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The principal fundaments of the Mediterranean diet.
Humans are alive and vital unless they can take advantage of a continue flow of
indispensable energy for maintaining the very complex organization of that
phenomenon called "live".
Vegetables do that directly using the energy of the sun, while animals use the potential
energy contained in foods, namely "eating" and "drinking".
Besides this fundamental necessity for living being in particular, it is important that the
food, in addition to the energy and plastic supports, also gives further substances
(molecules) for cellular producing, growing, building other useful compounds, renewing
the organism, preventing the pathologic systems from other micro-organisms (bacteria,
fungi, virus etc.) and for avoiding biochemical and genetic alterations of cells and organs
(pathologies) and the death (apoptosis).
According to these fundamental principles, the food components should be shared in
two big groups: nutrients (energetic and plastic) and non-nutrients (not energetic).
These last components are fundamental for a good functionality of the organism
(wellness). The first components are normally present in large quantities (g/100g)
whereas the second ones are represented by very small amounts, often not quantifiable
by the most sophisticated instruments.
For that reason they are called "minor compounds" (vitamins, enzymes, mineral salts,
fibres, etc.).
At this regard, it is important to remember that, nowadays, among different ways in the
food technology, synthetic products (integrators) are frequently used, also because the
same pharmaceutical and food industries promote their occurring, for supplying diets,
which are very far to a health and natural alimentation. But the effect of those synthetic
products is often lower than the natural foods, since their biological use occurs through
connatural biochemical mechanism and only partially.
Among the several food trends that have been spreading in the last decade, the
"Mediterranean diet" is considered the most satisfactory ones given its
energetic/plastic supply and also for its content in "minor compounds".
When they are consumed together, reaching a reasonable caloric supply of
1500-2000 kcal/die, pasta, bread, fish, fresh fruit and vegetables, with extra

1

The principal fundaments of the Mediterranean diet.

virgin olive oil as the principal dressing, and also limited quantities of wine, represent the
most tested and interesting food system.
VOO is the primary source of fat in the Mediterranean diet. VOO is a "functional food"
which besides having a high level of MUFA (mono unsaturated fatty acids) such as the
oleic acid, contains multiple minor components like phytosterols and polyphenols with
biological properties and sensory properties (bitter and pungent sensations) and also
volatile compounds with important effects on the different aroma profiles (fruity, cut
grass etc.)
These last substances can be considered as exclusive of this product since they might
assumed only by a correct and regular diet including an extra virgin olive oil.
Recent congresses held in various countries on diet and health, particularly about the fat
content of diets, have highlighted not only a consensus on the value of the
Mediterranean diet but also the fact that the consumption of VOO offers numerous
benefits.
In fact, over the past twenty years many studies have been conducted on the
components of the Mediterranean diet, particularly oil and wine, in order to explain their
effects in the primary and secondary prevention of several pathologies.
In fact, a healthy dietary pattern, rich in antioxidants is the Mediterranean diet, which
refers to traditional dietary patterns found in areas of the Mediterranean countries
around fifty years ago.
Adherence to the Mediterranean diet has been associated with a low overall,
cardiovascular, and cancer mortality in several large cohort studies, and has been shown
to be effective in the secondary prevention of coronary heart disease (CHD) in
intervention studies.
VOO has two fundamental characteristics that set in apart from other vegetable oils: it is
made from a fruit and is extracted exclusively with mechanical methods.
These two properties, together with regulations that prevent the use of any additives
other than water, make it a natural food product.
This is because it perfectly preserves all its original attributes, as well as several
components formed during the mechanical and extraction processes it undergoes.
Chemical composition of VOO
As shown in Table 1, VOO chemical composition is represented by two groups of
components: glycerides, which are about the 98-99 % of the weight (the VOO energetic
source), and "minor compounds" constituted by 300 substances approximately, with
important biological properties form a nutritional and salutistic point of view. They are
hydrocarbons, phytosterols, vitamins, phospholipids, polyphenols and aromatic
compounds. The first groups are found in each type of olive in variable percentages one
each other, whereas polyphenols and volatile compounds are localized in the
drupe but they are also generated and transferred in the VOO during the oil
mechanical extraction process. Their qualitative and quantitative presence in
the VOO is dependent on several agronomic and technological factors.

2

The principal fundaments of the Mediterranean diet.

Table 1. VOO chemical composition

Glycerides (98.5 - 99.5 %)

Minor compounds (0.5 -1.5 %)

Triacylglycerols (97-98%):

Hydrocarbons: 150 - 800 mg/100g

- OOO 40.0
- POO 19.7
- OLO 6.5
- OOL 6.6
- PLO 5.5
- SOO 3.6
- POP 2.6

- 41.4 %
- 22.3 %
- 7.9 %
- 7.4 %
- 7.3 %
- 3.8 %
- 3.0 %

Diacylglycerols

- Squalene 125-800 mg/100g

Alcohols:
- Triterpenic 100 -300 mg/100g
- Aliphatic
10 - 20 mg/100g

Sterols: 80 -260 mg/100g

(2 -3%)

Monoacylglycerols (0.1- 0.2%)
Fatty acids:

(%)

miristic acid (C14:0)
0.0
palmitic acid (C16:0)
7.0
palmitoleic acid (C16:1)
0.3
margaric acid (C17:0)
0.0
heptadecanoic acid (C17:1) 0.0
stearic acid (C18:0)
1.0
oleic acid (C18:1)
56.0
linoleic acid (C18:2)
3.0
linolenic acid (C18:3)
0.2
arachic acid (C20:0)
0.1
eicosenoic acid (C20:1)
behenic acid (C22:0)
lignoceric acid (C24:0)

-

0.1
20.0
3.5
0.4
0.4
4.0
84.0
21.0
1.5
0.7

0.1 - 0.1
0.0 - 0.3
0.0 - 0.4

-

b† - sitosterol
65 -97 %
D- 5 - avenansterol 5 -31 %
campesterol
2- 4 %
D- 7-stigmasterol
0-0.8 %

Phenols: 20-900 mg/kg
Tocopherols: 50 - 300 mg/kg
Phospholipids 40 - 135 mg/kg
Volatile compounds
Pigments:

- Chlorophyls A and B
- Pheophytins A and B
- b†- Carotene
- Lutein

0.2
0.2
0.5
3.0

-5.0 mg/kg
-20 mg/kg
-5.0 mg/kg
-15 mg/kg

The Quality of VOO
The quality of VOO can be examined in relation to several aspects: marketable quality,
health nutrition, sensory and security and hygiene.
Marketable quality
This aspect involves the classification of olive oils and a series of complex
laboratory analysis parameters (fatty acids, sterols, aliphatic alcohols,
diterpenols, waxes, product of alteration, etc) and sensory parameters. The
latter are assessed by a special tasting panel whose main purpose is to note
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the presence of sensory defects in VOOs, together with the "fruit" note (UE Regulation
1989/2003).
The fundamental goal of the classification reference framework, which is a distinctive
and central aspect of this product, is consumer protection. This is understood as
safeguarding the genuineness, naturalness and healthiness of this product.
Along these lines, the European standards we mentioned (Regulation 1989/2003)
essentially classify oils as follows:
1) Mechanically extracted :
Extra virgin (excellent quality);
Virgin (sufficient quality);
Lampante (poor quality and not suitable for direct consumption).
2) Made through chemical and physical processes and, according to the regulations, not
suitable for consumption:
Refined olive oil (lampante);
Refined-olive-residue oil (extracted by using solvents to treat the residue-huskfrom the mechanical extraction process).
3) Blends of virgin and refined oils:
Olive oil (refined olive oil + virgin);
Olive-residue oil (refined olive-residue oil + virgin).
Health quality
Fatty acids. The composition and prevalent health properties of VOO fatty acids are
gathered in Table 2.
There is no doubt that nutrition plays an important role in the oxidability of LDL (lowdensity lipoproteins). In particular, the quality of fats and the content of antioxidants in
the diet affect the cell sensitivity and LDL in terms of the damage caused by oxidation.
There are numerous potential paths through which dietary fatty acids can modulate
atherogenicity. First of all, the quantity and the composition of food fats affect the
number of LDL particles present on the arterial wall. Replacing saturated fatty acids in
our diet with MUFA (monounsaturated fatty acids) and PUFA (polyunsaturated fatty
acids) lowers total cholesterol and the level of LDL cholesterol. The fatty acids in foods
can directly influence the sensitivity of LDL to oxidation, modifying the composition of
fatty acids already present in it. Moreover, they can modify the composition of the fatty
acids present in the cells of the arterial wall, thereby altering their activity promoting
oxidation and their response to "oxidative stress".
Because of its high MUFA content, VOO seems to have protective properties in relation to
the oxidation of LDL. In addition, VOO can offer additional protection since it gives LDL
powerful antioxidants such as vitamins E and A, together with polyphenolic
components. The protective effects of antioxidants will be described in
detail below.
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Table 2. Composition and prevalent health properties of VOO fatty acids
"
"
"
"

High monounsaturated content
Ratio: polyunsaturated/saturated= 1, optimum in olive oil
Ratio w6:w3 = 10:1, optimum in olive oil
Metabolic activity : biological membranes, lipoproteins, cerebral, visual, precursors of
some hormones, liposoluble vitamin carrier, cholesterolemia

Numerous studies, conducted on healthy subjects and on hyperlipidemic and diabetic
patients using solid diets, show that diets rich in MUFA make LDL more resistant to
oxidative modifications than diets rich in PUFA. Although there is no ambiguity about
these results, there are still many open questions. For example, it is unclear if the effects
are related to the drop in linoleic acid, which is easy to assimilate, is present in LDL and is
subject to peroxidation, which is reduced following a diet rich in MUFA, or if this decrease
is due to the antioxidant properties of oleic acid. To summarise, we can note that there is
ample evidence concerning the crucial and causal role that LDL modifications carry out
in the pathogenesis of atherosclerosis. The oxidation of LDL begins with the peroxidation
of PUFA in the LDL particles. Consequently, the fatty-acid composition of LDL plays a
certain role in its oxidation process. The fatty-acid composition of LDL is influenced by
the fatty acids present in diet. As a result, the quantity and type of fat taken in through
diet also affect the sensitivity of LDL to oxidative damage. Diets rich in MUFA make LDL
and HDL more resistant to oxidative modifications. Moreover, the composition of the
fatty acids of cell membranes also depends on diet. Diets rich in MUFA also guarantee a
higher MUFA content in the cell membranes and thus greater cell resistance against
oxidative damage. These acids are also thought to lower the atherogenic characteristics
of LDL following oxidation.
Furthermore it has been recently demonstrated that fatty acids have an important role in
the breast cancer prevention and cure.
Minor components. The minor components can be divided into hydrocarbons, vitamins,
phytosterols, tocopherols, polyphenols and aromatic compounds.
Hydrocarbons. With regard to hydrocarbons, squalene is the most important
component. Measured concentrations range from 400-450 mg/g in extra virgin oil
(Scheme 1), while this content is 25% less in refined olive oil.
This hydrocarbon improves the effectiveness of statins as a cholesterol-lowering drug.
Other biological studies have shown that this compound contributes to lowering the risk
of breast cancer. Several studies on the topical or systemic administration of squalene
for skin cancer, cervical cancer and lung cancer have shown that this hydrocarbon has
clear anti-carcinogenic effects.
Phytosterols (b-sitosterol). Recently, several double-blind studies have
shown that a daily supplement of 2 grams of phytosterols derived from
plants lower the blood concentration of cholesterol and LDL by 9-14%.
These effects are much more dramatic in hypercholesterolemic patients and
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in subjects with a cholesterol-rich diet. There are also many reports about the cancerfighting effects of these components, particularly for both benign and malignant
prostate tumours in men. Positive effects have also been observed on studies done in
vitro on breast and cervical cancer. Therefore, we can conclude that the relatively high
content of squalene and phytosterol found in virgin olive oil represents another valuable
characteristic, promoting its beneficial effects on human health and well-being.
Scheme 1. VOO hydrocarbons and their healthy effects
Hydrocarbons: 150-800 mg/100 g oil
IN VIVO AND IN VITRO STUDIES:
" No relationship whit the serum cholesterol has been found
(faecal elimination?)
Strandberg et al., 1990; Miettinen e Vanhanen, 1994.
" Improve the statine action as hypocholesterolemizing
medicine.

SQUALENE
400-450 mg/100 g up to 800 mg/100 g
Cholesterol
metabolite

synthesis

intermediate

Chan et al. 1996.
" Protective action against the breast cancer
Newmark, 1999; Martin-Moreno et al. 1994; Trichopolou et al. 1995;
Landa et al. 1994
" Cutaneous anticancerogenic effects in mice
(singlet oxygen inactivator).
Kohno et al. 1995

Scheme 2. VOO phytosterols and their healthy effects
Sterols: 1440 mg/Kg oil
STEROLS (%):
Campesterol

2%

Stigmasterol

1%

b - Sitosterol

91%

D - 7 - Avenasterol
D - 7 - Stigmasterol

2%
4%

IN VIVO STUDIES:
" Reduction of the plasma concentration of total and LDL
cholesterol (inhibition of the intestinal absorption?).
Jones et al, 1997; Law 2000; Plat et al, 2000.

" 24% of reduction on the prostate cancer cell growth
and apoptosis increase of four times.
Von Holtz et al, 1998.

" Efficient in the treatment of the prostate benign
hyperplasia.
Klippel et al, 1997; Carbin et al, 1990; Wilt et al, 1999.
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Tocopherols. This is present mainly in the alpha form, i.e. the one with the highest
vitamin activity (E). These quantities vary between 124-330 mg/kg. Their effects on the
human health are widely known.
Since 1980 several epidemiological studies have been carried out to evaluate a potential
correlation between the Vitamin E supply and cardiovascular diseases. These researches,
based on the administrations of high quantities of Vitamin E for at least, two years,
allowed to strongly reduce heart disease risk.
On the contrary other studies have been demonstrated that administrations of low doses
of Vitamin E for a short time, didn’t give any important results about these pathologies.
Furthermore a GISSI study showed that the administration of 300 mg/die of –atocopherol for 3-5 years didn’t reduce the risk of death or heart attack. It has been
observed that a daily treatment with 268 mg of–a-tocopherol for l year, 4 years and 5
years didn’t achieve any effect on the high cardiovascular risk patients.
Therefore these clinical results bring to suppose that the biochemical activity of Vitamin
E could be not connected to its antioxidant properties. Its importance is probably linked
to the gene expression of molecules adhesion or activity of enzymes such as 5lipoxigenase and kinase.
Polyphenols. These substances constitute a large group of molecules present in all
plants. They are essential for plant growth, reproduction, nutrition and defence against
certain pathogens, and they are also significant in terms of the botanical
characterisation of plants. Polyphenols are also essential to plant pigmentation. One of
the characteristics common to all these compounds is that they have a genetic origin.
The most widespread ones in terms of quality and quantity are flavonoids (anthocyans,
flavans, flavonols, proanthocyanidine, etc.). Other compounds that are present and
important from a technological and nutritional standpoint are phenolic acids, tannins,
lignans, coumarins, stylbenes and, recently, secoiridoids.
The functional group characteristic of these compounds is a hydroxyl bonded directly to
a carbon atom on a benzene ring (Figure 1). Furthermore, there are liposuble other than
the hydrosoluble with the consequent possibility of protecting cellular membranes
against the "oxidative stress".
The Figure 2 shows the bio-availability of such compounds the structures of which carry
out numerous chemical, biochemical and biological activities.
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Figure 1. Base chemical structures of polyphenols in VOO
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Figure 2. Metabolic route of VOO phenols in humans
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These activities play an important role by intervening directly on sensory and nutritional
characteristics and by intervening indirectly on the product characteristics of all foods
and on their chemical stability.
Some of these compounds, particularly flavonoids and secoiridoids, have been cited as
having significant effects in the primary and secondary prevention of certain major
pathologies, namely cardiovascular disease, cancer, early aging, degenerative diseases of
the nervous system and, more recently, also in sperm pathogenesis. All of these
pathologies are linked to excessive "free radicals" and their degenerative effects.
Recently, several Italian researchers have reported that two of these compounds, tyrosol
and hydroxytyrosol, have a dose-dependent absorption corresponding to 60-80% of the
ingested quantity. A group of researchers also observed that after administering meals
rich in extra virgin olive oil to healthy volunteers, immediately after these meals the
subjects showed the presence of phenolic compounds (in this case, tyrosol and
hydroxytyrosol were measured) in all classes of plasma proteins. Proteins with very low
densities also showed an increased antioxidant capacity. Other Italian researchers
reported that the phenolic compounds in extra virgin olive oil may also exercise an antiinflammatory action (reducing the content of leukotriene B4).
A significative list of different bioactivities in humans is shown in Figure 3.
The main phenolic compounds present in VOO are shown in Table 3.
Table 3. Phenolic composition of VOO

Phenolic acids and derivatives
Vanillic acid
Syringic acid
p-Coumaric acid
o-Coumaric acid
Gallic acid
Caffeic acid
protocatechuic acid
p-Hidroxybenzoic acid
Ferulic acid
Cinnamic acid
4 - (acetoxyethil) - 1,2 - Dihydroxybenzene
Benzoic acid

Phenolic alcohols

(3,4 - Dihdroxyphenyl) ethanol (3,4 DHPEA)
(p - Hydroxyphenil) ethanol (p-HPEA)
(3,4 - Dihdroxyphenyl) ethanol-glucoside

Secoiridoids

Dialdehydic form of decarboxymethyl elenolic acid linked
to 3,4 DHPEA ( 3,4 DHPEA-EDA)
Dialdehydic form of decarboxymethyl elenolic acid linked
to p-HPEA (p-HPEA-EDA)
Oleuropein aglycon (3,4 DHPEA-EA)
Ligstroside aglycon
Oleuropein
Dialdehydic form of oleuropein aglycon
Dialdehydic form of ligstroside aglycon

Lignans

(+)-1-Acetoxypinoresinol
(+)-Pinoresinol

Flavones
Apigenin
Luteolin

Hydroxy-isocromans

9

The principal fundaments of the Mediterranean diet.

Figure 3. Principal activities of phenolic compounds present in VOO

INTERACTION WITH:

Proteins.
Carbohydrates.
Minerals (heavy metals/Felton reaction-sideremia).
Vitamins.
Cardioprotective.
Anthipertensive.
Antiatherogenic.
Anticancer.
Antimicrobial.
Anti-inflammatory.
Skin bleaching.
Lypoglicemic.
Anti-osteoporosis.
Cytostatic.
Endocrinal.
Enzyme modulation.
Sedative.
Taste buds sensibility.

POLYPHENOLS
HUMAN BIOACTIVITY

POLYPHENOLS
ACTIVITY

ANTIOXIDANTS

The secoiridoids are exclusively present in plants belonging to Oleraceae botanical
family. Their great importance in VOO, is not only for a biological point of view and for
their antioxidant capacity (shelf life) but also for their sensory properties and
characteristics of tipicity.
On the average, the phenolic compounds reach concentrations of 40 to 800 mg/kg in
extra VOOs, whereas in refined olive oils these values drop to 0.47 mg/kg. The content of
these compounds in oil is related to several variables, mainly the cultivar, the degree of
maturation of the fruit at harvest and extraction methods.
Mean values of virgin olive oil phenyl and acids alcohols and secoiridoid derviatives are
reported in Table 4.
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Table 4. Average values (mg/kg oil) of the prevalent virgin olive oil phenolic
alcohols, phenolic acids and secoiridoids evaluated on 210 oil samples from
the Mediterranean basin.
PHENOLIC COMPOUND

MEDIAN

LOWER QUINTILE

UPPER QUINTILE

3,4-DHPEA

1,8

0,8

3,6

p-HPEA

1,9

0,6

5,0

Vanillic acid

0,2

0,0

0,3

Caffeic acid

0,4

0,2

0,7

185,7

48,2

631,1

36,1

22,5

78,8

126,3

61,1

230,6

3,4-DHPEA-EDA
p-HPEA-EDA
3,4-DHPEA-EA

Sensory quality
The sensory attributes are directly ascribable to the strong stimulation of the human
sensory receptors by both volatile and some non volatile compounds present in VOO.
Volatile and non-volatile compounds are retained by VOOs during their mechanical
extraction process from olive fruits (Olea europaea L.). Non-volatile compounds such as
phenolic compounds are very important from a sensorial point of view because theiy
stimulate the tasting receptors and also the free endings of trigeminal nerve eliciting the
former the bitterness perception, the latter pungency, astringency and metallic
attributes. Furthermore they indirectly influence the "green olive fruity" sensation. The
stimulation of olfactory receptors from volatile compounds present in VOOs,
transported by the air streams during inhalation and expiration actions, gives rise to
perception of their aroma. A list of the different compounds until now identified,
assigned by GC-MS technique, is shown in Figure 4. The C6 and C5 compounds, especially
C6 linear unsaturated and saturated aldheydes represent the most important fraction of
volatile compounds of high quality VOOs from a quantitative point of view and they are
produced during the VOO extraction, in particular during olive tissue destruption by the
LOX pathway. But other neo-formation volatile compounds, namely C7-C11
monounsaturated aldehydes or C6-C10 dienals or C5 branched aldehydes and
alcohols or some C8 ketones reach high concentrations in the aroma of those
VOOs affected by sensory defects. Figure 5 shows the most important
integrative compounds responsible for the sensory characteristics of VOO.
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Figure 4. Main VOO volatile compounds and their relative sensory attributes

Compound
Aldehydes
propanal
hexanal
(E)-2-pentenal
(Z)-2-pentenal

Odour Quality

(E)-2-hexenal
(Z)-2-hexenal
(E)-3-hexenal
(Z)-3-hezenal
2,4-hexadienal

sweet, pungent, floral
green, apple, cut grass
green, apple, floral
green, pleasant
bitter, almonds, green, green apple-like, fatty, bitter almond
like, cut grass
green, fruit, sweet
artichoke, green, floral
green leaves, grassy, green, apple-like, leaf-like, cut grass
cut grass

Alcohols
ethanol
hexen-1-ol
(E)-3-hexen-1-ol
(Z)-3-hexen-1-ol
(E)-2-hexen-1-ol

alcoholic, ripe apple, floral
fruity, aromatic, soft, cut grass
fruity, fatty, pungent, cut grass
banana, leaf-like, green-fruity, pungent
green, grassy, fruity, fatty, pungent

Esters
methyl acetate
ethyl propanoate
ethyl isobutyrate
ethyl 2-methylbutyrate
ethyl 3-methylbutyrate
(Z)-3-hexenyl acetate
hexyl acetate
3-methylbutyl acetate

ester
sweet, strawberry, apple
fruity
fruity
fruity
green-banana, fruity, green, green leavers, floral, ester
sweet, fruity, floral
banana
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Figure 5. Integrative compounds responsible for the sensory characteristics of VOO

SMELL
IMPACT COMPOUNDS
1-PENTEN-3-OL
(E)-2-HEXENAL
3-HEXENOL
(Z)-3-HEXENOL
(E)-3-EXENOL

FLAVOR INTEGRATIVE COMPOUNDS
PENTANAL
HEXANAL
6-METHYL-5-HEPTEN-2-ONE
3-HEXENYL-ACETATE

TASTE
IMPACT COMPOUNDS
HYDROLYZABLE POLYPHENOLS:
3,4-DHPEA-EDA*
3,4-DHPEA-EA
p-HPEA-EDA**
(+)-1-ACETOXYPINORESINOL
HYDROXYITYROSOL (3,4-DHPEA)
TYROSOL (p-HPEA)

FLAVOR INTEGRATIVE COMPOUNDS
SATURATED AND UNSATURATED C5-C6 ALDEHYDS
AND ALCOHOLS

* Dialdheydic form of elenolic acid linked to 3,4-HPEA (3,4-HPEA-EDA);
** Dialdheydic form of elenolic acid linked to p-HPEA (p-HPEA-EDA).

Influence of agronomic and technological factors on VOO quality
Among those VOO minor components that strongly affect its quality, polyphenols,
secoridoids in particular, and volatile compounds depend on the cultivar, climate,
ripeness of the olives at harvesting, and the processing system employed for the
production currently present on the market.
A scheme of the agronomic and technological factors, their effect on the chemical
composition and on the VOO quality is reported in Figure 5.
In fact those factors strongly affect the polyphenols concentration in VOO. Higher
modification, in particular are observed for the secoiridoid derivatives.
As regard the volatile substances, the qualitative and quantitative presence of C6 and C5
compounds responsible for the different nuances of the positive VOO attributes, is
strictly related to the level and the activity of enzymes involved in the LOX
pathway . The enzymatic levels are genetically determined, whereas many
agronomic and technological aspects affect their activities.
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Figure 6. Effect of different agronomic and technological factors on the VOO quality
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Climate and agronomic factors
Phenolic compounds. Phenolic composition of fruit is qualitatively affected by the
cultivar. Thus, while the oleuropein is almost present in the drupes of all the olive
cultivars, the demethyloleuropein and verbascoside, on the contrary, are cultivardependent and has been proposed as marker for the genetic origin of fruit. The fruit
ripening also affects the phenolic composition of olive drupe: oleuropein decreases
during maturation while demethyloleuropein increases. The concentration of both
compounds, however, strongly decreases in over-ripened olives.
The olive cultivar also affects the absolute concentration of the specific phenols of VOO,
while the phenolic profile remains almost the same.
The negative effect of fruit ripening on the phenolic concentration of VOO is particularly
clear. The phenols in fact show the lowest concentration in oils obtained from overripened olives.
Several results related to the relationships between water availability during olive
growing and phenolic concentration of VOO show that their concentration is greatly
affected by the absolute disposability and distribution of water during the vegetative
cycle of olive tree. The authors, for instance, concluded that the phenols in VOO increase
when the olives are grown under conditions of regulated deficit of irrigation.
Volatile compounds. As regard the VOO volatile composition several studies have
demonstrated that the cultivar is the dominant factor in the classification of different
varieties.
More recently a research performed on monovarietal VOOs samples of three Italian Cvs.
from various Italian areas and harvested at different ripening stages, showed that the
genetic origin of the olives is the prevalent factor that affect their volatile composition.
Furthermore, during the olive ripeness the amount of volatile compounds, especially of
trans-2-hexenal, increases until a maximum concentration occurring when fruits turn
their skin colour from yellow-green to purple.
Beyond this time the concentration of volatile compounds decreases because of a lower
activity of enzymes involved in their production with a weakening of the intensity of
some "green" sensory notes.
Climatic and agronomic conditions of olive growing might influence volatile profile of
VOOs from the same cultivar.
In this ambit the relationships between the water availability during fruit ripening and
the volatile composition has been studied.
In fact although the response of volatile compounds concentrations depended mainly
on the growing season, there were some consistent trends which could be attributed to
water status. In particular, several volatile compounds, such as hexanal, (E)-2-hexenal
("green" and "fruity" sensations), and other lypoxigenase derivative products, were
positively correlated with the irrigation rate.
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Technological factors
Phenolic compounds.
VOO mechanical extraction process. Since the occurrence of phenols in VOO is strictly
related to the activities of various endogenous enzymes of olive fruit, their
concentration in the oil is strongly affected by the extraction conditions. In this context,
crushing and malaxation are the most important critical points of the oil mechanical
extraction process.
Some secoiridoids (aglycons) are originated, during crushing, by the hydrolysis of
oleuropein, demethyloleuropein and ligstroside catalysed by the endogenous –aglucosidases. During malaxation the concentration of secoiridoid aglycons and phenolic
alcohols decrease in olive pastes and oils with increasing time and temperature of
processing. The distribution of phenols between the oil and the water phase, as related to
their liposolubility, is not the only mechanism involved in the reduction of the oil
phenolic concentration during malaxation: oxidative reactions catalysed by endogenous
oxidoreductases such as polyphenoloxidase and peroxidase can promote the phenolic
oxidation during processing.
The enzymes inhibition and the reduction of the O2 concentration during malaxation,
improve the concentration of hydrophilic phenols in olive paste and VOO. In this context
the time of exposure of olive pastes to the air contact (TEOPAC) was studied as
processing parameter to regulate the averaged concentration of oxygen in the paste and
as consequence the phenolic amount in the oil.
Furthermore the natural production of inert gas such as CO2, due to the olive cell
metabolism during malaxation, may combined with the use of nitrogen or argon to
reduce the O2 contact with the olive pastes during processing.
The application of new technologies, such as oil mechanical extraction from stoned
pastes, that can improve the oil phenolic concentration, confirms the relationships
between the control of oxidative reactions during processing and the phenolic
concentration in the oil. In fact, because of the peroxidase is highly concentrated in the
olive seed, the stoning process, excluding the olive seed before malaxation, partially
removes the peroxidase activity in the pastes and consequently can reduce the
enzymatic degradation of the phenols in the oils during processing, thus improving their
concentration and oil oxidative stability.
The oxidative reactions occurring in the pastes during malaxation can explain also the
relationships between the phenolic concentration in VOO and the malaxing temperature.
Interactions between polysaccharides and phenolic compounds present in the olive
pastes may also be involved in the loss of phenols during processing. Polysaccharides
may link phenols in the pastes thus reducing their release in the oil during crushing and
malaxation. In this regard, it has been shown that the use of technical enzymatic
preparations containing cell wall degrading enzymes during processing can improve the
oil phenolic concentration.
Extraction system, such as pressure and centrifugation, plays an important
role in the oil phenolic composition. In fact, in the traditional centrifugation
system a large amount of water (50-100 L/100 kg of olive pastes) is added
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before centrifugation, to reduce the viscosity of pastes and to improve oil separation
from the solid phase. Water addition to the olive pastes, however, modifies the
distribution of phenols between oil and water improving their release in the water phase.
For this reason the oil obtained by pressure system, that does not require addition of
water to the olive pastes, shows higher phenolic concentration in comparison to the one
obtained by the traditional centrifugation process.
During the last ten years, however, new centrifugation systems have been developed
that require less water for the oil separation. As a consequence the decanters at present
time, used to separate the oil phase from the olive pastes in the centrifugation systems,
can be classified in three groups: a) traditional three-phases decanter (50-100 litres of
added water per 100 kilograms of olive pastes); b) three-phases decanter at low water
addition (10- 30 litres of added water per 100 kilograms of olive pastes); c) two-phases
decanter that can work without water addition.
Several research works have been carried out to compare the traditional three-phases
decanter with the new two-phases decanter. Results obtained using two typical Italian
cultivars such as Coratina and Ogliarola, put in evidence higher concentration of
hydrophilic phenols in VOO extracted using two-phases decanters as compared to the
traditional three-phases centrifuges.
Similar results were obtained, using Spanish and Greek cultivars, by other authors. An
increased concentration of phenols was also observed in oils extracted by three-phases
decanters at low water addition as compared to the traditional three-phases centrifuges.
VOO storage. During storage the phenolic composition of oil are modified by the
endogenous enzymatic activities contained in the cloudy oils. These enzymes can reduce
the "pungent" and "bitter" sensory notes that are related to the secoiridoid aglicons and,
at the same, can origin olfactive and taste defects. The oil filtration, that partially remove
water and enzymes to the oil, strongly reduced the phenolic modification during storage.
Volatile compounds.
VOO mechanical extraction process. As it was already remembered, almost all volatile
compounds of a good quality VOOs give rise at the moment of tissue disruption of the
olive pulp, therefore the effectiveness of crushing plays an important role in their
production. The use of an hammer mill crushers, which determining a more violent
grinding of pulp tissues causes an increase of the olive paste temperature and the
reduction of hydroperoxide lyase activity. In this context the use of new crushers such as
the blade crusher improves the concentration of volatile compounds, especially of
hexanal, trans-2-hexenal and C6 esters, with a consequent increase of the intensity of
grass and floral sensory notes Several researches have shown that olive stoning during
VOO mechanical extraction process increases the phenolic concentration in VOO and, at
the same time, modifies the composition of volatile compounds produced by the
lipoxygenase pathway. These results are particularly important because they would
demonstrate that the enzymes involved in the LOX pathway have a different
activity in the pulp and in the seed.
The malaxation, moreover, increases the volatile concentration in the pastes,
showing that the enzymes involved in the LOX pathway remain active during
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the process. The composition of the VOOs produced by the extraction process from
traditional and stoned olive pastes confirm that the amount of C6 unsaturated
aldehydes was greater in the VOOs obtained from the stoning process, while the seed
presence in the traditional extraction process increased the concentration of C6
alcohols.
Time and temperature of malaxation affect the volatile profile and therefore the sensory
characteristics of the resulting VOOs.
The increase of alcohols and of C6 and C5 carbonyl compounds, especially of hexanal,
which, due to its low odour threshold, represents an important contributor to the olive
oil flavour, is the main effect of the malaxation time, whereas high temperatures of
malaxation promote a fall of esters and cis-3-hexen-1-ol and an accumulation of
hexan-1-ol and trans-2-hexen-1-ol, both considered by some authors as eliciting odour
not completely agreeable. In addition high temperatures in the malaxation step make
active the amino acid conversion pathway with production of considerable amounts of
2-methyl-butanal and 3-methyl-butanal, but without accumulation of corresponding
alcohols correlated with "fusty" defect.
The sensory analysis highlights a weakening of typical "green" attributes with the
prolonging of malaxation time and of all sensory notes with high temperatures during
the malaxation.
The final volatile profile is also influenced by the system used for extracting oil. The most
widespread systems for the separation of the oil from the olive pastes are the
centrifugation and pressing methods.
The losses in volatile compounds depend on the importance of the interactions between
on one hand oil and solids and on the other oil and vegetation waters that are reduced to
a minimum when the traditional pressing plant is adopted. But it must be underlined
that for obtaining high quality olive VOOs pressing plant needs to work fruits of the same
good quality and in a continuous way to prevent possible fermentations and/or
degradation phenomena of residues of pulp and of vegetation waters on the filtering
diaphragms.
The addition of warm water to dilute the olive pastes to be extracted by means of the triphase centrifugal decanters can explains the decrease in C6 alcohols, hexan-1-ol and
trans-2-hexen-1-ol with respect to oils separated by pression. The loss in volatile
compounds and, especially in phenolic substances, has been surmounted by the
adoption of decanters able to separate the oily phase from the malaxed pastes without
requiring any addition of warm water.
VOO storage. The olive oil profile changes during its storage because of the
simultaneous drastic reduction of compounds from LOX pathway and the neoformation of some volatile compounds responsible for some common defects known as
"rancid", "cucumber" and "muddy sediment" attributes.
Among saturated aldehydes nonanal and above all hexanal increase in
parallel to the oxidation process, but this last cannot be considered an useful
marker of oxidation since it is also present in the aroma of high quality VOOs.
Finally, the presence of the sediment consequent to unfiltered olive oil
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decantation during its storage can determine, under suitable conditions of temperature,
the production of unpleasant compounds responsible for the typical "muddy sediment"
defect due to the fermentation that produce compounds, likely of butyric kind.
Is the Italian VOO different from the other VOOs?
The Italian extra virgin olive oil, as evidenced above, is different from the other extra
virgin olive oils because of several environmental, variety and technological factors
which strongly affect on the chemical variability of the fruit, often in an exclusive way.
o
Indeed, pedoclimatic condition in particular, high temperatures (over 25-30 C) and low
availability of water during the fruit ripening have negative effects on the "minor
compounds" concentration. This concept means that these VOO peculiar characteristics
might be really guaranteed for the consumer, according to the bond between VOO and
olive growing.
In fact, also according to the pedo-climatic environment, the olives’ variety, the ripening
degree, the relative VOO might present a different chemical composition, in particular
for its "minor compounds" which are very important for biological, health and sensory
properties of VOO.
Furthermore the different variables of the VOO extraction technology and the storage
are become very important for the VOO quality. In particular the new very rapid machines
allow to preserve the entire qualitative potential of the olive in the relative oil (variety
and territorial naturalness-tipicity), emphasizing the presence of some components
responsible of aromatic sensations and of important nutritional effects.
At this regard it is important to underline that the VOO extraction procedures should be
labelled.
According to the several climate, territorial agronomic and technological factors, in Italy
different VOO typologies are individuated and certified by specific UE Regulations (2081
and 2082/92 U.E. Regulations) and labelled by the D.O.P. and the I.G.P. brands.
Italy has the DOP VOOs European primacy: in fact it has 37 recognized DOP plus the
Tuscan IGP. The DOP and IGP products are unique and unrepeatable, attached to a
specific territory, to their tradition and their history. This strong relationship is
guaranteed by a production disciplinary and by a discipline codex the respect of which is
controlled by a further body recognized by the Minister for the agricultural activities.
Conclusions
For concluding, the fundamental characteristics of an Italian VOO that should
distinguish it from other non Italian VOOs are represented by their peculiar chemical
composition namely about 100 molecules contained in very low amounts it the VOOs,
the variables of which might determine the explicit difference.
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