to a minor degree 
when heated several times using high temperatures, such 
as those used in industrial frying processes [10]. It has 
been documented that olive oil is less prone to oxidation 
and hydrogenation when heated than other oils when 
heated because it is rich in monounsaturated fat [11, 12].
Cooking with EVOO does not produce significant 
traces of trans fatty acids. In fact, EVOO is less prone to 
hydrogenation than other vegetable oils.

When you cook 
vegetables with 
EVOO, the vegetables 
lose antioxidants.

EVOO is not 
suitable to use 
when cooking 
vegetables.

This is incorrect. Recent evidence shows that when 
cooking with EVOO (including deep frying and 
sautéing), there is a resultant increase in total phenols 
(antioxidants) in the cooked food (particularly when 
cooking raw vegetables) [13]. Cooking with EVOO may in 
fact improve the nutritional properties of the food.

Table 1. 
Myths related to cooking with EVOO.
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predictor of an oils’ ability to withstand heat, initial smoke point has proven to 
have very little correlation with the oils’ stability under heat while cooking, and the 
formation of polar compounds [5].

2.2  What is smoke point and why is it an unreliable measure of oil performance 
when heated?

The smoke point is defined as the temperature at which a visible and continuous 
bluish smoke appears. At this point sufficient volatile compounds, such as FFAs and 
short chain oxidation products are emerging and evaporating from the oil.

The smoke point of an oil generally increases as the FFA content decreases, and 
the degree of refinement increases [19, 20].

The smoke point should not be considered a reliable measure of an oil’s stability 
and suitability for cooking for the following reasons:

• The smoke point changes when an oil is heated, therefore it is not the same 
during the whole cooking process. The smoke point decreases faster when 
heating oils with a higher polyunsaturated fat content, such as in seed oils, 
than when heating oils with less poly-unsaturation and greater monounsatu-
rated fat levels such as in EVOO [21].

• The chemical fraction that mostly determines the smoke point of an oil is the FFA 
fraction which is under 1% of the total oil composition. This means that when 
the oil reaches the smoke point, only a minor part of it is evaporating and does 
not indicate the deterioration of the fat itself. In fact, studies have shown that the 
levels of FFA are not a reliable indication of deterioration of cooking fat [14].

• When determining the smoke point, a small volume of oil is heated using a little 
brass cup in a confined and dark environment (Figure 1). Studies have shown 
that the smoke point rises when using a bigger container or a larger volume of oil 
in the presence of air. As a result, when cooking in a kitchen, smoke point tem-
peratures could be greater than the ones that have been reported in the literature 
[22–24]. Thus, exact smoke point temperatures cannot be given [21, 24].

Figure 1. 
Smoke point determination equipment.
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• The standard procedure used to establish the smoke point relies heavily on the 
ability of the worker to determine visually the point at which the oil begins to 
smoke. This means that there can be analyst subjectivity when using this test 
procedure [19, 24].

• The refining process used to produce other vegetable oils such as canola, pea-
nut and rice bran oils involves high temperatures to neutralise FFAs. This gives 
the oils a higher smoke point but also produces secondary oxidation products 
which have been shown to have a detrimental effect on human health.

2.2.1  What measurements we should use instead to determine oil suitability for 
cooking

When heating oils, the process of fat oxidation is accelerated. Fat oxidation is 
where fat molecules interact with oxygen, leading to the potential formation of 
harmful compounds. Many authors agree that oxidative stability is the best predic-
tor of the behaviour of oil during cooking [5, 16, 25].

Industrially and technically, the ability of an oil to withstand heat is measured 
by its resistance to the formation of polar compounds.

Non-volatile polar compounds, triacylglycerol (TAG) dimers and polymers 
are the main deterioration products of cooking oils. Several studies have associ-
ated these substances with certain types of cancer and neurodegenerative diseases 
including Alzheimer’s and Parkinson’s disease [26, 27]. However, this negative effect 
on health is related to the dose of these components. National and International 
legislation has identified that no more than 24–27% of polar materials in the final 
oil is a safe limit for human consumption [27]. These limits are made to ensure the 
oils used in cooking operations are safe for human consumption. When storing food 
after being cooked is required, then the recommended end point of polar com-
pounds in the oil is <10% [14, 27].

Laboratory research is extremely important to understand the frying pro-
cess and what the toxicological limits are to establish guidelines for consumers. 
However, it is important to highlight that sometimes the research completed with 
cooking oils has been pushed to the point of abusing the oils. These are extreme 
heating conditions and the results obtained do not always represent real-life situa-
tions, especially during home cooking. Therefore, proper judgement when drawing 
conclusions needs to be made. When cooking at home, normally one does not reach 
excessive temperatures for prolonged periods of time that deteriorate either the 
food or the oil in a way that makes them inedible or unsafe [27].

2.3 Why should we cook with EVOO?

2.3.1 EVOO composition

Edible oils are composed of triacylglycerols (> 96%) and endogenous minor 
components. It is generally agreed that the inherent composition of edible oils 
exerts considerable influence on their heating stability [15, 18]. In the interest of 
understanding better why we can, and we should cook with EVOO, it is important 
to review first its chemical composition. EVOO has a high level of oxidative stability 
when compared to other types of cooking oil and is less likely to undergo oxidation. 
This is primarily attributed to the following factors:

1. EVOO contains high levels of oleic acid, a monounsaturated fatty acid (MUFA) 
with just one double bond and low levels of linoleic and linolenic acids, which 
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are polyunsaturated fatty acids (PUFAs) with multiple double bonds. This high 
MUFA/PUFA ratio confers good oxidative stability making it highly resistant 
to the production of harmful substances (such as polar compounds). The high 
levels of double bonds in PUFAs in seed oils make them sensitive to damage by 
heat [28–30].

2. The presence of natural antioxidants in EVOO, such as biophenols and Vitamin E, 
enhance the oil’s stability and resistance to oxidative degradation. Besides adding 
health benefits to the oil, these minor constituents boost EVOO’s stability reduc-
ing oxidative processes when the oil is heated [31, 32].

3. The phytosterols are a significant fraction of the unsaponifiable matter in 
EVOO. These substances add to the oil’s health profile. Some sterols have been 
shown to provide higher protection against lipid thermal deterioration by 
decreasing the production of TAG polymers [33]. These sterols are sometimes 
lost during oil refining and because EVOO does not require this manufactur-
ing step, it retains high concentrations of phytosterols. It has been documented 
that phytosterols can be transferred to food while cooking, which could have a 
nutritionally positive impact on consumers [34].

2.3.2 EVOO performance when heated in comparison with other edible oils

In a comprehensive trial in Australia [5] conducted by an ISO 17025 accredited 
laboratory in 2018, ten of the most used cooking oils were selected from the super-
market to test their performance when heated. The oils tested were EVOO, virgin 
olive oil (VOO), olive, canola, rice bran, grapeseed, coconut, peanut, sunflower, 
and avocado oils.

Two different volumes of oils were heated in open pans (250 mL) for 20 minutes 
from 25–240°C and in deep fryers (3000 mL) at 180°C for 6 hours. Samples were 
collected at different intervals and then tested.

Authors specifically assessed the correlation between smoke point and other key 
chemical parameters related to an oils stability and likelihood to break down and 
form harmful compounds.

From this study, it was concluded that under different heating conditions, the 
generation of polar compounds with temperature and time was more pronounced 
for refined seed oils with higher initial values of smoke point, PUFAs, K232 and 
K270 (oxidative by-products). Reasonable predictors of how an oil will perform 
when heated have been oxidative stability, secondary products of oxidation, total 
level of PUFAs. EVOO was the most stable oil of those tested when heated, followed 
closely by coconut oil and other virgin oils such as avocado and high oleic acid seed 
oils. EVOO yielded lower levels of polar compounds and TFAs when compared with 
other oils.

This research also showed that an oil’s smoke point is not a relevant parameter 
to explain the oil’s behaviour when heated. Smoke point does not correlate with 
the stability of the oil during heating, as it showed a positive correlation with the 
increase in polar compounds (Table 2). That is to say that the higher the smoke 
point, the more polar compounds that are produced. PUFAs, K232 and K270 
showed a positive correlation with polar compounds. Oxidative stability was 
negatively correlated with final content of polar compounds, demonstrating that a 
non-stable oil in terms of thermal degradation, will produce more polar compounds 
when heated (Table 2).

These results are also supported by recent research carried out in New Zealand 
in 2019 [25]. The authors concluded that quality EVOO, in accordance with relevant 
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olive oil standards, is the best cooking oil for use in the home from a stability and 
health viewpoint. These authors also recommended criteria to indicate an EVOO is 
stable for cooking:

• Initial % free fatty acids (FFA) <0.2% (w/w as oleic acid)

• Peroxide Value (PV) < 5.0 mEq/kg

• Induction time in Rancimat >15 hours.

• Total polar compounds after 8 hours heating at 180°C < 25%

• p-Anisidine value after 8 hours at 180°C < 70

2.3.3  What are trans fat and why does cooking with EVOO not produce significant 
TFAs?

TFAs are formed during partial hydrogenation of oils. The interconversion 
from cis to trans requires a lot of energy (~65 kcal/mole), however the use of a 
high temperature or a catalyst can enhance the reaction [35]. Consumption of diets 
high in hydrogenated fat and/or TFAs has been shown to have an adverse effect on 
lipoprotein profiles with respect to cardiovascular disease risk [36, 37].

The formation of TFAs while cooking food using oil is closely related to the 
temperature and how many times oil is reused [38, 39]. Several European countries 
have determined that the frying oil temperature must not exceed 180°C. These 
measures not only contribute to decreased degradation of unsaturated fatty acids 
but also result in a lower formation of monounsaturated trans fatty acid (MTFAs) 
and polyunsaturated trans fatty acids (PTFAs) during frying.

Much research has been done to determine how typical cooking procedures used 
in food preparation affect TFAs formation in edible oils. Research suggests even 
applying normal and/or extreme temperatures when cooking does not significantly 
affect the amounts of TFAs in edible oils [40, 41]. Formation of minor amounts of 
trans-oleic acid, inferior to 0.2 g/100 g fatty acids was observed by [11, 12] for all 
the olive oil grades, which is lower than the trans amounts in other refined veg-
etable oils.

Recent research presented at the World Congress of Oils and Fats in 2020 [42] 
demonstrated that initially EVOO does not contain TFA and that the food TFA 

Initial Parameter Correlation with final polar compounds levels (%)

Smoke Point 83

Oxidative Stability −65

FFA −34

PUFAs 74

UV Coefficient K232 80

UV Coefficient K270 54

Note: A negative, or inverse correlation, between two variables, indicates that one variable increases while the other 
decreases, and vice-versa. i.e. the less oxidative stability, the more polar compounds produced.
Table Reference [5].

Table 2. 
Correlation between final polar compounds and initial oil’s chemical parameters.
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content decreased by approx. 70% or remained stable when using EVOO. The same 
behaviour was observed with oils: the lowest TFAs production was in EVOO in 
comparison with other vegetable oils.

2.3.4 Cooking with EVOO

Cooking with edible oils, such as deep frying, usually involves two phenomena. 
Firstly, when the oil, that acts as a heating medium to the food, reaches 100°C 
water starts to evaporate from the food. This in turn gives way to the oil being 
absorbed into the food which modifies the fatty acid composition of the food as 
it cooks. It has been proven that the fat content of the food after deep frying is 
more like the fat profile of the oil used to cook than the raw food itself [14]. In 
addition, although the antioxidant content is reduced somewhat during cooking 
many healthy substances still remain in EVOO and are absorbed by the food. The 
absorption of these antioxidants into the food gives the food a better nutritional 
profile. For this reason, the use of EVOO is a healthier option than using other oils 
with less bioactive components [13, 42, 43].

2.3.4.1 Frying

Frying is one of the oldest methods of food preparation. It improves the sensory 
quality of food by formation of aromatic compounds, attractive colour, crust and 
texture, which are all highly appreciated by consumers [44, 45]. The most common 
frying methods are deep-frying, being the food totally immersed in hot oil, and 
pan-frying, when the food is cooked in a pan with a little amount of oil [46, 47].

There is a higher degradation under pan-frying conditions for olive oil and other 
vegetable oils, that can be explained by the higher contact surface between the food 
and the oil, higher exposure to atmospheric oxygen, and lower temperature control 
under processing [46].

Frying with EVOO using a lower food:oil ratio presents lower total polar com-
pound amounts than more unsaturated vegetable oils, and with apparently no 
interference by the presence of food [32, 48, 49]. Within olive oils, the higher the 
degree of polyunsaturation the higher the tendency for the formation of total polar 
compounds [50].

The volatile fraction formed during the heating process, apart from being 
important from the sensorial point of view, is rich in degradation compounds. The 
formation of low molecular weight volatile aldehydes has a clear dependence on the 
temperatures used, rather than frying time [51]. The high oleic acid content in olive 
oil, together with the presence of chlorophylls, pheophytins and carotenoids, seems 
to contribute to a reduced acrolein formation and lower amounts of toxic monoaro-
matic hydrocarbons, alkylbenzenes and alkenylbenzenes, in comparison with other 
vegetable oils with higher polyunsaturated acyl groups [51–53].

Furthermore, as mentioned previously, in comparison with other vegetable oils, 
the fried food is enriched with olive oil antioxidants, which improves the nutritional 
profile of the food [54].

2.3.4.2 Roasting

Roasting with olive oil is common in both domestic and industrial food prepara-
tion in Mediterranean countries [55]. This procedure is highly prone to oxidation 
due to the higher surface area exposed to convention hot air and processing times. 
When comparing with other vegetable oils with a higher degree of unsaturation, 
olive oil is also more resistant to oxidation under these heating conditions [11, 56]. 
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In opposition, the total polar compounds clearly increase with vegetable oils with 
higher unsaturation degrees such as sunflower and corn oil [57].

2.3.4.3 Microwave

In general, heating olive oil using a microwave demonstrates an apparent higher 
oxidation when compared with conventional heating, despite being probably lower 
than those achieved with other vegetable oils [58]. Researchers have compared micro-
wave and conventional heating (in an electric oven) in several vegetable oils including 
sunflower, high oleic sunflower and olive oil. Among the studied oils, the EVOO 
exhibited better performance against oxidation with both heating methods. This is 
mainly due to its composition, including minor compounds with antioxidant proper-
ties (phenolic compounds and tocopherols) and a lower percentage of linoleic acid 
[59]. Still, all studies were performed without the presence of food, meaning further 
studies using real processing conditions are required for correct inferences [15].

2.3.5 EVOO and cookware interaction

In 2019, Modern Olives Laboratory, an Australian oil specialist laboratory, con-
ducted research to assess the suitability of various cooking oils, including EVOO, 
for use on Teflon coated (TC) pans.

To investigate the hypothesis of whether cooking with EVOO ruins pans, the 
researchers measured the release of elements and metals from the pans when 
separately heated with different oils. They used three different brands of TC pans. 
These pans were heated with an acidic solution of water vinegar (WV) both prior 
to and after 6 cycles of heating with different oils (EVOO, olive oil, canola oil, rice 
bran oil and grapeseed oil). The WV solutions were tested to study the release of 
various metals.

Combining all TC pans, the authors found no significant differences in the 
chemical elements content between the final WV solutions from TC pans treated 
with the different oils. This indicates there is no significant difference between the 
volume of metals released from the cookware when various cooking oils were used. 
Hence, the various cooking oils had no effect on the pans’ integrity and quality 
when cooking. However, differences of statistical significance for Ca, Cu, Fe, P, 
Zn and SiO2 were observed between the different TC pan types. Higher values of 
these metals were detected in the most expensive pan compared with the cheapest 
TC pan. For example, Ca average values (including initial and final treatment) 
in the most expensive pan were ~ 2.92 mg/L vs. ~1.75 mg/L in the cheapest pan 
and ~ 2.42 mg/L in the average price pan. When considering each brand of TC pan, 
phosphorus levels were significantly higher between treatments when using rice 
bran oil in the average priced TC pan (4.7 mg/L vs. 2.5 mg/L) versus a low- or high-
priced TC pan. Silicon dioxide was not detected before treatment and significantly 
increased using olive (1.1 mg/L) and grapeseed (1.03 mg/L) oils only in the lowest 
priced TC pan.

After all treatments, no visual deterioration of any of the TC pans was observed. 
This investigation indicates that higher differences in metal leaching were between 
pans quality, rather than between the treatments with the different oils. In no case 
the use of EVOO lead to the release of significantly higher levels of metallic sub-
stances from the pan than when using any other oil.

Even though these results are limited considering the lifetime of the TC pan, 
they indicate no initial impact of the oils’ smoke point on the performance of the 
TC pan and that EVOO performs similarly to other oils under normal cooking 
 conditions when it comes to TC pan degradation.
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3. Conclusion

Sufficient research has been done to demonstrate that an oil’s smoke point is not 
a reliable measurement as an indicator of the ability of an oil to withstand heat, 
and to determine suitability for cooking. Reasonable predictors of how an oil will 
perform when heated are oxidative stability, secondary products of oxidation, and 
total level of PUFAs. EVOO has been demonstrated to be the most stable oil when 
heated given its unique chemical composition, which is rich in monounsaturated 
fatty acid and antioxidant content.

Experts have agreed that one of the most versatile and healthy oils to cook with 
is EVOO and many studies have linked it to better heart and overall health.

Food cooked with EVOO also had lower levels of undesirable products of degra-
dation such as TFAs and polar compounds when compared with other vegetable oils 
such as canola, grapeseed, peanut, sunflower and rice bran oils, while deep-frying 
under normal cooking conditions.

Furthermore, based on scientific evidence EVOO does not deteriorate the coat-
ing when using Teflon cookware. On the contrary it acts as a lubricant to prevent 
food from sticking to the pans.

Selecting a true high quality EVOO, that is certified to meet EVOO grade and 
quality requirements is important to ensure high oxidative stability and safety while 
cooking.
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Abstract

Virgin olive oil is a highly appreciated edible oil, considered as a relevant 
 component of the Mediterranean diet. The spread of this foodstuff all over the 
world is making, to a certain extent, that new markets and consumers are getting 
used to this “Mediterranean’s golden treasure”. Currently, there is great momentum 
in research relating virgin olive oil intake to healthiness, which has been mainly 
associated with its phenolics content. Phenolics are considered health-promoting 
compounds due to their multifaceted biochemical actions that can potentially 
reduce the risk of various health problems. Yet, since the health-promoting effects 
of various phenolic compounds have been widely attributed to their metabolic 
products rather than the naturally occurring forms, the assessment of virgin olive 
oil phenolics bioavailability is still gaining immense attention and considered a 
great hot topic among researchers. In the first section of this contribution, the main 
groups of phenolic compounds identified in virgin olive oil are described, their 
qualitative and quantitative variability is discussed while analytical approaches 
applied for their determination are highlighted. The second section reports the 
beneficial health properties of virgin olive oil consumption related to its phenolics 
content paying special attention to their bioavailability.

Keywords: Virgin olive oil, phenolic compounds, bioavailability,  
health-promoting proprieties, Mediterranean diet

1. Introduction

For centuries, virgin olive oil represented the foremost source of lipid in the 
daily cuisine of most populations around the Mediterranean Basin owing to its 
unique sensory characteristics that naturally flavour dishes. Nowadays, even this 
vegetable oil is still being extensively appreciated for its organoleptic attributes, 
being consumed either fresh or as flavouring ingredient in prepared foods; nev-
ertheless, its consumption has gained enormous significance worldwide due to its 
well-established health benefits. Indeed, over the last few decades, the phytochemi-
cal profile and health-promoting properties of virgin olive oil have been extensively 
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explored. There are several studies in which scientists suggest that virgin olive oil 
intake contributes to improve human’s health and well-being by providing protec-
tive effects against a plethora of chronic and cardiovascular diseases, neurodegen-
erative and ageing-related degenerative disorders. Within the frame of virgin olive 
oil’s healthy properties investigation, over the past decades, two main research 
lines have been proposed. In one of them, the stress has been placed on evaluat-
ing and proving biological features and bioavailability of several of its bioactive 
compounds, particularly, phenolics [1]. In the second one, several epidemiological 
studies and clinical trials (such as EUROLIVE, Predimed and European Prospective 
Investigation into Cancer and Nutrition (EPIC)) have brought to the fore the effects 
of regular intake of virgin olive oil on health [2–4]. Further detailed information 
about this matter can be found in remarkably interesting manuscripts, which give a 
deep insight into recent clinical studies, showing the effects of dietary virgin olive 
oil intake on the human health [5, 6]. Likewise, very stimulating information about 
the main bioactive compounds which naturally occur in virgin olive oil and their 
health effects are well detailed in various relevant publications [7, 8].

Even though the nutritional value of virgin olive oil has been attributed to its 
overall composition involving various chemical substances such as fatty acids, 
aliphatic and triterpenic alcohols, phytosterols, tocopherols and phenolic com-
pounds, the latter are widely accepted to be the main contributors. Particularly, the 
bioactivity exerted by these compounds has been associated with their antioxidant 
activities as indicated by several studies that identified, through in vitro and in vivo 
experiments, a strong relationship between the level of virgin olive oil phenolics 
content and oxygen radical absorbance capacity, free radical scavenging and ferric 
reducing ability [9]. This propriety is mainly due to the presence in their chemical 
structure of one or multiple hydroxyl groups able to donate electrons or hydrogen 
atoms neutralising, in this manner, free radicals and other reactive oxygen species 
which allows them to act as reducing agents and singlet oxygen quenchers [10].

Moreover, whereas the phenolic profile of virgin olive oil depends widely on the 
cultivated variety, orchard geographical location (edaphoclimatic conditions), olive 
growing system and cultivation practices, harvesting time, processing technologies and 
conservation conditions; however, data accrued from both clinical and experimental 
studies have conclusively shown that the health advantages of these bioactive com-
pounds are based on their bioavailability considered, thereby, as the main precondition 
for their efficient biological effect [11, 12]. Additionally, since the most abundant 
phenolic compounds in this foodstuff are not necessarily those who exert the highest 
biological effects, understanding the bioavailability of each one of these metabolites is 
thereby of utmost importance to establish convincing evidence for their efficiency in 
health improvement and disease prevention. Having that in mind, it is clear that col-
lecting as much as possible data about the bioavailability of the ingested virgin olive oil 
phenolic compounds is essential to understand their real biological effects.

This chapter brings new insights on the phenolic compounds as one of the main 
virgin olive oil bioactive components. Major attention has been paid on phenolic 
fraction composition, the genotypic and agro-environmental and technological 
factors implicated, analytical approaches for its determination, and their potential 
health benefits and bioavailability.

2. Phenolics: virgin olive oil bioactive fraction’s key compounds

The positively and highly correlated relationship between virgin olive oil intake 
and health has increased consumer’s demand for more information related particularly 
to its content on bioactive metabolites such as phenolic compounds. Virgin olive oil is 
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characterised by a wide diversity of phenolics and high total phenolic content rang-
ing from 110 to 900 mg caffeic acid equivalents per kg depending on varietal and 
geographical origins among other factors [13]. Likewise, it is widely recognised that 
the phenolics content of virgin olive oil strongly depends on the initial concentration of 
these compounds in olive fruit. It was established that these metabolites are present in 
concentration ranges between 1% and 3% of the weight of the fresh pulp [10]. However, 
given their hydrophilic nature and their partition coefficient between aqueous and 
oil phases during oil processing, a large amount of these antioxidants is lost with the 
olive by-products (olive mill wastewater and pomace). Consequently, only 1–2% of the 
phenolic amount naturally present in the olive fruit could be found in virgin olive oil 
[14]. Another key characteristic of these metabolites lies in their chemical structures 
largely different from those identified in corresponding olive fruit. Indeed, the latter 
shows a complex and highly diversified phenolic composition where glycosylated 
forms of oleuropein and ligstroside are the most abundant [15]. They are believed to 
be the precursors of the main secoiridoids compounds found in virgin olive oil [16]. 
In this regard, during the mechanical extraction of virgin olive oil (particularly the 
crushing and malaxation steps), various enzymatic and nonenzymatic hydrolysis and 
oxidation reactions take place inducing several transformative changes in the chemi-
cal structure of olive fruit native phenols resulting on the generation of new phenol 
derivatives [17, 18]. For instance, during the crushing and malaxation steps some 
enzymatic reactions occur when enzymes (such as polyphenol oxidase, peroxidase, 
and lipoxygenase) and glycosylated forms of oleuropein and ligstroside meet. Among 
these enzymes, β-glucosidase seems to play a significant role in the transformation of 
these compounds into various secoiridoids derivatives such as dialdehydic forms of 
decarboxymethyl elenolic acid esterified with tyrosol and hydroxytyrosol (oleocanthal 
(p-hydroxyphenyl-ethanol linked to dialdehydic form of elenolic acid (p-HPEA-EDA)), 
and oleacein (3,4-dihydroxyphenyl-ethanol linked to dialdehydic form of elenolic acid 
(3,4-DHPEA-EDA)) [19]. This fact may explains the rapid decrease of oleuropein and 
ligstroside concentrations when passing from olive fruit to the corresponding oil [20]. 
Likewise, hydrolytic mechanisms are known to be involved in the release of hydroxy-
tyrosol and tyrosol in virgin olive oil during storage from complex secoiridoids [21]. 
Totally, we conclude that phenolic compounds in olive fruits are predominantly found 
in their glycosylated form whereas conjugate-free compounds, known as aglycones, are 
the most abundant ones in the corresponding virgin olive oil.

Keeping in mind the above-mentioned, we can claim that virgin olive oil pheno-
lic fraction encompasses those metabolites originally present in olive fruit and those 
generated during processing.

2.1 Classification of virgin olive oil phenolic compounds

Being abundant in the Oleaceae family, which includes Olea europaea L., phenolic 
compounds are a large group of secondary metabolites composed of an aromatic 
heterocyclic ring bearing one or more hydroxyl groups. The presence of aromatic 
ring and hydrogen atom of phenolic hydroxyl group makes them as weak acids. To 
date, more than 32 phenolic compounds have been isolated and identified from 
virgin olive oil samples using various analytical approaches [22]. For instance, the 
key phenolic compounds in this vegetable oil can be classified into different chemi-
cal classes according to their chemical structures considering mainly the number 
of aromatic rings, the elements that bind the rings with each other, and the sub-
stituents linked to the rings. Accordingly, six chemical families have been reported 
present in virgin olive oil; namely: simple phenols, secoiridoids, phenolic acids, 
lignans, flavonoids and hydroxy-isocromans. A representative structure of the main 
phenolic compounds identified in this product are illustrated in Figure 1.
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In a previous metabolomic study of phenolic fraction of virgin olive oil samples 
obtained from various Mediterranean varieties cultivated in Morocco, a compre-
hensive analysis was performed by liquid chromatography coupled to mass spec-
trometry (LC–MS) suggesting that even quantitative differences were observed, 
the phenolic profiles did not show a significant qualitative differences between 
studied cultivars [22]. Furthermore, results revealed that secoiridoids prevailed in 
all analysed samples. A similar result about the phenolic composition of the main 
cultivated varieties worldwide has also been reported by various authors [23].

2.1.1 Simple phenols

The main phenolic alcohols identified in virgin olive oil are hydroxytyrosol 
(3,4-dihydroxyphenyl-ethanol (3,4-DHPEA)) and tyrosol (p-hydroxyphenyl-
ethanol (p-HPEA)). Their concentrations are usually low in fresh samples but 
increases with advanced storage time in a proportional manner due to the hydrolysis 
of secoiridoids (oleuropein and ligstroside aglycones) [24]. Whilst tyrosol, which 
has one single hydroxyl group substitution, has been related to a weak antioxidant 
ability, hydroxytyrosol displays a great radical-scavenging power leading to a better 
prevention from cardiovascular diseases and to plethora of health effects including 
anti-inflammatory, anti-cancer and anti-age activities [25]. Thus, in view of the 
health-promoting effects of this compound and its derivatives, recently, European 
Food Safety Authority (EFSA) approved a health claim stating that the dietary 
intake of olive oil phenolic compounds could be able to prevent low density lipo-
protein (LDL) oxidation. The exact wording of the claim is olive oil polyphenols 
contribute to the protection of blood lipids from oxidative stress. The EU restricts 
the use of this claim to olive oils which contains at least 5 mg of hydroxytyrosol and 
its derivatives per 20 g of olive oil [26].

2.1.2 Secoiridoids

In virgin olive oil, secoiridoids derivatives are the major group of phe-
nolic compounds. Oleocanthal, and oleacein are among the most abundant 
ones [16]. These secoiridoids together with the aglycon forms of oleuropein 

Figure 1. 
Chemical structure of the main phenolic compounds found in virgin olive oil.
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(3,4-dihydroxyphenyl-ethanol linked to elenolic acid (3,4-DHPEA-EA)) and 
ligstroside (p-hydroxyphenyl-ethanol linked to elenolic acid (p-HPEA-EA)) have 
been associated with some remarkable health effects of virgin olive oil intake 
[27]. Other derivatives can also be found in lower amount, mainly the aldehydic 
forms of oleuropein and ligstroside aglycon [28]. Virgin olive oil samples with 
elevated levels of secoiridoids exhibits greater resistance to oxidation (higher 
oxidative stability) and higher bitterness intensity.

2.1.3 Phenolic acids

Typically, the term “phenolic acids” refers to the phenolic compounds having 
one carboxylic acid group. They are mainly divided into two sub-classes: hydroxy-
benzoic acids (derived from benzoic acid) and hydroxycinnamic acids (derived 
from cinnamic acid). The most commonly phenolic acids detected in virgin olive oil 
are: protocatechuic, p- and o-coumaric, p-hydroxybenzoic, caffeic, gallic, cin-
namic, vanillic, syringic, and ferulic acids [28, 29]. As compared to other chemical 
classes, phenolic acids are generally found in lower concentrations in virgin olive 
oil. Nevertheless, these compounds are acknowledged as strong natural antioxi-
dants displaying a significant role in wide range of biological properties and sensory 
features of virgin olive oil [29].

2.1.4 Flavonoids

Virgin olive oil flavonoids compounds are widely appreciated for their beneficial 
health-related effects. They possess two aromatic rings linked by a linear three 
carbon chain. The main identified flavonoids in this product are luteolin, apigenin 
and also, even at very low concentration, methoxyluteolin [24].

2.1.5 Lignans

The chemical structure of these metabolites is generally formed by the combina-
tion of two units of phenylpropane (carbon 6- carbon 3). (+)-1-acetoxypinoresinol 
and (+)-1-pinoresinol are the main lignans found in virgin olive oil [30].

2.1.6 Hydroxy-Isochromans

They are present at low concentrations, being mainly formed during the  
malaxation step through the interaction of hydroxytyrosol and aromatic aldehydes 
[29, 31]. Mainly two hydroxy-Isochroman compounds were detected in virgin olive 
oil: 1-phenyl-6,7-dihydroxyisochroman and 1-(3′-methoxy-4′-hydroxy)phenyl-
6,7-dihydroxyisochroman [31].

2.2 Major factors affecting virgin olive oil phenolic fraction

Recent attempts to boost virgin olive oil consumption are focusing on the 
promotion of large range of its quality traits with a specific focus on sensory 
features and health value. Interestingly, there is huge interest, among producers, in 
improving organoleptic and nutritional characteristics to meet consumer’s demand 
for healthy premium quality virgin olive oil. These features are acknowledged as 
the result of complex interactions between biotic and abiotic factors that regulate 
the biosynthesis and the amounts of key aroma and bioactive compounds in this 
matrix. Following that logic, seems to make sense that a first steps towards the 
development of holistic promising approach to produce high organoleptic quality 
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and healthy virgin olive oil, should start with a deep investigation of the metabolites 
involved, focusing particularly on their qualitative and quantitative variability in 
response to endogenous and external factors. Doing so, it could provide crucial 
information for a better understanding of the mechanisms underlying the content 
of virgin olive oil on these compounds and, by the way, the impact of various agro-
technological factors on virgin olive oil sensory quality and health value.

In this line, for their presumed roles in determining the main virgin olive oil 
nutritional characteristics along with their implication on enhancing the oxida-
tive stability of this product as well as their great influence on its overall sensory 
quality (phenolic compounds in combination with volatile constituents are mainly 
responsible of virgin olive oil’s astringency and bitterness), great attention has been 
paid to understanding those factors responsible of their qualitative and quantitative 
variations. Several works have been carried out in this respect with a final goal to 
modulate the impact of these factors to promote the production of a virgin olive oil 
with high phenolics content. Undoubtedly these compounds are among the most 
investigated virgin olive oil constituents during the last two decades.

As mentioned above, precursors of virgin olive oil phenolic compounds are 
biosynthesised during fruit development, resulting from many interacting fruit’s 
growth processes and metabolic and enzymatic activities, which are regulated by 
internal and external factors such as cultivar, edaphoclimatic growing conditions, 
cultivation techniques, and ripening process. Once harvested, post-harvest process-
ing (crushing, malaxation, centrifugation, filtration, and storage conditions) factors 
induce the production and/or the loss of different types of phenolic compounds.

2.2.1 Genetic factors

A large diversity of olive cultivars is used worldwide to produce virgin olive oils 
with distinct characteristics. Genotype has been pointed as one of the most important 
factors which significantly influence the phenolic composition of virgin olive oil [32]. 
As such, the effect of cultivar on this fraction has been attributed to differences in 
genetic characteristics. Phenolic profiles of virgin olive oil from different varieties and 
countries obtained by using different agronomic and technological tools have been 
extensively studied in the literature. In a recent three years study realised by Miho et al. 
[33] on mono-varietal virgin olive oil obtained from 44 cultivars, the results showed a 
great qualitative variability in the phenolic composition among the studied cultivars. 
The genotype was responsible of the highest proportion of variance (66.79%) while 
the inter-annual parameter explained only 3.67% of variance. Besides, although it 
is generally assumed that qualitatively, the phenolic composition of virgin olive oils 
is the same regardless the variety used, however, the existence of quantitative varia-
tion of phenolics among olive cultivars has been cited [22, 23]. These differences are 
outlined as critical information when dealing with the prediction of virgin olive oil 
stability against oxidation and its organoleptic features. In this sense, cultivars with 
high phenolic content are expected to be more bitter taste (high intensity of bitterness 
and pungency) and show higher shelf life and health value [34]. In this sense, Beltran 
and co-workers [35] suggest a classification scale of virgin olive oils based on their 
total phenols content expressed as milligramme of caffeic acid per kilogramme of oil. 
Accordingly, virgin olive oil with phenols level lower than 220 mg/kg is considered 
as non-bitter oil or with imperceptible bitterness; a slight bitter oil shows a phenolics 
content ranging from 220 to 340 mg/kg; bitter oils are characterised by a total phenols 
content varying between 340 and 410 mg/kg; whereas in bitter or very bitter virgin 
olive oil, richness on phenolics exceeds 410 mg/kg.

Table 1 contains data on the total phenolic contents and antioxidant activities 
of virgin olive oils obtained from the major olive cultivars growing in the main 
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virgin olive oil producing countries. Data is taken from selected scientific papers 
published between 2010 and 2020. To quantify total phenolic contents, all research-
ers use Folin–Ciocalteu reagent and except a few report, total phenolic contents are 
reported as gallic acid equivalents (GAE)/kg.

As can be seen from this Table, the levels of phenolics are highly variable. “Picual”, 
“Koroneiki” and “Picholine Marocaine” are among the main olive varieties with the 
highest phenolic content compared to the lowest levels recorded in “Arbequina” virgin 
olive oil. It has been hypothesised that the differences in phenolic content between 
olive varieties may be attributed to the differences in the expression of genes encoding 
for enzymes involved in these metabolites biosynthesis’s pathway during olive growth 
and ripening, and in the activity of these enzymes during oil processing. Thereby, 
some monovarietal virgin olive oils present peculiar and specific taste induced by 
their phenolic fraction deriving from olive fruit or generated during processing. As 
such, phenolic profiles start to be used as effective varietal markers to classify virgin 
olive oils according to their varietal origin [52, 53]. Moreover, in the current globalised 
and ever more fiercely competitive global virgin olive oil market, competitiveness 
can mainly be maintained by investing in differentiation strategies. In this regard, 

Country Cultivar Total phenolic 
content

ABTS 
assay

DPPH assay FRAP assay References

Spain Picual 419-671a 3.46c 0.40c 1.15c [36, 37]

Cornicabra 317a 2.62c 0.60c 0.94c [36]

Arbequina 104-302a 0.2–2.09c 0.44–1.58c 0.54–2.22c [36, 38, 39]

Italy Coratina 112-532b 21.37d 35.82d 82.32d [40, 41]

0.27–0.57e NA 0.32–0.63e

Frantoio 94.6-256b 17.9–36.4i 56.5 - 106d 91.3 – 156f [42, 43]

Greece Koroneiki 116–373.3b 0.25–0.44e NA 0.30–0.54e [41, 44]

Tunisia Chemlali 4.3–11.52h 0.7–3.03i 2.69–25.87d NA [45, 46]

158b 0.6c 37.23g

Chétoui 3.46–9.24h 0.25–2.2i 10.23–184.12d NA [45, 46]

395b 2.42c 78,56g

Portugal Galega 118-137b 0.33e NA 0.42e [41, 47]

0.35c NA NA

Turkey Memecik 296.24–407.13a 1.18–1.86c 0.50–0.81c NA [48, 49]

95.86e

Gemlik 150.92–245.40a 0.76–1.24c 0.32–0.44c NA [48, 49]

42.17e

Ayvalik 93.19e 1.34–2.26c 0.53–1.05c NA [41, 48]

91-130b 0.16–0.28e NA 0.2–0.3e

Morocco Picholine 
Marocaine

216.83–668.67a NA NA NA [50, 51]

112-390b

Results are expressed as: a: mg caffeic acid/kg oil; b: mg gallic acid/kg oil; c: mmol de Trolox /kg oil; d: IC 50 μg/mL; e: 
mg/kg oil; f: μM Fe (II)/g; g: percentage; h: g/kg of fresh olive fruit; i: mmol/L TEAC; NA: not analysed/not reported.
Abbreviations: ABTS: 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid; DPPH: 2,2-diphenyl-1-picrylhydrazyl; 
FRAP: ferric reducing ability of plasma.

Table 1. 
Total phenolic contents and antioxidant properties of virgin olive oil.
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producing monovarietal virgin olive oil with high phenolics content and specific sen-
sory properties is a common differentiation strategy used worldwide. These peculiar 
characteristics of this kind of virgin olive oil are the major driving forces for their high 
economic value. However, high priced monovarietal virgin olive oils are frequently 
subjected to fraud and mislabelling practices, therefore, recently there has been a 
growing interest in developing analytical approaches to determine the varietal origin 
of virgin olive oil. To this end, varietal authentication based on phenolic profiling 
and/or fingerprinting is one of the reliable tools used nowadays [52, 53].

2.2.2 Geographical origin

The term “geographical origin” must be taken to include both grown region eda-
phoclimatic conditions and olive growing agronomic practices. In this respect, it has 
been elucidated that virgin olive oils obtained from the same cultivar, growing in 
different geographical locations, show distinctive phenolic profiles. Consequently, 
various phenolic profiling and fingerprinting approaches were successfully applied 
to authenticate the geographical origin of this product [54, 55].

Environmental factors may influence widely the phenolic profile of olive fruits 
before harvesting. Indeed, when it undergoes stressful environmental condi-
tions, olive tree responds by increasing the biosynthesis of antioxidant secondary 
metabolites such as phenolic compounds to combat oxidative damage induced 
by stress. It is also proposed that abiotic stress induces profound changes in the 
expression of endogenous olive fruit enzymes activities which in turn will affect 
the amount phenolics in the obtained oils. Thus, when dealing with the impact of 
environmental factors on virgin olive oil phenolic fraction, studies have mainly 
focused on the effect of edaphoclimatic conditions such as soil type and salinity, 
altitude, and climatic conditions. Among these factors, water availability has been 
gaining prominence in the literature due to its influence on olive fruit growth 
and development, especially in Mediterranean regions where rainfalls and water 
resources are limited. In this regard, there is ample scientific evidence about the 
noticeable increase of virgin olive oil total phenols content under drought stress. 
In this sense, Romero and Motilva [56] reported high total phenols content in 
oils extracted from olive fruits that have undergone a summer drought stress. 
Similarly, high phenolics concentration could be expected in virgin olive oil 
produced in semi-arid and arid region characterised by extremely hot climates 
during the summer period [57].

Furthermore, cultivation conditions have been shown to influence greatly the 
levels of virgin olive oil phenolic compounds. Water deficit generates a stress situ-
ation that induces the production of phenolics. For instance, by applying a water 
deficit irrigation strategy (46 to 48% of water requirements calculated from refer-
ence evapotranspiration using a crop coefficient of 0.55), Caruso and co-workers 
[58] reported higher contents of total phenolics and secoiridoids derivatives when 
compared to oils obtained from fruits of fully irrigated trees [58]. These findings 
explain why virgin olive oils obtained from fully irrigated trees tend to be less bitter 
and pungent than those obtained from rainfed olive orchards if bearing in mind the 
strong correlation between these organoleptic features and phenolics amounts in 
virgin olive oil.

In addition, by investigating the effect of geographic origin latitude on the phe-
nolic content in Tunisian virgin olive oil, Issaoui and co-authors [59] reported that 
oils obtained from olive cultivars growing in high altitudes had three times higher 
phenolic content than oils from the same cultivars grown at low altitudes.

Fertilisation is another cultural practice affecting the biosynthesis of phenolics in 
olive fruits. The effect of fertiliser application on virgin olive oil’s phenolic fraction 
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has been cited, being strongly depending on the application period, and nutrients 
type and doses. For instance, previous scientific findings reported a significant 
decrease in the total phenolics content in virgin olive oil with an increased amount of 
nitrogen fertilisation supplied even by foliar application during specific fruit devel-
opment stages or via irrigation water throughout the crop season [60, 61]. Some 
authors suggest a protein-phenol competition to explain this significant decrease of 
total phenols induced by nitrogen fertilisation excess [61]. Hence the importance of 
a balanced controlled nitrogen fertilisation to obtain virgin olive oils with a high total 
phenolics content.

2.2.3 Harvest time

Besides varietal and geographic origin dependent variations, significant dif-
ferences in virgin olive oil phenolics content have been observed according to the 
corresponding olive fruit ripening stage at harvest. In this context, it is important 
to remember that the predominant phenolic compounds detected in virgin olive 
oil, i.e. the secoiridoids derivatives, result from the enzymatic hydrolysis of the 
glycosylated form of oleuropein, demethyloleuropein and ligstroside compounds 
naturally present in olive fruits. Overall, it can be concluded that the phenolic 
amount of the olive fruits considerably affects the concentrations and proportions 
of various phenols of the oil that will be obtained after mechanical extraction [62]. 
Therefore, olive harvesting at the most appropriate stage of ripening is crucial 
to maximise the phenolic content of virgin olive oil. Extensive research has been 
conducted to investigate the evolution of phenolics content and composition in 
olive fruits and corresponding oils during ripeness [63]. Although many of these 
previous studies have shown that phenolics concentration decrease sharply during 
ripening (oils obtained from olive fruits harvested at earlier maturity stages show 
the highest contents of phenolic antioxidants when compared with those derived 
from fully ripe olives), contrasting data to such a pattern have been also cited [64]. 
In this sense, several authors found that the influence of olive ripening stage on 
virgin olive oil phenolics content is cultivar dependent [65].

2.2.4 Oil processing

The phenolic profile of virgin olive oil depends not only on olive fruits compo-
sition at harvest but also on the changes occurring during oil processing. Virgin 
olive oil extraction mainly involves preliminary operations (fruits reception and 
cleaning); paste preparation by means of breaking the fruit structure (crushing); 
the liberation of the oil from the cells and the formation of solid and liquid phases 
(malaxation); separation of the solid (pomace) and liquid phases (oil and/or 
wastewater) by pressing or horizontal centrifugation, and separation of the liquid 
phases (oil and wastewater) by decantation or vertical centrifugation. There are 
many reports in the literature related to the impact of each one of these steps on 
virgin olive oil phenolic profile suggesting that the latter is strongly determined 
by some processing conditions such as crushing method (stone mill or hammer 
or disk crusher) and conditions (grid holes diameter and rotation speed), the 
malaxation time and temperature and the presence or absence of oxygen during 
malaxation. Recent and exhaustive reviews are available in literature for getting 
more comprehensive detailed information about the impact of processing condi-
tions on virgin olive oil phenolic compounds [66, 67]. It is worth underlining 
that some of these variables have been studied with the aim of controlling and/or 
modulating enzymatic process affecting the phenolic fraction, mainly the action 
of the β-glucosidase, phenoloxidases and esterases, which hydrolyse precursors of 
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oleuropein and ligstroside to produce secoiridoids derivatives, the main phenolic 
group in virgin olive oil, and therefore the phenolic concentration and the sensory 
characteristics associated with them. For instance, Antonini et al. [68] revealed 
that centrifugation by means of a two-phases decanter system produced oils with 
higher concentrations of oleacein, oleocanthal, oleuropein aglycone, lignans, 
(+)-pinoresinol and (+)-1-acetoxypinoresinol when compared with three-phases 
decanters. Similarly, the contents of oleacein and oleocanthal raised linearly with 
crushing speed [69]. Regarding malaxation conditions, shorter malaxation time 
(30 to 45 min) was widely associated with higher contents of phenolic compounds 
regardless of the cultivar [70]. In contrast, rising the malaxation temperature from 
27 to 47°C induced higher concentrations of hydroxytyrosol, tyrosol, pinoresinol 
and p-coumaric acid [71].

2.2.5 Oil storage conditions

Once virgin olive oil is extracted, storage conditions are the next critical points 
to be considered for preserving its phenolic fraction. In fact, virgin olive oil shelf 
life is quite related to its phenolic content being exposed to a significant decline 
if this product is stored under inappropriate conditions. Lolis and co-workers 
[72] recently approved the fact that dark glass containers and low temperature 
would maintain virgin olive oil phenolic composition for up to 9 months while a 
temperature of 37°C was associated to a rapid deterioration of its quality after only 
3 months. The same trend was reported by Li et al. [73] who revealed that cold 
storage conditions induced a better preservation of hydroxytyrosol, tyrosol and 
oleuropein contents when compared with optimal temperature (25°C).

To conclude this section, it should be underlined that, even though virgin olive 
oil phenolic fraction is very complex due to its origin and the large number of 
factors that influence its amount in this product, it remains one of the most deter-
mining factors of health value and organoleptic quality of virgin olive oil. Thereby, 
understanding the quantitative and qualitative variability of this fraction is of 
paramount importance when dealing with putting in place an agro-technological 
strategy to produce a virgin olive oil which phenolic content fulfils the EFSA 
health claim requirements. Nevertheless, accurate measurement of virgin olive oil 
phenolics content remains a challenging task since no official analytical method 
has been yet considered by any regulatory body. To fill this gap, tremendous effort 
has been put during the last decades and a great variety of analytical methodolo-
gies have been developed and implemented so far. Most common methods and 
recent advancements are succinctly described in the following section. An in-depth 
discussion of analytical methodologies applied to virgin olive oil phenolic fraction 
characterisation is beyond the scope of this chapter. We suggest the reading of some 
interesting reviews book chapters and research articles previously published, where 
the authors give an exhaustive overview on this topic [9, 74, 75].

2.3  Advancement in analytical techniques for the characterisation of virgin 
olive oil phenolic fraction

The need for highly sensitive and selective analytical methods for the determi-
nation of phenolics and checking their content in commercialised virgin olive oils 
has emerged the development of several analytical methodologies from targeted 
analysis to metabolomics-based approaches. Thus, substantial developments in 
research focused on the extraction, separation, identification, and quantification 
of virgin olive oil phenolic compounds have occurred over the last decades. To 
date, there is no universal workflow described for all analytical approaches dealing 
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with the characterisation of phenolics in virgin olive oil. However, regardless of 
the applied approach, a typical analytical method consists of several steps such as 
sampling, sample preparation, separation, detection, and data analysis.

A carefully samples preparation and extraction of phenolics from virgin olive oil 
samples is a critical step to avoid the loss of these analytes which can lead to signifi-
cant errors. Before the extraction and isolation of these components, samples must 
be collected, preserved, and properly prepared. Commonly, phenolic compounds 
extraction prior to their identification and quantification is necessary. Currently, 
the main extraction methods used to this end are liquid–liquid extraction (LLE) 
and solid-phase extraction (SPE). Even though the first technique is an easy-oper-
ating method, it remains quite inefficient and time-consuming. In contrast, SPE is 
a less solvent-consuming and effective method but considered as labor-intensive. 
Selecting the most pertinent method depends on the scope of the analysis, the 
expected concentrations, and the analytical platform to be used.

The recent progress in the so-called “Metabolomics” and the continuous effort 
towards the development of new high-throughput technologies induced a great 
advancement in analytical techniques developed for the characterisation of virgin 
olive oil phenolic fraction. Thus, although the traditional colorimetric assay (also 
known as Folin–Ciocalteu assay) remains the most widely used technique for the 
quantitative determination of the total phenolics content in this matrix, a deep 
characterisation of its phenolic profile requires a prior separation, usually done by 
reversed phase LC coupled to diode array detector (DAD). For identification pur-
poses, the use of MS is becoming increasingly popular [74]. Other alternatives have 
also emerged such as ultra-high-performance liquid chromatography (UHPLC) and 
gaz chromatography (GC) coupled to MS (GC–MS), nuclear magnetic resonance 
(NMR) and other spectroscopic techniques [75, 76].

Folin–Ciocalteu method is mainly based on the interaction between the func-
tional hydroxyl groups of phenolic compounds and the Folin–Ciocalteu reagent, 
which consists of a mixture of phosphortungstate and phosphomolybdate. This 
colorimetric method is simple and offers a great reproducibility and repeatability. 
However, low specificity is considered as its main drawback [77]. Din et al. [78] 
recently developed a robust methodology combining SPE and the traditional 
Folin–Ciocalteu method for the quantification of total phenolic content in virgin 
olive oil. Phenolic compounds recovery was higher than 95% and the quantification 
through the colorimetric assay was linear, repeatable, reproducible and precise in 
100–500 ppm measuring range.

Otherwise, to overcome these drawbacks, a variety of analytical methodologies 
have been proposed and successfully applied taking advantage of recent develop-
ments in LC and GC instrumentation coupled to different detection systems which 
in turn allowed increasing the selectivity and sensitivity of virgin olive oil phenolics 
analysis. In this sense, various MS-based strategies, NMR and vibrational spectros-
copy approaches have emerged. NMR spectroscopy is continuously gaining interests 
as a powerful and robust analytical platform. It offers the ability for a rapid and 
high screening of the phenolic profile leading to a better detection of all possible 
changes occurring in response to various factors such as storage, packaging, envi-
ronmental, agronomic, genetic and processing conditions, etc. Interesting examples 
to illustrate the application of NMR spectroscopy in virgin olive oil phenolics 
analysis were reported in a review paper by Dais et al. [79]. Nevertheless, despite its 
high accuracy, non-destructive nature and limited sample preparation needs, NMR 
remains an underused technique in virgin olive oil analysis due to its low sensitivity 
and the need for highly skilled scientists for spectral interpretation [80].

MS based metabolomic approaches (using LC–MS, GC–MS or capillary elec-
trophoresis (CE-MS)) have been largely applied for the quantitative and qualitative 
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analysis of virgin olive oil phenolic fraction [74, 76]. CE offers high resolution, fast 
analysis speed and relatively low operating cost [81]. However, poor sensitivity and 
low reproducibility are its main disadvantages, precluding its use for the analysis of 
phenolic compounds at very low concentrations [82]. In contrast, GC is believed to 
be one of the most sensitive and reproducible separation technique used in virgin 
olive oil analysis [76]. GC–MS approaches are widely used for the accurate analysis 
of volatile and non-volatile organic metabolites. Yet, the need for a derivatisation 
step is mandatory for non-volatile compounds, including phenolic compounds, 
which is obviously the major drawback of this analytical platform [76]. This fact has 
boosted the extensive use of other alternative separation methods mainly LC. This 
technique is considered as “the workhorse” tool for phenolic compounds separation 
due to their non-volatile character. Researchers in the field of virgin olive oil analy-
sis seems to steadily adopt LC methodologies owing to their simplicity, rapidity, and 
high sensitivity [76]. Combined with highly sensitive and selective MS detection, 
it could provide the simultaneous separation, identification and quantification of 
different phenolic compounds occurring in virgin olive oil. Thus, various LC–MS 
phenolic profiling or fingerprinting approaches were developed and successfully 
applied for quality control and authentication purposes as well as to assess the 
bioavailability of this product [74].

3.  Virgin olive oil phenolic compounds: health-promoting effects  
and bioavailability

Phenolics are believed to confer a wide range of benefits to virgin olive oil  
(Figure 2) due to their powerful antioxidant activity (Table 1). Thus, Since both oxida-
tive stress and inflammation are considered as major contributing factors to neurode-
generative and cardiovascular diseases, virgin olive oil phenolics are thought to exhibit a 
strong anti-inflammatory effect and directly participate to the redox balance of human 
cells [28]. For instance, hydroxytryrosol, oleuropein and their derivatives may exert 
a protective effect against the amyloid plaque generation [83]. Similarly, oleuropein 
aglycone and oleocanthal have been shown to interact with Aβ aggregation states 
leading to a better protection against Alzheimer disease [84]. As revealed in Predimed 
trials, a regular consumption of virgin olive oil induces a significant decrease in risk 
parameters of developing cardiovascular diseases, namely inflammatory cytokine, the 
vascular cell adhesion molecule and intercellular adhesion molecule, as well as a rise in 
high-density lipoprotein (HDL) levels and reduced LDL levels [85]. In particular, the 
phenolic compounds present in this vegetable oil are related to the inhibition of lipid 
peroxidation induced by free radicals [86]. It has also been noted that hydroxytyrosol 
can improve the levels of circulating lipids and repairing oxidative damage which is 
responsible for numerous cardiovascular issues [87].

Consumption of virgin olive oil with a high content on phenolic antioxidants 
may also be effective in cancer prevention. Oleuropein glucosides, hydroxytyrosol, 
and to a lesser degree tyrosol, were highlighted in an interesting review paper by 
Casaburi et al. [88] as the most promising chemopreventive agents among olive oil 
phenols against cancer, mainly for their role in preventing DNA oxidative damage 
in various human cell types. The same researchers revealed the fact that olive oil 
phenolic compounds induce anti-tumour effects against various tumour types 
including leukaemia, colorectal and breast cancer due to their ability to inhibit 
proliferation and enhance apoptosis.

Another potential therapeutic effect of virgin olive oil phenolics includes the 
prevention and treatment of type 2 diabetes. This was explained by the capability 
of these compounds to decrease insulin resistance via the inhibition or reduction of 



123

Virgin Olive Oil Phenolic Compounds: Insights on Their Occurrence, Health-Promoting…
DOI: http://dx.doi.org/10.5772/intechopen.98581

pro-inflammatory molecules such as TNF-α [89]. Besides, hydroxytyrosol and oleu-
ropein have been shown to exhibit an antimicrobial effect against several bacterial 
strains. Indeed, although they were more effective against ATCC bacterials trains 
including Hemophilus influenzae ATCC 9006, Moraxella catarrhalis ATTC 8176, 
Salmonella typhi ATCC 6539 and Staphylococcus aureus ATTC 25923, these molecules 
induced a promising cytotoxic activity against a great number of bacterial strains 
such as Salmonella spp., Vibrio alginolyticus and Vibrio cholerae [90].

Nevertheless, even virgin olive oil functional value is strongly determined by 
its phenolic content, however, only a percentage of this content can be biologically 
active in the body, as it must be absorbed through the gastrointestinal tract and 
reach the bloodstream, which is known as bioavailability. The latter may simply be 
defined as the fraction that reach the organism where it can pursue its biological 
effect, may be enhanced or inhibited depending on various factors such as chemi-
cal structure, concentration, interaction with other compounds, enzymes activity, 
host’s age and physical condition, etc. [91].

However, in the case of virgin olive oil most investigations have focused on some 
specific phenolic compounds such as oleuropein, tyrosol, hydroxytyrosol, and their 
derivatives as they were associated with the highest bioactivity. Outcomes of selective 
recent studies of the bioavailability of these compounds are presented in Table 2.

Thus, after intake, virgin olive oil forms a micellar solution in the gastrointestinal 
tract. Most olive oil phenolic compounds pass through the mouth and stomach to 
reach the small intestine and colon without any modification [89]. Hydroxytyrosol 
and tyrosol have been demonstrated to be the most absorbed phenolics in the 
intestinal tract (absorption rate is 40 to 95% approximately) [107]. Also, Corona et 
al. [108] suggested that the amounts of hydroxytyrosol and tyrosol that reach the 
small intestine following incubation and passage through the acidic conditions of 
the stomach are considerably higher than those initially present in ingested virgin 
olive oil. The recovery of these two phenolic compounds is also widely related to 
the biological matrix in which they were administrated. Indeed, urinary recovery 
of hydroxytyrosol was greater after virgin olive oil intake than after the addition of 
hydroxytyrosol to a yoghurt or to a refined olive oil [109]. The urinary hydroxytyro-
sol and tyrosol are absorbed from a moderate and sustained dose of virgin olive oil 

Figure 2. 
Main mechanisms involved in the health properties of virgin olive oil phenolic compounds.
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which is similar to that consumed daily in a typical Mediterranean diet [110]. These 
simple phenols were largely identified in both urine and plasma mainly in glucuro-
nides and sulphate conjugates, while their free forms were not detected in plasma 
samples. In fact, aglycones and glycosides forms of tyrosol and hydroxytyrosol 
undergo a prompt hydrolysis phenomenon under gastric conditions together with a 
substantial rise in the contents of tyrosol and hydroxytyrosol free forms penetrating 
the small intestine [108]. The intestinal transport of hydroxytyrosol occurs through 
a bidirectional passive diffusion mechanism as demonstrated in an in vitro study 
conducted by Manna and co-workers [111]. While crossing epithelial cells of the 
gastrointestinal tract, hydroxytyrosol is usually transformed through enzymatic 
reactions into homovanillyl alcohol and its glucuronide forms [108].

Regarding secoiridoids, they remain highly stable in the mouth but suffer signifi-
cant losses in the gastric, duodenal, and colonic regions, with a recovery rate at the 
duodenal level ranging between 7% and 34%. Glycosylation and cleavage of glyco-
sidic linkages take part in the secoiridoids absorption, and it is thought that some 
of them, such as oleacein, are absorbed in the small intestine by passive diffusion 
through the membrane of intestinal cells [89]. In the case of oleuropein, the mecha-
nism of absorption is still confusing and remains unclear. However, several studies 
showed that it exerts its biological effects via its conversion into hydroxytyrosol 
[112]. This was mainly explained by the fact that the content of oleuropein was in the 
mass range of few nanograms in plasma while hydroxytyrosol was detected in high 
concentrations after the intake of great doses of oleuropein in both rats and humans 
trials [113, 114]. When considering other secoiridoids, Vissers et al. [114] could not 
analyse oleuropein glycoside, oleuropein- or ligstroside-aglycons in urinary excre-
tions which supports the idea that they may be hydrolysed into hydroxytyrosol and 
tyrosol and extensively metabolised once absorbed from the small intestine.

4. Concluding remarks

In the Mediterranean area, the largest virgin olive oil producing region in the 
world, new agronomic practices and processing technologies are steadily devel-
oped and adopted over the past decade. Thereby, virgin olive oil production has 
achieved outstanding performance both in terms of increasing oil yield and quality. 
Nevertheless, the future of this sector in a context of globalisation, and the con-
sequent changes in lifestyle and consumers adherence to the Mediterranean diet, 
has become an important subject of attention for the producers and governmental 
bodies alike. For instance, in the search for new opportunities to boost virgin olive 
oil consumption, growing importance is attributed to promote its health value and 
organoleptic features among consumers, paying special attention to those compounds 
responsible of these characteristics. In developing such strategies, a central role 
should clearly be reserved for the phenolic fraction of this product if considering its 
health-promoting proprieties and its contribution to the oxidative stability and sen-
sory quality of virgin olive oil. Undoubtedly, the recent agro-technological advance-
ments supported by the scientific data available up till now offer promising tools to 
produce virgin olive oils rich on phenolics; however, the bitter taste of such oils is 
often not appreciated by consumers. For this reason, what still remains a challenge 
in this sector is the development of holistic agro-technological approaches to pro-
duce virgin olive oils with phenolics content that comply not only with institutional 
regulations (EFSA health claim for example) but also with consumer preferences. 
Furthermore, the lack of an official method of determining these compounds in 
compliance with health claim requirements is an obstacle to be overcome in a not-too-
distant future if we want to avoid a lack of credibility of these health claims.
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Chapter 9

Experimental Carcinogenesis with 
7,12-Dimethylbenz(a)Anthrazene 
(DMBA) and Its Inhibition with 
Extra Virgin Olive Oil and a Diet 
of Mature Olives (Picual Variety)
Juan José Soto-Castillo and Isicio Ortega-Medina

Abstract

7,12-Dimethylbenz(a)anthrazene (DMBA) is a carcinogen that induces  
carcinomas within a few weeks of application. Forty-four male hamsters were 
divided into four groups: DMBA dissolved in paraffin oil (DMBA-PO), DMBA 
dissolved in olive oil (DMBA-OO), paraffin oil and olive oil. Their mouths were 
swabbed daily with paraffin oil or extra virgin olive oil alternatively for the first 
two weeks, during the biweekly application of DMBA at 0.5% diluted in paraffin 
oil or olive oil for five weeks and daily until the twentieth week. The animals in the 
DMBA-OO and olive oil groups received an additional diet of mature Picual olives. 
The DMBA-PO carcinogen effect (35 carcinomas) is 100% and the inhibitory effect 
0. The use of olive oil as DMBA solvent and the ad libitum diet with Picual olive has 
an inhibitory effect of 80%, with only three intraepithelial carcinomas and four 
verrucous carcinomas occurring and no invasive carcinoma.

Keywords: DMBA, carcinogenesis, olive oil, chemoprevention, squamous cell 
carcinoma

1. Introduction

One of the first models of experimental carcinogenesis in animals was carried out 
by Salley in 1954 [1]. After applying various carcinogens, including 9,10-dimethyl-1,2 
benzanthracene on the oral epithelium of Syrian hamsters for 3 months, Salley 
was able to verify the existence of squamous cell carcinomas (SCC) and lymphatic 
metastases. Subsequently, several authors have standardized this model and repeated 
it in order to achieve new knowledge about DMBA and the process of experimentally 
induced carcinogenesis [2, 3].

7,12-Dimethylbenz[a]anthracene (DMBA) is a polycyclic aromatic hydrocar-
bon which may, on its own, induce premalignant lesions and carcinomas within 
a few weeks after it is administered in mucosae [4, 5]. Commonly, it has been 
used in combination with ethanol as a promoter. DMBA is released after the 
combustion of tobacco -especially with cigarettes- or from animal fat when meat 



Olive Oil - New Perspectives and Applications

138

is grilled, and is also found in smoked meat and fish. This substance is, therefore, 
strongly involved in the carcinogenesis of oral, bronchiopulmonary and digestive 
tract malignancies [6–9].

In order to discover new drugs with cancer preventive effects, some authors have 
obtained promising outcomes at basic research level, specifically with substances 
such as salvinolic acid B [10] -derived from Salvia miltiorrhiza, used in fluores-
cence-, isothiocyanates [11] -synthetic derivatives of cabbages, squash, turnips and 
turnip greens-, Buddleja incana leaves, a tree that grows in Peru and Bolivia, Toona 
sinensis leaves [12], and olive oil extracts [9, 13–15]. In relation to the latter, and 
especially regarding its phenolic compounds, its antioxidant and cardiovascular 
protective properties are well known. In this sense, we have data stating that olive 
oil may act as preventive or inhibitor of carcinogenesis, and could even modify the 
nature of premalignant lesions that have already arisen, providing them a more 
benign and indolent behavior [14, 16].

2. Objective

To experimentally test the inhibitory effect on the carcinogenesis process of 
Picual variety extra virgin olive oil.

3. Methods

Forty-four male hamsters (Syrian Golden), 4-6 weeks old and weighing 60-80 g, 
were divided into four groups (two control and two experimental):

• Experimental DMBA-PO group (DMBA from Sigma Chemical Co.), 12 
animals. The oral pouches were brushed daily with paraffin oil (PO) in the 
first two weeks. Then, a solution of 0.5% DMBA and PO was administered 
on Mondays and Fridays for five weeks; alternatively, PO was applied on 
Tuesdays, Wednesdays and Thursdays at the same time. Thereafter, animals 
received daily PO until the twentieth week. All hamsters were fed with stan-
dard feed, and ad libitum water (Figure 1).

• Experimental DMBA-OO group (DMBA from Sigma Chemical Co.), 12 
animals. The oral pouches were brushed daily with OO in the first two weeks. 
Then, a solution of 0.5% DMBA and OO was administered on Mondays and 
Fridays every two days, for five weeks. Thereafter, animals received daily OO 
until the twentieth week. These hamsters were fed with standard feed, Picual 
variety ripe olives, and ad libitum water.

• Control DMBA-PO group, 10 hamsters. The oral pouches were brushed daily 
with PO for twenty weeks.

• Control DMBA-OO group, 10 hamsters. The oral pouches were brushed daily 
with extra virgin OO. Also, animals received diet with standard feed, Picual 
variety ripe olives, and ad libitum water for twenty weeks.

The animals in each group were sacrificed after twenty weeks. Then, a macro-
scopic description and histological analysis of the induced tumors in the oropharynx, 
esophagus and stomach were performed.
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A carcinogenic effect of 100% was assigned to the total number of induced 
tumors in hamsters who received DMBA-PO. The inhibitory effect in the 
DMBA-OO group was established by the percentage difference over 100. An inhibi-
tory effect >50% was considered significant in the DMBA-OO group.

This research work was examined and approved by the Ethical Committee for 
Animal Experimentation of the University of Seville (November 7, 2005). It met 
the requirements for experimentation with animals and was in accordance with the 
regulations in force in Spain and elsewhere the European Union.

4. Results

4.1 Macroscopically

The groups exposed to DMBA showed tumors of different characteristics. 
Nonspecific lesions and others more suggestive of malignancy were found in the 
oral pouches of the DMBA-OO group, with a predominance of the former. These 
findings included leukoplakia, denudation of the mucosa, ulcerations or tumors 
with a benign appearance. However, tumors in DMBA-OO group were less common 
and smaller than in DMBA-PO (Figure 2A and B).

On the other hand, the DMBA-PO group mostly showed malignant-
looking neoplastic formations in the oral mucosa, such as ulcerated nodules, 
necrosis areas, exophytic and verrucous tumors, and areas with abundant 
vascularization.

In addition to the oral pouches, both DMBA groups presented tumors in the 
esophagus and stomach. Maximum and minimum measures of all lesions are shown 
in Table 1.

No visible lesions were found in the control groups which only received paraffin 
oil or olive oil.

Figure 1. 
The hamsters.
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4.2 Microscopically

The histological study at 20 weeks evidenced different types of lesions, dem-
onstrating a complete carcinogenesis process in both DMBA groups: Squamous 
papillomas, intraepithelial carcinomas, verrucous carcinomas and invasive SCC.

Figure 2. 
Macroscopic comparison of the digestive tract of two animals belonging to the DMBA-OO group (A) and 
DMBA-PO group (B). (A) The oral pouches, esophagus and stomach showed few small lesions and benign 
appearance. (B) The oral pouches, esophagus, and stomach showed tissue retractions, larger tumors and 
apparently more malignant lesions.

Histological lesion Location Number of lesions Mean diameter (Ø mm)

DMBA-PA DMBA-OO DMBA-PA DMBA-OO

SQUAMOUS 
PAPILLOMA

Oral 
epithelium

1 11 1 0.14 (0.1-0.2)

Esophagus 9 19 0.6 
(0.2-1.2)

0.34 (0.2-1)

Stomach 14 21 0.7 
(0.3-1.2)

0.5 (0.2-1)

INTRAEPITHELIAL 
CARCINOMA

Oral 
epithelium

20 2 0.2 
(0.1-0.4)

0.3 (0.3)

Esophagus 0 1 0 0.3

Stomach 1 0 0.6 0

VERRUCOUS 
CARCINOMA

Oral 
epithelium

1 2 1.7 4 (1-7)

Esophagus 3 0 0.9 (0.8-1) 0

Stomach 5 2 1.5 (0.8-2) 1.5 (1.2-1.8)

INVASIVE 
CARCINOMA

Oral 
epithelium

1 0 0.5 0

Esophagus 2 0 3 (2-4) 0

Stomach 2 0 5.3 (1.5-9) 0

Table 1. 
Number, size and type of tumors in DMBA groups at 20th week.
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SQUAMOUS PAPILLOMAS: Papillary projections lined with squamous epithe-
lium were noted, showing hyperkeratosis and epithelial thickening. No atypia or 
mitotic activity was observed (Figure 3). Twelve papillomas were found among the 
groups exposed to DMBA (one in the DMBA-PO group and eleven in the DMBA-OO 
group). The differences regarding incidence of this kind of lesion were statistically 
significant (p .004).

INTRAEPITHELIAL CARCINOMAS (Figure 4): Twenty four intraepithelial 
carcinomas were identified. Twenty one occurred in the DMBA-PO group, and 
three in the DMBA-OO group. The differences observed between both groups were 
statistically significant (p .003).

Figure 3. 
Squamous papilloma is an exophytic lesion which shows typically papillary growth and highly differentiated 
epithelium.

Figure 4. 
Intraepithelial carcinoma is classically characterized by full-thickness with hyperkeratosis and parakeratosis, 
hypercellurality, nuclear atypia and mitotic figures. The epithelium-stroma interface is preserved.
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Figure 5. 
SCC, verrucous carcinoma. Verrucous carcinoma is warty-appearing, highly differentiated, and shows 
hyperkeratosis. There is minimal atypia, abundant eosinophilic cytoplasm and normal mitotic figures. No 
invasion of the stroma by isolated neoplastic cells was observed.

Figure 6. 
Invasive SCC (A). The SCC is composed of infiltrating islands or nets of malignant cells, which form an 
irregular growth pattern (B).

Lesion DMBA-PA (%) DMBA-OO (%)

INTRAEPITHELIAL CARCINOMA Carcinogenic effect 21 (100) 3 (14.3)

Inhibitory effect (85.7)

VERRUCOUS CARCINOMA Carcinogenic effect 9 (100) 4 (44.4)

Inhibitory effect (55.6)

INVASIVE CARCINOMA Carcinogenic effect 5 (100) 0

Inhibitory effect (100)

TOTAL CARCINOMAS Carcinogenic effect 35 (100) 7 (20)

Inhibitory effect (80)

Table 2. 
Carcinogenic and inhibitory effects of DMBA-PO/DMBA-OO, according to lesion subtypes.



143

Experimental Carcinogenesis with 7,12-Dimethylbenz(a)Anthrazene (DMBA) and Its…
DOI: http://dx.doi.org/10.5772/intechopen.96514

VERRUCOUS CARCINOMAS: Several exophytic lesions with papillomatosis 
and infiltrative growth (Figure 5). Thirteen verrucous carcinomas were found, 
nine in the in the DMBA-PO group and four in the DMBA-OO group. This was not 
statistically significant (p .523).

INVASIVE CARCINOMAS (Figure 6): Light microscopy revealed epithelial 
proliferations that, like cords, invaded the adjacent stroma. In addition, the prolif-
erating cells showed marked atypia and mitotic activity. Five invasive carcinomas 
were found in the DMBA-PO group.

The carcinogenic effect in the DMBA-PA group (35 carcinomas) corresponded 
to 100%, while in the DMBA-OO group (7 carcinomas), it was of 20%. According 
to the observed results, inhibitory effect seen in the DMBA-OO group was 86% 
for intraepithelial carcinoma, 56% for verrucous carcinoma, and 100% for SCC 
(Table 2).

No tumors were observed in the control animals.

5. Discussion

This research work about carcinogenesis is based on an experimental model 
of induced SCC after the administration of DMBA at 0.5% -dissolved in mineral 
oil- into the oral pouches of the hamster. We think, like Nagini and Kowshik [3], 
that the DMBA carcinogenesis model in hamster oral pouches is characteristic and 
highly representative of the “cancer induction”. In addition, it is advantageous for 
the reproducibility of lesions, facilitates experimental research, and can be used as a 
test for chemotherapy and preventive agents. Also, in this work, the olive oil inhibi-
tory effect on carcinogenesis has been studied alone -extra virgin olive oil applied 
before, during, and after DMBA, and ad libitum diet with ripe olives ripe of the 
Picual variety, from the olive harvest-, and combined -as a solvent for DMBA- [16].

The carcinomas produced in the upper gastrointestinal tract were SCC, similar 
to SCC of the oral mucosa in humans. These results coincide with those obtained in 
other experimental works [17, 18].

In oral carcinogenesis, using DMBA in hamsters, some authors have described 
the development of precancerous lesions and, subsequently, their progression 
towards intraepithelial carcinoma and invasive carcinoma after a few months. At 
8 weeks, precancerous lesions usually appear. At 12 weeks, these evolve to intraepi-
thelial carcinoma; eventually developing into invasive carcinomas at 18 weeks. This 
phenomenon, although slower, also occurs in humans [19]. The results obtained in 
our work resemble those of oral cancer progression described in the literature.

As in the field of experimental carcinogenesis, research on cancer prevention has 
continued to grow in recent decades, focusing on agents proposed for this purpose, 
although with few results yet. This is the case of the mediterranean diet, which is 
largely based on extra virgin olive oil, and that has been explored in the preven-
tion of breast cancer [11, 13], and colorrectal cancer [9]. In the present work, the 
combination of olive oil as dissolvent, extra virgin olive oil applied before, during, 
and after DMBA application, and ad libitum diet with Picual variety olives, have 
been used as a preventive agent of DMBA carcinogenesis.

Menéndez et al. have shown that extra virgin olive oil polyphenols can inhibit 
erbB-2 malignant transformation of human breast cancer epithelial cells [14]. Owen 
et al. pointed out the importance of phenolic compounds isolated from olive oil as 
antioxidants and their anticancer potential [20].

In this sense, olive oil is composed of 99% different fatty acids, the most impor-
tant being oleic acid, a monounsaturated fatty acid, with a richness of 60-80%, 
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and other fatty acids -palmitic, stearic, palmitoleic, linoleic, and linolenic-. The 
remaining 1% is made up of vitamin E and natural antioxidants. The most important 
antioxidants are phenolic compounds, present in the mesocarp of the olive and in 
extra virgin olive oil, which are mainly responsible for the antioxidant properties and 
which are not present in any other vegetable oil. For this reason, the diet added to 
the standard feed that the hamsters received was ripe olives from the tree, recently 
harvested and not spoiled. The variety of olive richest in phenolic compounds is the 
Picual variety.

Keys et al. demonstrated an inversely proportional relationship between 
the incidence of cardiovascular diseases and the adoption of eating habits 
established in seven countries in the Mediterranean area [21]. It seems that this 
“cardiovascular protection” resides in the creation of an anti-atherosclerotic 
plasma profile, which is defined by a decrease in total cholesterol and low-den-
sity lipoprotein (LDL) cholesterol levels, as well as by an increase in high-density 
lipoprotein (HDL) cholesterol. Some studies have attributed these properties 
to the high content of oleic acid -monounsaturated grade acid of the omega-9 
series- of olive oil [22].

Analyzing our results, we can affirm that the combination of olive oil as a 
solvent for DMBA, extra virgin olive oil applied before, during, and after DMBA 
administration, and ad libitum diet with Picual olives has shown the capability to 
reduce the malignant progression of lesions already started, and modify the malig-
nant phenotype of some neoplasms, making it less aggressive.

It is possible that in the DMBA-OO group, -COOH groups and unsaturated 
bonds of the vegetable oil could absorb or react with carcinogen, decreasing the 
effective concentration of the carcinogen. The antioxidant effect and anticancer 
properties of extra virgin olive oil expressed by some authors are reinforced [18, 19].

The study of the lesions at 20 weeks showed a total of 59 neoplasms in the 
DMBA-PO group and 58 in the DMBA-OO group, so there were no differences 
in the absolute incidence of tumors. However, clear differences were observed 
regarding the type of neoplasms and malignancy. Eighty-eight percent of the 
tumors in the DMBA-OO group corresponded to benign squamous papilloma-type 
tumors, compared to 41% that developed in the DMBA-PO group; the rest were 
carcinomas.

In addition, hamsters that did not eat ripe olives and did not receive extra virgin 
olive oil, developed 21 intraepithelial carcinomas, 9 verrucous carcinomas, and 
5 invasive carcinomas; while animals that received the olive oil as a solvent for 
DMBA, extra virgin olive oil -before, during, and after DMBA-, and ad libitum diet 
with Picual olive developed 3 intraepithelial carcinomas, 4 verrucous carcinomas, 
and no invasive squamous carcinoma.

6. Conclusions

The inhibitory effect of extra virgin olive oil (Picual variety) on the experi-
mental chemical carcinogenesis is higher than 50% for carcinomas, especially for 
intraepithelial carcinoma and invasive squamous carcinoma.

Furthermore, the tumors originated in animals who received DMBA mixed 
with olive oil were predominantly benign, specifically of the squamous papilloma 
subtype.

Therefore, these data suggest that the extra virgin olive oil and the diet with ripe 
olives extracted from the harvesting of the tree may modulate the experimental 
carcinogenesis with DMBA, originating very well differentiated and not very 
aggressive tumors.
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