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Preface

This book illustrates the role of the Mediterranean diet in connection with well-
being and particularly its impact on health and elderly care, as well as on the mecha-
nisms of aging.

Aging is a natural process of human life. The knowledge that a healthy dietary 
regimen like the Mediterranean diet can effectively prevent or delay many diseases 
typically affecting aging people may help to better manage the aging process. From 
this point of view, knowledge of the numerous benefits of the Mediterranean-style 
diet may effectively reduce the burden of elderly care.

As early as the 1950s, Ancel Keys pointed out the effectiveness of the 
Mediterranean diet in helping to control, and possibly avoid, myocardial infarction 
and in improving cholesterol metabolism. Quite soon after the first studies were 
published, it became clear that the Mediterranean diet was beneficial in the preven-
tion and management of not only cardiovascular disease but also many other dis-
eases, from diabetes to hypertension, from cancer and thrombosis to 
neurodegenerative diseases, including dementia.

The biological effects of the Mediterranean diet appear to be due to the synergis-
tic effects of its phytochemicals. This is why no single component can replace the 
combination of natural phytochemicals of the Mediterranean diet to achieve the 
observed health benefits. In this context, the Mediterranean diet with its main com-
ponent virgin olive oil has been shown to exert a potent anti-inflammatory, anti-
oxidant, and anti- cancer activity. The many components of Mediterranean diet, and 
particularly the polyphenols of virgin olive oil, promote these protective effects 
through epigenetic mechanisms, modifying the gene transcription activity toward a 
protective mode.

Examining those benefits in detail, this book offers a valuable educational tool 
for young professionals and caregivers, as well as for students and trainees in geri-
atrics and nutrition.

Bari, Italy Antonio Capurso
Padua, Italy  Gaetano Crepaldi 
Foggia, Italy  Cristiano Capurso 
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1The Historical Origins and Composition 
of Mediterranean Diet

1.1  The Historical Scenario of Mediterranean Diet Around 
1000 AD

Around the year 1000 AD, the eating habits of the European continent and of the 
Mediterranean area could be referred mainly to two well-defined models, which in 
turn derived from the two main European civilizations: the “classical” civilization 
and the “barbarian” civilization, which were very different one from the other and 
had been for a long time strongly pitted against each other.

The “classical” Greco-Roman civilization, which essentially had emerged and 
evolved in the Mediterranean basin, assigned a primary role to growing cereals 
(mostly grain) and arboriculture (mostly olive trees and grapes), alongside  some 
livestock rearing, mainly of sheep and goats. This productive model was the main 
reference for a food culture mostly based on the “bread-olive oil-wine” triad, inte-
grated, but only slightly, with meat and fish as well as sheep and goat cheeses.

The “barbarian” Celtic and Germanic civilization, which on the other hand had 
developed in the continental part of Europe, preferred a seminomadic lifestyle with 
an essentially silvo-pastoral economy based mainly on the exploitation of wild and 
forested areas through hunting, fishing, the gathering of wild fruits, and the rearing 
of free-range livestock, mostly of pigs. In this “barbarian” context, the growing of 
cereals played a marginal role as, instead of having the aim of producing flours, it 
was mostly destined to the production of beer, the beverage that in those lands 
replaced wine.

So, in that historical context, two main dietary models opposed each other, the 
European barbarian model, based on the “meat (from game), animal fats, and 
beer  triad,” and the Mediterranean Greco-Roman model based essentially on the 
“bread–olive oil–wine triad.”

In 476 AD there was the fall of the Roman Empire. This date is historically con-
sidered as the end of the Antiquity Era and the passage to the Middle Ages. The 
subsequent centuries, from 400 to 800 AD, were characterized by huge human 
migrations in Europe, with northern and eastern European populations moving 
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toward the south, toward the land of the Roman Empire. These “barbarian” migra-
tions created an increasing pressure on the outer boundaries of the Roman territo-
ries, so greatly contributing to the collapse of the Roman Empire:

With the passage from Antiquity to the Middle Ages, the two “civilization” mod-
els, the Greco-Roman and the Barbarian, finally met and clashed with each other 
(Fig. 1.1).

It was a clash, because both civilizations tried to forcefully impose themselves 
on each other, and a meeting, because the two civilizations ended up blending into 
each other, growing richer with the most useful elements from the other. In this 
context, the food models also blended, with the growing of cereals, grapes, and 
olives typical of the Mediterranean spreading to Northern Europe. Bread, wine, and 
olive oil, the fundamental elements of the Mediterranean diet, became widespread 
in the northern countries, also because of their central role in the rituals and symbols 
of Christianity. With these elements regarded as liturgically indispensable, churches 
and monasteries became the means through which the food model of the “classical” 
civilization spread, with these products not remaining confined to the liturgical 
sphere but reaching also the daily food habits of the people.

At the same time, the Germanic production and dietary model was diffusing widely 
in the southern regions of Europe, concomitant with the political and social ascen-
dancy of its propagator. So, in the southern regions, there began to spread a different 
attitude toward uncultivated areas—woods, pastures, and marshes—abundantly pres-
ent in the south, left to grow wild and desolate during the premedieval transition ages. 
The novelty was that these uncultivated areas were to become used as places for 
breeding, hunting, fishing, and harvesting. The result was the diffusion of a mixed 

Fig. 1.1 The meeting/clash of the two civilizations, the Greek-Roman and the Barbarian
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productive system—agro-silvo-pastoral—and, consequently, of a new feeding model 
in which animal products featured much more than before, along with products of 
vegetable origin. Regarding the vegetables, in particular, the Greco-Roman popula-
tion learned from the barbarians to develop a localized horticultural production from 
small plots of land surrounded by uncultivated ground and the settlements, so intro-
ducing the consumption of vegetables in their Mediterranean diet.

Nevertheless, in the region of southern Italy, the peasant classes, less receptive to 
change, continued to produce and consume grain, olive oil, and wine, the typical 
products of the “classical” Roman and Mediterranean civilization, mostly because 
of the existing traditions and their dislike of innovations. The only innovation they 
accepted was that they learned to grow vegetables which entered their daily diet.

The northern regions, especially the Po river basin and Lombard Emilia, which 
had quickly become “Germanized,” rapidly adopted the new “barbarian” models 
based on low-profile cereals, meat (especially pork), and animal fats.

To conclude, the roots of the Mediterranean diet are all derived from the classic 
Greco-Roman model of diet. It was therefore the southern peasants who, by resisting 
the penetration of the new “barbarian” food models imported by the Lombards, pre-
served the traditions of wheat bread, olive oil, wine, and of growing cereals. Several 
centuries had to pass before the “bread–oil–wine” triad was reconsidered from a new 
perspective, that is, an especially healthy diet that can prevent numerous diseases, 
particularly myocardial infarction and coronary heart diseases, cancer, and diabetes.

1.2  The Implementation of the Mediterranean Diet Along 
the Centuries

The basic elements of the basic Mediterranean diet, i.e., the “bread–olive oil–
wine triad,” progressively grew more diversified over the centuries (Fig. 1.2).

The first integration came from the “barbarian” invasions. The Germanic produc-
tion and dietary model was rapidly and widely diffusing in the southern regions. In 
particular, the peasants learned from  the barbarians to grow fresh vegetables in 
small plots of land near the house (the present backyard), and to harvest wild herbs 
and vegetables from the woods and uncultivated areas, to enrich their poor daily 
diet. Given the abundance of waters in the territory—marshes, ponds, rivers, 
streams, and lakes—freshwater fish consumption spread also extensively and took 
its place beside that of saltwater fish which, till then, had been the sole practice.

The second important integration of Mediterranean diet took place after the discovery 
of America by Christopher Columbus, August 3, 1492 AD. Spanish sailors imported to 
Europe new kinds of foods that Europeans had never heard of or seen: tomatoes, pota-
toes, corn, bell peppers, chili peppers, beans, pumpkins, pineapples, blueberries, sun-
flowers, peanuts, cocoa (chocolate), vanilla, tobacco, and unfortunately also syphilis.

So, the present Mediterranean diet is the result of a progressive enrichment along 
the centuries, starting from the basic Greco-Roman triad—bread, olive oil, and 
wine—with subsequent important contributions from “barbarian” invasions and 
from the discovery of America, the new continent.

1.2 The Implementation of the Mediterranean Diet Along the Centuries
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1.3  The Rediscovery of the Mediterranean Diet

The rediscovery of Mediterranean diet was essentially due to Ancel Keys, in the 
early 1950s.

Ancel Keys, professor of Human Physiology at the University of Minnesota and 
expert in nutrition and epidemiology, foresaw the benefits of this diet while visiting 
the isle of Crete in the 1940s, during the Second World War. Keys’s attention was 
especially caught by how people in Crete never suffered from myocardial infarc-
tion, a disease that was almost unknown on the island, and he realized that their diet, 
based on oil, bread, and wine with vegetables, legumes, and fresh fruits, was the 
main reason for it.

Ancel Keys came to Italy for the first time in 1944, during the Second World War, 
landing at Paestum with the 5th US Army, and was so struck by the beauty of the 
place and the quality of the diet that he decided to come back in the future. In the 
early 1950s, traveling through several European countries together with Professor 
Paul White, Eisenhower’s cardiologists, Ancel Keys noticed that wherever choles-
terol levels were low, there were very few cases of myocardial infarction. A critical 
event in his trip was the 1st International Conference on Human Nutrition held in 
Rome in 1952, where Ancel Keys met professor Bergami, chair of Human 
Physiology at the University of Naples, who invited him to verify the cholesterol 
levels among different social classes of Naples and to meet with doctors who 

HOW  THE MEDITERRANEAN DIET ENRICHED IN THE TIME

100 BC-
Roman Empire 

400–800 AD
Barbarian invasions 

1492–Discovery of
America  

Fig. 1.2 How Mediterranean diet developed over the centuries

1 The Historical Origins and Composition of Mediterranean Diet



5

reported the rarity of myocardial infarction cases at their hospitals. The low choles-
terol levels in southern Italy were immediately self-evident, leading to an early pilot 
study on cholesterol levels and diet in Nicotera, Calabria. Soon after, Ancel Keys 
embarked on the “Seven Countries Study,” which conclusively demonstrated the 
effects of diet on human health and in particular the negative impact of animal fats, 
as opposed to the positive effects of unsaturated vegetable fats (extra-virgin olive 
oil) on the levels of cholesterol in the blood and on myocardial infarction 
incidence.

The “Seven Countries Study” [1], which could be considered the major break-
through study on coronary risk factors, enrolled 12,520 subjects aged 40–59 from 
7 countries (the United States, Italy, Finland, the Netherlands, Greece, Yugoslavia, 
and Japan), free of atherosclerosis and coronary artery disease. The subjects were 
monitored over an average period (follow-up) of 5 years. The number of fatal and 
nonfatal myocardial infarctions was much lower in southern European countries, 
the ones that had the lowest level of serum cholesterol and a diet rich in unsatu-
rated fatty acids, derived essentially from olive oil (Greece, 20 cases of infarction 
per 10,000 people per year; Yugoslavia, 53 cases/10,000; Italy, 100 cases/10,000), 
compared to the northern Europe countries and the United States, whose level of 
serum cholesterol was much higher and the diet was very rich in saturated (ani-
mal) fats (Holland, 139/10,000; United States, 177/10,000; Finland, 198/10,000).
The main data that emerged from the study was that the food habits of the popula-
tions living on the shores of the Mediterranean Sea protected  the hearts of this 
population from infarctions, and the most important element of these food habits 
was the considerable daily consumption of extra-virgin olive oil, which supplied 
up to 40% of the daily caloric intake. In this study, Ancel Keys coined the term 
“Mediterranean diet” [2].

1.4  What Is the Mediterranean Diet?

The Mediterranean diet is a way of eating based on the traditional foods (and drinks) 
of the countries surrounding the Mediterranean Sea.

 There are many Mediterranean diets. At least 16 countries border the 
Mediterranean Sea. Diets vary between these countries and also between regions 
within a country. Many differences in culture, ethnic background, religion, econ-
omy, and agricultural production result in different diets but with a common 
Mediterranean pattern, consisting of:

• High consumption of fruits, vegetables, bread and other cereals, potatoes, beans, 
nuts, and seeds

• Olive oil as an important monounsaturated fat source
• Dairy products, fish and poultry consumed in low to moderate amounts, and little 

red meat 
• Eggs consumed zero to four times a week
• Wine consumed in low to moderate amounts, only during meals

1.4 What Is the Mediterranean Diet?
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Because olive oil was the principal source of fat in the Cretan diet (see section 
1.5.1  this chapter), the model has been extended to include diets consumed in 
Mediterranean regions where olive oil is produced. In this manner, the generic term 
“Mediterranean diet” is used, in practice, to refer to dietary patterns similar to that 
of Crete in the early 1960s and other regions in the Mediterranean area where olive 
oil is a major fat source.

For Trichopoulou et al. [3], who studied older people in Greek villages, the eight 
characteristics of the traditional Greek Mediterranean diet are:

 1. A high ratio of monounsaturated to saturated fat
 2. Moderate alcohol consumption
 3. High consumption of legumes
 4. High consumption of cereals (including bread)
 5. High consumption of fruits
 6. High consumption of vegetables
 7. Low consumption of meat and meat products
 8. Low consumption of milk and dairy products

In a south Italy cohort (Bari-Casamassima) the dietary habits of the residents, 
65–85 years old, were assessed by our group in the context of the large “Italian 
Longitudinal Study on Aging” (ILSA) [4], a prospective open study conducted in 
eight Italian areas to evaluate aging factors in a normal elderly population and the 
relationships between dietary macronutrient intakes and age-related changes, 
including cognitive functions. A semiquantitative food frequency questionnaire 
evaluating macronutrient energy intakes was administered to non-demented elderly 
subjects from the randomized cohort of 704 subjects. The daily diet of this elderly 
population resulted to be the typical Mediterranean diet (Fig. 1.3), with 47–50% of 
daily energy intakes derived from carbohydrates (bread and pasta), 12–14% from 
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proteins (mostly plant proteins coming from cereals and pulses), and 30% from fats, 
of which 7–8% from saturated fats, 20% from monounsaturated fats (extra-virgin 
olive oil), and 6–7% from polyunsaturated fats. Daily caloric intake from alcohol 
was 4–10% (Fig. 1.3). A significant inverse correlation between monounsaturated 
fatty acid (MUFA) energy intake and cognitive decline (MMSE <24) was found. 
The effect of education on the odds of having a MMSE score < 24 decreased expo-
nentially with the increase of MUFA intakes, from an OR of 32 in the subjects of the 
lower percentile with a daily intake of 800 KJ of MUFA to an OR of 0.6 in the high-
est percentile with a daily intake of 2000–2400 KJ from MUFA. The conclusions 
were that in the elderly south Italy population with a typical Mediterranean diet, 
high daily MUFA intakes resulted in a strong protection against age-related cogni-
tive decline (ARCD and MCI).

A good example of Mediterranean diet is the Mediterranean diet pyramid sug-
gested by Willett, Trichopoulou et  al. [5]. This pyramid reflects Mediterranean 
dietary traditions which historically have been associated with good health. This 
pyramid is based on food patterns typical of Crete, the rest of Greece, and of south-
ern Italy in the early 1960s, where adult life expectancy was among the highest in 
the world and rates of coronary heart disease, cancers, and other diet-related chronic 
diseases were among the lowest.

1.5  The First Studies on the Mediterranean Diet 

1.5.1  The Rockefeller Foundation Report: The Cretan Study

The first description of a Mediterranean-style diet is illustrated in a report of the 
Rockefeller Foundation of the 1950s. In 1948, the Greek government, concerned 
about the need to improve the postwar economic, social, and health conditions of 
the Greek population, invited the Rockefeller Foundation to undertake a major epi-
demiologic study on the island of Crete to determine how best to raise the popula-
tion’s standard of living. The Rockefeller Foundation appointed the epidemiologist 
Leland Albaugh. The survey was conducted in 1948–1949. The results were pub-
lished in 1953 [6]. The data of the survey evidenced that 61% of daily caloric intake 
of the Cretan population was essentially derived from cereals, pulses, potatoes, veg-
etables, fresh fruit, and nuts, and another 30% of caloric intake was derived from 
extra-virgin olive oil as the unique alimentary fat. Contrary to this Mediterranean-
style diet, the US diet in the same years had 65% of its daily caloric intake from 
meat, eggs, dairy products, fats, and sugar and 25% of calories from bread [6].

The Cretan cuisine was described as follows: “Olives, cereal grains, pulses, wild 
greens and herbs, and fruits, together with limited quantities of goat meat and milk, 
game, and fish have remained the basic Cretan foods for forty centuries… No meal 
was complete without bread… Olives and olive oil contributed heavily to the energy 
intake… Food seemed literally to be swimming in oil” [6].

However, despite the wealth of information provided by the Rockefeller 
Foundation report, the interest in the health implications of Mediterranean diet 
began with the work of Ancel Keys in the 1950s.

1.5 The First Studies on the Mediterranean Diet 
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1.5.2  The Meeting of Ancel Keys with the Mediterranean Diet

Keys reported that his introduction to the Mediterranean diet began in the early 
1950s when he was a visiting professor at Oxford. In 1951 he chaired the first con-
ference of the Food and Agriculture Organization of the United Nations at their 
headquarters in Rome. Ancel Keys said: “The conference focused only on nutri-
tional deficiencies. When I asked about the diet and the new epidemic of coronary 
heart disease, Gino Bergami, Professor of Physiology at the University of Naples, 
said coronary heart disease was not a problem in Naples.”

In 1952, impressed by the low rates of heart disease in the Mediterranean region, 
Ancel Keys initiated a series of investigations on the diet in several populations.

Probably the best description of Mediterranean diet is that of Ancel Keys, when 
he came in Italy at the beginning of 1950s:

“Home made minestrone … pasta in endless variety … served with tomato sauce 
and a sprinkle of cheese, only occasionally enriched with some bits of meat or 
served with a little local seafood … a hearty dish of beans and short lengths of 
macaroni … lots of bread never more than a few hours from the oven and never 
served with any kind of spread; great quantities of fresh vegetables, a modest por-
tion of meat or fish perhaps twice a week, wine of the type we used to call ‘Dago 
red’ … always fresh fruit for dessert” [7].

Later, Keys said “The heart of what we now consider the Mediterranean diet is 
mainly vegetarian: pasta in many forms, leaves sprinkled with olive oil, all kinds of 
vegetables in season and often cheese, all finished off with fruit and frequently 
washed down with wine … it is much lower in meat and dairy products and there 
are some differences in dessert. What we call pie is almost unknown, as are corn-
starch and steamed puddings. Cakes are mostly special types for Christmas and 
Easter and fresh fruit is the standard dessert" [8].

In the book Eat Well and Stay Well [9], published in 1960 in collaboration with his 
wife Margaret, Keys said: “Years later, when called on to devise a diet for the possible 
prevention of coronary heart disease, we looked back and concluded it would be hard 
to do better than imitate the diet of the common folk of Naples in the early 1950s.”

Having found that  the typical dietary pattern of the Greek island of Crete and 
south Italy was associated with especially good health, this pattern has come to be 
viewed as the Mediterranean diet model.

As olive oil was the principal source of fat in the Cretan and south Italian diets, 
the model of Mediterranean diet was extended to include diets consumed in olive- 
producing Mediterranean regions. In this manner, the generic term “Mediterranean 
diet” was used in practice to refer to dietary patterns similar to those of Crete and 
south Italy in the early 1960s and in other regions in the Mediterranean area where 
olive oil is a major fat source.

Finally, it should be said that Mediterranean diet is not only a diet but rather a 
philosophy of life, which includes non-dietary lifestyle factors such as moderate 
physical activity (walking every day) and resting in the middle of the day (siesta) 
after an enjoyable family meal (Fig. 1.4).

1 The Historical Origins and Composition of Mediterranean Diet
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2Extra-Virgin Olive Oil (EVOO): History 
and Chemical Composition

2.1  The History of Olive Oil and Olive Trees

The historical scenario of olive oil begins during the Copper Age (sixth millennium 
BC), when humans began hunting, fishing, and agricultural activities: from a spiny 
bush with small fruits, big kernel, and a little pulp, a thick-oily-beneficial-tasty liq-
uid could be obtained. The plant and its fruit were then improved over the 
centuries.

In that ancient time, along the Mediterranean coastline, from Syria to North 
Africa, from Greece to South Italy, there were bushy olive groves. The hills sloping 
down to the sea were covered with these evergreens with the silvery leaves.

A similar sight filled Abraham and his people with admiration when they arrived 
2000 years before Christ at the east Mediterranean coast from the ancient 
Mesopotamian city of Ur, after a long journey across the desert.

Palestine must have seemed to be a happy land to the eyes of the ancient Hebrews. 
In Canaan, the new people soon learned to use the olive berries for their oil.

Two thousand years later, in the time of Jesus Christ, the olive groves still cov-
ered the hills of Palestine. In the Gospel according to St. Mark, it is recorded that 
Jesus, coming with his disciples from Galilee to Jerusalem, after having been to 
Jericho and restored sight to the blind man, stopped near the Mount of Olives, which 
was a hill covered with olive trees on the outskirt of Jerusalem. In David’s city, there 
was another place, called Gethsemane, where one could rest in the shade of olive 
trees. Jesus went there with his disciples and prayed before his arrest. Today, in the 
garden of Gethsemane, there are eight centuries-old olive trees, certainly regener-
ated from shoots of earlier olive stumps.

The quotations from the Bible and the Gospels are surest documentation that the 
olive has a millenary presence in the Middle East.

It should be mentioned, however, that in the West, along the Mediterranean coast 
up to 40 miles from the sea, the olive was part of the spontaneous vegetation of 50 
million years ago. Fossilized olive leaves of the Cenozoic Era have been found in 
Italy, around Senigallia and Mongardino Bolognese, and in Tuscany. Olive country, 
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therefore, is not this or that land but all lands that look on the Mediterranean, 
whether plain or hill, and even with rocky soil.

 In antiquity, the olive was a wild plant, with the features of a tree of little account: 
a trunk of limited height with compact foliage; long narrow, silvery green leaves; 
and black shiny drupes with little flesh and a bitter taste. Such is the portrait of the 
oleaster or wild olive tree Olea europaea sylvestris et oleaster. This plant has no 
claim to fame except for its having given life to the sweet-natured and better fea-
tured arboreal line of Olea europaea sativa. This is the domesticated or cultivated 
olive which combined in it the more rustic shapes of the oleaster and the more 
graceful shapes of our present olive trees.

To whom is the merit for first cultivating the olive? It is difficult to say: the ability 
to transform a spiny, bitter-berried plant into a docile tree in man’s care has been 
acquired through the experience of many people through the centuries.

It is known for certain that, from very early times, the olive was cultivated and 
appreciated for its oil in Syria, Palestine, and Crete. The Phoenicians, considered 
the most expert navigators and capable merchants of 2000 BC, exported olives from 
southern Syria and Lebanon, their lands of origin, to the coastal countries of the 
Mediterranean and made known the good qualities of the “liquid gold” to the peo-
ples with whom they had commercial contact.

In the twelfth century BC, the Phoenicians, oppressed at home by the invasion of 
the “People of the Sea,” emigrated to those places which up till then had been sim-
ply their landings and transformed them into naval and trade colonies. Mozia (a 
small island off Marsala), Solunto, and Panormo (now, Palermo) thus became mar-
ket based for mercantile activity in the West.

Large Phoenician sail- and oar-propelled ships navigated in the shelter of the 
Mediterranean coast, so they could better meet the dangers of both storms and 
attacks by sea robbers who, alas, made raids on everything. The mariner-merchants, 
when things went well, landed at the usual coastal villages where they knew by 
experience they could do good business. As soon as they arrived, they began unload-
ing their wares, which were brought ashore, in large hemp baskets: They dealt in 
small, glass vases, kitchen utensils, weapons, ornaments and jewels, and woolen 
cloth of a reddish violet color tinted with purple. Large terra-cotta amphorae con-
tained victuals: cereals, wine, and oil; there were black olives, too, picked, well- 
ripened, left to dry in the sun, and then preserved in amply-sized clay bowls.

When the merchants landed at the little centers of the African coast, the inhabit-
ants ran to the shore, curious to see the new goods. With circumspection, they 
looked over the vases carefully before the bartering began. They were diffident, the 
natives, and they were not wrong: the Phoenician was notorious for his ability to 
cheat his neighbor.

Herodotus, the Greek historian of the fifth century BC, wrote of the Phoenicians: 
“… When they arrived, they unloaded their merchandise and laid it out orderly 
along the shore: then, returning to their ships, they sent up smoke signals, on seeing 
which the natives repaired to the sea, setting beside the goods the golden they 
offered in exchange and then withdrew. The Phoenicians came back to the shore, 
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looked and, if they thought the amount of gold was adequate to the merchandise, 
they collected it up and went away, if not, they went aboard and waited for a satis-
factory offer”. This was the common method of trading and it lasted until Rome 
sacked Carthage, the cornerstone of Phoenician civilization.

In 1971, in the depths off the island of Mozia, a Carthaginian ship sunk during 
the first Punic War (264–241 BC) was found. On board were found various objects: 
wood, rope, spearheads, swords, and even small broom. Two hemp baskets, contain-
ing stalks of Cannabis sativa (cultivated cannabis) and some amphorae for wine, 
give one to imagine that the sailors were fond of stimulating and intoxicating drinks 
to boost their energy and bravery levels in battle. The stalks of cannabis sativa were 
infused to make an inebriating drink similar to tea. The crew ate meat rather than 
fish as proved by the ovine, deer, and domesticated animals’ bones found in the 
hold. The small sizes of the earthenware pots and crockery on board suggest that 
probably only aromatic sauces for meat were prepared, but not soup, for meals. 
Olives, walnuts, almonds, and pistachios were consumed in great quantity, and per-
haps they were used as comforting snacks during the short rest periods. A sprig of 
olive found on the ship suggests propitiatory rites in honor of the gods, frequently 
performed especially in time of war.

At the end of the Phoenician colonization, signs of that civilization remained 
long in Sicily. It is thought that the ability of cultivating the olive arrived at Rome 
from Sicily, through Campania. Pliny the Elder argued on the other hand that olive 
culture was introduced into Rome by the Etruscans, who were deeply involved in 
trade with the Phoenicians.

The other channel by which olive culture entered was by the Greeks. In the 
eighth century BC, a wave of Greek emigration gave rise to the nucleus of colonies 
along the south Italian Ionic coast, which came to be called Magna Grecia. The new 
Greek cities reached such economic and cultural power as to permit them to mint 
their own money. The monies of Messina and Crotone carried representations of 
olive foliage, which witness to a widespread presence in the fifth century BC of the 
olive tree in South Italy. Trade contacts between the Greeks of the colonies and the 
Romans must have fostered cultivation of the olive in the Roman territory, for then 
the Romans greatly admired everything coming from Greece.

It is certain that, in the Augustan Era, the stores of Rome held immense stocks of 
olive oil, much of it from Tunisia, Algeria, and Libya, territories conquered by the 
Romans.

Plutarch, in the Parallel Lives, records that when Julius Cesar returned to Rome 
after the war in Africa, he was welcomed with great festivities for having ensured 
Rome three million liters of oil per year. The province of Africa continued to supply 
Rome with olive oil. At the death of Septimius Severus (third century BC), stocks 
were enough to meet the needs of the entire Italian peninsula for 5 years.

Rome’s fortune changed with the fall of the Roman Empire, and the olive, which 
was “the companion of the decadence of all virtue and social good,” experienced 
similar change (Table 2.1).

2.1 The History of Olive Oil and Olive Trees
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2.2  Olive Oil Composition

Olive oil is composed mainly of triglycerides (triacylglycerols) and contains small 
quantities of free fatty acids (FFA), glycerol, phosphatides, pigments, flavor com-
pounds, sterols, and microscopic bits of olive. Different processing methods pro-
duce virgin, ordinary, or pomace olive oil. Virgin olive oil is produced by direct 
pressing or centrifugation of the olives. Virgin olive oils with an acidity greater than 
3.0 degrees (presence in the oil of free fatty acids not linked to triacylglycerol) are 
submitted to a refining process in which some components, mainly phenolic com-
pounds and to a lesser degree squalene, are lost. By mixing virgin and refined olive 
oil, an ordinary olive oil (UE 1991) is produced and marketed. After virgin olive oil 
production, the rest of the olive drupe and seed is processed and submitted to a refin-
ing process, resulting in pomace olive oil, to which a certain quantity of virgin olive 
oil is added before marketing.

From a chemical point of view, two olive oil fractions are identified, depending 
on the behavior in the presence of heating and strong alkaline solutions (concen-
trated solutions of KOH or NaOH):

 – The saponifiable fraction, representing 98–99% of the total weight, is composed 
of substances that form soaps in the above conditions.

 – The unsaponifiable fraction, representing the remaining 1–2% of the total weight, 
is composed of substances that fail to form soaps in the above conditions.

Table 2.1 The olive oil over the centuries [1]

Period Events
Copper Age (sixth 
millennium BC)

First extraction of thick oily liquid from olive fruit

Seventh millennium BC Use of olive oil for cosmetic and basic medical purposes
Eighth–ninth century BC Use for care (burned skin, dermatitis, intestinal pains)
Sixth century Solone decreed a law for preservation of olive trees
Fifth century BC In Panathenaean games, the winners of competitions were rewarded 

an olive twig and numerous amphorae (29–35 L) filled of olive oil
460–377 BC For Hippocrates, father of medicine, olive oil was highly regarded
106–43 BC Cicero wrote of the healthy aspect of “pinguis liquor olivae”
70–19 BC Virgil mentioned the olive oil produced by “the sweet olive trees 

from the mild lake of Garda”
24–79 AD Pliny the Elder in his Historia Naturalis listed 48 medicines made 

with olive oil
146–211 AD Under the Roman emperor Settimio Severo free distribution of 

olive oil was given to the urban masses
Fourth century AD Under Constantine: At least 250 bakeries and 2300 olive oil 

distributors
Middle age The medical monks of the abbeys used preparation containing olive 

oil to treat burned skin and swellings, as well as numerous 
infections

Renaissance The jars containing oil were present in all pharmacies
Nineteenth century Olive oil is still used as a home remedy for several ailments

2 Extra-Virgin Olive Oil (EVOO): History and Chemical Composition



15

2.2.1  The Saponifiable Fraction

The saponifiable fraction of olive oil is composed of (1) unsaturated fatty acids 
(75–85% of the total fatty acids) and (2) saturated fatty acids (15–23%).

 1. Unsaturated fatty acids. Oleic acid is the major fatty acid in olive oil. According 
to the rules laid down by the International Olive Oil Council (IOOC), its concen-
tration must range from 55 to 83% of total fatty acids. Linoleic acid is the most 
abundant polyunsaturated fatty acid in olive oil. Its concentration must vary 
between 2.5 and 21% (IOOC). Because of its degree of unsaturation (two double 
bonds = n-6 fatty acid), it is more easily subject to oxidation; this means that an 
oil rich in linoleic acid becomes more easily rancid and therefore can be stored 
for a shorter time.

Alpha-linolenic acid (three double bonds; n-3 fatty acid) is a very minor 
component of olive oil; it must be present in ≤1% according to IOOC standards. 
It is an omega-3 polyunsaturated fatty acid, which may have health benefits. 
However, because of its high degree of unsaturation (three double bonds), it is 
very susceptible to oxidation, and therefore it promotes rancidity of olive oil 
that contains it.

 2. Saturated fatty acids. Palmitic (7.5–20%) and stearic acids (0.5–5%) are the 
main saturated fatty acid of olive oil. Myristic, heptadecanoic, arachidic, behenic, 
and lignoceric acids may be present in trace amounts.

Actually, the fatty acid composition of olive oil is not constant because it is 
influenced by several factors, i.e., the climate, the latitude, and the zone of pro-
duction. Particularly important is the zone of production. In fact, Italian, Spanish, 
and Greek olive oils are high in oleic acid (56–83%) and low in palmitic and lin-
oleic acids, while Tunisian olive oils are high in palmitic and linoleic acids but 
lower in oleic acid. Therefore, olive oils can be divided into two groups: (a) oils 
rich in oleic acid and low in palmitic and linoleic acids and (b) oils rich in palmitic 
and linoleic acids and low in oleic acid. The degree of olive ripeness at the time of 
extraction is important; in fact, oleic acid is formed first in the fruit, and data indi-
cate a competitive relationship between oleic and palmitic acid and palmitoleic 
and linoleic acid.

Olive oil is essentially formed by triglycerides (three fatty acid molecules that 
esterify one glycerol molecule), with minimal amounts of diglycerides and mono-
glycerides that are normally present. The presence of mono- and diglycerides is due 
to incomplete synthesis and/or partial hydrolysis of triglycerides.

The content of diglycerides in virgin olive oil ranges from 1 to 2.8%. 
1,2- diglycerides prevail in fresh olive oil, representing the majority of diglycerides 
(80%). During oil storage, isomerization occurs with a progressive increase of the 
more stable 1,3 isomers which, after about 10 months, become the major 
diglyceride.

Monoglycerides are present in a much lower amount than diglycerides, <0.25%, 
with 1-monoglycerides much higher than 2-monoglycerides.

2.2 Olive Oil Composition
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2.2.2  The Unsaponifiable Fraction

The unsaponifiable fraction of olive oil represents the remaining 1–2% of the total 
weight and is composed of substances that fail to form soaps in the above 
conditions.

The unsaponifiable fraction is composed of a large number of different mole-
cules which are very important from a nutritional point of view, as they contribute 
significantly to the health effect of olive oil. This fraction includes tocopherols, 
sterols, polyphenols, pigments, hydrocarbons, aromatic and aliphatic alcohol, triter-
pene acids, waxes, and other minor components.

The components of unsaponifiable fraction are responsible for the stability and 
the taste of olive oil. Their content is influenced by numerous factors, i.e., the culti-
var, the degree of ripeness of the olives, the zone of production, the harvesting 
practices, the storage time of olives, the oil extraction process, and the storage con-
ditions of the oil.

The unsaponifiable fraction can be subdivided into two types: (1) the “nonpolar” 
(non-water-soluble) fraction that could be extracted with solvents after the saponifi-
cation of the oil; this fraction contains squalene and other triterpenes, sterols, 
tocopherol, and pigments and (2) the “polar,” water-soluble fraction that includes 
the phenolic compounds.

2.2.2.1  Phenolic Compounds (Polyphenols)
Polyphenols are among the most important components of extra-virgin olive oil, for 
their beneficial impact on human health.

Extra-virgin olive oil contains approximately 36 phenolic compounds, and it is 
this minor phenolic fraction that is responsible for most of the health benefits asso-
ciated with extra-virgin olive oil intake. Polyphenols make up 18–37% of the unsa-
ponifiable fraction of olive oil. An average concentration of phenolic compounds of 
230 mg/kg in extra-virgin olive oil has been reported [2]. The polyphenol concen-
tration in extra-virgin olive oil actually varies from 50 to 800 mg/kg [3].

Polyphenols are an heterogeneous group of molecules with important organolep-
tic and nutritional properties (see also Chap. 10, Sect. 10.10.1., this book).

Olive oil polyphenols have been reported to be highly bioavailable compared to 
other plant polyphenols. Their absorption efficiency was evaluated about 
55–66 mmol% in humans [4]. Tyrosol and hydroxytyrosol, two of the most impor-
tant phenols of olive oil, are absorbed by humans in a dose-dependent manner in 
relation to the phenolic content of the olive oil administered [5].

Among polyphenols, there are molecules with simple structure, such as phenolic 
acids and alcohols, and molecules with complex structure, such as flavonoids, seco-
iridoids, and lignans.

Phenolic acids: They are aromatic acid compounds that include substances con-
taining a phenolic ring and an organic carboxylic acid function. The main phenolic 
acids are (a) hydroxybenzoic acids (gallic, protocatechuic, and 4-hydroxybenzoic 
acids) and (b) hydroxycinnamic acids (caffeic, vanillin, syringic, p-coumaric, 
o-coumaric acids).

2 Extra-Virgin Olive Oil (EVOO): History and Chemical Composition
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Phenolic alcohols: Among phenolic alcohols, the most abundant are hydroxyty-
rosol (3,4-dihydroxyphenyl ethanol) and tyrosol [2-(4-hydroxyhenyl)ethanol], 
which constitute around 90% of the total phenolic content of virgin olive oil [6]. The 
hydroxytyrosol derives from the hydrolysis of the secoiridoid oleuropein (Fig. 2.1). 
The hydroxytyrosol is by far the most potent antioxidant of virgin olive oil. It was 
recently reported to protect the blood lipids against oxidative damage as reported by 
the European Food Safety Authority (EFSA) panel on dietetic products, nutrition, 
and allergies. The panel considered that in order for olive oil to bear the “heart- 
health” claim, 5 mg of hydroxytyrosol and its derivatives (e.g., oleuropein complex 
and tyrosol) in olive oil should be consumed daily [7, 8].

Secoiridoids: Secoiridoids are the olive oil polyphenols with the more complex 
structure and are produced from the secondary metabolism of terpenes. They are 
glycosylated compounds and are characterized by the presence of elenolic acid in 
their structure. Oleuropein, demethyloleuropein, ligstroside, and nuzenide are the 
main secoiridoids. Oleuropein and demethyloleuropein are abundant in the pulp, 
while nuzenide is present only in the kernel.

Oleuropein, a bitter glycoside, is an important phenolic compound in the drupe 
and constitutes up to 14% of the fruit’s dry weight. With the progression of bloom-
ing and maturation, oleuropein undergoes enzymatic and nonenzymatic hydroly-
sis and yields several simpler compounds (e.g., hydroxytyrosol, oleuropein 
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Fig. 2.1 Oleuropein, hydroxytyrosol and elenolic acid
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aglycone, and ligstroside) that build up the full fruity taste that connoisseurs of 
olive oil search for.

Oleuropein aglycone, found in ripening olives and olive oil, is the phenolic seco-
iridoid liberated from the glucoside form, oleuropein, upon the action of a 
β-glucosidase. In olive oil, oleuropein is degraded into elenolic acid, the secoiridoid 
moiety, and hydroxytyrosol, the phenolic moiety (Fig. 2.1). Oleuropein aglycone 
and hydroxytyrosol are characterized by the orthodiphenolic structures, but in olive 
oil, there are also corresponding monophenolic structures of ligstroside aglycone 
and tyrosol. Tyrosol, hydroxytyrosol, and their corresponding secoiridoid deriva-
tives constitute around 90% of the total phenolic content of virgin olive oil [9]. 
Hydroxyisochromans are formed by reaction between hydroxytyrosol and aromatic 
aldehydes (vanillin and benzaldehyde) under very mild conditions [9].

Oleuropein, the ester of hydroxytyrosol and elenolic acid (Fig. 2.1), is the most 
important secoiridoid of olive oil and the main olive oil polyphenol. It is present in 
very high quantities in olive leaves, as also in all the constituent parts of the olive, 
including peel, pulp, and kernel. Oleuropein accumulates in olives during the growth 
phase, up to 14% of the net weight; when the fruit turns greener, its quantity reduces. 
Finally, when the olives turn dark brown, color due to the presence of anthocyanins, 
the reduction in its concentration becomes more evident. During the reduction of 
oleuropein levels (and of the levels of other secoiridoids), an increase of compounds 
such as flavonoids, verbascosides, and simple phenols takes place.

Lignans: Lignans, in particular (+)-1-acetoxypinoresinol and (+)-pinoresinol, 
are another group of polyphenols in olive oil. It has been also found in the olive 
kernel. Lignans are not present in the pericarp of the olives nor in leaves and sprigs 
that may accidentally be pressed with the olives. Therefore, how they can pass into 
the olive oil becoming one of the main phenolic fractions is not yet known. 
(+)-1-Acetoxypinoresinol and (+)-pinoresinol are absent in seed oil and virtually 
absent in refined virgin olive oil, while they may reach a concentration of 100 mg/
kg in extra-virgin olive oil. As seen for simple phenols and secoiridoids, there is 
considerable variation in their concentration among olive oils of various origins, 
variability probably related to differences between olive varieties, production areas, 
climate, and oil production techniques.

2.2.2.2  Hydrocarbons
They make up 30–50% of the unsaponifiable fraction. Squalene Hydrocarbons and 
beta-carotene are the main molecules.

Squalene, a hydrocarbon and a triterpene isolated for the first time from shark 
liver, is the major constituent of the unsaponifiable fraction and constitutes more 
than 90% of the hydrocarbons. Its concentration ranges from 136 to 708 mg/100 g 
in olive oil, compared to 19–36 mg for corn oil. It is an intermediate in the biosyn-
thesis of the four-ring structure of steroids, and it seems to be responsible for several 
health effects of olive oil. In the hydrocarbon fraction of virgin olive oil, n-paraffins, 
diterpene and triterpene hydrocarbons, and isoprenoidal polyolefins are also found.

Beta-carotene, an organic, strongly colored red-orange pigment abundant in 
plant and fruits, is a nonpolar compound that acts both as antioxidant, protecting oil 
during storage, and as dye.
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2.2.2.3  Sterols
Four classes of sterols are present in olive oil: common sterols, 4-methylsterols, 
triterpene alcohols, and triterpene dialcohols. Their content ranges from 1000 mg/
kg, the minimum value required by the IOOC standard, to 2000 mg/kg. The low-
est values are found in refined oils because the refining processes may cause 
losses up to 25%.

Common sterols or 4α-desmethylsterols: Common sterols are present mainly in 
the free and esterified form. The main molecules are beta-sitosterol, which makes 
up 75–90% of the total sterol; Δ5-avenasterol, 5–20%; and campesterol, 4%. Other 
components found in lower amounts or traces are, for example, stigmasterol, 2%, 
cholesterol, brassicasterol, and ergosterol.

4-Methylsterols: They are intermediates in the biosynthesis of sterols and are 
present both in the free and esterified form. They are present in small amounts, 
much lower than those of common sterols and triterpene alcohols, varying between 
50 and 360 mg/kg. The main molecules are obtusifoliol, cycloeucalenol, citrostadi-
enol, and gramisterol.

Triterpene alcohols or 4,4-dimethylsterols: They are a complex class of sterols, 
present both in the free and esterified form. They are found in amounts ranging 
from 350 to 1500  mg/kg. The main components are beta-amyrin, 
24- methylenecycloartanol, cycloartenol, and butyrospermol; other molecules pres-
ent in lower/trace amounts are, for example, cyclosadol, cyclobranol, germanicol, 
and dammaradienol.

Triterpene dialcohols: The main triterpene dialcohols found in olive oil are 
erythrodiol and uvaol. Erythrodiol is present both in the free and esterified form; in 
virgin olive oil, its level varies between 19 and 69 mg/kg, and the free form is gener-
ally lower than 50 mg/kg.

2.2.2.4  Tocopherols
The tocopherol content of olive oil is ~10 times lower than that of seed oils because 
of the lack of extraction of olive seeds, where most of the tocopherols are located.

Tocopherols make up 2–3% of the unsaponifiable fraction and include vitamin 
E.  Of the eight E vitamins (alpha-, beta-, gamma-, and delta-tocopherol and 
alpha-, beta-, gamma-, and delta-tocotrienol), alpha-tocopherol represents about 
90% of tocopherols in virgin olive oil. It is present in the free form and in very 
variable amount but on average higher than 100 mg/kg of olive oil. Thanks to its 
in  vivo antioxidant properties, its presence is a protective factor for health. 
Alpha-tocopherol concentration seems to be related to the high levels of chloro-
phylls and to the concomitant requirement for deactivation of singlet oxygen. 
Beta-tocopherol, delta- tocopherol, and gamma-tocopherol are usually present in 
low amounts.

2.2.2.5  Pigments
This group includes chlorophylls and carotenoids. In olive oil, chlorophylls are 
present as pheophytins, mainly pheophytin a (i.e., a chlorophyll from which magne-
sium has been removed and substituted with two hydrogen ions), and confer the 
characteristic green color to olive oil. They are photosensitizer molecules that 
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contribute to the photooxidation of olive oil itself. Beta-carotene and lutein are the 
main carotenoids in olive oil. Several xanthophylls are also present, such as anther-
axanthin, beta-cryptoxanthin, luteoxanthin, mutatoxanthin, neoxanthin, and 
violaxanthin.

Olive oil’s color is the result of the presence of chlorophylls and carotenoids and 
of their green and yellow hues. Their presence is closely related.

2.2.2.6  Triterpene Acids
They are present in trace amounts in the oil. Oleanolic and maslinic acids are the 
main triterpene acids in virgin olive oil: they are present in the olive husk, from 
which they are extracted in a small amount during processing.

2.2.2.7  Aliphatic and Aromatic Alcohols
Fatty alcohols and diterpene alcohols are the most important ones. Aliphatic alco-
hols have a number of carbon atoms between 20 and 30 and are located mostly 
inside the olive stones, from where they are partially extracted by milling.

Fatty Alcohols
Fatty alcohols are linear saturated alcohols with more than 16 carbon atoms. They 
are found in the free and esterified form and are present, in virgin olive oil, in an 
amount not generally higher than 250 mg/kg. Docosanol (C22), tetracosanol (C24), 
hexacosanol (C26), and octacosanol (C28) are the main fatty alcohols in olive oil, 
with tetracosanol and hexacosanol present in larger amounts. Waxes, which are 
minor constituents of olive oil, are esters of fatty alcohols with fatty acids, mainly 
of palmitic acid and oleic acid. They can be used as a criterion to discriminate 
between different types of oils; for example, they must be present in virgin and 
extra-virgin olive oil at levels <150 mg/kg, according to the IOOC standards.

Diterpene Alcohols
Geranylgeraniol and phytol are two acyclic diterpene alcohols present in the free 
and esterified form. Among esters present in the wax fraction of extra-virgin olive 
oil, oleate, eicosenoate, eicosanoate, docosanoate, and tetracosanoate have been 
found, mainly as phytyl derivatives.

2.2.2.8  Volatile Compounds
More than 280 volatile compounds have been identified in olive oil, such as hydro-
carbons, the most abundant fraction, alcohols, aldehydes, ketones, esters, acids, 
ethers, and many others. However, only about 70 of them are present at levels higher 
than the perception threshold beyond which they may contribute to the aroma of 
virgin olive oil.

2.2.2.9  Minor Components
Among the minor components of olive oil, there are some phospholipids. The main 
phospholipids are phosphatidylserine, phosphatidylethanolamine, phosphatidyl-
choline, and phosphatidylinositol. In the unfiltered oils, trace amounts of proteins 
may be found.
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2.2.2.10  Biological Activities of Olive Oil Phenolics
Thanks to the availability of pure compounds, the biological activities of the olive 
oil phenolics oleuropein and hydroxytyrosol have been thoroughly investigated in 
in vitro studies [10]. These studies included the antioxidant capacity of these phe-
nolics. The results showed that olive oil phenolics are potent free radical scaven-
gers, inhibit chemically induced LDL oxidation, inhibit platelet aggregation and 
eicosanoid production by activated human leukocytes, with a consequent antithrom-
botic activity [11], and potentiate the macrophagic response to endotoxin challenge 
by increasing their production of nitric oxide [12]. Finally, it was clearly demon-
strated a dose-dependent absorption of olive oil phenolics by humans [5].
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3Extra-Virgin Olive Oil and Cardiovascular 
Disease

3.1  Premises: Cardiovascular Disease

Cardiovascular disease (CVD) is the leading cause of death in the Western coun-
tries: more people die annually from CVDs than from any other cause. An estimated 
17.7 million people died from CVDs in 2015, representing 31% of all global deaths. 
Of these deaths, an estimated 7.4 million are due to coronary heart disease and 6.7 
million to stroke.

In the United States, CVD is the leading cause of death. About 610,000 people 
die from heart disease in every year. Coronary heart disease (CHD) is the most com-
mon type of heart disease killing 370,000 people annually in the United States. 
Every year about 735,000 Americans have a heart attack. Of these, 525,000 are a 
first attack, and 210,000 happen in people who have already had a heart attack [1, 2].

High blood pressure, high cholesterol, and smoking are the major risk factors 
that could lead to CVD and stroke. Other important risk factors are type 2 diabetes 
mellitus, obesity, and physical inactivity. A number of other, nonmajor, risk factors 
have been described.

3.2  The History of CHD Risk Factors

The research into the causes of atherosclerosis began in 1907, when Alexander 
Ignatowski (1875–1955) began his studies on atherosclerosis. Believing that a toxic 
metabolite of animal protein led to atherosclerosis, he fed meat to adult rabbits and 
milk and egg yolk to weanling rabbits and caused atherosclerosis. Rabbits fed with 
animal proteins soon developed pronounced atherosclerosis of the aorta. In 1908 
Ignatowski published his pioneering work that first revealed a relationship between 
animal protein and experimental atherosclerosis [3]. This early experimental work 
paved a way to the metabolic study of the mechanism of atherosclerosis [4–8].

Subsequently, experimental efforts from many laboratories were directed at 
determining which, if any, animal protein was the most atherogenic. The subsequent 
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discovery that dietary cholesterol per se was atherogenic turned attention to fat and 
cholesterol, eclipsing work on dietary protein. In 1912, using Ignatowski’s experi-
mental protocols, Theodor Fahr produced early atherosclerosis in 5–8 months and 
severe atherosclerotic damage to the aorta, with elevated blood pressure, in 9–10 
months [9]. The same year, Nikolai Anichkov and Semen Chalatov reproduced 
Ignatowski’s experiments and showed that atherosclerosis can be caused by choles-
terol [10, 11]. Since 1912, extensive research has been conducted on the mechanism 
of atherosclerosis. Ignatowski’s pioneering experiments became classic and were 
reproduced by many research scientists all over the world, which ultimately led to 
our current understanding of the atherosclerotic process.

In 1948, researchers under the direction of the National Heart Institute (now 
National Heart, Lung, and Blood Institute) initiated the Framingham Heart Study, 
the first major study to help understand heart disease. In 1949, the term “arterioscle-
rosis” (known as “atherosclerosis” today) was added to the International Classification 
of Diseases, which caused a sharp increase in reported deaths from heart disease.

The Framingham Study
The Framingham Heart Study is a long-term, ongoing cardiovascular cohort 

study on residents of the town of Framingham, Massachusetts. The study began in 
1948 with 5209 adult subjects from Framingham and is now on its third generation 
of participants. Prior to it almost nothing was known about the “epidemiology of 
hypertensive or arteriosclerotic cardiovascular disease.” Much of the now-common 
knowledge concerning heart disease, such as the effects of diet, exercise, and com-
mon medications such as aspirin, is based on this longitudinal study. It is a project 
of the National Heart, Lung, and Blood Institute, in collaboration with Boston 
University since 1971.

The initial population was 5209 healthy men and women aged 30–62, not the 
whole of the town population, as is sometimes assumed.

It was rightly assumed from the start of the Framingham Heart Study that car-
diac health can be influenced by lifestyle and environmental factors and by inheri-
tance. With the Framingham Heart Study, the term “risk factor” was introduced. 
Before the Framingham Heart Study, doctors had little sense of prevention. In the 
1950s, it was believed that clogging of arteries and narrowing of arteries (athero-
sclerosis, arteriosclerosis) was a normal part of aging and occurred universally as 
people became older. High blood pressure (hypertension) and elevated serum cho-
lesterol (hypercholesterolemia) were also seen as normal consequences of aging in 
the 1950s, and no treatment was initiated.

The Framingham Heart Study, along with other important large studies, e.g., the 
Seven Countries Study, Nurses’ Health Study, and Women’s Health Initiative, 
showed the importance of healthy diet, not being overweight or obese, and doing 
regular exercise in maintaining good health. It was observed that there were differ-
ences in cardiovascular risk between men and women. It was also confirmed that 
cigarette smoking is a highly significant factor in the development of heart disease, 
leading to angina pectoris, myocardial infarction (MI), and coronary death.

Major findings from the Framingham Heart Study, according to the researchers, 
were:
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1960s: Cigarette smoking increases risk of heart disease. Increased cholesterol 
and elevated blood pressure increase risk of heart disease. Exercise decreases risk 
of heart disease, and obesity increases it.

1970s: Elevated blood pressure increases risk of stroke. In women who are post-
menopausal, risk of heart disease is increased, compared with women who are pre-
menopausal. Psychosocial factors affect risk of heart disease.

1980s: High levels of HDL cholesterol are associated with a reduced risk of 
heart disease.

1990s: Having an enlarged left ventricle of the heart (left ventricular hypertro-
phy) increases risk of stroke. Elevated blood pressure can progress to heart failure. 
Framingham Risk Score is published and correctly predicts 10-year risk of future 
coronary heart disease (CHD) events. At 40 years of age, the lifetime risk for CHD 
is 50% for men and 33% for women.

2000s: So called “high-normal blood pressure” increases risk of cardiovascular 
disease (high-normal blood pressure is called pre-hypertension in medicine; it is defined 
as a systolic pressure of 120–139 mmHg and/or a diastolic pressure of 80–89 mmHg). 
Lifetime risk of developing elevated blood pressure is 90%. Obesity is a risk factor for 
heart failure. Serum aldosterone levels predict risk of elevated blood pressure. Lifetime 
risk for obesity is approximately 50%. The “SHARe” project (SHARe, SNP Health 
Association Resource), a genome-wide association study within the Framingham Heart 
Study, is announced. Social contacts of individuals are relevant to whether a person is 
obese and whether cigarette smokers decide to quit smoking. Four risk factors for a 
precursor of heart failure are described. Thirty- year risk for serious cardiac events can 
be calculated. American Heart Association considers certain genomic findings of the 
Framingham Heart Study as one of the top research achievements in cardiology. Some 
genes increase risk of atrial fibrillation. Risk of poor memory is increased in middle-
aged men and women if the parents had suffered from dementia.

In 1950, the University of California researcher John Gofman (1918–2007) and 
his associates identified today’s two well-known cholesterol types: low-density 
lipoprotein (LDL) and high-density lipoprotein (HDL). He discovered that men 
who developed atherosclerosis had elevated levels of LDL and low levels of HDL.

Also in the 1950s, American scientist Ancel Keys (1904–2004) discovered in his 
travels to Southern Italy that heart disease was rare in those Mediterranean popula-
tions where people consumed a lower-fat diet. Keys’ interest in diet and cardiovas-
cular disease (CVD) was prompted, in part, by seemingly counterintuitive data: 
American business executives, presumably among the best-fed persons, had high 
rates of heart disease, while in postwar Europe CVD rates had decreased sharply in 
the wake of reduced food supplies. Keys postulated a correlation between choles-
terol levels and CVD and initiated a study of Minnesota businessmen (the first pro-
spective study of CVD) [12]. At a 1955 expert meeting at the World Health 
Organization in Geneva, Keys presented his diet-lipid-heart disease hypothesis with 
“his usual confidence and bluntness” [13]. Naples was the first case study that 
seemed to support his hypothesis [14].
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After observing in Southern Italy the highest concentration of centenarians in the 
world, Keys hypothesized that a Mediterranean-style diet low in animal fat protected 
against heart disease and that a diet high in animal fats led to heart disease. The 
results of the Seven Countries Study, published on Circulation in 1970 [15], clearly 
showed that serum cholesterol was strongly related to coronary heart disease mortal-
ity both at the population and at the individual level [16]. As a result, representatives 
of the American Heart Association appeared on television to inform people that a 
diet which included large amounts of butter, lard, eggs, and beef would lead to coro-
nary heart disease. This resulted in the American government recommending that 
people adopt a low-fat diet in order to prevent heart disease. Keys had concluded that 
saturated fats as found in milk and meat have adverse effects, while unsaturated fats 
found in vegetable oils had beneficial effects. This message was obscured for a 
20-year period starting around 1985, when all dietary fats were considered unhealthy.

The Seven Country Study
The Seven Countries Study was formally started in fall 1958 in Yugoslavia. In total, 
12,763 males, 40–59 years of age, were enrolled as 16 cohorts, in 7 countries, in 4 
regions of the world (the United States, Northern Europe, Southern Europe, Japan). 
One cohort was in the United States, two cohorts in Finland, one in the Netherlands, 
three in Italy, five in Yugoslavia (two in Croatia and three in Serbia), two in Greece, 
and two in Japan. The entry examinations were performed between 1958 and 1964 
with an average participation rate of 90%, lowest in the United States with 75% and 
highest in one of the Japanese cohorts, with 100%. The Seven Countries Study has 
continued for more than 50 years.

A 2015 systematic review and meta-analysis by the Cochrane Collaboration, an 
organization which promotes evidence-based medicine, found that reducing satu-
rated fat intake reduced the risk of cardiovascular disease, concluding: “Lifestyle 
advice to all those at risk of cardiovascular disease and to lower-risk population 
groups should continue to include permanent reduction of dietary saturated fat and 
partial replacement by unsaturated fats” [17].

3.3  EVOO and CHD

CHD is largely preventable, as unhealthy lifestyles (smoking, lack of exercise, and 
poor dietary habits) contribute to nearly 80% of population-attributable risk [18, 
19]. Among these lifestyle components, diet has been well studied. After decades of 
epidemiological, clinical, and experimental research, an impressive body of scien-
tific evidence has been built on the profound influence that nutrients, foods, and 
dietary patterns have on health outcomes, including CHD [20, 21].

There are accumulating scientific evidences that, among widely followed dietary 
patterns, the Mediterranean diet might be the healthiest one. In this regard, a recent 
meta-analysis [22] of 18 prospective cohort studies showed that adherence to the 
Mediterranean diet confers a significant and consistent protection in relation to the 
occurrence of major chronic degenerative diseases, including CVD incidence and 
mortality [22]. Additionally, a systematic review of the effects of 32 candidate 
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dietary factors on CHD risk ranked the Mediterranean diet first as the most likely 
dietary model to provide causal protection [21].

The Mediterranean diet is identified as the traditional dietary pattern found in 
Crete, Greece, Italy, and Spain in the early 1960s and is characterized by a high intake 
of cereals, vegetables, fruits, nuts, and olive oil; a moderate intake of fish and alcohol, 
mostly wine; and a low intake of dairy products, meat and meat products, and sweets 
[23] (see also Chap. 1, this book). However, different to other healthy diets, the 
Mediterranean diet has a high fat content as a distinguishing feature. This is because 
of the customarily high intake of olive oil, which is used abundantly as culinary fat and 
for dressing dishes, which facilitates intake of substantial quantities of vegetables.

Olive oil is a flavorsome, tasty, and nutritious edible fat that is usually obtained 
directly from pressing ripe olives; thus, it can be considered as an olive juice. When 
produced by mechanically pressing olives, olive oil is called “virgin” and contains 
both the fat, made up mostly of the MUFA oleic acid (cis-18: 1n-9), and minor 
components from the fruit, many of which are bioactive phytochemicals (see Chap. 
2, Sect. 2.2.2., this book). While the virgin variety of olive oil has a unique composi-
tion of beneficial compounds, i.e., the antioxidant minor components contained in 
unsaponifiable fraction, ordinary or refined olive oil loses minor components, par-
ticularly the polyphenols, during the refining process. Nevertheless, whether virgin 
or refined, the high MUFA content still confers olive oil-specific characteristics that 
make this fat protective against numerous degenerative disease, including CVD.

3.4  EVOO and CHD: The Epidemiological Studies

Many randomized clinical trials have shown that consumption of olive oil, particu-
larly virgin olive oil, is associated with beneficial effects on intermediate cardiovas-
cular biomarkers, such as blood lipids, blood pressure, inflammation, and thrombosis. 
It is widely assumed that olive oil, particularly virgin olive oil, due to its antioxidant 
potential and MUFA content, is the main component of the Mediterranean diet that 
makes this diet cardioprotective [24]. An Italian study [25] showed that regular con-
sumption of olive oil, compared with no or infrequent consumption, significantly 
reduced mortality risk by 24% in men and women with previous myocardial infarc-
tion; however, these results cannot be extrapolated to a healthy adult population.

However, given the consistent evidence on the cardiovascular benefit of the 
Mediterranean diet, there has been a surprising paucity of epidemiological data on 
olive oil consumption and CVD. One reason is the difficulty of disentangling olive 
oil from the other components of the Mediterranean diet. Probably this is the main 
reason for which epidemiological studies centered on olive oil consumption and 
CHD have often provided contradictory results.

The impact of olive oil and Mediterranean diet on overall mortality and several 
chronic degenerative disease, including CVD, was investigated in the European 
Prospective Investigation into Cancer and Nutrition (EPIC) study, a large, prospec-
tive observational, multicenter cohort study conducted in ten European countries 
and designed to investigate the relation between dietary, nutritional, metabolic, and 
lifestyle factors and the risk of cancer and other chronic diseases.

3.4 EVOO and CHD: The Epidemiological Studies
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The sub-study EPICOR [26] was a study aimed to investigate the association 
between consumption of fruit, vegetables, and olive oil and the incidence of coro-
nary heart disease (CHD) in 29,689 women enrolled between 1993 and 1998 in five 
EPIC cohorts in Northern (Turin and Varese), Central (Florence), and Southern 
(Naples and Ragusa) Italy. During a mean follow-up of 7.85 years, 144 major CHD 
events were identified. A strong CHD risk reduction was reported among partici-
pants in the highest quartile of olive oil consumption (>31.2  g/day), with a 
multivariate- adjusted hazard ratio (HR) of 0.56 (95% CI 0.31, 0.99; P = 0.04).

The EPIC Spain evaluated the association between olive oil and overall and 
cause-specific mortality in the Spanish population in the EPIC Spain [27]. A total of 
40,622 participants (62% female) aged 29–69 years were recruited from five 
Spanish regions in 1992–1996. During the 13 years of follow-up, a total of 1915 
deaths were reported, of which 4516 were CVD deaths. In comparison with non-
consumers (15% of the sample), the highest quartile of olive oil consumers was 
associated with a 26% (95% CI: 13%, 36%) reduction in risk of overall mortality 
and a 44% (95% CI: 21%, 60%) reduction in CVD mortality. For each increase in 
olive oil of 10 g, there was a 7% decreased risk of overall mortality and a 13% 
decreased risk of CVD mortality. The authors concluded that olive oil was associ-
ated with a decreased risk of overall mortality with an important reduction in CVD 
mortality [27].

A further important report on olive oil consumption and CVD was the Three- 
City Study from France, whereby the association between olive oil consumption 
and incident stroke was evaluated in 7625 aged men and women after follow-up for 
5–25 years [28]. Compared to subjects who never used olive oil (23% of the sam-
ple), those who used it for both cooking and dressing (37% of the sample) had a 
41% (95% CI 6, 63) lower risk of stroke after adjustment for various confounders. 
No distinction between virgin and refined olive oil was made in this study.

The PREDIMED study [29] was a multicenter, parallel-group, randomized trial 
conducted in Spain on a population of 7447 persons at high cardiovascular risk but 
with no cardiovascular disease at enrolment. Participants were assigned to one of 
three diets: a Mediterranean diet supplemented with extra-virgin olive oil, a 
Mediterranean diet supplemented with mixed nuts, and a control diet (advice to 
reduce dietary fat). The primary end point was the rate of major cardiovascular 
events (myocardial infarction, stroke, or death from cardiovascular causes). After a 
median follow-up of 4.8 years, the multivariable-adjusted hazard ratios were 0.70 
(95% CI, 0.54–0.92) and 0.72 (95% CI, 0.54–0.96) for the group assigned to a 
Mediterranean diet with extra-virgin olive oil (96 events) and the group assigned to 
a Mediterranean diet with nuts (83 events), respectively, versus the control group 
(109 events). The conclusions were that persons at high cardiovascular risk, a 
Mediterranean diet supplemented with extra-virgin olive oil or nuts reduced signifi-
cantly (~30%) the incidence of major cardiovascular events.

The abovementioned studies made up a significant addition to the literature on olive 
oil consumption and CVD reduced rate, although some concerns were still represented 
by some confounding factors, i.e., subjects who consumed more olive oil were more 
educated, had less adiposity, and, when reported, had a healthier overall diet than low 
or no consumers. The data of PREDIMED study assessed with no further doubts the 
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clear causal effect of high intake of extra-virgin olive oil and a substantial reduction in 
the risk of major cardiovascular events among high-risk persons.

Although the biological pathways by which olive oil reduces mortality per se are 
not completely clear, it is likely that various different mechanisms are involved and 
are linked to the protective effect that olive oil has on the risk of chronic diseases 
such as CVD, specific types of cancer, diabetes, and metabolic syndrome [24, 30]. 
Olive oil contains a high proportion of MUFAs, vitamin E, and diverse phenolic 
compounds that have been shown to have anti-inflammatory, antioxidant, antiath-
erogenic, and possibly anticarcinogenic effects. Extra-virgin olive oil has been 
shown to decrease a range of CVD risk factors by improving lipid profiles and 
platelet function homeostasis, lowering blood pressure, and reducing the athero-
genic process [31–33] . Randomized controlled trials have also found that olive oil 
improves systemic inflammation and glycemic control [24].

However, the probably most important effect of virgin olive oil on risk reduction 
is its action on gene transcription through epigenetic mechanisms, which will be 
discussed in Chap. 7, this book.

3.5  EVOO and CHD: The Impact of EVOO at the Molecular 
and Clinical Level

The effects of EVOO in reducing the CVD and CHD death rate occur at molecular 
and clinical level.

3.5.1   Its Impact at the Molecular Level

The effects of EVOO at molecular level include anti-inflammatory, antioxidant, 
anti-angiogenic, and nutrigenomic effects.

3.5.1.1  Anti-inflammatory Effects
Major and minor olive oil components have been shown to be protective against inflam-
mation and endothelial activation [34]. In this context, oleic acid and polyphenols anti-
oxidants have been shown to have a leading role in anti-inflammatory activity.

In animal models, a diet rich in olive oil suppressed the natural killer cell activity 
[35] and the expression of receptors for interleukin (IL)-2 [36]. In human studies, 
LDL-induced monocyte adhesion to endothelial cells was lower after MUFA con-
sumption than after that of SFA or PUFA in healthy individuals [37]. When exposed 
to oxidative stress, human LDL enriched in oleic acid promoted less monocyte che-
motaxis (52% lower) and a reduced monocyte adhesion (77%) compared with 
linoleic- enriched LDL, [38]. Consumption of an oleic acid-rich diet for 2 months 
promoted a decrease in the expression of the intracellular adhesion molecule-1 
(ICAM-1) in PBMC of healthy subjects [39]. Inflammatory markers, such as the high-
sensibility C-reactive protein and IL-6, and cell adhesion molecules, such as ICAM-1, 
have been reported to decrease after both short-term (3 months) [40] and long-term (2 
years) [30] consumption of olive oil-rich diets, such as the Mediterranean diet.

3.5 EVOO and CHD: The Impact of EVOO at the Molecular and Clinical Level
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Although the protective mechanism of oleic acid-rich diets on inflammation has 
been attributed to a decrease in the LDL linoleic acid content and increase in oleic 
acid, oleic acid doesn’t seem to be the single responsible factor for the anti- 
inflammatory properties of olive oil.

Olive oil minor components have been shown to have anti-inflammatory, antihy-
pertensive, and anti-endothelial activation properties in experimental in vitro studies 
[41]. EVOO phenolic fraction has been shown to reduce the VEGF-induced angio-
genic response and the NADPH oxidase activity in human cultured endothelial 
cells. The phenolic extracts, at concentration achievable nutritionally, significantly 
reduced, in a concentration-dependent manner, the VEGF-induced cell migration, 
invasiveness, and tubelike structure formation through the inhibition of MMP-2 and 
MMP-9. OOPE significantly (P < 0.05) reduced VEGF-induced intracellular reac-
tive oxygen species by modulating NADPH oxidase activity, p47phox membrane 
translocation, and the expression of Nox2 and Nox4. Moreover, the treatment of 
endothelial cells with serum obtained 4 h after acute intake of extra-virgin olive oil, 
with high polyphenol content, decreased VEGF-induced NADPH oxidase activity 
and Nox4 expression, as well as MMP-9 expression.

Overall, native polyphenols and serum metabolites of extra-virgin olive oil rich 
in polyphenols are able to lower the VEGF-induced angiogenic responses by pre-
venting endothelial NADPH oxidase activity and decreasing the expression of 
selective NADPH oxidase subunits [42].

The olive oil phenolics have been also shown to be effective in reducing the eico-
sanoid inflammatory mediators derived from arachidonic acid, such as thrombox-
ane B2 and 6-keto-prostaglandin F1α [43–46] and other inflammatory markers, such 
as high-sensibility C-reactive protein or IL-6 [47]. The effect of phenolic com-
pounds on cell adhesion molecules has shown contrasting results. A decrease of 
ICAM-1 and vascular cell adhesion molecule-1 serum levels at postprandial state 
after VOO when compared with refined olive oil ingestion has been reported [48]. 
However, no differences in ICAM-1 levels were reported after sustained virgin or 
refined olive oil consumption [47].

The anti-inflammatory effect of EVOO phenols has been shown to be associated 
with a modulation of the inflammatory and antioxidant gene expression [49] (see 
also Chap. 7). Treatment of human umbilical vein endothelial cells (HUVEC) with 
serum obtained 2  h after the intake of the high-phenol EVOO-based breakfast 
decreased p65 and MCP-1 gene expression and increased MT-CYB, SDHA, and 
SOD1 gene expression. In the same study, the treatment with serum obtained 4 h 
after the intake of the high-phenol EVOO-based breakfast decreased MCP-1 and 
CAT gene expression and increased MT-CYB gene expression, as compared to the 
treatment with serum obtained 4 h after the intake of the low-phenol VOO-based 
breakfast. These results suggested that the consumption of virgin olive oil rich in 
phenolic compounds reduces the risk of atherosclerosis development by decreasing 
inflammation and improving the antioxidant profile in the vascular endothelium [49].

Among the numerous polyphenols with anti-inflammatory effects, the oleocan-
thal has been described as having similar properties to that of the anti-inflammatory 
molecule ibuprofen (Fig. 3.1.) [50]. The bioavailability of oleocanthal in humans 
from olive oil ingestion remains, however, to be elucidated.
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3.5.1.2  Antioxidant Effects
Oxidized LDL is currently thought to be more damaging to the arterial wall than 
native LDL due to the ability of oxidized LDL to promote the atherosclerotic 
process.

Elevated concentrations of circulating oxidized LDL are predictors for coronary 
heart disease development [51].

The phenolic compounds of olive oil have shown to have antioxidant activity 
both in experimental models and in human studies [34]. It is important that phenolic 
compounds from olive oil are bioavailable in humans, even from low doses (25 mL) 
of olive oil, and this reinforces their protective role in vivo [52, 53]. Oleate-rich 
LDLs have been shown to be less susceptible to oxidation than linoleate-rich LDLs 
[54]. In a meta-analysis of 14 studies, the MUFA-rich diets have shown to promote 
a higher resistance of LDL to oxidation than the PUFA-rich ones [55].

A postprandial oxidative stress condition has been largely described. It appears 
that this oxidative condition is linked with postprandial lipemia and hyperglycemia 
[56]. With the intake of olive oil at adequate doses where oxidative stress occurs 
(equal to or greater than 40 mL) [57, 58], the in vivo lipid oxidative damage was 
inversely correlated in a dose-dependent manner with the phenolic content of the 
olive oil administered [59]. Oxidative stress associated with postprandial lipemia 
also contributes to endothelial dysfunction, which shifts hemostasis to a more 
thrombogenic state. In this sense, a VOO with a high content of phenolic com-
pounds changes the postprandial hemostatic profile to a less thrombogenic state 
compared with a low phenolic content olive oil [60, 61] (see also Sect. 3.5.2.3 and 
Sect. 3.5.3, below).

Concerning sustained olive oil consumption, the results of EUROLIVE (the 
effect of olive oil consumption on oxidative damage in European populations) study 
have provided definitive evidence on the in vivo antioxidant role of phenolic com-
pounds from olive oil in humans [50]. The EUROLIVE was a large, crossover, 
multicenter, clinical trial performed in 200 individuals from five European coun-
tries. Participants were randomly assigned to receive 25 mL/day of three similar 
olive oils, but with differences in their phenolic content, in intervention periods of 3 
weeks preceded by 2-week washout periods in which olive oil and olives were 
avoided. Results of the study showed that all olive oils increased HDL cholesterol 
and the ratio between reduced and oxidized forms of glutathione and decreased tri-
glycerides total to HDL cholesterol ratio and DNA oxidative damage [50, 62]. 
Consumption of medium and high phenolic content olive oil decreased the LDL/
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Fig. 3.1 Chemical formulas of oleocanthal (left) and ibuprofen (right)
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HDL cholesterol ratio and the in  vivo plasma-circulating oxidized LDL, serum 
uninduced conjugated dienes, and serum hydroxy fatty acids. The increase in HDL 
cholesterol and the decrease in lipid oxidative damage were observed in a dose- 
dependent manner of the phenolic content of the olive oil administered [50].

Concerning the possible protective effects on DNA oxidation, in the EUROLIVE 
study, no differences were observed in the protective effect of olive oil on DNA 
oxidation related to its phenolic content [62]. On the contrary, protective effects of 
olive oil phenols on in vivo DNA oxidation, measured as 8-oxodeoxyguanosine in 
peripheral blood mononuclear cells (PBMCs) and in urine, were found in healthy 
male subjects in a short-term study in which participants were previously submitted 
to a very low antioxidant diet [63].

In postmenopausal women, consumption of high-phenol extra-virgin oil reduced 
the DNA oxidation, measured by the comet assay in peripheral blood lymphocytes, 
compared with low-phenol olive oil [64].

Although the protective effects EVOO polyphenols on DNA oxidation are 
important, they don’t appear to be the most important, due to the terrific epigenetic 
effects of polyphenols on DNA transcription activity (Chap. 7).

3.5.1.3  Nutrigenomic Effects
Besides their role as scavengers of reactive oxygen species and chain-breaking anti-
oxidants, olive oil components can exert their health effects by acting at the genomic 
level, directly or through a decrease in reactive oxygen species, by modulating the 
expression of key genes for disease processes. Most of the data, however, come 
from in vitro or animal studies and only a few from studies in humans.

In endothelial cell models, oleic acid inhibited the expression of the vascular cell 
adhesion molecule-1 messenger RNA (mRNA) levels and the nuclear factor kB [65, 
66]. Pomace olive oil upregulated the extracellular nitric oxide synthase expression 
in spontaneously hypertensive rat aortic rings [67]. Also, an olive oil enriched with 
the unsaponifiable fraction upregulated the expression of obesity- and insulin 
sensitivity- related genes in Apo E-deficient mice [68]. In agreement with the previ-
ously described cyclooxygenase-2 (COX-2) inhibitory activity of oleocanthal [50], 
a reduction in COX-2 expression in cell cultures, via inhibition of p38/cyclic ade-
nosine monophosphate response element-binding protein phosphorylation, by olive 
oil phenolic compounds, has also been reported [69]. The COX-2-765C allele is 
associated with a low degree of inflammation in human studies. However, the poly-
morphism COX-2-765G.C has been reported as not modifying the anti- inflammatory 
effect of an olive oil-rich Mediterranean diet [70]. In experimental studies, the anti-
oxidant scavenger enzyme transcriptome response has been shown to be upregu-
lated by olive oil phenolic compounds. They activated the mRNA transcription of 
glutathione-related enzymes in murine J774 A.1 macrophage-like cells [71]. In 
agreement with this, olive oil feeding increased catalase and glutathione peroxidase 
expression in the islets of Langerhans in mice [72].

Few studies have analyzed the in vivo changes in gene expression associated 
with olive oil consumption in humans. In a study on normal volunteers [73], post-
prandial triglyceride-rich lipoproteins (TRL) were obtained after ingestion of 
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meals enriched in refined olive oil (ROO), butter, or a mixture of vegetable and fish 
oil (VEFO). With the use of cDNA microarrays, the gene expression was evaluated 
in human coronary artery smooth muscle cells (HCASMC). TRL-butter, TRL-
ROO, and TRL-VEFO provoked different transcriptional profiles in 
HCASMC. Sixty-six genes were regulated by TRL-butter, 55 by TRL-ROO, and 
47 by TRL-VEFO.  The data showed that TRL-butter predominantly activated 
genes involved in the regulation of cell proliferation and inflammation. Likewise, 
TRL-VEFO induced the expression of genes implicated in inflammation, while 
TRL-ROO promoted a less atherogenic gene profile. The authors concluded that 
the pathophysiological contribution of TRL to the development of atherosclerosis 
and the stability of atherosclerotic plaques may depend on the fatty acid composi-
tion of TRL [73].

In in  vivo studies, the gene expression response in human peripheral blood 
mononuclear cells (PBMCs) after breakfasts rich in butter, walnuts, or olive oil 
has been compared [74, 75]. Butter elicited a higher increase in tumor necrosis 
factor-α (TNFα) mRNA than olive oil or walnuts [74]. Butter and walnuts, but not 
olive oil, elicited a nuclear factor kB postprandial activation in PBMCs of healthy 
volunteers [75].

In another study [76], the postprandial gene expression microarray analysis 
was performed on peripheral blood mononuclear cells during postprandial period. 
Two virgin olive oil-based breakfasts with high (398 ppm) and low (70 ppm) con-
tent of phenolic compounds were administered to 20 patients suffering from meta-
bolic syndrome following a double-blinded, randomized, crossover design. 
Microarray analysis identified 98 differentially expressed genes (79 underex-
pressed and 19 overexpressed) when comparing the intake of phenol-rich olive oil 
with low-phenol olive oil. Many of these genes seem linked to obesity, dyslipe-
mia, and type 2 diabetes mellitus. Among these, several genes appeared to be 
involved in inflammatory processes mediated by transcription factor NF-kB, acti-
vator protein-1 (AP-1) transcription factor complex, cytokines, mitogen-activated 
protein kinases (MAPKs) or arachidonic acid pathways, and COX-2. The conclu-
sions were that intake of virgin olive oil-based breakfast rich in phenol com-
pounds is able to repress in vivo expression of several pro-inflammatory genes, 
thereby switching activity of peripheral blood mononuclear cells to a less deleteri-
ous inflammatory profile.

A single dose of 50 mL of olive oil has been shown to elicit a rapid response of 
insulin sensitivity-related genes at postprandial time [77]. Insulin sensitivity after an 
olive oil-rich diet has been shown to be modulated by the polymorphism exon 1 vari-
ants of the scavenger receptor class B type 1 (SCARB1) [78]. In another study [79], the 
mononuclear transcriptome response in human PBMCs after sustained VOO con-
sumption (3 weeks) has been reported. In agreement with the previous reports concern-
ing the protective effects of sustained olive oil consumption on lipid and DNA oxidative 
damage [52, 62–64], some related genes such as lipoic acid synthase (LIAS), aldehyde 
dehydrogenase A1 (ALDH1A1), and genes corresponding to the DNA repairing pro-
teins such as the excision repair cross- complementation group (ERCC5) and X-ray 
repair complementing defective repair in Chinese hamster cells 5 (XRCC5) were 
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upregulated [79]. Although further studies are needed, nutrigenomic responses could 
be key mechanisms to explain the benefits associated with olive oil consumption.

3.5.2   Its Impact at the Clinical and Laboratory Level

3.5.2.1  Lipid Metabolism
Several studies have shown that vegetable oil, particularly olive oil, is able to reduce 
LDL cholesterol levels. However, it was also shown the superiority of olive oil, rich 
in MUFA, in modifying lipid parameters, in that seeds oils reduce HDL cholesterol 
while olive oil do not modify or increase HDL cholesterol levels.

In a randomized double-blind [80], five-period crossover study design, the 
effects of the different diets on serum lipids and lipoproteins were evaluated. The 
study compared the CVD risk profile of an average American diet (AAD) with 
those of four cholesterol-lowering diets: an American Heart Association/National 
Cholesterol Education Program Step II diet and three high-MUFA diets [olive oil 
(OO), peanut oil (PO), and peanuts and peanut butter (PPB)]. The high-MUFA 
diets lowered total cholesterol by 10% and LDL cholesterol by 14%. This 
response was comparable with that observed for the Step II diet. Triacylglycerol 
concentrations were 13% lower in subjects consuming the high-MUFA diets and 
were 11% higher with the Step II diet than with the AAD. The high-MUFA diets 
did not lower HDL cholesterol, whereas the Step II diet lowered it by 4% com-
pared with the AAD.  The OO, PO, and PPB diets decreased CVD risk by an 
estimated 25%, 16%, and 21%, respectively, whereas the Step II diet lowered 
CVD risk by 12%. The author concluded that a high-MUFA, cholesterol-lower-
ing diet may be preferable to a low-fat diet because of more favorable effects on 
the CVD risk profile [80].

In another study on hypercholesterolemic patients [81], the effects on serum lip-
ids and other intermediate markers of cardiovascular risk of replacing 40% of the fat 
in the background diet with virgin olive oil (VOO), walnuts, or almonds were evalu-
ated. LDL cholesterol was reduced from baseline by 7.3%, 10.8%, and 13.4% after 
the VOO, walnut, and almond diets, respectively (P = 0.001). Total cholesterol and 
LDL/HDL ratios decreased in parallel. LDL cholesterol decreases were greater than 
predicted from dietary fatty acid and cholesterol exchanges among diets. The results 
of this study confirmed the cholesterol-lowering effects of olive and nut oils; the 
data also suggested that phenolic-rich VOO has a cholesterol-lowering effect inde-
pendently of its fatty acid content.

Lipid profiles were improved in participants of the large crossover human study 
EUROLIVE, (previously mentioned) [58] which enrolled 200 European partici-
pants receiving olive oil for 3 weeks. Participants were randomly assigned to three 
groups of olive oil differing in their phenolic content (low, medium, and high). 
HDL-C linearly increased with the phenolic content, whereas TC/HDL-C ratio lin-
early decreased. LDL-C/HDL-C ratio and triglycerides decreased in those consum-
ing medium and high phenolic olive oils.
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The data of these studies have shown that, as far as the lipid metabolism is 
concerned:

 1. The virgin olive oil is effective in reducing the level of lipid and LDL 
oxidation.

 2. Oleic acid appears to be effective in reducing total and LDL cholesterol without 
reducing HDL cholesterol, which was also increased.

 3. Besides oleic acid, the best activity of virgin olive oil comes from polyphenols, 
which have shown to increase HDL cholesterol and to work as antioxidant sig-
nificantly reducing the LDL oxidability.

3.5.2.2  Blood Pressure and Hypertension
It has been reported that the adherence to a Mediterranean diet increases the likeli-
hood of controlling arterial blood pressure (BP) [82, 83]. Although genetic factors 
appear to be responsible for as much as 20–40% of BP variations in the general 
population [84], epidemiologic data suggest that lifestyle factors, such as dietary 
habits, are a major contributor to the high prevalence of hypertension [41, 85]. Olive 
oil intake, per se, has been inversely associated with both systolic BP (SBP) and 
diastolic BP (DBP) [82].

Data from the literature have shown that (1) monounsaturated fatty acids (MUFA) 
and (2) polyphenols have the main impact on blood pressure and hypertension.

 1. MUFA. Numerous epidemiological studies have assessed important relation-
ships between dietary fat, particularly MUFA, and incidence of blood hyperten-
sion [86–93]. Most of these studies, however, have been conducted in the United 
States and Northern Europe, where overall MUFA consumption is only moder-
ate and comes mainly from some types of meat and hence is highly correlated 
with the intake of saturated fat. In fact, most epidemiological studies conducted 
outside Mediterranean countries have not found relevant associations between 
MUFA intake and the risk of hypertension.

On the contrary, the few epidemiological studies conducted in Southern Europe 
show very different results, suggesting a protective role for MUFA or olive oil. Southern 
European countries, where a substantial proportion of the population still follows the 
traditional olive oil-rich Mediterranean diet, appear to be the ideal setting to ascertain 
this association, thus avoiding the association between MUFA and meat intake.

Investigators from the Italian Nine Communities Study [92] assessed the rela-
tionship between olive oil consumption and BP in almost 5000 middle-aged non- 
hypertensive individuals. Results showed a statistically significant inverse 
association, both for systolic and diastolic BP and for both men and women when 
analyzed separately [92]. In this same study, PUFA were associated with lower 
systolic BP but had no effect on diastolic BP.

A cross-sectional analysis of 20,343 participants in EPIC study [82] showed that 
the MUFA/SFA intake ratio was inversely associated with systolic and diastolic BP, 
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after adjustment for potential confounders. Similarly, olive oil consumption was 
inversely associated with BP, even after adjustment for vegetable consumption [82]. 
For each 22 g increase in the daily consumption of olive oil, systolic and diastolic 
BP were 0.8 and 0.3 mmHg lower, on average, after adjustments were made for sex, 
age, education, body mass index, waist-to-hip ratio, energy intake, physical activity, 
and vegetable consumption.

Another study that has assessed the relationship between MUFA, olive oil, and 
BP is the SUN (Seguimiento Universidad de Navarra) study. This cohort study has 
been specifically designed to assess prospectively the effect of a Mediterranean 
dietary pattern on hypertension, diabetes, obesity, and cardiovascular disease [94]. 
In a baseline assessment of the first 8800 participants in this cohort, MUFA intake 
was associated with a lower prevalence of hypertension among those individuals 
with low fruit and vegetable consumption, while this effect was not apparent among 
those with higher fruit and vegetable consumption [95].

While the three previous studies had a cross-sectional design, with their prob-
lems in establishing causal relationships, the prospective analysis of the SUN study 
showed that olive oil consumption was inversely associated with the risk of devel-
oping blood hypertension among men [93], but no effect was observed among 
women. In this study, 5573 participants free of hypertension at baseline were fol-
lowed up for a median of 28.5 months. Men in the highest quintile of olive oil con-
sumption had a 50% reduction in the risk of incident hypertension compared with 
those in the lowest quintile of consumption, with a statistically significant linear 
trend. This association was independent of other known risk factors for hyperten-
sion including relevant dietary factors. Among women, there was not a clear rela-
tionship probably due to a low number of incident cases of hypertension observed 
in the women of this cohort during that period.

Since the late 1980, numerous feeding trials have been conducted to examine the 
effect of MUFA and olive oil on BP. These studies were conducted in very con-
trolled environments, with tight monitoring of the diets to which participants were 
allocated, leading to a sharp contrast between the dietary profiles of compared 
groups. Additionally, none of them were funded by the olive oil industry.

One of the earliest studies was conducted in Italy on 57 normotensive volunteers 
aged 30–50 years. These individuals underwent a dietary intervention with a 70% 
increase in energy from SFA and a corresponding decrease in MUFA and carbohy-
drates. After 6 weeks, a significant increase in systolic and average BP was observed. 
BP reverted to baseline values when participants returned to their usual diet [96].

In a study conducted in Spain, 42 subjects were fed two different diets during 
5-week periods. Diets differed in their fatty acid composition, while energy intake 
from carbohydrate, proteins, and fat was held constant. Compared with a diet rich in 
SFA (17% of total energy intake), an olive oil-enriched diet (21% of total energy 
intake from MUFA) was associated with lower levels of mean BP [97]. A similar 
study, conducted in 41 male young volunteers, showed that a diet rich in MUFA (22% 
of total energy intake), from olive oil, had a beneficial effect on glucose metabolism 
and BP compared with a diet rich in SFA or carbohydrate [98]. Similarly, in another 
study an olive oil-rich diet (30% of total energy intake from MUFA) administered 
during 3 weeks significantly reduced systolic and diastolic BP compared with a 
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PUFA-rich diet (27% of total energy intake) in a group of 16 normotensive type 2 
diabetics [99]. This same group reported a beneficial effect of an olive oil-enriched 
diet compared with a high-carbohydrate diet [100]. Another study in 47 healthy nor-
motensive volunteers showed a reduction of BP after a diet with a high amount of 
MUFA, from olive oil, compared with a diet rich in SFA. However, in this case, the 
MUFA diet did not perform better than a high-carbohydrate diet [101].

A diet rich in extra-virgin olive oil has been reported to be associated with a 
reduced need for antihypertensive medication compared with a diet enriched in sun-
flower oil [102]. In this randomized crossover trial, 23 hypertensive patients were 
assigned to each diet over periods of 6 months. Compared with the sunflower oil 
diet, the olive oil diet reduced significantly both systolic and diastolic BP (28 mmHg 
and 26 mmHg, respectively). Daily drug dosage was significantly reduced during 
the olive oil diet but not with the sunflower oil diet (approximately 50% vs. 4% 
reduction). This study suggests that olive oil can be used as a non-pharmacological 
approach in the treatment of hypertension.

The OmniHeart crossover randomized trial compared the effect of three different 
diets on BP, a carbohydrate (CHO)-rich DASH (Dietary Approaches to Stop 
Hypertension) diet, a protein-rich diet, and a MUFA-rich diet, in a group of 164 adults 
older than 30 years with prehypertension or stage 1 hypertension. After 6 weeks, the 
protein- and MUFA-rich diets produced higher reductions in BP than the CHO diet. 
However, there were no differences between the MUFA- and protein-rich diets [103].

Some studies have found that systolic blood pressure may be more responsive to 
extra-virgin olive oil (EVOO) compared to diastolic blood pressure, if the compari-
son is to an oil that is rich in polyunsaturated fats. For example, in a study on 62 
elderly (mean age: 84 years) men and women in Spain, half of whom had hyperten-
sion, 4 weeks each of 60 g a day of EVOO or sunflower oil were compared [104]. 
Systolic blood pressure was decreased to what the authors considered “normalized” 
(136 ± 10 mmHg) in the hypertensive participants after the EVOO phase, compared 
to the sunflower oil (150 ± 8 mmHg), but neither oil had a significant impact on 
diastolic blood pressure. In another study on 41 overweight (BMI 29 ± 1 kg/m2), but 
otherwise healthy adults, 3 months daily intake of EVOO compared to 49 g day of 
a corn and soybean oil combination (control) lowered systolic blood pressure, but 
there was no difference between the oils for diastolic blood pressure [105].

These studies, and several others, have documented the beneficial effect of 
MUFA and olive oil on blood pressure. However, it has been hypothesized that the 
effect of olive oil on BP could be not only mediated through its MUFA content. 
Other compounds, such as the polyphenols present in virgin olive oil, can have a 
favorable effect. Anyway, although some inconsistencies, MUFA from vegetable 
sources, especially from olive oil in the context of Mediterranean diets, can be ben-
eficial in the management of hypertension, and it is very likely that it plays a role in 
the primary prevention of this disorder.

 2. Polyphenols. Although a clear inverse correlation has been demonstrated between 
MUFA from olive oil and blood pressure, the rich polyphenol content of extra- 
virgin olive oil (EVOO) has been shown to play an important role in reducing the 
blood pressure.
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EVOO is characterized by its high content in phenols (see also Chap. 2, this 
book). Due to minimal processing, EVOO is the only oil that retains important natu-
ral phenols. EVOO is processed in a manner similar to many fruit juices: the fruit is 
crushed and the juice is centrifuged. It is known that daily use of at least two table-
spoon of EVOO can lower blood pressure. EVOO with higher phenol content gener-
ally provides more benefits that EVOO with lower phenol content.

The effects of a moderate consumption of olive oil on lipid profile, BMI, and 
blood pressure (BP) were evaluated in a group of 160 healthy men from non- 
Mediterranean and Mediterranean regions [106]. The study was a randomized, 
crossover trial with three intervention periods of 3 weeks and two washout periods 
of 2 weeks. At the intervention periods, three similar olive oils (25 mL/day), differ-
ing only in their phenolic concentration, were administered to the healthy volun-
teers. General linear models showed that the administration of the sequence of the 
three olive oils was responsible for a 3% decrease in systolic BP, but not in diastolic 
BP, in the non-Mediterranean subjects. The results of this study suggest that a mod-
erate consumption of olive oil may be used as an effective tool to reduce SBP of 
healthy men who do not typically consume a Mediterranean diet.

Other studies specifically indicate phenols as determinants for blood pressure- 
lowering effect. For example, in 40 men (mean age = 67) with coronary heart disease, 
19 of whom had hypertension, refined olive oil (ROO) containing very little phenols 
was compared to EVOO containing a medium total phenol content (161 mg/kg total 
phenols) for 3 weeks of daily consumption. The EVOO phase significantly decreased 
systolic blood pressure for the hypertensive participants compared to the ROO phase 
(mean difference for EVOO compared to ROO = −2.53 mmHg). However, neither of 
the oils had a significant impact on diastolic blood pressure [107].

In contrast, the EUROLIVE (effect of olive oil consumption on oxidative damage 
in European populations) study [108] found that total phenol content may have an 
impact on diastolic but not systolic blood pressure. The study compared ROO to 
EVOO with a moderately high total phenol content of 366 mg/kg at 25 mL/day for 
3 weeks in 18 healthy men. The study found that compared to the ROO, the high 
total phenol EVOO reduced diastolic blood pressure, but neither oil had a signifi-
cant impact on systolic blood pressure [108].

Another key study found that EVOO with a high total phenol content may reduce 
both systolic and diastolic blood pressure. In this study [109], 24 young women clas-
sified with high-normal blood pressure (120–139/80–89 mmHg) or stage 1 essential 
hypertension (140–159/90–99 mmHg) who consumed EVOO with 564 mg/kg total 
polyphenol or ROO for 8 weeks each were studied. When compared to baseline 
values, only the polyphenol-rich olive oil diet led to a significant (P < 0.01) decrease 
of 7.91 mmHg in systolic and 6.65 mmHg of diastolic BP. The polyphenol-rich olive 
oil diet also elicited an increase in plasma nitrites/nitrates (+4.7  ±  6.6  μmol/L, 
P < 0.001) and hyperemic area after ischemia (+345 ± 386 perfusion units (PU)/s, 
P < 0.001). It is noteworthy that this study showed that high- phenol EVOO was 
more effective in reducing blood pressure than the reductions reported from the 
DASH (Dietary Approaches to Stop Hypertension) study [110], which required con-
suming close to nine servings per day of fruits and vegetables to lower systolic blood 
pressure by 2.8 mmHg and diastolic blood pressure by 1.1 mmHg.
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Also in the previously mentioned PREDIMED study, EVOO reduced blood pres-
sure [111]. Briefly, the PREDIMED primary prevention trial was a randomized, 
single-blinded, controlled trial conducted in Spanish primary healthcare centers. 
Seven thousand four hundred forty-seven men (aged 55–80 years) and women (aged 
60–80 years) who had high risk for cardiovascular disease were recruited. 
Participants were assigned to a control group or to one of two Mediterranean diets. 
The control group received education on how to  follow a low-fat diet, while the 
groups on Mediterranean diets received nutritional education on either extra-virgin 
olive oil (50 mL/day) or nuts (30 g). The percentage of participants with controlled 
BP increased in all three intervention groups (P-value for within-group changes: 
P < 0.001). Participants allocated to either of the two Mediterranean diet groups had 
significantly lower diastolic BP than the participants in the control group 
(−1.53 mmHg (95% confidence interval (CI) −2.01 to −1.04) for the Mediterranean 
diet supplemented with extra-virgin olive oil and −0.65 mmHg (95% CI −1.15 to 
−0.15) mmHg for the Mediterranean diet supplemented with nuts). No between- 
group differences in changes of systolic BP were seen. The authors concluded that 
both the traditional Mediterranean diet and a low-fat diet exerted beneficial effects 
on BP and could be part of advice to patients for controlling BP. However, lower 
values of diastolic BP were found in the two groups promoting the Mediterranean 
diet with extra-virgin olive oil or with nuts than in the control group.

To conclude, the studies indicate that daily use of at least two tablespoons of 
EVOO can lower blood pressure, compared to oils rich in polyunsaturated fats or to 
refined olive oil. EVOO with a higher total phenolic content may be more effective 
than EVOO with a lower phenolic content in lowering blood pressure. It is not clear 
why EVOO with a higher total phenolic content has differing effects on systolic and 
diastolic blood pressure. One explanation is that specific phenols could have greater 
effects than others, an issue that the studies did not examine. Specific phenols and 
their amounts vary greatly depending on olive variety, growing conditions, and har-
vesting (see Chap. 2, this book).

Future research should seek to verify the level of total phenols needed for blood 
pressure improvements and to determine which specific phenols have a greater 
effect on blood pressure. The currently available research indicates that a trial of 
daily use of EVOO could be considered prior to prescribing medication for any 
person with hypertension.

3.5.2.3  Thrombosis
Numerous studies have demonstrated the significant impact of olive oil on thrombo-
sis, in that olive oil and EVOO greatly attenuate the tendency toward thrombosis 
elicited by physiological and pathological conditions. Albeit an initial stage in 
which monounsaturated fatty acids (mainly oleic acid) were studied as the sole 
player of these effects, the knowledge about the micronutrients has evolved to a 
much more complex model in which the processing of the oil and the content in 
some minor components of the virgin olive oil play a fundamental role.

The role of EVOO in thrombosis is quite complex and involves the two processes 
of primary and secondary hemostasis (see Box 3.1).
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Box 3.1: Primary and Secondary Hemostasis

The hemostasis is the normal physiological response that prevents significant 
blood loss after vascular injury, while thrombosis is the pathological intravas-
cular phenomenon that leads to the formation of a clot along the wall of a 
blood vessel causing frequently the occlusion of the vessel.

The hemostasis depends on a complex series of events that involve plate-
lets and activation of specific blood proteins, known as coagulation factors 
(Figs. 3.2, 3.3, and 3.4). These coagulation factors are generally serine prote-
ases (enzymes), with the exception of factor V (FV) and FVIII which are 
glycoproteins and FXIII which is a transglutaminase. They circulate as inac-
tive zymogen (inactive enzyme precursor) and act by cleaving downstream 
proteins, in a way that they become active enzymes.

The coagulation process begins almost instantly after an injury to the blood 
vessel has damaged the endothelium lining the vessel. The exposure of blood 
to the space under the endothelium initiates two processes: the primary and 
the secondary hemostasis.

 1. The primary hemostasis is a phase in which the platelets change their status 
and adhere to the site of injury to form a primary cloth. When the 
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Fig. 3.2 The extrinsic, tissue factor-activated, coagulation pathway. When blood comes in 
contact with cell membranes with exposed TF, the monomer FVII is activated to the active 
dimer FVIIa, in the presence of FXIIa, FXa, FIXa, and thrombin and binds to TF forming 
the FVIIa-TF complex, which starts the cascade of the extrinsic coagulation pathway
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Fig. 3.3 The extrinsic coagulation pathway. Once the TF-FVIIa complex is formed, a cas-
cade of several coagulation factors takes place leading to fibrin formation, in the context of 
the secondary hemostasis
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Fig. 3.4 Extrinsic and intrinsic coagulation pathways. Both extrinsic and intrinsic coagula-
tion pathways converge on FX, which is activated into FXa. The FXa starts the last part of 
the coagulation process that intrinsic and extrinsic pathways have in common (the area 
under the red line), leading to the fibrin (clot) formation
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endothelium is damaged, the normally isolated, underlying collagen becomes 
exposed to circulating platelets which bind directly to collagen with colla-
gen-specific glycoprotein Ia/IIa surface receptors. This adhesion is strength-
ened further by von Willebrand factor (vWF) released from the endothelium 
and platelets; vWF forms additional links between the platelets’ glycopro-
tein Ib/IX/V and the collagen fibrils. Through these mechanisms platelets 
become activated and release the contents of stored granules into the blood 
plasma. The granules include ADP, serotonin, platelet- activating factor 
(PAF), vWF, platelet factor IV, and thromboxane A2 (TXA2), which, in turn, 
activate additional platelets which adhere to the site of injury.

 2. The secondary hemostasis is a complex phenomenon consisting in the for-
mation of insoluble, cross-linked fibrin through the action of activated 
coagulation factors, particularly thrombin. Fibrin stabilizes the primary 
platelet plug, particularly in larger blood vessels where the platelet plug is 
insufficient alone to stop hemorrhage.

The Secondary Hemostasis Pathways
To stabilize the primary cloth, a secondary insoluble cloth, made of cross- 
linked fibrin, takes place. This phenomenon represents the core of “secondary 
hemostasis.”

Traditionally, the secondary hemostasis has been divided into three distinct 
pathways: intrinsic, extrinsic, and common pathways (Fig. 3.4).

Intrinsic pathway: The intrinsic pathway (Fig. 3.4) starts after a surface 
contact phenomenon and is sustained by the coagulation factors FXII, FXI, 
FIX, the cofactor FVIII, Ca, and phosphatidylserine. The ultimate product of 
the intrinsic pathway is the activated factor IX (FIXa) which, with the aid of 
activated cofactor FVIIIa, activates FX.

Extrinsic pathway: The extrinsic pathway (Fig. 3.4) is the coagulation phe-
nomenon that starts when a tissue damage takes place and is called “tissue 
factor (TF)-activated extrinsic pathway.” It starts when in damaged blood ves-
sels, circulating FVII comes in contact with subendothelial cell membranes 
with exposed TF, forming a TF-FVII complex (Fig. 3.2). The monomer FVII 
is then activated to the active dimer FVIIa in the presence of FXIIa, FXa, 
FIXa, and thrombin. The role of TF is to enhance the activity of FVIIa, mak-
ing it an efficient catalyst of factor IX and factor X (FX) activation. These 
sequential proteolytic activations take place on cell membrane surfaces and 
are dependent on phospholipids, mostly provided by activated platelets but 
also by endothelial cells and leukocytes. Platelets, which are attracted to the 
vessel wall by collagen, become activated and release several of their con-
stituents, including fibrinogen, causing thrombosis in concert with activated 
coagulation and fibrin formation (Figs. 3.3 and 3.4).

Common pathway: The extrinsic and intrinsic coagulation pathways con-
verge on FX (Fig. 3.4), which is activated to FXa. The FXa starts the final part 
of the coagulation process shared by intrinsic and extrinsic pathways (Fig. 3.4, 
the area under the red line), leading to the fibrin (clot) formation.
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3.5.3  Thrombosis: Factor VII

3.5.3.1  The Circulating Level of FVII Is Influenced by the Diet
Coagulation factor VII (FVII) is a 50 kDa single-chain vitamin K-dependent prote-
ase that plays an important role in the extrinsic pathway of blood coagulation. FVII 
is synthesized principally in the liver and is secreted as an inactive single-chain 
glycoprotein. In the presence of tissue factor, inactive FVII is converted by limited 
proteolysis to its fully activated two-chain form. Activation can be affected by a 
number of activated coagulation factors, including Xa, IXa, XIIa, and thrombin. 
After activation, FVIIa rapidly converts FIX and FX into their active forms, thus 
initiating the generation of thrombin and fibrin clot formation.

Numerous studies have demonstrated that (a) the levels of circulation FVII is 
influenced to some extent by the diet; (b) there is a substantial increase in FVII 
circulating levels in the postprandial phase; (c) the total intake of dietary fat appears 
to be the main determinant of the postprandial FVII plasma levels; and (d) the ratio 
of saturated/monounsaturated fatty acids in the diet is crucial to postprandial levels 
of FVII.

3.5.3.2  FVII Increases in the Postprandial Phase
FVIIc increases consistently in the postprandial phase. This FVII increase has been 
shown to be associated with postprandial triglyceride levels and takes place within 
2–3 h after the intake of a fatty meal, persisting for several hours thereafter. The 
maximum activation of FVIIa takes place 8 h postprandially. Fat intake, rather than 
dietary energy intake, has been shown to be the primary determinant of the post-
prandial increase in FVIIc.

3.5.3.3  The Impact of EVOO and MUFA on Postprandial FVII Level
Alimentary fats are involved in the activity of FVII. Although the results on FVII 
and saturated-unsaturated fatty acids have given conflicting results, more recent 
data have shown that olive oil and its main fatty acid, the MUFA oleic acid, have a 
favorable impact on the activity of FVII, particularly in the postprandial phase.

It has been demonstrated that during the postprandial state, there exists a proco-
agulatory situation (an increase in thromboxanes and D-dimer and a decrease in 
tPA). It was found that the type of fat consumed, both in an acute meal and during 
the previous weeks, is the main determinant of these changes [112]. Also a sus-
tained and remarkable increase in FVII antigen (FVIIag) and activity (FVIIa) takes 
place in the postprandial phase. Postprandial activation of FVIIa is mainly driven by 
a diet rich in long-chain saturated fatty acids. A single fat-rich meal, irrespective if 
rich in saturated fatty acids (SFAs) or polyunsaturated fatty acids (PUFAs), induces 
an increase in FVIIa only in individuals with a background diet rich in long-chain 
SFAs and not in those whose usual diet is rich in unsaturated fatty acids [113].

Of interest are the data on the different postprandial response to dietary fat in North 
Europe compared to the South Europe. FVIIc was shown to be significantly greater 
8 h postprandially in Northern Europeans than in Southern Europeans, two popula-
tions that noteworthy follow different habitual diet, the northern rich in SFA and the 
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southern rich in MUFA, particularly EVOO [114]. These data have been further con-
firmed in a comparative study where 40% of SFA was replaced with MUFA [115]: 
postprandial FVIIa and FVIIag were significantly lower after MUFA- rich diet than 
after SFA-rich diet. Also long-term dietary intervention studies [113] have confirmed 
the favorable effect of MUFA on FVII circulating levels. Compared with SFA-rich 
diet, consumption of a MUFA-rich diet for 16 weeks was associated with a signifi-
cantly lower postprandial FVIIc and FVIIa levels. The beneficial effects of the MUFA-
rich diet are sustained long term without any attenuation through adaptation.

Taken together, these data demonstrate that diets rich in MUFA, particularly 
from olive oil, are associated with a lower postprandial peak level of FVII and very 
likely explain the lower rates of CHD in countries whose diet is habitually rich in 
MUFA, such as the Southern European countries.

3.5.3.4  Mechanism of Action of MUFA on FVII: The Role 
of Triglycerides

The mechanism by which lipoproteins and fatty acids support the FVII increase/
reduction is not completely clear. However, some studies have partially clarified 
these mechanisms.

The triglyceride-rich lipoprotein (TRLs: chylomicrons and VLDLs) particle size 
has been suggested to be a determinant of postprandial FVII activation.

It is known that a SFA-rich diet determines the postprandial formation of a high 
number of triglyceride-rich chylomicrons and activation of FVII.  Different from 
SFA, a MUFA-rich diet results in the postprandial formation of a smaller number of 
larger chylomicron particles and in attenuation of the postprandial FVII activation.

It has been shown that chronic exposure to a MUFA-rich diet increases the 
capacity of large TRLs particles to transport lipids during the postprandial phase 
while reducing the absolute number of TRL particles [116]. Noteworthy FVII binds 
to the protein moiety of TRLs, thus prolonging the length of its stay in the blood-
stream. By producing a smaller number of large TRL particles, the MUFA-rich diet 
makes that less FVII binds to TRL particles. This, in turn, determines less activation 
of FVII. Furthermore, the large TRL particles rich in MUFA or n-3 fatty acids are 
more easily cleared from the plasma than the particles rich in SFAs, thanks to their 
conformational structure [117]. In fact, the SFAs are located primarily in position s2 
of the triacylglycerols, which interchange with greater difficulty from the surface of 
the chylomicrons than do the fatty acids located in position s1 and s3 of the acylg-
lycerols, occupied preferentially by MUFA and n-3 fatty acids. This combination of 
factors, i.e., the smaller number of large TRL particles and the shorter stay in the 
bloodstream of MUFA-rich particles than SFA-rich particles, may explain the lower 
concentration of FVII after MUFA-rich diet as well as the differences between 
MUFA- and SFA-rich diets in postprandial changing from fasting.

Another suggested mechanism implicated in postprandial levels of FVII is the 
different affinity of fatty acids for peroxisome proliferator-activated receptor alpha 
(PPARα), a nuclear hormone receptor that plays a critical role in regulating lipid 
metabolism. The PPARα activity could be part of a more complex mechanism 
responsible of the FVII activation, at least in the acute test meal situation.
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3.5.4  Platelets

3.5.4.1  Effects of EVOO, MUFA, and n-3 PUFA
Platelets are small cell fragments that are produced by the breakdown of mega-
karyocytes, the large precursor cells found in the bone marrow. On release into the 
circulation, they circulate for approximately 9–12 days. The normal platelet count 
varies from 140 to 400 × 109/L. As discussed above, platelets are involved in the 
primary hemostasis, with the formation of a “white” thrombus.

Dietary fats, which are expected to modify the composition of platelet mem-
brane, would affect their function. In principle, diets high in saturated fat, particu-
larly long-chain fatty acids, are associated with a greater incidence of thrombosis 
than when a diet high in monounsaturated or polyunsaturated fat is fed. Studies 
in vitro and in vivo have shown that long-chain saturated fatty acids increase the 
platelet aggregation, contrary to unsaturated fatty acids which inhibit it.

Studies in human have largely demonstrated the antiplatelet aggregation effect of 
EVOO and MUFA. In an 8-week study, a diet containing 17.5% energy as MUFA 
decreased significantly platelet aggregation in response to collagen and arachidonic 
acid [118]. In another study [119], a 21 g/day supplementation of olive oil for 8 
weeks reduced platelet aggregation induced by ADP and collagen. In a population 
study on young adults, consumption of a MUFA-rich diet, compared to a SFA-rich 
diet, resulted in a significant decrease in platelet aggregation in response to ADP, 
collagen, and arachidonic acid at 8 weeks, and the reduced platelet aggregation was 
maintained at 16 weeks [120]. Despite the contrasting results of other studies, the 
weight of evidence suggests a significant beneficial effect of a MUFA-rich diet on 
platelet aggregation.

Studies in rabbits have also shown that oleic acid is a potent inhibitor of PAF 
(platelet-activating factor)-induced platelet aggregation. PAF is a platelet agonist, a 
powerful endogenous mediator of platelet aggregation, made of a mixture of unsat-
urated free fatty acids. The PAF effect on platelets is due to its interaction with a 
specific membrane receptor that induces the degradation of platelet plasma mem-
brane phosphatidylinositol. Oleic acid has been demonstrated to induce an inhibi-
tion of phosphatidylinositol synthesis. To the effect of oleic acid on platelet 
activation has been attributed the beneficial effects of oleic acid and other unsatu-
rated FFA in the thrombotic disease prevention [112].

The omega-3 (ω3 or n-3) polyunsaturated fatty acids (n-3 PUFA) eicosapentae-
noic (EPA) and docosahexaenoic acid (DHA) extracted from fish oil have been 
demonstrated to actively reduce platelet aggregation. This effect is due to several 
mechanisms: (a) a competition with arachidonic acid, replacing the active throm-
boxane A2 by thromboxane A3, (b) an inhibition of cyclooxygenase, and (c) a direct 
antagonistic effect on the thromboxane A2/prostaglandin H2 receptor in human 
platelets.

The EPA and DHA metabolic activity, however, is not confined to the platelets 
anti-aggregation effects. Numerous studies and extensive reports have shown cardio-
protective effects of dietary fish, fish oil, or a combination of EPA/DHA used in 
nutritional supplementation. Cardioprotection conferred by these PUFA species has 
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been attributed to different mechanisms, including regulation of lipid metabolism and 
blood pressure, stabilization of atherosclerotic plaques, and antiarrhythmic and anti-
inflammatory actions. Of importance, individual gene variations in apolipoprotein 
(apo) AI, apoA5, apoE, TNF alpha, PPAR alpha, NOS3, and ALOX5 interact with 
omega-3 PUFA intake modulating lipid metabolism and cardiovascular outcomes.

EPA and DHA have also lowering effect on triglyceride blood levels. The n-3 
PUFA, in fact, interacts with triglyceride metabolism modulated by NOS and 
PPARα gene polymorphisms. Carriers of the minor allele for rs1799983 SNP of 
NOS3 gene have shown a negative correlation between plasma TG concentrations 
and plasma n-3 PUFA level. Following n-3 PUFA supplementation, subjects with 
the minor allele had a better response to the change in plasma n-3 PUFA in reducing 
serum TG concentration than major allele homozygous carriers.

Concerning the PPARα gene polymorphisms, the minor allele Leu162Val variant 
has been associated with higher triglycerides and apo C-III blood levels only in 
subjects consuming a low-PUFA diet. Conversely, high consumption of PUFA with 
diet modulates the effect of this SNP on lipid metabolism and triglyceride blood 
levels.

3.5.4.2  Polyphenols and Platelet Aggregation
As widely described elsewhere in this book (Chaps. 2 and 10), polyphenols are 
potent antioxidants present in several foods, particularly in fresh fruit, red wine, and 
extra-virgin olive oil (EVOO). As previously mentioned (Chap. 2), extra-virgin 
olive oil (EVOO) is particularly rich in phenolic compounds, and this richness 
depends on the mechanical procedures employed to obtain extra-virgin olive oil, 
without any use of chemical solvent. In fact, the common, or refined, olive oil, 
obtained with solvents by pomace, contains no polyphenols because solvents do not 
allow to recover any phenolic compound by the pomace. The refining process serves 
to remove color, odor, and flavor from low-quality olive oil and leaves behind a very 
pure form of olive oil that is tasteless, colorless, and odorless and without any bioac-
tive compound. The EVOO, on the contrary, contains large amounts of polyphenols 
which, however, are only a tenth of the polyphenols contained in olives; in fact, the 
most part of these olives’ bioactive compounds is lost during the various processing 
stages, particularly in the mill wastewater.

The major phenolic compounds in EVOO are oleuropein, tyrosol, hydroxytyro-
sol, and luteolin. These phenols, which represent almost 90% of the EVOO poly-
phenols, are only 4 of the almost 30 phenolic compounds present in EVOO.

The polyphenols have been mostly investigated in CHD where they have demon-
strated to significantly reduce numerous cardiovascular risk factors. EVOO poly-
phenols possess antioxidant properties and influence many biological activities that 
may account, at least in part, for the observed effects of olive oil on the cardiovas-
cular system. Some of these effects include (a) inhibition of LDL oxidation, (b) 
production of nitric oxide, and (c) downregulation of intercellular adhesion 
molecule- 1(ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) expression 
in endothelial cells [121].
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EVOO with a high phenolic compound content (400 mg/kg) has been demon-
strated to significantly inhibit also PAI-1 and FVII.

As far as platelet aggregation is concerned, EVOO polyphenols have been dem-
onstrated to reduce platelet aggregability. The EVOO phenol component 
[2-(3,4-dihydroxyphenyl)ethanol] decreases significantly platelet aggregation 
induced in vitro by ADP and collagen and the TxB2 production by collagen and 
thrombin-stimulated platelet-rich plasma (PRP) [122]. Two isochroman polyphe-
nols present in EVOO [1-(3′-cAMPmethoxy-4′-hydroxy-phenyl)-6,7dihydroxy- 
isochroman and 1-phenyl-6,7-dihydroxy-isochroman] inhibit in  vitro platelet 
aggregation and thromboxane release induced by arachidonic acid and collagen 
[44]. In vivo beneficial effects of EVOO polyphenols on hemostasis have been also 
reported. In a study on volunteers, a significant reduction in plasma TxB2 concentra-
tion after an EVOO-rich diet, compared to a high-oleic sunflower diet, was observed, 
and this effect was attributed to the greater amount of polyphenols in the EVOO- 
rich diet [123].

The molecular mechanisms of EVOO polyphenols antiplatelet activity have been 
studied.

Platelet activation is regulated by a number of physiological activators (throm-
boxane A2, vasopressin, ADP, thrombin, serotonin) and inhibitors (endothelium- 
derived relaxing factor, prostaglandin inhibitor-2).

Platelet antagonists inhibit platelet function by increasing the intracellular levels 
of cyclic nucleotides cAMP and cGMP through the activation of the respective 
cyclases. Cyclic nucleotide levels are downregulated by degradation through phos-
phodiesterases (PDE). Platelets contain mainly PDE3, which preferentially hydro-
lyzes cAMP as substrate. EVOO phenols, particularly luteolin, have been 
demonstrated to act on cAMP-PDE complex, by inhibiting the PDE activity, so 
increasing the intracellular levels of cyclic nucleotides cAMP [124].

PMQ (3,3′,4′,5,7-pentamethylquercetin), a member of the polymethoxylated fla-
vones family, is the methylated form of quercetin, a flavonol polyphenol found in 
many fruits, vegetables, teas, grains, and olive oil. PMQ is a potent antioxidant with 
anticarcinogenic activity and cardioprotective properties. In vitro studies have 
shown that PMQ exerts a potent inhibitory effect on platelet function and in vivo 
inhibits thrombus formation in acute animal model. PMQ has been shown to protect 
mice from death in the acute lung thromboembolism model and from carotid artery 
injury induced by ferric chloride. Moreover, PMQ inhibits platelet aggregation 
induced by several agonists and regulates functional responses of platelets, includ-
ing the release of ATP and P-selectin. The molecular mechanisms of the inhibitory 
effects of PMQ on platelet function were shown to be the suppression of the PI3K/
Akt-GSK3β and Syk-PLCγ2-Erk signaling cascades [123].

Finally, it should be pointed out that the very peculiar combination of biologi-
cally active compounds in EVOO produces a milder activation of the mechanisms of 
inflammation and coagulation during the postprandial phase, a situation that leads to 
reduced postprandial activation of NF-kB, an important cellular regulator that initi-
ates the formation of procoagulant and pro-inflammatory signal peptides [112].
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4Extra-Virgin Olive Oil and Type 2 
Diabetes Mellitus

4.1  Premises: Insight Into Type 2 Diabetes Mellitus

Extra-virgin olive oil has been demonstrated to have a deep impact on type 2 diabe-
tes mellitus and on several factors that predispose to diabetes.

The Type 2 diabetes mellitus (T2DM), also referred to as non-insulin-dependent 
diabetes mellitus (NIDDM) or adult-onset diabetes, maturity-onset diabetes, or 
ketosis-resistant diabetes, is a very complex disease and a long-term metabolic dis-
order characterized by high blood sugar, insulin resistance, and relative lack of insu-
lin. Metabolically, T2DM is characterized by insulin resistance in appropriate 
hepatic glucose production and impaired insulin secretion. Long-term complica-
tions from high blood sugar include atherosclerosis and cardiovascular disease 
(CHD) including strokes, retinopathy which can result in blindness, kidney failure, 
and ischemic peripheral arteriopathy which can result in limb amputations.

T2DM makes up about 90% of cases of diabetes, with the other 10% due to type 
1 diabetes mellitus and gestational diabetes.

4.2  Epidemiology

Rates of T2DM have increased markedly since 1960 in parallel with obesity [1]. 
This is important because obesity, particularly the abdominal obesity, appears to be 
the major determinant of the onset of T2DM.

As of 2015 there were approximately 392 million people diagnosed with diabe-
tes compared to around 30 million in 1985, with T2DM making up about 90% of the 
cases [2]. This represents 8.3% of the adult population [3], with equal rates in both 
women and men [4]. As of 2014, trends suggested the rate would continue to rise. 
Diabetes at least doubles a person’s risk of early death [5]. From 2012 to 2015, 
approximately 1.5 to 5.0 million deaths each year resulted from diabetes [5, 6]. The 
global economic cost of diabetes in 2014 was estimated to be US$ 612 billion [7]. 
In the United States, diabetes cost were $245 billion in 2012 [8].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-78084-9_4&domain=pdf
https://en.wikipedia.org/wiki/Diabetes_mellitus
https://en.wikipedia.org/wiki/Diabetes_mellitus_type_1
https://en.wikipedia.org/wiki/Gestational_diabetes
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T2DM is primarily due to lifestyle factors and genetics [9]. A number of lifestyle 
factors are known to be important to the development of T2DM, including obesity 
(defined by a body mass index of greater than 30), lack of physical activity, poor diet, 
stress, and urbanization. Dietary factors influence the risk of developing 
T2DM.  Consumption of sugar-sweetened drinks in excess is associated with an 
increased risk [10, 11]. The type of fats in the diet is also important, with saturated fat 
and trans fats increasing the risk and polyunsaturated and monounsaturated fat decreas-
ing the risk [9]. A lack of physical activity is believed to cause 7% of cases [12].

4.3  Visceral Obesity, Metabolic Syndrome, and T2DM

T2DM is in most cases associated with a particular form of obesity, the abdominal- 
perivisceral adiposity, which is part of a complex syndrome, the metabolic syn-
drome (MetS), characterized by insulin resistance, impaired glucose metabolism, or 
overt T2DM, as well as atherogenic dyslipidemia, elevated blood pressure, and 
other comorbidities including a prothrombotic and pro-inflammatory state and non-
alcoholic fatty liver disease [13–19]. All these conditions independently increase 
the risk of atherosclerotic disease, such as CHD and stroke.

Mediterranean diet and particularly MUFA and olive oil have a significant impact 
on these comorbidities, so influencing the fate of T2DM. We will consider first the 
role of these comorbidities, particularly visceral adiposity and the consequent insu-
lin resistance, in the pathogenesis of T2DM and then the impact of Mediterranean 
diet and EVOO on the fate of T2DM.

At the origin of T2DM, insulin resistance induced by excess abdominal- 
perivisceral fat accumulation appears to be the starter of glucose metabolism impair-
ment and T2DM onset.

4.3.1  Insulin Resistance

Insulin resistance (IR) is defined as an inadequate response by insulin target tis-
sues—such as the skeletal muscle, liver, and adipose tissue—to the physiologic 
effects of circulating insulin. The hallmarks of impaired insulin sensitivity in these 
tissues are:

 1. Decreased insulin-stimulated glucose uptake into the skeletal muscle
 2. Impaired insulin-mediated inhibition of hepatic glucose production in the liver
 3. A reduced ability of insulin to inhibit lipolysis in the adipose tissue

The primary cause of insulin resistance and T2DM appears to be the increase in 
fat mass and obesity, particularly the intra-abdominal fat accumulation [20]. We 
will discuss (a) the mechanisms of adipogenesis and fat accumulation and (b) the 
consequences of increased lipolysis of intra-abdominal adipose tissue and conse-
quent excess of circulating free fatty acids (FFA) on insulin receptor (IR) activity.
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4.3.2  Mechanisms of Adipogenesis and Fat Accumulation

Contrary to the previous belief that adipogenesis ceases early in the life, with a fixed 
number of adipocytes after birth, fat cells experience a dynamic turnover, by which 
mesenchymal cells undergo lineage commitment, preadipocyte proliferation, and 
terminal differentiation into mature adipocytes [21]. Approximately 10% of fat cells 
are renewed annually at the adult stage and at all levels of body mass index [22].

During a positive caloric balance, adipocytes normally undergo initial hypertro-
phy, which elicits cellular signaling for the recruitment, proliferation, and differen-
tiation of new fat cells. If new adipogenesis from preadipocytes is impaired, as is the 
case in the MetS, the lack of excess energy storage may cause existing fat cells to 
undergo excessive hypertrophy, causing adipocyte dysfunction, the production of 
pathogenic adipocytes, and adipose tissue endocrine and immune responses [23]. 
Therefore, a failure of subcutaneous fat cell proliferation or differentiation results in 
excessive hypertrophy and dysfunction of fat cells and in a consequent ectopic fat 
storage, i.e., intra-abdominal, perimuscular, perivascular, pericardial, and periosteal 
fat accumulation [24–26]. Pericardial and perivascular adipose tissue may have 
direct pathogenic effects on the myocardium, coronary arteries, and peripheral ves-
sels, via dysregulated local secretion of vasoactive and inflammatory factors that 
may contribute to atheroma instability and other cardiovascular diseases.

4.3.3  Visceral Fat: Role and Metabolism

The visceral adipose tissue (VAT) is localized primarily as intra-abdominal depots 
around the intestine, in the mesentery, omentum, and perirenal areas, and drains 
directly to the liver through the portal circulation.

Although the complex pathophysiology of VAT has not been completely eluci-
dated, it is known that VAT adipocytes are more metabolically active, more sensitive 
to lipolysis, and more insulin-resistant than the subcutaneous adipose tissue (SCAT). 
Conversely, SCAT is more avid in the absorption of circulating free fatty acids 
(FFA), in triglyceride synthesis, and in the storage of lipids in fat cells [27, 28]. VAT 
metabolic activity is regulated by its peculiar physiochemical components, i.e., the 
presence of a greater number of glucocorticoid receptors and β-adrenoceptors and a 
lower number of insulin receptors (IR).

4.3.3.1  Glucocorticoid Receptors
Adipose tissue accumulation is controlled by steroid hormones. Glucocorticoids 
promote the accumulation of adipose tissue in the intra-abdominal depots [29]. 
Accordingly, VAT was demonstrated to undergo relative and absolute accumulation 
due to a fourfold increase in glucocorticoid receptors in VAT compared with SCAT 
[29]. Progesterone acts as a glucocorticoid receptor antagonist and blocks the effects 
of glucocorticoids in the adipose tissue. These data suggests that in premenopausal 
women progesterone might protect against cortisol-induced intra-abdominal fat 
accumulation. Thus, men and postmenopausal women, who normally have low 
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progesterone level, might experience the full-blown cortisol effect on intra-abdom-
inal fat accumulation and therefore tend to accumulate a larger proportion of their 
fat intra-abdominally. The increase in VAT is also attributable to the glucocorticoid- 
induced increase in appetite, as well as to a glucocorticoid-dependent increase in 
adipocyte differentiation and decrease in adipocyte proliferation, both of which pro-
mote adipocyte hypertrophy [30]. Due to these characteristics, VAT mass appears to 
be prone to very large increase, and VAT adipocytes to possibly become very hyper-
trophic [31].

4.3.3.2  Fat Mobilization: The Role of β3 and α2 Adrenoceptors
The process of fat mobilization from adipocytes consists of the hydrolysis of triac-
ylglycerol stored in the adipocyte, to release nonesterified fatty acids (NEFA or 
FFA) into the circulation. The key enzyme is here an intracellular lipase, the hor-
mone sensitive lipase (HSL), sensitive to catecholamines. Catecholamines have 
dual effects on the lipolysis rate, both accelerating (through β-adrenoceptors) and 
retarding lipolysis (through α2-adrenoceptors). In men and women, the lipolytic 
response to noradrenaline, which acts through α2- and β-adrenoceptors, is more 
marked in the visceral than in the gluteal or femoral fat [32]. It was also found [33] 
that the visceral fat cells from obese subjects were highly responsive to noradrena-
line stimulation, which strongly enhances lipolytic response. The main finding was 
the markedly augmented β3-adrenoceptor sensitivity and coupling efficiency in vis-
ceral adipocytes. It was suggested that this enhanced β3-adrenoreceptor activity of 
VAT was due to an increased receptor number in obese subjects. Therefore, the 
elevated rate of lipolysis in visceral fat cells appears to be largely due to increased 
number and activity of β3-adrenoceptors and, partly, to a reduced activity of α2- 
adrenoceptors. As a consequence, more FFA are released into the portal system in 
obesity.

4.3.3.3  VAT Insulin Receptor Dysfunction
The density of insulin receptors (IR) in VAT is lower than in SCAT, and this makes 
the abdominal visceral adipose tissue more sensitive to lipolytic stimuli and less 
sensitive to the inhibitory action of insulin than SCAT [34]. Insulin inhibits lipolysis 
preferentially in the more insulin-sensitive subcutaneous adipocytes, thus leaving 
visceral fat more exposed to the action of catecholamines [35]. Other factors, how-
ever, intervene in the metabolic dysfunction of VAT IR, e.g., the chronic elevation 
of FFA and inflammatory adipocytokines, particularly TNF-α. An increase of FFA 
level in VAT, primarily due to excess of lipolysis promoted by the enhanced β3- 
adrenoreceptor activity, appears to play a crucial role in the initial phases of insulin 
receptor dysfunction and insulin resistance primarily in VAT.

4.3.3.4  Adipose Tissue Chronic Inflammation
By definition, the obese adipose tissue is characterized by inflammation and pro-
gressive infiltration by macrophages as obesity develops. Besides its main function 
of lipid storage, the white adipose tissue has a major endocrine function, secreting 
several hormones, notably leptin, adiponectin, and monocyte chemoattractant 
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protein- 1(MCP-1), and a diverse range of other protein factors, which have been 
called adipocytokines or adipokines. The adipokinome includes proteins involved in 
lipid metabolism, insulin sensitivity, the complement system, blood pressure, and 
angiogenesis and a number of proteins involved in inflammation (TNFα, interleukin 
(IL)-1β, IL-6, IL-8, IL-10, transforming growth factor-β, nerve growth factor) and 
the acute phase response (plasminogen activator inhibitor (PAI)-1, haptoglobin, 
serum amyloid A) [21, 36]. The increased production and raised circulating levels 
of these proteins in obesity have led to the view that obese individuals are character-
ized by a state of chronic low-grade inflammation and that this is causally linked to 
insulin resistance, hyperlipidemia, and the MetS [36–41]. The unbalanced produc-
tion of pro- and anti-inflammatory adipocytokines seen in visceral fat obesity criti-
cally contributes to the development of many aspects of the MetS [16, 18, 42].

A very interesting feature of this inflammatory profile is that it appears to be trig-
gered, and reside predominantly, in the adipose tissue [43, 44]. While the role of 
adipocytes in metabolic pathways is clear, little is still understood about their role in 
inflammation. There is considerable evidence that the obese adipose tissue is mark-
edly infiltrated by macrophages, which actively participate in the inflammatory 
pathways that are activated in the adipose tissue [45–47]. It is noteworthy that mac-
rophage infiltration and inflammation-related gene expression in the adipose tissue 
precede the development of insulin resistance in animal models [45, 46], suggesting 
that infiltrated macrophages are an important source of inflammation in the adipose 
tissue. Most macrophages in adipose tissue are derived from the bone marrow and 
recruited by the adipose tissue [45].

4.3.3.5  The Timing of Adipose Tissue Inflammation (Fig. 4.1)
According to a proposed timing of adipose tissue inflammatory steps in obesity, 
hypertrophic adipocytes begin to secrete low levels of TNF-α, which stimulate pre-
adipocytes to produce MCP-1 [46]. Endothelial cells also secrete MCP-1 in response 
to cytokines. Thus, preadipocytes, endothelial cells, or both appear to be responsible 
for attracting macrophages into the adipose tissue through the active secretion of 
MCP-1. Increased secretion of leptin (and/or decreased production of adiponectin) 
by adipocytes may also contribute to macrophage accumulation by stimulating 
transport of macrophages to the adipose tissue [48] and promoting the adhesion of 
macrophages to endothelial cells [49]. Also hyperinsulinemia promotes monocyte 
adhesion and recruitment by increasing the expression of vascular cell adhesion 
molecule (VCAM)-1  in endothelial cells [19, 50]. It is conceivable that physical 
damage to the endothelium, caused either by sheer size changes and crowding or by 
oxidative damage resulting from an increasingly lipolytic environment, can also 
play a role in macrophage recruitment, similar to what is seen in atherosclerosis. 
Additionally, the increased adipose tissue expression of chemotactic factors such as 
MCP-1 and its cognate receptor chemokine (C–C motif) receptor (CCR)-2 has been 
implicated in the control of monocyte recruitment to the adipose tissue [51]. Finally, 
recent evidence suggests that increased metabolic stresses such as endoplasmic 
reticulum (ER) stress, hypoxia, and oxidative stress, as well as the downregulation 
of mitogen-activated protein (MAP) kinase phosphatase (MKP)-1, are involved in 
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the induction of inflammatory changes in adipocytes during the course of adipocyte 
hypertrophy [51]. Whatever the initial stimulus, once macrophages are present and 
active into the adipose tissue, they, along with adipocytes and other cell types, per-
petuate a vicious cycle of macrophage recruitment, production of inflammatory 
cytokines, and impaired adipocyte function.

4.3.3.6  The Insulin Receptor Activity (Fig. 4.2)
To understand the role of excess FFA and other factors in the onset of insulin resis-
tance, one has to consider the insulin receptor (IR) structure and metabolic activity 
(Fig. 4.2).

The IR, which belongs to the large class of tyrosine kinase receptors, is a trans-
membrane receptor that is activated by insulin [52]. The IR is a heterotetrameric 
protein consisting of two extracellular α-subunits and two transmembrane 
β-subunits, connected by disulfide bridges. Tyrosine kinase receptors, including the 
IR, mediate their activity by causing the addition of a phosphate group to particular 
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Fig. 4.1 The obese adipose tissue is characterized by inflammation and progressive infiltration by 
macrophages, as obesity develops. There is considerable evidence that the obese adipose tissue is 
markedly infiltrated by macrophages, which actively participate in the inflammatory pathways 
here activated. According to a proposed timing of adipose tissue inflammatory steps in obesity, 
hypertrophic adipocytes initially begin to secrete low levels of TNF-α, which stimulate preadipo-
cytes to produce monocyte chemoattractant protein-1 (MCP-1) [46]. Endothelial cells also secrete 
MCP-1  in response to cytokines. Thus, preadipocytes, endothelial cells, or both appear to be 
responsible for attracting macrophages into the adipose tissue through the active secretion of 
MCP-1. Once macrophages are present and active in the adipose tissue, they, along with adipo-
cytes and other cell types, perpetuate a vicious cycle of macrophage recruitment, production of 
inflammatory cytokines, and impairment of adipocyte function. The inflammatory cytokines IL-6, 
IL-1β, and TNF-α activate JNK and IKK serine kinases, which promote IRS-1 serine 307–312 
phosphorylation. This serine phosphorylation is responsible for a reduction in IRS protein and a 
consequent inhibition of insulin receptor signaling by interrupting IRS/insulin receptor interaction. 
This molecular mechanism promotes insulin resistance in adipocytes and likely starts in the vis-
ceral adipose tissue (see also Figs. 4.2 and 4.3). Source: Capurso C, Capurso A. From excess adi-
posity to insulin resistance: the role of free fatty acids. Vasc Pharmacol 2012; 57: 91–97
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tyrosines on certain proteins within the cells. With the binding of insulin to the IR, 
a number of endogenous substrates are phosphorylated on tyrosine residue [53]. 
The first substrate to be tyrosine-phosphorylated by the insulin signaling is the 
transmembrane beta-subunit of the IR itself, with a mechanism of autophosphoryla-
tion. The preliminary tyrosine autophosphorylation of the IR tyrosine residues pro-
vides docking sites for the recruitment of a number of proteins, each capable of 
initiating a distinct signaling pathway, starting up a protein phosphorylation cas-
cade. First among such proteins are a set of proteins known as IR substrates (IRS)1–
4. The extracellular insulin binding induces the intracytoplasmic binding of IRS-1 
to the receptor, through its src homology 2 (SH2) domains. Multiple tyrosine resi-
dues of IRS-1 itself are then phosphorylated by the receptor. Tyrosine-phosphorylated 
IRS-1 and IRS-2 serve as the major docking proteins for numerous proteins contain-
ing SH2 domain. This enables IRS-1 to activate several additional protein kinase 
signal systems. It has been suggested that the most dominant one is the signaling of 
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Fig. 4.2 The binding of insulin to the α-subunit of the insulin receptor activates autophosphoryla-
tion reactions whereby the intracellular part of the insulin receptor (β-subunit) becomes tyrosine- 
phosphorylated by the protein kinase activity of these same receptors. A phosphorylation cascade 
follows, initiating a protein phosphorylation cascade. The phosphorylation of IRS-1 and IRS-2 
leads to binding and activation of phosphatidylinositol 3-kinase (PI3K), which converts phospha-
tidylinositol 3,4-bisphosphate [PI(3,4)P2] to phosphatidylinositol 3,4,5-trisphosphate [PI(3,4,5)
P3]. These nucleotides act as anchors, binding protein kinases to the plasma membrane and activat-
ing them. [PI(3,4,5)P3] bound to the plasma membrane associates with phosphoinositol-dependent 
kinase-1 (PDK-1), and this leads to phosphorylation and activation of protein kinase B, otherwise 
known as Akt. Activated Akt is thought to initiate many of the metabolic actions of insulin in the 
adipose tissue, the muscle, the liver, and the pancreas. Source: Capurso C, Capurso A. From excess 
adiposity to insulin resistance: the role of free fatty acids. Vasc Pharmacol 2012; 57: 91–97
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phosphatidylinositol 3-kinase (PI3K) (Fig. 4.2), which converts phosphatidylinosi-
tol 3,4-bisphosphate [PI(3,4)P2] to phosphatidylinositol 3,4,5-trisphosphate 
[PI(3,4,5)P3]. These nucleotides act as anchors, binding downstream protein kinases 
to the plasma membrane and activating them, particularly the kinase Akt. It has 
been suggested that Akt (also known as protein kinase B, PKB) is the central ele-
ment in the actions of insulin, such as GLUT4 translocation and glucose transport, 
glycogen synthesis, protein synthesis, and anti-lipolysis [54–58] (Fig.  4.2). The 
increase in the high-affinity glucose transporter GLUT4 molecules on the outer 
membrane of insulin-responsive tissues, including the muscular and the adipose tis-
sue, leads to increased uptake of glucose from blood into these tissues. In other 
words, the glucose transporter GLUT4 is transported from cellular vesicles to the 
cell surface, where it can then mediate glucose transport into the cell [59]. IRS-1 
plays a key role in transmitting signals from the IR to intracellular pathways of 
PI3K/Akt.

The degradation of IRS-1 by the proteasome degradation system acts as a feed-
back mechanism to turn off insulin signals. Insulin itself stimulates IRS-1 degrada-
tion, thus itself inhibiting insulin signaling [53]. After activation of IR signaling 
pathway, insulin induces membrane association of a protein kinase, the isoform 
theta (Θ) of PKC (PKC-Θ), which is known to be negatively associated with insulin 
sensitivity in the cells [60, 61]. Upon activation, PKC-Θ is phosphorylated by a 
mechanism of autophosphorylation. IRS-1 binds to activated (phosphorylated) 
PKC-Θ and becomes phosphorylated in IRS-1protein serine 307 in rodents and ser-
ine 312 in humans [62, 63]. Serine-phosphorylated IRS uncouples from the IR and 
is degraded by the proteasome system [53]. Other mechanisms of negative feedback 
have been described. Upon insulin stimulation, IRS-1 is tyrosine-phosphorylated by 
the IR, resulting in the activation of PI3-kinase, that mediates serine 307 phosphory-
lation of IRS-1, in turn inhibiting the ability of IRS-1 to be further tyrosine- 
phosphorylated by the IR and propagating insulin signaling [64]. Despite the 
complexity of insulin signaling, there is agreement that serine/threonine phosphory-
lation of IRS-1 inhibits IR-catalyzed IRS-1 tyrosine phosphorylation and the subse-
quent downstream signaling actions of insulin [53].

4.3.3.7  The Interruption of Insulin Receptor Signaling
As obesity develops, the fine and complex mechanisms that regulate insulin recep-
tor activity become seriously perturbed by some factors that initiate “turnoff” reac-
tions. Among the numerous factors described, excess of circulating FFA and TNF-α 
appears to be crucial in quenching IR function (Fig. 4.3).

4.3.3.8  FFA and Insulin Receptor Inactivation
It has been long known that FFA can induce insulin resistance [65, 66]. It was sug-
gested that FFA cause insulin resistance through inhibition of insulin signaling, 
which occurs through activation of a serine kinase cascade [67].

Obesity results in an increased flux of FFA into the circulation and subsequent 
uptake by the myocyte, hepatocyte, or adipose tissue. Activated fatty acids (i.e., 
fatty acyl-CoA) are metabolized primarily via one of two pathways, oxidation and 
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storage (Fig. 4.3). When fatty acid flux exceeds the ability of these pathways to 
dispose of fatty acyl-CoA, fatty acids and intermediates of fatty acid metabolism 
(e.g., linoleic acid, diacylglycerol (DAG), phosphatidic acid (PA), lysophosphatidic 
acid (LPA), ceramide) accumulate. In turn, these fatty acid intermediates can acti-
vate a number of different serine kinases that negatively affect insulin action. 
Recently, some studies have better elucidated the role of FFA in the IR inactivation 
and degradation [18, 68]. FFA directly (e.g., linoleic acid) or through the intermedi-
ates DAG, PA, LPA, or ceramide activate the serine kinase PKC-Θ, which becomes 
phosphorylated at threonine 538 residue. Phosphorylated PKCΘ starts a down-
stream activation of other two serine kinases, the c-JUN NH2-terminal kinase (JNK) 
and the inhibitor kB kinase (IKK). JNK and IKK associate with IRS-1, promoting 
its serine phosphorylation on serine 312 in humans [53] and serine 307 in rodents 
[69] (Fig. 4.3). The serine phosphorylation is responsible for IRS-1 blocking and 
the occurrence of insulin resistance through interruption of IR/IRS interaction [70] 
and promotion of IRS-1 protein degradation [53]. The inactivated IR is then inter-
nalized into the cell and catabolized by lysosomes. This molecular pathway oper-
ates in many cell types including adipocytes, myocytes, and hepatocytes [68].
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Fig. 4.3 Fatty acids, in their activated form (fatty acyl-CoAs), are metabolized primarily via one 
of two pathways, oxidation or storage. When fatty acid flux exceeds the capacity of these path-
ways, as it occurs in obesity, fatty acids and intermediates of fatty acid metabolism [linoleic acid, 
diacylglycerol (DAG), phosphatidic acid (PA), lysophosphatidic acid (LPA), ceramide] accumu-
late and activate phosphokinase C-theta (PKC-Θ), which becomes phosphorylated. Phosphorylated 
PKC-Θ starts a downstream activation of two serine kinases, the c-JUN NH2- terminal kinase 
(JNK) and the inhibitor kappaB kinase (IKK). JNK and IKK associate with IRS-1, promoting its 
serine phosphorylation (serine 312 in humans, serine 307 in rodents). The serine phosphorylation 
is responsible for IRS-1 blocking and the occurrence of insulin resistance by interrupting insulin 
receptor/IRS interaction and promoting IRS-1 protein degradation. Source: Capurso C, Capurso 
A. From excess adiposity to insulin resistance: the role of free fatty acids. Vasc Pharmacol 2012; 
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4.3.3.9  TNFα and Insulin Signaling
TNF-α, an inflammatory cytokine expressed mainly by macrophages of the adipose 
tissue (Fig. 4.1), inhibits insulin signaling and induces insulin resistance in human 
adipocytes by affecting IRS proteins [71, 72]. In adipocytes, TNF-α inhibits insulin- 
stimulated tyrosine phosphorylation of both IR and IRS-1 and downregulates the 
insulin-sensitive glucose transporter GLUT4. At the level of IRS-1, TNF-α acts by 
a double mechanism that involves (a) serine phosphorylation by IKK and by p38 
MAP kinase (p38MAPK) at the serine 307 residue in rodents and serine 312  in 
humans and (b) tyrosine dephosphorylation by protein-tyrosine phosphatase 1B 
(PTP1B). Inhibition of IKK activation with salicylate restores insulin sensitivity 
also in the presence of TNF-α [73].

The mechanisms affecting IRS reduction involve proteasome-mediated degrada-
tion, phosphatase-mediated dephosphorylation, and serine phosphorylation of IRS- 
1, which converts IRS-1 to a form that inhibits IR tyrosine kinase activity [74, 75]. 
Obese individuals express 2.5-fold more TNF-α mRNA and protein in fat tissue 
relative to lean subjects, but circulating TNF-α levels are extremely low or undetect-
able. Therefore, rather than acting systemically, TNF-α seems to act locally at the 
site of the adipose tissue, through autocrine or paracrine mechanisms or both, hav-
ing effects on insulin resistance and inducing IL-6 secretion [76]. In conclusion, the 
inhibitory effect of TNF-α on insulin signaling is mediated by a double mechanism 
of serine phosphorylation and tyrosine dephosphorylation of IRS-1, leading to 
IRS-1 inactivation and degradation [53].

4.3.3.10  Summarizing the Insulin Receptor Functioning
IRS proteins appear to be the keystone of insulin signaling, through a mechanism of 
phosphorylation. IRS-1 may be phosphorylated at the level of tyrosine or serine 
residues, with opposite effects. Tyrosine residue phosphorylation of IRS-1 and con-
sequent docking of IRS-1 to the transmembrane β-subunits of insulin receptor acti-
vate the insulin signaling cascade in the muscle, the liver, and the adipose tissue. 
Serine residue phosphorylation of IRS-1, on the contrary, functions as a stop signal 
for insulin receptor, with detachment of IRS-1 from insulin receptor and degrada-
tion in the proteasome system. Insulin promotes first the autophosphorylation of 
tyrosine residues of the transmembrane β-subunits of IR and then the docking of 
IRS-1 to insulin receptor and the tyrosine phosphorylation of IRS-1. Excess of cir-
culating FFA plays an opposite role to that of insulin, quenching insulin receptor 
activity through a mechanism of serine phosphorylation of IRS-1 induced by the 
FFA-activated serine kinase PKC-Θ. Serine-phosphorylated IRS-1, up-anchoring it 
to insulin receptor, stops insulin receptor activity and prompts insulin receptor and 
IRS-1 degradation by the proteasome. The serine kinase PKC-Θ results to be chron-
ically activated in obese individuals, and this is probably one important cause of 
insulin resistance in such conditions [68]. As far as the serine kinase activation is 
concerned, salicylate has been demonstrated to prevent the FFA-induced activation 
of the serine kinase IKK-beta, preventing the serine phosphorylation and conse-
quent inactivation of IRS-1 and insulin receptor [73]. This capacity of salicylate to 
prevent fat-induced defects in insulin signaling makes it the prototype of a 
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potentially novel class of therapeutic agents for type 2 diabetes and insulin resis-
tance. Finally, the inflammatory cytokine TNF-α, expressed mainly by macrophages 
resident in the “low-inflamed” adipose tissue of obese individuals, inhibits insulin 
signaling by a double mechanism that involves serine phosphorylation by IKK and 
tyrosine dephosphorylation by PTP1B of IRS-1. It is noteworthy that salicylate 
restores insulin sensitivity also in the presence of TNF-α [73]. Such mechanisms 
may explain the transition from excess adiposity to insulin resistance and—subse-
quently—type 2 diabetes.

4.4  The Impact of Extra-Virgin Olive Oil on Type 2 DM

4.4.1  EVOO Reduces the Risk of Type 2 DM

Comprehensive meta-analyses have shown significant inverse associations between 
high adherence to Mediterranean diet and risk of type 2 diabetes mellitus (T2DM) 
[77] and consistent improvements in glycemic control among T2DM patients fol-
lowing a Mediterranean diet [78].

A Spanish prospective cohort study [79] assessed the relation between level of 
adherence to a Mediterranean diet and incidence of T2DM.  Participant in the 
study were 13,380 Spanish university graduates without diabetes at baseline fol-
lowed up for a median of 4.4 years. Dietary habits were assessed at baseline with 
a validated 136-item food frequency questionnaire and scored on a nine-point 
index. Participants who adhered closely to a Mediterranean diet had a lower risk 
of diabetes. The incidence rate ratios adjusted for sex and age were 0.41 (95% 
confidence interval 0.19–0.87) for those with moderate adherence (score 3–6) and 
0.17 (0.04–0.75) for those with the highest adherence (score 7–9) compared with 
those with low adherence (score < 3). A two-point increase in the score was asso-
ciated with a 35% relative reduction in the risk of diabetes (incidence rate ratio 
0.65, 0.44 to 0.95).

It should be considered that EVOO is the main source of dietary fat in the 
Mediterranean diet [80, 81]. With its high content in monounsaturated fatty acids 
(MUFAs) and polyphenols (tyrosol, secoiridoids, and lignans), consumption of 
extra-virgin olive oil has beneficial effects in the prevention, development, and pro-
gression of T2DM [82].

The MUFA oleic acid, the principal fatty acid of EVOO representing 70–75% of 
this oil, has been shown to have an important role in maintaining glycemic homeo-
stasis and preventing metabolic risk factors. Meta-analyses of randomized con-
trolled trials (RCTs) have shown that replacing carbohydrates (~5–10% of total 
energy intake) with MUFA as a specific dietary compound has beneficial effects on 
metabolic risk factors in T2DM patients [83–87], provided that MUFAs were 
derived from olive oil. In fact, in a meta-analysis of 32 cohort studies [88], MUFA 
of mixed animal and vegetable sources per se did not yield any significant effects on 
all-cause mortality and risk of cardiovascular disease, when the top and bottom 
thirds of baseline dietary fatty acid intake were compared. However, providing 
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MUFA via olive oil was associated with reduced risk of all-cause mortality, stroke, 
and cardiovascular events [88].

In a recent meta-analysis [89], 4 cohort studies, including 15,784 T2DM, and 29 
RCTs have been analyzed to evaluate the relation of olive oil with the risk of 
T2DM.  The study duration varied between 5.7 and 22 years for cohort studies 
enrolling 183,370 participants and between 2 weeks and 4.1 years for RCTs enroll-
ing 3698 participants. The use of olive oil was inversely associated with the risk of 
T2DM. When the highest olive oil intake category was compared with the lowest 
intake category, an RR of 0.84 (95% CI, 0.77–0.92, P < 0.01) was found. The dose–
response meta-analysis revealed that each 10 g daily increase in olive oil was asso-
ciated with a 9% reduced risk of T2DM (RR, 0.91; 95% CI, 0.87–0.95; P < 0.01). 
A nonlinear relationship (P < 0.01) between olive oil intake and risk of T2DM was 
also found. The risk of T2DM was shown to decrease by 13% with increasing intake 
of olive oil up to ~15–20 g day−1. No benefit for increasing intake was found above 
this value.

4.4.2  EVOO and MUFA Improve Glycemic Control

While in healthy individuals diets rich in olive oil, as the Mediterranean diet, reduce 
the incidence of T2DM, in people with T2DM a diet rich in monounsaturated fatty 
acids improves glycemic control, suggesting that a high intake of EVOO improves 
insulin sensitivity and insulin secretion [90–93].

The effect of EVOO in glycemic control has been shown in a sub-study of the 
PREDIMED study, a multicenter, randomized, primary prevention trial of cardio-
vascular disease. In this sub-study [94], 772 asymptomatic persons 55–80 years of 
age at high cardiovascular risk but free from T2DM were recruited and assigned to 
a low-fat diet or to 1 of 2 Mediterranean diets. Those allocated to Mediterranean 
diets received either free virgin olive oil, 1  L per week, or free nuts, 30  g/day. 
Compared with the low-fat diet, the mean changes (reductions) of plasma glucose 
levels in the Mediterranean diet with olive oil group or with nuts group were 
−0.39 mmol/L (95% CI, −0.70 to −0.07 mmol/L) and −0.30 mmol/L (CI, −0.58 to 
−0.01 mmol/L), respectively.

A MUFA-rich diet has been demonstrated to be better than a carbohydrate-rich 
diet in controlling fasting and postprandial serum glucose concentration. In a pro-
spective study [93], 11 offsprings of obese and T2DM patients regarded as insulin- 
resistant after an OGTT were randomly divided into 3 groups and underwent 3 
dietary periods each of 28 days in a crossover design: (a) diet high in saturated fat 
(SAT), (b) diet rich in monounsaturated fat (MUFA, from olive oil), and (c) diet rich 
in carbohydrate (CHO). Body weight and resting energy expenditure did not 
changed during the three dietary periods. Fasting serum glucose concentrations fell 
during MUFA-rich and CHO-rich diets compared with high-SAT diets (5.02 ± 0.1, 
5.03  ±  0.1, 5.50  ±  0.2  mmol/L, respectively). However, the MUFA-rich diet 
improved insulin sensitivity, as indicated by lower homeostasis model analysis- 
insulin resistance (HOMA-IR), compared with CHO-rich and high-SAT diets 
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(2.32 ± 0.3, 2.52 ± 0.4, 2.72 ± 0.4, respectively). After a MUFA-rich and high-SAT 
breakfast (443 kcal), the postprandial integrated area under curve (AUC) of glucose 
and insulin was lower compared with isocaloric CHO-rich breakfast (7.8  ±  1.3, 
5.84 ± 1.2, 11.9 ± 2.7 mmol, 180 min/L, and 1004 ± 147, 1253 ± 140, 2667 ± 329 pmol, 
180  min/L, respectively), while the integrated glucagon-like peptide-1 response 
increased with MUFA and SAT breakfasts compared with isocaloric CHO-rich 
meals (4.22 ± 0.7, 4.34 ± 1.1, 1.85 ± 1.1, respectively). The conclusions were that 
weight maintenance with a MUFA-rich diet improves HOMA-IR and fasting proin-
sulin levels in insulin-resistant subjects. Ingestion of a virgin olive oil-based break-
fast decreased postprandial glucose and insulin concentrations and increased 
HDL-C and GLP-1 concentrations as compared with CHO-rich diet.

In another study, a cross-sectional, population-based study undertaken in Pizarra, 
a small town in Spain, 538 normal subjects randomly chosen were given a prospec-
tive, 7-day nutritional questionnaire [95]. The intake of MUFA represented just over 
50% of the total amount of dietary fat and about 18% of the energy consumed. 
53.3% of the subjects usually consumed olive oil, 25.3% sunflower oil, and 21.4% 
both. The fatty acid composition of the serum phospholipids was used as a biologi-
cal marker of the type of fat consumed. Beta-cell function and insulin resistance 
index were estimated. The results showed that insulin secretion was directly related 
with the intake of MUFA-rich fats, independently of the level of insulin resistance. 
Neither the saturated fatty acids nor the PUFA accounted for part of the variability 
of the β-cell function in a multiple regression analysis, confirming the favorable 
relationship of MUFA with β-cell insulin secretion. Studies both in healthy subjects 
and in persons with type 2 diabetes mellitus have demonstrated that levels of GLP-1 
are increased more by dietary MUFA than by dietary saturated fatty acids [96] and 
that the greater postprandial clearance of an oral overload of MUFA-rich fats is 
associated with a greater increase in postprandial incretins such as GLP-1 or gastric 
inhibitory polypeptide. MUFAs from olive oil, therefore, appear to significantly 
increase the insulin and GPL-1 secretion.

It should be considered that a particular feature of Mediterranean diet is the large 
use of virgin olive oil for cooking, frying, spreading on bread, or dressing salads. 
This leads to a quite high daily intake of MUFA and to a high ratio of monounsatu-
rated fatty acids to saturated fatty acids. Therefore, despite the relatively high total 
fat content, this food pattern is rich in monounsaturated fatty acids and poor in satu-
rated fatty acids.

4.4.3  EVOO and the Pro-inflammatory State

Numerous studies have suggested that a pro-inflammatory state is one component of 
T2DM and metabolic syndrome [97–100]. The diabetic state per se confers an 
increased propensity to accelerated atherogenesis. Inflammation is pivotal in athero-
sclerosis; in addition to the established risk factors, inflammation appears to play an 
important role in diabetes and its complications. Evidence for increased inflamma-
tion includes increased levels of plasma C-reactive protein, the prototypic marker of 
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inflammation, increased levels of plasminogen activator inhibitor, increased mono-
cyte superoxide and pro-inflammatory cytokine release (IL-1, IL-6, and TNF- alpha), 
increased monocyte adhesion to the endothelium, increased NF-kappaB activity, and 
increased Toll-like receptor 2 and 4 expression and activity in diabetes. The low-
grade inflammation is also associated with endothelial dysfunction [37, 101].

Mediterranean diet and EVOO have been demonstrated to favorably influence 
the pro-inflammatory state.

A randomized, single-blind study [102] conducted on 180 patients with meta-
bolic syndrome was aimed to assess the effect of a Mediterranean-style diet rich in 
olive oil on endothelial functions and inflammatory markers. Patients in interven-
tion group (n = 90) were instructed to follow a Mediterranean diet rich in olive oil, 
while patients in control group (n = 90) followed a prudent diet. Nutrient intake; 
endothelial function score as a measure of blood pressure and platelet aggregation 
response to L-arginine; lipid and glucose parameters; insulin sensitivity; and circu-
lating levels of hs-CRP and IL-6, IL-7, and IL-18 were evaluated. After 2 years 
patients following the Mediterranean diet with olive oil, compared with patients 
consuming the control diet, had significantly reduced serum concentrations of hs- 
CRP (P = 0.01), IL-6 (P = 0.04), IL-7 (P = 0.4), and IL-18 (P = 0.3), as well as 
decreased insulin resistance (P < 0.001). Endothelial function score improved in the 
intervention group (mean [SD] change, +1.9 [0.6]; P < 0.001), while it remained 
stable in the control group (+0.2 [0.2]; P = 0.33). The conclusions were that olive oil 
and Mediterranean diet improve vascular inflammatory markers and endothelial 
function in subjects with DM and metabolic syndrome.

In a PREDIMED sub-study [94] conducted on 772 asymptomatic persons at high 
cardiovascular risk, Mediterranean diet enriched in EVOO (50 ml/week) reduced 
significantly C-reactive protein levels by 0.54 mg/L (CI, 1.04 to 0,03) compared 
with low-fat diet.

In a systematic review [103] aimed to synthesize data from randomized controlled 
trials investigating the effects of olive oil on markers of inflammation and endothelial 
function, 30 studies enrolling 3106 participants were included. Olive oil interven-
tions (with daily consumption ranging approximately between 1 and 50 mL) resulted 
in a significantly more pronounced decrease in C-reactive protein (mean difference, 
−0.64 mg/L (95% confidence interval (CI) −0.96 to −0.31), p < 0.0001, n = 15 trials) 
and interleukin-6 (mean difference, −0.29 (95% CI −0.7 to −0.02), p < 0.04, n = 7 
trials) as compared to controls, respectively. Values of flow-mediated dilatation 
(given as absolute percentage) were significantly more increased in individuals sub-
jected to olive oil interventions (mean difference, 0.76% (95% CI 0.27 to 1.24), 
p < 0.002, n = 8 trials). These results confirm that olive oil exerts beneficial effects on 
markers of inflammation and endothelial function, thus representing a key ingredient 
contributing to the cardiovascular-protective effects of a Mediterranean diet.

4.4.4  Phenolic Compounds in EVOO

The minor components of EVOO, particularly polyphenols, have been demon-
strated to favorably affect the blood glucose levels.
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Polyphenols are well known to have antioxidant properties, chemopreventive 
activity, and capacity to improve endothelial functions by decreasing the expression 
of cell adhesion molecules, increasing nitric oxide disposability, and quenching 
intracellular free radicals [104]. They are also able to modify the hemostasis, inhib-
iting platelet-induced aggregation and showing antithrombotic properties both in 
experimental and human intervention trials [105].

As far as glucose metabolism is concerned, polyphenols have been demonstrated 
to interact with carbohydrate metabolism, improving plasma glucose levels and 
insulin secretion [106, 107].

Polyphenols, or poly-hydroxy-phenol, are a group of plant metabolites thought to 
provide health benefits in humans through cell signaling pathways and antioxidant 
effects. They are considered as antioxidant phytochemicals that tend to prevent or 
neutralize the damaging effects of free radicals, the oxidative stress (see also Chap. 
10, paragraph and Fig. 10.9.1; and Chap. 2, Sect. 2.2.2.1). It should be considered, 
however, that the bioactivity of these compounds is highly dependent on their intes-
tinal absorption and generally they are ingested as nonabsorbable precursors that 
are transformed into bioactive forms by specific microorganisms in the intestine. 
Clostridium and Eubacterium genera, which are phylogenetically associated, have 
been shown to be involved in the metabolism of many phenolics. Through the action 
of gut microbiota, polyphenols are transformed to a much smaller number of metab-
olites. However, little is known about the impact of these ingested polyphenols upon 
the human gut microbiota, but a modulation of gut microbiota population by pheno-
lics has been demonstrated. Therefore, the health benefits from phenolic consump-
tion, in most cases, should be attributed to their bioactive metabolites and also to 
the modulation of the intestinal bacterial population [108, 109].

Virgin olive oil contains numerous phenolic compounds, i.e., phenolic acid, phe-
nolic alcohols, secoiridoids, lignans, squalene, beta-carotene, sterols, and tocoph-
erols. The most represented phenolic compounds of olive oil are tyrosol and 
hydroxytyrosol. These phenolics, derived by the hydrolysis of a precursor, the seco-
iridoid oleuropein, constitute around 90% of the total phenolic content of virgin 
olive oil [110]. It has been shown that, different from other diet polyphenols, com-
ing essentially from vegetables and fresh fruit, tyrosol and hydroxytyrosol from vir-
gin olive oil are dose-dependently absorbed in humans after ingestion and are 
excreted in the urine as glucuronide conjugates. Therefore, they are not degraded by 
gut microbiota but are just conjugated with glucuronic acid in the liver to increase 
their hydrophilicity that favors urinary secretion [111–113].

Polyphenols affect glucose metabolism via an inhibition of carbohydrate diges-
tion and absorption, a reduction of glucose release from the liver and a stimulation 
of glucose uptake in peripheral tissues [106]. The inhibition of carbohydrate diges-
tion and absorption takes place through an inhibition of some digestive enzymes, 
especially the carbohydrate-hydrolyzing enzymes α-amylase and α-glucosidase. 
Inhibition of these enzymes retards carbohydrate digestion, thus causing a reduction 
in glucose absorption rate. This mechanism is particularly active with beans and 
wild fruits (blueberries, blackcurrants). Effective α-amylase and α-glucosidase 
polyphenol-type inhibitors from natural resources have been reported to be useful in 
reducing postprandial hyperglycemia [114]. Polyphenols from legumes, 
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particularly several types of beans, have been demonstrated to actively inhibit 
α-amylase and α-glucosidase.

With their antioxidative properties, polyphenols diminish the production of 
advanced glycosylated end products such as HbA1c [115].

Polyphenols affect glucose metabolism also enhancing insulin secretion. The 
analysis of the results of a subgroup of participants of the PREDIMED trial revealed 
an inverse association between polyphenol excretion and fasting glucose [116], and 
the application of oleuropein and hydroxytyrosol as a supplement resulted in 
enhanced insulin secretion and sensitivity following oral glucose challenge [117].

These effects of polyphenol on glucose metabolism determine a reduced risk of 
T2DM.  In fact, a high intake of total polyphenols, flavonoids (specifically flava-
nones and dihydroflavonols), and stilbenes has been found to be associated with a 
reduced risk of diabetes in elderly persons at high risk of cardiovascular disease. In 
a sub-study of PREDIMED [118], 3430 of the 7447 participants were selected 
because they were free of diabetes at baseline. Polyphenol intake was calculated by 
matching food consumption data from repeated food frequency questionnaires with 
the Phenol-Explorer database on the polyphenol content of each reported food. A 
28% reduction in new-onset diabetes in the highest compared with the lowest tertile 
of total polyphenol intake was observed. The diabetes risk was inversely associated 
with the intake of subclasses of polyphenols, including total flavonoids (HR, 0.67; 
95% CI, 0.48, 0.93; P-trend  =  0.02), stilbenes (HR, 0.57; 95% CI, 0.38, 0.84; 
P-trend = 0.003), dihydroflavonols (HR, 0.59; 95% CI, 0.40, 0.88; P-trend = 0.003), 
and flavanones (HR, 0.69; 95% CI, 0.49, 0.97; P-trend = 0.03). The authors con-
cluded that a high intake of total polyphenols, total flavonoids (specifically flava-
nones and dihydroflavonols), and stilbenes is associated with a reduced risk of 
diabetes in elderly persons at high risk of cardiovascular disease.

Another study showed that supplementation with olive leaf polyphenols (51.1 mg 
oleuropein and 9.7 mg hydroxytyrosol per day) for 12 weeks significantly improved 
insulin sensitivity and pancreatic β-cell secretory capacity after oral glucose chal-
lenge in overweight, middle-aged men at the risk of developing the metabolic syn-
drome [119]. Similarly, in a randomized, placebo-controlled trial in subjects with 
T2D, supplementation of a 500 mg olive leaf extract tablet once daily for 14 weeks 
was shown to significantly lower HbA1c and fasting insulin with no significant 
changes in postprandial insulin levels [119, 120].

Finally, polyphenols of olive oil have been demonstrated to inhibit the formation 
of advanced glycation products (AGEs). AGEs, which are readily formed and accu-
mulated with sustained hyperglycemia, contribute to the development of diabetic 
complications. As a consequence, inhibition of AGE formation constitutes an attrac-
tive therapeutic/preventive target. AGEs are deeply involved in the aging and the 
development of common chronic diseases.

In a recent study [121], hydroxytyrosol (HT) and its acetate derivative (HTA) 
exert a significant inhibitory activity on the formation of fluorescent AGEs in bovine 
serum albumin glycation model systems induced by methylglyoxal and glucose. HT 
and HTA have also shown relevant carbonyl scavenging capacity toward methylgly-
oxal and glyoxal, which are the most potent promoters of the glycation in vivo. At 
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equimolar concentrations, the ester linkage did not significantly affect the antiglyca-
tive activity and carbonyl trapping capacity of the orthodiphenolic ring structure. 
Results have been confirmed with the specific inhibition of the formation of the 
principal AGEs. Formation of carboxymethyllysine, argpyrimidine, and 
carboxyethyl- lysine has been shown to be significantly reduced by 61.9%, 71.4%, 
and 20.9%, respectively.

In another study [107], the methanolic olive leaf extract inhibited fluorescent 
AGE formation in a bovine serum albumin (BSA)-ribose system in vitro. Among 
the major phenolic components (luteolin, hydroxytyrosol, luteolin-4′-O-β-d- 
glucopyranoside, luteolin-7-O-β-d-glucopyranoside, and oleuropein), luteolin and 
luteolin-4′-O-β-d-glucopyranoside were assigned as potent inhibitors of AGE 
formation.

To conclude, the benefits of EVOO and dietary polyphenols on type 2 diabetes 
can be summarized as follows: improving of blood glucose levels, protection of 
pancreatic β-cells against glucose toxicity, improving insulin sensitivity and pancre-
atic β-cell secretory capacity, reduction of glucose release from the liver and stimu-
lation of glucose uptake in peripheral tissues, anti-inflammatory and antioxidant 
effects, inhibition of α-amylases and α-glucosidases with consequent decrease of 
starch digestion, and inhibition of advanced glycation end product formation.
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5Extra-virgin Olive Oil, the Mediterranean 
Diet, and Neurodegenerative Diseases

5.1  Premises

Among its numerous beneficial effects, Mediterranean diet has been also demon-
strated to reduce the risk of neurodegenerative diseases.

In a recent umbrella review [1] which included 13 meta-analyses of observa-
tional studies and 16 meta-analyses of randomized controlled trials (RCTs) investi-
gating the association between the adherence to the Mediterranean diet and 37 
different health outcomes, for a total population of over 12,800,000 subjects, a 
robust evidence for a greater adherence to the Mediterranean diet and a reduced risk 
of overall mortality, cardiovascular disease, coronary heart disease, myocardial 
infarction, overall cancer incidence, diabetes, and neurodegenerative diseases was 
found. It was reported that a two-point increase of adherence to the Mediterranean 
diet determined a significant 8% reduction of death from any causes, a 10% reduc-
tion from death and/or incidence of cardio- and cerebrovascular diseases, a 6% 
reduction from death and/or the incidence of neoplastic diseases, and a 13% reduc-
tion of the incidence of neurodegenerative diseases, including Parkinson’s disease 
and Alzheimer’s disease. Mild cognitive impairment (MCI), generally considered a 
pre-dementia syndrome, has been also found to have an incidence risk reduction by 
high adherence to Mediterranean diet [2–6].

In this chapter, mild cognitive impairment (MCI), Alzheimer’s disease (AD), and 
Parkinson’s disease (PD) will be treated, in the order.

5.2  Mild Cognitive Impairment (MCI) and the 
Mediterranean Diet

Mild cognitive impairment (MCI), also known as age-related cognitive decline 
(ARCD), age-associated cognitive decline (AACD), or age-associated memory 
impairment (AAMI), is an intermediate stage between the expected cognitive 
decline of normal aging and the more serious decline of dementia. According to 
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DSM-IV, MCI could be defined as an objective decline in cognitive functioning 
associated with the aging process but within normal limits given the person’s age. 
The cognitive decline may be self-reported or referred by a reliable informant and 
can involve one of the cognitive areas, i.e., memory and learning, attention and 
concentration, thinking, language, and visuospatial functioning.

Whether MCI and cognates are expression of a normal aging process or repre-
sent distinct clinical entities or, eventually, a continuum with dementia is still 
unclear [7, 8]. The causes of mild cognitive decline are unknown, but some studies 
have suggested that it may be prevented [9]. Cardiovascular and other chronic dis-
eases [10, 11], hypertension [12], diabetes mellitus [13], depression [14], and low 
levels of physical activity have been identified as risk factors for MCI [15]. On the 
contrary, high socioeconomic status, a flexible personality in middle age, and the 
maintenance of vision and hearing have been identified as protective factors against 
MCI [16]. The diet seems to have a role in the cognitive decline. Deficiencies of 
micronutrients (vitamins B1, B2, B6, B12, and C and folate) have been described 
quite frequently in elderly people and found to be significantly associated with cog-
nitive impairment [17, 18].

As far as the impact of diet on MCI is concerned, in a study of our group, the 
relationships between dietary macronutrient intakes and age-related changes in 
cognitive functions in Southern Italy, a region with the typical Mediterranean 
dietary pattern [2, 19, 20], were evaluated. Actually, it was a sub-study of the larger 
Italian Longitudinal Study on Aging (ILSA), promoted by the Italian National 
Research Council-Targeted Project on Aging, with a sample of 5632 subjects aged 
65–84 years, free living or institutionalized [2]. In this sub-study, a standardized 
test battery assessing global cognitive functions (Mini-Mental State Examination, 
MMSE), selective attention (Digit Cancellation Test, DCT), and episodic memory 
(Babcock Story Recall Test), and a semi-quantitative food frequency questionnaire 
evaluating macronutrient energy intakes, was performed on 278 non-demented 
elderly subjects from the randomized cohort of Casamassima, Bari (n  =  704). 
Results showed an inverse relationship between energy intake from monounsatu-
rated fatty acids (MUFAs) and cognitive decline. We demonstrated that the odds of 
having a compromised cognitive function (MMSE score < 24) was very high (OR 
33; CI 8.2–133) in the lowest percentile of daily MUFA intake (<800 kJ day−1), but 
it decreased exponentially with the increase of daily MUFA intake, reaching an 
odds ratio of 0.69 in the highest percentile of MUFA intake, i.e., population with a 
daily MUFA intake of ≥2400 kJ day−1. Moreover, a significant inverse association 
between MUFA intakes and DCT score (odds ratio, 0.99) was observed, while no 
association was found between nutritional variables and episodic memory 
(Table 5.1).

In this study, high MUFA intake was associated with the preservation of cogni-
tive functions in healthy elderly people. We hypothesized that this protective effect 
of MUFA could be related to the role of fatty acids in maintaining the structural 
integrity of neuronal membranes. Dietary fatty acids, in fact, can modify neuronal 
membrane fluidity. Polyunsaturated fatty acids (PUFAs) regulate the fluidity of syn-
aptosomal membranes and thereby regulate neuronal transmission [21]. Moreover, 
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essential fatty acids can modify the function of the neurotransmitters’ receptors 
such as cholinergic receptors, nicotinic receptors, adrenergic receptors, dopaminer-
gic receptors, muscarinic receptors,and N-methyl-d-aspartate receptors. Finally, 
free fatty acids, lipid metabolites, and phospholipids modify the function of mem-
brane proteins, including ion channels.  In fact, some studies have examined the 
effects of essential fatty acids on membrane function as they can affect the calcium, 
chloride, and potassium ion channels [22]. In a study on the fatty acid composition 
of neuronal membranes, an increase in MUFA content and a decrease in PUFA 
content with advancing age were found [23], suggesting that in the aging process, 
there is an increasing demand of MUFA. Moreover, unsaturated fatty acids have 
been shown to be essential for the proliferation of cells, particularly hematopoietic 
cells. In fact, an increase of D9 desaturase activity, which converts stearic acid to 
oleic acid and increases the degree of differentiation of cells, has been found in a 
study on lymphocytic and macrophage-like cells [24]. High PUFA intake, on the 
contrary, has been found to be positively associated with cognitive impairment, 
while high fish consumption tended to be inversely associated with cognitive impair-
ment [25].

Another study confirmed the protective effect of high adherence to Mediterranean 
diet toward MCI [4]. The study, conducted in a multiethnic community in New York, 
investigated the association between adherence to the Mediterranean diet (0–9 
scale, higher scores indicate higher adherence) and the incidence of MCI. There 
were 1393 cognitively normal participants, 275 of whom developed MCI during a 
mean follow-up of 4.5 years. Compared with subjects in the lowest Mediterranean 
diet adherence tertile, subjects in the middle tertile had a nonsignificant 17% less 
risk of developing MCI, and those in the highest tertile had a significant 28% less 
risk (HR = 0.72; 95% CI, 0.52–1.00; P = 0.05) of developing MCI.

A recent systematic review and meta-analysis [6] evaluated the association 
between Mediterranean diet and cognitive impairment. A total of five papers (six 
cohorts) were included, of which three were from the United States and one each 
from Australia and France. A total of 3636 participants from 2 studies and 3901 par-
ticipants from 3 studies were included in the analysis of incident MCI.  The 
Mediterranean diet score, as a continuous variable, was not associated with incident 
MCI (HR = 0.95; 95% CI, 0.84–1.08, p = 0.45). When examining the tertiles, the 

Table 5.1 Change in the odds ratio (OR) and 95% confidence interval (CI) for cognitive decline, 
as assessed by Mini-Mental State Examination (MMSE) score, with the increase of energy daily 
intake from monounsaturated fatty acids (MUFAs)

Adjusted for education
Adjusted for education 
and age

MUFA intake (kJ day−1) OR 95% CI OR 95% CI
<800 33.0 8.2–133 37.5 9–156
801–1200 14.9 6.2–35.8 16.9 6.7–42.7
1201–1600 6.7 3.7–12 7.6 3.9–14.6
1601–2000 3.0 1.3–6.7 3.4 1.4–8
2001–2400 1.3 0.4–4.9 1.5 0.4–5.9
2401–2800 0.6 0.1–4.5 0.7 0.1–4.5
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highest Mediterranean diet tertile was associated with a reduced risk of MCI (adjusted 
HR = 0.73; 95% CI, 0.56–0.96, p = 0.02), and there was also a trend for the middle 
tertile (HR = 0.82; 95% CI, 0.64–1.05, p = 0.11), compared to the lowest.

To summarize, cross-sectional and prospective studies have provided evidence 
that higher adherence to a Mediterranean-type diet is associated with slower cogni-
tive decline and a reduced risk of progression from MCI to AD.  These findings 
suggest that adherence to the Mediterranean diet may affect pre-dementia syn-
dromes and their progression to overt dementia. At present, epidemiological evi-
dence suggests a possible association between some Mediterranean diet components 
(fish consumption, MUFA, PUFA, particularly, n-3 PUFA, antioxidant polyphenols) 
and reduced risk of cognitive decline and dementia. Fruit and vegetable consump-
tion, although the limited epidemiological evidence available, is also acknowledged 
to have a protective role against cognitive decline, dementia, and AD.

5.3  The Incidence of MCI and the Rate of Progression 
to Dementia

An important question is to what extent MCI progresses to dementia. In a study of 
our group [26], we evaluated the prevalence, incidence, and rate of progression of 
MCI to dementia and correlated vascular risk factors with incident MCI and its 
progression to dementia. 2963 individuals from a population-based sample of 5632 
subjects 65 to 84 years old, of the Italian Longitudinal Study on Aging (ILSA), were 
evaluated, with a 3.5-year follow-up. In this population sample, 139 MCI patients 
were diagnosed at the baseline survey. During the 3.5-year follow-up, 113 new 
events of MCI were diagnosed with an estimated incidence rate of 21.5 per 1000 
person-years. We found a progression rate of MCI to dementia (all causes) of 
3.8/100 person-years. Specific progression rates for AD, vascular dementia (VaD), 
and other types of dementia were 2.3, 1.3, and 0.3/100 person-years, respectively. 
Furthermore, age was a risk factor for incident MCI (RR, 5.93; 95% CI, 3.17–
11.10), while high education was protective (RR, 0.06; 95% CI, 0.03–0.10), and 
serum total cholesterol evidenced a borderline nonsignificant trend for a protective 
effect. There was a nonsignificant trend for stroke as a risk factor of progression of 
MCI to dementia. Among those who progressed to dementia, 60% progressed to AD 
and 33% to VaD. Vascular risk factors influenced incident mild cognitive impair-
ment and the rate of progression to dementia.

In another study [27] on subtypes of MCI and progression to dementia, 52 elderly 
outpatients with a diagnosis of MCI and a mean follow up of 1.21 ± 0.61 years were 
evaluated. Mean age was 72.8 ± 6.6 years, and males were 61.5%. Mean baseline 
Mini-Mental State Examination (MMSE) score was 27.1 ± 1.5. There were 15 inci-
dent cases of dementia (28.8%), with Alzheimer’s disease (AD) accounting for 
53.3% of all cases, AD with cerebrovascular disease for 33.4%, and frontotemporal 
dementia for 13.3%. Overall rate of conversion was 23.8 per 100 person-years. 
During the same follow-up period, 53.8% of participants remained stable and 17.3% 
reverted to normal. Rates of conversion for the specific MCI subtypes were 38 per 
100 person-years for amnestic MCI, 20 per 100 person-years for non-amnestic 
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MCI, and 16 per 100 person-years for memory plus other cognitive domains of 
MCI. With respect to non-converters, converters were generally older (76.1 ± 4.2 vs. 
71.5 ± 7.0 years, p = 0.021) and had a lower MMSE score (26.4 ± 1.66 vs. 27.4 ± 1.4, 
p = 0.035) and a higher prevalence of atrophy at neuroimaging (73.7% vs. 42.4%, 
p  =  0.047). Moreover, with respect to non-converters, converters tended to have 
higher serum high-density lipoprotein (HDL) levels and lower serum folate levels. 
No difference was observed for the other study variables, including MCI subtype.

To investigate the risk factors associated with the conversion of MCI to dementia 
of Alzheimer type (AD), 119 subjects affected by amnestic MCI (aMCI) were stud-
ied with a multidimensional assessment and a neuropsychological battery, with a 
follow-up of 1 year [28]. Demented MCI (N = 40; 33.6%) were older (mean age 
73.5 ± 8.5 vs. 69.2 ± 7.0; p = 0.006) when compared to stable MCI (N = 79; 66.4). 
The demented MCI global cognitive performances, at baseline, were more compro-
mised when assessed by ADAS-Cog (mean score 10.7 ± 3.9 vs. 6.7 ± 3.4; p = 0.000) 
and by MMSE (mean score 26.1 ± 1.9 vs. 27.3 ± 1.8; p = 0.002). Demented were 
similarly compromised in basic activities of daily living (BADL mean 0.2 ± 0.4 vs. 
0.1 ± 0.3 functions lost; p = NS) but more compromised on instrumental daily func-
tions (IADL mean 0.7 ± 0.8 vs. 0.1 ± 0.5 functions lost; p = 0.001). The presence of 
white matter lesions (WML) on CT or MRI was more pronounced in demented 
group (p  =  0.02). After 1 year, demented worsened on phonemic verbal fluency 
(PFL) (p = 0.009), Raven’s colored matrices (p = 0.003), and Trail Making Tests A 
and B (p = 0.008 and p = 0.007, respectively) and in instrumental activities of daily 
living (IADL) (p  =  0.000) with respect to stable. Logistic regression analysis 
revealed that ADAS-Cog basal score, Trail Making B, and IADL but not memory 
deterioration were significantly associated with the conversion to AD. The authors 
concluded that in subjects with aMCI, poor global cognitive performance at base-
line and the worsening on executive functions and on functional status but not the 
worsening on memory functions are independently associated with the conversion 
to dementia of Alzheimer type at 1-year follow-up [28].

Summarizing, the mild decline in cognitive functioning associated with the aging 
(MCI), generally affecting the memory domain, progresses to dementia in nearly 
30% of cases, becoming Alzheimer’s dementia in 60%, vascular dementia 30%, and 
frontotemporal dementia 10%. Risk factors are low education, folate deficiency, low 
intake on micronutrients, depression, vascular risk factors, and stroke. Mediterranean 
diet reduces the risk of progression of MCI to dementia by 28%; some Mediterranean 
diet components (fish consumption, MUFA, PUFA, particularly, n-3 PUFA) and 
fruit and vegetable consumption are acknowledged to have a protective role against 
progression of MCI to dementia.

5.4  The Mediterranean Diet and the Incidence of Dementia

Numerous studies have shown that a higher adherence to the Mediterranean diet is 
associated with a reduced risk of cognitive impairment, MCI, and Alzheimer’s dis-
ease (AD), as well as with a reduced progression of MCI to AD. The associations 
have been shown to be significant even for the sensitivity analysis. The studies in 
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particular have shown that Mediterranean diet may be protective for AD particularly 
in subjects with high adherence to this diet.

In a meta-analysis [6] on association of Mediterranean diet and Alzheimer’s dis-
ease (5 studies, 6 cohorts, for a total of 7537 subjects), each one-point increase in 
the Mediterranean diet score in cognitively normal individuals was associated with 
an 8% reduced risk of developing AD (adjusted HR, 0.92; 95% CI, 0.85–0.99. 
p = 0.03). Examining the Mediterranean diet in tertiles, subjects in the middle tertile 
of Mediterranean diet had a 13% not significant reduced risk (adjusted HR = 0.87; 
95% CI, 0.66–1.14, P = 0.31), while the subjects in the higher tertile had a signifi-
cant 36% risk reduction (adjusted HR = 0.64; 95% CI, 0.46–0.89, P = 0.007) as 
compared to the lowest tertile.

The role and the mechanisms of the Mediterranean diet in the pathogenesis of 
cognitive decline and dementia appears quite complex. Several mechanisms have 
been suggested. Higher adherence to Mediterranean diet has been found to be asso-
ciated with low level of C-reactive protein and lower interleukin levels [29–31]. 
Therefore a possible underlying mechanism for the neuroprotective effects of the 
Mediterranean diet could be its vascular protective properties and its ability to 
reduce inflammation and oxidative stress, which are associated with the pathophysi-
ology of degenerative disease in general [32–34]. Another protective effect of 
Mediterranean diet could derive through the action of individual components, i.e., 
vegetables [35], high ratio of monounsaturated fatty acids to saturated fatty acids 
[36], alcohol [35], and fish [37]. Another important pathway for the protective 
effects of Mediterranean diet could be due to the proposed cardioprotective role of 
Mediterranean diet, by lowering the risk of cardiovascular comorbidities, such as 
hypertension, dyslipidemia, and coronary artery disease [34, 38, 39]. It should be 
noted that Mediterranean diet is also associated with a significant reduction in 
plasma glucose level, serum insulin levels, and insulin resistance, so improving the 
features of metabolic syndrome and obesity [34, 40, 41].

The role of the diet in the pathogenesis of cognitive decline has been confirmed 
by some findings showing that elderly African-Americans [42] and Japanese living 
in the United States [43, 44] have a much higher prevalence of Alzheimer’s disease 
(AD) (6.24% and 4.1%, respectively) than those still living in their ethnic home-
lands (<2%), suggesting that the prevalence of AD is strongly influenced by diet and 
nutrition, environment, and/or lifestyle than by genetics.

Recent papers linking clinical expression of AD to oxidative stress [45, 46] and cere-
bral infarct indicate that the clinical expression of AD is facilitated by cerebral infarction 
or stroke and confirmed the diet as a key factor in the development of AD [47, 48].

Regression analyses have been performed on the prevalence of AD in the popula-
tion aged 65+ of 11 countries, obtained from 18 community-wide studies versus 
components of the national diets [49]. The primary findings have been that the con-
tributions of fat and total calories have the highest correlations with AD prevalence 
rates. Fish consumption has been found to reduce the prevalence of AD in European 
and North American countries.
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Some dietary components and supplements have been found effective in delay-
ing the onset of AD, including antioxidants, fish, and nonsteroidal anti- inflammatory 
drugs [50]. In the Rotterdam Study, where total dietary fat was found to be a high 
risk factor for the development of AD, fish consumption was confirmed to reduce 
AD risk, and linoleic acid was inversely correlated with AD [51]. A significant 
inverse correlation was found between the fraction of calories derived from cereals 
and AD prevalence [50].

Red wine – another component of the Mediterranean diet – was also investi-
gated in relation to AD. In the PAQUID study, the relative risk of dementia was 
0.21 and of AD 0.25 among the 318 subjects of this cohort who drank 3 or 4 
glasses of wine each day, compared with a relative risk of 1 glass in the 971 total 
abstainers. Among the 922 older subjects who drank no more than 1 or 2 glasses 
of wine each day, the relative risk for AD was significantly reduced (RR, 0.55) 
[52]. Other studies confirmed these protective effects of red wine against AD [53, 
54]. In a study of our group [55], the protective effects of red wine on cognition 
and AD were confirmed: subjects with mild cognitive impairment who were mod-
erate drinkers (less than one drink/day, approximately 15 g of alcohol) had a lower 
rate of progression to dementia than abstainers (hazard ratio [HR] 0.15; 95% CI 
0.03–0.78). Higher levels of drinking (> or =1 drink/day) were not associated with 
the rate of progression to dementia in subjects with MCI compared to abstainers. 
The conclusions of this study were that in subjects with mild cognitive impair-
ment, up to one drink/day of alcohol or wine may decrease the rate of progression 
to dementia [55].

Concerning the mechanisms by which red wine protects from AD, several 
hypotheses have been made. Some studies have suggested that many kinds of 
natural polyphenols may have neuroprotective effects both in vivo and in vitro, 
possibly due to their abilities to scavenge reactive oxygen species [56–61]. The 
green tea polyphenol epigallocatechin gallate was shown to attenuate b-amyloid-
induced neurotoxicity in cultured hippocampal neurons through scavenging 
reactive oxygen species [60]. In another in vitro study [62], the effects of wine-
related polyphenols (myricetin, morin, quercetin, kaempferol (+)-catechin and 
(−)-epicatechin) on the formation, extension, and destabilization of β-amyloid 
fibrils (fAβ) at pH 7.5 at 37C were examined. All examined polyphenols dose-
dependently inhibited formation of fAβ from fresh Aβ (1-40) and Aβ (1-42), as 
well as their extension. Moreover, these polyphenols dose-dependently destabi-
lized preformed fAβs. The overall activity of the molecules examined was in the 
order of myricetin ¼ morin ¼ quercetin > kaempferol > (+)-catechin ¼ (−)-epi-
catechin. It was suggested that polyphenols and other organic compounds with 
antioxidant motifs (melatonin, NDGA, nicotine) could bind specifically to Aβ 
and/or  to fAβ, inhibit fAβ formation, and/or destabilize pre-formed fAβ. The 
authors concluded that although the mechanisms by which polyphenols inhibit 
fAβ formation from Aβ and destabilize pre-formed fAβ in vitro are still unclear, 
polyphenols could be a key molecule for the development of preventives and 
therapeutics for AD.
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An interesting recent approach to dementia is the nutrigenomic approach, with 
the microRNAs’ (miRNAs) impact on silencing brain genes.

A microRNA (miRNA) is a small noncoding RNA molecule containing about 22 
nucleotides, found in plants, animals, and some viruses, that functions in RNA 
silencing and post-transcriptional regulation of gene expression. While the majority 
of miRNAs are located within the cell, some miRNAs, commonly known as circulat-
ing miRNAs or extracellular miRNAs, have been found in extracellular environ-
ment, including various biological fluids and cell culture media. Encoded by 
eukaryotic nuclear DNA in plants and animals and by viral DNA in certain viruses 
whose genome is based on DNA, miRNAs function via base pairing with comple-
mentary sequences within mRNA molecules. As a result, the mRNA molecules are 
silenced, by one or more of the following processes:

• Cleavage of the mRNA strand into two pieces
• Destabilization of the mRNA through shortening of its poly(A) tail
• Less efficient translation of the mRNA into proteins by ribosomes

In a recent study in mice treated from age 10 to 16 months with an EVOO natu-
rally rich in phenols (H-EVOO), both the gene and miRNA expression profiles of 
the brain were changed after the intervention, and these changes were associated 
with reduced age-related decline of motor coordination and contextual memory 
[64]. At the end of the treatment, most of the aging-dependent genes were down-
regulated and restricted to the cerebral cortex. Compared to L-EVOO (the same oil 
deprived of phenols), the treatment with H-EVOO stimulated a significant upregula-
tion of genes associated with synaptic plasticity and with motor and cognitive 
behavior, such as Notch1, BMPs, NGFR, GLP1R, and CRTC3. miRNAs were 
mostly upregulated in old L-EVOO animals compared to young.  Moreover, 
H-EVOO-fed mice cortex displayed miRNA expression profiles similar to those 
observed in young mice. Sixty-three miRNAs, out of 1203 analyzed, were signifi-
cantly downregulated compared to the L-EVOO group; among them, miRNAs 
whose predicted target genes were upregulated by the treatment, such as miR-484, 
miR-27, miR-137, miR-30, miR-34, and miR-124, were found. Further, some of the 
H-EVOO-modulated miRNAs were found to target genes associated with synaptic 
plasticity and neuronal function protection, whose expression was also modified by 
the treatment. A computational analysis on miRNAs allowed to identify a restricted 
list of 14 age-modulated miRNAs and a partially overlapped list of 6 treatment- 
modulated miRNAs. Among the age-modulated miRNAs, those with top scores 
were miR-681, miR-2709, and miR-2706, all reduced in aging, and miR-230a-5p, 
which was upregulated in older mice. Of the six treatment-modulated miRNAs, all 
downregulated in the H-EVOO group, five were also upregulated in aging: miR- 
30a- 5p, miR-2434-5p, miR-2369-5p, miR-2451, and miR-2126-3p. At the top rank-
ing score was miR-30a-5p, predicted to control a large number of genes involved in 
pathways, such as axon guidance, ubiquitin-mediated proteolysis, regulation of 
actin cytoskeleton, and long-term potentiation. miR-126, a well-studied miRNA in 
vascular biology, was already described to respond to phenolics. Its levels were 
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increased in colon-derived myofibroblast cells upon treatment with wine-derived 
polyphenols, and that response was associated with a reduced expression of inflam-
matory genes (NF-kB, ICAM-1, VCAM-1, and PECAM-1) [65].

These data clearly show that a dietary intervention starting from middle age 
with food rich in phenols can actively modulate, at the cerebral level, the expres-
sion of genes and miRNAs involved in neuronal function and synaptic plasticity, 
along with cognitive, motor, and emotional behavior, towards a more protective 
mode [64].

5.5  The Mediterranean Diet and Parkinson’s Disease

Parkinson’s disease (PD) is the second most common neurodegenerative disorder 
after Alzheimer’s disease (AD) affecting roughly 1% of individuals over age 60 in 
North America and Europe [66].

As a prototypic neurodegenerative disorder, Parkinson’s disease (PD) is charac-
terized by the progressive loss of specific neuronal subpopulations leading to a late- 
onset movement disorder. Based on familial forms of PD, to date a significant 
number of genes were identified that allowed first insight into the molecular patho-
genesis of this common movement disorder. The pathways involved include 
impaired protein degradation and subsequent aggregation within neuronal cells and 
impaired mitochondrial function followed by energy depletion due to oxidative 
stress leading to cell death.

Genetic and epidemiological studies hint to a complex interplay of genetic sus-
ceptibility factors and environmental risk factors to converge to processes of patho-
logical protein accumulation and mitochondrial damage that trigger 
neurodegeneration in PD.  Therefore large-scale genetic–epidemiological studies 
combining genetic whole-genome approaches with a detailed ascertainment of 
environmental exposures are expected to provide important clues to decipher the 
complexity of neurodegeneration of this most frequent neurodegenerative move-
ment disorder.

The role of environmental exposures in the pathogenesis of PD has been studied 
[67, 68]. However, most studies that have investigated associations between PD risk 
and intake of individual foods and nutrients have reported inconsistent results. The 
most consistent data are those who support the association between higher con-
sumption of dairy products and increased PD risk [69–71].

Numerous cohort studies and meta-analyses have evaluated the impact of envi-
ronmental factors, particularly the diet, on the incidence of PD.

In a prospective analysis of two large cohorts, the Health Professionals Follow-Up 
Study (HPFS) (1986-2002) and the Nurses’ Health Study (NHS) (1984-2000), the 
associations between dietary patterns and risk of PD have been examined [72]. 
49,692 men and 81,676 women free of PD at baseline were included. After a follow-
 up of 16 years, 508 new PD cases were documented. The principal components 
analysis identified two dietary patterns: prudent and Western. The prudent dietary 
pattern, characterized by high intakes of fruit, vegetables, and fish, was inversely 
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associated with PD risk, while the Western pattern was not. The pooled multivariate- 
adjusted RR for the top compared with the bottom quintiles of the prudent score was 
0.78 (95% CI, 0.56, 1.07; P for trend 0.04). For the AHEI (Alternate Healthy Eating 
Index), the pooled multivariate-adjusted RR for the top compared with the bottom 
quintile was 0.70 (95% CI, 0.51, 0.94; P for trend 0.01) and for aMED (alternate 
Mediterranean Diet Score) was 0.75 (95% CI, 0.57, 1.00; P for trend 0.07). The 
authors concluded that dietary patterns with a high intake of fruit, vegetables, 
legumes, whole grains, nuts, fish, and poultry and a low intake of saturated fat and 
a moderate intake of alcohol may protect against PD. To note, the prudent diet char-
acteristics appear to be very similar to the characteristics of the Mediterranean diet.

A meta-analysis [63] conducted to systematically review all the prospective 
cohort studies that have analyzed the relation between adherence to a Mediterranean 
diet, mortality, and incidence of chronic diseases in a primary prevention setting 
was performed. The cumulative analysis among 8 cohorts (514,816 subjects and 
33,576 deaths) showed a beneficial role for greater adherence to a Mediterranean 
diet on cardiovascular mortality (pooled relative risk 0.91, 0.87 to 0.95), incidence 
of or mortality from cancer (0.94, 0.92–0.96), and incidence of Parkinson’s disease 
and Alzheimer’s disease (0.87, 0.80–0.96). The data of this meta-analysis confirmed 
that a greater adherence to a Mediterranean diet is associated with a significant 
improvement in health status, as seen by a significant reduction in overall mortality 
(9%), mortality from cardiovascular diseases (9%), incidence of or mortality from 
cancer (6%), and incidence of Parkinson’s disease and Alzheimer’s disease (13%).

In a recent case–control study [73] aimed to determine to what extent the 
Mediterranean diet adherence was somewhat associated with Parkinson’s disease 
(PD), 257 PD participants and 198 controls were studied. The Willett semiquantita-
tive food frequency questionnaire was used to collect dietary data regarding average 
food consumption in the past year before the assessment, and the Mediterranean 
diet score was obtained applying the method described by Trichopoulou and col-
leagues [74]. The results were that higher Mediterranean-type diet adherence was 
associated with reduced odds for PD after adjustment for all covariates (OR, 0.86; 
95% CI, 0.77–0.97; P = 0.010). Lower Mediterranean-type diet score was associ-
ated with earlier PD age at onset.

Recently [75] it was shown the primary role of the oxidant stress in the pathogen-
esis of PD in an in vitro study on human dopaminergic neurons derived from patients 
with idiopathic and familial PD. A time-dependent pathological cascade was identi-
fied, beginning with mitochondrial oxidant stress leading to oxidized dopamine 
accumulation, ultimately resulting in reduced glucocerebrosidase enzymatic activ-
ity, lysosomal dysfunction, and α-synuclein accumulation. Thus, dopamine oxida-
tion has shown to be an important link between mitochondrial and lysosomal 
dysfunction in PD pathogenesis.

To summarize, environmental and genetic pathways converge in the pathogene-
sis of Parkinson’s disease. High adherence to a Mediterranean-style diet is associ-
ated with a reduced risk of PD. Dietary patterns with a high intake of fruit, vegetables, 
legumes, whole grains, nuts, fish, and poultry and a low intake of saturated fat and 
a moderate intake of alcohol appear to be protective toward PD.  Among the 
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components of Mediterranean diet, antioxidants contained in vegetables and fresh 
fruit appear to have a pivotal role in preventing the oxidative damage of dopaminer-
gic neurons leading to the onset of PD.

Conclusions

Numerous studies and meta-analyses have shown that Mediterranean diet or a 
Mediterranean-style diet may reduce the risk of neurological and cognitive dis-
eases. In particular, MCI incidence, transition of MCI to dementia, incidence of 
AD, and incidence of Parkinson’s disease are significantly prevented by a diet 
rich in whole grains, vegetables, legumes, fresh fruit, nuts, fish, and poultry, a 
low intake of saturated fat, and a high intake of MUFA particularly from olive 
oil. Extra-virgin olive oil appears to have an additional protective effect due to its 
high content of polyphenols, which have not only antioxidant effects but also 
nutrigenomic effects, by which they modulate, at cerebral level, the expression 
of genes and miRNAs involved in neuronal function and synaptic plasticity, 
along with cognitive, motor, and emotional behavior.
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6Extra-virgin Olive Oil and Cancer

6.1  Premises

“Contrary to what many believe, cancer is not a natural event. Adopting a healthy 
diet and lifestyle can prevent the majority of cancers. Old age should be graceful 
and peaceful” [1].

“Cancer growth can be turned on and off by nutrition, despite very strong predis-
position” [1].

It is estimated that almost 1.5 million people in the United States are diagnosed 
with cancer every year [2]. There is also evidence that lifestyle factors increase 
cancer risk and, if modified, could significantly reduce the cancer burden [3].

Mortality rate due to cancer has been decreasing since the 1990s, most likely due 
to improved measures of preventive examinations as well as therapeutic interven-
tions. This heterogeneous complex of diseases, however, still remains one of the 
major causes of premature death worldwide as it is ranked second to cardiovascular 
diseases in current statistics [4]. Cancer incidence is estimated to be 18% by the 
year 2030 [5].

Due to the substantial effect of modifiable lifestyle factors on the most prevalent 
cancers, it has been estimated that 50% of cancer is preventable [6]. Current recom-
mendations for the major risk factors that can be modified to decrease risk for can-
cers include reducing tobacco use, increasing physical activity, controlling weight, 
improving diet, and limiting alcohol consumption [7].

The rapidly growing number of cancer survivors in Europe and the United States 
[8, 9] has led to investigate the causes of this survival improvement through obser-
vational and prospective cohort studies.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-78084-9_6&domain=pdf
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6.2  Adherence to the Mediterranean Diet and Cancer

It was shown that overall cancer incidence is lower in Mediterranean countries com-
pared to that in Northern countries, such as the United Kingdom and the United 
States. There is increasing evidence that adherence to a Mediterranean dietary pat-
tern correlates with reduced risk of several types of cancer. Adherence to a 
Mediterranean-style diet has shown to improve the overall cancer mortality, inci-
dence of different types of cancer, and cancer mortality risk in cancer survivors [10, 
11].

Data on adherence to Mediterranean diet and cancer risk are actually very numer-
ous, but not infrequently they appear incomplete. For example, cancer risk reduc-
tion in subjects with high adherence to Mediterranean diet has been shown in cohort 
studies but not in case–control or randomized studies and vice versa. We will con-
sider the data of some important studies, particularly those coming from large meta- 
analysis or cohort studies.

In a large meta-analysis [11] including 83 studies and an overall population of 
2,130,753 subjects, the highest adherence to a Mediterranean diet has been found to 
be significantly associated with a lower risk of cancer, both in cohort studies (RR 
0.86; CI 0.81–0.91) and (although not significantly) in randomized controlled stud-
ies (RR 0.75; CI 0.17–3.33). In this large meta-analysis, colorectal and breast can-
cers were the only tumors which were concordantly inversely associated with high 
adherence to Mediterranean diet in all types of studies, i.e., observational, cohort, 
and case–control studies.

Concerning colorectal cancer, the highest adherence to a Mediterranean dietary 
pattern was found to be inversely associated with the incidence of this cancer in 
observational studies (RR 0.82; CI 0.75–0.88), cohort studies (RR 0.86; CI 0.80–
0.92), and case–control studies (RR 0.71; CI 0.57–0.88).

Also breast cancer risk was significantly inversely associated with a high adher-
ence to Mediterranean diet in all types of studies: randomized controlled studies 
(RR 0.43; CI 0.21–0.88), cohort studies (RR 0.94; CI 0.90–0.99), and case–control 
studies (RR 0.89; CI 0.85–0.94).

Concerning other cancers, liver cancer risk was found to be reduced in cohort 
and case–control studies (RR 0.62; CI 0.47–0.82 and 0.51; CI 0.34–0.77, respec-
tively), but there are no randomized controlled studies. Biliary tract cancer risk was 
found significantly reduced, but data are derived only from cohort studies (RR 0.44; 
CI 0.25–0.67). Gallbladder cancer risk was significantly reduced in cohort studies 
(RR 0.42; CI 0.23–0.57).

Other cancers were reduced in some type of studies, but not in others. Prostate 
cancer risk was significantly reduced in cohort studies (RR 0.96; CI 0.92–1.00), but 
not in case–control studies (RR 0.90; CI 0.64–1.26). Gastric cancer risk was reduced 
in case–control studies (RR 0.65; CI 0.53–0.79), but not in cohort studies (RR 0.82; 
CI 0.61–1.10). Esophageal cancer risk was reduced in case–control studies (RR 
0.26; CI 0.13–0.52), but not in cohort studies (RR 0.68; CI 0.34–1.36). Head and 
neck cancer incidence was significantly reduced only in case–control studies (RR 
0.46; CI 0.32–0.67), not in cohort studies (RR 0.61; CI 0.33–1.14). Pancreatic 
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cancer risk was reduced only in case–control studies (RR 0.48; CI 0.35–0.66), not 
in cohort studies (RR 0.99; CI 0.77–1.27). Other types of cancer were not reduced 
in high-adherence Mediterranean diet subjects: respiratory, bladder, endometrial, 
and ovarian cancer and lymphoma.

Also the report from a large cohort such as the European Prospective Investigation 
Into Cancer and Nutrition (EPIC study) [12] including 335,873 individuals found a 
lower overall cancer risk among individuals with greater adherence to Mediterranean 
diet (HR 0.96, 95% CI 0.95–0.98) for a two-point increment of the Mediterranean 
diet score. It was calculated that 4.7% of cancers among men and 2.4% in women 
would be avoided in that population if study subjects had a greater adherence to 
Mediterranean dietary pattern.

In a sub-study of EPIC, conducted on 45,275 participants of the Italian section of 
the EPIC study followed for a mean of 11.28 years, the Italian Mediterranean Index 
(an index score calculated from intake of 11 items: high intakes of seven  typical 
Mediterranean food and low intake of four “non-Mediterranean” foods) was 
inversely associated with cancer risk (HR 0.50; 95% CI, 0.35, 0.71 for the highest 
category compared to the lowest; P-trend, 0.043). Results did not differ by sex. The 
highest Italian Mediterranean Index score (meaning high adherence to Mediterranean 
diet) was also significantly associated with reduced risks of any colon cancer (HR 
0.54; 95% CI, 0.36, 0.81), distal colon cancer (HR 0.44; 95% CI, 0.26, 0.75), and 
rectal cancer (HR 0.41; 95% CI, 0.20, 0.81), but not of proximal colon cancer [13].

An investigation conducted among the women included in the EPIC cohort showed 
that adherence to a Mediterranean diet excluding alcohol was related to a modest 
reduced risk of breast cancer in postmenopausal women (HR 0.94; CI 0.88–1.00), and 
this association was stronger in receptor-negative tumors [14]. Similar findings have 
been reported in 33,731 women from the UK Women’s Cohort Study with a nonsig-
nificant inverse association with increasing adherence to the Mediterranean diet pat-
tern in premenopausal but not postmenopausal women [15], whereas a marginally 
significant inverse association (HR 0.78 for every two points; 95% CI, 0.62, 0.98) 
among postmenopausal women in the Greek arm of the EPIC study was found [16].

Concluding, numerous studies have demonstrated that the Mediterranean diet is 
beneficial for cancer, in that it appears to be inversely associated with incidence and 
mortality. Mediterranean diet has been shown to be particularly beneficial in some 
types of cancer, i.e., breast and colorectal cancer. The beneficial effects are due to vari-
ous components of Mediterranean diet, among which extra-virgin olive oil (EVOO) 
appears to play a pivotal role in the prevention and evolution of cancer disease.

6.3  Olive Oil and Cancer

Extra-virgin olive oil (EVOO), a vegetable oil very rich in antioxidants, particularly 
polyphenols (see Chap. 2, this book), has been demonstrated to be beneficial par-
ticularly to cardiovascular diseases but also to other diseases including cancer.

The effect of olive oil on human health has, till now, mainly been analyzed by 
studies deriving from Mediterranean populations, where it is consumed in large 
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quantities. These studies frequently do not distinguish between “plain” olive oil, 
which is the most used in the world market, and extra-virgin olive oil, the oil 
obtained with mechanical procedures and very rich in polyphenols (see Chap. 2, this 
book). Moreover, as it has been already stated, before causally interpreting the usu-
ally observed inverse association of olive oil to certain malignancies, residual con-
founding is an issue arising from the fact that associations are reported mainly from 
case–control studies [17].

In the present chapter, we will consider data coming from some systematic 
review and meta-analysis on the effect of olive oil consumption on cancer occur-
rence, to highlight the deep impact of olive oil intake in various types of cancer.

In a systematic review and meta-analysis [18] conducted on 19 case–control 
studies, for a total of 13,800 cancer patients and 23,340 controls, it was found that 
compared to the lowest, the highest category of olive oil consumption was associ-
ated with lower odds of having any type of cancer (log odds ratio = −0.41, 95% CI 
−0.53, −0.29), irrespective of the country of origin (Mediterranean or non- 
Mediterranean). The combined effect of the highest percentile of olive oil intake 
compared to the lowest was highly significant (p < 0.001). Therefore, people in the 
highest group of olive oil consumption have shown to have a 0.66 times lower odds, 
or 34% lower likelihood, of having any type of cancer.

The level of association of olive oil consumption with single cancers will be now 
considered.

6.3.1  Breast Cancer

Several case–control studies conducted in Greece, Spain, Italy, and France have 
suggested that olive oil is significantly associated with decreased breast cancer. All 
these studies coming from different Mediterranean countries have shown a signifi-
cant inverse association between high daily intake of olive oil and breast cancer 
occurrence.

In a Greek hospital-based case–control study of 820 women with breast cancer 
and 1548 controls, more frequent consumption of olive oil (more than once a day 
compared with once a day) was associated with a significantly reduced breast can-
cer risk (odds ratio, OR = 0.75). This protective association was concentrated in 
postmenopausal women [19].

In another study [16], 14,800 women of the Greek cohort of the EPIC study were 
followed for an average of 9.8 years to evaluate the relation of conformity to the 
Mediterranean diet with breast cancer. In this cohort, 240 incident breast cancer 
cases were identified. Results showed that although increasing conformity to the 
Mediterranean diet was not associated with lower breast cancer risk in the entire 
cohort, there was a significant inverse association among postmenopausal women 
(HR = 0.78 for every two points; 95% CI 0.62–0.98). However, when the analysis 
of association was pinpointed to olive oil only, extrapolated from Mediterranean 
diet, the results showed that an increased consumption of olive oil was associated 
with lower breast cancer risk in the entire cohort (HR = 0.93, 95% CI 0.80–1.08) 
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and in the postmenopausal women (HR = 0.85, 95% CI 0.69–1.06), respectively, 
though not statistically significant.

Three case–control studies from Spain showed the following results: in the first 
one [20] (762 cases – 988 controls), the odds ratio for the highest versus the lowest 
quartile of consumption of olive oil was 0.66, with a significant dose–response 
trend; in the second study [21] (100 breast cancer cases – 100 controls), women in 
the highest tertile of monounsaturated fat consumption were at lower risk compared 
with women in the lowest tertile (RR = 0.30; 95% CI 0.1–1.08); in the third study, 
the Canary Islands study [22], the odds ratio for women in the three upper quintiles 
of olive oil consumption (≥8.8 g/day) was 0.27.

In a multicenter case–control study from Italy [23], 2564 cases and 2588 controls 
were studied. The odds ratio per unit (30 g) increase of olive oil consumption was 0.89 
(95% CI 0.81–0.99); when the population study was stratified in quintiles of olive oil 
intake, compared with the lowest quintile, the odds ratios (ORs) were 1.05, 0.99, 0.93, 
and 0.87 for increasing quintiles of intake; in a model postulating linear logit increase, 
the OR per unit (30 g) was 0.89 (95% confidence interval [CI] = 0.81–0.99, P = 0.03).

In another study from Italy [24], a prospective study that used nutritional data 
from 8984 women in a follow-up of 9.5 years (ORDET cohort), there were 207 
incident cases of breast cancer; the “salad vegetables” pattern, principally consist-
ing of raw vegetables and olive oil, was associated with significantly lower (34–
35%) breast cancer incidence (RR  =  0.66, 95% CI 0.47–0.95), comparing the 
highest to lowest tertile.

In the south of France, a case–control study of 437 breast cancer cases and 922 
controls showed an inverse association of olive oil intake with breast cancer risk 
[25]. In another study from France [26], a prospective study, the association between 
dietary patterns and breast cancer risk was evaluated; the analyses included 2381 
postmenopausal invasive breast cancer cases diagnosed during a median 9.7-year 
follow-up period among 65,374 women from the E3N-EPIC cohort. Results showed 
that the “healthy/Mediterranean” pattern was negatively associated with breast can-
cer risk (HR = 0.85, 95% CI 0.75–0.95; P = 0.003 for linear trend), especially when 
tumors were estrogen receptor-positive/progesterone receptor-negative. Authors 
concluded that adherence to a dietary pattern including mostly fruits, vegetables, 
fish, and olive/sunflower oil, along with avoidance of Western-type foods, results in 
a substantial reduction in postmenopausal breast cancer risk.

The EURAMIC study [27], from five European centers including Malaga 
(Spain), used adipose biopsies with diverse fat intake patterns to see if oleic acid or 
other monounsaturates are associated with breast cancer. In 291 postmenopausal 
incident breast cancer patients and 351 controls, the OR (75th to 25th percentiles) 
was 0.40 in Malaga and 1.27 (not statistically significant) in all the other European 
centers pooled. Thus, the strong inverse association between oleic acid concentra-
tions and breast cancer in the Spanish study population was not observed in the 
study’s non-Spanish populations. This difference of association between Spain and 
other European countries could actually be explained by the fact that in Spain oleic 
acid is derived almost exclusively from extra-virgin olive oil (which contains numer-
ous other active compounds as polyphenols), while in other European countries, 
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oleic acid is derived from multiple sources, including pig’s and cattle’s meat. The 
authors concluded that the strong protective associations reported for olive oil intake 
in dietary studies may be due to other protective components of the extra-virgin 
olive oil and not to the direct effect of oleic acid uptake.

To conclude, several studies on the effect of olive oil and Mediterranean diet on 
breast cancer have convincingly shown that olive oil reduces significantly the risk of 
breast cancer, particularly in postmenopausal women and particularly in estrogen 
receptor-positive/progesterone receptor-negative tumors. This effect does not seem 
to be related to the intake of monounsaturated oleic acid but probably to the conver-
gent and synergic action of the various components of extra-virgin olive oil, includ-
ing the antioxidant polyphenols.

6.3.2  Colorectal Cancer

Colorectal carcinoma rates have been shown to be relatively low in Mediterranean 
countries compared with most other Western countries, but the components of the 
Mediterranean diet responsible for this favorable pattern are unclear. The associa-
tion between colorectal cancer and olive oil doesn’t appear so strong as for breast 
cancer. In case–control studies conducted in Mediterranean populations with 
colorectal cancer, olive oil has been found to have a slight protective effect, while 
monounsaturated fat intake appeared uninfluential.

In a case–control study conducted in 6 Italian areas [28], 1953 patients with 
incident, histologically confirmed colorectal carcinoma (1225 of the colon and 728 
of the rectum) and 4154 control subjects with no history of cancer were studied. The 
odds ratios (ORs) for successive tertiles of olive oil intake, compared with the low-
est one, were 0.87 (95% CI, 0.75–1.01) and 0.83 (95% CI, 0.70–0.99; P = 0.03) 
when colorectal carcinoma was analyzed as a whole, 0.82 (95% CI, 0.68–0.98) and 
0.81 (95% CI, 0.66–0.99; P = 0.04) for colon carcinoma, and 0.96 (95% CI, 0.77–
1.19) and 0.88 (95% CI, 0.66–1.12) for rectal carcinoma. Allowance for vegetable 
intake attenuated the apparent protection from olive oil consumption (OR, 0.94 for 
colon and 0.97 for rectum for the highest tertile), which still was apparent in younger 
subjects (OR, 0.82 for colon and 0.69 for rectum). The conclusions of this study 
were that there was some evidence for a differential effect of different fats on 
colorectal cancer, with a little protective effect for olive oil [28].

In a large, multicenter case–control study [29] conducted in Italy and Switzerland 
between 1992 and 2000, with 1394 cases of colon cancer, 886 cases of rectal cancer, 
and 4765 controls, the multivariate odds ratios (ORs) for an increment of one por-
tion per week of fried foods were 0.97 (95% CI = 0.93–1.01) for colon cancer and 
1.04 (95% CI = 1.00–1.09) for rectal cancer. When the type of fats mainly used for 
frying was analyzed, olive oil, but not other types of oils, appeared to protect from 
colon cancer risk (OR = 0.89, 95% CI = 0.82–0.98). The authors concluded that 
these results do not indicate a relevant role of fried foods on colorectal cancer, with 
a possible favorable effect of (fried) olive oil on colon cancer risk, but not on rectal 
cancer risk [29].
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In a case–control study on 1953 individuals with colorectal cancer and 4154 
controls, the role of monounsaturated fats appeared uninfluential in colon cancer 
occurrence, while saturated fat intake showed a modest direct association with rec-
tal cancer [30].

Concluding, the available data do not show an appreciable role of olive oil in 
colon cancer incidence, although some protective effect has been found. The lower 
incidence of colon cancer in Mediterranean countries appears to be mostly due to 
the Mediterranean diet as a whole, with a prominent role played by high intake of 
vegetable and fresh fruit and low intake of meat and saturated fats.

6.3.3  Pancreatic Cancer

Studies on relationships between olive oil and pancreatic cancer are very few, and 
results are contrasting. Only one study showed a significant inverse association of 
pancreatic cancer with olive oil intake. In northern Italy, in a case–control study 
conducted between 1983 and 1992 (362 cases with histologically confirmed, pan-
creatic cancer risk and 1502 controls), cancer risk was inversely associated with 
consumption of olive oil (OR = 0.58 for subsequent tertiles of intake) after allow-
ance for sociodemographic factors and tobacco smoking (ORs were 0.76 for inter-
mediate and 0.60 for highest score of intake and the risk was significant) [31, 32].

6.3.4  Stomach Cancer

Also for stomach cancer, studies on the impact of olive oil are quite few. In an 
Italian study [33], 126 gastric patients were typed for MSI status (a distinctive 
molecular pathway of carcinogenesis). A MSI+ phenotype was detected in 43 of 
126 cases (34.1%), whereas 83 cases were classified as MSI-. The risk of MSI+ 
tumors was positively associated with high consumption of red meat and meat sauce 
and negatively associated with consumption of white meat (OR 25.7; CI 6.4–102.8) 
and olive oil. A positive association was also seen with total protein and nitrite 
intake. For MSI- tumors, a significant protective effect was associated with frequent 
consumption of citrus and other fresh fruits, garlic, legumes, vegetables, and olive 
oil and with high intake of beta-carotene and other antioxidants. Olive oil showed a 
protective effect on gastric cancer in both MSI- (OR 0.6; CI 0.3–1.00) and MSI+ 
(OR 0.5; CI 0.2–1.1) phenotypes.

In another case–control study [34] on 1016 gastric cancer patients and 1159 
population- based controls, the risk of gastric cancer was found to vary significantly 
with estimated nutrient intake. The risk rose with increasing consumption of nitrites 
and proteins and decreased in proportion to intake of olive oil, ascorbic acid, beta- 
carotene, and alpha-tocopherol. Ascorbic acid showed the strongest geographic gra-
dient, with highest consumption in southern low-risk areas. The authors suggested 
that the protective effects reported for consumption of fresh fruit, fresh vegetables, 
and olive oil could be linked to the vitamins C and E contained in these foods. 
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The  findings were consistent with the hypothesis that N-nitroso compounds are 
involved in gastric cancer risk, since elevated risk was apparent for agents (nitrites, 
protein) that promote nitrosation, while decreased risk was found for nutrients 
(ascorbic acid and alpha-tocopherol) which inhibit the process.

To conclude, the few studies on gastric cancer and olive oil appear to share the 
conclusion that the protective effect of olive on gastric cancer oil seems to operate 
in synergy with antioxidants contained in Mediterranean diet components, particu-
larly fresh fruit and vegetable.

6.3.5  Esophageal Cancer

Olive oil has shown to protect from esophageal cancer. In a study conducted in 
northern Italy [35], 304 histologically confirmed squamous esophageal carcinoma 
cases and 743 controls were interviewed. After correction for multiple confounders, 
olive oil intake showed a significant reduction of cancer risk in the highest quintile 
versus lowest (OR 0.26; CI 0.13–0.51). Also after adjustment for total vegetable 
consumption, olive oil showed a significant reduction of cancer risk, with no mono-
tonic exposure association, that is, even consumers of a minimal quantity of olive 
oil (the second quintile) appeared to be at a reduced risk for the disease (OR 0.30; 
CI 0.17–0.56), as consumers of a maximal quantity (the fifth quintile)(OR = 0.36, 
95% CI = 0.18–0.73), compared to the lowest quintile of olive oil intake [35], and 
the same significant reduction was also found for monounsaturated fatty acids [36].

In another case–control study in France (208 cases and 399 controls) for olive 
oil, the OR for consumers versus nonconsumers was 0.70 (95% CI 0.54–0.90) [37].

6.3.6  Cancer of the Larynx

Some cross-sectional studies have shown a protective effect of olive oil on laryngeal 
cancer.

In a population-based, case–control study conducted in northern Italy [38], 220 
incident male laryngeal cancer cases were studied. After an 8-year follow-up, new 
primaries occurred among 36 subjects. The occurrence of new primaries was influ-
enced by dietary habits, in that those who had a high intake of olive oil had a one- 
third lower risk of developing a new primary at the eighth year of observation. The 
authors concluded that a healthy diet, and particularly olive oil, is protective among 
those who experience a laryngeal neoplasm and suggests that diet could be a poten-
tial preventive agent against the occurrence of new primaries among these patients.

In another study of the same authors [39], in a series of 215 incident cases of 
laryngeal cancer who were interviewed 10 years earlier in the framework of a 
population- based case–control study, multiple new primaries occurred in 36 sub-
jects. Although the cancer seemed to be related to tobacco and alcohol intake, the 
statistical analysis showed a dose-dependent association with tobacco, whereas 
alcohol was not statistically related to outcomes. Survival resulted to be 

6 Extra-virgin Olive Oil and Cancer



105

significantly improved by the intake of vegetables, citrus fruit, orange juice, bread, 
and olive oil, all of them typical components of Mediterranean diet. A differentia-
tion between dietary patterns showed a 36% advantage in survival for those with 
higher intake of monounsaturated fatty acids.

In another study [40] conducted in northern Italy and Switzerland with 527 his-
tologically confirmed laryngeal cancer cases and 1297 controls, an inverse associa-
tion of the risk was observed with olive oil (OR = 0.4 for the highest compared to 
the lowest quintile of intake, p = 0.003), not statistically significant when control-
ling for total vegetable consumption (OR = 0.66, p = 0.45).

Finally, in an analysis where cancers of the oral cavity, pharynx other than naso-
pharynx, larynx, and esophagus were collectively assessed [41], olive oil used in salads 
and/or in cooking was significantly inversely associated with cancer (OR contrasting 
frequency of consumption above vs. below median = 0.78 with 95% CI 0.67–0.90).

To conclude, in the few studies on olive oil and laryngeal cancer, olive oil was 
associated with a lower risk of the occurrence of a new primary cancer and a 36% 
advantage in survival for those with higher intake of olive oil.

6.3.7  Oral and Pharyngeal Cancer

In the few case–control studies available, monounsaturated fats (and olive oil) 
appear to be inversely related to oral and pharyngeal cancer risk.

In a case–control analysis conducted in Italy with 598 cases and 1491 controls, 
the risk of oropharyngeal cancer was approximately halved in the highest compared 
to the lowest quintile of olive oil (OR = 0.4, 95% CI 0.3–0.7), which was slightly 
attenuated by allowance for vegetable intake [42].

In another case–control study conducted in Serbia which included 45 cases with 
histopathological diagnosis of undifferentiated carcinoma of nasopharyngeal type 
and 90 controls, frequent/moderate consumption of olive oil was significantly nega-
tively associated with cancer compared with rare or never consumption of olive oil 
(OR = 0.42, 95% CI 0.19–0.91, p = 0.03) [43].

In a case–control study conducted in Greece on the oral cancer with 106 patients 
with oral carcinoma and an equal number of controls, added lipids, which in Greece 
are represented overwhelmingly by olive oil, were found inversely and significantly 
associated with oral carcinoma risk (p = 0.04) [44].

In another case–control study conducted in Greece, in the context of the European 
alcohol-related cancers and genetic susceptibility in Europe project [239 incident 
upper aerodigestive tract (UADT) cases and 194 hospital controls], authors con-
cluded that stricter adherence to the Mediterranean diet was associated with a sub-
stantial and significant decrease in UADT cancer risk (30% for a two-unit increase 
in score), whereas after mutual adjustment, no individual dietary component of this 
diet was significantly associated with this risk [45].

In conclusion, also oropharyngeal cancer appears to be associated with 
Mediterranean diet and a high intake of olive oil, and the strength of this statistical 
association is only slightly reduced when vegetables are included in the analysis. 
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Therefore, Mediterranean diet, its vegetable components, and olive oil appear to 
reduce the risk of oropharyngeal cancer occurrence.

6.3.8  Lung Cancer

There is little evidence for an association of olive oil with lung cancer. In a hospital- 
based, case–control study of lung cancer in Italy (342 with primary lung cancer and 
292 controls), use of olive oil was found to offer a protection toward lung cancer 
(OR = 0.67, 95% CI 0.45–0.99) [53]. Prospective studies on the association of lung 
cancer with dietary fat cannot be considered in countries, such as the United States 
and Norway, where monounsaturated fat intake is mainly derived from sources 
other than olive oil [46–48].

6.3.9  Ovarian Cancer

Data on impact of olive oil on ovarian cancer are quite few. In a case–control study 
conducted in Greece on189 epithelial ovarian cancer cases and 200 controls, an inverse 
relation of monounsaturated fat intake and risk for ovarian cancer was found (OR = 0.80, 
95% CI 0.65–0.99 for 1SD increase in consumption on a daily basis) [49].

In a case–control study in Italy, 1031 cases and 2411 controls were included. 
After correction for multiple confounders, a reduced risk of ovarian cancer was 
observed for high intake of olive oil (OR = 0.68, 95% CI 0.50–0.93, for the highest 
quintile, compared with the lowest one), as well for higher intake of monounsatu-
rated fat and oleic acid [50, 51].

6.3.10  Endometrial Cancer

Also for this cancer, data on impact of olive oil are very scarce. In a case–control 
study conducted in Switzerland and northern Italy (274 endometrial cancer cases 
and 572 controls), after correction for energy intake, more frequent consumption of 
olive oil was associated with a decreased risk for endometrial cancer, though results 
were not statistically significant (OR = 0.82 for highest vs. lowest tertile) [52].

In a case–control study from Greece, with 145 cases and 298 controls, the only 
statistically suggestive association was the inverse one with monounsaturated fats 
(OR = 0.74, 95% CI 0.54–1.03) [53]. In another Greek study (84 cases and 84 con-
trols), a protective effect of added lipids, which in the Greek diet are primarily rep-
resented by olive oil, was highly suggestive [54].

6.3.11  Bladder Cancer

The few data available are contrasting. In a case–control study in Belgium (200 
cases and 386 controls), results showed that there was a statistically significant 
inverse association between olive oil intake and bladder cancer, consistent with a 
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linear dose–response relationship: middle versus the lowest tertile (OR = 0.62, 95% 
CI 0.39–0.99) and the highest versus the lowest tertile (OR = 0.47, 95% CI 0.28–
0.78; p-trend = 0.002) [55]. However, findings from another study [56] showed that 
in a Spanish population with an average dietary pattern typical of Mediterranean 
populations, monounsaturated fat intake was associated with a moderate increase of 
risk, which disappeared after correction for saturated fat intake.

6.3.12  Prostate Cancer

Studies on association of Mediterranean diet and prostate cancer have shown con-
trasting results. However, some meta-analysis and follow-up studies have shown a 
positive impact of Mediterranean diet on prostate cancer. It should be noted that 
countries following the traditional Mediterranean diet, particularly Southern 
European countries, have lower prostate cancer incidence and mortality compared 
to other European regions. The beneficial effect has been attributed to the specific 
eating pattern.

In a recent review [57] examining the evidence of the effect of adherence to a 
Mediterranean diet as a whole and its single components on prostate cancer risk, a 
strong evidence supporting the associations between foods that are typical of a 
Mediterranean eating pattern and reduced prostate cancer risk was found.

In a prospective study, 47,867 men enrolled in the Health Professionals Follow-up 
Study were followed from 1986 to 2010. During the follow-up period, 6220 prostate 
cancer cases were confirmed. Although no association between Mediterranean diet 
(after diagnosis) and risk of lethal or fatal prostate cancer was evidenced, a 22% 
lower risk of overall mortality (hazard ratio, 0.78; CI 0.67–0.90) was found among 
men with greater adherence to the Mediterranean diet after prostate cancer diagno-
sis [58].

Concerning the correlation between olive oil intake and prostate cancer risk, the 
very few studies available have shown contrasting results.

A case–control study from Greece [59] included 320 patients with histologically 
confirmed incident prostate cancer and 246 controls without prostate cancer. Among 
major food groups, milk and dairy products as well as added lipids were marginally 
positively associated with risk for prostate cancer. Among added lipids, seed oils 
were significantly and butter and margarine nonsignificantly positively associated 
with prostate cancer risk, whereas olive oil was unrelated to this risk. Cooked toma-
toes and to a lesser extent raw tomatoes were inversely associated with the risk for 
prostate cancer. Also vitamin E was inversely associated with prostate cancer.

In another study [60], a population-based case–control study on 858 men aged 
<70 years with histologically confirmed prostate cancer and 906 age-frequency- 
matched men, an inverse association with prostate cancer was observed (OR, 95% 
CI for tertile III compared with tertile I) for allium vegetables 0.7, 0.5–0.9, p trend 
0.01; tomato-based foods 0.8, 0.6–1.0, p trend 0.03; and total vegetables 0.7, 0.5–
1.0, p trend 0.04. Margarine intake was positively associated with prostate cancer 
(1.3, 1.0–1.7; p trend 0.04). The only statistically significant associations observed 
with nutrients were weak inverse associations for palmitoleic acid (p trend 0.04), 
fatty acid 17:1 (p trend 0.04), and 20:5 n-6 (p trend 0.05) and a nonsignificant trend 
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for oleic acid (p trend 0.09). The authors concluded that, based on these findings, 
diets rich in olive oil (a source of oleic acid), tomatoes and allium vegetables might 
reduce the risk of prostate cancer.

Although data on the impact of dietary factors on prostate cancer risk are con-
trasting, those concerning the increased risk are more convincing than those associ-
ated with a reduced risk. In fact, numerous studies and large meta-analysis have 
convincingly shown the significant positive association of red and processed meat 
with increased risk of prostate cancer [61] as well as of other types of cancer as 
colorectal cancer. Also high daily intakes of dairy products have shown to be posi-
tively associated with increased risk of prostate cancer [62].

Concerning the protective effects of the diet, in addition to vegetables and allium 
products, tomatoes and its major carotenoid lycopene have been shown to reduce 
the prostate cancer risk (see Chap. 9, this book). A large meta-analysis [63] sum-
marizing the results of 11 case–control studies and 10 cohort studies or nested case–
control studies showed that for a high intake of cooked tomato products, the 
corresponding RR was 0.81 (95% CI 0.71–0.92). The RR of prostate cancer related 
to an intake of one serving/day of raw tomato (200 g) was 0.97 (95% CI 0.85–1.10) 
for the case–control studies and 0.78 (95% CI 0.66–0.92) for cohort studies. For 
serum- or plasma-based studies, the corresponding RRs were 0.74 (95% CI 0.59–
0.92) for all studies, 0.55 (95% CI 0.32–0.94) for case–control studies, and 0.78 
(95% CI 0.61–1.00) for cohort studies. This meta-analysis indicates that results 
from cohort studies and serum- or plasma-based studies support about a 25–30% 
reduction in the risk of prostate cancer. However, the association between tomato 
products and lycopene and lower prostate cancer risk, while suggestive, remains 
controversial, because not all the studies are supportive [64].

Conclusion

A large number of studies have demonstrated that nutritional factors play a major 
role in cancer initiation and development. In a meta-analysis already mentioned 
[18] that evaluated solely olive oil intake, data from 13,800 cancer patients and 
23,340 controls showed that the combined effect of the highest percentile of 
olive oil intake with the lowest was highly significant, in that people in the high-
est group of olive oil consumption had 0.66 times lower odds of having any type 
of cancer (logOR = −0.41 95% CI −0.53 to −0.29) or 34% lower likelihood of 
having any type of cancer. The applied effect-equality test revealed that although 
the study-specific effect size measures were heterogeneous, all of them were to 
the same protective direction [18].

Ecologic comparisons and meta-analysis of prospective cohort studies sug-
gest that cancer morbidity and mortality are lower in Mediterranean countries, 
where olive oil represents a substantial fraction of dietary fat [65]. Prospective 
studies have shown evidence that higher degree of adherence to the Mediterranean 
diet is associated with a reduced mortality for cancer of all types [66]. According 
to a large review, in Western countries, approximately 25% of the incidence of 
colorectal cancer, 15% of breast cancer, and 10% of prostate, pancreas, and 
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endometrial cancer could be prevented if traditional Mediterranean dietary pat-
terns were followed [67].

In a study conducted in 28 countries, 76% of the intercountry variation in 
colorectal cancer incidence rates could be attributed to three dietary factors, 
meat, fish, and olive oil, in combination; meat and fish were found positively 
associated, whereas olive oil was negatively associated. The authors sug-
gested that olive oil could influence secondary bile acid patterns in the colon 
that, in turn, might influence polyamine metabolism in colonic cells reducing 
possibility to progression from normal mucosa to adenoma and, eventually, 
carcinoma [68].

Evidence to support that olive oil conveys protection against occurrence of dif-
ferent types of cancer, although already demonstrated by numerous observational, 
case–control and cohort studies, necessitates more epidemiological studies, espe-
cially prospective ones, specifically designed to address these issues. Well-designed 
cohort studies will help to further examine the association and questions arising, 
such as, firstly, if olive oil intake facilitates more vegetable intake, thus maximizing 
its beneficial effects to cancer prevention, and, secondly, if the possible beneficial 
effects of olive oil are attributed to its monounsaturated content or to its other com-
ponents. Actually, olive oil in Mediterranean diet is frequently associated with veg-
etables, herbs (allium), and tomatoes, all of which have been significantly 
associated with a reduced risk of numerous diseases, including cancer.
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7Epigenetics/Epigenomics of Olive Oil 
and the Mediterranean Diet

7.1  Premises

“Mediterranean diet and olive oil modify gene transcription towards a protective 
mode.”

Epigenetics/epigenomics are terms used to describe a variety of modifications to 
the genome that do not involve changes in DNA sequence and result in alteration of 
gene transcription allowing for differential expression of common genetic informa-
tion. In a sense it constitutes the missing link between genetics, the environment, 
and disease [1].

Nutrigenomics, tightly connected with epigenetics/epigenomics, is a multidisci-
plinary science that comes after the human genome has been characterized and put 
the genomic techniques besides the biochemical and epidemiological aspects, with 
the aim to understand the etiologic aspects of chronic diseases such as cancer, type 
2 diabetes mellitus (T2DM), obesity, cardiovascular diseases (CVD), metabolic 
syndrome, etc.

Nutrigenomics is linked to nutrigenetics, which studies the genetic basis of the 
different individual response to the same nutritional stimulus. This phenomenon 
arises from gene polymorphism. As a consequence, genes are important in deter-
mining a function, but nutrition is able to modify the degree of gene expression [2].

Among the mechanisms by which Mediterranean diet and its main fat compo-
nent, olive oil, exert its beneficial effects on human health, gene–diet interactions 
have probably the most important role in the development of and in the protection 
against chronic degenerative diseases. From a nutrigenomic point of view, nutrients 
act as dietary signals, are detected by the cellular sensor, and modulate gene and 
protein expression and, subsequently, metabolite production [3].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-78084-9_7&domain=pdf
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7.2  An Example of Gene–Diet Interaction

An example of gene–diet interaction is given by the PREDIMED study [4]. This 
was a parallel-group, multicenter, randomized prospective, primary prevention trial 
that included 7447 persons aged 55–80 years. The primary end point was the rate of 
major cardiovascular events (myocardial infarction, stroke, or death from cardiovas-
cular causes). The subjects were randomly assigned to one of three diets: a 
Mediterranean diet supplemented with extra-virgin olive oil, a Mediterranean diet 
supplemented with mixed nuts, or a control diet (advice to reduce dietary fat). After 
a median follow-up of 4.8 years, a significant risk reduction of the primary end 
points was observed in the two groups assigned to Mediterranean diet, compared to 
control group, with a hazard ratio (HR) of 0.70 (CI, 0.54 to 0.92) and 0.72 (CI, 0.54 
to 0.96) for the group assigned to a Mediterranean diet with extra-virgin olive oil 
and the group assigned to a Mediterranean diet with nuts, respectively, versus the 
control group. These findings provided evidence supporting the notion that 
Mediterranean diet reduces cardiovascular risk to a level (30%) within the range 
observed for pharmacological interventions.

Subsequently, a sub-study [5] on 7018 participants to the PREDIMED study, 
whose DNA was isolated, was undertaken, and the TCF7L2-rs7903146 polymor-
phism was determined to see whether the polymorphism (C > T) associations with 
type 2 diabetes, glucose, lipids, and cardiovascular disease incidence were modu-
lated by Mediterranean diet. The TCF7L2 is a relevant transcription factor in the 
Wnt signaling pathway, located on chromosome 10q25.3, and consists of 17 exons 
(boxes). The rs7903146 (C > T) single nucleotide polymorphism (SNP) in intron 4 
has been demonstrated to be the most important polymorphism associated with type 
2 diabetes. The 7903146 T allele is significantly associated with higher type 2 dia-
betes risk. The results of the study showed that the TCF7L2-rs7903146 polymor-
phism was associated with type 2 diabetes (odds ratio 1.87; CI, 1.62–2.17) for TT 
compared with CC. When adherence to the Mediterranean diet was low, TT subjects 
had higher fasting glucose concentrations (132.3 mg/dL) than CC + CT (127.3 mg/
dL) individuals (P = 0.001). Nevertheless, when adherence was high, this plasma 
glucose increase was not observed (P = 0.605). This modulation was also detected 
for total cholesterol, LDL cholesterol, and triglycerides (P interaction, 0.05 for all). 
Likewise, TT subjects had a higher stroke incidence in the control group (adjusted 
HR 2.91; P = 0.006 compared with CC), whereas dietary intervention with 
Mediterranean diet reduced significantly stroke incidence in TT homozygotes 
(adjusted HR 0.96; P = 0.892 for TT compared with CC) [5].

These results convincingly showed that Mediterranean diet can modulate gene 
expression via epigenetic mechanisms in fine-tuning gene expression.

7.3  The Activation/Inactivation of Gene Transcription

As we have said before, the term “epigenetics” is used to refer to the complex inter-
actions between the genome and the environment involved in development and dif-
ferentiation in higher organisms. Among environmental factors, diet is probably the 
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most important element that can transiently change the transcription activity of 
genes through epigenetic modifications. Epigenetic modifications alter DNA acces-
sibility and chromatin structure, thereby regulating patterns of gene expression. The 
major mechanisms in epigenetic regulation are (1) the long-term epigenetic modifi-
cations that involve DNA methylation and (2) the more flexible (short-term) modi-
fications that involve histone modifications, such as methylation and acetylation.

A third mechanism in epigenetic regulation comes from microRNAs. These are 
small, noncoding RNA molecules that function in RNA silencing and posttranscrip-
tional regulation of gene expression.

7.3.1  DNA Methylation

DNA methylation is a process by which methyl groups are added to the DNA mol-
ecule (Fig. 7.1). Methylation changes the activity of a DNA segment without chang-
ing the sequence. When located in a gene promoter, DNA methylation typically acts 
to repress gene transcription. DNA methylation is essential for normal development 
and is associated with a number of key processes including aging and 
carcinogenesis.

Most DNA methylation in humans occurs at cytosine–phosphate–guanine (CpG) 
dinucleotides and consists of the addition of a methyl group on position 5 of cyto-
sine residues of the CpG island (Fig.  7.1). DNA methylation of CpG islands is 
unambiguously linked with transcriptional repression.

CpG-dense promoters of actively transcribed genes are never methylated, but 
transcriptionally silent genes do not necessarily carry a methylated promoter. 
Whereas DNA methylation is not necessary per se for transcriptional silencing, it is 
thought nonetheless to represent a “locked” state that definitely inactivates gene 
transcription.

In mouse and human, around 60–70% of genes have a CpG island in their pro-
moter region and most of these CpG islands remain unmethylated independently of 
the transcriptional activity of the gene. DNA methylation may affect the transcrip-
tion of genes in two ways. First, the methylation of DNA itself may physically 
impede the binding of transcriptional proteins to the gene, and second, and likely 
more important, methylated DNA may be bound by proteins known as methyl-
CpG-binding domain proteins (MBDs). MBD proteins then recruit additional pro-
teins to the locus, such as histone deacetylases and other chromatin remodeling 
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proteins that can modify histones, thereby forming compact, inactive chromatin, 
termed heterochromatin.

At CpG sites there are single nucleotide polymorphisms (SNPs) that either create 
or disrupt a CpG with effects on methylation levels, not only in the site, but also in 
the surrounding region, hence linking genetic variation to epigenetic changes and 
increasing the number of regulatory factors.

DNA methylation in cancer. In many disease processes, DNA methylation appears 
of crucial importance. Alterations of DNA methylation have been recognized as an 
important component of cancer development. In cancer, gene promoter CpG islands 
acquire abnormal hypermethylation, which results in transcriptional silencing that 
can be inherited by daughter cells following cell division. Hypomethylation has also 
been implicated in the development and progression of cancer through different 
mechanisms. Typically, there is hypermethylation of tumor suppressor genes and 
hypomethylation of oncogenes [6]. Hypomethylation, in general, arises earlier and is 
linked to chromosomal instability and loss of imprinting, whereas hypermethylation 
is associated with promoters and can arise secondary to gene silencing (oncogene 
suppressor) and might be a target for epigenetic therapy [7].

Generally, in progression to cancer, hundreds of genes are silenced or activated. 
Although silencing of some genes in cancers occurs by mutation, a large proportion 
of carcinogenic gene silencing is a result of altered DNA methylation. DNA meth-
ylation causing silencing in cancer typically occurs at multiple CpG sites in the CpG 
islands that are present in the promoters of protein-coding genes. Silencing of DNA 
repair genes through methylation of CpG islands in their promoters appears to be 
especially important in progression to cancer.

Altered expressions of microRNAs (see miRNA paragraph, below) also silence 
or activate many genes in progression to cancer. Altered microRNA expression 
occurs through hyper-/hypomethylation of CpG sites in CpG islands in promoters 
controlling transcription of the microRNAs.

DNA methylation in atherosclerosis. DNA methylation is implicated also in ath-
erosclerosis. Two of the cell types targeted for DNA methylation polymorphisms 
are monocytes and lymphocytes, which experience an overall hypomethylation. 
One proposed mechanism behind this global hypomethylation is elevated homocys-
teine level causing hyperhomocysteinemia, a known risk factor for cardiovascular 
disease. High plasma level of homocysteine inhibits DNA methyltransferases, 
which causes hypomethylation. Hypomethylation of DNA affects gene that alters 
smooth muscle cell proliferation, causes endothelial cell dysfunction, and increases 
inflammatory mediators, all of which are critical in forming atherosclerotic lesions 
[8]. High levels of homocysteine also result in hypermethylation of CpG islands in 
the promoter region of the estrogen receptor alpha (ERα) gene, causing its down-
regulation [9]. ERα protects against atherosclerosis due to its action as a growth 
suppressor, causing the smooth muscle cells to remain in a quiescent state [10]. The 
ERα promoter does not appear to be methylated in situ (normal aorta), but becomes 
methylated in proliferating aortic smooth muscle cells. Hypermethylation of the 
ERα promoter thus allows intimal smooth muscle cells to proliferate excessively 
and contribute to the development of the atherosclerotic lesion [11].
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DNA methylation in aging. In humans and other mammals, DNA methylation 
levels can be used to accurately estimate the age of tissues and cell types, forming 
an accurate epigenetic clock. In a study that analyzed the complete DNA methy-
lomes of CD4+ T cells in a newborn, in a 26-year-old individual, and in a 103-year- 
old individual, it was observed that the loss of methylation is proportional to age. 
Hypomethylated CpGs observed in the centenarian DNAs compared with the neo-
nates covered all genomic compartments (promoters, intergenic, intronic, and 
exonic regions) [12]. However, some genes become hypermethylated with age, 
including genes for the estrogen receptor, p16, and insulin-like growth factor 2 [6].

7.3.2  Histone Modification

In analogy to DNA methylation, the histone modifications are important mecha-
nisms by which environmental factors, including the diet, modify the transcriptional 
activity of genes.

Chromatin is the complex of chromosomal DNA associated with proteins in the 
nucleus. DNA in chromatin is packaged around histone proteins, in units referred to 
as nucleosomes. A nucleosome has 147 bp of DNA associated with an octomeric 
core of histone proteins, consisting of two H3–H4 histone dimers surrounded by 
two H2A–H2B dimers. N-terminal histone tails protrude from nucleosomes into the 
nuclear lumen. It has been suggested that different combinations of histone modifi-
cations may regulate chromatin structure and transcriptional status [13, 14].

Of the many described histone modifications, histone acetylation at the ε-amino 
group of lysine residues in H3 and H4 tails is most consistently associated with 
promoting transcription. However, this description oversimplifies a complex pro-
cess, as acetylated, open-chromatin structure may also allow access of transcrip-
tional repressors.

Histone tail acetylation has received much attention over the last several years as 
a key mediator of chromatin structure and transcriptional regulation. Acetylation is 
targeted to regions of chromatin by the recognition and binding of DNA sequence- 
specific transcription factors that recruit one of a growing family of histone acetyl-
transferase (HAT) cofactors such as CREB-binding protein (CBP) and p300, MYST, 
and GNAT [15].

Deacetylation of histones correlates with CpG methylation and the inactive state 
of chromatin. There are four classes of histone deacetylase enzymes (HDACs), with 
members capable of deacetylation of histones and/or other protein targets [16].

DNA methyltransferase and histone deacetylase are believed to operate along the 
same mechanistic pathway to silence gene expression.

The histone tails can also be methylated on selected residues, such as lysine and 
arginine, and, depending on the amino acid and the histone modified, may exert a 
stimulatory or inhibitory effect on transcription. However, histone lysine methyla-
tion patterns and their effects on transcription are more complex than acetylation, in 
that some methylation sites are associated with transcriptionally permissive chro-
matin (euchromatin) and some are repressive, fostering heterochromatin formation. 
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In addition, ε-amino groups of lysine residues can be mono-, di-, or tri-methylated. 
Overall, the H3K27me3 and H3K9me states are associated with silencing, whereas 
the H3K4me3 and H3K36me3 states are transcriptionally permissive 
modifications.

7.3.3  MicroRNA (miRNA, MiRNA)

MicroRNAs (miRNAs) are very important factors that modify the gene transcrip-
tion activity. Small-RNA-guided gene regulation has emerged as one of the funda-
mental principles in cell function.

A miRNA  (Fig.  7.2) is a small noncoding RNA molecule containing 20–22 
nucleotides found in plants, animals, and some viruses that functions in RNA silenc-
ing and posttranscriptional regulation of gene expression. While the majority of 
miRNAs are located within the cell, some miRNAs, commonly known as circulat-
ing miRNAs or extracellular miRNAs, have also been found in extracellular envi-
ronment, including various biological fluids and cell culture media. Plant miRNAs 
usually have near-perfect pairing with their mRNA targets, which induces gene 
repression through cleavage of the target transcripts. In contrast, animal miRNAs 
are able to recognize their target mRNAs by using as little as 6–8 nucleotides (the 
seed region) at the 5′ end of the miRNA, which is not enough pairing to induce 
cleavage of the target mRNAs. A given miRNA may have hundreds of different 
mRNA targets, and a given target might be regulated by multiple miRNAs.

The mature miRNA is part of an active RNA-induced silencing complex (RISC) 
containing Dicer and many associated proteins. (Dicer, also known as endoribonu-
clease Dicer, is an enzyme of the RNase III family that cleaves double-stranded RNA 
and pre-microRNA (pre-miRNA) into short double-stranded RNA fragments calle.3d 
small interfering RNA and microRNA, respectively.) (Fig. 7.2)

miRNA genes are transcribed by the RNA polymerase II, which encodes a nucle-
otide sequence called hairpin loop. This hairpin loop structure, called also primary 
miRNA (pri-miRNA) composed of about 70 nucleotides, undergoes a first modifi-
cation in the nucleus becoming a pre-miRNA. The hairpin double-stranded RNA in 
the pri-miRNA is recognized by a nuclear protein known as DGCR8 (DiGeorge 
syndrome critical region 8), which is associated with the enzyme Drosha, a protein 
that cuts RNA; this protein complex cuts about 11 nucleotides from the hairpin 
base, transforming the pri-miRNA in a pre-miRNA (precursor miRNA). The pre- 
miRNA is then exported from the nucleus into the cytoplasm where it is further 
processed and pre-miRNA is cleaved by the RNase III enzyme “Dicer,” yielding a 
miRNA–miRNA duplex of about 22 nucleotides in length. Although either strand of 
the duplex may act as a functional miRNA, only one strand is usually incorporated 
into a silencing complex, the RNA-induced silencing complex (RISC), that interacts 
with its mRNA target. In fact, to become active, miRNAs have to bind to a protein 
complex, the Argonaute proteins, so becoming part of an active RISC containing 
Dicer and many associated proteins [17]. Therefore, miRNAs serve as a guide to 
direct Argonaute proteins to specific target messenger RNAs to repress protein 
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expression. Argonaute proteins therefore are highly specialized binding modules 
that accommodate the small RNA component  – the miRNAs  – and coordinate 
downstream gene-silencing events by interacting with other protein factors. 
Argonaute protein family, therefore, is actually the key player in gene-silencing 
pathways guided by miRNAs.

Gene silencing may occur either via mRNA degradation or preventing mRNA 
from being translated. miRNAs function via base pairing with complementary 
sequences within mRNA molecules. As a result, these mRNA molecules are 
silenced, by one or more of the following processes: (a) cleavage of the mRNA 
strand into two pieces, (b) destabilization of the mRNA through shortening of its 
poly(A) tail, and (c) less efficient translation of mRNA into proteins by ribosomes 
[18, 19].

The human genome may encode over 2000 miRNAs [20], which are abundant in 
many mammalian cell types and appear to target about 60% of the genes of humans 
and other mammals [21, 22]. Therefore, 60% of human protein-coding genes are 
regulated by miRNAs [22]. Each miRNA expressed in a cell may target about 100–
200 messenger RNAs that it downregulates.

miRNAs are well conserved in both plants and animals and are thought to be a 
vital and evolutionarily ancient component of gene regulation. A given miRNA may 
have hundreds of different mRNA targets, and a given target might be regulated by 
multiple miRNA [22].

Many miRNAs are epigenetically regulated, meaning that the diet can signifi-
cantly modulate the activity of many miRNA.  About 50% of miRNA genes are 
associated with CpG islands [23] that may be repressed by epigenetic methylation. 
Transcription from methylated CpG islands is strongly and heritably repressed [24]. 
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Fig. 7.2 microRNA (miRNA) transcription, modifications and binding to target site

7.3 The Activation/Inactivation of Gene Transcription

https://en.wikipedia.org/wiki/Base-pair
https://en.wikipedia.org/wiki/MRNA
https://en.wikipedia.org/wiki/Gene_silencing
https://en.wikipedia.org/wiki/Polyadenylation
https://en.wikipedia.org/wiki/Human_genome
https://en.wikipedia.org/wiki/CpG_island


122

Other miRNAs are epigenetically regulated by either histone modifications or by 
combined DNA methylation and histone modification [23].

Turnover of mature miRNA is needed for rapid changes in miRNA expression 
profiles. During miRNA maturation in the cytoplasm, uptake by the Argonaute pro-
tein is thought to stabilize the guide strand, while the opposite (or “passenger”) 
strand is preferentially destroyed. In what has been called a “use it or lose it” strat-
egy, Argonaute may preferentially retain miRNAs with many targets over miRNAs 
with few or no targets, leading to degradation of the nontargeting molecules [25].

7.4  MicroRNA Dysregulation and Diseases

Just as miRNA is involved in the normal functioning of eukaryotic cells, so has 
dysregulation of miRNA been associated with disease. For example, a mutation in 
the seed region of microRNA-96 (miR-96) has been shown to cause hereditary pro-
gressive hearing loss [26]; a mutation in the seed region of miR-184 causes heredi-
tary keratoconus with anterior polar cataract [27]; deletion of the miR-17~92 cluster 
causes skeletal and growth defects [28].

7.4.1  MicroRNA Dysregulation and Cancer

Chronic lymphocytic leukemia was the first human disease demonstrated to be asso-
ciated with miRNA dysregulation [29]. Many other miRNAs also have links with 
cancer and accordingly are sometimes referred to as “oncomirs.” In malignant B 
cells, miRNAs participate in pathways fundamental to B-cell development like 
B-cell receptor (BCR) signaling, B-cell migration/adhesion, cell–cell interactions in 
immune niches, and the production and class switching of immunoglobulins. 
MiRNAs influence B-cell maturation and generation of pre-, marginal zone, follicu-
lar, B1, plasma, and memory B cells [29].

Leukemia can be caused by the insertion of a viral genome next to the 17–92 
array of microRNAs, leading to increased expression of this microRNA [29]. Two 
types of miRNA inhibit the E2F1 protein, a protein that regulates cell proliferation. 
miRNA appears to bind to messenger RNA before it can be translated to proteins 
that switch genes on and off [29]. By measuring activity among 217 genes encoding 
miRNAs, patterns of gene activity that can distinguish types of cancers were identi-
fied. MiRNA profiling can determine whether patients with chronic lymphocytic 
leukemia had slow-growing or aggressive forms of the cancer [29].

Another role for miRNA in cancers is to use their expression level for progno-
sis. For example, one study on non-small-cell lung carcinoma found that low 
miR-324a levels could serve as an indicator of poor survival [30]. Either high 
miR-185 or low miR-133b levels correlate with metastasis and poor survival in 
colorectal cancer [31].

Furthermore, specific miRNAs may be associated with certain histological sub-
types of colorectal cancer. For instance, expression levels of miR-205 and miR-373 
have been shown to be increased in mucinous colorectal cancers and 
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mucin- producing ulcerative colitis-associated colon cancers, but not in sporadic 
colonic adenocarcinoma that lacks mucinous components [32]. In vitro studies sug-
gested that miR-205 and miR-373 may functionally induce different features of 
mucinous- associated neoplastic progression in intestinal epithelial cells [32].

In classical Hodgkin lymphoma, plasma miR-21, miR-494, and miR-1973 are 
promising disease response biomarkers [33].

miR-205 is significantly underexpressed in breast tumors compared with matched 
normal breast tissue. Moreover, breast cancer cell lines, including MCF-7 and 
MDA-MB-231, express a lower level of miR-205 than the nonmalignant MCF-10A 
cells. Ectopic expression of miR-205 significantly inhibits cell proliferation and 
anchorage-independent growth as well as cell invasion. These findings establish the 
tumor-suppressive role of miR-205, which probably is a direct targeting of onco-
genes such as ErbB3 and Zeb1. Therefore, miR-205 may serve as a unique thera-
peutic target for breast cancer [34].

Five members of the microRNA-200 family (miR-200a, miR-200b, miR-
200c, miR-141, and miR-429) are downregulated in tumor progression of breast 
cancer [35].

miR-506 has been found to work as a tumor antagonist. In fact, ectopic overex-
pression of miR-506 in ovarian cancer cells was sufficient to inhibit proliferation 
and to promote senescence by directly targeting the CDK4/6-FOXM1 axis in ovar-
ian cancer [36]. A significant number of cervical cancer samples were found to have 
downregulated expression of miR-506. Additionally, studies found that miR-506 
works to promote apoptosis of cervical cancer cells, through its direct target the 
hedgehog pathway transcription factor, Gli3 [37].

7.4.2  MicroRNA, DNA Repair, and Cancer

DNA damage is considered to be the primary underlying cause of cancer [38]. In 
fact, a number of measurable epigenetic alterations have been detected very early in 
normal appearing tissue undergoing histologically invisible tumorigenesis [38]. If 
DNA repair is deficient, damage can accumulate. Such damage can cause muta-
tional errors during DNA replication due to error-prone translesion synthesis. It has 
been shown the central role of epigenetic deficiencies in DNA repair gene expres-
sion that arise during progression to cancer. Accumulated damage can cause epigen-
etic alterations due to errors during DNA repair. Such mutations and epigenetic 
alterations can give rise to cancer [39, 40].

In 29–66% of glioblastomas [41, 42], DNA repair is deficient due to epigenetic 
methylation of the O-6-methylguanine-DNA methyltransferase (MGMT) gene, 
which reduces protein expression of MGMT. However, for 28% of glioblastomas, 
the MGMT protein is deficient, but the MGMT promoter is not methylated [41]. In 
glioblastomas without methylated MGMT promoters, the level of microRNA miR- 
181d is inversely correlated with protein expression of MGMT, and the direct target 
of miR-181d is the MGMT mRNA 3’UTR [41]. Thus, in 28% of glioblastomas, 
increased expression of miR-181d and reduced expression of DNA repair enzyme 
MGMT may represent a causal factor.
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HMGA proteins (HMGA1a, HMGA1b, and HMGA2) are implicated in cancer, 
and expression of these proteins is regulated by microRNAs. HMGA expression is 
almost undetectable in differentiated adult tissues but is elevated in many cancers. 
HMGA proteins are polypeptides of ~100 amino acid residues characterized by a 
modular sequence organization. These proteins have three highly positively charged 
regions, termed AT hooks, that bind the minor groove of AT-rich DNA stretches in 
specific regions of DNA.  Human cancers, including thyroid, prostatic, cervical, 
colorectal, pancreatic, and ovarian carcinomas, show a strong increase of HMGA1a 
and HMGA1b proteins [43].

A 2003 study [44] showed that HMGA1 protein binds to the promoter region of 
DNA repair gene BRCA1 (involved in breast cancer) and inhibits BRCA1 promoter 
activity. They also showed that while only 11% of breast tumors had hypermethyl-
ation of the BRCA1 gene, 82% of aggressive breast cancers have low BRCA1 pro-
tein expression, and most of these reductions were due to chromatin remodeling by 
high levels of HMGA1 protein.

ERCC-1 (DNA excision repair protein) is a protein that in humans together with 
ERCC4 forms the ERCC1-XPF enzyme complex that participates in DNA repair 
and DNA recombination. HMGA2 protein specifically targets the promoter of 
ERCC1 gene, thus reducing the expression of this DNA repair gene [45]. ERCC-1 
protein expression was deficient in 100% of 47 evaluated colon cancers [46]. In 
normal tissues, HGMA1 and HMGA2 genes are targeted (and thus strongly reduced 
in expression) by miR-15, miR-16, miR-26a, miR-196a2, and Let-7a [47]. Three of 
these microRNAs (miR-16, miR-196a and Let-7a) [48, 49] have methylated pro-
moters and therefore low expression in colon cancer. For two of these, miR-15 and 
miR-16, the coding regions are epigenetically silenced in cancer due to histone 
deacetylase activity [50]. When these microRNAs are expressed at a low level, then 
HMGA1 and HMGA2 proteins are expressed at a high level. HMGA1 and HMGA2 
target (reduced expression of) BRCA1 and ERCC1 DNA repair genes [51]. Thus 
DNA repair can be reduced, likely contributing to cancer progression [38].

In contrast to the previous example, where under-expression of miRNAs indi-
rectly caused reduced expression of DNA repair genes, in some cases overexpres-
sion of certain miRNAs may directly reduce expression of specific DNA repair 
proteins. A study [52] referred to six DNA repair genes that are directly targeted by 
the miRNAs indicated ATM (miR-421), RAD52 (miR-210, miR-373), RAD23B 
(miR-373), MSH2 (miR-21), BRCA1 (miR-182), and P53 (miR-504, miR-125b). 
More recently, a study [53] listed multiple DNA repair genes directly targeted by 
these additional miRNAs: ATM (miR-100, miR-18a, miR-101), DNA-PK (miR- 
101), ATR (miR-185), Wip1 (miR-16), MLH1, MSH2, MSH6 (miR-155), ERCC3, 
ERCC4 (miR-192), and UNG2 (miR-16, miR-34c). Among these miRNAs, miR- 
16, miR-18a, miR-21, miR-34c, miR-101, miR-125b, miR-155, miR-182, miR- 
185, miR-192, and miR-373 were identified as overexpressed in colon cancer 
through epigenetic hypomethylation [49]. Overexpression of any one of these miR-
NAs can cause reduced expression of its target DNA repair gene.

To this purpose, we should recall that high red meat (HRM) intake is associated 
with increased colon cancer, while resistant starch is probably protective. Resistant 
starch fermentation produces butyrate, which can alter microRNA (miRNA) 
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levels in colorectal cancer cells in vitro. In a randomized crossover study, 23 vol-
unteers undertook 4-week dietary interventions: an HRM diet (300 g/day lean red 
meat) and an HRM + HAMSB diet (HRM with 40 g/day butyrylated high-amy-
lose maize starch). Levels of oncogenic mature miRNAs, including miR-17–92 
cluster miRNAs and miR-21, increased in the rectal mucosa with the HRM diet, 
whereas the HRM + HAMSB diet restored miR-17–92 miRNAs, but not miR-21, 
to baseline levels. Elevated miR-17–92 and miR-21 in the HRM diet corresponded 
with increased cell proliferation and a decrease in miR-17–92 target gene tran-
script levels, including the cell cycle inhibitor CDKN1A (target of miR-17 and 
miR-20a). The oncogenic miR-17–92 cluster is differentially regulated by dietary 
factors that increase or decrease risk for colorectal cancer, and this may explain, 
at least in part, the respective risk profiles of HRM and resistant starch. These 
findings support the carcinogenic activity of a HRM (red meat) diet and the 
increased resistant starch consumption as a means of reducing risk associated 
with an HRM diet [54].

7.4.3  MicroRNA and Obesity

The most frequent disease associated with obesity and particularly with visceral 
obesity is the “metabolic syndrome,” a constellation of symptoms, signs, and patho-
physiological conditions including visceral obesity, insulin resistance, impaired 
glucose metabolism, and type 2 diabetes mellitus (DM), as well as atherogenic dys-
lipidemia, elevated blood pressure, and other comorbidities including a prothrom-
botic and pro-inflammatory state and nonalcoholic fatty liver disease. All these 
conditions independently increase the risk of atherosclerotic diseases, such as isch-
emic heart disease and stroke. Among metabolic derangements induced by excess 
fat accumulation, insulin resistance appears to be the most important metabolic con-
sequence of abdominal fat accumulation, leading in most cases to insulin resistance 
and type 2 diabetes mellitus.

miRNAs play an important role in the regulation of stem cell progenitors differ-
entiating into adipocytes. In immortalized human bone marrow-derived stromal cell 
line hMSC-Tert20, a decreased expression of miR-155, miR-221, and miR-222 has 
been found during the adipogenic programming of both immortalized and primary 
hMSCs, suggesting that they act as negative regulators of differentiation [55]. 
Conversely, ectopic expression of the miRNAs 155, 221, and 222 significantly 
inhibited adipogenesis and repressed induction of the master regulators PPARγ and 
CCAAT/enhancer-binding protein alpha (CEBPA) [56]. This paves the way for pos-
sible genetic obesity treatments.

7.4.4  MicroRNA and Atherosclerosis

MicroRNAs are also involved in atherosclerosis. miR-712 has been identified as a 
potential biomarker (i.e., predictor) for atherosclerosis, the well-known pathologi-
cal condition of the arterial wall associated with lipid retention and inflammation.
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The non-laminar blood flow is one among the numerous factors that influence 
the onset of atherosclerosis; it correlates with development of atherosclerosis as 
mechanosensors of endothelial cells respond to the shear force of disturbed flow 
(d-flow). A number of pro-atherogenic genes including matrix metalloproteinases 
(MMPs) are upregulated by d-flow, mediating pro-inflammatory and pro-angiogenic 
signals. These findings were observed in ligated carotid arteries of mice to mimic 
the effects of d-flow. Within 24 h, pre-existing immature miR-712 formed mature 
miR-712 suggesting that miR-712 is flow-sensitive [51]. Coinciding with these 
results, miR-712 is also upregulated in endothelial cells exposed to naturally occur-
ring d-flow in the greater curvature of the aortic arch [51].

Concerning the mode of action of miR-712, this microRNA targets tissue inhibi-
tor of metalloproteinases 3 (TIMP3) [51]. TIMPs normally regulate activity of 
matrix metalloproteinases (MMPs) which degrade the extracellular matrix (ECM). 
Arterial ECM is mainly composed of collagen and elastin fibers, providing the 
structural support and recoil properties of arteries [57]. These fibers play a critical 
role in regulation of vascular inflammation and permeability, which are important in 
the development of atherosclerosis [58]. Expressed by endothelial cells, TIMP3 is 
the only ECM-bound TIMP [57]. A decrease in TIMP3 expression results in an 
increase of ECM degradation in the presence of d-flow. Consistent with these find-
ings, inhibition of pre-miR-712 increases expression of TIMP3 in cells, even when 
exposed to turbulent flow [51].

TIMP3 also decreases the expression of TNFα (a pro-inflammatory cytokine) 
during turbulent flow [51]. Activity of TNFα in turbulent flow was measured by the 
expression of TNFα-converting enzyme (TACE) in blood. TNFα decreased if miR-
712 was inhibited or TIMP3 overexpressed [51], suggesting that miR-712 and 
TIMP3 regulate TACE activity in turbulent flow conditions.

Anti-miR-712 effectively suppresses d-flow-induced miR-712 expression and 
increases TIMP3 expression [51]. Anti-miR-712 also inhibits vascular hyperperme-
ability, thereby significantly reducing atherosclerosis lesion development and 
immune cell infiltration [51].

7.4.5  miRNA and Dementia

As previously described (Chap. 5, Sect. 5.4), miRNAs have been shown to have 
important protective role also on aging cognitive decline, with a significant impact 
on silencing numerous brain genes. This protective effect was mainly observed 
with olive oil polyphenols. Mice fed with high-polyphenol-content olive oil dis-
played a cortex miRNA expression profile similar to that observed in young mice. 
Numerous miRNAs have been shown to be actively modulated. At the top ranking 
score was miR-30a-5p, predicted to control a large number of genes involved in 
pathways, such as axon guidance, ubiquitin-mediated proteolysis, regulation of 
actin cytoskeleton, and long-term potentiation. For further details, see Chap. 5, 
Sect. 5.4.
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7.5  EVOO, Oleic Acid, Polyphenols, and Gene Transcription

As described in previous chapters, intake of extra-virgin olive oil (EVOO), rich in 
polyphenols, is effective in lowering blood pressure in hypertensive patients, reduc-
ing lipid and DNA oxidation, ameliorating lipid profile and insulin resistance, 
inflammation, and endothelial dysfunction, thus leading to protection against car-
diovascular disease (CVD). EVOO has been also shown to have a favorable effect 
on the tumorigenesis and cancer progression due to its ability to modify structure 
and function of cell membrane, the modulation of cell signal transduction pathways, 
the regulation of gene expression, and the oncogenes.

7.5.1  “In Vitro” Studies: The Effect of Oleic Acid

In “in vitro” studies on tumor-derived cell lines naturally exhibiting HER2 gene 
amplification and p185 (Her-2/neu) oncoprotein overexpression, the exogenous 
supplementation of oleic acid significantly downregulated HER2-coded p185 onco-
protein in cancer cells harboring amplification of HER gene. The exposure to oleic 
acid specifically repressed the transcriptional activity of the human HER gene pro-
moter [59]. In fact, physiological concentrations of oleic acid were found to sup-
press the overexpression of HER2 (Her-2/neu, erbB-2), the well-characterized 
oncogene playing a key role in the etiology, progression, and response to chemo-
therapy and endocrine therapy in approximately 20% of breast carcinomas. Oleic 
acid treatment was also found to synergistically enhance the efficacy of trastu-
zumab, a humanized monoclonal antibody binding with high affinity to the ectodo-
main of the Her2-coded p185 (HER2) oncoprotein. Moreover, oleic acid exposure 
significantly diminished the proteolytic cleavage of the ectodomain of HER2 and, 
consequently, its activation status, a crucial molecular event that determines both 
the aggressive behavior and the response to trastuzumab of HER2- overexpressing 
breast carcinomas. Oleic acid suppressed HER2 at the transcriptional level, by 
upregulating expression of Ets protein PEA3-aDNA-binding protein that specifi-
cally blocks HER2 promoter activity in breast, ovarian, and stomach cancer cell 
lines.

This anti-HER2 property of oleic acid offered a previously unrecognized molec-
ular mechanism by which olive oil may regulate the malignant behavior of cancer 
cell [59, 60].

7.5.2  “In Vivo” Studies: Single Dose Studies of EVOO

In a recent study [61] conducted on peripheral blood mononuclear cells (PBMCs), 
the intake of a single dose of olive oil rich in polyphenols modulated the transcrip-
tion of genes and miRNAs involved in metabolism, inflammation, and cancer, 
switching PBMCs to a less deleterious inflammatory phenotype.
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Twelve healthy subjects and 12 patients at the first diagnosis of metabolic syn-
drome were recruited for this study. After a 1-week washout period during which no 
olive oil consumption was allowed, the subjects underwent EVOO intake in a single 
dose. They received 50 mL of either high- or low-polyphenol EVOO. Samples for 
serum biochemistry and whole blood for PBMC isolation were collected 4 h after 
EVOO administration. Gene expression microarrays were performed in both healthy 
controls and patients with metabolic syndrome.

At the paired analysis (T0, baseline values, vs. T1, 4 h after EVOO administra-
tion), high-polyphenol EVOO induced the modulation of 2438 annotated genes 
(1376 upregulated and 1062 downregulated, out of total 2447 differentially modu-
lated; p < 0.05) in the PBMCs of healthy subjects and of 954 annotated genes (403 
upregulated and 551 downregulated, out of total 963 differentially modulated; 
p < 0.05) in the PBMCs of patients with metabolic syndrome. Of these hits, 389 
annotated genes (195 overexpressed and 194 under-expressed) were consistently 
changed in both control and metabolic syndrome groups. High-polyphenol EVOO 
intake induced dramatic changes in the mRNA abundance of a number of genes, 
with important modulation of the immune response (e.g., upregulation of CD28 
signaling in T helper cells and Fcγ receptor-mediated phagocytosis in macrophages 
and monocytes; suppression of the NFAT in the regulation of the immune response 
and of PI3K signaling in B lymphocytes) and of different inflammatory signals (sup-
pression of both B-cell and T-cell receptors, NF-κB, IL1/3/8, RANK, and thrombin 
signaling cascades as well as of the LPS-stimulated MAPK activation and of the 
NRF2-mediated oxidative stress responses).

Also pathways involved in metabolism and cardio-metabolic risk appeared to be 
modulated by high-polyphenol EVOO intake, with suppression of protein kinase A, 
PI3K/AKT signaling, CREB, mTOR, and cholesterol biosynthesis, as well as of 
mechanisms involved in cardiac hypertrophy, adipogenesis, and circadian rhythms.

A negative modulation of cell proliferation pathways and cancer was also 
observed, with upregulation of the DNA damage response systems and suppression 
of different pathways involved in cell and cancer proliferation such as ERK/MAPK, 
CXCR4, HGF/EGF, and HIF1α signaling cascades.

Also glucose metabolism (both gluconeogenesis and glycolysis as well as the 
biosynthesis of acetyl-CoA by the pyruvate dehydrogenase complex) and pathways 
involved in the metabolism of different amino acids (aspartate, cysteine, isoleucine, 
leucine, methionine, valine, tryptophan) appeared upregulated.

High-polyphenol EVOO modulated also a set of transcripts coding for proteins par-
ticipating to the transcriptional machinery of different nuclear receptors (e.g., both 
androgen and estrogen receptors, glucocorticoid receptor, and retinoid acid receptors).

Using RTqPCR to confirm the most important hits modulated by high- polyphenol 
EVOO, numerous genes were considered “biologically relevant” and defined “sta-
tistically significant” for p < 0.05 and “significantly modulated” for p < 0.01. Using 
these criteria, numerous genes were confirmed as upregulated, including the 
Argonaute RISC catalytic component 2 (AGO2), involved in miRNA biogenesis, 
and central modulator of RNA posttranscriptional modification and protein 
synthesis.
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To confirm that also miRNAs were modulated by EVOO, miRNA expression 
profile was studied with microarrays. Six genes were confirmed as downregulated 
and two genes upregulated. The six downregulated genes were:

 1. miR-146b-5p, overexpressed in human atherosclerotic plaques and upregulated 
in human monocytes/macrophages stimulated with oxidized LDL

 2. miR-19a-3p, involved in oncogenesis
 3. miR-181b-5p, involved in modulation on inflammation and cancer
 4. miR-107, known to be suppressed by fatty acids and associated with obesity, 

insulin resistance and fatty liver, and acute myocardial infarction
 5. miR-769-5p, overexpressed in melanoma cells; promotes cell proliferation
 6. miR-192-5p, associated with impaired glucose metabolism, fatty liver, and acute 

myocardial infarction

The two upregulated genes were:

 1. miR-23b-3p, known as anti-inflammatory
 2. miR-519b-3p, known as tumor suppressor

The majority of these miRNAs were significantly modulated mainly in normal 
individuals, while in subjects affected by metabolic syndrome, they were much less 
modulated, so confirming that EVOO intake expresses the best of its effectiveness 
in healthy individuals, i.e., in primary prevention, than in secondary prevention, i.e., 
individual already affected by metabolic syndrome.

The results of this study [61] have shown that the intake of EVOO with high 
concentration of polyphenols (~400 ppm) exerts transcriptional effects potentially 
beneficial in insulin resistance (i.e., miR-107), inflammation (i.e., miR-181b-5p), 
and cancer (i.e., miR-19a-3p, miR-519-3p). As far as cancer is concerned, EVOO 
intake also showed to modulate protective mechanisms of tumorigenesis, i.e., 
upregulation of the DNA damage response system (protective for cancer) and sup-
pression of different pathways involved in cell proliferation (e.g., ERK/MAPK, 
CXR4, HGF/EGF, and HIF1α signaling cascade). Finally, EVOO also downregu-
lated AGO2, a key player in miRNA processing (pre-miRNA cleavage and mature 
miRNA release) [62], thus pointing to miRNA as possible targets modulated by 
EVOO.

In another study [63], the human in vivo gene expression changes were assessed 
in the postprandial period after intake of a single 50 mL dose of EVOO, by analyz-
ing microarray data. The aim was to assess gene expression changes in PBMCs of 
healthy volunteers 6 h after the VOO dose. This time point was selected because it 
reflected the end of the postprandial state. At baseline (0 h) and at post-ingestion 
(6 h), total RNA was isolated and gene expression (29,082 genes) was evaluated by 
microarray. From microarray data, nutrient–gene interactions were observed in 
genes related to metabolism, cellular processes, cancer, and atherosclerosis (e.g., 
USP48 by 2.16; OGT by 1.68-fold change) and associated processes such as inflam-
mation (e.g., AKAP13 by 2.30; IL-10 by 1.66-fold change) and DNA damage (e.g., 
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DCLRE1C by 1.47; POLK by 1.44-fold change). The highest downregulation 
appeared in genes related to environmental information processing pathways. 
Microarray results were verified by qRT-PCR in all five upregulated genes 
(ADAM17, IL10, OGT, USP48, and AKAP13). When results obtained by microarray 
were verified by qRT-PCR in nine genes, full concordance was achieved only in the 
case of upregulated genes (ADAM17, ADRB2, ALOX5AP, CD36, LIAS, OGT, 
PPARBP). This acute 50 mL VOO dose also promoted in vivo time course changes, 
as measured by qRT-PCR, in the expression of genes related to insulin resistance, 
oxidative stress, and inflammation in healthy volunteers [64]. These results sup-
ported the hypothesis that postprandial protective changes related to olive oil con-
sumption are mediated through gene expression changes.

In another study [65] on human PBMCs, a breakfast based on virgin olive oil, 
high in polyphenols (398 ppm), showed to postprandially repress the expression of 
pro-inflammatory genes when compared with a common olive oil-based breakfast 
(low in polyphenols, 70 ppm). Twenty adults (9 men, 11 women), fulfilling at least 
3 criteria for metabolic syndrome, participated in this randomized crossover trial. 
45,220 probe sets were tested to interrogate the expression of 30,886 unique human 
genes. Inflammatory disorder was the most highly represented disorder (39 genes). 
From these, 35 genes (PTGS2, IL1B, IL6, OSM, CCL3, CXCL1, CXCL2, CXCL3, 
CXCR4, NAMPT, DUSP1, DUSP2, EGR1, EGR2, EGR3, EREG, FOSB, G0S2, 
JUN, JUNB, NFKBIA, NFKBIZ, NR4A1, NR4A2, PER1, SOCS3, SOD2, TAGAP, 
TNFAIP3, ZFP36, AREG, CA2, CD69, CD83, CDKN2A) were under-expressed, 
and after intake of virgin olive oil with high content in phenolic compounds, 4 genes 
were overexpressed (CCR2, CA1, CPVL, FN1). Cellular functions most strongly 
associated with the differentially expressed genes were cell death (41 genes), cell 
migration (24 genes), cell division (23 genes), cell proliferation (32 genes), and 
transcription (25 genes). These data demonstrated that in vivo the phenol fraction of 
EVOO is able to repress the expression of several genes related to inflammation 
pathways in patients with metabolic syndrome during postprandial period. This 
finding draws interest since pro-inflammatory state remains one component of met-
abolic syndrome in which low-grade inflammation is often associated with endothe-
lial dysfunction and by itself is associated with the development of atherosclerosis. 
The conclusions were that intake of breakfast based in virgin olive oil rich in phenol 
compounds is able to repress expression of several pro-inflammatory genes in vivo, 
thereby switching activity of PBMCs to a less deleterious inflammatory profile. 
These results provided at least a partial molecular basis for risk reduction of cardio-
vascular disease observed in Mediterranean countries, where EVOO represents a 
main source of dietary fat.

7.5.3  “In Vivo” Studies: Sustained EVOO Consumption

Ten healthy individuals, six men and four women, participated in a linear study with 
an intervention period of 3 weeks and a daily EVOO consumption of 25 mL/day, a 
common intake of EVOO in Mediterranean diet [66]. The objective of the study was 
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to identify the PBMC genes that respond to EVOO consumption in order to ascer-
tain the molecular mechanisms underlying the beneficial action of EVOO in the 
prevention of atherosclerosis. The response to EVOO consumption was confirmed 
for individual samples (n = 10) by qPCR for ten upregulated genes (ADAM17, 
ALDH1A1, BIRC1, ERCC5, LIAS, OGT, PPARBP, TNFSF10, USP48, and 
XRCC5). These results showed that 3 weeks of nutritional intervention with EVOO 
supplementation, at doses common in the Mediterranean diet, can alter the expres-
sion of genes related to atherosclerosis development and progression [66].

In another study [67], a randomized, parallel, double-blind trial, the effect of 
diets supplemented with a mixture of conjugated linoleic acids (CLAs) versus olive 
oil (control group) on adipocyte gene expression changes was examined. Eighty- 
one healthy postmenopausal women participated in this study. After a 16-week con-
sumption, the CLA group had less total fat mass (4%) and lower-body fat mass (7%) 
than the control (P = 0.02 and <0.001, respectively). Post hoc analyses showed that 
serum insulin concentrations were greater in the CLA-mix group (34%) than the 
control group (P = 0.02) in the highest waist circumference tertile only. Adipose 
tissue mRNA expression of glucose transporter 4, leptin, and lipoprotein lipase was 
lower, whereas expression of TNFα was higher in the CLA-mix group than in the 
control group (P < 0.04). In conclusion, a 50:50 mixture of conjugated linoleic acids 
isomers resulted in less total and lower-body fat mass in postmenopausal women 
and greater serum insulin concentrations in the highest waist circumference tertile.

The specific effect of the MUFA-rich diet, mainly in the form of refined olive oil 
(OO), versus SFA-rich diets on gene expression has been reported [68]. In a parallel 
controlled-feeding trial conducted in 20 abdominally overweight subjects at risk of 
metabolic syndrome, who followed for 8 weeks a diet rich in saturated (SFA) or 
monounsaturated fat (MUFA), the insulin sensitivity, serum lipids, and gene expres-
sion profiles of adipose tissue were studied. Adipose tissue samples underwent 
whole-genome microarray and histologic analysis. Consumption of the SFA diet 
resulted in an increased expression of genes involved in inflammation processes in 
adipose tissue, determining a pro-inflammatory “obesity-linked” profile: upregula-
tion of immune function and inflammation-related processes and downregulation of 
amino acid metabolism and fatty acid metabolism. The MUFA diet led to a more 
anti-inflammatory gene expression profile, which was accompanied by a decrease in 
serum LDL-cholesterol concentrations and an increase in plasma and adipose tissue 
oleic acid content. Microarray results were validated by q-PCR analysis in a set of 
genes involved in inflammatory processes. The ADIPOQ gene was downregulated, 
and CCL5/RANTES, CD14, and RAC2 genes were upregulated both in microarrays 
and qPCR results, after SFA-rich diet. After MUFA-rich diet, the CD163 gene was 
downregulated. For the other four genes tested (C1QB, CTSS, ITGB2, PPAR), qPCR 
changes did not reach statistical significance. The conclusions were that consump-
tion of an SFA diet resulted in a pro-inflammatory “obesity-linked” gene expression 
profile, whereas consumption of a MUFA diet caused a more anti-inflammatory 
profile. These data suggested that replacement of dietary SFA with MUFA could 
prevent adipose tissue inflammation and may reduce the risk of inflammation- 
related diseases such as metabolic syndrome.

7.5 EVOO, Oleic Acid, Polyphenols, and Gene Transcription
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The first study proposing a possible molecular scheme of action after polyphenol- 
rich olive oil consumption in a human intervention study was a sub-study [69] of the 
EUROLIVE study. In this randomized, crossover, controlled trial, 18 healthy 
European volunteers received daily 25 mL olive oil with a low polyphenol content 
(LPC, 2.7 mg/kg) or a high polyphenol content (HPC, 366 mg/kg) in intervention 
periods of 3 weeks separated by 2-week washout periods. Results showed a decrease 
of systemic LDL oxidation and monocyte chemoattractant protein 1 and the expres-
sion of pro-atherogenic genes in peripheral blood mononuclear cells [i.e., CD40 
ligand (CD40L), IL-23α subunit p19 (IL23A), adrenergic β-2 receptor (ADRB2), 
oxidized LDL (lectin-like) receptor 1 (OLR1), and IL-8 receptor-α (IL8RA)] after 
the HPC intervention compared with after the LPC intervention. Random-effect 
linear regression analyses showed (1) a significant decrease in CD40, ADRB2, and 
IL8RA gene expression with the decrease of LDL oxidation and (2) a significant 
decrease in intercellular adhesion molecule 1 and OLR1 gene expression with 
increasing concentrations of tyrosol and hydroxytyrosol in urine. On the basis of 
these results, an integrated scheme for the in vivo downregulation of the CD40/
CD40L system and its downstream products promoted by olive oil polyphenol con-
sumption was proposed. CD40 and sCD40L belong to the tumor necrosis factor 
(TNF) superfamily, and they are molecules with a dual prothrombotic and pro- 
inflammatory role [70]. The CD40L triggers inflammatory signals in cells of the 
vascular wall, representing a major pathogenetic pathway of atherosclerosis [71]. 
Systemic LDL oxidation, total cholesterol, and plasma MCP1 decreased after the 
high-polyphenol intervention compared with after the low-polyphenol intervention. 
The reduction in LDL oxidation and the increase in antioxidant polyphenols, pro-
moted by the regular dietary intake of polyphenol-rich OO, were associated with a 
downregulation in the expression of genes related to the CD40/CD40L pathway.

7.5.4  The Combined Transcriptomic Effect of the Mediterranean 
Diet and the Polyphenols of Olive Oil 

The numerous results on Mediterranean diet and EVOO polyphenols make plausi-
ble the hypothesis that changes in the expression of genes could be mediated by 
both the traditional Mediterranean diet and EVOO polyphenols, in association.

About this, a randomized, parallel, controlled clinical trial in healthy volunteers 
(n=90) aged 20–50 years was performed, aimed to assess whether benefits associ-
ated with the traditional Mediterranean diet (TMD) and virgin olive oil (VOO) con-
sumption could be mediated through changes in the expression of 
atherosclerosis-related genes [72, 73]. Three-month intervention groups were as 
follows: (1) TMD with VOO (TMD + VOO), (2) TMD with washed virgin olive oil 
(TMD + WOO), and (3) control with participants’ habitual diet. WOO was similar 
to VOO but with a lower polyphenol content (55 vs. 328 mg/kg, respectively). TMD 
consumption decreased plasma oxidative and inflammatory status and decreased 
gene expression related to both inflammation (interferon gamma, INFɣ), Rho 
GTPase-activating protein15 (ARHGAP15), and interleukin-7 receptor (IL7R) and 
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oxidative stress [adrenergic beta(2)-receptor (ADRB2) and polymerase (DNA- 
directed) kappa (POLK)] in peripheral blood mononuclear cells. All effects, with 
the exception of the decrease in POLK expression, were particularly observed when 
VOO, rich in polyphenols, was present in the TMD dietary pattern. These results 
confirmed a significant role of olive oil polyphenols in the downregulation of pro- 
atherogenic genes in the context of a TMD. The benefits associated with a TMD and 
olive oil polyphenol consumption on cardiovascular risk clearly appear to be medi-
ated through nutrigenomic effects (Fig. 7.3).

7.6  Conclusive Remarks

Mediterranean diet, its main fat component olive oil, and olive oil antioxidant poly-
phenols have been shown to exert a modulatory effect toward a protective mode on 
genes related to chronic degenerative diseases, particularly atherosclerotic pro-
cesses (such as oxidation and inflammation), and cancer (Fig. 7.3).

There are convincing evidences that phenolic compounds present in the olive oil 
are responsible for the transcriptomic effect, as shown from randomized, controlled, 
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human studies in which similar olive oils but with differences in their phenolic con-
tent have been tested in the trials. The benefits associated with olive oil and 
Mediterranean diet consumption result to be mediated through changes in the 
expression of genes related to chronic degenerative diseases, particularly inflamma-
tion and oxidative stress (i.e., IFN, IL7R, ADRB2, MCP1, TNF). Despite some het-
erogeneity of the studies, it is widely accepted that olive oil, the main source of fat 
in the Mediterranean diet, is more than a MUFA-rich source and its polyphenols 
account for a greater nutrigenomic, protective effect.

EVOO and polyphenols have been shown to modulate also cancer-related genes 
toward a protective mode.

Oleic acid from olive oil, with its blocking effect of the HER2 promoter, offered 
for the first time a previously unrecognized mechanism by which olive oil may 
regulate the malignant behavior of cancer cells. Indeed, the olive oil-induced tran-
scriptional repression of HER2 oncogene has represented a first genomic explana-
tion linking Mediterranean diet, olive oil, and cancer, also considering that HER2 
oncogene operates equally in various types of Her-2/neu-related carcinomas.

Another effect of olive oil on cancer, probably the most important, is the modula-
tion of a number of microRNAs. miR-19a-3p (oncogenesis), miR-181b-5p (inflam-
mation and cancer), and miR-769-5p 8 (melanoma cells) are downregulated, while 
miR-519b-3p (tumor suppressor) is upregulated. The active role of these miRNA 
has been confirmed by RTqPCR.

The gene modulatory effect of oleic acid and polyphenol-rich EVOO takes place 
with three main mechanisms: DNA methylation, histone modification, and 
microRNA blocking action. Through these effects, gene transcription activity is 
blocked, and this effect is called epigenetic. The epigenetic effect coming from 
nutrients (mostly from polyphenol-rich olive oil) is defined as nutrigenetic or 
nutrigenomic, being nutrigenetic the effect of genetic variation on dietary response, 
while nutrigenomic the role of nutrients and bioactive food compounds on gene 
expression.
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8Cereals

8.1  Premises

Cereals have been the staple food in most population worldwide from time imme-
morial. In Mediterranean diet, cereals represent the main source of daily caloric 
intake. In a study conducted in eight Italian cities [1] where dietary habits of an 
elderly population (65–84 years) were investigated with a 7-day questionnaire, 
47–50% of daily caloric intake resulted to be derived from cereals (bread and pasta), 
30% from extra virgin olive oil, and 15% from proteins, mainly vegetal proteins (see 
Chap. 1, Figs. 1.3 and 1.4, this book).

Etymologically, the word cereal derives from Cerealia, a celebration that was 
offered in Ancient Rome to Ceres, goddess of agriculture, harvest, and fertility. In 
Ancient Greece, she was known as Demeter, nurturing mother of blond hair, repre-
senting the heads of wheat. Its name means “grow” and refers to the importance of 
grains for the survival and expansion of people throughout history.

The consumption of bread is still deeply rooted in the culture of the Mediterranean 
countries. Currently, cereals provide about 50% of daily energy in the Mediterranean diet.

From nutritional point of view, cereals are rich in carbohydrates but contain also 
proteins and vitamins, important for energy functions.

8.2  Wheat

Wheat (Triticum, most commonly T. aestivum) is a cereal grain originally from the 
Levant region but now cultivated worldwide. Globally, wheat is the leading source 
of vegetal protein in human food, having a protein content of about 13–14%, which 
is relatively high compared to other major cereals and staple foods. The major cul-
tivated species of wheat are:

 – (Hexaploid species) = common wheat or bread wheat (Triticum aestivum); spelt 
(Triticum spelta)
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 – (Tetraploid species)  =  durum (Triticum durum); emmer (Triticum dicoccon), 
khorasan (Triticum turgidum or turanicum)

 – (Diploid species) = einkorn (Triticum monococcum)

In the United States, the wheat types more frequently used are:

 – Durum: a very hard grain used to make semolina flour for pasta.
 – Hard red winter: hard, brownish, high-protein wheat used for bread, hard baked 

goods and as an adjunct in other flours to increase protein in pastry flour for pie 
crusts.

 – Hard white: hard, light-colored, medium-protein wheat, used for bread and 
brewing.

 – Soft red winter: soft, low-protein wheat used for cakes, pie crusts, biscuits, and 
muffins.

 – Soft white: soft, light-colored, very low-protein wheat grown in temperate moist 
areas. Used for pie crusts and pastry. Pastry flour, for example, is sometimes 
made from soft white winter wheat.

8.2.1  History

The archaeological record suggests that wheat was first cultivated in the regions of 
the Fertile Crescent around 9600 BCE. Greeks and Romans collected wisdom of the 
Egyptians to make bread a staple in Rome. Then, agricultural grain was controlled 
by the state, and the loaves were baked in public ovens. Over the years, along with 
wine and olive oil, bread was a food of great religious importance.

The Fertile Crescent (also known as the cradle of civilization) is a crescent- 
shaped region containing the comparatively moist and fertile land of otherwise 
arid and semiarid Western Asia, the Nile Valley, and Nile Delta. In current usage, 
all definitions of the Fertile Crescent include Mesopotamia, the land in and around 
the Tigris and Euphrates rivers, and the Levant, the eastern coast of the 
Mediterranean Sea. The modern-day countries with significant territory within the 
Fertile Crescent are Iraq, Syria, Lebanon, Cyprus, Jordan, Israel, the State of 
Palestine, Egypt, as well as the southeastern fringe of Turkey and the western 
fringes of Iran.

8.2.2  Nutrients

100 grams wheat provides 327 calories and is a rich source of multiple essential 
nutrients, such as protein, dietary fiber, manganese, phosphorus, and niacin (see 
table “Wheat, Hard, Red Winter”). Several B vitamins and other dietary minerals 
are in significant content. Wheat is 13% water, 71% carbohydrates, and 1.5% fat. Its 
13–14% protein content is comprised mostly of gluten as 75–80% of total wheat 
protein, which, upon digestion, contributes amino acids for human nutrition.
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Wheat, Hard, Red Winter
Table of nutritional values per 100 g of wheat (variety Hard, Red Winter)

Energy 1368 kJ (327 kcal)
Protein 12.61 g
Total fat 1.54 g
Carbohydrates 71.18 g
Sugars 0.41 g
Dietary fiber 12.2 g

Thiamine (B1) 0.383 mg (33% DV)
Riboflavin (B2) 0.115 mg (10% DV)
Niacin (B3) 5.464 mg (36% DV)
Pantothenic acid (B5) 0.954 mg (19% DV)
Vitamin B6 0.3 mg (23% DV)
Folate (B9) 38 μg (10% DV)
Vitamin B12 0 μg (0% DV)
Choline 31.2 mg (6% DV)
Vitamin E 1.01 mg (7% DV)
Vitamin K 1.9 μg (2% DV)

Calcium 29 mg (3% DV)
Iron 3.19 mg (25% DV)
Magnesium 126 mg (35% DV)
Manganese 3.985 mg (190% DV)
Phosphorus 288 mg (41% DV)
Potassium 363 mg (8% DV)
Selenium 70.7 μg
Sodium 2 mg (0% DV)
Zinc 2.65 mg (28% DV)

Source: USDA National Nutrient Database

8.2.3  Gluten

The main protein of the wheat is represented by the gluten. Gluten is a protein com-
plex that accounts for 75–85% of the total protein in wheat. Gluten, the main family 
of proteins in wheat, can be divided into glutenins and gliadins, which are present 
in varying amounts in all types of wheat. Gluten forms when glutenin molecules 
cross-link to form a submicroscopic network attached to gliadin, which contributes 
viscosity (thickness) and extensibility to the mix. If this dough is leavened with 
yeast, fermentation produces carbon dioxide bubbles, which, trapped by the gluten 
network, cause the dough to rise. Baking coagulates the gluten, which, along with 
starch, stabilizes the shape of the final product.

The development of gluten (i.e., enhancing its elasticity) affects the texture of the 
baked goods. Gluten’s attainable elasticity is proportional to its content of glutenins 
with low molecular weights as this portion contains the preponderance of the sulfur 
atoms responsible for the cross-linking in the network. More refining (of the gluten) 
leads to chewier products such as pizza and bagels, while less refining yields tender 
baked goods such as pastry products. Generally, bread flours are high in gluten 
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(hard wheat); pastry flours have a lower gluten content. Kneading promotes the 
formation of gluten strands and cross-links, creating baked products that are chew-
ier (in contrast to crumbly).

Gluten, especially wheat gluten, is often the basis for imitation meats resembling beef, 
chicken, duck (see mock duck), fish, and pork. When cooked in broth, gluten absorbs 
some of the surrounding liquid (including the flavor) and becomes firm to the bite.

8.2.4  Health Effects

Consumed worldwide by billions of people, wheat is a significant food for human 
nutrition, particularly in the least developed countries where wheat products are 
primary foods. When eaten as the whole grain, wheat is a healthy food source of 
multiple nutrients and dietary fiber recommended for children and adults in several 
daily servings amounting to about one third of total food intake.

As a common component of breakfast cereals, whole wheat is associated with 
improved micronutrient intake and lower risk of several diseases. By supplying high 
dietary insoluble fiber content, whole wheat in the diet contributes toward lowering 
the risk of multiple diseases, including coronary heart disease, stroke, cancer, and 
type 2 diabetes, with lower all-cause mortality [2, 3].

Manufacturers of foods containing wheat as a whole grain in specified amounts 
are allowed a health claim for marketing purposes in the United States, stating: “low 
fat diets rich in fiber-containing grain products, fruits, and vegetables may reduce 
the risk of some types of cancer, a disease associated with many factors” and “diets 
low in saturated fat and cholesterol and rich in fruits, vegetables, and grain products 
that contain some types of dietary fiber, particularly soluble fiber, may reduce the 
risk of heart disease, a disease associated with many factors” [4]. Dietary fiber may 
also help people feel full and therefore help with a healthy weight [3]. Further, 
wheat is a major source for natural and biofortified nutrient supplementation, 
including dietary fiber, protein, and dietary minerals.

8.2.5  Celiac Disease

In genetically susceptible people, gluten can trigger celiac disease. Celiac disease 
affects about 1% of the general population in developed countries. There is evidence 
that most cases remain undiagnosed and untreated. The gliadins are considered to 
be the main cause of celiac disease. Celiac disease causes damage to the small intes-
tine, resulting in impaired absorption of nutrients. Associated symptoms may be 
weight loss, bloating flatulence, diarrhea, constipation, stomach pain, and fatigue. 
The only known effective treatment is a strict lifelong gluten-free diet. Other dis-
eases triggered by eating gluten are non-celiac gluten sensitivity.

8.2.6  Non-celiac Gluten Sensitivity

Non-celiac gluten sensitivity (NCGS) or gluten sensitivity is defined as a clinical 
entity induced by the ingestion of gluten leading to intestinal and/or extraintestinal 
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symptoms that improve once the gluten-containing foodstuff is removed from the 
diet, and celiac disease and wheat allergy have been excluded. NCGS is included in 
the spectrum of gluten-free disorders. The pathogenesis of NCGS is not yet well 
understood. There is evidence that not only gliadin (main cytotoxic antigen of glu-
ten) but also other proteins present in gluten and gluten-containing cereals (wheat, 
rye, barley, and their derivatives) may have a role in the development of symptoms. 
FODMAPs (short-chain carbohydrates that are poorly absorbed in the small intes-
tine) present in gluten-containing grains have recently been identified as a possible 
cause of gastrointestinal symptoms in NCGS patients. Recently, a team of research-
ers published a study confirming that wheat exposure in this group is, in fact, trig-
gering a systemic immune reaction and accompanying intestinal cell damage. It is 
estimated that the impacted population is equal to or even exceeds the number of 
individuals with celiac disease (the vast majority of whom remain undiagnosed).

8.2.7  Wheat Fiber

Whole wheat is high in fiber, but refined wheat contains virtually no fiber. The fiber 
content of whole-grain wheat ranges from 12 to 15% of the dry weight. Concentrated 
in the bran, most of the fibers are removed in the milling process and largely absent 
in refined flour. The most common fiber in wheat bran is arabinoxylan (70%), which 
is a type of hemicellulose. The rest is mostly made up of cellulose and beta-glucan 
[5]. These fibers are all insoluble. They pass through the digestive system almost 
intact, leading to increased fecal weight. Some of them also feed the friendly bacte-
ria in the gut [6, 7].

In a double-blind, randomized, crossover study [8] carried out in 31 volunteers 
who were randomized into two groups and consumed daily 48 g breakfast cereals, 
either whole-grain cereals (WG) or wheat bran (WB) in two 3-week study periods, 
the numbers of fecal bifidobacteria and lactobacilli (the target genera for prebiotic 
intake) were significantly higher upon WG ingestion compared with WB. Ingestion 
of both breakfast cereals resulted also in a significant increase in ferulic acid con-
centrations in blood. Moreover, a significant reduction in total cholesterol was 
observed in volunteers in the top quartile of total cholesterol concentrations upon 
ingestion of either cereal. The authors concluded that daily consumption of WG 
wheat exerted a pronounced prebiotic effect on the human gut microbiota composi-
tion. This prebiotic activity may contribute toward the beneficial physiological 
effects of WG wheat.

Wheat also contains small amounts of soluble fibers (fructans) that may cause 
digestive symptoms in people with irritable bowel syndrome. However, in those 
who tolerate it, wheat bran have beneficial effects on gut health.

8.2.8  Antioxidants of Wheat and Protection Against Colon 
Cancer

Wheat contains numerous antioxidants. Most of the antioxidants in wheat are con-
centrated in the bran and the germ, parts of the grain that are absent from refined 
white wheat.

8.2 Wheat

https://en.wikipedia.org/wiki/Celiac_disease
https://en.wikipedia.org/wiki/Wheat_allergy
https://en.wikipedia.org/wiki/Gliadin
https://en.wikipedia.org/wiki/Wheat
https://en.wikipedia.org/wiki/Rye
https://en.wikipedia.org/wiki/Barley
https://en.wikipedia.org/wiki/Carbohydrates
https://en.wikipedia.org/wiki/Small_intestine
https://en.wikipedia.org/wiki/Small_intestine


144

Wheat bran [9] contains phenolic acids, which can be divided into derivatives 
of either hydroxycinnamic acid or hydroxybenzoic acid. Hydroxybenzoic acid 
derivatives include p-hydroxybenzoic, vanillic, syringic, and gallic acids. 
However, the most abundant phenolic acids in wheat are derivatives of hydroxy-
cinnamic acids, specifically ferulic acid, dehydrodimers and dehydrotrimers of 
ferulic acid, and sinapic and p-coumaric acids. The bran layers contain the major-
ity of phenolic acids that are mostly linked with cell wall structural components 
through ester bonds.

The highest levels of antioxidants are found in the aleurone layer, a component 
of the bran. Therefore, the antioxidant potency of wheat grain fractions is predomi-
nantly determined by aleurone content, which can be attributed to the presence of 
relatively large amounts of phenolic compounds, primarily ferulic acid [10]. 
Ferulic acid, in fact, is the predominant antioxidant polyphenol found in wheat and 
other grains.

Wheat bran contains also other classes of antioxidants, namely, flavonoids, 
carotenoids (mostly lutein), and lignans [11, 12].

Wheat bran was shown to provide protection against colorectal cancer in human 
intervention and animal studies. Lignans in particular have been shown to be 
involved in the antitumor activity of wheat bran in colon cancer. The cancer pre-
ventive mechanisms have been attributed to the two prominent lignan metabolites, 
enterolactone and enterodiol. In a study on human colon cancer SW480 cells [12], 
these lignans metabolites have been shown to greatly contribute to the cancer pre-
vention by wheat bran observed in APC-Min mice. The inhibition of cancer cells 
growth by lignan metabolites appeared to be mediated by cytostatic and apoptotic 
mechanisms.

Among the flavonoids of wheat bran, the flavonol quercetin has been shown to 
inhibit human SW480 colon cancer growth, similarly to lignans [13]. The molecular 
mechanism underlying the antitumor effect of quercetin in SW480 colon cancer 
cells appeared to be related to the inhibition of expression of cyclin D1 and survivin 
as well as the Wnt/beta-catenin signaling pathway. Due to these results, the Wnt/
beta-catenin signaling pathway was qualified as one of the promising targets for 
innovative treatment strategies of colorectal cancer.

8.3  Spelt (Triticum spelta)

Spelt (Triticum spelta), also known as “dinkel wheat” or “hulled wheat,” is a spe-
cies of wheat cultivated since very ancient times. It is a wheat species known from 
genetic evidence to have originated as a naturally occurring hybrid of a domesti-
cated tetraploid wheat such as emmer wheat and the wild goat grass Aegilops taus-
chii. This hybridization must have taken place in the Near East because this is 
where Aegilops tauschii grows, and it must have taken place before the appearance 
of common or bread wheat (Triticum aestivum, a hexaploid free-threshing deriva-
tive of spelt) in the archaeological record about 8000 years ago. The much later 
appearance of spelt in Europe might thus be the result of a later, second, 
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hybridization between emmer and bread wheat. Recent DNA evidence supports an 
independent origin for European spelt through this hybridization. Whether spelt 
has two separate origins in Asia and Europe, or single origin in the Near East, is 
currently unresolved.

8.3.1  History

In Greek mythology spelt was a gift to the Greeks from the goddess Demeter and 
was first used by the Greeks. Being a sailing people, the Greeks taught the rest of 
the world how to use and cultivate.

Spelt is mentioned in the Bible. The seventh plague in Egypt in Exodus did not 
damage the harvest of wheat and spelt, as these were “late crops.” Ezekiel 4:9 says: 
“Take thou also unto thee wheat, and barley, and beans, and lentils, and millet, and 
spelt, and put them in one vessel, and make thee bread thereof …”. In Horace’s 
Satire 2.6 (late 31–30 BC), which ends with the story of the country mouse and the 
city mouse, the country mouse eats spelt at dinner while serving his city guest finer 
foods. In the Divine Comedy of Dante Alighieri, Pietro della Vigna appears as a 
suicide in Circle VII, ring ii, Canto XIII of the Inferno. Pietro describes the fate 
awaiting souls guilty of suicide to Dante the Pilgrim and Virgil. According to Pietro, 
the soul of the suicide grows into a wild tree and is tormented by harpies that feast 
upon its leaves. Pietro likens the initial growth and transformation of the soul of the 
suicide to the germination of a grain of spelt (Inferno XIII, 94–102).

The earliest archaeological evidence of spelt is from the fifth millennium BC in 
Transcaucasia, northeast of the Black Sea, though the most abundant and best- 
documented archaeological evidence of spelt is in Europe. Remains of spelt have 
been found in some later Neolithic sites (2500–1700 BC) in Central Europe. During 
the Bronze Age, spelt spread widely in Central Europe. In the Iron Age (750–
15  BC), spelt became a principal wheat species in southern Germany and 
Switzerland, and by 500 BC, it was in common use in southern Britain.

In the Middle Ages, spelt was cultivated in parts of Switzerland, Tyrol, and 
Germany. Spelt was introduced to the United States in the 1890s. In the twentieth 
century, spelt was replaced by bread wheat in almost all areas where it was still 
grown. The organic farming movement revived its popularity somewhat toward the 
end of the century, as spelt requires less fertilizer.

8.3.2  Nutrients

In a 100 g serving, uncooked spelt provides 338 calories and is an excellent source 
of protein, dietary fiber, several B vitamins, and numerous dietary minerals (see 
table “Spelt, Uncooked”). Richest nutrient contents include manganese (143% DV), 
phosphorus (57% DV), and niacin (46% DV). Cooking substantially reduces many 
nutrient contents. Spelt contains about 70% total carbohydrates, including 11% as 
dietary fiber, and is low in fat (see table “Spelt, Uncooked”).
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Spelt contains a moderate amount of gluten and is therefore suitable for baking, 
but this component also makes it unsuitable for people with gluten-related disor-
ders, such as celiac disease, non-celiac gluten sensitivity, and wheat allergy. The 
spelt gluten is not as strong as wheat gluten. In comparison to hard red winter wheat, 
spelt has a more soluble protein matrix characterized by a higher gliadin:glutenin 
ratio [14]. For this reason, spelt gluten tends to be more extensible and less elastic 
than gluten from modern wheat, resulting in the typical, weaker spelt doughs. As a 
consequence, for bread, rolls or two-layer flat bread have been proposed high doses 
of ascorbic acid, shorter mixing times, reduced water addition, or longer dough rest 
times, and for pasta, high-temperature drying has been recommended [14].

Spelt: A Niche Product
In the past few decades, spelt has undergone a renaissance as a niche product. 

This may be due to the perception that it is a “healthier,” more “natural,” or less 
“overbred” grain than modern wheat. Consequently, there are an increasing num-
ber of international publications on spelt food quality, spelt proteins, rheology of 
spelt dough or gluten, or comparisons of spelt and modern wheat. Unfortunately, 
very few differences between spelt and modern wheat have been confirmed experi-
mentally. In respect to food quality, most of the studies found higher protein con-
tents for spelt than for modern wheat, but in some other studies, the opposite was 
reported and in some cases differences were not significant. Overall, the values 
found for proximate compositions and minor components in spelt are within the 
range found among modern wheats.

Spelt may have a role for speciality breads and other food products with charac-
teristics different from regular wheat products or for organic food. For example, in 
southern Germany, traditional spelt breads are produced and breeding spelt cultivars 
with typical properties, different from modern wheat but specific for such speciality 
breads, might be desirable. Agronomically, spelt may be more resistant to disease and 
do better under less advantageous growing conditions, such as wet, cold soils and at 
high altitudes. Because of the protection provided by the hulls, chemical treatment of 
hulled seeds used for sowing may not be required. Additionally, excess nitrogen fertil-
ization is not possible due to the incidence of lodging of the long, less stable straw. 
This low-nitrogen tolerance may thus be seen as an advantage in providing a more 
environmentally friendly crop. For the same reason, it is not easy to compare spelt and 
modern wheat grown under identical conditions, because optimum growth conditions 
for modern wheat would include more nitrogen fertilization than for spelt.

Spelt, Uncooked
Table of nutritional values per 100 g of spelt
Energy 1415 kJ (338 kcal)
Protein 14.57 g
Total fat 2.43 g
 Saturated 0.406 g
 Monounsaturated 0.445 g
 Polyunsaturated 1.258 g
Carbohydrates 70.19 g
Starch 53.92 g
Dietary fiber 10.7 g
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Thiamine (B1) 0.364 mg (32% DV)
Riboflavin (B2) 0.113 mg (9% DV)
Niacin (B3) 6.843 mg (46% DV)
Pantothenic acid (B5) 1.068 mg (11% DV)
Vitamin B6 0.230 mg (18% DV)
Folate (B9) 45 μg (11% DV)
Vitamin B12 0 μg (0% DV)
Vitamin E 0.79 mg (5% DV)
Vitamin K 3.6 μg (4% DV)

Calcium 27 mg (3% DV)
Iron 4.44 mg (34% DV)
Magnesium 136 mg (38% DV)
Manganese 3.0 mg (143% DV)
Phosphorus 401 mg (57% DV)
Potassium 388 mg (8% DV)
Selenium 11.7 μg (17% DV)
Sodium 8 mg (0% DV)
Zinc 3.28 mg (35% DV)

Source: USDA National Nutrient Database

8.4  Oats

The oat (Avena sativa), sometimes called the common oat, is a species of cereal 
grain known by the same name (usually in the plural, unlike other cereals and pseu-
docereals). While oats are suitable for human consumption as oatmeal and rolled 
oats, one of the most common uses is as livestock feed. Oats have numerous uses in 
foods; most commonly, they are rolled or crushed into oatmeal or ground into fine 
oat flour. Oatmeal is chiefly eaten as porridge but may also be used in a variety of 
baked goods, such as oatcakes, oatmeal cookies, and oat bread. Oats are also an 
ingredient in many cold cereals, in particular muesli and granola. Oats are also 
occasionally used in several different drinks. In Britain, they are sometimes used for 
brewing beer. Oatmeal stout is one variety brewed using a percentage of oats for the 
wort. A cold, sweet drink called avena made of ground oats and milk is a popular 
refreshment throughout Latin America. Oatmeal caudle, made of ale and oatmeal 
with spices, was a traditional British drink and a favorite of Oliver Cromwell.

8.4.1  History

The wild ancestor of Avena sativa and the closely related minor crop, A. byzantina, 
is the hexaploid wild oat A. sterilis. Genetic evidence shows the ancestral forms of 
A. sterilis grew in the Fertile Crescent of the Near East. Domesticated oats appear 
relatively late, and far from the Near East, in Bronze Age Europe. Oats, like rye, 
are usually considered a secondary crop, i.e., derived from a weed of the primary 
cereal domesticates wheat and barley. As these cereals spread westward into cooler, 
wetter areas, this may have favored the oat weed component and have led to its 
domestication.
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8.4.2  Nutrients

Oats are generally considered healthy due to their rich content of several essential 
nutrients. In a 100 g serving, oats provide 389 calories and are an excellent source 
of protein (34% DV), dietary fiber (44% DV), several B vitamins, and numerous 
dietary minerals, especially manganese (233%  DV) (see table “Oats”). Oats are 
66% carbohydrates, including 11% dietary fiber and 4% beta-glucans, 7% fat, and 
17% protein (see table “Oats”).

Oats, after corn (maize), have the highest lipid content of any cereal, e.g., greater 
than 10% for oats and as high as 17% for some maize cultivars compared to about 
2–3% for wheat and most other cereals.

Oats are the only cereal containing a globulin or legume-like protein, avenalin, 
as the major (80%) storage protein. Globulins are characterized by solubility in 
dilute saline as opposed to the more typical cereal proteins, such as gluten and zein, 
the prolamines (prolamins). The minor protein of oat is a prolamine, avenin. Oat 
protein is nearly equivalent in quality to soy protein, which World Health 
Organization research has shown to be equal to meat, milk, and egg protein. The 
protein content of the hull-less oat kernel (groat) ranges from 12 to 24%, the highest 
among cereals. Some cultivars of pure oat (pure oat refers to oats uncontaminated 
with other gluten-containing cereals) could be a safe part of a gluten-free diet, 
requiring knowledge of the oat variety used in food products for a gluten-free diet.

8.4.3  Soluble Fiber

Oat contains almost 11% fiber and the majority of this fiber is the soluble fiber 
beta- glucans, a class of indigestible polysaccharides widely found in nature and 
also in other sources such as grains, barley, yeast, bacteria, algae, and mushrooms. 
Oats contain more soluble fiber than other grains, leading to slower digestion, 
increased satiety, and suppression of appetite. The oat beta-glucan is a viscous 
polysaccharide made up of units of the monosaccharide D-glucose. Oat beta-glu-
can is composed of mixed-linkage polysaccharides. This means the bonds between 
the D-glucose or D-glucopyranosyl units are either beta-1, 3 linkages or beta-1, 4 
linkages. This type of beta-glucan is also referred to as a mixed-linkage (1 → 3), 
(1 → 4)-beta-D- glucan. The (1 → 3)-linkages break up the uniform structure of the 
beta-D-glucan molecule and make it soluble and flexible. In comparison, the indi-
gestible polysaccharide cellulose is also a beta-glucan but is not soluble because of 
its (1 → 4)-beta- D- linkages. The percentages of beta-glucan in the various whole 
oat products are oat bran, from 5.5 to 23.0%; rolled oats, about 4%; and whole oat 
flour, about 4%. Oats contain also insoluble fibers, including lignin, cellulose, and 
hemicellulose.

Beta-glucans are known to lower cholesterol levels and increase excretion of 
bile acids. They are also believed to cause a reduction in blood sugar and insulin 
levels after a carbohydrate-rich meal [15, 16]. The cholesterol-lowering effects of 
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oat beta-glucans [17] have led to acceptance of oats as a health food [18]. After 
reports of research finding that dietary oats can help lower cholesterol, the US Food 
and Drug Administration (FDA) issued a final rule that allows food companies to 
make health claims on food labels of foods that contain soluble fiber from whole 
oats (oat bran, oat flour, and rolled oats), noting that 3.0 g of soluble fiber daily 
from these foods may reduce the risk of heart disease. To qualify for the health 
claim, the whole oat-containing food must provide at least 0.75 g of soluble fiber 
per serving.

Oats
Table of nutritional values per 100 g of oats

Energy 1628 kJ (389 kcal)
Protein 16.9 g
Total fat 6.9 g
  Saturated 1.22 g
  Monounsaturated 2.18 g
  Polyunsaturated 2.54 g
Carbohydrates 66.3 g
Starch 53.92 g
Dietary fiber 10.6 g

Thiamine (B1) 0.763 mg (66% DV)
Riboflavin (B2) 0.139 mg (12% DV)
Niacin (B3) 0.961 mg (6% DV)
Pantothenic acid (B5) 1.349 mg (27% DV)
Vitamin B6 0.120 mg (9% DV)
Folate (B9) 56 μg (5% DV)
Vitamin B12 0 μg (0% DV)
Vitamin E 0.0 mg (0% DV)
Vitamin K 0.0 μg (0% DV)

Calcium 54 mg (3% DV)
Iron 5.0 mg (38% DV)
Magnesium 177 mg (50% DV)
Manganese 4.9 mg (233% DV)
Phosphorus 523 mg (75% DV)
Potassium 429 mg (9% DV)
Sodium 2 mg (0% DV)
Zinc 4 mg (42% DV)

Source: USDA National Nutrient Database

8.5  Rye

Rye (Secale cereale) is a grass grown extensively as a grain. It is a member of the 
wheat tribe (Triticeae) and is closely related to barley (genus Hordeum) and wheat 
(Triticum). Rye grain is used for flour, rye bread, rye beer, crisp bread, some whis-
keys, some vodkas, and animal fodder.
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8.5.1  History

Rye is one of a number of species that grow wild in central and eastern Turkey and 
in adjacent areas. Domesticated rye occurs in small quantities at a number of 
Neolithic sites in (Asia Minor) Turkey but is otherwise absent from the archaeologi-
cal record until the Bronze Age of Central Europe, c. 1800–1500 BC. It is possible 
that rye traveled west from (Asia Minor) Turkey as a minor admixture in wheat and 
was only later cultivated in its own right. Although archaeological evidence of this 
grain has been found in Roman contexts along the Rhine, Danube, and in Ireland 
and Britain, Pliny the Elder was dismissive of rye, writing that it “is a very poor 
food and only serves to avert starvation” and spelt is mixed “to mitigate its bitter 
taste, and even then is most unpleasant to the stomach.”

Since the Middle Ages, people have cultivated rye widely in Central and Eastern 
Europe. It serves as the main bread cereal in most areas east of the French-German 
border and north of Hungary. In Southern Europe, it was cultivated on marginal lands.

8.5.2  Uses and Nutrition

Rye bread is a widely eaten food in Northern and Eastern Europe. Rye is also used 
to make crisp bread. Rye flour is high in gliadin but low in glutenin. It therefore has 
a lower gluten content than wheat flour. Anyway, rye contains gluten, which makes 
it an unsuitable grain for consumption by people with gluten-related disorders, such 
as celiac disease, non-celiac gluten sensitivity, and wheat allergy, among others. 
Nevertheless, some wheat allergy patients can tolerate rye. It also contains a higher 
proportion of soluble fiber. Alkylresorcinols are phenolic lipids present in high 
amounts in the bran layer (e.g., pericarp, testa, and aleurone layers) of wheat and rye 
(0.1–0.3% of dry weight).

Ergotism is an illness that can result from eating rye and other grains infected by 
ergot fungi (which produce LSD-25-like toxins in infected products). Although it is 
no longer a common illness because of modern food safety efforts, it was common 
before the twentieth century, and it can still happen today if food safety vigilance 
breaks down (see table “Rye”).

Rye
Nutritional value per 1 cup (169 g)

Energy 2370 kJ (566 kcal)
Protein 24.9 g
Total fat 4.2 g
  Saturated 0.5 g
  Monounsaturated 0.5 g
  Polyunsaturated 1.9 g
  Total omega-3 265 mg
  Total omega-6 1619 mg
Carbohydrates 118 g
Sugars 1.8 g
Dietary fiber 24.7 g
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Vitamin A 18.6 IU (0% DV)
Thiamine (B1) 0.5 mg (36% DV)
Riboflavin (B2) 0.4 mg (25% DV)
Niacin (B3) 7.2 mg (36% DV)
Pantothenic acid (B5) 2.5 mg (25% DV)
Vitamin B6 0.5 mg (25% DV)
Folate (B9) 101 μg (25% DV)
Vitamin B12 0 μg (0% DV)
Vitamin E 2.2 mg (11% DV)
Vitamin K 10.0 μg (12% DV)

Calcium 55.8 mg (6% DV)
Iron 4.5 mg (25% DV)
Magnesium 204 mg (51% DV)
Manganese 4.5 mg (226% DV)
Phosphorus 632 mg (63% DV)
Potassium 446 mg (13% DV)
Selenium 59.7 mcg (85% DV)
Sodium 10.1 mg (0% DV)
Zinc 6.3 mg (42% DV)

Source: USDA SR-21

8.5.3  The Health Effects of Rye

Rye is accounted for numerous beneficial actions on health. Rye is a good source of 
fiber richly endowed with noncellulose polysaccharides, which have exceptionally 
high water-binding capacity and quickly give a feeling of fullness and satiety, mak-
ing, for example, the rye bread a real help for anyone trying to lose weight.

Another important property of fiber from rye and from other food sources is its 
ability to bind to toxins in the colon and then remove them from the body. When it 
binds to cancer-causing chemicals, fiber helps protect the cells of the colon from 
damage. This is one possible reason why a high-fiber diet has been shown to prevent 
colon cancer. Moreover, fiber binds to bile salts in the intestines and removes them 
from the body, so forcing the body to make more bile salts. This is good for serum 
cholesterol levels, because the body must break down cholesterol to make bile. This 
explains why a good intake of fiber can help to lower high cholesterol levels.

However, the most important effect of rye and other whole grains is its impact on 
type 2 diabetes mellitus risk.

8.5.4  Rye Bread, Glucose Metabolism, and Diabetes

Rye products, particularly rye bread, have demonstrated to reduce the risk of diabetes. 
A study published in the American Journal of Clinical Nutrition [19] found that bread 
made from wheat triggers a greater insulin response than rye bread does. In this study 
the effects of eating refined wheat bread was compared with the effects of eating 
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endosperm rye bread, traditional rye bread, and high-fiber rye bread on several mark-
ers of blood sugar control including plasma glucose, insulin, glucose- dependent insu-
linotropic polypeptide (GIP), glucagon-like peptide 1 (GLP1), and serum C-peptide 
in 19 healthy postmenopausal women (GIP and GLP1 are hormones secreted within 
the gastrointestinal tract during meals that boost the effects of insulin; C-peptide is a 
marker of insulin secretion). All of these markers were evaluated in blood samples 
taken both before and after the women ate each of the breads. Results showed that 
after the women had eaten any of the rye breads, their insulin, GIP, and C-peptide 
responses were significantly lower than after they ate wheat bread. Among the differ-
ent rye breads, no significant differences were seen in insulin and C-peptide response 
despite their varying levels of fiber. Researchers felt this lower after-meal insulin 
response could, therefore, not be attributed only to the fiber content of the rye breads 
but also to the fact that the starch granules in rye bread form a less porous and 
mechanically firmer matrix than in wheat bread. This would translate into a much 
greater particle size being swallowed when rye bread is eaten compared to wheat, 
which would slow the rate at which the starch could be digested into sugar.

These data have been confirmed by another recent study [20] on disintegration of 
rye and wheat breads during in vitro gastric digestion and its relation to the post-
prandial glucose and insulin responses. Breads with distinct composition and tex-
ture characteristics were prepared with refined or whole grain wheat and rye flour 
by using either straight dough or sourdough process. After chewing and gastric 
digestion in vitro, 100% wholemeal and refined rye breads prepared by sourdough 
method were disintegrated to a much lower extent than the wheat breads, having 
more bread digesta larger particles, with size over 2 or 3 mm. Microstructure of the 
digesta particles of rye sourdough bread revealed more aggregated and less degraded 
starch granules when compared to refined wheat bread. The postprandial insulin 
responses, but not those of glucose, to the 100% rye breads made with sourdough 
method were lower than the responses to the refined wheat bread. PCA (principal 
component analysis) confirmed that the insulin response had a negative correlation 
with the number of larger particles after in vitro digestion as well as amount of 
soluble fiber and sourdough process.

Definitely, the larger-sized starch particles of wholemeal rye bread after gastric 
digestion have been demonstrated to be associated with low postprandial insulin 
responses. This mechanism most likely synergizes with the effects of fiber and 
wholemeal cereal in reducing the diet-induced diabetes risk. It is known from the 
literature that diets containing rapidly absorbing carbohydrates and low in dietary 
fiber (DF) are associated with increased risk of type 2 diabetes [21, 22], whereas 
consumption of whole grain cereal foods reduces the risk of type 2 diabetes and 
heart disease, partly via the effects on insulin metabolism [23, 24]. Starchy foods 
like breakfast cereals, standard wheat breads, and potato products result in high 
glycemic responses, whereas intact cereal grains, pasta, and dense breads produce 
lower responses [25, 26]. Thus the fiber content and the form of cereal-based starch- 
rich food products appear to be important factors for postprandial response of a 
carbohydrate-rich diet. To this purpose, also the bread structure has been shown to 
be important in the postprandial glycemic and insulinemic response.

8 Cereals
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8.5.5  The Structure of Bread and Its Impact on Glucose 
Metabolism

The bread structure has been shown to have a role in glucose metabolism. The 
regular refined wheat flour bread have very porous structure and thus low density, 
while acidic or fiber-enriched solid foam structures (typical for rye products) 
have high density [27]. Wheat bread is based on continuous gluten network, 
which provides viscoelastic network trapping gas inside the product. Presence of 
nondigestible carbohydrates, especially soluble arabinoxylan and beta-glucan, 
results in higher viscosity, macro density, and hardness. In 100% rye bread, pro-
tein cannot form a continuous network and elastic dough similar to wheat protein 
[28], and arabinoxylan is the main water-binding substance having larger effect 
than protein on dough rheology and gas-holding properties. Besides composi-
tional differences of wheat and rye flour, lactic acid bacteria fermentation process 
generally used in rye bread making results in dense structure and altered starch 
properties and a high number of starch-protein interactions [29]. The distinct 
structures of rye and wheat breads have been related to starch digestibility and 
postprandial glucose metabolism [19]. In refined wheat bread, highly gelatinized 
starch and porous structure result in rapid degradation of starch in the small intes-
tine and rapid rise of blood glucose and insulin levels. Rye and wheat-based bread 
prepared by fermentation with lactic acid bacteria, i.e., sourdough technology, on 
the contrary, have been reported to induce reduced GI values [30]. The reduced 
postprandial responses of rye sourdough breads have been attributed to biochemi-
cal factors of rye [31–33] and acidity induced by solubilization of dietary fiber, 
acidity-mediated reduction of starch digestion, and stepwise degradation of pro-
tein phase of the bread [19, 29, 30]. However, among these factors, the most 
important has been shown to be the formation of larger-sized starch particles of 
rye products during gastric digestion and the consequent slower absorption of 
starch digesta in the intestine [20].

8.6  Maize (Corn)

Maize, also known as corn, is a large grain plant first domesticated by indigenous 
people in Mexico about 10,000 years ago. Major types of corn are dent corn, flint 
corn, pod corn, popcorn, flour corn, and sweet corn.

The word maize derives from the Spanish form of the indigenous Taíno (the 
indigenous people of the Caribbean and Florida) word for the plant, mahiz. 
The word “corn” outside North America, Australia, and New Zealand refers to 
any cereal crop, its meaning understood to vary geographically to refer to the 
local staple. In the United States, Canada, Australia, and New Zealand, corn 
primarily means maize; this usage started as a shortening of “Indian corn.” 
“Indian corn” primarily means maize (the staple grain of indigenous 
Americans).
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8.6.1  History

Maize (corn) was domesticated in south-central Mexico. A large corpus of data 
indicates that maize was dispersed into lower Central America by 5600 BC and had 
moved into the inter-Andean valleys of Colombia between 5000 and 4000 BC. An 
influential 2002 study by Matsuoka et al. has demonstrated that all maize arose from 
a single domestication in southern Mexico about 9000 years ago.

After the arrival of Europeans in 1492, Spanish settlers consumed maize and 
explorers and traders carried it back to Europe and introduced it to other countries. 
Spanish settlers far preferred wheat bread to maize or potatoes. Maize flour could 
not be substituted for wheat for communion bread, since in Christian belief only 
wheat could undergo transubstantiation and be transformed into the body of Christ. 
At another level, Spaniards worried that by eating indigenous foods, which they did 
not consider nutritious, not only would they weaken, but they risked turning into 
Indians. “In the view of Europeans, it was the food they ate, even more than the 
environment in which they lived, that gave Amerindians and Spaniards both their 
distinctive physical characteristics and their characteristic personalities” [34]. 
Despite these worries, Spaniards did consume maize and archaeological evidence 
from Florida sites indicates they cultivated it as well.

Presently, maize and cornmeal (ground dried maize) constitute a staple food in many 
regions of the world. Maize is central to Mexican foods (tortillas, tostadas, tamales, 
pozole, tacos, and so forth). Popcorn are widespread everywhere and consist of kernels 
of maize that explode when heated, forming fluffy pieces that are eaten as a snack.

8.6.2  Nutrients and Phytochemicals

In a 100 g serving, maize kernels provide 86 calories and are a good source (10–
19% of the Daily Value) of B vitamins, thiamin, niacin, pantothenic acid (B5), and 
folate. In moderate amounts, they also supply dietary fiber and the essential miner-
als, magnesium and phosphorus, whereas other nutrients are in low amounts (see 
table “MAIZE (CORN): Sweetcorn, Yellow Raw”).

MAIZE (CORN): Sweetcorn, Yellow Raw
Nutritional value per 1 cup (166 g)

Energy 2537 kJ (606 kcal)
Total fat 7.9 g
  Saturated 1.1 g
  Monounsaturated 2.1 g
  Polyunsaturated 3.6 g
  Total omega-3 108 g
  Total omega-6 3481 g
Carbohydrates 123 g
Sugars 1.1 g
Starch 8.5 g
Dietary fiber 12.1 g
Protein 15.6 g
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Vitamin A 355 IU (7% DV)
Lutein zeaxanthin 644 μg
Thiamine (B1) 0.6 mg (43% DV)
Riboflavin (B2) 0.3 mg (20% DV)
Niacin (B3) 6 mg (30% DV)
Pantothenic acid (B5) 0.7 mg (7% DV)
Vitamin B6 1 mg (52% DV)
Folate (B9) 31.5 μg (8% DV)
Vitamin C 0 mg (0% DV)
Vitamin E 0.8 mg (4% DV)
Vitamin K 0.5 μg (1% DV)

Calcium 11.6 mg (1% DV)
Copper 0.5 mg (26% DV)
Iron 4.5 mg (25% DV)
Magnesium 211 mg (53% DV)
Manganese 0.8 mg (40% DV)
Phosphorus 349 mg (35% DV)
Potassium 476 mg (14% DV)
Selenium 25.7 μg (37% DV)
Sodium 58.1 mg (2% DV)
Zinc 3.7 mg (24% DV)

Source: USDA SR-21

8.6.3  Risk Factors for Pellagra

When maize was first introduced into farming systems other than those used by 
traditional Native American peoples, it was generally welcomed with enthusiasm 
for its productivity. However, a widespread problem of malnutrition soon arose 
wherever maize was introduced as a staple food. This was a mystery, since these 
types of malnutrition were not normally seen among the indigenous Americans, for 
whom maize was the principal staple food.

It was eventually discovered that the indigenous Americans had learned to soak 
maize in alkaline water—made with ashes and lime (calcium oxide) since at least 
1200–1500 BC by Mesoamericans and North Americans—which liberates the B 
vitamin niacin, the lack of which was the underlying cause of the condition known 
as pellagra [35]. Maize was introduced into the diet of nonindigenous Americans 
without the necessary cultural knowledge acquired over thousands of years in the 
Americas. In the late nineteenth century, pellagra reached epidemic proportions in 
parts of the southern United States, as medical researchers debated two theories for 
its origin: the deficiency theory (which was eventually shown to be true) said that 
pellagra was due to a deficiency of some nutrient and the germ theory said that pel-
lagra was caused by a germ transmitted by stable flies. A third theory, promoted by 
the eugenicist Charles Davenport, held that people only contracted pellagra if they 
were susceptible to it due to certain “constitutional, inheritable” traits of the affected 
individual. Once alkali processing and dietary variety were understood and applied, 
pellagra disappeared in the developed world. The development of high lysine maize 
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and the promotion of a more balanced diet have also contributed to its demise. 
Pellagra still exists today in food-poor areas and refugee camps where people sur-
vive on donated maize.

8.6.4  Corn Oil

Corn oil (maize oil) is oil extracted from the germ of corn (maize). Its main use is 
in cooking, where its high smoke point makes refined corn oil a valuable frying oil. 
It is also a key ingredient in some margarines. Corn oil is generally less expensive 
than most other types of vegetable oils. Corn oil is also a feedstock used for bio-
diesel. Other industrial uses for corn oil include soap, salve, paint, inks, textiles, 
nitroglycerin, and insecticides. It is sometimes used as a carrier for drug molecules 
in pharmaceutical preparations.

Corn oil contains 12% saturated fatty acids [80% palmitic acid (C 16:0), 14% 
stearic acid (C 18:0), and 3% arachidic acid (C 20:0)], 28% monounsaturated fatty 
acids [99% oleic acid (C 18:1)], and 55% polyunsaturated fatty acids [(2% omega-3 
linolenic acid C 18:3; 58% omega-6 linoleic acid C18:2; 28% omega-9 oleic acid)] 
(Table 8.1).

8.6.4.1  Corn Oil and Serum Cholesterol Level
Corn oil is an important source of polyunsaturated fats. The main corn oil’s fatty 
acid is linoleic acid, an omega-6 (n-6) polyunsaturated fatty acid, which represents 
55% of corn oil’s total fat (Table  8.1). Many studies have shown the significant 
impact of linoleic acid on serum cholesterol and triglycerides, and this effect is part 
of a quite complex fascinating story started beginning 1960s.

After the results of the study “Seven Countries Study” by Ancel Keys et al. [36–
38] demonstrating a significant correlation between saturated fatty acids (SFA) with 
elevated serum cholesterol levels and polyunsaturated fatty acids (PUFA) with 

Table 8.1 Fat constituents as % of total fat for corn oil compared to other vegetable oils and beef 
fat

Palmitic Stearic Oleic Linoleic α-Linolenic
(C-16:0) (C-18:0) (C-18:1) (C-18:2) (18:3)

(omega-9) (omega-6) (omega-3)
Corn oil 11 2 25 55 1
Palm oil 45 5 38 10 0
Canola oil 5 2 53 22 10
Linseed oil 3 7 21 16 53
Olive oil 12 3 75 10 0
Sunflower oil 6 4 24 65 1
Safflower oil 7 3 15 75 0
Walnut oil 7 2 15 60 10
Beef fat 26 17 + 3(°) 47 + 3(°°) 3 1

(°) 3% myristic acid, (°°) 3% palmitoleic acid
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lower serum cholesterol levels, restriction of intakes of SFA and trans-fatty acids 
and consumption of PUFA in cholesterol-lowering, heart-healthy diets has been 
greatly emphasized. The Seven Countries Study found that the per capita consump-
tion of dietary cholesterol and saturated fat correlated with mortality from coronary 
heart disease, and studies in animals also pointed to dietary lipids as a risk factor for 
atherosclerosis. These studies spawned the widespread recommendations for 
decreasing dietary cholesterol, decreasing the percentage of dietary calories 
obtained from fat, and replacing dietary saturated fat with polyunsaturated fat. 
Therefore, the primary target for reduction of myocardial infarction and coronary 
heart disease in that time was the reduction of high serum cholesterol level.

Previous studies from Ancel Keys and others [39, 40] performed in the early 
1960s had shown that the serum cholesterol level increases when dietary carbohy-
drates are replaced by certain saturated fatty acids and decreases when carbohy-
drates are replaced by n-6 polyunsaturated fatty acids. Quite soon an important 
problem emerged: these and other studies did not differentiate between the effects 
of diet and polyunsaturated fats on LDL and HDL lipoprotein cholesterol. This 
distinction was relevant because LDL and HDL cholesterol had opposite effects on 
the risk for ischemic heart disease, and other studies had suggested that the 
cholesterol- decreasing effect of n-6 polyunsaturated fatty acids was not limited to 
LDL but extended to HDL cholesterol [41, 42]. In other words, n-6 polyunsaturated 
fatty acids decrease not only LDL (“bad”) cholesterol but also HDL (“good”) cho-
lesterol. Anyway, this controversy was overcome by later studies.

A meta-analysis of 27 trials on the effect of dietary fatty acids on serum lipids 
and lipoproteins [43] showed that all fatty acids elevate HDL cholesterol when sub-
stituted for carbohydrates, but the effect diminishes with increasing unsaturation of 
the fatty acids. Replacement of saturated by unsaturated fatty acids raises the HDL 
to LDL cholesterol ratio, whereas replacement by carbohydrates has no effect. 
Thus, under isocaloric, metabolic ward conditions, the most favorable lipoprotein 
risk profile for coronary heart disease was achieved if saturated fatty acids were 
replaced by unsaturated fatty acids, with no decrease in total fat intake.

In the Nurses’ Health Study [44, 45], the relation between dietary intake of spe-
cific types of fat and the risk of coronary disease was prospectively studied in 80,082 
women 34–59 years of age free from coronary disease, stroke, cancer, hypercholes-
terolemia, or diabetes in 1980. During 14 years of follow-up, 939 cases of nonfatal 
myocardial infarction or death from coronary heart disease were documented 
(Fig. 8.1). Each increase of 5% of energy intake from saturated fat, as compared 
with equivalent energy intake from carbohydrates, was associated with a 17% 
increase in the risk of coronary disease (relative risk, 1.17; 95% confidence interval, 
0.97–1.41; P = 0.10), while a 2% increment in energy intake from trans unsaturated 
fat was associated with a 93% increase of the CHD risk (RR = 1.93; 95% confidence 
interval, 1.43–2.61; P = 0.001). A 5% increment in energy from monounsaturated 
fat was associated with a 19% decrease of CHD risk (RR = 0.81; 95% confidence 
interval, 0.65–1.00; P = 0.05), and a 5% increment in energy from polyunsaturated 
fat was associated with a reduction of 38% of the risk (RR = 0.62; 95% confidence 
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interval, 0.46–0.85; P < 0.003). The replacement of 5% of energy from saturated fat 
with energy from unsaturated fats reduced risk by 42% (95% confidence interval, 
23–56, P < 0.001).Total fat intake was not significantly related to the risk of coro-
nary disease (for a 5% increase in energy from fat, the relative risk was 1.02). These 
data suggested that replacing saturated and trans unsaturated fats with unhydroge-
nated monounsaturated and polyunsaturated fats is more effective in preventing 
coronary heart disease in women than reducing overall fat intake.

In a recent pooled analysis of 11 cohort studies [46], the polyunsaturated fatty 
acids’ effects were confirmed: for a 5% lower energy intake from SFAs and a con-
comitant higher energy intake from PUFAs, a significant inverse association 
between PUFAs and risk of coronary events was found (hazard ratio, 0.87; 95% CI, 
0.77, 0.97); the hazard ratio for coronary deaths was 0.74 (95% CI, 0.61, 0.89). The 
authors concluded that replacing SFA intake with PUFA intake rather than MUFA 
or carbohydrate intake prevents CHD over a wide range of intakes and among all 
middle-aged and older women and men.

8.6.4.2  The Data of the Sydney Diet Heart Study on Linoleic Acid
A recently published evaluation of recovered data from the Sydney Diet Heart Study 
with an updated meta-analysis, however, has led to intriguing and unexpected con-
clusions on linoleic acid [47]. The objective of this study was the re-evaluation of 
recovered data from the Sydney Diet Heart Study, a single-blinded, parallel group, 
randomized controlled trial conducted in 1966–1973, and an updated meta-analysis 
including these previously missing data. The aim of the study was to evaluate the 
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effectiveness of replacing dietary saturated fat with omega-6 linoleic acid for the 
secondary prevention of coronary heart disease and death. The participants were 
458 men aged 30–59 years with a recent coronary event. The intervention consisted 
in replacement of dietary saturated fats (from animal fats, common margarines, and 
shortenings) with omega-6 linoleic acid (LA) (from safflower oil and safflower oil 
polyunsaturated margarine). This recent re-evaluation of participants to the study 
unexpectedly showed that the intervention group (N = 221) had higher rates of death 
than controls (n = 237): all cause mortality 17.6 versus 11.8%, hazard ratio 1.62 
(95% confidence interval 1.00–2.64, P = 0.05); cardiovascular disease 17.2 versus 
11.0%, 1.70 (1.03–2.80, P = 0.04); coronary heart disease 16.3 versus 10.1%, 1.74 
(1.04–2.92, P = 0.04). Restriction of the analysis to the intervention group, which 
was provided safflower oil (a concentrated source of n-6 LA lacking n-3 PUFAs), 
allowed to estimate the specific effects of increasing n-6 LA only. Among patients 
in this intervention group, the increase in n-6 LA was associated with higher all- 
cause and cardiovascular mortality, providing supporting evidence that LA itself 
was a key component mediating the unfavorable effects.

To explain these unfavorable effects of LA on morbidity and mortality from 
CHD, the authors have proposed a mechanistic model linking dietary LA to car-
diovascular pathogenesis: omega-6 linoleic acid (LA) is the most abundant fatty 
acid in native low-density lipoprotein particles. Oxidized LA metabolites 
(OXLAMs) are the most abundant oxidized fatty acids in oxidized low-density 
lipoprotein [48, 49], which is potentially more atherogenic than unmodified low-
density lipoprotein. A potential mechanism contributing to higher cardiovascular 
mortality in the LA intervention group could be a diet-induced increase in the 
production of bioactive OXLAMs, including 9- and 13-hydroperoxyoctadecadie-
noic acid and 9- and 13-hydroxyoctadecadienoic acid. These OXLAMs are 
enriched in the lipid laden, macrophage foam cells, vascular endothelial cells, and 
migrating vascular smooth muscle cells of atherosclerotic lesions [50–53]. 
OXLAMs, particularly the isomers and enantiomers produced by free radical-
mediated oxidation [50, 54], have been mechanistically linked to cardiovascular 
disease pathogenesis. Mechanisms include the formation of macrophage foam 
cells; endothelial cell activation; migration, proliferation, and foam cell formation 
of vascular smooth muscle cells; and inhibition of lysosomal hydrolysis of low-
density lipoprotein cholesteryl esters.

Major sources of free radical-mediated oxidative stress, such as cigarette smok-
ing and chronic alcohol exposure, increase the oxidation of low-density lipoprotein 
fatty acids; smokers and drinkers are reported to have increased concentrations of 
LA oxidation products in atherosclerotic lesions [54]. To conclude, the model pro-
posed by the authors predicts that oxidative stress combined with diets high in n-6 
LA facilitates this oxidation, leading to OXLAM-mediated atherosclerotic progres-
sion and increased cardiovascular mortality. Consistent with this model, the link 
between the magnitude of increase in LA and mortality was robust in smokers and 
drinkers in the Sydney Diet Heart Study, suggesting that diets high in n-6 LA may 
be particularly detrimental in the context of oxidative stress induced by smoking or 
alcohol.
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After these contrasting results on LA, the advice to substitute polyunsaturated 
fats for saturated fats remains a key component of worldwide dietary guidelines for 
coronary heart disease risk reduction. However, there is currently no clinical trial 
evidence indicating that replacing SFAs with n-6 LA, without a concurrent increase 
in n-3 PUFAs and antioxidants, lowers the risk of cardiovascular disease or death. 
Thus, benefits attributed to PUFAs as a general category might be due to n-3 PUFAs 
specifically, particularly eicosapentaenoic acid and docosahexaenoic acid, particu-
larly if associated to natural antioxidants (e.g., polyphenols from olive oil, fruit, 
vegetables, and so forth).

8.7  Bread in the Tradition of the Mediterranean Diet

Cereals and complex carbohydrates were the most important source of daily calo-
ries in Southern Italian and Greek population in the early 1960s, at the time when 
these cohorts were enrolled in the Seven Countries Study. In a study of our group on 
a rural population of South Italy in 1999 [1], the daily caloric intake from complex 
carbohydrates was 47–50% as yet, 65–70% of which derived from bread.

The bread in the traditional Mediterranean diet of the early 1960s was a staple 
food of middle-aged population of southern Mediterranean countries. The diet of 
the middle-aged men sampled enrolled in the Crete, Corfu, and Nicotera cohorts of 
the Seven Countries Study in the early 1960s had a high percentage of total daily 
energy intake from bread (Crete in 1960, mean 28.9 ± 7.1%; Corfu in 1961, mean 
38.1 ± 7.0% [55]; Nicotera in 1960, median 32.1%) [56]. In the Crete cohort, the 
bread consumption was 380 g/person/day; in Corfu it was 450 g/person/day and in 
Nicotera 455 g/person/day.

Ancel Keys commented that the bread these populations consumed was gener-
ally brown bread, made from whole wheat often mixed with barley, stone ground in 
the mills of the town, and consumed at every meal. In that time, in Nicotera (South 
Italy), bread was leavened with a sourdough starter, probably a type I traditional 
sourdough. It is likely that bread was leavened with sourdough also in Crete and 
Corfu in the early 1060s. It has been reported that it was a feature of the traditional 
Greek diet until the end of 1950s [57]. It should be noted, however, that the western-
ization of dietetic habits, which started at the beginning of the 1960s, was slower in 
the poor rural areas than in the richer areas of the country and in the lower social 
classes than in the upper ones.

8.7.1  Sourdough Leavened Bread

The bread these southern populations consumed in that time had some peculiar 
characteristics: it was prepared with a homemade, spontaneous sourdough and not 
with commercial yeast. Spontaneous sourdough is a dough of flour and water that, 
left for several hours at room temperature, allows the growth of a composite ecosys-
tem of lactic acid bacteria and yeasts. The continuous daily refreshments with the 
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addition of new flour and water keep the microorganisms in an active state. Yeasts 
are the major producers of CO2 in sourdough, so they are primarily responsible for 
leavening [58]. The lactic acid bacteria, both homofermentative and heterofermen-
tative species, are responsible for dough acidification, the former producing lactic 
acid, the latter lactic acid plus CO2, acetic acid, and/or ethanol [58]. The final pH is 
about 4.0, and the fermentation quotient (lactic/acetic acid ratio) is ranging from 3.3 
to 5.6.

The sourdough fermentation of wheat flour lowers significantly the Glycemic 
Index (GI) of bread, reducing starch digestibility, mostly through the formation of 
organic acids, which slowed the absorption of starch [59, 60]. The mechanism 
responsible for the slow absorption of starch in the presence of lactic acid is the 
inhibition of amylolytic enzymes [61] or a reduction of starch bioavailability, 
because of the interaction between starch and gluten [30], whereas acetic acid 
delays the gastric emptying rate [62]. The whole wheat bread average GI is 71, and 
the Glycemic Load (GL) for a 30-g serving size is nine [63]; the white wheat flour 
bread GI is 71, and the GL of a 30-g serving size is 10 [63]; the GI of sourdough 
wheat bread, on the contrary, is 54, and its GL for a 30-g serving size is eight [63]. 
If we take into consideration the international table of glycemic index and glyce-
mic load values 2002 [25] that ranks food GIs ≤55 as low, between 56 and 69 as 
moderate, and ≥70 as high GI foods, sourdough wheat bread appears to be a low 
GI food.

Whole wheat bread and white wheat bread give the same postprandial response 
of glucose and insulin in type 2 diabetic patients [64]; however, the inclusion of a 
high percentage of intact or partially milled cereal kernels in the flour reduces the 
glycemic response of bread [65–67]. These data have a possible biological and tech-
nical explanation: wheat germ contains a natural amylase inhibitor that is destroyed 
by the passage through the roller mill. Standard wholemeal flour (not stone ground 
meal flour) is a reconstituted flour after passage through the roller mill. Therefore, 
wholemeal flour is hydrolyzed at a rate identical to white flour.

In a recent study [68], the metabolic effects of four breads prepared from two 
different wheat flours (whole or white) through two different leavening techniques 
(sourdough and Saccharomyces cerevisiae) were evaluated. Both sourdough fer-
mented breads gave glycemic responses significantly lower than the corresponding 
breads leavened with Saccharomyces cerevisiae in eight healthy volunteers. The 
presence of fiber did not influence the glycemic potential of breads [68].

In another study [69] conducted on 16 glucose-intolerant subjects, who had ran-
domly received either a meal containing bread (70% durum wheat semolina and 
30% corn flour) leavened with sourdough or a meal containing bread leavened with 
baker’s yeast, sourdough bread induced a significantly lower plasma glucose 
response at 30 min and a significantly smaller incremental area under the curve at 
0–30 and 0–60 min in comparison to bread leavened with baker’s yeast. Accordingly, 
the plasma insulin response of sourdough bread showed significantly lower values 
at 30 min and a significantly smaller incremental area under the curve at 0–30 min 
[69]. The sourdough wholemeal wheat breads resulted in the lowest postprandial 
glucose and insulin response among four tested breads (white wheat bread, 
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wholemeal wheat bread, sourdough wholemeal bread, and wholemeal bread made 
with xylanase) [33].

It has been shown that sourdough fermentation is more efficient than yeast fer-
mentation in reducing phytate content in whole wheat bread (−62% and −38%, 
respectively) [70], because the reduction of the pH value provides favorable condi-
tions for the endogenous cereal phytase activity [71]. Phytate, which is widely rep-
resented in whole grains and legumes but also in oil seeds and nuts [72], strongly 
bound to metal cations of Ca, Fe, K, Mg, Mn, and Zn, making them insoluble and, 
thus, unavailable as nutritional factors [73]. It has been commented: “With sour-
dough processes, the mouthfeel and the palatability of wholemeal bread can be 
improved without removing any nutritionally important components” [74].

8.7.2  Sourdough Leavened Bread and Body Weight

The traditional Mediterranean diet with sourdough wholemeal bread can be quali-
fied as a low GI diet. Low GI/GL diets offer many health advantages in comparison 
with high GI/GL diet on body weight, blood lipid levels, and risk of type 2 diabetes 
mellitus (T2DM), coronary heart disease, and cancer. Regarding the effects of high 
GI diet on body weight, this diet raises glucose and insulin in the early postprandial 
period (0–2 h) more than low GI diet, and the excess of insulin lowers blood glucose 
in the postprandial period (3–5 h), thus leading to excessive hunger. The decrease of 
plasma glucose and the increased hunger have been associated with increased activ-
ity in specific brain regions related to food intake, reward, and craving in overweight 
or obese men. The assessment has been done by using arterial spin-labeling func-
tional magnetic resonance imaging [75]. In 14 healthy subjects, an activation of 
limbic-striatal brain regions with a concomitant increasing desire for high-calorie 
foods was evident when a mild hypoglycemia occurred during hyperinsulinemic 
euglycemic-hypoglycemic clamp [76]. A recent meta-analysis of clinical trials eval-
uated the relationship between glycemic response and markers of health. When 
food intake was limited controlled or ad libitum, low GL diets were significantly 
associated with lower body weight under free-living conditions if a GL reduction by 
≥17 g glucose equivalent/day occurred and most consistently when the GL reduc-
tion was by >42 g glucose equivalent/day [77]. Other observational studies, how-
ever, have shown conflicting results about the relationship between GI/GL and body 
mass index [78–81].

8.7.3  GI, GL, and Serum Lipid Profile

High GI/GL diets have an unfavorable effect on serum lipid, influencing cardiovas-
cular disease. In cross-sectional analyses of two large cohort studies [82, 83], a large 
trial [84] and a sample of the Nurses’ Health Study [85], GL was inversely associ-
ated with HDL cholesterol and directly associated with triglycerides. In 5830 non-
diabetic subjects aged 20–70 of the Health Worker Cohort Study, the adjusted odds 
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ratios in the highest versus the lowest quartile of dietary GL were 1.78 for low HDL 
cholesterol (<40 mg/dL for men; <50 mg/dL for women) (p for a trend of 0.002) and 
1.85 for high triglycerides (≥150 mg/dL) (p for a trend of 0.01) [83]. In two studies 
[83, 84], high dietary GI was positively associated with both lower HDL cholesterol 
and higher triglyceride concentrations. In a small cross-sectional study in which 
dietary GI/GL were calculated accurately from 3-day dietary records, the highest 
concentration of HDL cholesterol and the lowest of triglycerides and insulin were 
observed in the lowest GI tertile (p < 0.01) [86]. An increase in insulin resistance, 
which, in turn, causes an increase in triglycerides and a decrease in HDL choles-
terol, can explain the effects of high GI/GL diets on blood lipids. In the early post-
prandial period (0–2 h after the meal), the rapid absorption of carbohydrates after a 
high GI meal leads to a relatively high blood glucose level and a high insulin/gluca-
gon ratio. In the late postprandial period (4–6  h after the meal), the counter- 
regulatory hormones restore normal glycemia and cause a marked increase in free 
fatty acid concentration [86]. Elevated glucose, insulin, and free fatty acids induce 
insulin resistance [87].

8.7.4  Glycemic Index (GI), Glycemic Load (GL), and the Risk 
of Type 2 Diabetes Mellitus (T2DM)

High GL diet has been associated with an increased risk of developing T2DM in 
several large prospective studies. In a systematic review and meta-analyses of 24 
prospective cohort studies, the GL ranged from ∼60 to ∼280 g per daily intake of 
2000 kcal (8.4 MJ); in a fully adjusted meta-analysis model, the GL was positively 
associated with RR of T2DM of 1.45 (95% CI: 1.31, 1.61) for a 100 g increment in 
GL (P < 0.001; n = 24 studies; 7.5 million person-years of follow-up) [88]. These 
findings from prospective cohort studies relating the GL to T2D appear robust and 
consistently indicate strong and significantly lower T2D risk in persons who con-
sume lower GL diets [88].

The potential mechanisms whereby high GL diets, over a period of years, could 
increase the risk of T2DM include an increase in insulin demand following hyper-
glycemia that, in turn, leads to a loss of pancreatic function (due to β-cell exhaustion 
or toxicity of hyperglycemia) and an increased insulin resistance induced by free 
fatty acids, produced in the late postprandial period by counter-regulatory hor-
mones. The progressively higher glucose levels induced by a high GL depend on the 
degree of underlying insulin resistance being more evident in obese, inactive, or 
genetically susceptible people [89].

Actually, the mechanism by which GL, hyperinsulinemia, and insulin resistance 
lead to T2DM appears to be more complex and strongly related to the increase of 
abdominal-perivisceral fat [90].

In presence of a positive caloric balance, adipocytes undergo excessive hypertro-
phy, which causes adipocyte dysfunction, as well as adipose tissue endocrine and 
immune responses (see Chap. 4, Fig. 4.1). A preferential site of fat accumulation is 
the abdominal-perivisceral region, due to peculiar factors of the adipose tissue in 
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such sites, namely, an excess of glucocorticoid activity, which promotes the accu-
mulation of fat, and the greater metabolic activity and sensitivity to lipolysis, due to 
increased number and activity of β3-adrenoceptors and, partly, to reduced activity of 
α2-adrenoceptors. As a consequence, an increased lipolysis takes place and more 
free fatty acids (FFA) are released into the portal system, causing insulin resistance 
in several organs and tissues, i.e., the liver, muscle, adipose tissue, and pancreas 
(Fig. 8.2). Hypertrophic adipocytes begin to secrete low levels of TNF-α, which 
stimulate preadipocytes and endothelial cells to produce MCP-1, in turn responsible 
for attracting macrophages to the adipose tissue, thus developing a state of chronic 
low-grade inflammation which is causally linked to insulin resistance (see Chap. 4, 
Fig. 4.1). Excess of circulating FFA, TNF-α, and other factors induces insulin resis-
tance (Fig. 8.2). FFA cause insulin resistance by inhibiting insulin signaling through 
the activation of serine kinases, i.e., protein kinase C-Θ, and the kinases JNK and 
IKK, which promote a mechanism of serine phosphorylation of insulin receptor 
substrates (IRS), leading to interruption of the downstream insulin receptor (IR) 
signaling. TNF-α, secreted by hypertrophic adipocytes and adipose tissue macro-
phages, also inhibits IR signaling by a double mechanism of serine phosphorylation 
and tyrosine dephosphorylation of IRS-1, causing inactivation and degradation of 
IRS-1 and a consequent stop of IR signaling (Fig. 8.3). Such mechanisms explain 
the transition from excess adiposity to insulin resistance, key to the further develop-
ment of T2DM [90].

8.7.5  GI, GL, and the Risk of Coronary Heart Disease (CHD)

Several prospective studies have evaluated the relationship between dietary GI/GL 
and the risk of CHD. Four systematic reviews and meta-analyses [91–94], includ-
ing an Italian prospective study [95], showed that high dietary GL significantly 
increases the risk of coronary heart disease in women, but not in men. A greater 
decrease in HDL cholesterol and a greater increase in triglycerides in women than 
in men in response to a high GI/GL diet [96], due to sex-related differences in lipid 

excess
lipolysis

Glucose transport Gluconeogenesis
Glycogenolysis
Glycogenesis

Glucose transport
Adipose tissue

Protein synthesis
Lipogenesis
Lipolysis

Muscle

Glycogenesis

Liver

Protein synthesis

excess
glucocorticoid

receptors

excess
calories

excess β3-
adrenoceptors 

FFA Insulin
resistance

β-cell growth
Insulin secretion

Pancreas

Fig. 8.2 Peripheral insulin resistance induced by abdominal obesity

8 Cereals



165

metabolism, can explain these results. Furthermore, the hazards ratio for coronary 
heart disease is higher in diabetic women than in men [97]. Interestingly, in the 
EPICOR (long-term follow-up of antithrombotic management patterns in acute 
coronary syndrome patients) study, increasing carbohydrate intake from high GI 
foods was significantly associated with greater risk of coronary heart disease in 
women, whereas increasing carbohydrate intake from low GI foods was not [95]. 
The dietary GI can influence the risk of coronary heart disease through inflamma-
tion and oxidative stress. Low GI diets are associated with lower C-reactive protein 
[84] and lipid peroxidation markers [98] in comparison to high GI diets in cross-
sectional studies.

8.7.6  GI, GL, and Cancer Development

Several case–control and prospective epidemiological studies have investigated the 
relationship between GI/GL, diets, and cancer development. Chronic hyperinsu-
linemia may promote cancer through abnormal stimulation of multiple cellular sig-
naling cascades and increasing the bioactivity of insulin-like growth factor 1. 
Concerning breast cancer, insulin, by reducing sex hormone-binding globulin lev-
els, increases the estrogens bioavailability that, in turn, promotes cellular prolifera-
tion and inhibits apoptosis in breast epithelium and endometrium [99]. Moreover, 
hyperinsulinemia increases pro-inflammatory cytokines and oxidative stress that, in 
turn, can promote malignancy and neoplastic progression [99]. Systematic reviews 
and meta-analysis however have shown conflicting results regarding the cancer sites 
[100–104]. However, a large nationwide population-based case–control study 
showed that GI is positively associated with the risk of prostate cancer, and a high 
GL significantly increases the risk of colorectal and pancreatic cancers [105].
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8.7.7  The Fiber in Sourdough Bread

The richness in fiber of wholemeal sourdough bread is an important peculiarity to 
consider (see also Chap. 9, Sect. 9.5.3.9). It has been shown that high intake of 
cereal fiber reduces the risk of coronary heart disease [106], T2DM [107], obesity 
[108], and colorectal cancer [109]. Cereal fiber reduces inflammatory markers [110, 
111] and improves insulin sensitivity [112]. Whole grain cereals, but not refined 
grains, reduce the risk of coronary heart disease, gastrointestinal cancer [113], and 
T2DM [113, 114]. The protective mechanisms of whole grain cereals against the 
risk of developing chronic diseases depend on bioactive compounds and dietary 
fiber, mainly contained in the bran and germ fractions that are lost in the milling 
process [115]. Interestingly, fiber and oligosaccharides of whole grain wheat have 
also a prebiotic effect on gut microbiota [8, 116] involved in systemic low-grade 
inflammation and progression of chronic metabolic diseases [117].
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9Vegetables

9.1  Premises

Vegetables are crucial part of the Mediterranean diet, which is principally founded 
on plant-based foods with occasional inclusion of land or sea animals. In addition to 
whole grains, legumes and pulses, fresh fruit, cheese, and olive oil, the Mediterranean 
diet places a major emphasis on vegetables, which are included abundantly in the 
daily eating plan.

Today, nearly everyone is aware of the importance of eating vegetables, espe-
cially dark green leafy ones, which are packed with vitamins and are nutrient-dense 
and incredibly healthy.

As noted above, most of the benefits of the Mediterranean diet derive from veg-
etables, which are particularly rich in vitamins and antioxidants that have an impor-
tant impact on human health.

This chapter is dedicated to some of the many benefits of the vegetables currently 
used in the Mediterranean diet of south Europe and south Italy, i.e., Cruciferae, 
leafy vegetables, and Solanaceae.

9.2  Cruciferae: Brassicaceae

Cruciferae is a family of Brassicaceae containing 372 genera and 4060 accepted 
species. The family of Brassicaceae, or Cruciferae, includes species, such as 
Brassica oleracea (e.g., cauliflower, cabbage, kale, broccoli, collards), Brassica 
rapa (turnip, Chinese cabbage), Brassica napus (rapeseed), Raphanus sativus (com-
mon radish), Armoracia rusticana (horseradish), and others.

Brassica oleracea is a widely cultivated vegetable species including many differ-
ent foods, such as cauliflower, cabbage, kale, turnip greens, broccoli, collard greens, 
brussels sprouts, and similar green leafy vegetables. At present, cruciferous vegeta-
bles are the one of  the most dominant food crops worldwide. Ten of the most 
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common cruciferous vegetables, known colloquially in North America as cole 
crops, belong to the single species of Brassica oleracea.

Cruciferae vegetables all have high levels of vitamin C and K, often exceeding 
the minimum daily value and recommended intake. It should be noted that up to 
two-thirds of Americans don’t meet the daily recommended goal for vitamin K 
(90 μg for women and 120 μg for men).

The high content of glucosinolate in Cruciferous vegetables is another important 
fact that merits attention. Glucosinolates are sulfur-containing compounds that 
impart a pungent aroma and spicy (some say bitter) taste. The hydrolysis (break-
down) of glucosinolates by a class of plant enzymes called myrosinase leads to the 
formation of biologically active compounds, such as indoles and isothiocyanates 
(Fig. 9.1). Myrosinase is physically separated from glucosinolates in intact plant 
cells. But, when cruciferous vegetables are chopped or chewed, myrosinase comes 
in contact with glucosinolates and catalyzes their hydrolysis to isothiocyanate. 
Scientists are currently studying the potential effects of high intakes of cruciferous 
vegetables as well as of several sources of glucosinolate and their hydrolysis prod-
ucts for their cancer prevention properties.

The complete list of cruciferous vegetables includes 27 different species. Some 
of them, the most commonly used in the Mediterranean diet, will be described 
below.

9.2.1  Collard Greens and Kales

Collard greens (collards) and kale are some loose-leafed cultivars of Brassica 
oleracea. The cultivar group called Acephala (“without head” in Greek) refers 
to the fact that these varieties of Brassica oleracea do not have the usual close-
knit core of leaves (a “head”) like cabbage. Collard greens and kales help to 
reinforce several systems of human metabolism. There is not a lot of differences 
between kale and collard greens, because they both belong to the same cultivar 
group, Acephala of the Brassica oleracea species, and the fact that they are also 
almost identical genetically makes identifying their differences even more 
difficult.

A 100 g serving of cooked collard greens or kale is composed 90% of water, 3% 
of protein, 6% of carbohydrates, and less than 1% of fat and provides 33 calories. In 
terms of % Daily Value (DV), 1 cup (190 g) provides 85% of vitamin K, 80% of 
vitamin A, 49% of manganese, 46% of vitamin C, and 30% of fiber. It should be 
noted that as far as vitamin K is concerned, up to two-thirds of Americans do not 
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meet the daily recommended goal (90 μg for women and 120 μg for men). Cooked 
kale is a vitamin K powerhouse, packing 550 μg in a one-half cup. Raw kale in a 
salad or a smoothie provides 274 μg for the same half-cup serving.

9.2.1.1  Historical Notes
People have been eating collard greens for at least 2000 years; there is some evi-
dence showing that the ancient Greeks cultivated several forms of both collard 
greens and kale.

9.2.1.2  Nutrients and Phytochemicals
Collard greens and kale are excellent sources of vitamin A, vitamin C, vitamin K, 
and manganese, and moderate sources of calcium and vitamin B6 (see tables). A 
100  g serving of cooked collard greens provides about 30 calories, 90% water, 
2–3% protein, 6% carbohydrates, and less than 1% fat.

Collard Greens, Cooked, Boiled, Drained
Vitamins and mineral content per 100 g
Source: USDA Database entry

Energy 137 KJ (33 kcal)
Carbohydrates 5.6 g
Sugars 0.4 g
Protein 2.7 g
Fat 0.7 g
Dietary fiber 4.0 g

Vitamin A equiv. 380 μg (5% DV)
β-Carotene 4513 μg (4% DV)
Lutein zeaxanthin 6197 μg
Thiamine (B1) 0.04 mg (12% DV)
Riboflavin (B2) 0.11 mg (8% DV)
Niacin 0.58 mg (5% DV)
Pantothenic acid 0.22 mg (6% DV)
Folate 16 μg (15% DV)
Vitamin C 18 mg (102% DV)
Vitamin E 0.9 mg (6% DV)
Vitamin K 407 μg (400% DV)

Calcium 141 mg (14% DV)
Iron 1.13 mg (9% DV)
Magnesium 21 mg (6% DV)
Manganese 0.51 mg (24% DV)
Phosphorus 32 mg (5% DV)
Potassium 117 mg (2% DV)
Sodium 0.15 mg (1% DV)
Zinc 0.23 mg (2% DV)

DV = Daily Value
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Kale, Raw
Nutritional value per 100 g
Source: USDA Database entry

Energy 207 KJ (49 kcal)
Carbohydrates 8.8 g
Sugars 2.3 g
Protein 4.3 g
Fat 0.9 g
Dietary fiber 3.6 g

Vitamin A equiv. 500 μg (63% DV)
Lutein zeaxanthin 8198 μg
Thiamine (B1) 0.11 mg (10% DV)
Riboflavin (B2) 0.13 mg (11% DV)
Niacin 1.0 mg (7% DV)
Pantothenic acid 0.9 mg (18% DV)
Vitamin B6 0.27 mg (21% DV)
Folate 141 μg (35% DV)
Vitamin C 120 mg (145% DV)
Vitamin E 1.54 mg (10% DV)
Vitamin K 705 μg (671% DV)

Calcium 150 mg (15% DV)
Iron 1.5 mg (12% DV)
Magnesium 47 mg (13% DV)
Manganese 0.66 mg (31% DV)
Phosphorus 491 mg (10% DV)
Sodium 0.38 mg (3% DV)
Zinc 0.6 mg (6% DV)

DV = Daily Value

9.2.1.3  Antioxidant Activity
In addition to vitamin A, vitamin C, vitamin E, and manganese, which are four core 
conventional antioxidants, collard greens and kale also provide caffeic acid, ferulic 
acid, quercetin, and kaempferol, which are some of the key polyphenolic antioxi-
dant phytonutrients provided by vegetables. This broad spectrum of antioxidant 
support helps lower the risk of oxidative stress in the cells. To note, chronic oxida-
tive stress is considered an important risk factor for the development of most types 
of cancer and other diseases.

9.2.1.4  Anti-inflammatory Properties
Collard greens and kale are an excellent source of vitamin K and a good source of 
omega-3 fatty acids (in the form of alpha-linolenic acid = ALA), two hallmark anti- 
inflammatory nutrients. In this respect, vitamin K acts as a direct regulator of 
inflammatory response, and ALA is the building block for several of the body’s 
most widely used families of anti-inflammatory messaging molecules. In addition 
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to these two anti-inflammatory components, there is a third with glucosinolate- 
derived anti-inflammatory properties. In fact, one of the glucosinolates found in 
collard greens and kale—glucobrassicin—is readily converted into an isothiocya-
nate molecule called I3C, or indole-3-carbinol. I3C is an anti-inflammatory com-
pound that can actually operate at the genetic level, thus preventing the initiation of 
inflammatory responses at a very early stage. Glucoraphanin is another glucosino-
late compound of kale promptly converted into sulforaphane, an active 
isothiocyanate.

The anti-inflammatory nature of glucosinolates/isothiocyanates and other nutri-
ents found in collard greens and kale has been examined by new studies on 
inflammation- related health problems and the potential use of these Brassicaceae in 
their prevention. Research examining the association of collard greens and kale 
with the risk of the following inflammation-related conditions is currently under-
way: Crohn’s disease, ulcerative colitis, irritable bowel syndrome, type 2 diabetes, 
insulin resistance, metabolic syndrome, and obesity.

To note, boiling decreases the level of sulforaphane, whereas steaming, micro-
waving, or stir-frying does not lead to significant loss.

9.2.1.5  Cardiovascular Benefits
Collard greens and kale both reduce blood cholesterol levels. These commonly 
eaten cruciferous vegetables appear to be the ones with the greatest cholesterol- 
lowering properties. They work to reduce cholesterol since their fibers are able to 
bind bile acids in the intestine. The liver must thus replace the lost bile acids by 
drawing upon the existing supply of cholesterol, thus causing the cholesterol level 
to drop. Collard greens and kale have this cholesterol-lowering activity both when 
they are raw or cooked. But, it has been recently shown that the cholesterol- lowering 
ability of raw collard greens improves significantly when they are steamed. It has 
been demonstrated, in fact, that steamed collard greens are more active in binding 
bile acids in the digestive tract than steamed kale, mustard greens, broccoli, Brussels 
sprouts, or cabbage.

Interestingly, high blood cholesterol levels promote the formation of atheroscle-
rotic plaques in the vessels, which are characterized, when there are active plaque 
or inflamed plaques, by a rich infiltration of inflammatory cells (mostly macro-
phages and lymphocytes), which secrete in situ several inflammatory cytokines. It is 
for this reason that atherosclerosis is considered an inflammatory process of the 
vessel wall.

In this context, isothiocyanate (ITC) sulforaphane derived from glucoraphanin of 
collard greens has interesting properties. Glucoraphanin is a glucosinolate found in 
Brassicaceae, mostly in broccoli, cauliflower, and kale, particularly in the young 
sprouts. When these foods are chopped or chewed, the enzyme myrosinase trans-
forms glucoraphanin into raphanin, which is an antibiotic, and then into sulfora-
phane, which has exhibited anticancer and antimicrobial properties in experimental 
models. Not only does this ITC trigger anti-inflammatory activity in the cardiovas-
cular system, it may also be able to help prevent and even possibly help reverse 
blood vessel damage.
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9.2.1.6  Cancer Prevention
The most impressive effect of collard greens and kale is probably linked to their 
cancer-protection properties which are largely related to the four specific glucosino-
lates found in these cruciferous vegetables: glucobrassicin, glucoraphanin, gluco-
nasturtiin, and glucotropaeolin. Each of these glucosinolates can be converted into 
an isothiocyanate (ITC) that helps lower cancer risk by supporting detox and anti-
inflammatory systems. In fact, collard greens and kale provide special nutrient sup-
port for three body systems that are closely connected with cancer development as 
well as cancer prevention. The three systems are (1) the body’s detox system, (2) its 
antioxidant system, and (3) its inflammatory/anti-inflammatory system. Chronic 
imbalances in any of these three systems can increase the risk of cancer, and when 
imbalances in all three systems occur simultaneously, the risk of cancer increases 
significantly. Prevention of the following types of cancer is closely associated with 
the intake of collard greens and kale: bladder cancer, breast cancer, colon cancer, 
lung cancer, prostate cancer, and ovarian cancer.

9.2.2  Turnip Greens and Turnip Tops

Turnips, scientifically known as Brassica rapa, belong to the Cruciferae family, a 
cousin to other health-protective giants including kale, collards, cabbage, and broc-
coli. Turnip greens are the leaves of the turnip plant, which is known for its tasty 
root. Turnip tops are the inflorescences of turnips which are typically used in the 
south Italy, where they are called “cime di rapa,” to prepare delicious dishes in per-
fect Mediterranean style.

9.2.2.1  Historical Notes
Turnips are a very ancient vegetable. The exact origins of turnip greens are not 
known, but some evidence shows that they were first domesticated in ancient Greek, 
Hellenistic and Roman times. Archaeological records show that mustard greens and 
radishes, two crops related to turnips, were both growing wildly in parts of western 
Asia and Europe thousands of years ago, suggesting that this is where turnips first 
started to grow. Other sources date turnip greens to the fifteenth century BC when 
they were grown in regions throughout India.

Turnips were introduced to North America by the early European settlers and 
colonists. They grew well in the South and became a popular food in the local cui-
sine of that region. Turnip greens, which became an integral part of Southern 
African-American cuisine, are thought to have been adopted into that food culture 
because of the role they played during the days of slavery. Supposedly, the slave 
owners would reserve the turnip roots for themselves, leaving the leaves for the 
slaves. As Western African cuisine traditionally utilizes a wide variety of green 
leaves in its cooking, the African slaves adopted turnip greens as a substitute and 
incorporated them into their food culture.
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9.2.2.2  Nutrients and Phytochemicals
Turnip leaves (turnip greens) are smaller and more tender than their cousin, col-
lards. Turnip greens are a storehouse of many vital nutrients. The green tops contain 
several times more minerals and vitamins than in the roots. The greens are a very 
good source of antioxidants such as vitamin A, vitamin C, carotenoid, xanthin, and 
lutein. Moreover, the leafy tops are an excellent source of vitamin K. In addition, its 
top greens are also a good source of the B-complex group of vitamins such as 
folates, riboflavin, pyridoxine, pantothenic acid, and thiamin and they are also an 
excellent source of important minerals like calcium, copper, iron, potassium, and 
manganese.

The slightly bitter flavor of turnip greens and inflorescences is linked to its 
calcium content. On an ounce-for-ounce basis, turnip greens contain about four 
times more calcium than a much less bitter-tasting cruciferous vegetable such as 
cabbage. According to the food rating system, turnip greens rank as the fourth 
most concentrated source of this mineral. It is not calcium per se that is associated 
with the bitterness of turnip greens (and many other plant foods), but the varying 
forms of calcium contained within them (i.e., included in these forms might be 
calcium chloride, calcium sulfate, calcium lactate, calcium pectate, and others). 
High calcium content is by no means the only reason for the noticeable bitterness 
of turnip greens. Numerous other naturally present constituents—including alka-
loids, glucosinolates, terpenoids, flavonoids, tannins, sulfimides, and lactones—
can contribute to the bitter taste that most people associate with these greens in 
their raw form.

As far as the total glucosinolate content is concerned, turnip greens outscore cab-
bage, kale, cauliflower, and broccoli as the most commonly eaten cruciferous veg-
etables. Such a healthy glucosinolate content brings with it numerous health 
benefits. As we have already mentioned, glucosinolates are phytonutrients that can 
be converted into isothiocyanates (ITCs) with cancer-preventing properties. All cru-
ciferous vegetables have long been known to contain glucosinolates, but only recent 
research has been able to show to what extent turnip greens are beneficial.

Turnip Greens, Cooked, Boiled, Drained
Vitamin and mineral content per 100 g
Source: USDA National Nutrient data base

Energy 84 KJ (20 kcal)
Carbohydrates 4.4 g
Dietary fiber 3.5 g
Protein 1.1 g
Fat 0.2 g

Vitamin A equiv. 381 μg (48% DV)
β-Carotene 4575 μg (42% DV)
Lutein zeaxanthin 8440 μg
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Thiamine 0.045 mg (4% DV)
Riboflavin 0.072 mg (6% DV)
Niacin 0.411 mg (3% DV)
Pantothenic acid 0.274 mg (5% DV)
Vitamin B6 018 mg (14% DV)
Folate 118 μg (30% DV)
Vitamin C 27.4 mg (33% DV)

Calcium 137 mg (14% DV)
Iron 0.8 mg (6% DV)
Magnesium 22 mg (6% DV)
Manganese 0.337 mg (16% DV)
Phosphorus 29 mg (4% DV)
Potassium 203 mg (4% DV)
Sodium 29 mg (2% DV)

DV = Daily Value

To note, the root and its top contain small amounts of oxalic acid (0.21 g/100 g), a 
naturally occurring substance found in some vegetables belonging to the Brassica 
family, which can crystallize as oxalate stones in the kidneys and urinary tract in some 
individuals. Those persons with known oxalate urinary tract stones should probably 
avoid these vegetables. And, in any case, an ample intake of water is advisable to 
maintain a normal urine output in these individuals to minimize the risk of stone.

The high quantity of vitamin K in turnip greens seems to make these vegetables 
unsuitable to patients under anticoagulant therapy with vitamin K antagonists 
(VKA), i.e., warfarin. In fact, it is current opinion that consuming excessive 
Cruciferae may not be appropriate in patients taking vitamin k antagonists, although 
recent research has uncovered new data about these assumptions. Patients treated 
with VKA have on average only about 60% of their international normalized ratio 
(INR) values within the therapeutic range; INR instability is associated with an 
increased risk of thrombosis and bleeding events. However, recent findings suggest 
that a low dietary vitamin K intake may affect anticoagulation control.

A recent review of the literature assessed the role of vitamin K dietary intake in 
VKA stability and the potential effect of daily vitamin K supplements on VKA ther-
apy. Fifteen studies evaluating a total of 1838 patients were included in the system-
atic review [1]. The observational studies reviewed suggested that there is an 
increased risk of unstable anticoagulation control in patients with a lower daily 
vitamin K intake. The daily use of vitamin K supplementation appears, instead, to 
be associated with a clinically relevant increase in time in therapeutic range (TTR) 
in patients with unstable anticoagulation control. Although other large prospective 
studies are necessary to confirm these findings, it would seem that the intake of 
vitamin K rich vegetables helps to stabilize anticoagulant control in patients taking 
warfarin, particularly in those showing an unstable control.

WH Foods Recommendations: Turnip greens should be considered vegetables 
that should be eaten on a regular basis, in view of the health benefits associated to 
the cruciferous vegetable family. A minimum of 3/4 cup of cruciferous vegetables 
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should be consumed on a daily basis (one cup = 144 g), meaning the equivalent to 
approximately 5 cups/week. An intake of 1–1/2 cups/day, or about 10 cups/week, 
would provide even greater benefits.

9.2.2.3  Health Benefits
Turnip greens and turnip tops share the health benefits of other Brassicaceae, par-
ticularly collard greens (see Sect. 9.2).

Detox Activity: The detox support provided by turnip greens includes antioxidant 
nutrients to boost Phase 1 detoxification activities and sulfur-containing nutrients to 
boost Phase 2 activities. Turnip greens also contain phytonutrients called glucosino-
lates that can help activate detoxification enzymes and regulate their activity. Two 
key glucosinolates that have been clearly identified in turnip greens in significant 
amounts are gluconasturtiin and glucotropaeolin. Glucoraphanin instead, a gluco-
sinolate found in many cruciferous vegetables and a precursor of sulforaphane (an 
isothiocyanate with important anti-inflammatory properties) does not appear to be 
present in turnip greens in significant quantities.

Antioxidant Activity: The antioxidant activity of turnip greens depends on the 
high vitamin content, i.e., vitamin C, vitamin E and β-carotene, and on the high 
content of polyphenols, i.e., hydroxycinnamic acid, quercetin, myricetin, isorh-
amnetin, and kaempferol. This broad spectrum of antioxidant support helps lower 
the risk of oxidative stress in the cells. Chronic oxidative stress is a risk factor for 
development of many diseases including atherosclerosis and most types of 
cancer.

Cholesterol-Lowering Activity: As far as cholesterol metabolism is concerned, 
the fiber-related nutrients in turnip greens bind with bile acids in the intestine and 
are excreted in the feces rather than being absorbed along with the fat they have 
emulsified. As a consequence, the liver must replace the lost bile acids by drawing 
upon the supply of cholesterol, thus leading to lower blood cholesterol levels.

Hyperhomocysteinemia: The high level of folate in turnip greens deserves a spe-
cial mention. These greens provide 575 μg of folate for every hundred calories, the 
highest amount for all the commonly eaten cruciferous vegetables. Folate is a cru-
cial B-vitamin that supports cardiovascular health and contributes to preventing 
hyperhomocysteinemia.

9.2.3  Cauliflower

Cauliflower is one of the several vegetables in the Brassica oleracea species, in the 
Brassicaceae family. Typically, only the head (the white curd) is eaten. The cauli-
flower head is composed of a white inflorescence, the meristem.

9.2.3.1  Historical Notes
The oldest record of cauliflower dates back to the sixth century BC. In the first cen-
tury AD, Pliny included what he called cyma in his descriptions of cultivated plants 
in the Natural History: “Ex omnibus brassicae generibus suavissima est cyma.”
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Cauliflower can be found in many different colors, white, brown, green yellow, 
and purple. The last color is the result of the presence of anthocyanins, a water- 
soluble polyphenol that is found in many other plants and plant-based products such 
as red cabbage and red wine.

9.2.3.2  Nutrients and Phytochemicals
One hundred grams of raw white cauliflower provides 25 calories, and thus is low 
in fat, carbohydrates, dietary fiber, and protein (see Box). It has a high content (20% 
or more of the Daily Value, DV) of vitamin C and moderate levels (10–19% DV) of 
several B vitamins and vitamin K. Boiling reduces the levels of cauliflower com-
pounds, with losses of 20–30% after 5 min, 40–50% after 10 min, and 75% after 
30 min. Other preparation methods, however, such as steaming, microwaving, and 
stir-frying, have no significant effect on the compounds.

Cauliflower also contains several phytochemicals, common in the cabbage fam-
ily, including glucosinolates and isothiocyanates. As far as isothiocyanates are con-
cerned, the phenethyl isothiocyanate is particularly important. It has been shown to 
inhibit carcinogenesis and tumorigenesis in some conditions [2]. The mechanism of 
action proposed involves inhibition of cytochrome P450 enzymes, which oxidize 
compounds such as benzo[a]pyrene and other polycyclic aromatic hydrocarbons 
into more polar epoxy-diols, which can then cause mutation and induce anticarcino-
genic activity [3].

Phenethyl isothiocyanate has also been shown to induce apoptosis in certain 
cancer cell lines, and, in some cases, it is even able to induce apoptosis in cells 
that are resistant to some currently used chemotherapeutic drugs, for example, 
in drug- resistant leukemia cells that produce the powerful apoptosis inhibitor 
protein Bcl-2 [4]. Other isothiocyanates have been shown to bind to mutated p53 
proteins found in many types of tumors, causing an increase in the rate of cell 
death [5].

Cauliflower, Raw
Vitamin and mineral content per 100 g
Source: USDA Database entry

Energy 104 KJ (25 kcal)
Carbohydrates 5 g
Protein 1.9 g
Fat 0.3 g

Thiamine 0.05 mg (4% DV)
Riboflavin 0.06 mg (5% DV)
Niacin 0.507 mg (3% DV)
Pantothenic acid 0.667 mg (13% DV)
Vitamin B6 0.184 mg (14% DV)
Folate 57 μg (14% DV)
Vitamin C 48.2 mg (58% DV)
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Thiamine 0.05 mg (4% DV)
Vitamin E 0.08 mg (1% DV)
Vitamin K 15.5 μg (15% DV)

Calcium 22 mg (22% DV)
Iron 0.42 mg (3% DV)
Magnesium 15 mg (4% DV)
Manganese 0.155 mg (7% DV)
Phosphorus 44 mg (6% DV)
Potassium 299 mg (6% DV)
Sodium 30 mg (2% DV)
Zinc 0.27 mg (3% DV)

DV = Daily Value

9.2.4  Broccoli

The word broccoli comes from the Italian plural of broccolo, which means “the 
flowering crest of a cabbage,” and is the diminutive form of brocco, meaning “small 
nail” or “sprout.” Broccoli is generally boiled or steamed, but it can also be eaten 
raw.

9.2.4.1  Historical Notes
Broccoli is the offshoot of the careful breeding of cultivated Brassica crops in the 
northern Mediterranean starting in about the sixth century BC. Since the time of the 
Roman Empire, broccoli has been considered a uniquely valuable food by Italians. 
Broccoli was first introduced to the United States by Southern Italian immigrants, 
but it did not become widely popular until the 1920s.

9.2.4.2  Nutrients and Phytochemicals
A 100 g serving of raw broccoli provides 34 kcal and is an excellent source of vita-
min C and vitamin K (20% or higher of the Daily Value, DV). Raw broccoli also 
contains moderate amounts (10–19% DV) of several B vitamins and the dietary 
mineral manganese, whereas other essential nutrients are in low content. Broccoli 
has low content of carbohydrates, protein, fat, and dietary fiber (see Box). Broccoli 
also contains the carotenoid compounds lutein and zeaxanthin, but in amounts that 
are six times lower than those in kale.

Boiling broccoli reduces the levels of sulforaphane, with losses of 20–30% after 
5 min, 40–50% after 10 min, and 77% after 30 min. Other preparation methods, 
however, such as steaming, microwaving, and stir-frying, do not seem to have sig-
nificant effects on the compounds.

The perceived bitterness of broccoli, like that of other cruciferous vegetables, is 
connected to the presence of isothiocyanates and polyphenols of the vegetable. 
Some research reports that the gene TAS2R38 may in part be responsible for the 
bitter taste characterizing the vegetable.
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Broccoli, Raw
Vitamin and mineral content per 100 g
Source: USDA Database entry

Energy 141 KJ (34 kcal)
Carbohydrates 6.64 g
Sugars 1.7 g
Protein 2.82 g
Fat 0.37 g
Dietary fibers 2.6 g

Vitamin A equiv 31 μg (4% DV)
β-Carotene 361 μg (3% DV)
Lutein-zeaxanthin 1403 μg
Thiamine 0.071 mg (6% DV)
Riboflavin 0.117 mg (10% DV)
Niacin 0.639 mg (4% DV)
Vitamin C 89.2 mg (107% DV)
Vitamin K 101.6 μg (97% DV)
Riboflavin 0.117 mg (10% DV)
Pantothenic acid 0.573 mg (11% DV)
Vitamin B6 0.175 mg (13% DV)
Folate 63 μg (16% DV)

Calcium 47 mg (5% DV)
Iron 0.73 mg (6% DV)
Magnesium 21 mg (6% DV)
Manganese 0.21 mg (10% DV)
Phosphorus 66 mg (9% DV)
Potassium 316 mg (7% DV)
Sodium 33 mg (2% DV)
Zinc 0.41 mg (4% DV)

DV = Daily Value

9.2.5  Cabbage

Cabbage, or headed cabbage, is a leafy green or purple biennial plant, grown as an 
annual vegetable crop for its dense-leaved heads. Although the exact history of cab-
bage is not entirely known, it was most likely domesticated somewhere in Europe 
before 1000 BC. By the Middle Ages, it had become a prominent component of the 
European cuisine.

9.2.5.1  Historical Notes
Cabbage was considered a table luxury by some Romans, although Lucullus consid-
ered it unfit for the senatorial table. The more traditionalist Cato the Elder, espous-
ing a simple, Republican life, ate his cabbage cooked or raw and dressed with 
vinegar; he said it surpassed all other vegetables, and distinguished three varieties; 
he also gave directions for its medicinal use, which extended to the cabbage-eater’s 
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urine, in which infants might be rinsed. Pliny the Elder listed seven varieties, includ-
ing Pompeii cabbage, Cumae cabbage, and Sabellian cabbage. Apicius gave several 
recipes for cauliculi, tender cabbage shoots. The Greeks and Romans claimed 
medicinal usages for their cabbage varieties that included relief from gout, head-
aches, and the symptoms of poisonous mushroom ingestion. Another prescription 
of cabbage was to be used to treat drunkenness.

9.2.5.2  Nutrients and Phytochemicals
Cabbage is an excellent source of vitamin C and vitamin K, containing more than 
20% of the Daily Value (DV) for each of these nutrients per serving. Cabbage is also 
a good source (10–19% DV) of vitamin B6 and folate, with no other nutrients having 
a significant content per 100 g serving (see Box). Cabbage is also a good source for 
important phytochemicals, such as sulforaphane and other glucosinolate, which 
stimulate the production of detoxifying enzymes during metabolism. Several stud-
ies suggest that cabbage, like other cruciferous vegetables, has protective effects 
against colon cancer [6]. Purple cabbage contains anthocyanin, an antioxidant poly-
phenol which protects from oxidative stress and related diseases. It has also been 
shown that a cabbage leaf treatment can reduce the pain and hardness of engorged 
breasts, and increase the duration of breast-feeding [7].

Cabbage, Raw
Vitamin and mineral content per 100 g
Source: USDA Database entry

Energy 103 KJ (25 kcal)
Carbohydrates 5.8 g
Dietary fiber 2.5 g
Protein 1.28 g
Fat 0.1 g

Thiamine 0.061 mg (5% DV)
Riboflavin 0.040 mg (3% DV)
Niacin 0.234 mg (2% DV)
Pantothenic acid 0.212 mg (4% DV)
Vitamin B6 0.124 mg (10% DV)
Folate 43 μg (11% DV)
Vitamin C 36.6 mg (44% DV)
Vitamin K 76 μg (72% DV)

Calcium 40 mg (4% DV)
Iron 0.47 mg (4% DV)
Magnesium 12 mg (3% DV)
Manganese 0.16 mg (8% DV)
Phosphorus 26 mg (4% DV)
Potassium 170 mg (4% DV)
Sodium 18 mg (1% DV)
Zinc 0.18 mg (2% DV)

DV = Daily Value
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9.2.6  Brussels Sprouts

9.2.6.1  Historical Notes
Brussels sprouts are leafy green vegetables typically 2.5–4  cm (0.98–1.6 in.) in 
diameter that look like miniature cabbages. The forerunners of modern Brussels 
sprouts were likely cultivated in Ancient Rome. The first written reference dates to 
1587. During the sixteenth century, they enjoyed a popularity in the southern 
Netherlands that eventually spread throughout the cooler areas of Northern Europe. 
Production of Brussels sprouts in the United States began in the eighteenth century, 
when the French settlers brought them to Louisiana.

9.2.6.2  Nutrients and Phytochemicals
Raw Brussels sprouts contain high levels of vitamin C and vitamin K, with more 
moderate amounts of B vitamins, such as folic acid and vitamin B6; essential miner-
als and dietary fiber are present in lesser amounts (see Box).

Brussels sprouts, just as broccoli and other Brassicaceae, contain sulforaphane, a 
phytochemical known for its potential anticancer properties. Eating large quantities 
of Brussels sprouts may not be suitable for patients taking anticoagulants such as 
warfarin since they contain vitamin K, a blood-clotting factor. It has nevertheless 
been shown that the consumption of vitamin-K rich vegetables, such as Brussels 
sprouts, appears to help stabilize anticoagulant control in patient receiving warfarin 
particularly in those showing unstable control [1].

Brussels Sprout, Raw
Vitamin and mineral content per 100 g
Source: USDA Database entry

Energy 179 KJ (43 kcal)
Carbohydrates 8.95 g
Sugars 2.2 g
Dietary fiber 3.8 g
Protein 3.48 g
Fat 0.3 g

Vitamin A equiv 38 μg (5% DV)
β-Carotene 450 μg (4% DV)
Lutein zeaxanthin 1590 μg
Thiamine 0.139 mg (12% DV)
Riboflavin 0.09 mg (8% DV)
Niacin 0.745 mg (5% DV)
Pantothenic acid 0.309 mg (6% DV)
Folate 61 μg (15% DV)
Choline 19.1 mg (4% DV)
Vitamin C 85 mg (102% DV)
Vitamin E 0.88 mg (6% DV)
Vitamin K 177 μg (169% DV)
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Calcium 42 mg (4% DV)
Iron 1.4 mg (11% DV)
Magnesium 23 mg (6% DV)
Manganese 0.337 mg (16% DV)
Phosphorus 69 mg (10% DV)
Potassium 389 mg (8% DV)
Sodium 25 mg (2% DV)
Zinc 0.42 mg (4% DV)

9.3  Non-cruciferae Leafy Vegetables

9.3.1  Lettuce

9.3.1.1  Historical Notes
Lettuce is a leafy vegetable that is used for salads and, less frequently, for soup or 
grilled. Lettuce was first cultivated by the ancient Egyptians to produce oil from its 
seeds. From Egypt it spread to the Greeks and Romans, who gave it the name 
lactuca, referring to the white substance, now called latex, exuded by the cut stems. 
The lettuce was considered a sacred plant as it was thought to help the god “perform 
the sexual act untiringly”.

By 50 AD, multiple types were described, and lettuce together with several other 
herbals are often mentioned in medieval writings. The sixteenth through eighteenth 
centuries saw the development of many varieties in Europe and by the mid- 
eighteenth century cultivars were described that can still be found in gardens. 
Lettuce was first brought to the Americas from Europe by Christopher Columbus in 
the late fifteenth century.

At present, the most commonly used lettuce is the Romaine/Cos, but the Iceberg/
Crisphead, the Leaf or looseleaf and the Summercrisp are also very popular.

9.3.1.2  Nutrients and Phytochemicals
Depending on the variety, lettuce is an excellent source of vitamin K (97% of the 
Daily Value, DV) and vitamin A (21% DV) (see table), as it contains higher concen-
trations of the provitamin A beta-carotene, which is found in darker green lettuces, 
such as Romaine. With the exception of the iceberg variety, lettuce is also a good 
source (10–19% DV) of folate and iron (see Box).

Just as other leafy vegetables such as spinach/collard green, or roots like 
beetroots and carrots, lettuce is also very rich in nitrates. They account for 
80–85% of daily dietary nitrate exposure in the average population. Dietary 
inorganic nitrate has been shown to be an important source of nitric oxide (NO). 
The beneficial effects of dietary nitrate are thought to be mediated by its reduc-
tion to nitrite and then to nitric oxide (NO), a critical regulator of vascular 
homeostasis. Nitrate and nitrite have been demonstrated to have significant 
blood-pressure-lowering effects and underpin a cardioprotective effect of 
vegetables.

9.3 Non-cruciferae Leafy Vegetables

https://en.wikipedia.org/wiki/Variety_(botany)
https://en.wikipedia.org/wiki/Christopher_Columbus
https://en.wikipedia.org/wiki/Vitamin_K
https://en.wikipedia.org/wiki/Vitamin_A
https://en.wikipedia.org/wiki/Provitamin_A
https://en.wikipedia.org/wiki/Beta-carotene
https://en.wikipedia.org/wiki/Folate
https://en.wikipedia.org/wiki/Iron


188

The Mediterranean diet appears to provide greater nitrate supplementation than 
a regular Western diet. It has been reported [8] that a typical Mediterranean meal 
contains approximately 325 mg of combined nitrate/nitrite per serving, significantly 
(approximately tenfold) higher in comparison with a typical Western diet (only 
~20 mg/serving).

In peripheral resistance vessels, the dietary nitrate-derived nitrite is reduced to 
NO, the main function of which is to regulate the tone of vascular smooth muscle 
cells. The endothelium of blood vessels uses NO to signal relaxation in the sur-
rounding smooth muscle cells, thus resulting in vasodilation with increased blood 
flow and reduced arterial blood pressure (see Fig. 9.4, below).

Lettuce
Vitamin and mineral content per 100 g
Source: USDA Database entry

Energy 55 KJ (13 kcal)
Carbohydrates 2.23 g
Dietary fiber 1.1 g
Protein 1.35 g

Vitamin A 166 μg (21% DV)
β-Carotene 1987 μg (18% DV)
Lutein zeaxanthin 1223 μg
Thiamine 0.057 mg (5% DV)
Riboflavin 0.062 mg (5% DV)
Pantothenic acid 0.15 mg (3% DV)
Vitamin B6 0.082 mg (6% DV)
Folate 73 μg (18% DV)
Vitamin C 3.7 mg (4% DV)
Vitamin E 0.18 mg (1% DV)
Vitamin K 102 μg (97% DV)

Calcium 35 mg (4% DV)
Iron 1.24 mg (10% DV)
Magnesium 13 mg (4% DV)
Manganese 0.179 mg (9% DV)
Phosphorus 33 mg (5% DV)
Potassium 238 mg (5% DV)
Sodium 5 mg (0% DV)
Zinc 0.2 mg (2% DV)

DV = Daily Value

9.3.2  Spinach

9.3.2.1  Historical Notes
Spinach is thought to have originated in ancient Persia (modern Iran and neighboring 
countries). In AD 827 it would appear that the Saracens introduced spinach to Sicily.
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Spinach became a popular vegetable in the Arab Mediterranean and arrived in 
Spain by the latter part of the twelfth century. In the fourteenth century spinach 
appeared in England and France, probably via Spain, and quickly it gained popular-
ity because it grew in the early spring, when other vegetables were still scarce. 
Spinach was supposedly the favorite vegetable of Catherine de’ Medici. Dishes 
served on a bed of spinach are known as “Florentine,” reflecting Catherine’s birth in 
Florence.

9.3.2.2  Nutrients and Phytochemicals
Spinach has a high nutritional value, especially when fresh, frozen, steamed, or 
quickly boiled. It is a rich source (20% or more of the Daily Value, DV) of vitamin 
A, vitamin C, vitamin K, magnesium, manganese, iron, and folate (see Box). 
Spinach is also a good source (10–19% of DV) of the B2 vitamins riboflavin and 
vitamin B6, vitamin E, calcium, potassium, and dietary fiber.

Iron: Spinach, along with other green, leafy vegetables, contains an appreciable 
amount of iron attaining 21% of the Daily Value in a 100-g amount of raw spinach. 
It also contains iron absorption-inhibiting substances, including high levels of oxa-
late, which can bind to the iron to form ferrous oxalate rendering much of the iron 
in spinach unusable by the body. In addition to preventing absorption and use, high 
levels of oxalates also remove iron from the body [9].

Calcium: Spinach has a moderate calcium content which can be affected by oxa-
lates, decreasing its absorption. The calcium in spinach is among the least bioavail-
able of food calcium sources [9, 10]. By way of comparison, the human body can 
absorb about half of the calcium present in broccoli, but only around 5% of the 
calcium in spinach.

Since 1931 the comics/cartoon character Popeye the Sailor Man has been por-
trayed as having a strong affinity for spinach, becoming physically stronger after 
consuming it. It is commonly thought that this portrayal was based on faulty cal-
culations of spinach’s iron content. According to this version, the German scien-
tist Emil von Wolff misplaced a decimal point in an 1870 measurement of spinach’s 
iron content, leading to an iron value ten times higher than it is in reality. This 
faulty measurement was not noticed until the 1930s and led to the popular mis-
conception that spinach is exceedingly high in iron content making the body 
stronger [11].

Spinach, Raw
Vitamin and mineral content per 100 g
Source: USDA Database entry

Energy 97 KJ (23 kcal)
Carbohydrates 3.6 g
Dietary fiber 2.2 g
Protein 2.9 g
Fat 0.6 g
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Vitamin A equiv 469 μg (59% DV)
β-Carotene 5626 μg (52% DV)
Lutein zeaxanthin 12,198 μg
Vitamin A 9377 IU
Thiamine 0.078 mg (7% DV)
Riboflavin 0.189 mg (16% DV)
Niacin 0.724 mg (5% DV)
Folate 194 μg (49% DV)
Vitamin C 28 mg (34% DV)
Vitamin E 2 mg (13% DV)
Vitamin K 483 μg (460% DV)

Calcium 99 mg (10% DV)
Iron 2.71 mg (21% DV)
Magnesium 79 mg (22% DV)
Manganese 0.897 mg (43% DV)
Potassium 558 mg (12% DV)
Sodium 79 mg (5% DV)
Zinc 0.53 mg (6% DV)

DV = Daily Value

9.4  Solanaceae

9.4.1  Bell Peppers

Bell peppers (also known as sweet peppers) belong to the nightshade (Solanaceae) 
family of plants, along with chili peppers, cayenne peppers, eggplant, tomatoes, and 
potatoes. Their scientific name is Capsicum annuum. These delicious vegetables 
come in a wide variety of colors, including yellow, orange, red, purple, brown, and 
black. Bell peppers can be eaten at any stage of development. Recent research has 
nevertheless shown that the vitamin C and carotenoid content of bell peppers tends 
to increase while the pepper is reaching its optimal ripeness. Bell peppers are also 
typically more flavorful when optimally ripe.

9.4.1.1  Historical Notes
Native to Mexico, bell peppers have been cultivated for more than 9000 years, with 
the earliest cultivation appearing in South and Central America. Pepper seeds were 
imported to Spain in 1493 by the crew of Cristoforo Colombo, and from there 
spread to other European, African, and Asian countries. The name “pepper” was 
given to this food by European colonizers of North America who first came across 
it in the 1500–1600s. For these historical reasons, peppers and the other Solanaceae 
(tomatoes, potatoes) are not ancient historical components of  the Mediterranean 
diet but made their entrance after their arrival from the “New World,” becoming a 
fixed component of the Mediterranean dietary style towards the end of the nine-
teenth century.
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9.4.1.2  Nutrients and Phytochemicals
Bell peppers are a good source of antioxidant and anti-inflammatory phytonu-
trients, which include flavonoids (luteolin, quercetin, hesperidin) and hydroxy-
cinnamic acids (especially ferulic and cinnamic acids). But the hallmark 
phytonutrient group found in bell peppers is the carotenoid family, with more 
than 30 different carotenoids being provided by this vegetable. Alpha-carotene, 
beta-carotene, cryptoxanthin, lutein, and zeaxanthin are other carotenoids con-
tained in the vegetable. Bell peppers are an excellent source of vitamin A (in 
the form of carotenoids), vitamin C, and vitamin B6. They are also a very good 
source of folate, molybdenum, vitamin E, dietary fiber, vitamin B2, pantothenic 
acid, niacin, and potassium. Additionally, they are a good source of vitamin K, 
manganese, vitamin B1, phosphorus, and magnesium. Capsicum peppers 
(spicy) are rich sources of antioxidants and vitamin C. The level of carotene, 
like lycopene, is nine times higher in red peppers which have twice the vitamin 
C content of green peppers. Red and green bell peppers are high in para-cou-
maric acid.

Bell Pepper, Raw
Vitamin and mineral content per 100 g
Source: USDA Database entry

Energy 84 KJ (20 kcal)
Carbohydrates 4.64 g
Dietary fiber 1.8 g
Protein 0.86 g
Fat 0.17 g

Vitamin A equiv. 18 μg (2% DV)
β-Carotene 208 μg (2% DV)
Lutein zeaxanthin 341 μg
Thiamine 0.057 mg (5% DV)
Riboflavin 0.028 mg (2% DV)
Niacin 0.48 mg (3% DV)
Vitamin B6 0.224 mg (17% DV)
Folate 10 μg (3% DV)
Vitamin C 80.4 mg (97% DV)
Vitamin E 0.37 mg (2% DV)
Vitamin K 7.4 μg (7% DV)

Calcium 10 mg (1% DV)
Iron 0.34 mg (3% DV)
Magnesium 10 mg (3% DV)
Manganese 0.122 mg (6% DV)
Potassium 175 mg (4% DV)
Sodium 3 mg (0% DV)
Zinc 0.13 mg (1% DV)

DV = Daily Value
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9.4.2  Tomatoes

The tomato is the edible, red fruit of Solanum lycopersicum, commonly known as 
the tomato plant, which belongs to the nightshade family Solanaceae, to which bell 
peppers and eggplant also belong.

9.4.2.1  Historical Notes
Originating in Mexico, the species can be traced back to the early Aztecs at approxi-
mately 700 A.D. It was not until about the sixteenth century that Europeans were 
introduced to this fruit when the early explorers set sail to discover new lands. 
Tomatoes spread throughout the world following the Spanish colonization of the 
Americas. Tomatoes were quickly accepted into the kitchens of south Europe, soon 
assuming a central role in the Mediterranean alimentary style (see Box).

The word “tomato” originated from the Aztec language, the Nahuatl, which 
called the fruit “tomati.” The word gave rise to the Spanish word “tomate,” upon 
which the English word tomato originates.

Although tomatoes were quickly accepted in the kitchens in southern Europe, 
they were not so readily welcomed to those in north Europe. In fact, most northern 
Europeans thought that the tomato was poisonous. In those times, well to do indi-
viduals used flatware made of pewter, which has a high-lead content. Foods high in 
acid, like tomatoes, caused the lead to leech out into the food, resulting to lead 
poisoning and death. Poor people, who ate from plates made of wood, did not have 
that problem, and hence did not develop an aversion to tomatoes. This is essentially 
the reason why tomatoes were only eaten by poor people, particularly in Italy, until 
the 1800s. At that time, a mass immigration from Europe to America took place 
leading to a blending of cultures. As many Italian-Americans ate tomatoes they took 
that custom with them when they immigrated. Moreover, the pizza was invented at 
that time (in Naples during the late 1880s) and, as anyone knows, there is no pizza 
without tomato sauce. The story goes that it was created by one restaurateur in 
Naples to celebrate the visit of Queen Margherita of Savoy, the first Italian monarch 
since Napoleon conquered Italy. The restaurateur made the pizza using three ingre-
dients that represented the colors of the new Italian flag: tomato sauce is the red 
ingredient, mozzarella cheese the white one, and the basil topping the green one. 
The Margherita Pizza was born, and is still today the most popular form of pizza.

9.4.2.2  Nutrients and Phytochemicals
A tomato is 95% water, contains 4% carbohydrates and less than 1% of fat and 
protein. In a 100 g serving, raw tomatoes supply 18 calories and are a moderate 
source of vitamin C (17% of the Daily Value). Tomatoes,  instead, are rich in 
lycopene.

Lycopene: A carotenoid, lycopene, is the pigment principally responsible for the 
characteristic deep-red color of ripe tomato fruits and tomato products. This carot-
enoid is also found in other red fruits and vegetables, such as red carrots, watermel-
ons, and papayas, although not in strawberries, or cherries. Although lycopene is 
chemically a carotene, it has no vitamin A activity. The many conjugated double 
bonds of lycopene make it potentially powerful antioxidant. It has been shown [12] 
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that lycopene has the strongest singlet oxygen-quenching capacity of several carot-
enoids, with alpha-carotene, beta-carotene, and lutein next in capacity. Investigators 
have been showing heightened interest in lycopene, as it has a large number of 
double bonds which make it the most potent scavenger of oxygen free radicals of all 
the carotenoids.

Studies have demonstrated that lycopene not only scavenge oxygen free radical 
species, for example, peroxyl radicals, but also interacts with reactive oxygen spe-
cies such as hydrogen peroxide and nitrogen dioxide and in this manner protects 
cells from oxidative damage. Interestingly lycopene has been found to be twice as 
efficient as beta-carotene in scavenging for nitrogen dioxide. Being an acrylic and 
extremely hydrophobic carotenoid, lycopene is insoluble in water, soluble in fats 
and better absorbed from the intestine when heated. In fact, studies have shown that 
lycopene from tomato products appears more readily in the circulation if the tomato 
has been heated and if a source of fat is included with the meal. It has been shown 
[13] that while plasma lycopene concentration increases only slightly after unheated 
tomato juice is ingested, the intake of heated tomato juice mixed with oil increases 
serum concentration significantly, with a 24–48 h peak after ingestion. This is due 
to the fact that lycopene, like other carotenoids, is found in tight protein–carotenoid 
complexes and crystalline aggregates in most foods leading to significant barriers to 
economic absorption. These tight bonds are dissociated by heating, which greatly 
improves its intestinal absorption and bioavailability.

Lycopene is known to have 13 conjugated double bonds arranged in a linear 
fashion (Fig. 9.2). It is the lack of a beta ionone ring that leaves lycopene free of 
provitamin A activity. The conjugated double bonds give lycopene and indeed all 
carotenoids the ability to isomerize and thus numerous combinations of cis and 
trans isomers are possible. The most thermodynamically stable configuration is the 
all-trans one and it is this isomer of lycopene that is most commonly found in raw 
foods. However, cooking or other types of food processing cause isomerization of 
lycopene leading to increased levels of cis-isomers. In biology, the absorption of 
light, exposure to energy (e.g., heat), or chemical reactions result in isomeric 
interconversion.

Tomatoes also contain a significant amount of beta-carotene, folate, potassium, 
and vitamin C, the last being three times higher than lycopene [14]. In the blood, the 

Skeletal formula of trans-lycopene

a

b

Lycopene powder

Fig. 9.2 (a) Chemical formula of trans-lycopene; (b) lycopene powder
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carotenoids, including beta-carotene and lycopene, are transported primarily in 
LDL, which place them in a prime position to protect LDL from oxidation [15]. 
Studies in smokers and nonsmokers have in fact suggested that lycopene intakes 
correlated closely with inhibition of LDL oxidation, and in this regard carotenoids 
may protect against diseases related to oxidative stress [16, 17].

Many studies have suggested that eating lycopene-rich foods or having high 
blood lycopene levels may be linked to reduced risks of cancer, heart disease, and 
age-related eye disorders. It must be remembered, however, that lycopene measure-
ments refer to the intake of tomatoes and not on the use of lycopene supplements. 
Since tomatoes also contain other nutrients, in particular beta-carotene, vitamin C, 
and potassium, the potential benefits of lycopene alone are still unclear.

Lycopene from tomatoes has been tested in human studies examining cardiovas-
cular diseases and prostate cancer. The studies have, however, produced contrasting 
results, and its beneficial effects on diseases remain unclear [18]. With regard to the 
effects of lycopene on prostate cancer, the FDA, in particular, rejected manufactur-
ers’ requests in 2005 to allow “qualified labeling” for lycopene and the reduction of 
various cancer risks, and stated: “A 2011 Cochrane review found insufficient evi-
dence for any effect lycopene might have on prostate symptoms, PSA levels or pros-
tate cancer” [19].

Red Tomato, Raw
Vitamin and mineral content per 100 g
Source: USDA Database entry

Energy 74 KJ (18 kcal)
Carbohydrates 3.9 g
Dietary fiber 1.2 g
Protein 0.9 g
Fat 0.2 g

Vitamin A equiv 42 μg (2% DV)
β-Carotene 449 μg (2% DV)
Lutein zeaxanthin 123 μg
Thiamine 0.037 mg (5% DV)
Niacin 0.594 mg (3% DV)
Vitamin B6 0.08 mg (17% DV)
Vitamin C 14 mg (97% DV)
Vitamin E 0.54 mg (2% DV)
Vitamin K 7.9 μg (7% DV)

Magnesium 11 mg (3% DV)
Manganese 0.114 mg (5% DV)
Potassium 237 mg (5% DV)
Phosphorus 24 mg (3% DV)
Lycopene 2573 μg
Water 94.5 g

DV = Daily Value

9 Vegetables



195

9.4.3  Eggplant (Aubergine)

Eggplant (aubergine in British English) is a species of nightshade widely used in 
cooking. The fruit contains numerous small, soft seeds, which, although edible, 
taste bitter because they contain nicotinoid alkaloids like the close relative, tobacco.

9.4.3.1  Historical Notes
Eggplant has been cultivated in southern and eastern Asia since prehistory. The 
numerous Arabic and North African names for it, and the fact that there are no 
ancient Greek and Roman names, indicate that it was introduced throughout the 
Mediterranean area by the Arabs in the early Middle Ages. There is no mention of 
aubergine in England until the sixteenth century. Because of the plant’s relationship 
with other nightshades, its fleshy fruit was at one time believed to be extremely 
poisonous. Given the presence of solanine, its flowers and leaves can in fact be poi-
sonous if they are consumed in large quantities.

9.4.3.2  Nutrients and Phytochemicals
Nutritionally, raw eggplant is low in fat, protein, dietary fiber, and carbohydrates 
(see Box). It also provides low amounts of essential nutrients; only manganese pro-
vides a moderate percentage (11%) of the Daily Value. One of the compounds in 
eggplant thought to be beneficial to human health is chlorogenic acid. Eggplant 
flesh turns brown because of the oxidation of chlorogenic acid, the most abundant 
phenolic compound in this fruit. Cooking at higher temperatures however can alter 
the amount of chlorogenic acid in eggplant to some degree. The purple of the egg-
plant skin is due to the presence of anthocyanin nasunin.

Eggplant, Raw
Vitamin and mineral content per 100 g
Source: USDA Database entry

Energy 104 KJ (25 kcal)
Carbohydrates 5.88 g
Dietary fiber 3 g
Protein 0.98 g
Fat 0.18 g

Thiamine 0.039 mg (3% DV)
Niacin 0.037 mg (3% DV)
Vitamin B6 0.084 mg (17% DV)
Vitamin C 2.2 mg (97% DV)
Vitamin E 0.3 mg (2% DV)
Vitamin K 3.5 μg (7% DV)
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Calcium 9 mg (1% DV)
Iron 0.23 mg (2% DV)
Magnesium 14 mg (4% DV)
Manganese 0.232 mg (11% DV)
Potassium 229 mg (5% DV)
Phosphorus 24 mg (3% DV)
Zinc 0.16 mg (2% DV)

DV = Daily Value

9.4.4  Potatoes

The potato is a starchy, tuberous crop from the perennial nightshade Solanum 
tuberosum.

9.4.4.1  Historical Notes
The potato is native to southern Peru and to northwestern Bolivia between 8000 and 
5000 BC. Following the Spanish conquest of the Inca Empire, the Spanish intro-
duced the potato to Europe in the second half of the sixteenth century. Subsequently, 
the potato was conveyed by European mariners to territories and ports throughout 
the world. The potato was slow to be adopted by distrustful European farmers, but 
soon enough it became an important food staple and field crop that played a major 
role in the population boom in Europe in the nineteenth century. Due to the limited 
genetic diversity of the crop, however, the potato was vulnerable to disease, and in 
1845, the late blight, caused by the water mold Phytophthora infestans, spread rap-
idly through the poorer communities of western Ireland, resulting in crop failures 
that led to the Great Irish Famine and the mass emigration of the Irish towards North 
America [20].

9.4.4.2  Nutrients and Phytochemicals
The potato contains vitamins and minerals, as well as numerous phytochemicals, 
such as carotenoids and natural phenols. Chlorogenic acid constitutes up to 90% of 
the potato tuber natural phenols. A medium-size 150 g (5.3 oz) potato with the skin 
provides 27 mg of vitamin C (45% of the Daily Value (DV), 620 mg of potassium 
(18% of DV), 0.2 mg vitamin B6 (10% of DV), and trace amounts of thiamin, ribo-
flavin, folate, niacin, magnesium, phosphorus, iron, and zinc.

The potato is best known for its carbohydrate content (approximately 26 g in a 
medium potato). The predominant form of this carbohydrate is starch. A small but 
significant amount of this starch is resistant to digestion by enzymes in the stomach 
and small intestines, and thus reaches the large intestine essentially intact. This 
resistant starch is considered to have similar physiological effects and health bene-
fits as fiber: in fact, it provides bulk, offers protection against colon cancer and 
improves glucose tolerance and insulin sensitivity.

The cooking method used can significantly affect the nutrient availability of the 
potato [21]. In fact, the amount of resistant starch in potatoes depends to a large 
extent on the preparation methods. Cooking and then cooling potatoes significantly 
increases resistant starch. For example, cooked potato starch contains about 7% 
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resistant starch, which increases to about 13% upon cooling [22]. Baking potatoes 
have more starch (20–22%) than boiling potatoes (16–18%).

Potatoes are often classified as high on the glycemic index (GI) and as a result 
are often excluded from the diets of diabetics and individuals attempting to follow 
a low-GI diet. But the GI of potatoes can vary considerably depending on the type 
of potato, the preparation methods (i.e., cooking method, whether it is eaten hot or 
cold, whether it is mashed or cubed or consumed whole), and with what it is con-
sumed (i.e., the addition of various high-fat or high-protein condiments).

Potato, Raw, with Skin
Vitamin and mineral content per 100 g
Source: USDA Database entry

Energy 321 KJ (77 kcal)
Carbohydrates 17.47 g
Starch 15.44 g
Dietary fiber 2.2 g
Protein 2 g
Fat 0.1 g

Thiamine 0.08 mg (7% DV)
Riboflavin 0.03 mg (3% DV)
Niacin 1.05 mg (7% DV)
Pantothenic acid 0.296 mg (6% DV)
Vitamin B6 0.295 mg (23% DV)
Folate 16 μg (4% DV)
Vitamin C 19.7 mg (24% DV)
Vitamin E 0.01 mg (0% DV)
Vitamin K 1.9 μg (2% DV)

Calcium 12 mg (1% DV)
Iron 0.78 mg (6% DV)
Magnesium 23 mg (6% DV)
Manganese 0.153 mg (7% DV)
Phosphorus 57 mg (8% DV)
Potassium 421 mg (9% DV)
Sodium 6 mg (0% DV)
Zinc 0.29 mg (3% DV)

DV = Daily Value

9.5  Vegetables and Elderly Persons

9.5.1  Inorganic Nitrates

Data from observational studies and secondary prevention trials have demonstrated 
that adherence to a Mediterranean-style diet primarily reduces the risk of cardiovas-
cular disease, in addition to cancer, Alzheimer’s disease, and Parkinson’s disease. 
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This risk reduction is generally linked to the impact of the components of the 
Mediterranean diet on the traditional risk factors of atherosclerosis [23–25] and on 
other risk factors such as markers of oxidation, inflammation, and endothelial dys-
function [23, 25–28].

Although the effect of the Mediterranean diet is generally attributed to the syner-
gistic interaction of its various constituents, numerous in vitro and in vivo studies 
have shown that single components of the Mediterranean diet may have a direct role 
in preventing numerous diseases. Among the Mediterranean diet’s constituents, the 
inorganic dietary nitrate contained in some vegetables has been shown to have a 
significant impact on artery wall-related functions, particularly blood pressure, clot-
ting activity, and endothelial functions.

Here below are some considerations on the role of inorganic dietary nitrate in 
some vegetables on blood pressure and endothelial functions.

9.5.1.1  Leafy Vegetables and Inorganic Nitrates (Fig. 9.3)
Epidemiological evidence suggests that consuming fruit and vegetables reduces the 
risk of cardiovascular disease. Although these benefits have been traditionally pos-
tulated to derive from antioxidant factors, several studies have proposed other non- 
antioxidant factors as alternative candidates.

One of the factors that has garnered much scientific and medical interest is inor-
ganic nitrate. Leafy vegetables are the richest source of inorganic nitrates and account 
for 80–85% of daily dietary nitrate exposure in the average population [29–32].

Dietary nitrate is thought to be a source of the biological messenger nitric oxide 
(NO), which is used by the endothelium to signal smooth muscle, triggering it to relax. 
This induces vasodilation, increases blood flow, and lowers blood pressure (BP).
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Fig. 9.3 The two-ways synthesis of nitric oxide (NO). NO production by eNOS in the vascular 
bed in physiologic conditions (top) and the alternative NO production by nitrate in tissues ( bottom). 
Source: Capurso C, Capurso A. Vasc Pharmacol 2014; 63: 118–126. 
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Scientific interest in vegetables has been reflected in numerous experimental and 
clinical studies which have shown that dietary nitrate supplementation at doses that 
are commonly found in vegetable-rich diets exerts beneficial effects on the cardio-
vascular system [33–39]. Data in the literature has nevertheless demonstrated that 
the contribution of fresh fruit to endogenous nitrate levels is almost negligible due 
to its very low content of inorganic nitrate [29, 30].

Interestingly, although endogenous nitrate and nitrite originate predominantly 
from the oxidation of endogenously produced NO in biological fluids, a significant 
portion of body nitrates originates from the diet, and particularly from plant foods, 
i.e., lettuce, spinach, and beetroot [40].

The beneficial effects of dietary nitrates are mediated at least in part by their 
reduction to NO, a critical regulator of vascular homeostasis in the body [33–39]. 
Current available data have shown that nitrate (NO3

−) undergoes reduction to nitrite 
(NO2

−) and then to NO through a nitrate-nitrite pathway which has been postulated 
to be an alternative pathway to the classical l-arginine-nitric oxide synthase (NOS) 
pathway for NO production in the body [41–44] (Fig. 9.3).

NO synthesis from the classical l-arginine-nitric oxide pathway involves l- 
arginine oxidation by three different isoforms of nitric oxide synthase (NOS) 
enzyme: endothelial (eNOS), neuronal (nNOS), and inducible (iNOS) nitric oxide 
synthase [45–47]. The three NOS isoforms exhibit different characteristics and pro-
duce NO at different rates.

The catalysis of l-arginine oxidation by eNOS requires availability of molecular 
oxygen and other cofactors, i.e., flavin mononucleotide, flavin adenine dinucleotide, 
nicotinamide adenine dinucleotide phosphate, and calmodulin [45]. However, 
unlike NO production from the eNOS whose activity is oxygen-dependent (mean-
ing that endothelial NO-driven processes decline with the depletion of normal oxy-
gen levels), NO production from the nitrate-nitrite-NO pathway increases with 
diminished oxygen [40, 41, 47–49]. In this context, NO generation from the nitrate- 
nitrite- NO pathway is viewed as an alternative source for NOS-dependent NO pro-
duction in the body, a sort of backup system to ensure NO-like bioactivity also in 
situations when the endogenous l-arginine/NO synthase pathway is dysfunctional 
[40, 41, 47–49]. Inorganic nitrite, therefore, appears to be a circulating storage pool 
of NO that selectively donates NO to hypoxic vascular beds [41], and dietary nitrate 
could be considered a large reservoir for NO production.

9.5.1.2  The Metabolic Fate of Dietary Nitrates (Fig. 9.4)
The dietary nitrate reduction to NO in the body involves its initial reduction to nitrite 
and then to NO [41–44]. After it is swallowed and absorbed through the stomach wall, 
about 25% of consumed nitrate (NO3

−) enters the enterosalivary circulation. The 
absorbed nitrate (NO3

−) is then concentrated tenfold in the salivary glands and reduced 
to nitrite (NO2

−) by bacterial nitrate reductase contained in facultative anaerobes pres-
ent on the dorsal surface of the tongue [43, 44]. The bacteria uses nitrate as an alterna-
tive electron acceptor to produce energy, thereby effectively reducing it to nitrite. In 
fact, the use of antibacterial mouthwash after dietary nitrate load has been reported to 
attenuate the expected rise in systemic nitrite levels [34]. Allopurinol-sensitive tissue 
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nitrate reductase enzymes, which reduce nitrate to nitrite, also seem to contribute to 
nitrate reduction to nitrite in the body, but the magnitude of this pathway is not clear 
[36]. Once the nitrite swallowed enters the stomach, it is partly converted to NO by 
local acidic conditions. Nitrite and NO then diffuse into portal circulation and NO is 
oxidized to nitrite, which in turn is transported in arterial circulation to resistance ves-
sels, where it lowers O2 tension and favors the reduction of nitrite to NO which causes 
vasodilation and thus lowers blood pressure.

Nitrite is reduced to NO by a variety of sources, including deoxyhemoglobin and 
xanthine oxidoreductase [41–44]. It is noteworthy that the conversion of nitrite to 
NO requires a reaction with a deoxygenated heme protein, suggesting a novel func-
tion of hemoglobin as a deoxygenation-dependent nitrite reductase [41]. 
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6. NO and nitrite
diffuse into portal
circulation.  NO
oxidized to nitrite   

7. Nitrite transported
in arterial circulation 

8. Nitrite is reduced
to NO in resistance
vessels causing
vasodilation and
lowering blood
pressure     

1

2 3

4

5

6
7 
8

Fig. 9.4 The pathway of dietary nitrate derived consuming leafy vegetables. After  it has been 
absorbed through the stomach wall [1, 2], ~25% of consumed nitrate enters the enterosalivary 
circulation and is concentrated tenfold in the salivary glands [3] where it is reduced to nitrite by 
bacterial nitrate reductase from facultative anaerobes present on the dorsal surface of the tongue 
[4]. Subsequently nitrite is swallowed and in the acidic environment of the stomach is reduced to 
nitric oxide (NO) [5] or re-enters the circulation as nitrite, then diffuses into portal circulation [6] 
providing a source of systematically available nitrite/NO. Nitrite is then transported through the 
arterial circulation to resistance vessels [7, 8], where a lower O2 tension favors the reduction of 
nitrite to NO, causing vasodilation and consequent blood pressure lowering. Source: Capurso C, 
Capurso A – Vasc Pharmacol 2014; 63: 118–126. 
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Interestingly, unlike NO production from the eNOS whose activity is oxygen- 
dependent, NO production from the nitrate-nitrite-NO pathway increases with 
diminished oxygen [41, 42].

NO influences vascular homeostasis in many ways [50–53]. NO enters vascular 
smooth muscle cells where it increases cyclic guanosine 3′,5′-monophosphate 
(cGMP) production, leading to smooth muscle relaxation (vasodilation). In addi-
tion, NO inhibits platelet aggregation and platelet adhesion to the endothelium. 
Moreover, NO suppresses the vascular smooth muscle cell proliferation, the adhe-
sion and migration of leukocytes/monocytes into the arterial wall, the activity of 
inflammatory factors, and the expression of certain adhesion molecules. Increased 
levels of superoxide anions have been implicated in the reduction of NO bioavail-
ability in the vasculature [54–56].

9.5.1.3  Dietary Nitrates and Blood Pressure
Human studies have shown that dietary nitrate has numerous effects on the cardio-
vascular system. These are the most important ones.

Larsen et  al. [37] showed that a 3-day dietary supplementation with sodium 
nitrate at a dose corresponding to the amount normally found in 150–250 g of a 
nitrate-rich vegetable such as spinach, beetroot, or lettuce did not change systolic 
blood pressure and pulse rate but significantly reduced diastolic blood pressure and 
mean arterial pressure. The authors agreed with the conclusions of other investiga-
tors [57, 58] that a diet rich in vegetables can reduce blood pressure.

Webb et al. [35] demonstrated that the ingestion of a dietary nitrate load (beet-
root juice 500 mL; mean nitrate concentration 45 mmol/L) in healthy volunteers 
significantly reduced systolic blood pressure by 10.4 ± 3 mmHg at 2.5 h after inges-
tion, an effect that correlated with peak increases in plasma nitrite concentrations. 
The peak differences in diastolic blood pressure, a drop of 8.1 ± 2.1 mmHg, was 
seen at 3 h after ingestion. The dietary nitrate load also prevented endothelial dys-
function induced by an acute ischemic insult in the forearm and significantly attenu-
ated the ex vivo platelet aggregation in response to collagen and ADP. The in vivo 
half-life of nitrite (~1.5 h) in these studies was much longer than the ex vivo half-life 
of 2 min, suggesting that nitrite is continuously produced from nitrate (which has a 
long half-life of ~ 8 h) via the enterosalivary circulation [35].

9.5.1.4  Conclusion
Dietary nitrate, contained in particular in green leafy vegetables and beetroot, 
appears to be a major contributor to vascular effects. Nitrite, the reduced form of 
nitrate, is an intrinsic signaling molecule, and its ability to form nitric oxide (NO) 
under hypoxic conditions has transformed this once inert anion into a critical mol-
ecule in maintaining NO and nitroso homeostasis throughout the entire physiologi-
cal oxygen gradient in vivo.

Nitrate and nitrite appear to play a significant role in blood-pressure-lowering effects 
of vegetable-rich diets, and underlie the cardioprotective effect of vegetables [59]. 
Interestingly, given that the blood pressure response to a high fruit and vegetable diet 
appears to be much greater in hypertensives with respect to normotensives [58], it can be 
hypothesized that the effect of dietary nitrate is heightened particularly in the former.
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9.5.2  Cruciferae

9.5.2.1  Cruciferae and Cancer: Biochemical and Experimental 
Studies

Over the past decades, research on the action of plant bioactive components has 
been focusing on their benefits on human health. One group of vegetables that has 
drawn a great deal of attention are those from the Brassicaceae family (Cruciferae). 
The benefits on human health associated to the consumption of cruciferous plants is 
explained, in part, by their rich composition in secondary metabolites, also called 
phytochemicals. From this point of view, cruciferous vegetables are unique in that 
they are a very rich source of sulfur-containing compounds known as glucosinolates 
that impart a pungent aroma and spicy (some say bitter) taste. The hydrolysis of 
glucosinolates by a class of plant enzymes called myrosinase results in the forma-
tion of bioactive glucosinolate hydrolysis products, such as isothiocyanates and 
indole-3-carbinol. The enzyme myrosinase is physically separated from glucosino-
lates in intact plant cells. When cruciferous vegetables are chopped or chewed, 
myrosinase comes into contact with glucosinolates and catalyzes their hydrolysis.

All glucosinolates have a common core structure that consists of a β-thioglucoside 
N-hydroxysulfate with a side chain R and a sulfur-linked β-D glucopyranoside moi-
ety that derives from different types of amino acid precursors. To date, more than 
120 individual glucosinolates have been isolated from the species of the Brassicaceae 
family and allied ones [60]. When cell damage takes place, glucosinolates undergo 
hydrolysis by myrosinase to yield glucose, sulfate, and aglucones that can undergo 
fragmentation and/or molecular rearrangement. This process will yield isothiocya-
nates (ITCs), thiocyanates, and other products, depending on the specific glucosino-
late substrate, myrosinase isozyme, reaction pH, and the presence of certain ions. 
Notably, nearly all of the protective activities of glucosinolates, including those 
against cancer, can be attributed to their hydrolytic products, of which the ITCs are 
prominent examples [61–63]. For this reason they have an increased value since 
they are both therapeutic compounds to be used in medicine and food supplements 
for the human diet [64].

It had been reported [65] that the risk of cancer is increased in individuals who 
consume small quantities of Brussels sprouts and broccoli, and decreased in those 
who eat a lot of these vegetables. These findings are moreover consistent with the 
lower number of tumors in animals challenged with carcinogens and fed compounds 
found in the same vegetables. It is now known that this protection is not organ- 
specific and it has been seen in the lung, esophagus, stomach, colon, breast, bladder, 
pancreas, and prostate [66]. Likewise, this protective effect is attributed to subtoxic 
concentrations of glucosinolate degradation products. It has been reported [67] that 
3–5 servings of broccoli or cauliflower per week could be cancer-preventive, 
although the effective therapeutic concentration has not yet been determined by 
clinical studies.

Recently, ITCs have gained attention as they are responsible for the cancer che-
mopreventive properties attributed to cruciferous crops [68]. Thus, the anticarcino-
genic effects of phenethyl isothiocyanate (PEITC) have become the object of study 
of several clinical trials. In general, ITCs and glucosinolate hydrolysis products 
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could help prevent cancer by enhancing the elimination of carcinogens before they 
can damage DNA, or by altering cell-signaling pathways in ways that help prevent 
normal cells from being transformed into cancerous cell.

Attempts to understand the mechanisms of action of ITCs were initiated in paral-
lel with studies demonstrating their protective effects in animal models of carcino-
genesis. It is now recognized that these mechanisms are multiple, meaning that 
carcinogenesis could be inhibited both at an early and a late state. These mecha-
nisms include at least the following: alterations of carcinogen metabolism due to 
changes in the activities of drug-metabolizing enzymes; induction of cell cycle 
arrest and apoptosis; inhibition of angiogenesis and metastasis; changes in histone 
acetylation status; and oxidant activities [69].

Another growing area of interest regarding the cancer chemopreventive role of 
glucosinolate breakdown products concerns epigenetics. Different epigenetic 
changes, such as aberrant DNA methylation, histone modifications, and microRNA 
profiles, can induce altered gene expression and functional changes, such as tumor 
suppressor genes silencing and/or activation of oncogenes [70], taking on an impor-
tant role in carcinogenesis [71–76] (see also the previous Chap. 7). DNA hypometh-
ylation can facilitate genome instability and thus an enhanced expression of 
oncogenes, whereas DNA hypermethylation can silence tumor suppressor genes, 
transcription factors, and genes involved in the regulation of the cell cycle and apop-
tosis [76]. DNA methyltransferases (DNAMTs) are involved in DNA methylation 
patterns [77] and are overexpressed in many cancers, such as PCa [78], lung cancer 
[79], leukemia [80], pancreatic cancer [81], or gastric cancer [82]. Histone mole-
cules contribute to genome stability and gene transcription [83], and some transcrip-
tional modifications (acetylation, deacetylation, methylation, phosphorylation, and 
ubiquitination) can alter them [84] with implications for cancer development [73, 
74, 85, 86].

Since epigenetic deregulation that appears at the onset and development of can-
cer is potentially reversible, many authors have proposed epigenetic intervention 
strategies for cancer prevention and treatment [71].

Cruciferous vegetables have demonstrated properties against cancer [87] that 
could be attributed, at least in part, to ITC compounds found in these plants. ITCs 
may be regulators of DNAMTs, miRNAs, and inhibitors of histone deacetylases 
(HDACs) [87], affecting the uncontrolled cellular proliferation and the viability of 
various types of cancer cells such as breast [88, 89], leukemic [90], pancreatic [91], 
colon [92], or skin [93–95].

Prostate cancer has attracted particular interest since it is a clinically heteroge-
neous disease (indolent, localized or invasive and metastatic) with multiple mech-
anisms and signaling pathways involved in its genesis and evolution that could 
develop resistance to conventional treatment. In vitro studies performed with 
prostate cancer cells [76, 96] have provided evidence that ITCs may act as epigen-
etic modulators, thus having consequences on the initiation and progression of 
carcinogenesis [76, 96, 97]. In fact, ITCs seem to be able to activate cell cycle 
arrest, apoptosis, and autophagy. ITCs also seem to exhibit activity against metas-
tasis and angiogenesis, acting on epigenetic mechanisms and different signaling 
pathways.
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Sulforaphane (SFN) has been also found to modulate epigenetic mechanisms 
such as DNAMT expression and DNA methylation in both normal and cancerous 
(androgen-dependent and androgen-independent) prostate cells [76, 88, 98, 99]. 
These effects of SFN on DNA methylation can lead to the re-expression of some 
tumor suppressor genes that had been silenced in cancer cells. Likewise, SFN can 
also inhibit histone deacetylase (HDAC) activities upregulated in cancer [100, 101]. 
In particular, SFN can inactivate the HDAC6, influencing the acetylation state of the 
heat shock protein 90 (HSP90) (a key androgen receptor (AR) chaperone) attenuat-
ing AR signaling [101], and finally androgen-dependent prostate cancer cell growth.

These data, and other findings from in vitro and in vivo studies on ITCs encour-
age investigators to continue to search for innovative approaches to chemopreven-
tion and the treatment of prostate cancer and other types of cancer.

9.5.2.2  Cruciferae and Cancer: Studies in Humans
Beyond the numerous studies in vitro on glucosinolate hydrolysis products, many 
studies have been carried out on humans to evaluate the real benefits of Cruciferae 
in preventing human diseases, mostly cancer. An extensive review of case–control 
studies published prior to 1996 found an inverse association between some type of 
cruciferous vegetable intake and cancer risk [102]. The inverse association appeared 
to be most consistent for cancers of the lung and digestive tract. It should be remem-
bered, however, that the results of retrospective case–control studies are prone to be 
distorted by bias in the selection of participants (cases and controls) and in dietary 
recall with respect to prospective cohort studies, which collect dietary information 
from participants before they are diagnosed with cancer [103].

Lung Cancer: A number of case–control studies found that individuals diag-
nosed with lung cancer had significantly lower intakes of cruciferous vegetables 
than persons in cancer-free control groups [102]. Prospective studies of Dutch men 
and women [104], American women [105], and Finnish men [106] found that higher 
intakes of cruciferous vegetables (more than 3 weekly servings) were associated 
with significant reductions in lung cancer risk, but prospective studies of American 
men [105] and European men and women [107] did not find any inverse association. 
These results suggest that genetic factors affecting the metabolism of glucosinolate 
hydrolysis products may influence the effects of cruciferous vegetable consumption 
on lung cancer risk.

Colorectal cancer: Although a number of case–control studies conducted prior 
to 1990 found that persons diagnosed with colorectal cancer were more likely to 
have lower intakes of various cruciferous vegetables than individuals without 
colorectal cancer [65, 108–110], several prospective cohort studies have not found 
significant inverse associations between cruciferous vegetable intake and the risk of 
developing colorectal cancer over time [111–116]. One exception was a prospective 
study examining Dutch adults, which found that the men and women with the high-
est intakes of cruciferous vegetables (averaging 58 g/day) were significantly less 
likely to develop colon cancer than those with the lowest intakes (averaging 11  g/
day) [117]. The results of several recent epidemiological studies suggest that the 
protective effects of cruciferous vegetable consumption may be influenced by 
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inherited differences in the capacity of individuals to metabolize and eliminate glu-
cosinolate hydrolysis products.

Breast Cancer: The results of numerous epidemiological studies of cruciferous 
vegetable intake and breast cancer risk have been found to be inconsistent. A pro-
spective study on 285,526 women found that total vegetable consumption was not 
related to risk of breast cancer; individual subcategories of vegetable type, including 
cabbages, root vegetables, and leafy vegetables, were not individually associated 
with breast cancer in this cohort [118].

Prostate Cancer: A prospective study with the longest follow-up period and the 
largest number of cases of prostate cancer found a significant inverse association 
between cruciferous vegetable intake and the risk of prostate cancer when the analy-
sis was limited to men who had a prostate specific antigen (PSA) test [119]. Since 
men who undergo PSA screening are more likely to be diagnosed with prostate 
cancer, limiting the analysis in this way is one way to reduce detection bias [120]. 
Additionally, quite recent prospective study found that the intake of cruciferous 
vegetables was inversely associated with metastatic prostate cancer that has spread 
beyond the prostate [67].

The Influence of Genetics: There is evidence that genetic differences in humans 
may influence the effects of cruciferous vegetable intake on cancer risk. Glutathione 
S-transferases (GSTs) are a family of enzymes that metabolize isothiocyanates in a 
way that promotes their elimination from the body. Genetic polymorphisms may 
affect the activity of GST enzymes. Null variants of the GSTM1 and GSTT1 genes 
contain large deletions, and individuals who inherit two copies of the GSTM1-null 
or GSTT1-null gene cannot produce the corresponding GST enzyme [121]. Lower 
GST activity in these individuals results in slower elimination and longer exposure 
to isothiocyanates after cruciferous vegetable consumption [122]. In support of this 
idea, several epidemiological studies have found that inverse associations between 
isothiocyanate intake from cruciferous vegetables and risk of lung cancer [123–125] 
or colon cancer [126–128] were more pronounced in GSTM1-null and/or GSTT1- 
null individuals. These findings suggest that the protective effects of high intakes of 
cruciferous vegetables may be enhanced in individuals who more slowly eliminate 
potentially protective compounds such as isothiocyanates.

Carotenoids and Cancer
Carotenoids are the pigments that give fruits and vegetables their vibrant orange, 
yellow, red, and green colors. They all act as antioxidants with strong cancer- 
fighting properties. Antioxidants protect cells from free radicals, substances that 
work to destroy cell membranes and DNA. Carotenoids such as lycopene, alpha- 
carotene, and beta-carotene, have been shown to lead to a reduction in the risk of 
cancer, particularly breast and prostate tumors [129].

Breast Cancer: In a meta-analysis [130] of eight cohort studies, examining more 
than 80% of the world’s published data on carotenoids and breast cancer, including 
3055 case subjects and 1956 matched control subjects, found a statistically signifi-
cant inverse association with breast cancer. The relative risk (RR) was: 0.87 for 
alpha-carotene, 0.83 for beta-carotene, 0.84 for lutein-zeaxanthin, 0.78 for 
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lycopene, and 0.81 for total carotenoids. Beta-cryptoxanthin was not statistically 
associated with risk. For several carotenoids, associations appeared stronger for 
estrogen receptor negative (ER−) than for ER+ tumors.

According to this comprehensive prospective analysis women with higher circu-
lating levels of alpha-carotene, beta-carotene, lutein+zeaxanthin, lycopene, and 
total carotenoids seem to be at reduced risk of breast cancer.

Prostate Cancer: The numerous studies that have investigated the association of 
lycopene intake with prostate cancer have produced contrasting results.

The Health Professional Follow-up Study [131] prospective cohort study assessed 
the dietary intakes over a 1-year period of a cohort of 47,894 eligible subjects ini-
tially free of diagnosed cancer. Between 1986 and 1992, 812 new cases of prostate 
cancer, including 773 non-stage A1 cases, were diagnosed. Intakes of the carot-
enoids beta-carotene, alpha-carotene, lutein, and beta-cryptoxanthin were not asso-
ciated with the risk of non-stage A1 prostate cancer; only lycopene intake was 
related to lower risk (age- and energy-adjusted RR = 0.79; 95% confidence interval 
[CI] = 0.64–0.99 for high versus low quintile of intake. Of 46 vegetables and fruits 
or related products, four were significantly associated with lower prostate cancer 
risk: tomatoes, tomato sauce, tomato juice, and pizza. The combined intake of toma-
toes, tomato sauce, tomato juice, and pizza (which accounted for 82% of lycopene 
intake) was inversely associated with the risk of prostate cancer (multivariate 
RR = 0.65; 95% CI = 0.44–0.95), for a consumption frequency greater than 10 ver-
sus less than 1.5 servings/week, and risk of advanced (stages C and D) prostate 
cancers (multivariate RR = 0.47; 95% CI = 0.22–1.00; P for trend = 0.03). These 
results suggest that  the intake of lycopene or other compounds in tomatoes may 
reduce prostate cancer risk. The authors of the study concluded that “these findings 
support recommendations to increase vegetable and fruit consumption to reduce 
cancer incidence but suggest that tomato-based foods may be especially beneficial 
regarding prostate cancer risk” [131].

It is important to note that this study is one of some 17 that has examined dietary 
carotenoid intake and the risk of prostate cancer, and while two have found protec-
tive effects for beta-carotene, only one [131] has shown an effect related to lyco-
pene. Moreover, of the seven studies that specifically examined whether dietary 
tomato products can reduce the risk of prostate cancer, only three found this to be 
the case [131–133]. Another study was inconclusive from a statistical point of view 
but with a trend supporting that hypothesis [134] and three found no association at 
all [135–137].

In conclusion, studies on the beneficial effects of lycopene on prostate cancer 
have produced contrasting results, although several have shown a clear antiprostate 
cancer activity, as in the case of the prospective, single blind, placebo controlled, 
randomized study by the Karmanos Cancer Institute of Detroit [138]. In this study, 
15 out of 26 men scheduled for radical prostatectomy for organ confined malig-
nancy were given lycopene supplements (15 mg twice a day for 3 weeks preopera-
tively). Serial measurements confirmed a 22% increase in plasma and tissue 
lycopene levels and a statistically significant fall in prostate specific antigen (PSA) 
over the 3 week periods in those taking lycopene. The patients in the supplement 
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arm were also found to have smaller volume tumors and surgical margins were less 
likely to be positive. Furthermore, analysis of the excised tissue showed that the 
biomarkers of cellular proliferation decreased; at the same time, biomarkers of cel-
lular differentiation, including connexin 43, and apoptosis increased in the interven-
tion arm. The trial was clearly too small to permit any real conclusions to be drawn, 
but it nevertheless increases our propensity to believe in lycopene’s antiprostate 
cancer activity.

On the basis of these results, it seems reasonable to recommend to the general 
population to consume 1 serving/day or 5 servings/week of tomato products as part 
of an overall healthy dietary pattern that can reduce the risks of prostate cancer, 
other malignancies, and probably also chronic diseases. This recommendation is 
consistent with current dietary guidelines which encourage all individuals to 
increase their fruit and vegetable consumption to lower the risk of heart disease and 
many types of cancer. It should be remembered that nutritional prevention of pros-
tate cancer is very different from the use of dietary or nutritional treatments for 
established prostate cancer. The use of lycopene and other extracts for the treatment 
of prostate cancer is a separate issue that warrants further investigation.

9.5.3  Vegetables and Chronic Diseases

Although vegetables and fruit are extremely important in human nutrition as sources 
of nutrients and nonnutritive food constituents as well as to reduce in disease risks, 
there are still uncertainties regarding their relevance for the prevention of some 
chronic diseases. In order to evaluate the level of validity of studies regarding the 
impact of fruit and vegetables on numerous chronic pathological conditions, a 
working group within the German Nutrition Society (DGE) was established in 2006 
to evaluate the evidence on the role of vegetables and fruit in preventing certain 
chronic diseases. A comprehensive analysis of the studies available in the literature 
was made, and the strength of the evidence for a risk association was judged by 
using criteria defined in advance. The evaluation of the evidence was published in 
2007 in German as a DGE-statement [139].

9.5.3.1  Obesity
With reference to the impact of vegetables on body weight, most studies have been 
conducted examining an association with vegetables and fresh fruit. We must thus 
refer to the impact of both vegetables and fruit on obesity and weight loss.

The prevalence of pre-obesity and obesity has been rising in recent decades in 
European countries. For example, according to the EPIC–DIOGENES study, the 
prevalence of obesity in 60- to 65-year-olds increased during an 8.6 years follow-up 
from 21.5 to 27.8%. This cohort study reported that in the current generation of 
elderly people, once overweight was developed it persisted into old age [140]. 
Overweight or obesity occurs disproportionately often in individuals who have 
unfavorable socioeconomic indicators regarding education, income, and profes-
sional position [141]. Data from 196,373 adults living in 52 countries who mainly 
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belonged to the low and middle income families interviewed by the World Health 
Survey (2002–2003) (24-h recall) showed that about 78% of the men and women 
consumed <5 portions of vegetables and fruit daily as recommended by the World 
Health Organization (WHO) (according to the WHO: 400 g/day) [142].

Overweight occurs if energy intake is higher than energy expenditure. Compared 
with many other foods, the volume of vegetables and fruit in relation to energy con-
tent is larger. Due to the favorable volume to energy ratio of vegetables and fruit, 
satiety signals can emerge without consuming a large amount of energy. The extent 
to which individual constituents of vegetables and fruit, such as dietary fiber, are 
involved in regulating hunger and saturation and hence body weight is unknown. 
Recommendations to eat more vegetables and fruit to stabilize weight can lead to 
wide differences in weight reduction including substantial weight loss. This weight 
loss had been generally linked to reduced energy density [143]. The majority of 
studies have shown that an increase in vegetable and fruit consumption might be a 
suitable measure to facilitate initial weight loss and subsequent weight stability 
[144]. In this context, it also seems important to address energy reduction.

Extended analysis of prospective and intervention studies [145] leads to the fol-
lowing conclusions: (1) there is possible evidence that an increase in the consump-
tion of vegetables and fruit can contribute to weight stability (i.e., no weight increase 
occurs); (2) there is also probable evidence that an increase in vegetable and fruit 
consumption alone does not result in weight loss; (3) there is probable evidence that 
an increase in the consumption of vegetables and fruit leads to weight reduction, if 
this replaces foods rich in fat or energy.

9.5.3.2  Type 2 Diabetes Mellitus
Type 2 diabetes mellitus is one of the most common and most expensive chronic 
diseases. According to the International Diabetes Federation [146], the diabetes 
prevalence in 20- to 79-year-olds is 6.4% for women with large regional differences 
(e.g., 3.8% in Africa, 6.9% in Europe, and 10.2% in North America). Due to aging 
of populations, this prevalence is expected to increase to 7.7% by the year 2030 with 
an expected 237 million affected individuals.

Type 2 diabetes mellitus develops due to a complex interaction between genetic 
predisposition and lifestyle. Particularly important among the lifestyle factors that 
promote or accelerate the manifestation of type 2 diabetes mellitus are unhealthy 
nutritional habits and a lack of physical activity [147]. However, the most important 
risk factor for the development of type 2 diabetes mellitus is visceral/abdominal 
obesity, which also is the result of unfavorable lifestyle habits including overeating 
and a lack of physical activity.

Two meta-analysis have recently summarized the results of several prospective 
cohort studies examining whether consumption of vegetables and fruit is associated 
with the risk of type 2 diabetes mellitus.

The first meta-analysis [148] including a total of 5 cohort studies did not find any 
relation between fruit and/or vegetables consumption and the risk of diabetes. 
Individuals who consumed at least 5 portions of vegetables and fruit per day had a 
relative risk (RR) of 0.96 (95% CI 0.79–1.17) with respect to persons with low 
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consumption (lowest quintile or non-consumers; 3 cohort studies). There was also 
no association (RR regarding >3 vs. <3 portions/day: fruit consumption: 1.01; 95% 
CI 0.88–1.15; vegetable consumption: 0.97; 95% CI 0.86–1.10) when vegetables 
and fruit were analyzed separately.

A second meta-analysis [149] also showed that there was no risk relation to risk 
regarding the total intake of vegetables and fruit: the RR for the comparison of the 
highest with the lowest category of consumption was 1.00 (95% CI 0.92–1.09). Nor 
was the consumption of either fruit (RR 0.93; 95% CI 0.83–1.01) or vegetables 
alone (RR 0.91; 95% CI 0.76–1.09) associated with any risk. The risk of diabetes 
was, however, significantly reduced in persons who consumed relatively large 
amounts of green leafy vegetables.

Other prospective studies did not find a significant correlation between the over-
all consumption of vegetables and fruit and risk of diabetes. Only the EPIC Norfolk 
Study [150] found a significant risk reduction with increased fruit consumption (RR 
for the comparison of highest and lowest quintile: 0.70; 95% CI 0.54–0.90).

In summary, most studies and meta-analyses report that there is no association 
between the consumption of vegetables and fruit and the risk of diabetes, meaning 
that the risk of developing type 2 diabetes mellitus is probably not influenced by the 
consumption of vegetables and fruit. Vegetables and fruit nevertheless indirectly 
influence the prevention of type 2 diabetes mellitus, as their consumption may lower 
the risk of weight gain in adults.

9.5.3.3  Hypertension
Hypertension is one of the most relevant public health issues facing society, with a 
global prevalence of 26% in the adult population in 2000. Due to the increased risks 
of stroke and CHD [151], and also of renal cancer [152] associated with hyperten-
sion, lifelong medication is usually required. Even a slight reduction in the mean 
blood pressure of the population seems to reduce the incidence of cardiovascular 
diseases [153, 154]. The American Heart, Lung and Blood Institute stated in 2003 
that measures to prevent hypertension are based on a health-promoting lifestyle 
which, in addition to weight reduction (whenever overweight is present), 
include adherence to the DASH diet, reduction of sodium and alcohol intake and an 
increase of physical activity [155]. The ESH–ESC Task Force on the Management 
of Arterial Hypertension [156] of the European Society of Hypertension considers 
an increase in the consumption of vegetables and fruit as one of the lifestyle mea-
sures that can lower blood pressure in individuals with only a few risk factors for 
cardiovascular diseases and slightly increased blood pressure.

Vegetarians often show a lower blood pressure with respect to that in general 
population, and individuals who change from a normal to a vegetarian one often 
show a reduction in blood pressure [157]. According to cohort studies, there 
were either inverse relations between the consumption of vegetables and fruit 
and new cases of hypertension [158, 159] or inverse relations with one of the 
two food groups considered here or with a dietary pattern including vegetables 
and fruit [160, 161]. In the cross-sectional and in the longitudinal analysis car-
ried out by the SU.VI.MAX Study, an inverse relation was observed between 
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vegetable and fruit consumption and blood pressure [162]. The Nurses’ Health 
Study (NHS) I and II and the Health Professionals Follow-up Study (HPFS) 
which examined flavonoid intake using an updated nutrient database from 2010 
uncovered a risk reduction in hypertension with increasing intakes of anthocya-
nins [163].

The DASH diet, which is based on NIH studies, incorporates more fruits and 
vegetables. The Dietary Approaches to Stop Hypertension (DASH) study was 
designed as a randomized 8-week intervention in which 459 hypertensive patients 
were enrolled and divided into groups. One group was instructed to eat a diet rich in 
vegetables and fruit, and the other group was given the same instructions with addi-
tional information on a diet low in fat and high in dietary fiber. Although lower 
blood pressure was found in both groups at the end of the trial, the blood-pressure- 
lowering effect was more pronounced in the group receiving more information with 
respect to the group that was only instructed to eat a diet rich in vegetables and fruit 
[58].

A 6-month intervention study examining 690 English subjects between the age 
of 25 and 64 confirmed the results of the DASH study [164]. It found in fact an 
increase in the consumption of vegetables and fruit to at least 5 portions/day was 
accompanied by lower blood pressure. Furthermore, the study showed that an 
increase in vegetable and fruit consumption neither lowered the blood cholesterol 
concentration nor led to weight loss, but it did keep weight stable.

The biochemical mechanisms by which fruit and vegetables reduce blood pres-
sure are not completely known. However, nitrates, contained in leafy vegetable, 
have been demonstrated to significantly reduce blood pressure, particularly in 
hypertensives [35]. The effects of leafy vegetable nitrates on hypertension have 
been described previously, in another Sect. 9.5.1.3 of this chapter.

9.5.3.4  Coronary Heart Disease
Coronary heart disease (CHD) is still the single largest cause of premature death in 
the world. Ischemic heart disease has been estimated to account for 12% of all 
deaths worldwide in 2004. CHD is also a major cause of disease burden in terms of 
disability-adjusted life years lost (DALY), accounting for 63 million DALYs world-
wide in 2004 [165].

In addition to age and gender, modifiable risk factors are important, especially 
lifestyle factors like smoking and a lack of physical activity and the medical diag-
noses of hypertension, diabetes mellitus, obesity, and dyslipoproteinemia [166]. As 
far as these factors are concerned, the 4 medical diagnoses listed here are clearly 
nutrition-related and can be influenced by changes in diet.

Two recent meta-analyses examined the results of several cohort studies that 
investigated if the consumption of vegetables and fruit was associated with the risk 
of CHD.

In one meta-analysis [167], which examined 9 cohort studies, the risk of CHD 
was reduced by 4% (RR 0.96; 95% CI 0.93–0.99) per portion of vegetables and fruit 
and by 7% (RR 0.93; 95% CI 0.89–0.96) per portion of fruit daily. For vegetables, 
the inverse relation regarding the risk of CHD was stronger for the overall 
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cardiovascular mortality (RR per portion 0.74; 95% CI 0.75–0.84) than for fatal or 
nonfatal myocardial infarction (RR 0.95; 95% CI 0.92–0.99). A linear dose-response 
relation was found between mortality and consumption of fruit as well as the total 
intake of vegetables and fruit.

Another meta-analysis [168] examining 13 cohorts studies found that persons 
who consumed 3–5 portions of vegetables and fruit per day (RR 0.93; 95% CI 
0.86–1.00) or who consumed >5 portions/day (RR 0.83; 95% CI 0.77–0.89) had a 
lower risk of CHD than individuals who consumed <3 portions. Further analysis 
revealed a significant inverse relation with the risk of CHD for both fruit and 
vegetables.

A higher vegetable and fruit intake was inversely associated with the risk of 
CHD according to the EPIC-Heart Study [169] and the Morgen Study [170]. The 
Italian arm of the EPIC Study found no association for vegetables and fruit together, 
but for leafy vegetables [171].

These data also reflect the opinion of the WHO [172] and the current nutritional 
recommendations of the European Society of Cardiology [166] and the American 
Heart Association [173]; both recommend consuming vegetables and fruit to reduce 
the risk of CHD.

Several intervention studies have investigated intermediary clinical markers of 
the cardiovascular system, with regard to specific kinds of vegetables and fruit. 
These studies showed that the consumption of vegetables and fruit can improve the 
regulation of blood vessel dilation [174], prevent platelet aggregation [175–177], 
and reduce inflammation markers [178, 179].

On the basis of these studies, we can conclude that many cohort studies have 
shown a protective association between the consumption of vegetables and fruit and 
the risk of CHD. In addition, some intervention studies have demonstrated a benefi-
cial influence of vegetables and fruit on metabolic pathways that are associated with 
the risk of CHD. These data appear quite convincing.

9.5.3.5  Stroke
Stroke, which is one of the major causes of death in the world, also leads to a high 
number of disability-adjusted life years (DALYs), ranking sixth among the leading 
causes worldwide [165].

In addition to age and gender, modifiable risk factors are important, especially 
lifestyle factors such as smoking and lack of physical activity as well as postmeno-
pausal hormone replacement therapy, and the diagnoses of hypertension, diabetes 
mellitus, obesity, dyslipoproteinemia, CHD, arterial occlusion disease, extracranial 
stenoses or occlusion of arteries supplying the brain [180]. Most of these vascular 
and metabolic diseases are clearly nutrition-related and can be influenced by a 
change in nutrition.

According to a meta-analysis of 7 prospective cohort studies, the risk of stroke 
was reduced by 11% (RR 0.89; 95% CI 0.85–0.93) per portion of fruit per day, by 
5% (0.95; 95% CI 0.92–0.97) for vegetable and fruit, and by 3% (RR 0.97; 95% CI 
0.92.1.02) for vegetables [181]. This meta-analysis found a linear dose-response 
relation.
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Another meta-analysis [182] examined 9 prospective cohort studies. Compared 
to individuals with an intake of vegetables and fruit of <3 portions/day, subjects 
with 3–5 portions/day (RR 0.89; 95% CI 0.83–0.97) and with >5 portions/day (RR 
0.74; 95% CI 0.69–0.79) had a significantly lower risk of stroke.

Overall, the available data indicate a risk-reducing effect of vegetable and fruit 
consumption. This is also reflected in the opinion of the WHO [172] and current 
dietary recommendations of the European Society of Cardiology [166] and the 
American Heart Association [180].

These meta-analyses of cohort studies indicate that there is an inverse associa-
tion between the consumption of vegetables and fruit and the risk of stroke. It can 
be concluded that there is convincing evidence that a high intake of vegetables and 
fruit reduces the risk of stroke.

9.5.3.6  Cancer
In 2008, approximately 2,457,610 new cases of cancer were observed in the 
European Union. For the same year, cancer was recorded as the cause of 1,231,220 
deaths.

The occurrence of cancer as a whole increases with age and the pathogenesis 
often takes several decades. The disease is characterized by chromosomal changes 
that can be induced by different causes. In addition to age, the most important risk 
factors include tobacco smoking, consumption of alcohol, overweight, hormonal 
factors, physical inactivity, and excess food intake [183].

In a report of the World Cancer Research Fund (WCRF) experts published in 
1997, based upon data that was collected until the beginning of the 1990s, vegeta-
bles and fruit were rated among the most important cancer preventive factors with a 
calculated prevention potential of 23% and the strength of evidence was rated as 
convincing for many cancer sites [184].

In 2003, the cancer preventive potential of vegetables and fruits was re-examined 
by an expert panel of the International Agency for the Research on Cancer,  that 
analyzed the data of prospective cohort studies [185]. The analysis led to the con-
clusion that there was probable evidence for a protective effect of vegetables regard-
ing cancer of the esophagus and colon and rectum, and possible evidence regarding 
cancer of the oral cavity, pharynx, stomach, larynx, lung, ovary, and kidney. There 
was probable evidence for a protective effect of fruit regarding cancer of the esoph-
agus, stomach, and lung and possible evidence for a protective effect regarding 
cancer of the oral cavity, pharynx, colon, rectum, larynx, kidney, and bladder.

Quite recently the EPIC study [186] and NIH-AARP Study [187], each including 
more than 500,000 participants, and the Pooling Study, a pooled analysis of 17 
cohort studies have published crucial new findings in this regard. Key [188] sum-
marized the results of these studies collected until the year 2009, both for cancer in 
general and regarding the most important cancer sites. The data regarding the differ-
ent cancer sites are characterized by reduced risks in connection with a high con-
sumption of vegetables and fruit; although the risk relations often proved to be not 
statistically significant or only just significant, and the risks differed depending on 
the smoking behavior. In fact, the risk reduction was mainly seen in those types of 
cancer that are associated with smoking [189].
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The risk reductions that have been observed in these large cohort studies with 
increasing consumption of vegetables and fruit still suggest that the consumption of 
vegetables and fruit influences the risk of cancer. The influence is however detect-
able only when there are large differences in the consumption of vegetables and 
fruit between the groups and seems to appear only in case of high exposure to car-
cinogens, such as, for example, in smokers. These restrictive statements do not 
directly influence the evidence regarding the inverse relation between the consump-
tion of vegetables and fruit and the risk of cancer, which is considered probable.

9.5.3.7  Eye Diseases
Based on WHO data, more than 28 million subjects in Europe are visually impaired, 
with a 0.3% prevalence for blindness. The main causes for loss of sight in Europe 
and the United States are age-related macular degeneration (AMD; 50%), glaucoma 
(18%), diabetic retinopathy (17%), and cataract (5%) [190]. Despite worldwide 
trends showing reduced prevalence of visual impairment and blindness since the 
1990s, the prevalence of eye diseases in the aging population is expected to increase 
in Western countries. The prevalence for cataract is over 40% in subjects older than 
75 [191].

Macular Degeneration: Macular degeneration (AMD) is an age-related degen-
erative retinal disease that leads to the loss of central vision. Risk factors for the 
development of AMD include age, smoking, and nutrition. Important protective fac-
tors are dietary fiber [192], mono-unsaturated fatty acids [193], certain vitamins 
[194–196], and especially carotenoids like lutein and zeaxanthin. These carotenoids 
selectively accumulate in the macula lutea (point of high-resolution vision) and 
protect the pigment epithelial cells from blue light and damage by short-wave rays 
[197].

The dietary intake of carotenoids, serum levels, and the supplementation of these 
carotenoids are associated with a risk reduction for AMD in most studies [198–
202]. Some studies nevertheless produced contrasting results and the intake of 
lutein/zeaxanthin and other carotenoids was not associated with the risk of AMD 
[203].

In women younger than 75, the risk of AMD was reduced by 52% at a higher 
intake of vegetables (4 vs. 0.9 portions/day) [204]. A high intake (>5 times/week) of 
foods rich in lutein, like spinach and collard greens, was associated with a reduction 
in the AMD risk by 86% in a case–control study [205]. According to Goldberg et al. 
[206], the intake (>7 times/week) of vegetables and fruit rich in provitamin A was 
associated with a reduction in the AMD risk by 33% according to a cross-sectional 
study.

Cataract: A cataract is a clouding of the lens in adults, leading to impaired vision 
or vision acuity. The risk is influenced by age, ethnic origin, gender, smoking, sun-
light, consumption of alcohol, diabetes mellitus, corticosteroid medication, and 
nutritional factors [207].

Studies examining the correlation between  the intake of vitamin C and carot-
enoids and cataract risk have produced contrasting results. The prospective Blue 
Mountains Eye Study [208] suggested that a high intake of vitamin C, especially 
from fruit juices, is associated with a significantly reduced risk of cataract. The 
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combined intake of vitamin C and other antioxidants (beta-carotene, vitamin E, 
zinc) from foods and/or supplements was also associated with a reduction in the 
cataract risk by 38–49%.

A diet following the recommendations of the Dietary Guidelines for Americans 
2000 was found to be associated with a more than 50% reduction in cataract risk. In 
fact, a prospective study [209] conducted eye exams in 479 Nurses’ Health Study 
participants aged 52–73 who were without previously diagnosed cataract or diabe-
tes, living in the Boston, MA, area. Four food-frequency questionnaires (FFQs), 
collected during a 9- to 11-y period before evaluation of lens status, were used to 
define the participants’ diet. After adjusting for age, smoking, and other risk factors, 
women in the highest quartile category of HEI scores, i.e., those with the highest 
fruit consumption (3.9 portions/day), were significantly less likely to have nuclear 
opacities than those in the lowest category (1.3 portions/day) (odds ratio (OR) = 0.47; 
95% CI: 0.26–0.84).

According to the Health Professionals Follow-up Study (HPFS), high consump-
tion of broccoli and spinach in men was associated with a reduction in the cataract 
risk by 23 and 27% [210]. A high intake of vegetables and fruit was likewise associ-
ated with a significant reduction (10–15%) in cataract risk in the participants of the 
Women’s Health Study [211]. The risk of cataract was 18% and 14% lower in the 
highest quintile of both lutein/zeaxanthin and vitamin E intake than that in the low-
est quintile when an updated analysis of the same study was carried out [212].

According to the Carotenoids in the Age-Related Eye Disease Study (CAREDS), 
the risk was reduced by 26% when individuals were consuming high vegetable 
intakes [213]. Comparing highest with lowest quintiles, the risk of cataract was 
reduced by 32% both in connection to the calculated daily intake of lutein and zea-
xanthin and the measured plasma concentrations of lutein and zeaxanthin. These 
findings were confirmed by the results of the prospective POLA Study (Pathologies 
Oculaires Liées à l’Age) [214]. The risk of nuclear cataract was significantly reduced 
(OR = 0.23; 95% CI: 0.01–0.58; P = 0.005) in the group with the highest plasma 
concentration of zeaxanthin (the highest quintile of plasma zeaxanthin).

Glaucoma: Glaucoma is caused by changes in the intraocular pressure that can 
damage the optic nerve and may progress to complete blindness. There are very few 
data on the influence of lifestyle factors on the risk of glaucoma. As far as nutri-
tional factors are concerned, only one study has examined the association between 
vegetable and fruit intake and the risk of glaucoma [215]. According to this cross- 
sectional investigation, there was a lower risk when individuals had high intakes of 
certain kinds of vegetables and fruit, for example, fresh carrots (−64%). However, 
the evidence regarding the risk of glaucoma has been deemed insufficient due to the 
lack of data.

9.5.3.8  Dementia
Dementia is a mental disease characterized by a loss of mental ability that is 
severe enough to interfere with normal activities of daily living. Logical and 
critical thinking, judgment, retentive memory, and short-term memory are 
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impaired, while remote memory (long-term memory) can remain for a long 
time. There is 5.4% prevalence in Europe in persons over 60. Due to an increas-
ing life expectancy in industrialized countries and the exponential increase in 
dementia in old age, the prevalence of dementia in these countries continue to 
rise steadily.

Worldwide, Alzheimer’s disease and vascular dementia are the two most 
common subtypes of dementia, which respectively account for 50–70 and 
15–25% of all dementia cases [216]. Old age and genetic susceptibility are well-
established risk factors for dementia and Alzheimer’s disease. Vascular risk fac-
tors (e.g., diabetes mellitus, hypertension, and smoking) as well as cardio- and 
cerebrovascular diseases may contribute to the development and progression of 
dementia, whereas social, physical, and mental activities may delay their onset 
[216].

There are only a few studies on the association between fruit and vegetables 
consumption and dementia.

A cohort study examining 3718 participants of the Chicago Health and Aging 
Project (mean age at baseline 74 years) investigated the relation between the con-
sumption of vegetables and fruit and the decrease in cognitive performance (6 years 
follow-up) [217]. Vegetable and fruit intake analyzed together did not show any 
association with cognitive functions; an inverse association was found for the con-
sumption of vegetables alone, but not for the consumption of fruit. Other cohort 
studies showed similar results.

The decline in cognitive performance was investigated in 13,388 women (age at 
baseline: 30–55 years, follow-up: 19–25 years) by a prospective cohort study [218]. 
Fruit was not associated with cognition or cognitive decline, while total vegetable 
intake was significantly associated with less decline. Women in the highest quintile 
of cruciferous vegetables showed a slower decline with respect to the lowest quin-
tile. Women consuming the most green leafy vegetables also experienced slower 
decline than those consuming the least amount.

An inverse association was also found by a Dutch cohort (n = 2613, age at base-
line: 43–70 years, follow-up: 10 years), only between vegetable consumption and 
cognitive performance, and not with regard to fruit and juices [219]. The study also 
found an inverse association between the consumption of root vegetables (carrots, 
beetroot) and the decrease in cognitive performance.

It should be noted that while the results of cross-sectional studies show a protec-
tive effect of both fruit and vegetables in maintaining cognitive performance [220, 
221], the results of cohort studies suggest a protective effect only in connection to 
vegetables.

Three cohort studies focusing on dementia or Alzheimer’s dementia as a target 
parameter have also been conducted [222–224]. In the first of these studies [222], 
the intake of vegetable and fruit juices was analyzed in 1836 Japanese immigrants 
(mean age, 71  years) between 1992 and 1994  in relation to the incidence of 
Alzheimer’s dementia in 2001. The risk of disease decreased with increasing con-
sumption, independently of the intake of vitamins C, E, and β-carotene.
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The frequency of vegetables and fruit consumption was investigated in 8085 
subjects (aged >65 years) in Bordeaux, Dijon, and Montpellier (France) by the sec-
ond cohort study [223]. After a 3.6 year follow-up, it was found that greater fre-
quency of vegetable and fruit consumption reduced the risk of dementia, including 
the risk of Alzheimer’s dementia. Daily consumption compared with rare consump-
tion was associated with a risk reduction of about 30%.

The third study [224], the Swedish Twins (HARMONY) Study which monitored 
3779 individuals (mean age at baseline: 48 years) with a follow-up of 30 produced 
similar results. The study found that a medium or high intake of fruit and vegetables 
was associated with a decreased risk of dementia and Alzheimer’s dementia with 
respect to a low or no consumption of fruit and vegetables. The difference was nev-
ertheless significant only in fully adjusted models. Compared with the consumption 
of more than 2 portions of vegetables and fruit per day, the consumption of <2 por-
tions was associated with a significantly higher risk of dementia, adjusting for age 
and gender.

In summary, the studies on cognitive performance and risk of dementia suggest 
that there is an inverse relation with the consumption of vegetables and fruit, and 
that consuming vegetables seems to be more important than eating fruit.

9.5.3.9  Dietary Fiber and Intestine
The chapter on vegetables would not be complete without a section on fiber, a very 
important component of all vegetables.

Dietary fibers are the nondigestible carbohydrates and lignin that are intrinsic 
and intact in plants. Functional fibers consist of isolated, nondigestible carbohy-
drates that have beneficial physiologic effects in humans. Total fiber is the sum of 
dietary fibers and functional fibers.

Dietary fibers are divided into two types: water-soluble and water-insoluble (see 
table below)

 1. Water-soluble fibers, that generally absorb water to become a gelatinous, viscous 
substance which is fermented by bacteria in the colon into gases and physiologi-
cally active by-products. Some, but not all, soluble plant fibers block intestinal 
mucosal adherence and translocation of potentially pathogenic bacteria and may 
therefore modulate intestinal inflammation, an effect that has been termed 
contrabiotic.

 2. Water-insoluble fibers, that generally do not dissolve in water, are metabolically 
inert and provide bulking. Bulking fibers absorb water as they move through the 
digestive system, easing defecation. Some insoluble fibers, notably resistant 
starch, are fully fermented in the large intestine.

Consuming fiber leads to the production of healthful compounds during the fermen-
tation of soluble fiber. Moreover, insoluble fiber is able to increase bulk (via its 
passive hygroscopic properties), soften stools, and shorten the transit time through 
the intestinal tract. A disadvantage of a diet high in fiber is the potential for signifi-
cant intestinal gas production and bloating.
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Dietary fibers (Types and source)
Water-insoluble dietary fibers
Beta-glucans
  Cellulose Cereal, fruit, vegetables
  Chitin Fungi, exoskeleton of insects and crustaceans
Hemicellulose Cereals, pulses and legumes, bran, timber
  Hexose Wheat, barley
  Pentose Rye, oat
Lignin Vegetable filaments, cereals
Resistant starch Legumes, bananas, barley, high amylase wheat
Water-soluble dietary fibers
Arabinoxylan (hemicellulose) Psyllium
Fructans (Replace starch as storage carbohydrate in some plants)
  Inulin Banana, chicory, artichoke, onion, garlic, wheat, barley
Pectin In the fruit skin (apples, quinces), vegetables
Alginic acids In algae
Raffinose In legumes
Fiber content in foods
Food groups Serving mean Fiber g/per serving
Fruit 0.5 cup 1.1
Dark-green vegetables 0.5 cup 6.4
Orange vegetables 0.5 cup 2.1
Cooked dry beans (legumes) 0.5 cup 8.0
Starchy vegetables 0.5 cup 1.7
Other vegetables 0.5 cup 1.1
Whole grains 28 g (1 oz) 2.4
Meat 28 g (1 oz) 0.1

Source: USDA National Nutrient Database for Standard Reference

Sources of soluble and insoluble fibers
Sources of soluble fibers
 – Legumes (peas, chickpeas, beans, soya bean, lupins, and other beans)
 – Oats, rye, barley
 – Some fruits, including plums, berries, ripe bananas, skin of apples and pears
 – Certain vegetables, such as broccoli, carrots, turnip tops, artichokes
 – Root tubers and root vegetables (e.g., sweet potatoes, onions)
 – Flax seeds
 – Nuts and almonds are the highest in dietary fibers
Source of insoluble fibers
 – Whole grain foods
 – Wheat and corn bran
 – Legumes such as beans and peas
 – Nuts and seeds
 – Potato skins
 – Vegetables such as green beans, cauliflower, zucchini, celery
 – Skins of some fruits including grapes, tomatoes, apples

The biological, chemical, and physical properties of dietary fibers are associated 
with physiologic actions in the small and large intestines that have important meta-
bolic implications for health. Fiber’s properties include water dispersibility, bulk, 
viscosity, adsorption and binding of compounds and fermentability.
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Within the small intestine, properties such as water dispersibility, bulking, and 
viscosity are associated with slowing the digestion and absorption of carbohydrate 
and lipid and promoting nutrient absorption along a greater length of the small 
intestine. Both of these actions are related to cholesterol reduction and blunting of 
alimentary glycemia. Certain sources of fiber, and in particular digested cereal prod-
ucts (barley, oat, rye and wheat flour; oat bran), interact with bile acids and increase 
their fecal excretion [225, 226]. A greater excretion of bile acids contributes to the 
plasma-cholesterol-lowering ability of dietary fiber [227].

Water and electrolytes are absorbed in the large intestine, and microbial action 
breaks down the macronutrients in the residual material that passes from the small 
bowel.

Dietary fiber and undigested starch are the primary substrates for microflora 
growth in the large bowel. Thus the bulk associated with undigested residue contrib-
utes directly to stool bulk as undigested material, or indirectly through the growth 
of microflora, which are a part of the stool weight. The dispersibility of polysac-
charides in water and water-holding capacity determine the ability with which 
microorganisms can penetrate the undigested food residue and gain access to the 
polysaccharides for metabolism.

Because inulin and oligofructose are dispersible in water, they are likely to be 
readily degraded by microorganisms present in the large bowel. The fermentability 
of inulin and oligofructose provides a route by which they can increase stool weight 
because they increase microbial mass in the colon. In addition, fermentation can 
lower the pH of colon contents, and the production of short chain fatty acids is likely 
to affect the health of the intestinal mucosa.

A recent paper described a new interesting healthy aspect of dietary fibers in the 
large bowel [228]. The article outlines how fiber deprivation impacts the gut micro-
biota and alters disease risks. Using a gnotobiotic mouse model, in which animals 
were colonized with a synthetic human gut microbiota composed of fully sequenced 
commensal bacteria, investigators studied the functional interactions between 
dietary fiber, the gut microbiota, and the colonic mucus barrier, which serves as a 
primary defense against enteric pathogens. The trial showed that during chronic or 
intermittent dietary fiber deficiency, the gut microbiota resorts to host-secreted 
mucus glycoproteins as a nutrient source, leading to erosion of the colonic mucus 
barrier. Dietary fiber deprivation, together with a fiber-deprived and a mucus- 
eroding microbiota, promotes greater epithelial access and lethal colitis by the 
mucosal pathogen Citrobacter rodentium. This study has shed light on some intri-
cate pathways linking diet, the gut microbiome, and intestinal barrier dysfunction. 
Given the numerous benefits of dietary fiber, it is generally recommended that most 
men and women should respectively consume about 38 and 25 g of dietary fiber a 
day. Older men and women typically need respectively about 30 and 21 g, according 
to the USDA. These general guidelines stem from the basic dietary recommenda-
tion that all individuals, regardless of age or gender, should eat 14 g of fiber for 
every 1000 calories consumed. An individual who averages 2200 calories a day, for 
example, should get about 31 g of fiber. One small apple, for example supplies 
about 12% of the recommended amount of fiber.
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9.5.4  Conclusive Remarks

The data that is presently available shows that higher intakes of vegetables and fruit 
can potentially prevent a number of diseases. While the evidence regarding its risk- 
reducing effect on hypertension, CHD, and stroke appears quite convincing, studies 
regarding the cancer connection seem less conclusive with respect to what was 
originally thought.

The scientific basis of the “5 a day” campaign, that has been widely promoted in 
recent years in Europe and nationwide, is strongly supported by the data available 
on its prevention potential. There seems to be a broader basis for disease prevention 
than what was thought at the beginning of the campaign when the focus was primar-
ily on cancer. The recommendation to increase the consumption of vegetables and 
fruit are principally based upon convincing data regarding hypertension, CHD, and 
stroke and, potentially, many other diseases. Scientific societies have been carefully 
monitoring the progress of these studies, and, for example, the European Society of 
Cardiology has included recommendations on the intake of vegetables and fruit in 
its guidelines about prevention.

As vegetables and fruit and the phytochemicals therein particularly influence 
inflammatory, cellular redox as well as endothelial and metabolic processes, which 
are involved in the pathogenesis of various diseases, it is probable that these mecha-
nisms are primarily responsible for the risk-reducing effect of vegetables and fruit 
consumption on single diseases.
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10Fresh Fruit

10.1  Premises

Fresh fruit is a fixed component of Mediterranean diet, in that it is an integral part 
of lunch and dinner and substitutes the dessert.

Fruits are naturally low in fat, sodium, calories, and important sources of many 
essential nutrients, including potassium, dietary fiber, and folate (folic acid). None 
have cholesterol. The fruit fiber content is important for proper bowel function: it 
helps reduce constipation and diverticulosis. Moreover, fiber-containing foods, such 
as fruits, help provide a feeling of fullness with fewer calories. Whole or cut-up 
fruits are important sources of dietary fiber; fruit juices contain little or no fiber. 
Fruits contain also many antioxidants such as polyphenolic flavonoids and vitamin 
C. These compounds protect from oxidant stress, diseases, and cancers, and help the 
body develop capacity to fight against these ailments by boosting the immunity 
level. The high antioxidant values of fruit can be measured as “Oxygen Radical 
Absorbent Capacity” (ORAC).

According to US Department of Agriculture [1], it is highly advisable to eat a 
diet rich in fruit, for the following reasons:

• May reduce risk for stroke, other cardiovascular diseases, and type-2 diabetes.
• A fruit containing eating pattern is part of an overall healthy diet and may protect 

against certain cancers.
• Fruit helps maintain optimum health due to the health promoting phytochemicals 

it contains—many of which are still being identified.
• One to 2–1/2 cups of fruit are recommended each day, depending on how many 

calories you need.

In the Healthiest Way of Eating Plan, the consumption of 5–10 servings of fruits- 
plus- vegetables (combined) each day is encouraged. In particular, they recommend 
for a more generous amount of fruits and vegetables than the amount recommended 
by the Centers for Disease Control (CDC) at the U.S. Department of Health and 
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Human Services (DHHS). The CDC recommends between 1.5–2.5 cups of fruit and 
2.5–4.0 cups of vegetables per day, as well as a target goal of at least 5 fruit-plus- 
vegetable servings (combined) per day. The WHFoods recommend to take closer to 
3 fruit servings per day (consisting of one cup’s worth of fruit per serving, or 3 cups 
total per day) to provide with optimum health benefits.

With respect to berries (grapes are included among the berry fruits), it is recom-
mended to include berries at least 3–4 times per week within fruit servings. In several 
sample meal plans, berries are included on a daily basis. It would definitely not be a 
mistake to include a serving of either grapes, raspberries, blueberries, strawberries, cran-
berries, or other berries in a daily meal plan! When including grapes among daily fruit 
servings, one should treat one cup as the equivalent of approximately 15–20 grapes.

Here, the most common fruit of the daily Mediterranean diet are briefly described.

10.2  Apples

10.2.1  History and Mythology

The original wild ancestor of Malus pumila was Malus sieversii, found growing 
wild in the mountains of Central Asia in southern Kazakhstan, Kyrgyzstan, 
Tajikistan, and Xinjiang, China. Cultivation of the species progressed over a long 
period of time and permitted secondary acquisition of genes from other species into 
the open-pollinated seeds. Significant exchange with Malus sylvestris, the crabap-
ple resulted in current populations of apples being more related to crabapples than 
to the more morphologically similar progenitor Malus sieversii.

In 2010, an Italian-led consortium announced they had sequenced the complete 
genome of the apple in collaboration with horticultural geneticists at Washington 
State University, using the Golden delicious variety [2]. It had about 57,000 genes, 
the highest number of any plant genome studied to date and more genes than the 
human genome (about 30,000).

In the Greek mythology, the Greek goddess of discord, Eris, became disgruntled 
after she was excluded from the wedding of Peleus and Thetis. In retaliation, she 
tossed a golden apple inscribed Καλλίστη (Kalliste), (“For the most beautiful one”) 
into the wedding party. Three goddesses claimed the apple: Hera, Athena, and 
Aphrodite. Paris of Troy was appointed to select the recipient. After being bribed by 
both Hera and Athena, Aphrodite tempted him with the most beautiful woman in the 
world, Helen of Sparta. He awarded the apple to Aphrodite, thus indirectly causing 
the Trojan War. The apple was thus considered, in ancient Greece, to be sacred to 
Aphrodite, and to throw an apple at someone is to symbolically declare one’s love, 
and similarly, to catch it was to symbolically show one’s acceptance of that love.

10.2.2  Nutrients and Phytochemicals

Apples are a rich source of various phytochemicals including flavonoids (e.g., 
catechins, flavanols, and quercetin) and other phenolic compounds (e.g., epicate-
chin and procyanidins) found in the skin, core, and pulp of the apple. Ideain 
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(cyanidin 3-O-galactoside) is an anthocyanin, a type of pigment, which is found 
in some red apple varieties. Apple fruit contains also good quantities of vitamin C 
and beta- carotene. Vitamin C is a powerful natural antioxidant. Consumption of 
foods rich in vitamin C helps the body develop resistance against infectious agents 
and scavenge harmful, pro-inflammatory free radicals from the body. Further, 
apple fruit is a good source of B-complex vitamins such as riboflavin, thiamin, 
and pyridoxine (vitamin B-6). Together, these vitamins help as cofactors for 
enzymes in metabolism as well as in various synthetic functions inside the human 
body.

Apples carry also a small amount of minerals like potassium, phosphorus, 
and calcium. Potassium is an important component of cell and body fluids, 
which helps in controlling heart rate and blood pressure, thus counters the bad 
influences of sodium. Finally, apples are also a rich source of dietary soluble 
fibers; a medium- sized apple contains about 4.4 g of fiber, particularly in the 
skin.

Apple Fruit (Malus domestica), Raw, with Skin
Vitamins and mineral content per 100 g
ORAC value: 5900
Source: USDA National Nutrient Data base

Energy 218 KJ (52 kcal)
Carbohydrates 13.81 g
Sugars 10.39 g
Protein 0.26 g
Fat 0.17 g
Dietary fiber 2.4 g

Vitamin A equiv. 3 μg (0% DV)
β-Carotene 27 μg (0% DV)
Lutein zeaxanthin 29 μg
Thiamine (B1) 0.017 mg (1% DV)
Riboflavin (B2) 0.026 mg (2% DV)
Niacin 0.091 mg (1% DV)
Pantothenic acid 0.061 mg (1% DV)
Folate 3 μg (1% DV)
Vitamin C 4.6 mg (6% DV)
Vitamin E 0.18 mg (1% DV)
Vitamin K 2.2 μg (2% DV)

Calcium 6 mg (1% DV)
Iron 0.12 mg (1% DV)
Magnesium 5 mg (1% DV)
Manganese 0.035 mg (2% DV)
Phosphorus 11 mg (2% DV)
Potassium 107 mg (2% DV)
Sodium 1 mg (0% DV)
Zinc 0.04 mg (0% DV)
Fluoride 3.3 μg
Water 85.56 g

DV = Daily Value
ORAC: Oxygen Radical Absorbance Capacity = antioxidant strength
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10.2.3  The Health Benefits of Apples

Everyone has heard the old adage “An apple a day keeps the doctor away.” There 
are more than 7500 varieties of this delicious fruit, and it comes in a variety of col-
ors, including red, yellow, and green. The nutrients are in the flesh and the skin, 
which is a rich source of anthocyanins and various tannins that give its color. Apple 
fruit contains good quantities of vitamin C and beta-carotene. It is hardly necessary 
to recall that the vitamin C is a powerful natural antioxidant. Apple fruit is also a 
good source of B-complex vitamins such as riboflavin, thiamin, and pyridoxine 
(vitamin B6). Together, these vitamins help as cofactors for enzymes in metabolism 
as well as in various synthetic functions inside the human body.

Apple fruit is also rich in dietary fiber. A small, raw, unpeeled apple weighing 
just over 5 ounces (about 140 g) provides 77 calories and 3.6 g of fiber, an amount 
equivalent to about 14% of the daily value for fiber. Without skin, a small apple has 
63 calories and just 1.7 g of fiber, according to USDA data. Whole, unpeeled apples 
are a good source of both soluble and insoluble fiber.

Apple skins are richest in the insoluble fiber, while approximately 80% of the 
fiber found in the fruit’s flesh is soluble. Because the skin is a more concentrated 
source of fiber than the flesh, however, the fiber ratio of a raw, unpeeled apple is 
about 30% soluble and 70% insoluble. Because it’s high in insoluble fiber, the skin 
of an apple is particularly beneficial for bowel health and regularity. Insoluble fiber 
binds to water rather than dissolving in it, a quality that allows it to make stools 
larger, softer, and easier to pass. It also promotes more frequent bowel movements 
by keeping material moving through the intestinal tract.

Most of the soluble fiber in an apple’s flesh is a type known as pectin. Like other 
soluble fibers, pectin dissolves in water to form a viscous substance capable of 
adhering to fatty acids and cholesterol. Pectin in fact is particularly efficient in bind-
ing cholesterol. Eating one large apple every day has been shown to reduce blood 
cholesterol levels by as much as 11%.

A recent research [3] has evaluated the long-term cardioprotective effects of 
daily consumption of apple in postmenopausal women. This study randomly 
assigned 160 women aged 45–65 to one of two dietary intervention groups: one 
received dried apples daily (75 g/day for 1 year) and the other group ate dried 
prunes every day for a year. Blood samples were taken at 3, 6, and 12 months. 
Women who consumed dried apple had significantly lower serum levels of total 
cholesterol and low-density lipoprotein cholesterol by 9% and 16%, respec-
tively, at 3 months compared with baseline. These values were further decreased 
to 13% and 24%, respectively, after 6 months but stayed constant thereafter. The 
within-group analysis reported that daily apple consumption profoundly 
improved atherogenic risk ratios. On the contrary, in the group consuming dried 
plums there were no significant changes in lipid profile or atherogenic risk 
ratios. Both dried fruits were able to lower serum levels of lipid hydroperoxide 
and C-reactive protein. Serum C-reactive protein levels, however, were signifi-
cantly lower in the dried plum group compared with the dried apple group at 
3 months.
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Apples are also rich in antioxidant flavonoids and polyphenols. The total mea-
sured antioxidant strength (ORAC value) of 100 g apple fruit is 5900 TE. Important 
flavonoids of apples are quercetin, epicatechin, and procyanidin B2. Apples are 
good in tartaric acid that gives tart flavor to them. Altogether, these compounds help 
the body protect from deleterious effects of free radicals.

It is recommended that most men and women should get about 38 g and 25 g of 
dietary fiber a day, respectively. Older men and women typically need about 30 g 
and 21 g, respectively, according to the USDA. These general guidelines stem from 
the principle dietary recommendation that all individuals, regardless of age or gen-
der, should eat 14 g of fiber for every 1000 calories consumed. An individual who 
averages 2200 calories a day, for example, should get about 31 g of fiber. One small 
apple supplies about 12% of the recommended amount of fiber.

For a more detailed description of fibers, see the Sect. 10.11 of this chapter: 
“Dietary Fibers and Fresh Fruit.”

10.3  Oranges

The sweet orange (Citrus sinensis) is an hybrid between pomelo (Citrus maxima) 
and mandarin (Citrus reticulata). The sweet orange has gene that are 25% pomelo 
and 75% mandarin.

Citrus fruits are notable for their fragrance, partly due to flavonoids and limonoids 
(which in turn are terpenes) contained in the rind, and most are juice-laden. The 
juice contains a high quantity of citric acid giving them their characteristic sharp 
flavor. The genus is commercially important as many species are cultivated for their 
fruit, which is eaten fresh, pressed for juice, or preserved in marmalades and pick-
les. They are also good sources of vitamin C and flavonoids. The flavonoids include 
various flavanones and flavones.

Blood oranges are a natural mutation of Citrus sinensis. High concentration of 
anthocyanin gives the rind, flesh, and juice of the fruit their characteristics dark red 
color. Blood orange were first discovered and cultivated in the fifteenth century in Sicily.

10.3.1  History

The orange was first cultivated in China. Sweet oranges were mentioned in Chinese 
literature in 314 BC. The European oranges (such as the bitter orange) were origi-
nally brought from India at around the time of Alexander the Great. In the ninth 
century, during the Emirate of Sicily, the bitter orange was introduced in Sicily. 
Subsequently the Muslims domination, the Moors, introduced to Spain in Andalucía 
the sour orange with large scale cultivation starting in the tenth century. The sweet 
orange was unknown until late fifteenth century, when Italian and Portuguese mer-
chants brought orange trees into the Mediterranean area. Shortly afterwards, the 
sweet orange quickly was adopted as an edible fruit. On his second voyage in 1493, 
Christofer Columbus may have planted the fruit in Hispaniola. Subsequent 
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expeditions in the mid-1500 brought sweet oranges to south America and Mexico, 
and to Florida in 1565. Spanish missionaries brought orange trees to Arizona 
between 1707 and 1710, while the Franciscans did the same in San Diego, California, 
in 1769. As oranges are rich in vitamin C and do not spoil easily, during the Age of 
Discovery Portuguese, Spanish and Dutch sailors planted orange trees along trade 
routes to prevent scurvy.

10.3.2  Nutrients and Phytochemicals

Orange pulp is an excellent source of vitamin C, providing 64% of the Daily Value 
in a 100 g serving. Numerous other essential nutrients are present in low amounts. 
Oranges contain numerous phytochemicals including carotenoids (beta-carotene, 
lutein, and beta-cryptoxanthin), flavonoids (nanigenin), and numerous volatile 
organic compounds producing orange aroma, including aldehydes, esters ter-
penes, alcohols, and ketones. (For a more detailed description of Flavonoids in 
fresh fruit, see Sect. 10.10 of this chapter: “Active Phytochemicals in Fresh 
Fruits”).

Orange, Raw
Nutritional values per 100 g
Source: USDA National Nutrient Data base

Energy 197 KJ (47 kcal)
Carbohydrates 11.75 g
Sugars 9.35 g
Protein 0.94 g
Fat 0.12 g
Dietary fiber 2.4 g

Vitamin A equiv. 11 μg (1% DV)
Thiamine (B1) 0.087 mg (8% DV)
Riboflavin (B2) 0.04 mg (3% DV)
Niacin 0.282 mg (2% DV)
Pantothenic acid 0.25 mg (5% DV)
Vitamin B6 0.06 mg (5% DV)
Folate 30 μg (8% DV)
Vitamin C 53.2 mg (64% DV)
Vitamin E 0.18 mg (1% DV)

Calcium 40 mg (4% DV)
Iron 0.1 mg (1% DV)
Magnesium 10 mg (3% DV)
Manganese 0.025 mg (1% DV)
Phosphorus 14 mg (2% DV)
Potassium 181 mg (4% DV)
Zinc 0.07 mg (1% DV)
Water 86.75 g

DV = Daily Value
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10.4  Pears

The word “pear” probably derives from vulgar Latin “pira,” the plural form of 
“pirum” meaning fruit.

10.4.1  History

Pear cultivation extends to the remotest antiquity, with evidences of its use as a food 
since prehistoric times. The word “pear” occurs in all the Celtic languages and in 
Slavic dialects. The pear cultivation is thought to have originated in present-day 
Western China, and to have spread to the north and the south evolving into diverse 
group of over 20 widely recognized primary species.

The pear was largely cultivated by the Romans, who ate the fruit raw or cooked, 
just like apples. In his “Natural history,” Pliny the Elder, mentioning at least three 
dozen of varieties, recommended to stew the pears with honey. The Roman “De re 
cocquinaria” contained a recipe for a spiced, stewed-pear.

10.4.2  Nutrients and Phytochemicals

A small pear of 100 g (small pear) is a god source of dietary fibers but otherwise 
provides very low amounts of essential nutrients (see table below). Concerning the 
fiber content, one pear (178 g) contains 3.1 g in 100 g, and 5.5 g of fibres, corre-
sponding to 22% of Daily Value.

Pear, Raw
Vitamins and mineral content per 100 g
Source: USDA Database entry

Energy 239 KJ (39 kcal)
Carbohydrates 15.23 g
Sugars 9.75 g
Dietary fiber 3.1 g
Protein 0.36 g
Fat 0.14 g

Thiamine 0.012 mg (1% DV)
Riboflavin 0.026 mg (2% DV)
Niacin 0.161 mg (1% DV)
Pantothenic acid 0.049 mg (1% DV)
Vitamin B6 0.029 mg (2% DV)
Folate 7 μg (2% DV)
Choline 5.1 mg (1% DV)
Vitamin C 4.3 mg (5% DV)
Vitamin E 0.12 mg (1% DV)
Vitamin K 4.4 μg (4% DV)
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Calcium 9 mg (1% DV)
Magnesium 7 mg (2% DV)
Manganese 0.048 mg (2% DV)
Potassium 116 mg (2% DV)
Phosphorus 12 mg (2% DV)
Iron 0.18 mg (1% DV)
Zinc 0.1 mg (1% DV)

DV = Daily Value

10.5  Peaches

The scientific name persica, along with the word peach itself and its cognates in 
many European languages, derives from an early European belief that peaches were 
native to Persia (present Iran). The fruit has yellow or whitish flesh, a delicate 
aroma, and a skin that is either velvety (peaches) or smooth (nectarines).

10.5.1  History

Genetic studies suggest peaches originated in China, where they have been culti-
vated since the early days of Chinese culture. Recent evidences indicate that domes-
tication of peaches occurred as early as 6000 BC. From China, peaches cultivation 
went to Europe through Persia and reached Greece by 300 BC. Peaches were well 
known to the Romans in first century AD, and peaches trees were portrayed in wall 
paintings of Pompei, the Roman town destroyed by the Vesuvius eruption of 79 AD.

10.5.2  Nutrients and Phytochemicals

A medium peach weighing 100 g contains small amounts of essential nutrients, but 
none is a significant proportion of the Daily Value.

Peaches, Raw
Vitamins and mineral content per 100 g
Source: USDA Database entry

Energy 165 KJ (39 kcal)
Carbohydrates 9.54 g
Sugars 8.39 g
Dietary fiber 1.5 g
Protein 0.91 g
Fat 0.25 g

Vitamin A equiv 16 μg (2% DV)
β-Carotene 162 μg (2% DV)
Thiamine 0.024 mg (2% DV)
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Vitamin A equiv 16 μg (2% DV)
Riboflavin 0.031 mg (3% DV)
Niacin 0.806 mg (5% DV)
Pantothenic acid 0.153 mg (3% DV)
Vitamin B6 0.025 mg (2% DV)
Folate 4 μg (1% DV)
Choline 6.1 mg (1% DV)
Vitamin C 6.6 mg (8% DV)
Vitamin E 0.73 mg (5% DV)
Vitamin K 2.6 μg (2% DV)

Calcium 6 mg (1% DV)
Magnesium 9 mg (3% DV)
Manganese 0.061 mg (3% DV)
Potassium 190 mg (4% DV)
Phosphorus 20 mg (3% DV)
Iron 0.25 mg (2% DV)
Zinc 0.17 mg (2% DV)
Fluoride 4 μg

DV = Daily Value

Total polyphenols in mg per 100 g of fresh weight are 14–102  in white-flesh 
nectarines, 18–54  in yellow-flesh nectarines, 20–111  in white-flesh peaches, and 
21–61  in yellow-flesh peaches [4].The major phenolic compounds identified in 
peach are chlorogenic acid, catechins, epicatechins, gallic acid, ellagic acid, rutin 
and isoquercetin. Red-fleshed peaches are rich in anthocyanin, particularly cyanid-
ing glucosides.

Peach is a good source of fibers. A small peach provides 2 g of fibers, while 
larger peaches can contain between 2.6 and 3.4 g.

Peaches can cause allergy. Peach allergy or intolerance is a relatively common 
form of hypersensitivity to proteins contained in peaches and related fruits, such as 
almonds. These adverse reactions are related to the “freshness” of the fruit: peeled 
or canned fruit may be tolerated.

10.6  Plums and Prunes

Plum belongs to the plant genus which is a relative of the peach, apricot, cherry, 
and almond. It is a drupe, which is a fruit that has a hard stone pit around its 
seeds which does not easily separate from the flesh. Plums are eaten either 
fresh or dried. When dried, plums are called prunes, although the prune fruit 
comes from a different type of plant than plums. Although of the same genus 
(prunus) as plums, prunes have pits that are easier to remove from the flesh 
unlike plums. Moreover, prunes are oval- shaped and are blue or purple when 
ripe.

There are over 2000 varieties of plums which come in different shapes and col-
ors, some are oval-shaped and others are heart-shaped.

10.6 Plums and Prunes
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10.6.1  History

The European plum is thought to have been discovered around two thousand years 
ago, originating in the area near the Caspian Sea. Even in ancient Roman times 
there were already over 300 varieties of European plums. European plums made 
their way across the Atlantic Ocean with the pilgrims, who introduced them into the 
United States in the seventeenth century.

The process of drying plums to make prunes is thought to have originated thou-
sands of years ago in an area near the Caspian Sea, the same region where the prune- 
producing European plums originated. They spread throughout Europe with the 
migration of different cultures and civilizations.

The process of drying plums to produce prunes took hold in California, now the 
leading producer of prunes worldwide, in the mid-nineteenth century when Louis 
Pellier planted grafted plum tree cuttings brought back with him from his native 
France. Among these trees were those belonging to the Agen variety, the type of 
plum that is extremely well suited to be dried to make prunes.

10.6.2  Nutrients and Phytochemicals

Dried prunes and prune juice are well known for their ability to prevent constipa-
tion. Due to their high content in soluble and insoluble fibers, prunes provide bulk 
and decrease the transit time of fecal matter, thus decreasing the risk of colon cancer 
and hemorrhoids. Prunes contain also other mild laxatives including sorbitol, dihy-
drophenylsatin, neochlorogenic acid, and chlorogenic acid, which all work together 
to get intestine moving.

Sorbitol, a sugar alcohol with a sweet taste which the human body metabolizes 
slowly, exerts its laxative effect by drawing water into the large intestine, thereby 
stimulating bowel movements.

For all these reasons, prunes are usually eaten by the elderly as medication for 
constipation and so they are associated with them.

Beyond the laxative action, chlorogenic and neo-chlorogenic acids of prunes, 
esters of caffeic acid, are primarily phenols functioning as potent antioxidants. These 
damage-preventing phenols are particularly effective in neutralizing a particularly 
dangerous oxygen radical called superoxide anion radical. Chlorogenic acid has also 
the property of slowing the release of glucose into the bloodstream after a meal [5].

Insoluble fibers of prunes, in addition to their laxative properties, provide food 
for the “friendly” bacteria in the large intestine. When these helpful bacteria ferment 
prunes’ insoluble fibers, they produce a short-chain fatty acid, the butyric acid, 
which serves as the primary fuel for the cells of the large intestine and helps main-
tain a healthy colon. These helpful bacteria also create two other short-chain fatty 
acids, propionic and acetic acid, which are used as fuel by the cells of the liver and 
muscles. In addition to producing the helpful short-chain fatty acids described 
above, friendly bacteria play an important protective role by crowding out patho-
genic bacteria and preventing them from surviving in the intestinal tract.
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Soluble fibers of prunes, on other hands, help to lower cholesterol by binding to 
bile acids and removing them from the body via the feces. Bile acids are com-
pounds that are manufactured by the liver from cholesterol. When they are excreted 
along with prunes’ fiber and lost with feces, the liver must manufacture new bile 
acids and uses up more cholesterol, thus lowering the amount of circulating 
cholesterol.

Plums are also a god source of vitamin C, vitamin A, vitamin B2, and potassium. 
They are full of carbohydrates, sodium, minerals, and amino acids.

Plums and prunes have been demonstrated to increase absorption of iron into the 
body. This ability of plums and prunes to make iron more available may be related 
to the vitamin C content of this fruit. These fruits, in fact, are qualified as a very 
good source of vitamin C. Vitamin C is also needed for a strong immune system, so 
getting a little extra vitamin C around cold and flu season is highly recommended. 
Being a potent antioxidant, vitamin C prevents the oxidation of numerous sub-
strates, including cell membranes, brain cells, and cholesterol.

Dried Plums (Prunes) Uncooked
Nutritional value per 100 g
Source: USDA Database entry

Energy 1.006 KJ (240 kcal)
Carbohydrates 63.88 g
Sugars 38.13 g
Dietary fiber 7.1 g
Protein 2.18 g
Fat 0.38 g

Vitamin A equiv 39 μg (5% DV)
β-Carotene 394 μg (4% DV)
Lutein zeaxanthin 148 μg
Thiamine 0.051 mg (4% DV)
Riboflavin 0.186 mg (16% DV)
Niacin 1.182 mg (13% DV)
Pantothenic acid 0.422 mg (8% DV)
Vitamin B6 0.205 mg (16% DV)
Folate 4 μg (1% DV)
Choline 10.1 mg (2% DV)
Vitamin C 0.6 mg (1% DV)
Vitamin E 0.43 mg (3% DV)
Vitamin K 59.5 μg (57% DV)

Calcium 43 mg (4% DV)
Magnesium 41 mg (12% DV)
Manganese 0.299 mg (14% DV)
Potassium 732 mg (16% DV)
Phosphorus 69 mg (10% DV)
Iron 0.93 mg (7% DV)
Zinc 0.44 mg (5% DV)
Fluoride 4 μg

DV = Daily Value
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10.7  Grapes

Grapes are one of the most important fruits, from nutritional and commercial point 
of view. Internationally, more grapes are being traded than apples, pears, and 
oranges combined. However, the majority of the grapes are used for wine produc-
tion. Only about 10% are sold as table grapes for fresh consumption and about 5% 
are dried to make raisins.

Grapes are usually classified as either table or wine grapes, based on their 
intended method of consumption: eaten raw (table grapes) or used to make wine 
(wine grapes).

While almost all of them belong to the same species, Vitis vinifera, table and 
wine grapes have significant differences, brought about through selective breeding. 
Table grape cultivars tend to have large, seedless fruit with relatively thin skin. Wine 
grapes are smaller, usually seeded, and have relatively thick skins, a desirable char-
acteristic in winemaking, since much of the aroma in wine comes from the skin. 
Wine grapes also tend to be very sweet: they are harvested at the time when their 
juice is approximately 24% sugar by weight.

Raisins are a product of grapes. A raisin is a dried grape. Raisins are produced in 
many regions of the world and may be eaten raw or used in cooking, baking, and 
brewing. Raisin varieties depend on the type of grape used, and are made in a vari-
ety of sizes and colors including green, black, brown, blue, purple, and yellow. 
Raisins can contain up to 72% sugars by weight, most of which is fructose and 
glucose. They also contain about 3% protein and 3.7–6.8% dietary fiber. Raisins, 
like prunes and apricots, are also high in antioxidants, but have a lower vitamin C 
content than fresh grapes.

10.7.1  History

Grapes belong to the oldest plants on earth, much older than the human being. 
Archeological finds indicate that several varieties of wild vines existed already 130 
million years ago.

The exact origin of grape is unknown. The most likely origin is from the regions 
around the Caspian Sea, where grapes have been cultivated when the Mesopotamian 
town Ur was at the peak of its development. The earliest “wine-culture” in the world 
has been found in the mountainous regions of Transcaucasia, modern Georgia, 
Armenia, and Azerbaijan, and refers to the Neolithic period (c. 8000–4000 BC). 
Permanent Neolithic communities had been established there by at least 6000 BC, 
a place in which other essential preconditions for this momentous innovation (e.g., 
pottery-making) came together for the first time in human history [6].

Via the countries around the Black Sea grapes were eventually introduced into 
Greece. From here they reached France, when Greek colonists settled around 
Marseille in the sixth century BC.  From there the Romans spread them further 
throughout Europe and the Spaniards took them along their explorations to the New 
World.

10 Fresh Fruit

https://en.wikipedia.org/wiki/Table_grape
https://en.wikipedia.org/wiki/Wine
https://en.wikipedia.org/wiki/Vitis_vinifera
https://en.wikipedia.org/wiki/Selective_breeding
https://en.wikipedia.org/wiki/Sugar
https://en.wikipedia.org/wiki/Fructose
https://en.wikipedia.org/wiki/Glucose
https://en.wikipedia.org/wiki/Prune_(fruit)
https://en.wikipedia.org/wiki/Apricot
https://en.wikipedia.org/wiki/Antioxidant
https://en.wikipedia.org/wiki/Vitamin_C


243

Grapes, Red Or Green
Nutritional value per 100 g
Source: USDA Database entry

Energy 288 KJ (69 kcal)
Carbohydrates 18.1 g
Sugars 15.48 g
Dietary fiber 0.9 g
Protein 0.72 g
Fat 0.16 g

Thiamine 0.069 mg (6% DV)
Riboflavin 0.07 mg (6% DV)
Niacin 1.188 mg (1% DV)
Pantothenic acid 0.05 mg (1% DV)
Vitamin B6 0.086 mg (7% DV)
Folate 2 μg (1% DV)
Choline 5.6 mg (1% DV)
Vitamin C 3.2 mg (4% DV)
Vitamin E 0.19 mg (1% DV)
Vitamin K 14.6 μg (14% DV)

Calcium 10 mg (1% DV)
Magnesium 7 mg (2% DV)
Manganese 0.071 mg (3% DV)
Potassium 191 mg (4% DV)
Phosphorus 20 mg (3% DV)
Iron 0.36 mg (3% DV)
Zinc 0.07 mg (1% DV)

DV = Daily Value

10.7.2  Nutrients and Phytochemicals

The three main species of grapes grown around the world are: European (Vitis 
vinifera), North American (Vitis labrusca and Vitis rotundifolia), and French 
hybrids.

The color of the berry is because of the presence of polyphenolic pigments in 
them. Red or purple berries are rich in anthocyanins while white-green berries con-
tain more of tannins, especially, catechin. Interestingly, these antioxidant com-
pounds are densely concentrated in the skin and seeds. To be emphasized is the high 
content of the antioxidant resveratrol in red/blue grapes, mostly concentrated in the 
skin. Table 10.1. gives a general view of the phytonutrient richness of grapes. While 
a single grape variety is unlikely to contain all of the phytonutrients listed in the 
table, grapes as a group have been shown to provide the health-supportive nutrients 
listed in the table.

In a recent study [7] the presence of flavonols, the product of the flavonoid bio-
synthetic pathway, was investigated in the berry skins of 91 grape varieties. In red 
grapes, the main flavonol was quercetin (mean = 43.99%), followed by myricetin 
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(36.81%), kaempferol (6.43%), laricitrin (5.65%), isorhamnetin (3.89%), and syrin-
getin (3.22%). In white grapes, the main flavonol was quercetin (mean = 81.35%), 
followed by kaempferol (16.91%) and isorhamnetin (1.74%) (for a complete list of 
flavonoids, see Fig. 10.2, below).

Grapes are rich source of micronutrient minerals like copper, iron, and manga-
nese. Copper and manganese are an essential cofactor of antioxidant enzyme super-
oxide dismutase. Iron is especially concentrated in raisins. In addition, 100 g of 
fresh grapes contain about 191 mg of health benefiting electrolyte, potassium. They 
are also good source of vitamin C, vitamin A, vitamin K, carotenes, and B-complex 
vitamins such as pyridoxine, riboflavin, and thiamin (see table of nutritional values) 
(see Table 10.1.)

The most important phytochemical of grapes are the polyphenols flavonoids, 
including resveratrol, anthocyanins, and catechins. Some of these potent antioxi-
dants are produced by grapes in response to mechanical injuries, ultraviolet radia-
tion, and as a defense for viral and fungal infections. Resveratrol in particular is 
produced by grapes when they are stressed particularly by fungal pathogens, i.e., 
Botrytis cinerea. It seems that grapes use the resveratrol to increase their resistance 
to fungal growth and survive this stress.

The effects of these polyphenols on human health are described in Chap. 14—
“Red and white wine”: resveratrol (cancer, glucose metabolism and diabetes mel-
litus, cognitive functions, cardiovascular, longevity); anthocyanins (blood pressure, 
total and LDL cholesterol, myocardial infarction, ischemic stroke, and 

Table 10.1 Phytonutrients 
of grapes

  • Stilbenes
   – Resveratrol
   – Piceatannol
   – Pterostilbene
  • Flavanols
   – Catechins
   – Epicatechins
   – Procyanidins
   – Proanthocyanidins
   – Viniferones
  • Flavonols
   – Quercetin
   – Kaempferol
   – Myricetin
   – Isorhamnetin
  • Phenolic acids
   – Caffeic acid
   – Coumaric acid
   – Ferulic acid
   – Gallic acid
  • Carotenoids
   – Beta-carotene
   – Lutein
   – Zeaxanthin

All phytonutrients listed are potent antioxidants
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anti- inflammatory effect); proanthocyanidins (blood lipids, collagen, and on free 
radicals); thyrosol (oxidative stress, myocardial ischemic stress, and myocardial 
infarction); caffeic acid (oxidative stress and inflammation).

It should be emphasized that in addition to polyphenols, the presence in grapes 
of a new phytochemical first believed to be present only in vertebrates has been 
found: the melatonin.

10.7.3  Melatonin

Melatonin is an indoleamine, a hormone secreted in human by the pineal gland 
especially in response to darkness, and has been linked to the regulation of circadian 
rhythms. In human, melatonin is synthesized from tryptophan and serotonin, and 
modulates circadian and circannual physiological functions, such as the sleep/wake 
cycle, reproductive function, bone metabolism and turnover, via cell receptor- 
mediated mechanisms.

In addition to receptor-mediate functions, a receptor-independent activity of 
melatonin has been also reported, mainly because of melatonin’s powerful antioxi-
dant activity. Melatonin can directly scavenge free radical species (both reactive 
oxygen and nitrogen species) and stimulate the activity of antioxidant enzymes; 
thus, it is involved in immune response and the pathogenesis of chronic- degenerative 
disorders. Endogenously produced melatonin declines with age and its loss contrib-
utes to degenerative conditions of aging. Recently, it was reported [8] that melatonin 
also activates Sirtuins, similarly to Resveratrol (see Chap. 14: “Red and White 
Wine”).

Melatonin biosynthesis has been first described in the pineal gland (epiphysis), 
but it also occurs in other tissues outside the central nervous system, such as the 
gastrointestinal tract, bone marrow, and lymphocytes. The aromatic amino acid 
tryptophan is the precursor of melatonin and other indoleamines, including sero-
tonin (Fig. 10.1).

Outside the animal kingdom, the presence of melatonin in food plants has been 
recently reported. Melatonin in fact has been detected and quantified in roots, 
shoots, leaves, flowers, fruits, and seeds of a considerable variety of spermatophyte 
species, and its presence in plants has been unequivocally confirmed [9]. Among the 
Mediterranean diet components, melatonin has been first reported in grapes and 
then in olives and olive oil. In the berry exocarp (skin) of different wine grape cul-
tivars, high melatonin concentrations have been detected in Italian and French wine 
grape cultivars, with levels ranging from 0.005 to 0.96 ng g−1 [10]. Higher levels of 
melatonin have been recently found in the whole berry of Sangiovese red and 
Albana white grapes (1.5 and 1.2 ng g−1, respectively), from central Italy [11]. In a 
recent study, melatonin has been also found in the wines produced with these grape 
varieties.

In a recent screening of Italian mono- and polyvarietal red, white, and dessert 
wines from different geographical areas, melatonin was found at concentrations 
around or less than 0.5 ng mL-1 [12]. In this study the linear correlation coefficient 
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between the melatonin content in wines and their antiradical capacity was higher 
compared with the weak correlation found between trans-resveratrol-3-O-gluco-
side (trans-piceid) and the same activity, even though the levels of resveratrol and 
other stilbenes (around or less than 1 mg mL-1) were three orders of magnitude 
higher than the levels of indoleamine (melatonin) [12]. In these terms, it was 
hypothesized that melatonin possesses a higher antioxidant activity than 
resveratrol.

The possibility of modulating the circulating levels of melatonin in mammals, 
which are basically very low (∼200 pg mL-1 at the maximum night-time peak and 
lower than 10 pg mL-1 during the day) [13], with melatonin in grape products (near 
1 ng g-1 and 0.5 ng mL-1 in berry skin and wine respectively) through the intake of 
plant foods, represents an exciting promise. Actually, a very efficient uptake and 
bioavailability of dietary melatonin have been demonstrated in both animals and 
humans [14–18].

Although data from studies on melatonin of berry tissues are still fragmentary 
and somewhat contrasting, it is likely that neither polyphenols nor melatonin pos-
sess “per se” thaumaturgic properties, but their synergy with other bioactive phyto-
chemicals (e.g., carotenoids and polyphenols) contributes greatly to maximizing the 
benefits of healthy dietary styles rich in fresh fruit, including Mediterranean diet.

10.8  Cherries

The English word cherry, French cerise, Spanish cereza, Italian ciliegia, and Turkish 
kiraz all derive from the Latin cerasum, which referred to an ancient Greek region 
which today is the city of Giresun, Turkey, from which cherries were first thought to 
be exported to Europe.
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10.8.1  History

The indigenous range of the sweet cherry extends through most of Europe, western 
Asia, and parts of northern Africa, and the fruit has been consumed throughout its 
range since prehistoric times. A cultivated cherry is recorded as having been brought 
to Rome by Lucius Licinius Lucullus from northeastern Anatolia, also known as the 
Pontus region, in 72 BC.

Cherries were introduced into England at Teynham, near Sittingbourne in Kent 
by order of Henry VIII who had tasted them in Flanders.

10.8.2  Nutrients and Phytochemicals

As raw fruit, sweet cherries provide little nutrient content per 100 g serving. Dietary 
fiber and vitamin C are present in moderate content while other vitamins and dietary 
minerals each supply less than 10% of the Daily Value (DV) per serving, 
respectively.

Compared to sweet cherries, raw sour cherries contain slightly higher content per 
100 g of vitamin C (12% DV) and vitamin A (8% DV).

Cherry, Sweet, Red, Raw
Nutritional value per 100 g
Source: USDA Database entry

Energy 263 KJ (63 kcal)
Carbohydrates 16 g
Sugars 12.8 g
Dietary fiber 2.1 g
Protein 1.1 g
Fat 0.2 g

Vitamin A equiv. 3 μg (0% DV)
Beta-carotene 38 μg (0% DV)
Lutein zeaxanthin 85 μg
Thiamine 0.027 mg (2% DV)
Riboflavin 0.033 mg (3% DV)
Niacin 1.154 mg (1% DV)
Pantothenic acid 0.199 mg (4% DV)
Vitamin B6 0.049 mg (4% DV)
Folate 4 μg (1% DV)
Choline 6.1 mg (1% DV)
Vitamin C 7 mg (8% DV)
Vitamin K 2.1 μg (2% DV)

Calcium 13 mg (1% DV)
Magnesium 11 mg (3% DV)
Manganese 0.07 mg (3% DV)
Potassium 222 mg (5% DV)
Phosphorus 21 mg (3% DV)
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Calcium 13 mg (1% DV)
Iron 0.36 mg (3% DV)
Zinc 0.07 mg (1% DV)

DV = Daily Value

10.8.3  Polyphenols in Cherries

In cherry, as in other red fruits, the ripening process is related to a change from the 
initial green color to red, with accumulation of polyphenolic compounds, anthocya-
nins, and degradation of chlorophyll. Phenolic compounds are concentrated in the 
skin and contribute to sensory and organoleptic qualities of fruits, such as taste and 
astringency.

The phenols contained in sour and sweet cherries have been characterized [7]. 
Cyanidin 3- glucoside, cyanidin 3-rutinoside, cyanidin 3-sophoroside, pelargonidin 
3-glucoside, pelargonidin 3- rutinoside, 3-glucoside, and peonidin 3-rutinoside are 
the polyphenols that have been identified in sweet and sour cherries.

Among phenolic acids, hydroxycinnamates (neochlorogenic acid and 
p- coumaroylquinic acid) have been quantified either in sweet and sour cherries. 
Flavonols and flavan-3-ols such as catechin, epicatechin, quercetin 3-gluco-
side, quercetin 3-rutinoside, and kaempferol 3-rutinoside were also found in 
sweet and sour cherries. The higher levels of total phenolics in sour cherries 
have been attributed to higher concentrations of anthocyanins and hydroxycin-
namic acids.

10.9  Wild and Cultivated Berries

A berry fruit generally refers to any small fruit that lacks seeds and can be eaten 
whole. Berries are usually juicy, rounded, brightly colored, sweet or sour, and do 
not have a stone or pit, although many pips or seeds may be present. Common 
examples are strawberries, raspberries, blueberries, and red- and blackcurrants. 
Some berries such as raspberries and strawberries have been bred for hundreds of 
years and are distinct from their wild counterparts, while other berries, such as 
blackcurrant, lingonberries, and cloudberries, grow almost exclusively in the 
wild.

10.9.1  History

Wild berries have been valuable as a food source for humans since before the start 
of agriculture and remain among the primary food sources of other primates. They 
were a seasonal staple for early hunter-gatherers for thousands of years, and wild 
berry gathering remains a popular activity in Europe and North America today. In 
time, humans learned to store berries so that they could be used in the winter, and 
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they may be made into fruit preserves, and among Native Americans, mixed with 
meat and fats as pemmican.

Berries also began to be cultivated in Europe and other countries. Some species 
of blackberries and raspberries have been cultivated since the seventeenth century, 
while smooth-skinned blueberries and cranberries have been cultivated in the United 
States for over a century.

Strawberry is mentioned by ancient Romans, who thought it had medicinal prop-
erties, but it was then not a staple of agriculture. Woodland strawberries began to be 
grown in French gardens in the fourteenth century. The musky-flavored strawberry 
began to be grown in European gardens in the late sixteenth century. In the early 
1800s, English breeders of strawberry made varieties of F. ananassa which were 
important in strawberry breeding in Europe, and hundreds of cultivars have since 
been produced through the breeding of strawberries.

10.9.2  Nutrients and Phytochemicals

Once ripened, berries are typically of a contrasting color to their background (often 
of green leaves), making them visible and attractive to frugivorous animals and 
birds. This assists the wide dispersal of the plants’ seeds.

Berry colors are due to natural plant pigments, such as anthocyanins, together 
with other flavonoids localized mainly in berry skins, seeds, and leaves. Among 
fruits, wild berries are the richest in antioxidants, as measured according to ORAC 
values (Table 10.2). Although berry pigments have antioxidant properties in vitro 
[19], it is current opinion that there is insufficient physiological evidence estab-
lished to date that berry pigments have actual antioxidant or any other functions 
within the human body.

Table 10.2 ORAC 
(antioxidant) values of some 
berries and fruits

FRUITS ORAC
Prunes 5770
Goji berries 3290
Blueberries 2400
Blackberries 2036
Cranberries 1750
Strawberries 1540
Pomegranates 1245
Raspberries 1220
Plums 949
Oranges 750
Grapes (red) 739
Cherries 670
Kiwifruit 602
Grapes (white) 446
Banana 221
Apple 218
Apricots 164
Peach 158
Pear 134
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ORAC values refer to the Oxygen Radical Absorbance Capacity of a food, as 
determined by the U.S. Department of Agriculture (DOA). By testing the ability of 
foods and other compounds to subdue oxygen free radicals, the DOA was able to 
determine each compound’s antioxidant capability.

Although the contrasting opinions on the beneficial effects of berry pigments and 
their antioxidant properties on human diseases, the berries phenolic compounds 
have been shown to exert other effects beyond the antioxidant activity. Numerous 
studies have demonstrated that besides their in vitro antioxidant capacity, certain 
phenolic compounds, such as anthocyanins, catechins, proanthocyanidins, and other 
noncolored flavonoids, may regulate different signaling pathways involved in cell 
survival, growth, and differentiation [20].

Blueberries are rich in flavonoids, particularly in anthocyanin, the natural pig-
ments responsible for the blue, purple, red, and orange colors of many fruits and 
vegetables. More than 500 different anthocyanins have been described in the litera-
ture. Depending on the number and position of hydroxyl and methoxyl groups as 
substituents, different anthocyanins have been described and six of them are com-
monly found in fruits and vegetables: pelargonidin, cyanidin, delphinidin, petuni-
din, peonidin, and malvid. Anthocyanins are some of the few polyphenols that can 
be detected in plasma in the native form found in plant foods (glycosides).

Anthocyanins have clearly demonstrated, in animal and humans, in  vitro and 
in vivo, to provide significant protection against many chronic diseases, some of 
which will be considered below.

A mention deserves the bright red color of goji berries. The red flesh and pulp 
contain carotenoids, such as zeaxanthin. In fact, nearly 75% of the carotenoids in 
goji are zeaxanthin, the rest are beta-carotene (vitamin A). Zeaxanthin has been 
most studied for its benefits to the eyes, which is why goji are often recommended 
as part of a healthy diet for those suffering from age-related macular degeneration 
and a whole host of other vision-related diseases.

10.10  Active Phytochemicals in Fresh Fruits: Polyphenols

Fresh fruit is an important component of Mediterranean diet. Fresh fruits have many 
positive effects on human health. These effects are generally attributed to two com-
ponents of fresh fruit: polyphenols and fibers (soluble and insoluble).

10.10.1  Polyphenols

Polyphenols, or poly-hydroxy-phenol, are a group of plant metabolites thought to 
provide health benefits in humans through cell signaling pathways and antioxidant 
effects. Most often, they are considered as antioxidant phytochemicals that tend to 
prevent or neutralize the damaging effects of free radicals, the oxidative stress. 
Oxidative stress is considered to be substantial, if not crucial, in the initiation and 
development of many current conditions and diseases, including: inflammation, 
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autoimmune diseases, cataract, cancer, Parkinson’s disease, arteriosclerosis, and 
aging. Oxidative stress plays a role also in heart diseases, neurodegenerative dis-
eases, cancer, and in the aging process. This theory is supported by increasing evi-
dence suggesting that oxidative damage plays a role in the development of chronic, 
age-related degenerative diseases, and that dietary antioxidants oppose this and 
lower the risk of disease.

Polyphenols are present in fruits and vegetables, but the highest concentrations 
are found in the outer part of ripe fruits, concentrations that decrease during ripen-
ing, while the total amount increases as the size of the fruits increases.

All polyphenols have similar ring-shaped chemical structures, but they differ in 
the number of rings and molecules that are attached to those rings. Thus, polyphe-
nols are grouped into four different categories based on those differences: phenolic 
acids, stilbenes, lignans, and flavonoids. The first three (phenolic acids, stilbenes, 
and lignans) are also called “non-flavonoids,” to distinguish from “flavonoids” 
(Fig. 10.2).

Phenolic acids include hydroxybenzoic acids, such as gallic acid found in tea, 
and hydroxycinnamic acids found in coffee, mangos, blueberries, kiwis, plums, 
apples, citrus fruits, and cherries. Phenolic acids are also present in good quantity in 
numerous vegetables: chicory, artichokes carrots, lettuce, eggplant, wheat, and 
coffee are among the richest sources. Phenolic acids are contained also in flour 
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made from whole wheat, rice, corn, or oats. Phenolic compounds confer unique 
taste, flavor, and health-promoting properties found in vegetables and fruits. 
Therefore, increasing the phenolic content in these plants enhances their quality. 
Phenolic compounds are crucial for plants growth and reproduction, and are pro-
duced as a response to environmental factors (light, chilling, pollution, etc.) and to 
defend injured plants.

Stilbenes are a small group of phenolic compounds, essentially resveratrol and 
pterostilbene. Resveratrol is the most important stilbene. Red wine, red-grape skin, 
peanuts, blueberries, and cranberries are the richest source of resveratrol. 
Pterostilbene is found in blueberries and grapes. It’s an antioxidant that has shown 
promise in the treatment and prevention of cancer and cardiovascular disease, but 
(like resveratrol) it’s only been tested in lab animals. Currently, there aren’t any 
studies in humans.

Lignans: Plant lignans are co-passengers of dietary fiber, and therefore fiber-rich 
food items are often good sources of lignans. Flax seed and sesame seed contain 
higher levels of lignans than most other foods. Other sources of lignans include 
cereals (rye, wheat, oat, and barley), soybeans, cruciferous vegetables such as broc-
coli and cabbage, and some fruit, particularly apricots and strawberries.

Flavonoids: There are several types of flavonoids: flavones, flavonols, flava-
nones, isoflavones, anthocyanidins, catechins, and chalcones (Fig. 10.2). They’re 
found in a wide variety of plant-based foods, including fruits, vegetables, legumes, 
red wine, and green tea. Flavonoids work primarily as antioxidants. Nowadays, it is 
widely accepted that if flavonoids have any preventive or curative activity through 
their ingestion, this effect must involve not only their antioxidant potential, but also 
the modulation of multiple cellular pathways that are crucial in the pathogenesis of 
those diseases [21]. Their dietary intake has been associated with the prevention of 
the development of chronic diseases such as type-2 diabetes, cardiovascular disease, 
and cancer (Fig. 10.3).

10.10.2  Flavonoids and Diabetes

In diabetic male rats, blueberry anthocyanins (BA) given orally prevented diabetes- 
induced weight loss and increased blood glucose. BA also upregulated the antioxi-
dant capacity of the retina, increased the content of glutathione (GSH) and 
glutathione peroxidase (GPx) activity, and decreased malondialdehyde (MDA) and 
reactive oxygen species (ROS) levels. Vascular endothelial growth factor (VEGF) 
and interleukin-1β (IL-1β), two pro-inflammatory cytokines upregulated in the 
serum of diabetes model rats, were significantly reversed by BA [22].

In a double-blinded, randomized, and placebo-controlled clinical study design 
[22], insulin sensitivity was measured on 32 obese, nondiabetic, and insulin- resistant 
subjects. Participants were randomized to consume either a smoothie containing 
22.5 g blueberry bioactives (blueberry group, n = 15) or a smoothie of equal nutri-
tional value without added blueberry bioactives (placebo group, n = 17) twice daily 
for 6 week. The mean change in insulin sensitivity improved more in the blueberry 
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group (1.7 ± 0.5 mg kg FFM−1 min−1) than in the placebo group (0.4 ± 0.4 mg kg 
FFM−1 min−1) (P = 0.04). Insulin sensitivity was enhanced in the blueberry group at 
the end of the study without significant changes in adiposity, energy intake, and 
inflammatory biomarkers. The conclusions were that daily dietary supplementation 
with bioactives from whole blueberries improved insulin sensitivity in obese, non-
diabetic, and insulin-resistant participants [23].

The effects of dietary intakes of major flavonoid subclasses (i.e., flavonols, flavones, 
flavanones, flavan-3-ols, and anthocyanins) were assessed in a study that included three 
important epidemiological studies, to see whether flavonoids intakes were associated 
with the risk of type 2 diabetes in US adults [24]. The authors studied a total of 70,359 
women in the Nurses’ Health Study (NHS; 1984–2008), 89,201 women in the NHS II 
(1991–2007), and 41,334 men in the Health Professionals Follow-Up Study (1986–
2006) who were free of diabetes, cardiovascular disease, and cancer at baseline. During 
3,645,585 person-years of follow-up, 12,611 incident cases of type 2 diabetes were 
documented. Higher intakes of anthocyanins were significantly associated with a lower 
risk of type 2 diabetes (pooled HR for the 3 cohorts from a comparison of extreme 
quintiles: 0.85; 95% CI: 0.80, 0.91; P-trend <0.001) after multivariate adjustment for 
age, BMI, and lifestyle and dietary factors. Consumption of anthocyanin-rich foods, 
particularly blueberries (pooled HR: 0.77 from a comparison of ≥2 servings/week with 
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<1 serving/mo; 95% CI: 0.68, 0.87; P-trend <0.001) was also associated with a lower 
risk of type 2 diabetes. No significant associations were found for total flavonoid intake 
or other flavonoid subclasses [24].

10.10.3  Flavonoids and Cardiovascular Disease

Polyphenols have been shown to reduce cardiovascular (CVD) risk in atheroscle-
rotic subjects.

Several epidemiological studies have suggested that the regular consumption of 
foods and beverages rich in flavonoids is associated with a reduction in the risk of 
several cardiovascular pathological conditions ranging from hypertension to coro-
nary heart disease, stroke, and dementia. The major polyphenols shown to have 
these protective effects in humans are primarily from cocoa, wine, grape seed, ber-
ries, tea, tomatoes (polyphenolics and nonpolyphenolics), soy, and pomegranate. 
Also flavonoids from apples and onions appear to impact positively on some CVD 
risk factors, e.g., blood pressure, vascular function, and serum lipid levels. A recent 
prospective study reported that anthocyanidins, flavanones, and foods rich in flavo-
noids (including apples, pears, strawberries, red wine, chocolate, and bran) were 
associated with lower CVD mortality in women [25].

Atherosclerosis is a chronic inflammatory disease that develops in lesion-prone 
regions of medium-sized arteries. Atherosclerotic lesions may be present and clini-
cally silent for decades before becoming active and producing clinical events such 
as acute myocardial infarction, unstable angina, or sudden cardiac death. Such 
events are often caused by acute rupture or erosion of a vulnerable plaque, which 
exposes the highly thrombogenic sub-endothelium to flowing blood. The develop-
ment of a vulnerable plaque and the subsequent ischemic events represent a pro-
found loss of endothelial homeostasis. Dyslipidemia, hypertension, diabetes 
mellitus, smoking, aging, physical inactivity, systemic inflammation and infectious 
processes, hyperhomocysteinemia, and the postmenopausal state are all associated 
with endothelial dysfunction. Lipid-lowering therapy, angiotensin converting 
enzyme inhibitors, angiotensin receptor blockers, smoking cessation, and exercise 
have all been shown to reverse endothelial dysfunction among patients with athero-
sclerosis or cardiovascular risk factors.

Flavonoids have been shown to reverse the CVD acting primarily on endothelial 
dysfunction and platelet aggregation.

10.10.3.1  Flavonoids and Endothelial Dysfunction
There is increasing evidence that flavonoids have beneficial effects on endothelial 
control of thrombosis, inflammation, and vascular tone.

Tea contains an assortment of water-soluble antioxidant flavonoids, including 
catechins, quercetin, kaempferol, and other polyphenols, including thearubigins. 
The short-term and long-term effects of tea consumption on flow-mediated dilation 
were studied in the brachial artery among 50 subjects with angiographically proven 
coronary artery disease, in a placebo-controlled, crossover study [26]. Short-term 
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effects of tea were examined by measuring flow-mediated dilation before and 2 h 
after the subjects consumed 450 mL of freshly brewed black tea. Long-term effects 
were examined by measuring flow-mediated dilation again after the subjects had 
consumed 900 mL of black tea per day for 30 day. Both short-term and long-term 
tea consumption improved significantly endothelial function.

In another study [27], the effect of tea consumption on brachial artery flow- 
mediated dilation was studied in a group of otherwise healthy subjects with modest 
hypercholesterolemia. It was observed that consumption of 5 cups of black tea per 
day for 5 week led to improved flow-mediated dilation. Interestingly, tea consump-
tion was also associated with an improvement in nitroglycerin-mediated dilation, 
which suggested that tea improved the bioactivity of endothelium-derived nitric 
oxide and/or had a beneficial effect on the function of vascular smooth muscle.

Other flavonoid-containing beverages, particularly grape products, have been 
shown to improve endothelial function. It was observed [28] that consumption of 
grape juice for 14 day was associated with improved brachial artery flow-mediated 
dilation among 15 adults with angiographically proven coronary artery disease. In 
that study, the susceptibility of LDL to ex vivo oxidation was reduced, which sug-
gested an antioxidant effect. A second study from the same group also indicated 
beneficial effects of purple grape juice on endothelial function [29].

In another study [30] the effects of cocoa on flow-mediated dilation were exam-
ined. Among patients with at least one cardiovascular disease risk factor, impaired 
endothelial function was observed. Two hours after the patients consumed cocoa 
containing 176 mg/dL flavan-3-ols, the investigators observed a significant increase 
in flow-mediated dilation. They also observed increases in nitrosylated and nitro-
sated species in plasma, which suggested an increase in nitric oxide production.

10.10.3.2  Flavonoids and Plateled Aggregation
In a study on dogs [31] the effects of grape juice on platelet function in vivo were 
examined. The investigators used the Folts model of unstable coronary stenosis, 
which involves the creation of endothelial injury and sub-occlusive stenosis in a dog 
coronary artery. In this model, transient platelet aggregation and release are reflected 
in cyclic variations in coronary blood flow; therefore, the model closely mimics a 
ruptured atherosclerotic plaque causing unstable angina. In this model, acute intra-
gastric administration of red wine or grape juice was associated with marked reduc-
tions in cyclic flow variations, which indicates an important antiplatelet effect that 
is relevant to cardiovascular disease events [31].

There are mixed data regarding the effects of tea consumption on platelet func-
tion. Animal studies of the effects of tea consumption on platelet aggregation in the 
Folts model suggested that tea may have benefits comparable to those of grape 
juice, although rather high doses of tea were required. It was also observed that tea 
consumption reduces plasma concentration of P-selectin, a marker of in vivo plate-
let aggregation [32].

Other polyphenolic compounds have been reported to reduce cardiovascular dis-
ease risk and to have beneficial effects on endothelial and platelet function. For 
example, soy products, which are rich sources of isoflavones such as genistein and 
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daidzein, have been reported to improve endothelial function, possibly through an 
effect on the estrogen receptor [33].

There is growing evidence that polyphenolic compounds may have anti- 
inflammatory effects. For example, the grape and wine component resveratrol 
inhibits adhesion molecule expression and monocyte adhesion in vitro [34].

10.10.3.3  Other Effects of Flavonoids
Because of their antioxidant and chelating properties, flavonoids inactivate reac-
tive oxygen species (ROS) and this way counteract plasma LDL oxidation and 
ameliorate inflammation of the blood vessel endothelium. Furthermore, flavo-
noids decrease activity of xanthine oxidase, NADPH oxidase, and lipoxygenase, 
i.e., the enzymes that increase ROS production. Anti-arteriosclerotic action of 
flavonoids is related also to the reduction of inflammation in the blood vessel wall 
through inhibition of the influx of leucocytes. Flavonoids also decrease activity of 
such enzymes as 15-lipoxygenase (15-LOX) and cyclooxygenase (COX, particu-
larly COX-2). These enzymes participate in formation of prostaglandins and leu-
kotrienes, substances that mediate inflammation, from arachidonic acid. Decline 
in their secretion results in reduction of synthesis of prostaglandin PGE2, leukot-
riene B4, and thromboxane A2, what in turn leads to decrease in inflammation and 
platelet aggregation [35].

Beyond the protection of blood vessels against ox-LDL, anti-atheromatous 
action of flavonoids results also from suppression of 3-hydroxy-3-methylglutaryl-
coenzyme A reductase (HMG-CoA) activity. This enzyme plays a key role in the 
synthesis of cholesterol in the human body, and thereby influences its plasma levels. 
Inhibition of its activity lowers intracellular cholesterol concentrations and results 
in the following increase in expression of LDL receptors. This in turn raises the cel-
lular lipoprotein uptake and removal of cholesterol from the circulation. Hesperetin 
is a good example of a flavonoid, found in lemons and oranges, which reduces blood 
cholesterol level in the aforementioned way [36].

Improved endothelial function, antiplatelet effects, and anti-inflammatory effects 
are among the important mechanisms to be considered for the observed benefits of 
flavonoids on cardiovascular atheromatous disease. Overall, the findings of avail-
able studies fit well with the recommendations of the American Heart Association 
that Americans should increase their consumption of fresh fruit and vegetables and 
other foods with high polyphenol contents [37].

10.10.4  Flavonoids and Cancer

Numerous studies in animals have demonstrated the efficacy of some polyphenols 
in preventing cancer. Much attention, in this respect, has been focused on flavo-
noids. It seems that biologically active substances found in foodstuffs may affect 
such stages of carcinogenesis as initiation, promotion, and progression [38]. 
Numerous mechanisms of flavonoid action have been discovered. In the initiation 
and promotion stages, they include: inactivation of the carcinogen, inhibition of cell 
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proliferation, enhancement of DNA repair processes, and reduction of oxidative 
stress. In the progression phase flavonoids may induce apoptosis, inhibit angiogen-
esis, and exhibit antioxidant activity and cytotoxic or cytostatic action against can-
cer cells [38–41].

Prevention of metabolic activation of pro-carcinogens appears to be related to 
flavonoid interaction with phase I enzymes that are responsible for metabolism of 
various endogenous or exogenous substrates. This results from the inhibition of the 
cytochrome P450 enzymes, such as CYP1A1 and CYP1A2. To note, P450 enzymes 
are involved in metabolizing numerous substances, including aromatic hydrocar-
bons and estradiol to potentially carcinogenic intermediates; moreover, it is overex-
pressed in human cancer cells. Flavonoids selectively inhibit CYP1 enzymes, and 
are thus useful as chemoprotective agents in cancer prevention. Flavonoids thus 
protect against cellular damage arising from the activation of carcinogenic factors. 
Another mechanism of their action is related to reinforcement of mutagen detoxifi-
cation through induction of the phase II enzymes, such as glutathione S-transferase 
(GST) and UDP-glucuronyl transferase (UDP-GT), which detoxify and eliminate 
carcinogens from the body [39, 42].

The studies quoted above were performed in animals, and so the conclusions 
should be extrapolated to humans with caution. Observational studies conducted on 
various human populations have shown contrasting results [43–45].

The Iowa Women’s Health Study [46] investigated the effect of dietary flavonoid 
consumption on the incidence of cancer of the lung, colon, breast, and pancreas in 
34,708 postmenopausal women who were observed from 1986 to 2004. Their 
dietary habits were determined by means of a food frequency questionnaire. Results 
showed that regular flavonoid consumption significantly reduced the risk of the lung 
cancer, particularly in the women who had stopped smoking. However, there was no 
evident effect of flavonoid consumption on the risk of other cancers.

Another study, performed in 34,408 women (aged above 45  years), demon-
strated no significant links between intake of foods rich in flavonoids and the risk 
of cancer [45].

Despite of these findings, a meta-analysis of 12 studies showed a reduced risk of 
breast cancer in women, especially postmenopausal, who consumed large amounts 
of flavonoids, such as flavonols and flavones [44]. Further studies are therefore 
required to assess the promising influence of flavonoids on the human body.

10.10.5  The Synergy of Phytochemicals

It should be emphasized that numerous epidemiological studies have consistently 
demonstrated that regular consumption of fruits and vegetables is associated with 
reduced risk of developing chronic diseases, such as cancer and cardiovascular 
disease. So, dietary modification by increasing the consumption of a wide variety 
of fruits, vegetables, and whole grains daily should be considered a practical strat-
egy for consumers to optimize their health and to reduce the risk of chronic 
diseases.
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The Cancer Formation and Progression [47]
Cancer proceeds through three stages: initiation, promotion, and progression.
The initiation stage takes place in a very short period of time, even minutes. It is 

the time required for the chemical carcinogen to be consumed, absorbed into the 
blood, transported into cells, changed into its active product, bonded to DNA, and 
passed on to the daughter cells. These daughter cells and all their progeny will 
forever be genetically damaged, giving rise to the potential for cancer. The comple-
tion of initiation phase is in most cases irreversible.

The second growth stage is called promotion stage. It takes place when newly 
formed cancer-prone cells are ready to grow and multiply until they become a visibly 
detectable cancer. This stage occurs over a far longer period of time than initiation, 
often many years. It is when the newly initiated cluster multiply and grows into larger 
masses. A clinically visible mass is formed. The promotion phase is reversible, depend-
ing on whether the early cancer growth is given the right conditions in which to grow. 
This is where certain dietary factors become so important. There are dietary factors 
called “promoters” that feed cancer growth. Other dietary factors called “anti-pro-
moters” slow cancer growth. Cancer growth flourishes when there are more promot-
ers than anti-promoters. When anti-promoters prevail, cancer growth slows or stops.

The third phase is the progression stage and begins when a bunch of advanced 
cancer cells progress in their growth until they have done their final damage. The 
developing cancer tumor wanders away from its initial site in the body and invades 
neighboring or distant tissues. When cancer breaks away from its initial home and 
wanders, it is metastasizing. This final stage of cancer results in death.

Phytochemical extracts from fruits and vegetables have demonstrated to have a 
strong antioxidant and antiproliferative activities in vitro. However, it is believed that the 
actions of the antioxidant nutrients alone do not explain the observed health benefits of 
diets rich in fruits and vegetables, because taken alone, the individual antioxidants stud-
ied in clinical trials have not demonstrated to have consistent preventive effects. Other 
studies however have shown that most antioxidant and antiproliferative activity is due to 
the combination of phytochemicals [48]. It has been suggested that the additive and 
synergistic effects of phytochemicals in fruits and vegetables are responsible for the 
antioxidant and anticancer activities and that these benefits should be actually attributed 
to the complex mixture of phytochemicals present in whole foods [48]. This explains 
why no single antioxidant can replace the combination of natural phytochemicals in 
fruits and vegetables to achieve the observed health benefits. The evidence suggests that 
antioxidants or bioactive compounds are best acquired through whole-food consump-
tion, not from expensive dietary supplements. Eating 5 to 10 servings of a wide variety 
of fruits and vegetables daily is an appropriate strategy for significantly reducing the risk 
of chronic diseases and to meet the nutrient requirements for optimum health.

10.11  Dietary Fibers and Fresh Fruit

Dietary fibers are the second most important component of fresh fruit, besides phy-
tochemical antioxidants. The role of dietary fibers has been described extensively in 
Chap. 9: Vegetables—Sect. 9.5.3.9: “Dietary fibers and intestine,” this book.
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Briefly, dietary fibers are the nondigestible carbohydrates and lignin that are 
intrinsic and intact in plants. Functional fibers consist of isolated, nondigestible 
carbohydrates that have beneficial physiologic effects in humans. Total fiber is the 
sum of dietary fibers and functional fibers. Dietary fibers are divided into water- 
soluble and water-insoluble (see table “Dietary Fiber (Types and Source)” in 
Chap. 9)

(1) Water-soluble fibers, which generally absorb water to become a gelatinous, 
viscous substance which is fermented by bacteria in the colon into gases and physi-
ologically active by-products. Some, but not all, soluble plant fibers block intestinal 
mucosal adherence and translocation of potentially pathogenic bacteria and may 
therefore modulate intestinal inflammation, an effect that has been termed contrabi-
otic. (2) Water-insoluble fibers, which in general do not dissolve in water, are meta-
bolically inert and provide bulking. Bulking fibers absorb water as they move 
through the digestive system, easing defecation. Some insoluble fibers, notably 
resistant starch (e.g., in potatoes), are fully fermented in the large intestine.

Advantages of consuming fiber are the production of healthful compounds dur-
ing the fermentation of soluble fiber, and insoluble fiber’s ability (via its passive 
hygroscopic properties) to increase bulk, soften stool, and shorten transit time 
through the intestinal tract. A disadvantage of a diet high in fiber is the potential for 
significant intestinal gas production and bloating.

Dietary fiber and undigested starch are the primary substrates for growth of the 
microflora in the large bowel. Thus the bulk associated with undigested residue 
contributes directly to stool bulk as undigested material or indirectly through the 
growth of microflora, which are a part of the stool weight.

Given the numerous benefit of dietary fiber, it is generally recommended that 
most men and women should get about 38 g and 25 g of dietary fiber a day, respec-
tively. Older men and women typically need about 30 g and 21 g, respectively, 
according to the USDA. These general guidelines stem from the principle dietary 
recommendation that all individuals, regardless of age or gender, should eat 14 g of 
fiber for every 1000 calories consumed. An individual who averages 2200 calories 
a day, for example, should get about 31 g of fiber. One small apple supplies about 
12% of the recommended amount of fiber.
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11Nuts

11.1  Premises

The nuts are fruits composed of a hard shell and a seed, which is generally edible. 
In a general context, however, a wide variety of dried seeds are called nuts, but in a 
botanical context, there is an additional requirement that the shell does not open to 
release the seed.

Most seeds come from fruits that naturally free themselves from the shell, unlike 
nuts such as hazelnuts and chestnuts, which have hard shell walls and originate from 
a compound ovary. The general and original usage of the term is less restrictive, and 
many nuts (in the culinary sense), such as almonds, pecans, pistachios, walnuts, and 
Brazil nuts, are not nuts in a botanical sense. Common usage of the term often refers 
to any hard-walled, edible kernel as a nut.

Nuts are the source of energy and nutrients for the new plant (see Table 11.1). 
They contain a relatively large quantity of calories, essential unsaturated and mono-
unsaturated fats including linoleic acid and linolenic acid, vitamins, and essential 
amino acids. Many nuts are good sources of vitamin E, vitamin B2, folate, fiber, and 
the essential minerals magnesium, phosphorus, potassium, copper, and selenium. 
Nuts are most healthy in their raw unroasted form, because roasting can signifi-
cantly damage and destroy fats during the process. Unroasted walnuts have twice as 
many antioxidants as other nuts or seeds.

Walnuts are the best source of polyunsaturated fats (linoleic and linolenic acid), 
while pistachios and peanuts are the best source of proteins (23–25 g%). Almonds 

Table 11.1 Percentage of various nutrients in five unroasted nuts

Name Protein Total fat PUFA MUFA Carbohydrate
Walnuts 15.23 65.21 47.17 8.933 19.56
Almonds 21.26 50.64 3.881 32.15 28.10
Peanuts 23.68 49.66 6.893 24.64 26.66
Pistachio 25.30 54.70 16.45 28.31 34.95
Hazelnut 14.95 60.75 7.80 45.00 16.70

PUFA = polyunsaturated fat, MUFA = monounsaturated fat
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are a good source of monounsaturated fats (32 g%) and proteins (21 g%). Hazelnut 
are a good source of MUFA (45 g%).

Nuts have been shown to have beneficial effects on health. They have been first 
linked to protection against myocardial infarction. In fact, people who consume nuts 
regularly are less likely to develop coronary heart disease. Moreover, regular nuts 
consumptions is associated with lower mortality from ischemic heart disease, car-
diovascular disease and all causes [1]. Consumption of various nuts such as walnuts 
and almonds lowers serum cholesterol and LDL-cholesterol concentrations. The 
hypolipidemic response is essentially due to the high content of mono- and polyun-
saturated fatty acids, i.e., n-9, n-6, and n-3 fatty acids [2].

11.2  Walnuts

11.2.1  History

Walnuts (Juglans regia) have a rich history dating back thousands of years. Walnuts 
are the oldest tree food known to man, dating back to 7000 B.C. The Romans called 
walnuts “Jupiter’s royal acorn.” Early history indicates that English walnuts came 
from ancient Persia, where they were reserved for royalty. Thus, the walnut is often 
known as the “Persian Walnut.” Walnuts were traded along the Silk Road route 
between Asia and the Middle East. Caravans carried walnuts far off lands and even-
tually through sea trade, spreading the popularity of the walnut around the world. 
English merchant marines transported the product for trade to ports around the 
world and they became known as “English Walnuts.” England, in fact, never grew 
walnuts commercially. The outer shell provided a natural protective layer helping to 
maintain the quality of the nut.

In California, the walnut was first cultivated by the Franciscan Fathers in the late 
1700s. The earliest walnuts to enter California were known as “mission” walnuts. 
Unlike today’s walnuts, these first entries were small with hard shells. The trees 
flourished in the Mediterranean-like climate zones of California, and by the 1870s 
modern walnut production had begun with orchard plantings in southern California, 
near Santa Barbara. In the next 70 years the center of California’s walnut production 
shifted with successful plantings in the central and northern parts of the state.

11.2.2  Nutrients and Phytochemicals

Walnuts without shells are 4% water, 15% protein, 65% fat, and 14% carbohydrates, 
including 7% dietary fiber (see table “Walnut”). In a 100 g serving, walnuts provide 
2740 kilojoules (654 kcal) and a rich content (more than 19% of the Daily Value or 
DV) of several dietary minerals, particularly manganese at 163% DV, and B vita-
mins (see table “Walnut”). Among the fruits and nuts, walnuts are the richest in 
manganese.
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Unlike most nuts that are high in monounsaturated fatty acids, walnut oil is com-
posed largely of polyunsaturated fatty acids (72% of total fats), particularly 14% 
alpha-linolenic acid (a n-3 fatty acid) and 58% linoleic acid (a n-6 fatty acid), but it 
does contain also oleic acid (a n-9 fatty acid) as 13% of total fats.

Walnut fresh hull contains polyphenols. Seven phenolic compounds, including 
ferulic acid, vanillic acid, coumaric acid, syringic acid, myricetin, and juglone, have 
been identified in walnut husks. Juglone, the predominant phenolic, was found in 
concentrations of 2–4% fresh weight. Walnuts also contain ellagitannin peduncula-
gin. Juglone, regiolone, betulinic acid, and sitosterol have been isolated from the 
stem bark of J. regia [3, 4].

11.2.3  Bioactive Compounds of Walnuts

Walnuts have been extensively studied mostly for their cardiovascular disease preven-
tion effects, due to their elevated content in polyunsaturated fatty acids (see also 
Chap. 8, Sect. 8.6.4.2, this book). Walnuts contain also polyphenols, whose numerous 
effects have been discussed in other chapters of this book. However, Juglone and 
ellagic acid, two polyphenols contained in high quantity in walnuts deserve a 
mention.

Juglone is generally extracted from the husk of walnut fruit of which it contains 
2–4% by fresh weight. Juglone is an allelopathic compound, a substance that is pro-
duced by a plant to stunt the growth of another. Landscapers have long known that 
gardening underneath or near black walnut trees can be difficult. This polyphenol 
exerts its effect by inhibiting certain enzymes needed for metabolic function. Juglone 
is currently being studied for its anticancer properties. One of the potential pathways 
through which juglone achieves its anticancer properties is through the formation of 
the semiquinone radical; the semiquinone radical causes superoxide anion radicals 
to form which can lead to apoptosis when present in large concentrations [5]. This 
conversion from juglone to semiquinone radical that causes the superoxide anion 
radical to form takes place in the mitochondria as well as the cytosol [6].

Ellagic acid (EA) is a polyphenol found in nuts and other fruits including berries, 
pomegranates, and grapes. EA has been investigated extensively because of its anti-
proliferative action in some cancers, along with its anti-inflammatory effects. A 
growing body of evidence suggests that the intake of EA is effective in attenuating 
obesity and ameliorating obesity-mediated metabolic complications, such as insulin 
resistance, type 2 diabetes, nonalcoholic fatty liver disease, and atherosclerosis [7].

Walnut
Nutritional value per 100 g
Source: USDA National Nutrient Data base

Energy 2738 KJ (654 kcal)
Carbohydrates 13.71 g
Sugars 2.61 g
Dietary fiber 6.70 g
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Fat 65.21 g
Saturated 6.126 g
Monounsaturated 8.933 g
Polyunsaturated 47.17 g
Omega-3 (linolenic) 9.08 g
Omega-6 (linoleic) 38.09 g

Protein 15.23 g
Essential amino acids
Histidine 0.391 g (56%)
Isoleucine 0.625 g (45%)
Leucine 1.170 g (43%)
Lysine 0.424 g (20%)
Methionine 0.236 g
Phenylalanine 0.711 g
Threonine 0.596 g (57%)
Tryptophan 0.170 g (61%)
Valine 0.753 g (41%)
Nonessential amino acids
Arginine 2.278 g
Alanine 0.696 g
Aspartate 1.829 g
Cystine 0.208 g
Glutamate 2.816 g
Glycine 0.816 g
Proline 0.706 g
Serine 0.934 g
Tyrosine 0.406 g

Vitamins
Vitamin A equiv. 1 μg (0% DV)
β-Carotene 12 μg (0% DV)
Lutein zeaxanthin 9 μg
Vitamin A 20 IU
Thiamine (B1) 0.341 mg (30% DV)
Riboflavin (B2) 0.15 mg (13% DV)
Niacin (B3) 1.125 mg (8% DV)
Pantothenic acid (B5) 0.570 mg (11% DV)
Vitamin B6 0.537 mg (41% DV)
Folate (B9) 98 μg (25% DV)
Vitamin B12 0 μg (0% DV)
Vitamin C 1.3 mg (2% DV)
Vitamin E 0.7 mg (5% DV)
Vitamin K 2.7 μg (3% DV)

Minerals
Calcium 98 mg (10% DV)
Iron 2.91 mg (22% DV)
Magnesium 158 mg (45% DV)
Manganese 3.414 mg (163% DV)
Phosphorus 346 mg (49% DV)
Potassium 441 mg (9% DV)
Sodium 2 mg (0% DV)
Zinc 3.09 mg (33% DV)

DV = Daily Value
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11.2.4  The Health Benefits of Walnuts

Having evaluated the scientific literature on the potential health value of consuming 
walnuts, the US Food and Drug Administration (FDA) provided guidance described 
as a Qualified Health Claim to manufacturers for labeling of food and dietary sup-
plement products, stating: “Supportive but not conclusive research shows that eat-
ing 1.5 ounces per day of walnuts, as part of a low saturated fat and low cholesterol 
diet and not resulting in increased caloric intake, may reduce the risk of coronary 
heart disease.” [8].

The husks of the black walnut Juglans nigra were once used to make an ink for 
writing and drawing, having been used by artists including Leonardo da Vinci and 
Rembrandt.

Walnut husk pigments are used as a brown dye for fabric as once applied in clas-
sical Rome and medieval Europe for dyeing hair.

11.2.5  Briefly

Walnuts in an important nutrient due to its high content of unsaturated fats reaching 
65% of the whole hull. Due to the high content in unsaturated fatty acids, the regular 
use of walnuts has been shown to reduce significantly total serum cholesterol and 
LDL cholesterol, as well as the risk of acute myocardial infarction and mortality for 
cardiovascular disease and all causes. Its regular use should be recommended to 
aging people, particularly to undernourished ones. However, due to the high content 
of the polyunsaturated linoleic acid (45%), walnuts should be associated to an anti-
oxidant-rich Mediterranean diet, to prevent lipid peroxide formation and conse-
quently LDL oxidation.

11.3  Almonds

The almond (Prunus dulcis, syn. Prunus amygdalus) is a species of tree native to the 
Middle East, the Indian Subcontinent and North Africa. Almond is also the name of 
the edible and widely cultivated seed of this tree. Within the genus Prunus, it is clas-
sified with the peach in the subgenus Amygdalus. The fruit of the almond is a drupe, 
consisting of an outer hull and a hard shell with the seed, which is not a true nut, 
inside. Shelling almonds refers to removing the shell to reveal the seed. Almonds 
are sold shelled or unshelled. Blanched almonds are shelled almonds that have been 
treated with hot water to soften the seed coat, which is then removed to reveal the 
white embryo.

11.3 Almonds
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11.3.1  History

The almond is native to the Mediterranean climate region of the Middle East, east-
ward as far as the Yamuna River in India. In Iran, India, Pakistan, Afghanistan, 
Azerbaijan, and other Central Asian countries, it is known as bādām. It was spread 
by humans in ancient times along the shores of the Mediterranean into northern 
Africa and southern Europe, and more recently transported to other parts of the 
world, notably California, United States.

Almonds were one of the earliest domesticated fruit trees due to the ability of the 
grower to raise attractive almonds from seed. Domesticated almonds appear in the 
Early Bronze Age (3000–2000  BC) such as the archaeological sites of Numeria 
(Jordan), or possibly a little earlier. Another well-known archaeological example of 
the almond is the fruit found in Tutankhamun’s tomb in Egypt (c.1325 BC), proba-
bly imported from the Levant.

11.3.2  Sweet and Bitter Almonds

The seeds of Prunus dulcis var. dulcis are predominantly sweet but some individual 
trees produce seeds that are somewhat more bitter. The fruits from Prunus dulcis 
var. amara are always bitter, as are the kernels from other Prunus species, such as 
peach and cherry. The bitter almond contains the enzyme emulsin which, in the 
presence of water, acts on soluble glucosides, amygdalin and prunasin, yielding 
glucose, cyanide, and the essential oil of bitter almonds, which is nearly pure benz-
aldehyde, the chemical causing the bitter flavor. Bitter almonds may yield from 
4–9 mg of hydrogen cyanide per almond and contain 42 times higher amounts of 
cyanide than the trace levels found in sweet almonds. The origin of cyanide content 
in bitter almonds is via the enzymatic hydrolysis of amygdalin.

Extract of bitter almond was once used medicinally but even in small doses, 
effects are severe or lethal, especially in children; the cyanide must be removed 
before consumption. The acute oral lethal dose of cyanide for adult humans is 
reported to be 0.5–3.5 mg/kg of body weight (approximately 50 bitter almonds), 
whereas for children, consuming 5–10 bitter almonds may be fatal [9].

11.3.3  Nutrients and Phytochemicals

11.3.3.1  Oil
Almonds are a rich source of oil, with 50% of kernel dry mass as fat (see table 
“Almonds, Raw”). Almond oil contains 32% monounsaturated oleic acid (an n-9 
fatty acid), 13% linoleic acid (a polyunsaturated n-6 essential fatty acid), and 5% 
saturated fatty acid. Linolenic acid, a polyunsaturated n-3 fat, is not present. Almond 
oil is also a rich source of vitamin E providing 261% of the Daily Value per 100 mL 
(see table “Almonds, Raw”).
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The almond oil is frequently used for application to the skin as emollient, and has 
been traditionally used by massage therapists to lubricate the skin during a massage 
session.

11.3.3.2  Proteins
Almonds are also a rich source of proteins and amino acids. With 21.22 g of proteins 
per 100 g, almonds are second only to peanuts and pistachios, which contain 24 g% 
and 25 g% proteins, respectively. Almonds contain also relevant amount of several 
vitamins and minerals (see table “Almonds, Raw”), particularly magnesium, man-
ganese, and phosphorus.

11.3.3.3  Fibers
Almonds are high in soluble and insoluble fiber, which makes up to 12.5% of their 
weight. Advantages of fiber are: (1) the production of healthful compounds during 
the fermentation of soluble fiber, and (2) insoluble fiber’s ability (via its passive 
hygroscopic properties) to increase bulk, soften stool, and shorten transit time 
through the intestinal tract. A disadvantage of a diet high in fiber is the potential for 
significant intestinal gas production and bloating. Fiber also helps moderate blood 
sugar by slowing absorption of carbohydrates. It has many other benefits as well, 
such as improved digestive health (see also Chap. 10, Sect. 10.11: “Dietary Fibers 
and Fresh Fruit”).

11.3.3.4  Antioxidants: Impact on Health
Almonds are also rich in antioxidants, i.e., resveratrol (a stilbene contained mostly 
in grapes and red wine), kaempferol, quercetin, catechin, and epicatechin (see also 
Chap. 10, Figs. 10.2 and 10.3).

Resveratrol: This antioxidant polyphenol found in a number of plant-based foods 
such as red wine and grapes has received a great deal of attention for its diverse 
array of healthful effects. Beneficial effects of resveratrol include improvement of 
mitochondrial function, protection against obesity and obesity-related diseases such 
as type-2 diabetes, suppression of inflammation and cancer cell growth, and protec-
tion against cardiovascular dysfunction [10]. In insects, resveratrol has been found 
to be involved in life span duration, through interaction with sirtuins (see also Chap. 
14: “Red and White Wine”).

Epicatechin: This flavonoid helps in reducing some CVD risk factors. In a study 
on thirty-seven healthy men and women, daily supplementation with 100 mg epicat-
echin for 4 weeks improved plasma insulin and insulin resistance, but no effects on 
plasma glucose [11].

Kaempferol: Epidemiological studies have shown an inverse relationship between 
kaempferol intake and cancer. Kaempferol, a flavonoid phytoestrogen (plant estro-
gen) found in grapes, broccoli, and yellow fruits as well as in almonds, has been 
demonstrated to increase the body’s antioxidant defense against free radicals, which 
promote the development of cancer. At the molecular level, kaempferol has been 
reported to modulate a number of key elements in cellular signal transduction 
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pathways linked to apoptosis, angiogenesis, inflammation, and metastasis. 
Significantly, kaempferol inhibits cancer cell growth and angiogenesis and induces 
cancer cell apoptosis, but on the other hand, kaempferol appears to preserve normal 
cell viability, in some cases exerting a protective effect [12, 13].

Quercetin: In a study of 12 weeks on mice fed a high-fat diet (HF), the weight 
gain induced by HF was significantly lowered by several flavonoids (17–29%), but 
mostly by quercetin. Quercetin significantly lowered HF-induced hepatic lipid 
accumulation (71%), mesenteric adipose tissue weight, and serum leptin [14].

Many of the antioxidants in almonds are concentrated in the skin. Therefore, 
almonds should be eaten with the skin to maximize the health benefits. The combi-
nation of high content of vitamin E and antioxidants in almonds is particularly 
active, having synergistic effects against lipids oxidation [15]. The almond skin 
flavonoid bioactivity in fact was assessed in vitro by their capacity to increase the 
resistance of human LDL to oxidation induced by 10 micromol/L Cu2+. Combining 
almond skin flavonoids with vitamin E or ascorbic acid extended the lag time > 200% 
of the expected additive value [15].

To note, almonds are susceptible to aflatoxin-producing molds. Aflatoxins are 
potent carcinogenic chemicals produced by moulds such as Aspergillus flavus and 
Aspergillus parasiticus. The mold contamination may occur from soil, previously 
infested almonds, and almond pests such as navel-orange worm. High levels of 
mold growth typically appear as gray to black filament like growth. It is unsafe to 
eat mold infected tree nuts.

Almonds, Raw
Nutritional value per 100 g
Source: USDA National Nutrient Data base

Energy 2408 KJ (576 kcal)
Carbohydrates 21.69
Sugars 3.89
Dietary fiber 12.2

Fat 49.42 g
Saturated 3.731 g
Monounsaturated 30.88 g
Polyunsaturated 12.07 g
Omega-3 (linolenic) 0 g
Omega-6 (linoleic) 12.07 g

Protein 21.22 g
Tryptophan 0.214 g
Threonine 0.598 g
Isoleucine 0.702 g
Leucine 1.488 g
Lysine 0.580 g
Methionine 0.151 g
Cystine 0.189 g
Phenylalanine 1.120 g
Tyrosine 0.452 g
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Protein 21.22 g
Valine 0.817 g
Arginine 2.446 g
Histidine 0.557 g
Alanine 1.027 g
Aspartic acid 2.911 g
Glutamic acid 6.810 g
Glycine 1.469 g
Proline 1.032 g
Serine 0.948

Vitamins
Vitamin A equiv. 1 μg (0% DV)
β-Carotene 1 μg (0% DV)
Vitamin A 1 IU
Thiamine (B1) 0.211 mg (18% DV)
Riboflavin (B2) 1.014 mg (85% DV)
Niacin (B3) 3.385 mg (23% DV)
Pantothenic acid (B5) 0.469 mg (9% DV)
Vitamin B6 0.143 mg (11% DV)
Folate (B9) 50 μg (13% DV)
Vitamin B12 0 μg (0% DV)
Vitamin C 0 mg (0% DV)
Vitamin D 0 μg (0% DV)
Vitamin E 26.2 mg (175% DV)
Vitamin K 0 μg (0% DV)

Minerals
Calcium 264 mg (26% DV)
Iron 3.72 mg (29% DV)
Magnesium 268 mg (75% DV)
Manganese 2.285 mg (109% DV)
Phosphorus 484 mg (69% DV)
Potassium 705 mg (15% DV)
Sodium 1 mg (0% DV)
Zinc 3.08 mg (32% DV)

DV = Daily Value

11.4  Peanuts

Peanut is a legume grown mainly for its edible seeds. As a legume, the peanut 
belongs to the botanical family of Fabaceae. This family is also known as 
Leguminosae, and commonly known as the bean, or pea, family. Therefore, the 
peanut is not a true nut, but rather a legume. However, for culinary purposes and in 
common English language usage, peanuts are usually referred to as nuts.
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11.4.1  History

The use of peanuts dates to the Aztecs and Incas [16]. The oldest known archeologi-
cal remains of pods have been dated at about 7600 years old. The initial domestica-
tion may have taken place in north western Argentina, or in south-eastern Bolivia, 
where the peanut landraces with the most wild-like features are grown today. From 
this primary center of origin, cultivation spread and formed secondary and tertiary 
centers of diversity in Peru, Ecuador, Brazil, Paraguay, and Uruguay.

Many pre-Columbian cultures, such as the Moche, depicted peanuts in their art. 
Cultivation was well established in Mesoamerica before the Spanish arrived. There, 
the conquistadors found the “tlalcacahuatl” being offered for sale in the market-
place of Tenochtitlan. The peanut was later spread worldwide by European traders, 
and cultivation is now very widespread in tropical and subtropical regions.

11.4.2  Nutrients and Phytochemicals

Peanuts are used to help fight malnutrition. Plumpy Nut, MANA Nutrition, and 
Medika Mamba are high-protein, high-energy, and high-nutrient peanut-based 
pastes developed to be used as a therapeutic food to aid in famine relief. The World 
Health Organization UNICEF, Project Peanut Butter, and Doctors Without Borders 
have used these products to help save malnourished children in developing 
countries.

Due to their high content in proteins (~25  g per cent), peanuts were used to 
improve childhood malnutrition among the poor in Philippines, in a decennial proj-
ect funded by the U.S. Agency for International Development and developed by 
Virginia Tech in the sixties [17]. Peanuts were chosen because of their high content 
of protein, in substitution of animal proteins that were not available in that very poor 
country.

Peanuts are also rich in essential nutrients (see table “Peanut, Raw”). In a 100 g 
serving, peanuts provide 570 calories and are an excellent source (defined as more 
than 20% of the Daily Value, DV) of several B vitamins, vitamin E, several dietary 
minerals, such as manganese (95% DV), magnesium (52% DV), and phosphorus 
(48% DV), and dietary fiber. They also contain about 25 g protein per 100 g serving, 
a higher proportion than in many tree nuts.

Some studies have shown that regular consumption of peanuts is associated with 
a lower risk of mortality specifically from certain diseases. According to the US 
Food and Drug Administration, “Scientific evidence suggests but does not prove that 
eating 1.5 ounces per day of most nuts (such as peanuts) as part of a diet low in 
saturated fat and cholesterol may reduce the risk of heart disease” [18].

Peanuts contain polyphenols, polyunsaturated and monounsaturated fats, phy-
tosterols, and dietary fiber in amounts similar to several tree nuts [19]. Peanut skins 
contain resveratrol which is under preliminary research for its potential effects in 
humans.
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From peanuts an excellent oil rich in unsaturated fatty acid is obtained. This oil 
is 46% monounsaturated fats (primarily oleic acid), 32% polyunsaturated fats (pri-
marily linoleic acid), and 17% saturated fats (primarily palmitic acid). The peanut 
oil is being considered by NASA‘s Advanced Life Support program for future long-
duration human space missions.

A very popular product of peanuts is the peanut butter. Peanut butter is a food 
paste popular in many countries, a spread made primarily from ground dry roasted 
peanuts, but often containing additional ingredients that modify the taste or texture. 
The United States is a leading exporter and itself consumes $800 million of peanut 
butter annually. Peanut butter is a source of saturated (primarily palmitic acid) and 
unsaturated fats (primarily oleic and linoleic acids), and an excellent source (>19% 
of the Daily Value, DV) of protein, dietary fiber, vitamin E, pantothenic cid, niacin, 
and vitamin B6.

11.4.3  Contamination with Aflatoxin

If peanut plants are subjected to severe drought during pod formation, or if pods are 
not properly stored, they may become contaminated with the mold Aspergillus fla-
vus which may produce carcinogenic substances called “aflatoxin.” Lower-quality 
peanuts, particularly where mold is evident, are more likely to be contaminated. The 
United States Department of Agriculture tests every truckload of raw peanuts for 
aflatoxin; any containing aflatoxin levels of more than 15 parts per billion are 
destroyed. The peanut industry has manufacturing steps in place to ensure all pea-
nuts are inspected for aflatoxin.

Aflatoxin has been demonstrated to cause liver cancer, and this cancer was found 
to kill numerous Philippine’s children in the sixties.

Peanut, Raw
Nutritional value per 100 g
Source: USDA National Nutrient Data base

Energy 2385 KJ (570 kcal)
Carbohydrates 21
Sugars 0.0
Dietary fiber 9 g

Fat 48 g
Saturated 7 g
Monounsaturated 24 g
Polyunsaturated 16 g
Omega-3 (linolenic) 0 g
Omega-6 (linoleic) 15.56 g

Protein 25 g
Tryptophan 0.244 g
Threonine 0.859 g
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Protein 25 g
Isoleucine 0.882 g
Leucine 1.627 g
Lysine 0.901 g
Methionine 0.308 g
Cystine 0.322 g
Phenylalanine 1.300 g
Tyrosine 1.020 g
Valine 1.052 g
Arginine 3.001 g
Histidine 0.634 g
Alanine 0.997 g
Aspartic acid 3.060 g
Glutamic acid 5.243 g
Glycine 1.5121 g
Proline 1.107 g
Serine 1.236 g

Vitamins
Thiamine (B1) 0.6 mg (52% DV)
Riboflavin (B2) 0.3 mg (25% DV)
Niacin (B3) 12.9 mg (83% DV)
Pantothenic acid (B5) 1.8 mg (36% DV)
Vitamin B6 0.3 mg (23% DV)
Folate (B9) 246 μg (62% DV)
Vitamin B12 0 μg (0% DV)
Vitamin C 0 mg (0% DV)
Vitamin D 0 μg (0% DV)
Vitamin E 6.6 mg (44% DV)
Vitamin K 0 μg (0% DV)

Minerals
Calcium 62 mg (6% DV)
Iron 2 mg (15% DV)
Magnesium 184 mg (52% DV)
Manganese 2.0 mg (95% DV)
Phosphorus 336 mg (48% DV)
Potassium 332 mg (7% DV)
Sodium 0 mg (0% DV)
Zinc 3.08 mg (32% DV)

DV = Daily Value

11.5  Hazelnuts

Hazelnut, the nut of the hazel, is also known as cobnut of filbert nut. The kernel of 
the seed is edible and used raw or roasted, or ground into a paste. Hazelnut are used 
in confectionery to make praline, or used in combination with chocolate for choco-
late truffles and products such as Nutella.

Hazelnuts are rich in protein, monounsaturated fat, vitamin E, manganese, and 
numerous other essential nutrients.
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11.5.1  History

In 1995, evidence of a large scale Mesolithic nut processing was found in a midden 
pit on the island of Colonsay in Scotland. In a large shallow pit a great quantity of 
remains of hundreds of thousands of burned hazelnut shells was found. The nuts 
were radiocarbon dated to circa 7000 BC.

The Romans cultivated hazelnuts, although no evidence indicates they spread 
specific cultivars. Cultivated varieties have been grown since at least the sixteenth 
century, with a great increase in varieties during the 1800s. In particular, the first 
really widespread cultivar, the “Kentish Cobnut,” was introduced in 1830.

11.5.2  Nutrients and Phytochemicals

In a 100-g serving, raw hazelnuts supply 2630 kilojoules (628 kcal) and are a rich 
source (20% or more of the Daily Value, DV) of numerous essential nutrients (see 
table “Hazelnut Or Filberts, Raw”). Particularly in high amounts are protein, 
dietary fiber, vitamin E, thiamin, phosphorus, manganese, and magnesium, all 
exceeding 30% DV (see table “Hazelnut Or Filberts, Raw”). Several B vitamins 
have appreciable content. In lesser but still significant amounts (moderate content, 
10–19% DV) are vitamin K, calcium, zinc, and potassium. Hazelnuts are a signifi-
cant source of total fat, accounting for 93% DV in a 100-g serving. The fat compo-
nents are monounsaturated fat as oleic acid (75% of total), polyunsaturated fat 
mainly as linoleic acid (13% of total), and saturated fat, mainly as palmitic acid and 
stearic acid (together, 7% of total) [20].

Fiber: Hazelnuts are rich in dietary fiber, 9.7 g per cent, corresponding to 25% of 
RDA.

Folate: These nuts are also exceptionally rich in folate, which is a unique feature 
for the nuts. 100 g fresh nuts carry 113 mg, corresponding to about 28% of the rec-
ommended daily intake of this vitamin. Folate is an important B-complex vitamin 
that helps prevent megaloblastic anemia, and most importantly, neural tube defects 
in the newborn.

Vitamin E: Hazelnuts are an excellent source of vitamin E, contain about 15 g per 
100 g (providing 100% of RDA). Vitamin E is a powerful lipid soluble antioxidant 
required for maintaining the integrity of cell membrane of mucosa and skin by pro-
tecting it from oxygen-free radicals.

Minerals: Hazelnuts are rich source of minerals like manganese, potassium, cal-
cium, copper, iron, magnesium, zinc, and selenium. One serving of hazelnuts sup-
plies over 25% of the Daily Recommended Intake (DRI) for copper and more than 
90% of the DRI for manganese. Copper is needed for iron absorption. Copper and 
manganese are essential cofactors for antioxidant enzyme, superoxide dismutase. 
Iron, a fundamental component of heme, helps prevent microcytic sideropenic 
anemia.
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Antioxidants: Hazelnuts have the highest proanthocyanidin content of any tree 
nut. This polyphenol, in addition to being a potent antioxidant, is known for contrib-
uting astringent flavor to foods and reduces the risk of thrombosis and urinary tract 
infections. Other phenols are present in hazelnuts, mostly in the skin, i.e., caffeic 
acid and quercetin, which contribute to the antioxidant activity associated to hazel-
nut intake.

11.5.3  The CVD Risk Reduction

The consumption of hazelnut has been associated with a decreased risk of cardio-
vascular disease events. In a recent systematic review and meta-analysis [21] includ-
ing nine studies and 425 participants, hazelnut-enriched diet (28–84 days with a 
dosage of hazelnuts ranging from 29 to 69 g/day) was associated with a decrease of 
LDL and total cholesterol, while HDL cholesterol, triglycerides, and BMI remained 
substantially unchanged.

Similar results have been observed in another study [22] on hamsters fed a high-
fat diet who received for 8 weeks a hazelnut skin extract, the hazelnut component 
containing the antioxidant polyphenols. The consumption of hazelnut skin extract 
reversed the increase in total and LDL plasma cholesterol induced by the high-fat 
diet and decreased the circulating levels of free fatty acids and triglycerides. The 
higher excretion of bile acids found in the feces of hamsters fed the hazelnut skin 
extract suggested that this mechanism is involved in the cholesterol-lowering effects 
of the extract. A sharply decrease of the lithocholic/deoxycholic bile acid fecal 
ratio, a risk factor for colon cancer, was also observed [22].

Hazelnuts has been associated with CVD prevention because of their fatty acid 
composition, mostly based on monounsaturated fatty acids (MUFA), that when 
incorporated into LDL makes these lipoproteins resistant to oxidation. Moreover, 
hazelnuts are rich in various bioactive substances such as tocopherols and phytos-
terols, l-arginine selenium, caffeic acid, fibers, gallic acid, p-hydroxy benzoic acid, 
epicatechin, sinapic acid, and quercetin.

The antioxidant activity of non-tocopherol hazelnut phenolics, together with 
high content of monounsaturated fatty acids, is probably the principal factor that 
could have antiatherogenic effects by means of biological mechanisms acting on 
various pathways in CVD development [23].

Hazelnut Or Filberts, Raw
Nutritional value per 100 g
Source: USDA SR-21 and 28

Energy 2629 KJ (628 kcal)
Carbohydrates 19.2 g
Sugars 5.0 g
Dietary fiber 11.2 g
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Fat 69.9 g
Saturated 5.1 g
Monounsaturated 52.5 g
Polyunsaturated 9.1 g
Omega-3 (linolenic) 0.100 g
Omega-6 (linoleic) 9.007 g

Protein 14.95 g
Essential amino acids
Tryptophan 194 mg (69% DV)
Histidine 434 mg (62% DV)
Threonine 499 mg (48% DV)
Isoleucine 548 mg (39% DV)
Leucine 1069 mg (39% DV)
Lysine 422 mg (20% DV)
Methionine 222 mg (30% DV)
Cystine 278 mg (97% DV)
Phenylalanine 667 mg (76% DV)
Nonessential amino acids
Arginine 2222 mg
Alanine 733 mg
Aspartic acid 1687 mg
Glutamic acid 3728 mg
Glycine 727 mg
Proline 563 mg
Serine 739 mg

Vitamins
Vitamin A equiv. 1 μg (0% DV)
Beta-carotene 11 μg (0% DV)
Lutein-zeaxanthin 92 μg
Thiamine (B1) 0.643 mg (56% DV)
Riboflavin (B2) 0.113 mg (9% DV)
Niacin (B3) 1.8 mg (12% DV)
Pantothenic acid (B5) 0.918 mg (18% DV)
Vitamin B6 0.563 mg (43% DV)
Folate (B9) 113 μg (28% DV)
Vitamin B12 0 μg (0% DV)
Vitamin C 6.3 mg (8% DV)
Vitamin D 0 μg (0% DV)
Vitamin E 17.03 mg (86% DV)
Vitamin K 14.2 μg (26% DV)

Minerals
Calcium 131 mg (13% DV)
Iron 5.4 mg (30% DV)
Magnesium 187 mg (47% DV)
Manganese 7.1 mg (355% DV)
Phosphorus 333 mg (33% DV)
Potassium 782 mg (22% DV)
Sodium 0 mg (0% DV)
Zinc 2.8 mg (19% DV)
Copper 2.0 mg (99% DV)
Selenium 2.8 μg (4% DV)
Phytosterols 110 mg

DV = Daily Value
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11.6  Pistachios

Pistachios are kernels obtained from fruits belonging to the Anacardiaceae family, 
in the genus Pistacia. The tree produces seeds that are widely consumed as food.

11.6.1  History

The history of pistachio is rooted in a very remote past. Remains of the Atlantic 
pistachio and pistachio seed along with nut-cracking tools were discovered by 
archaeologists at the Gesher Benot Ya’aqov site in Israel’s Hula Valley dated to 
780,000 years ago [24]. Archaeology shows that pistachio seeds were a common 
food as early as 6750 BC. Pliny the Elder writes in his Natural History that pistacia, 
“well known among us,” was one of the trees unique to Syria, and that the seed was 
introduced into Italy by the Roman Proconsul in Syria, Lucius Vitellius the Elder (in 
office in 35 AD) and into Hispania at the same time by Flaccus Pompeius. The early 
sixth-century manuscript De observatione ciborum (“On the observance of foods”) 
by Anthimus implies that pistacia remained well known in Europe in Late Antiquity. 
The Hanging Gardens of Babylon were said to have contained pistachio trees during 
the reign of King Merodach-Baladan about 700 BC.

More recently, the pistachio has been cultivated commercially in many parts of 
the English-speaking world, in Australia, and in New Mexico and California of the 
United States, where it was introduced in 1854 as a garden tree.

11.6.2  Nutrients and Phytochemicals

Pistachios are a nutritionally dense food. In a 100 g serving, pistachios provide 562 
calories and are a rich source (~20% of the Daily Value of DV) of protein, dietary 
fiber, numerous dietary minerals and the B-vitamin thiamine and especially vitamin 
B6 at 131% DV. Pistachios are also a good source of calcium, riboflavin, vitamin B5, 
folate, vitamin E, and vitamin K (see table “Pistachio Nuts, Raw”).

The fat profile of raw pistachios consists of saturated (palmitic acid 10% and 
stearic acid 2%), monounsaturated (oleic acid 51%), and polyunsaturated (linoleic 
acid 31%) fatty acids. Among nuts, pistachios have a lower fat and energy content 
and highest levels of oleic acid, vitamin K, certain minerals (Cu, Fe, and MG), 
gamma-tocopherol, and certain phytochemicals such as xanthophyll carotenoids 
and phytosterol [25, 26].

Pistachio Nuts, Raw
Nutritional value per 100 g
Source: USDA SR-21

Energy 2868 (685 Cal)
Carbohydrates 34.4 g
Sugars 7.66 g
Dietary fiber 12.7 g

11 Nuts

https://en.wikipedia.org/wiki/Pliny_the_Elder
https://en.wikipedia.org/wiki/Natural_History_(Pliny)
https://en.wikipedia.org/wiki/Proconsul
https://en.wikipedia.org/wiki/Lucius_Vitellius_the_Elder
https://en.wikipedia.org/wiki/Hispania
https://en.wikipedia.org/w/index.php?title=Flaccus_Pompeius&action=edit&redlink=1
https://en.wikipedia.org/wiki/Anthimus_(physician)
https://en.wikipedia.org/wiki/Late_Antiquity
https://en.wikipedia.org/wiki/Hanging_Gardens_of_Babylon
https://en.wikipedia.org/wiki/Marduk-apla-iddina_II


279

Fat 50.7 g
Saturated 6.7 (12%) g
Monounsaturated 28.7 (60%) g
Polyunsaturated 16.6 (28%) g

Protein 25.3 g
Tryptophan 336 mg
Threonine 828 mg
Isoleucine 1107 mg
Leucine 1911 mg
Lysine 1416 mg
Methionine 416 mg
Cystine 439 mg
Phenylalanine 1306 mg
Tyrosine 510 mg
Valine 1524 mg
Arginine 2495 mg
Histidine 624 mg
Alanine 1133 mg
Aspartic acid 2235 mg
Glutamic acid 4697 mg
Glycine 1172 mg
Proline 999 mg
Serine 1507 mg

Vitamins
Vitamin A equiv. 13 (266 IU) μg (5% DV)
Beta-carotene 159 μg (5% DV)
Thiamine (B1) 0.87 mg (76% DV)
Riboflavin (B2) 0.160 mg (13% DV)
Niacin (B3) 1.8 mg (11% DV)
Pantothenic acid (B5) 0.918 mg (18% DV)
Vitamin B6 1.7 mg (131% DV)
Folate (B9) 113 μg (28% DV)
Vitamin B12 0 μg (0% DV)
Vitamin C 5.6 mg (7% DV)
Vitamin D 0 μg (0% DV)
Vitamin E 2.3 mg (15% DV)
Vitamin K 13.2 μg (13% DV)

Minerals
Calcium 132 mg (13% DV)
Copper 1.6 mg (80% DV)
Iron 5.12 mg (30% DV)
Magnesium 121 mg (34% DV)
Manganese 1.5 mg (74% DV)
Phosphorus 603 mg (60% DV)
Potassium 1261 mg (36% DV)
Sodium 0 mg (0% DV)
Zinc 2.7 mg (18% DV)

DV = Daily Value
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11.6.3  Health Impact

Several published randomized cardiovascular trials have shown that pistachios pro-
mote heart-healthy blood lipid profiles. Exploratory clinical studies suggest that 
pistachios help maintain healthy antioxidant and anti-inflammatory activity, glyce-
mic control, and endothelial functions. When consumed in moderation, pistachios 
may help control body weight because of their satiety and satiation effects and their 
reduced net metabolizable energy content. One study with subjects in a weight-loss 
program demonstrated lower body mass index and triglyceride levels in individuals 
who consumed pistachios compared with those who consumed an isocaloric pretzel 
snack. Emerging research suggests that the addition of pistachios to high-glycemic 
meals may lower the overall postprandial glycemic response. Pistachios have also a 
high antioxidant and anti-inflammatory potential [26, 27].

Epidemiological and clinical trials have suggested the nut consumption has a 
beneficial impact on health outcomes such as hypertension, diabetes, CVD, cancer, 
other inflammatory conditions, and total mortality [27].

11.7  Nuts, Serum Lipid Profile, and Coronary Heart Disease 
Risk Factors

Numerous epidemiologic studies have consistently demonstrated an association 
between nut consumption and coronary heart disease (CHD) morbidity and mor-
tality [28]. Compared with people who ate nuts <1 time/week, those who ate them 
1–4 times/week experience an ~50% reduction in CVD risk [29]. The benefits of 
nuts have been acknowledged by the U.S. FDA when they approved a qualified 
health claim that eating nuts (1.5  oz/day, ~42.8  g/day) may reduce the risk of 
CHD [30].

Nuts have favorable effects on CHD through a variety of mechanisms. The most 
extensively studied mechanism involves the lipid-lowering effects. Nuts are a good 
source of unsaturated fatty acids, i.e., monounsaturated (MUFA) and polyunsatu-
rated fatty acids (PUFA), known for their favorable effects on blood lipids. However, 
numerous evidences have suggested that components of nuts reduce total choles-
terol (TC) and LDL cholesterol (LDL-C) concentrations beyond the effects pre-
dicted based solely on the fatty acid profiles. In particular, the magnitude of the 
cholesterol-lowering effects was shown to be 25% greater than would be predicted 
based on the fatty acid profile of the test diets studied [28]. Therefore, the possible 
mechanism whereby nuts may improve lipid profiles doesn’t appear to rely exclu-
sively on the beneficial action of unsaturated fatty acids MUFA and PUFA but likely 
include the effects of fiber, micronutrients such as vitamin E, C, folic acid, copper, 
magnesium, amino acids (e.g., arginine, aspartic acid, glutamic acid), plant sterols, 
and phenolic components [28].

In a systematic review [31], 23 studies were pooled to evaluate the impact of nuts 
on serum lipid profile. The results of three almond (50–100  g/day), two peanut 
(35–68 g/day), one pecan nut, (72 g/day), and four walnut (40–84 g/day) studies 
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showed decreases in total cholesterol between 2% and 16% and LDL cholesterol 
between 2% and 19%, compared with subjects consuming control diets. This review 
concluded that consumption of ~50–100 g (~1.5–3.5 servings) of nuts ≥5 times/
week as part of a heart-healthy diet with total fat content (high in MUFA and PUFA) 
of ~35% of energy may significantly decrease total cholesterol and LDL cholesterol 
in normo- and hyperlipidemic individuals.

11.8  Nuts and the PREDIMED Study Results

In the PREDIMED study, a recent trial based on Mediterranean diet, nuts have dem-
onstrated to have an important role in the reduction of cardiovascular disease (CVD) 
events.

The PREDIMED (Prevenciòn con Dieta Mediterranea) study [32] was a multi-
center, randomized, primary prevention trial in individuals at high risk of CVD, 
designed to assess the long-term effects of the Mediterranean diet (MeDiet) without 
any energy restriction on incident CVD. The primary end point was a composite of 
myocardial infarction, stroke, and death from cardiovascular causes. Secondary end 
points were stroke, myocardial infarction, death from cardiovascular causes, and 
death from any cause.

Participants were randomly assigned to three diet groups: (1) MeDiet supple-
mented with extra-virgin olive oil (EVOO); (2) MeDiet supplemented with nuts; 
and (3) control diet (advice on a low-fat diet). Participants in the MeDiet supple-
mented with nuts received 30 g of mixed nuts per day: 15 g of walnuts, 7.5 g of 
hazelnuts, and 7.5 g of almonds).

After 4.8 year, 288 major CVD events occurred in 7447 participants; crude haz-
ard ratios were 0.70 (95% CI: 0.53, 0.91) for the MeDiet + EVOO and 0.70 (95% 
CI: 0.53, 0.94) for the MeDiet + nuts, compared with the control group. The results 
of multivariate analyses showed a similar protective effect of the two Mediterranean 
diets (supplemented with EVOO and nuts, respectively) versus the control diet with 
respect to the primary end point. However, as far as the single components of the 
primary end point was concerned, only the comparisons of stroke risk reached sta-
tistical significance (P value: 0.005).

The most evident reduction in cardiovascular disease in the PREDIMED study 
therefore was that of stroke, an outcome that is exceedingly dependent on blood 
pressure. This result is concordant with those of observational studies, which have 
shown that Mediterranean style diets and olive oil are associated with reduced risk 
of stroke [33–35]. Previously, the PREDIMED investigators reported that, at 
3  months after randomization, the group receiving extra-virgin olive oil and the 
group receiving mixed nuts had substantially lowered blood pressure [36]. Indeed, 
reductions in blood pressure probably contributed to observed reductions in cardio-
vascular disease, particularly of stroke. So, in the context of a Mediterranean-style 
diet, increased consumption of mixed nuts or substitution of regular olive oil with 
extra-virgin olive oil promotes additional beneficial effects on cardiovascular 
disease.

11.8 Nuts and the PREDIMED Study Results
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The PREDIMED study showed also beneficial effects of the MeDiet supple-
mented with EVOO or nuts on diabetes and metabolic syndrome. In fact, the respec-
tive hazard ratios for incident diabetes (273 cases) among 3541 participants without 
diabetes were 0.60 (95% CI: 0.43, 0.85) and 0.82 (95% CI: 0.61, 1.10) compared 
with the control group. After 1-year follow-up, participants in the MeDiet + nuts 
group showed a significant 13.7% reduction in prevalence of metabolic syndrome 
compared with reductions of 6.7% and 2.0% in the MeDiet + EVOO and control 
group, respectively.

Analyses of intermediate markers of CVD risk demonstrated beneficial effects of 
the MeDiet supplemented with EVOO or nuts on blood pressure, lipid profiles, 
lipoprotein particles, inflammation, oxidative stress, and carotid atherosclerosis, as 
well as on the expression of proatherogenic genes involved in vascular events and 
thrombosis.

In nutrigenomic studies beneficial effects of the intervention with MedDiet sup-
plemented with EVOO or nuts showed interactions with several genetic variants 
(TCF7L2, APOA2, MLXIPL, LPL, FTO, M4CR, COX-2, GCKR, and SERPINE1) 
with respect to intermediate and final phenotypes [37].

Thus, the PREDIMED trial provided strong evidence that a vegetable-based 
MeDiet rich in unsaturated fat and polyphenols derived also from nuts can be a 
sustainable and ideal model for CVD prevention.

In conclusion, the protective effects of the traditional Mediterranean diet appears 
to be even greater if the health effects of this dietary pattern is upgraded changing 
the common olive oil used for extra-virgin olive oil, increasing the consumption of 
nuts, fatty fish, and whole grain cereals, reducing sodium intake, and maintaining a 
moderate consumption of wine with meals.
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12Legumes and Pulses

12.1  Legumes and Pulses

Grain legumes, also called pulses, are plants belonging to the family Leguminosae 
(alternatively Fabaceae) which are grown primarily for their edible seeds.

Legume: the term “legume” refers to the plants whose fruit is enclosed in a pod. 
Commonly, legumes are referred to fresh peas and fresh beans. Legumes represent 
a vast family of plants including more than 600 genera and more than 13,000 spe-
cies. When growing, legumes fix nitrogen into the soil, which reduces the need for 
chemical fertilizers.

Pulse: pulses are part of the legume family, but the term “pulse” refers only to the 
dried seed. Edible beans (including butter beans, haricot (navy) beans, cannellini 
beans, red kidney beans, adzuki beans, black-eyed beans, and soybeans), dried peas, 
lentils, and chickpeas are the most common varieties of pulses.

Pulses are very high in protein and fiber, and are low in fat. Like their cousins in 
the legume family, pulses are nitrogen-fixing crops that improve the environmental 
sustainability of annual cropping systems. Pulses contain also numerous active 
compounds including polyphenols, which actively participate in the health protec-
tive effects of Mediterranean diet.

Legumes and pulses contain also some “antinutrients.” Plants commonly synthe-
size a range of secondary metabolites as part of their protection against attack by 
herbivores, insects, and pathogens or as a means to survive in adverse growing 
conditions. These compounds may cause adverse physiological effects. The terms 
“antinutrient” or “natural toxicant” have been widely employed to describe plant 
defense metabolites in the food and nutrition literature. The observed biological 
effects vary greatly, depending upon the structures of the individual compounds, 
which can range from high molecular-weight proteins to simple amino acids and 
oligosaccharides. Legumes are a rich source of antinutrients in the human diet. 
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Antinutrients commonly found in legumes/pulses are: phytic acid, aponins, lathyro-
gens, a-galactosides, protease inhibitors, a-amylase inhibitors, lectins, and, to some 
extent, also polyphenols [1].

Common beans, broad beans (fava bean), peas, and lentils are the legumes/pulses 
treated in this chapter.

12.2  Common Beans

Black beans and other beans such as pinto beans, navy beans, kidney beans, and 
white “cannellini” beans are all known scientifically as Phaseolus vulgaris. This 
scientific name refers to the genus and species of the plant; navy, kidney, pinto, etc. 
are different varieties of beans, all found within the species vulgaris. The word 
“common” is used to describe all of these different varieties, since the word vulgaris 
in Latin means “common.”

12.2.1  History

The common bean (Phaseolus vulgaris) was native to the Americas and was domes-
ticated separately in Mesoamerica and in the southern Andes region. Along with 
squash and maize (corn), beans are one of the “Three Sisters” central to indigenous 
North American agriculture.

Most of the kinds commonly eaten fresh or dried come originally from the 
Americas, being first seen by a European when Christopher Columbus, during his 
exploration of what may have been the Bahamas, found them growing in fields. 
Subsequently they were spread to Africa and Asia by Spanish and Portuguese 
traders.

Five kinds of Phaseolus beans were domesticated by pre-Columbian peoples: 
common beans (Phaseolus vulgaris) grown from Chile to the northern part of what 
is now the United States; lima and sieva beans (Phaseolus lunatus), as well as the 
less widely distributed teparies (Phaseolus acutifolius), scarlet runner beans 
(Phaseolus coccineus), and polyanthus beans (Phaseolus polyanthus).

For a wide variety of reasons—including ease of growth, long-term storage abil-
ity, taste and texture, and nutrient content (especially protein)—beans have become 
popular in many cultures throughout the world. Black beans are an important staple 
in the cuisines of Mexico, Brazil, Cuba, Guatemala, and the Dominican Republic. 
The white variety of beans, the navy beans or haricot beans are particularly popular 
in the United Kingdom and the United States. Other white beans include cannellini, 
a popular variety in central and southern Italy that is related to the kidney bean. 
White beans are the most abundant plant-based source of phosphatidylserine 
known.
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12.2.2  Nutrients and Phytochemicals

Throughout history, dry beans have been used as a staple of the diet, and the health 
benefits derived from them have been well recognized. Dry beans are nutrient-dense 
in that the amount of nutrients provided per calorie is particularly high. Increased 
intake provides nutritional benefit to the diet, and help to reduce disease risk and 
enhance longevity.

Among the different varieties of beans, the black beans is particularly rich in 
nutrients and phytochemicals.

Black Beans, Cooked
Nutritional profile, per 1 cup (172 g)

Calories 227.04
Protein 15.27 g
Carbohydrates 40.78 g

Fat, total 0.93 g
Monounsaturated 0.08 g
Oleic acid 0.08 g
Polyunsaturated 0.40 g
Linoleic 0.22 g
Linolenic 0.18 g
Saturated 0.24 g
Palmitic 0.22 g
Stearic 0.02 g

Dietary fiber 14.96 g
Soluble fiber 4.13 g
Insoluble fiber 10.84 g
Ash 1.98 g

Vitamins
Vitamin A 10.32 IU
Retinol (Equivalents) 1.03 μg
β-Carotene (Equivalents) 6.19 μg

Minerals
Calcium 46.44 mg 5% DRI/DV
Copper 0.36 mg 49% DRI/DV
Iron 3.61 mg 20% DRI/DV
Magnesium 120.40 mg 30% DRI/DV
Manganese 0.76 mg 38% DRI/DV
Molybdenum 129.00 μg 287% DRI/DV
Phosphorus 240.80 mg 34% DRI/DV
Potassium 610.60 mg 17% DRI/DV
Selenium 2.06 μg 4% DRI/DV
Zinc 1.93 mg 18% DRI/DV
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Amino acids
Alanine 0.64 g
Arginine 0.94 g
Aspartic acid 1.84 g
Cysteine 0.17 g
Glutamic acid 2.32 g
Glycine 0.60 g
Histidine 0.42 g
Isoleucine 0.67 g
Leucine 1.22 g
Lysine 1.05 g
Methionine 0.23 g
Phenylalanine 0.82 g
Proline 0.65 g
Serine 0.83 g
Threonine 0.64 g
Tryptophan 0.18 g
Tyrosine 0.43 g
Valine 0.80 g

Source: The Food Processor, Version 10.12.0, ESHA Research, Salem, Oregon, USA

12.2.3  Health Impact

In a recent multicultural study called “Food Habits in Later Life Study” (FHLL) 
promoted by the Committee on Nutrition and Aging of the International Union of 
Nutrition Sciences (IUNS), and regarding dietary practices of diverse populations 
of elderly communities in Australia, China, Greece, Japan, Philippines, Sweden, 
and other communities of Asia, Europe and Central America, the consumption of 
beans was shown to be the only dietary component related to longevity [2]. In this 
study, investigators found that for every 20  g intake of legumes (including dry 
beans), the risk ratio of death was reduced by 6% in the older people (aged 70 and 
older) studied. This study has given an important contribution to the great need for 
descriptive research on the health status, lifestyle, and eating habits of the elderly in 
developed and developing countries.

Among all groups of food commonly eaten worldwide, no group has a more 
health-supportive mix of protein-plus-fiber than legumes. In a single, one-cup serv-
ing (~200 g) of beans there are nearly 15 g of fiber (well over half of the Daily 
Value) and 15 g of protein (nearly one-third of the Daily Value and equivalent to the 
amount in 2 ounces (~ 56 g) of a meat like chicken or a fish like salmon). This out-
standing protein–fiber combination is never found in fruit, vegetables, grains, meats, 
dairy products, nuts and seeds, or seafood. This outstanding protein–fiber combina-
tion in legumes, including beans, likely explains several important aspects of their 
health benefits for the digestive tract.

Another important characteristic of legumes and pulses is the relatively low 
amount of starch. In beans, the total starch is 45 g/100 g dry matter, compared to the 
total starch in white bread (77 g/100 g) or in spaghetti (78 g/100 g). Contrary to 
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spaghetti and white bread, the starch of beans pulses in general has a low glycemic 
index. This phenomenon appears to be largely due, other than to the low amount of 
total starch, to the presence of two peculiar components: resistant starch and alpha- 
amylase inhibitors in beans.

12.2.4  Resistant Starch

Resistant starches are those that resist digestion in the small intestine, thereby pass-
ing into the large intestine, where they act like dietary soluble fiber.

Resistant starches belong to the category of “low-digestible carbohydrates” 
(LDCs). These are carbohydrates that are incompletely or not absorbed in the small 
intestine but are fermented, at least in part, by bacteria in the large intestine. Fiber 
and sugar alcohols belong also to LDCs.

Many of the benefits of resistant starch and LCGs (including a reduced caloric 
content, reduced or no effect on blood glucose levels, non-cariogenic effect) are 
related to the inability of human digestive enzymes to break down completely the 
carbohydrates into absorbable saccharides and the subsequent fermentation of 
unabsorbed carbohydrates in the colon.

As a result, LDCs may affect laxation and cause gastrointestinal effects, includ-
ing abdominal discomfort, flatus, and diarrhea, especially at higher or excessive 
intakes. Such responses, though transient, affect the perception of the well-being of 
consumers and their acceptance of food products containing LDCs. To note, cur-
rent recommendations for fiber intake do not consider total LDC consumption nor 
recommend an upper limit for LDC intake based on potential gastrointestinal 
effects.

The resistant starch are subdivided into three subgroups: RS1, corresponding to 
physically inaccessible starches, entrapped in a cellular matrix, as in legume seeds 
[3]; RS2, corresponding to native granules of starch, whose crystallinity makes 
them less susceptible to hydrolysis, such as raw potato or banana starches [4, 5]; 
RS3 which are retrograded starch fractions, which may be formed in cooked foods, 
that are kept at low or room temperature; the cooling of cooked food, particularly 
potatoes, makes the gelatinized starch to return partially into its crystalline form, 
which renders starch inaccessible to digestive enzymes [6].

Resistant starch escaping digestion in the small intestine can yield up to 20% of 
the starch in cereal and legume products. The rate and extent of starch digestion will 
affect a number of physiological functions and thus will have different effects on 
health (e.g., reduction of the glycemic and insulinemic response to a food, hypocho-
lesterolemic effects, protective effects against colorectal cancer) [7–10]. Among the 
factors affecting the rate and extent of starch digestion, food processing, storage 
time, and botanic origin of the food are also of importance. Starch in raw foods is 
barely digestible and corresponds to RS2.

Raw and processed legumes have been shown to contain significant amounts of 
RS in comparison with other products such as cereals, tubers, and unripe fruits  
[11, 12].
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For this reason, the starch digestion rate and therefore the release of glucose into 
the blood stream are slower after the ingestion of legumes, resulting in reduced 
glycemic and insulinemic postprandial responses in comparison with cereal grains 
or potatoes. In addition to starch, legumes contain high amounts of dietary fiber in 
a form that gives cell walls high resistance toward disintegration during cooking 
[13, 14]. This, along with the presence of certain antinutrients, may account for the 
reduced digestibility of starch in pulses.

Although beans are often considered as a problem-causing food in the digestive 
tract, perhaps largely because of gas production, recent research has shown that 
beans actually provide special support in the lower large intestine (colon) where gas 
is often produced. The higher indigestible fraction (IF) (resistant starch) in beans 
has recently been shown to be larger than the IF in either lentils or chickpeas. It is 
the perfect mix of substances for allowing bacteria in the colon to produce butyric 
acid. Cells lining the inside of the colon can use this butyric acid to fuel their many 
activities and keep the lower digestive tract functioning properly. By delivering a 
greater amount of IF to the colon, black beans are able to help support this lower 
part of our digestive tract. Lowered colon cancer risk that is associated with black 
bean intake in some research studies may be related to the outstanding IF content of 
this legume.

The Problem of Flatulence
The common beans contain oligosaccharides (particularly raffinose and stachyose), 
a type of sugar molecule also found in cabbage. An anti-oligosaccharide enzyme is 
necessary to properly digest these sugar molecules. As a normal human digestive 
tract does not contain any anti-oligosaccharide enzymes, consumed oligosaccharides 
are typically digested by bacteria in the large intestine. This digestion process pro-
duces flatulence-causing gases as a by-product. Since sugar dissolves in water, a 
method of reducing flatulence associated with eating beans is to drain the water in 
which the beans have been cooked. Another effective strategy to reduce gas formation 
is to soak beans in alkaline (baking soda) water overnight before rinsing thoroughly.

12.2.5  Alpha-Amylase Inhibitors

Anti-alpha-amylase is a plant defense protein, formed by glycosylated polypeptides 
of 14–19 kDa, characterized by an anti-enzymatic activity in the sense that it pre-
vents hydrolysis of the alpha −1,4 glycoside bond of starch.

Common beans contain discrete amounts of alpha-amylase inhibitors. Amylase 
inhibitors are known as starch blockers because they prevent dietary starches from 
being absorbed by the body. In humans, amylase inhibitors have been shown to 
decrease intestinal absorption of carbohydrates by reducing intestinal amylase 
activity. Such action has been exploited for reducing the caloric value of the diet.

AMYLASE: The amylase is an enzyme that catalyzes the hydrolysis of starch 
into sugars. Amylase is present in the saliva of humans and some other mammals, 
where it begins the chemical process of digestion. The pancreas and salivary gland 
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make amylase (alpha amylase) to hydrolyze dietary starch into disaccharides and 
trisaccharides which are converted by other enzymes to glucose to supply the body 
with energy. By acting at random locations along the starch chain, α-amylase 
breaks down long-chain carbohydrates, ultimately yielding maltotriose and malt-
ose from amylose, or maltose, glucose and “limit dextrin” from amylopectin. 
Because it can act anywhere on the substrate, α-amylase tends to be faster-acting 
than β-amylase. In human physiology, both the salivary and pancreatic amylases 
are α-amylases.

Another form of amylase is the β-amylase, synthesized also by bacteria, fungi, 
and plants. Working from the nonreducing end, β-amylase catalyzes the hydrolysis 
of the second α-1,4 glycosidic bond, cleaving off two glucose units (maltose) at a 
time. During the ripening of fruit, β-amylase breaks starch into maltose, resulting in 
the sweet flavor of ripe fruit.

It should be mentioned that other plant constituents with enzymatic inhibitory 
activity have been described, including polyphenolic compounds and glycoproteins 
[15]. For example, the polyphenol anthocyanins and ellagitannins present in rasp-
berries and strawberries have been reported to inhibit alpha-glucosidase and alpha- 
amylase activity, respectively [16]. In addition, theaflavins and catechins present in 
green and black teas have been reported to inhibit alpha-amylase and alpha- 
glucosidase activity as well as retard starch digestion in an in  vitro model [17]. 
However, the greatest body of research has gone into alpha-amylase inhibitors (gly-
coproteins) extracted from beans.

The common white bean (Phaseolus vulgaris) produces an alpha-amylase inhibi-
tor, which has been characterized and tested in numerous clinical studies.

A specific and proprietary product of an alpha-amilase inhibitor extracted from 
beans and named Phase 2® Carb Controller (Pharmachem Laboratories, Kearny, NJ) 
has demonstrated the ability to cause significant weight loss [18].

The Phase 2® product is a water extract of the white kidney bean (Phaseolus 
vulgaris) standardized to alpha-amylase inhibiting units. With doses of 500–
3000 mg/day, in either a single dose or in divided doses, Phase 2® has demonstrated 
to induce a significant weight loss. Clinical studies also show that Phase 2 has the 
ability to reduce the postprandial spike in blood glucose levels. Experiments con-
ducted incorporating Phase 2 into food and beverage products have found that it can 
be integrated into various products without losing activity or altering the appear-
ance, texture, or taste of the food. There have been no serious side effects reported 
following consumption of Phase 2. Gastrointestinal side effects are rare and dimin-
ish upon extended use of the product. In summary, Phase 2 has the potential to 
induce weight loss and reduce spikes in blood sugar caused by carbohydrates 
through its alpha-amylase inhibiting activity [18].

12.2.6  The Problem of Phytic Acid

Cereals and legumes, particularly beans, are rich in phytic acid and phytates. 
Phytates belong to the category of antinutrients, because it is a strong chelator of 
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important minerals such as calcium, magnesium, iron, and zinc, and can therefore 
contribute to mineral deficiencies in people whose diet rely on these foods as basic 
mineral intake.

When iron and zinc bind to phytic acid they form insoluble precipitate and are far 
less absorbable in the intestines. This process can therefore contribute to iron and 
zinc deficiencies in people whose diets rely on these foods for their mineral intake, 
such as those in developing countries and vegetarians. However, vegetarians and 
vegans have microbes in their gut that can produce phytase that break down phytic 
acid [19, 20]. In addition, zinc is well absorbed from meat, even in the presence of 
phytic acid. Therefore, mineral deficiencies caused by phytic acid are rarely a con-
cern among meat-eaters.

PHYTATES: Phytic acid (known as inositol hexakisphosphate (IP6), inositol 
polyphosphate, or phytate when in salt form), is a six-phosphate derivative of inosi-
tol, which has a glucose-like structure. Inositol and its phosphate derivatives are 
physiologically inter-convertible and are present in the 0.01–1.0  mM range in 
almost all living cells. IP6 is found in abundance in high fiber diets. Most cereals, 
legumes, nuts, oil seeds, and soybean contain 0.5–6.4% (w/w) or even higher levels 
of IP6. This molecule is the principal storage form of phosphorus in many plant tis-
sues, especially bran and seeds.

Although indigestible for many animals, phytic acid and its metabolites as they 
occur in seeds and grains have several important roles for the seedling plant. Most 
notably, phytic acid functions as a phosphorus store, as an energy store, as a source 
of cations, and as a source of myoinositol (a cell wall precursor).
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Phytic acid is the principal storage form of phosphorus in plant seeds. The best 
evidence from numerous studies suggests an intracellular role for phytic acid as a 
cofactor in DNA repair by nonhomologous end-joining [21]. Other studies using 
yeast mutants have also suggested intracellular phytic acid may be involved in 
mRNA export from the nucleus to the cytosol.

Phytates require phytase for digestion into absorbable components and humans 
produce only a small amount of this enzyme (rats, for instance, produce about 30 
times more than we do.) However, there’s evidence that adaptation occurs over time 
whereby the more phytate one eats, the more phytase the healthy microbiota in 
intestines produces.

12.2.7  Phytic Acid (Phytate): Pros and Cons

Phytic acid is contained in numerous foodstuffs (Fig. 12.1). As mentioned above, 
phytic acid has primarily a strong binding affinity to important minerals, such as 
iron and zinc. When iron and zinc bind to phytic acid they form insoluble precipitate 
and are far less absorbable in the intestines. This process can therefore contribute to 
iron and zinc deficiencies in people whose diets rely on these foods for their mineral 
intake.

The polyanionic phytate molecule has also a tremendous capacity to chelate cat-
ions like Ca forming insoluble Ca–phytate complexes, which are refractory to phy-
tase activity. Therefore, when phytic acid binds these minerals, it makes them 
unavailable for absorption. The formation of Ca–phytate complex along the gastro-
intestinal tract, where one phytate (IP6) molecule binds up to five Ca atoms, assumes 
importance and approximately one-third of dietary Ca may be bound to phytate in 
digesta. As a consequence, phytate limits the availability of both P and Ca as a result 
of insoluble Ca–phytate complex formation. This means that the calcium intake can 
be lower than expected if one consume notable amounts of food containing phy-
tates. This fact could become a problem for women with osteoporosis. There are 
data, however, indicating that Ca and phytate interactions occur under acidic condi-
tions with the formation of soluble and insoluble Ca–phytate species. Organic acids, 
formed during fermentation, promote Ca-phytate complex breakdown. Lactic acid 
fermentation is the preferred method. Therefore, a good method to overcome the 
reduced absorption of Ca could be making of sourdough, or to eat yogurt with pro-
bacteria lactobacilli, or consider a probiotic supplement with diet.

On the basis of the previous observations, phytate should be considered as a 
dangerous antinutrients.

However, phytic acid has been shown to be a good example of a nutrient that is 
both a “friend and foe,” depending on the circumstances. In fact, in addition to its 
strong binding activity to minerals, it has contemporarily antioxidant properties and 
is protective against kidney stones and several types of cancer. On this basis, phytic 
acid has been even suggested that might be part of the reason for which whole 
grains may cut the risk of colon cancer.
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Food sources of phytic acid (% of dry weight)
Food Minimum Maximum
Sesame seed flour 5.36 5.36
Brazil nuts 1.97 6.34
Almonds 1.35 3.22
Tofu 1.46 2.90
Linseed 2.15 2.78
Oat meal 0.89 2.40
Beans, pinto 2.38 2.38
Soybeans 1.00 2.22
Corn 0.75 2.22
Peanuts 1.05 1.76
Wheat flour 0.25 1.37
Wheat 0.39 1.35
Oats 0.42 1.16
Whole wheat bread 0.43 1.05
Brown rice 0.84 0.99
Polished rice 0.14 0.60
Chickpeas 0.56 0.56
Lentils 0.44 0.50

Source: Reddy NR and others. Food Phytates, CRC Press, 2001

12.2.7.1  Antioxidant Properties of Phytates
Phytic acid forms an iron chelate which greatly accelerates Fe2+-mediated oxy-
gen reduction, yet blocks iron-driven hydroxyl radical generation and suppresses 
lipid peroxidation. Furthermore, high concentrations of phytic acid prevent 
browning and putrefaction of various fruits and vegetables by inhibiting poly-
phenol oxidase. These observations indicate an important antioxidant function 
for phytate in seeds during dormancy and suggest that phytate may be a substi-
tute for presently employed preservatives, many of which pose potential health 
hazards [22].

12.2.7.2  Phytates, Calcifications, and Prevention of Kidney Stone 
Formation

It is known the extraordinary capacity of phytate (myo-inositol hexaphosphate), a 
substance present in blood, urine, interstitial and intracellular fluids, to inhibit crys-
tallization of calcium salts (oxalate and phosphate), so preventing calcium renal 
stone formation. “In vitro” and “in vivo” experiments, as well as clinical studies 
have clearly demonstrated that phytate plays an important role as a crystallization 
inhibitor of calcium salts in biological fluids and becomes a clear alternative in the 
treatment of calcium oxalate renal lithiasis [23].

12.2.7.3  Phytates and Protection against Cancer
In addition to being found in plants, inositol hexaphosphate (IP(6)) is contained 
in almost all mammalian cells, although in much smaller amounts, where it is 
important in regulating vital cellular functions such as signal transduction, cell 
proliferation, and differentiation [24]. Exogenously administered IP(6) is rapidly 
taken up into cells and dephosphorylated to lower inositol phosphates, which 
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further affect signal transduction pathways resulting in cell cycle arrest. A strik-
ing anticancer action of IP(6) has been demonstrated in different experimental 
models. In addition to reducing cell proliferation, IP(6) also induces differentia-
tion of malignant cells. Enhanced immunity and antioxidant properties also con-
tribute to tumor cell destruction. Preliminary studies in humans show that IP(6) 
and inositol, the precursor molecule of IP(6), appear to enhance the anticancer 
effect of conventional chemotherapy, control cancer metastases, and improve 
quality of life [24].

In rats, a protective effect of wheat bran, rich in phytate, against colon carcino-
genesis has been observed [25]. Wheat bran (partly due to its endogenous phytate), 
and exogenous PA, when added to a low fiber diet, have shown to significantly 
reduce early biomarkers of colon cancer risk [25].

Consumption of IP6-rich cereals and legumes has been found to be associated 
with reduction in mammary, colon, and prostate cancers [26–28]. Many laboratories 
have demonstrated the cancer chemopreventive efficacy of IP6 in different animals, 
as well as in in vitro cancer models including prostate, skin, mammary, intestine, 
colon, lung, and liver [28].

As far as the prostate cancer is concerned, it has been suggested [29] that dietary 
intervention of prostate cancer by IP(6) might be useful in slowing down the 
growth and progression of the disease in aging males, which would reduce the 
associated morbidity and mortality, as well as the burden of PCA management on 
healthcare systems. IP(6) could also be clinically relevant for the human popula-
tion at high risk of developing prostate cancer as well as those with different stages 
of this malignancy. Overall, based on its properties, including non-toxicity, high 
efficacy, low cost and human acceptability, it has been suggested the promise and 
potential of IP(6) as an ideal preventive and/or therapeutic agent against prostate 
cancer [29].

12.2.7.4  Broad Spectrum Anticancer Activity of Inositol 
Hexakisphosphate (IP6)

Deregulated inositol metabolism has been recorded in a number of diseases, includ-
ing cancer, where inositol modulates different critical pathways. Inositols inhibit 
pRB phosphorylation, fostering the pRB/E2F complexes formation and blocking 
progression along the cell cycle. Inositols reduce PI3K levels, thus counteracting 
the activation of the PKC/RAS/ERK pathway downstream of PI3K activation. 
Upstream of that pathway, inositols disrupt the ligand interaction between FGF and 
its receptor as well as with the EGF-transduction processes involving IGF-II recep-
tor and AP-1 complexes. Additionally, Akt activation is severely impaired upon ino-
sitol addition. Downregulation of both Akt and ERK leads consequently to NF-kB 
inhibition and reduced expression of inflammatory markers (COX-2 and PGE2). 
Remarkably, inositol-induced downregulation of presenilin-1 interferes with the 
epithelial-mesenchymal transition and reduces Wnt-activation, β-catenin transloca-
tion, Notch-1, N-cadherin, and SNAI1 release. Inositols interfere also with the cyto-
skeleton by upregulating Focal Adhesion Kinase and E-cadherin and decreasing 
Fascin and Cofilin, two main components of pseudopodia, leading hence to 
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invasiveness impairment. This effect is reinforced by the inositol-induced inhibition 
on metalloproteinases and ROCK1/2 release [30].

12.3  Broad Beans (Fava Bean)

Vicia faba, also known as the broad bean, fava bean, faba bean, field bean, bell 
bean, English bean, horse bean, Windsor bean, pigeon bean, and tic(k) bean, is a 
species of flowering plant in the family of Fabaceae.

The name “broad bean” is used in parts of the English-speaking world for the 
large-seeded cultivars grown for human food, while “horse bean” and “field bean” 
refer to cultivars with smaller, harder seeds (more like the wild species) used for 
animal feed.

The term “fava bean” (from the Italian fava, meaning “broad bean”) is used in 
other English-speaking countries such as the United States. “Broad bean” is the 
most common name in the United Kingdom, Australia, and New Zealand.

12.3.1  History

The origin of this legume is obscure, but it had been cultivated in the Middle East 
for 8000 years before it spread to Western Europe [31].

Fava beans have been found in the earliest human settlements. They probably 
originated in the Near East during the Neolithic Age and by the Bronze Age had 
spread to Northern Italy. They have been found in lakeside settlements in Switzerland 
and in Britain at Glastonbury. Remains are reported to have been found in Egyptian 
tombs. In Egypt, the beans were considered commoner food and were shunned by 
the upper classes [32].

Fava beans were cultivated by the Egyptians, Greeks, and Romans. In ancient 
Rome, they were used in funeral rites [32]. Like all priests of the Orphic and 
Eleusinian mysteries who were forbidden from ever touching, mentioning, or look-
ing at Fava beans, Pythagoras forbade his followers from doing the same and some 
claimed that it was due to his belief that fava beans contained the souls of the dead.

12.3.2  Nutrients and Phytochemicals

Broad beans are very high in protein and a rich source of dietary fiber and plant 
sterols, particularly isoflavone. They contain also levodopa (l-dopa), a precursor 
of dopamine, epinephrine, and nor-epinephrine, and good amount of folates, vita-
min B6 (pyridoxine), vitamin B1 (thiamin), vitamin B2 (riboflavin), and vitamin B3 
(niacin). Finally, broad beans are a good source of minerals like iron, copper, man-
ganese, calcium, and magnesium. At 1062  mg (corresponding to 23% of daily 
recommended levels), broad bean is one of the highest plant sources of 
potassium.
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Broad Beans (Fava Beans), Mature Seed, Raw
Nutritional value per 100 g (3.5 oz)

Basic macronutrients
Calories (kcal) 341
Protein 26.12 g
Total fat 1.53 g
Carbohydrates 58.59 g
Dietary fiber 25 g

Vitamins
Vitamin A 53 IU (2% DV)
β-Carotene 32 μg
Thiamine (B1) 0.555 mg (46% DV)
Riboflavin (B2) 0.333 mg (25% DV)
Niacin (B3) 2.832 mg (18% DV)
Pantothenic acid (B5) 0.976 mg (19% DV)
Folate (B9) 423 μg (106% DV)
Vitamin B12 0 μg (0% DV)
Vitamin C 1.4 mg (2% DV)
Vitamin K 9 μg (7.5% DV)

Minerals
Calcium 103 mg (10% DV)
Copper 0.824 mg (91% DV)
Iron 6.70 mg (84% DV)
Magnesium 192 mg (18% DV)
Manganese 1626 mg (71% DV)
Phosphorus 421 mg (60% DV)
Potassium 1062 mg (23% DV)
Sodium 13 mg (1% DV)
Selenium 8.2 μg (4% DV)
Zinc 3.14 mg (9% DV)

Source: USDA National Nutrient data base

12.3.3  Health Impact

From the safety profile, it should be mentioned that broad (fava) beans should not 
be eaten from individuals suffering from favism or oxaluria.

Favism is a genetic condition affecting small population with G-6PD (Glucose- 
6- phosphate dehydrogenase) enzyme deficiency, compromising oxygen-carrying 
capacity in their blood. The most common clinical manifestations are neonatal 
jaundice and acute hemolytic anemia. Red cell destruction in these acute hemo-
lytic events is largely intravascular and therefore is associated with hemoglobin-
uria. The condition is triggered in these individuals on eating fava beans or its 
products in the diet as well as by some drugs and infections. Prevention mainly 
includes avoidance of any of these triggering factors, and treatment of acute blood 
cell lyses.

12.3 Broad Beans (Fava Bean)
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Oxaluria: Like other class of beans and some Brassica group vegetables, fava too 
contain oxalic acid, a naturally occurring substance found in some vegetables, 
which, may crystallize as oxalate stones in the urinary tract in some people. 
Therefore, people with known oxalate urinary tract stones are advised against eating 
vegetables belonging to Brassica and Fabaceae family. Adequate intake of water is 
advised to maintain normal urine output to minimize the stone risk.

In the early twentieth century seedlings of the fava bean were used as an initial 
source of l-DOPA, a chemical used to increase dopamine concentrations in the 
treatment of Parkinson’s disease and dopamine-responsive dystonia [33]. The 
amount of levodopa can vary greatly, depending on the species of fava, the area 
where it’s grown, soil conditions, rainfall, and other factors. It appears that the 
young pod and the immature (green) beans inside the pod contain the greatest 
amount of levodopa, and the mature, or dried bean, the least. Three ounces (about 
84 g or ½ cup) of fresh green fava beans, or three ounces of canned green fava 
beans, drained, may contain about 50–100 mg of levodopa. If using the young pod 
as well as the beans, the amount of levodopa may be greater than that in the fresh 
beans alone.

In a recent paper [34], the phenolic compounds of fava bean sprouts and their 
antioxidant activity were investigated; structural analysis using NMR and MS 
revealed that the compounds isolated were kaempferol glycosides. The l-DOPA 
content was 550.45 mg ± 11.34/100 g of the raw sprouts. l-DOPA showed also high 
antioxidant activity, while the isolated kaempferol glycosides showed weak activity. 
Therefore, it was suggested that l-DOPA contributed to the antioxidant activity of 
fava bean sprouts [34].

Another study [35] evaluated antioxidant and chemopreventative capacities as 
well as the inhibitory effects on angiotensin-converting enzyme (ACE) and on 
α-glucosidase and pancreatic lipase, of three Australian-grown faba bean genotypes 
(Nura, Rossa, and TF). Cell culture-based antioxidant activity assay (cellular anti-
oxidant activity) showed an increase of activity in the colored genotypes after roast-
ing. Faba bean extracts demonstrated cellular protection ability against H2O2-induced 
DNA damage and inhibited the proliferation of all human cancer cell lines (BL13, 
AGS, Hep G2, and HT-29) evaluated. Flow cytometric analyses showed that faba 
bean extracts successfully induced apoptosis of HL-60 (acute promyelocytic leuke-
mia) cells. The faba bean extracts also exhibited ACE, α-glucosidase, and pancre-
atic lipase inhibitory activities. Overall, extracts from Nura (buff-colored) and 
Rossa (red-colored) were comparable, while TF (white-colored) contained the low-
est phenolic content and exhibited the least antioxidant and enzyme inhibition 
activities.

12.4  Chickpeas

The chickpea or chick pea (Cicer arietinum) is a legume of the family Fabaceae. Its 
different types are variously known as gram, or Bengal gram, garbanzo or garbanzo 
bean, Egyptian pea, ceci, cece, chana, or Kabuli chana. Its seeds are high in protein. 
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It is one of the earliest cultivated legumes: 7500-year-old remains have been found 
in the Middle East.

12.4.1  History

Domesticated chickpeas have been found in Pre-Pottery Neolithic Era in Jericho, 
Middle East, along with Çayönü in Turkey and in Neolithic pottery at Hacilar, 
Turkey. They were also found in the late Neolithic (about 3500 BCE) at Thessaly, 
Kastanas, Lerna and Dimini, Greece. In southern France, Mesolithic layers in a cave 
at L’Abeurador, Aude, have yielded wild chickpeas carbon dated to 6790 ± 90 BCE.

Chickpeas are mentioned in Charlemagne’s Capitulare de villis (about 800 CE) 
as cicer italicum, as grown in each imperial demesne. Nicholas Culpeper noted 
“chick-pease or cicers” are less “windy” than peas and more nourishing. Ancient 
people also associated chickpeas with Venus because they were said to offer medi-
cal uses such as increasing sperm and milk, provoking menstruation and urine, and 
helping to treat kidney stones [36].

In 1793, ground-roast chickpeas were noted by a German writer as a substitute 
for coffee in Europe [37]. In the First World War, they were grown for this use in 
some areas of Germany. They are still sometimes brewed instead of coffee.

12.4.2  Nutrients and Phytochemicals

Chickpeas are a nutrient-dense food, providing rich content (20% or higher of the 
Daily Value, DV) of protein, dietary fiber, folate, and certain dietary minerals such 
as iron and phosphorus. Thiamin, vitamin B6, magnesium, and zinc contents are 
moderate, providing 10–16% of the DV.  Chickpeas have a Protein Digestibility 
Corrected Amino Acid Score of about 0.76, which is higher than many other 
legumes and cereals. Compared to reference levels established by the United 
Nations Food and Agricultural Organization and World Health Organization, pro-
teins in cooked and germinated chickpeas are rich in essential amino acids such as 
lysine, isoleucine, tryptophan, and total aromatic amino acids [38].

A 100-g serving of cooked chickpeas provides 164 kilocalories (690 kJ). Cooked 
chickpeas are 60% water, 27% carbohydrates, 9% protein, and 3% fat (table). 75% 
of lipid content is unsaturated fatty acids for which linoleic acid comprises 43% of 
total fat [39].

Chickpeas, Mature Seed, Cooked, No Salt
Nutritional value per 100 g (3.5 oz)

Energy 686 kJ (164 kcal)
Protein 8.86 g
Total fat 2.59 g
Saturated 0.269 g
Monounsaturated 0.583 g
Polyunsaturated 1.156 g
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Energy 686 kJ (164 kcal)
Carbohydrates 27.42 g
Sugars 4.8 g
Dietary fiber 7.6 g (16% DV)
Vitamin A 1 μg (0% DV)
Thiamine (B1) 0.116 mg (10% DV)
Riboflavin (B2) 0.063 mg (5% DV)
Niacin (B3) 0.526 mg (4% DV)
Pantothenic acid (B5) 0.286 mg (6% DV)
Folate (B9) 172 μg (43% DV)
Vitamin B12 0 μg (0% DV)
Vitamin C 1.3 mg (2% DV)
Vitamin E 0.35 mg (2% DV)
Vitamin K 4 μg (4% DV)

Calcium 49 mg (5% DV)
Iron 2.89 mg (22% DV)
Magnesium 48 mg (14% DV)
Phosphorus 168 mg (24% DV)
Potassium 291 mg (6% DV)
Sodium 7 mg (0% DV)
Zinc 1.53 mg (16% DV)

Source: USDA National Nutrient data base

12.4.3  Health Benefits

Chickpeas are an excellent source of fiber, containing 16% of daily needs in one 
half-cup serving. About one-third of the fiber in chickpeas is soluble fiber, making 
it a heart-healthy food. Chickpeas are also a good source of manganese and folate. 
They are also a very good source of magnesium, iron, copper, potassium, and thia-
min. Chickpeas, like other legumes, contain resistant starch that slows down the 
digestion of carbohydrates. As mentioned above (see: Common beans – Resistant 
starch), some resistant starch is not digested in the small intestine at all. It has been 
shown that replacing more rapidly digested carbohydrates with legumes enhances 
glycemic control by improving insulin sensitivity in people with diabetes. 
Consuming foods high in resistant starch improves also colon health, including pro-
moting healthy bowel flora, and prevention of colon cancer [7–10].

Cickpeas, as other legumes of the Fabaceae family, contain three important iso-
flavones that exhibit estrogenic, antiangiogenic, antioxidant, and anticancer activi-
ties, and are now popular as dietary supplements:

 – Genistein
 – Biochanin A
 – Formononetin

12 Legumes and Pulses
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12.4.3.1  Genistein

OH
OH

HO O

O
 

Genistein has been the subject of over 3600 published studies in the last 10 years. 
Genistein from chickpea has shown to significantly decrease serum insulin levels, 
total cholesterol, triglycerides, low-density lipoprotein cholesterol, high-density 
lipoprotein cholesterol, and the ratio of high-density lipoprotein cholesterol to low- 
density lipoprotein cholesterol, improves glucose tolerance, and reduces serum liver 
glycogen and muscle glycogen in type 2 diabetic rats [40, 41]. Genistein is benefi-
cial not only to type 2 diabetes but also to type 1 diabetes where it stimulates insulin 
release [42]. Because of isoflavones structure and the effect of surrounding phenolic 
hydroxyl, genistein has a low bioavailability.

Genistein has also shown to inhibit cancer cell proliferation, an activity that it 
shares with biochanin A, as it is described below.

12.4.3.2  Biochanin a

OH O

OHO

OCH3 

Biochanin A, the 4-methyl ether of genistein, is a natural isoflavone with diverse 
biological actions, most notably as a phytoestrogen. It can affect hormone levels by 
inhibiting 5α-reductase and 17β-hydroxysteroid dehydrogenase or altering aroma-
tase (CYP19A1) activity [43, 44]. Also known as 4′-methyl genistein, biochanin A 
can be metabolized in vivo to genistein, a phytoestrogen with diverse effects [45]. 
Biochanin A also intersects with signaling through peroxisome proliferator- activated 
receptors (PPARs), as it activates PPARγ and has also been shown to activate a 
PPARα promoter [46]. Moreover, it increases the expression of the PPARγ coactiva-
tor PGC-1α, promoting mitochondrial biogenesis [47].

In vitro, biochanin A has shown to inhibit the growth of human prostate cancer 
cell, an activity shared with genistein [48]. The antiproliferative and pro-apoptotic 
activity of biochanin A has been shown to be due to the inhibition of lipopolysac-
charide (LPS)-induced nitric oxide(NO) production, iNOS expression, p38-MAPK 
and ATF-2 phosphorylation and block of NFκB nuclear translocation [49].

12.4 Chickpeas
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Biochanin A has been shown to have an anti breast cancer activity. Numerous 
epidemiological studies have shown that the use of exogenous estrogen or an aug-
mented endogenous estrogen concentration is associated with increased breast can-
cer risk. In both cell and animal models a causal relationship between estrogen 
exposure and breast cancer has been clearly established. The cancer-inducing mech-
anisms of estrogen in the breast can be multifaceted, and may participate in either the 
initiation or promotion stage. Estrogen-induced cell proliferation has been a major 
focus in breast cancer research. Estrogen is synthesized from cholesterol in several 
steps, and CYP19 (aromatase) catalyzes the final rate-limiting reaction. Aromatase 
inhibitors have been shown to be promising agents for breast cancer prevention and 
therapy. Some flavones have been documented to be aromatase inhibitors. Biochanin 
A is the only aromatase-inhibitory isoflavone displaying an inhibitory effect with an 
IC50 value of about 8 mM in the MCF-7aro cells [50]. On the other hands, many 
studies have documented a biochanin A’s chemopreventive effect on breast cancer. 
Consequently, biochanin A has been proposed as a nutraceutical for preventing breast 
cancer. It has been suggested that in human subjects an oral dosage of 50 mg/kg 
could be able to sustain an aromatase-suppressing plasma concentration [50].

12.4.3.3  Formononetin

O

OHO

O

CH3 

Formononetin is a naturally occurring isoflavone, which can be found in low concentra-
tions in many dietary products, including legumes of the family Fabaceae and in 
Trifolium Pratense (Red Clover). Due to its structural similarity to 17 β -estradiol, it can 
mimic estradiol’s effect and therefore is considered as a “phytoestrogen.” Phytoestrogens 
belong to naturally occurring nonsteroidal compounds that have estrogen-like biologi-
cal activity primarily through binding to estrogen receptors. Administration of for-
mononetin to ovariectomized rats has shown beneficial effect on bone biomechanical 
features and chemistry, preventing osteoporosis development [51].

In humans, formononetin has been used as an alternative to the hormone replace-
ment therapy. In fact, the potential risks of hormone therapies have prompted an 
increase in the use of complementary therapies to alleviate postmenopausal osteo-
porosis [52–54]. Phytoestrogens with estrogen-like biological activity have pro-
vided practical hormone therapy alternative [55, 56]. Formononetin has shown to 
prevent osteoclastogenesis by enhancing bone mechanical properties and bone 
chemistry improvement during estrogen deficiency [51].

In a recent double-blind, randomized, placebo-controlled trial, 177 women aged 
49–65 years received a red clover-derived isoflavone supplement that provided a 
daily dose of 26 mg biochanin A, 16 mg formononetin, 1 mg genistein and 0.5 mg 
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daidzein, or placebo for one year. There were no significant treatment effects on hip 
bone mineral content or bone mineral density, markers of bone resorption, or body 
composition, but bone formation markers were significantly increased (P = 0.04 and 
P = 0.01 for bone-specific alkaline phosphatase and N-propeptide of collagen type 
I, respectively) in the intervention group compared with placebo in postmenopausal 
women. These data suggest that, through attenuation of bone loss, isoflavones have 
a potentially protective effect on the lumbar spine in women [57].

12.5  Peas

The pea is the small spherical seed or the seed-pod of the pod fruit Pisum sativum. 
Each pod contains several peas. Pea pods are botanically fruit, since they contain 
seeds and developed from the ovary of a (pea) flower.

The immature peas (and in snow peas the tender pod as well) are used as a veg-
etable, fresh, frozen, or canned. Varieties of the species typically called field peas 
are grown to produce dry peas like the split pea shelled from the matured pod. These 
are the basis of pease porridge and pea soup, staples of medieval cuisine. In Europe, 
consuming fresh immature green peas was an innovation of Early Modern cuisine.

12.5.1  History

The earliest archaeological finds of peas date from the late Neolithic era of current 
Greece, Syria, Turkey, and Jordan. In Egypt, early finds date from ca. 4800–4400 BC 
in the Nile delta area, and from ca. 3800–3600 BC in Upper Egypt. The pea was also 
present in Georgia in the fifth millennium BC. Farther east, the finds are younger. 
Peas were present in Afghanistan ca. 2000 BC, in Harappa, Pakistan, and in north-
west India in 2250–1750 BC. In the second half of the second millennium BC, this 
pulse crop appears in the Ganges Basin and southern India [58].

In early times, peas were grown mostly for their dry seeds. From plants growing 
wild in the Mediterranean basin, constant selection since the Neolithic dawn of 
agriculture improved their yield. In the early third century BC Theophrastus men-
tions peas among the pulses that are sown late in the winter because of their tender-
ness. In the first century AD Columella (a famous gourmet of ancient Roma) 
mentions them in De re rustica, when Roman legionaries still gathered wild peas 
from the sandy soils of Numidia and Judea to supplement their rations.

In the Middle Ages, field peas are constantly mentioned, as they were the staple 
that kept famine at bay, as Charles the Good, count of Flanders, noted explicitly in 
1124.

Green “garden” peas, eaten immature and fresh, were an innovative luxury of 
Early Modern Europe. In England, the distinction between “field peas” and “garden 
peas” dates from the early seventeenth century.

Green peas were introduced from Genoa to the court of Louis XIV of France in 
January 1660, with some staged fanfare; a hamper of them were presented before 
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the King, and then were shelled by the Sovoyan comte de Soissons, who had mar-
ried a niece of Cardinal Mazarin; little dishes of peas were then presented to the 
King, the Queen, Cardinal Mazarin and Monsieur, the king’s brother. Immediately 
established and grown for earliness warmed with manure and protected under glass, 
they were still a luxurious delicacy in 1696, when Mme de Maintenon and Mme de 
Sevigné each reported that they were “a fashion, a fury.”[

12.5.2  Nutrients and Phytochemicals

Peas are starchy, but high in fiber, protein, vitamin A, vitamin B6, vitamin C, vitamin 
K, phosphorus, magnesium, copper, iron, zinc, and lutein. Dry weight is about one- 
quarter protein and one-quarter sugar (see Table 12.1).

Peas have long been recognized as an inexpensive, readily available source of 
protein, complex carbohydrates, vitamins, and minerals. The high nutrient density 
of peas makes them a valuable food commodity, capable of meeting the dietary 
needs of the estimated 800–900 million undernourished individuals worldwide. The 
US Department of Agriculture My Plate Guidelines recommend consuming at least 
three cups of dry beans and peas per week.

Peas, Green, Raw
Nutritional value per 1 cup (145 g)

Energy 490 kJ (117 kcal)
Protein 7.9 g
Total fat 0.6 g
Saturated 0.1 g
Monounsaturated 0.1 g
Polyunsaturated 0.3 g
Total omega-3 50.8 mg
Total omega-6 220 mg
Carbohydrates 21.0 g
Sugars 8.2 g
Dietary fiber 7.4 g (30% DV)

Table 12.1 Compositional 
data for peas (Pisum sativum) 
[59–66]

Constituents Concentration (%)
Protein (% N × 6.25) 21.2–32.9
Starch 36.9–49.0
Resistant starch 2.1–6.3
Amylose 20.7–33.7
Total dietary fiber 14–26
Insoluble fiber 10–15
Soluble fiber 2–9
Soluble sugars 5.3–8.7
Total lipid 1.2–2.4
Ash 2.3–3.4
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Vitamin A 1109 IU (22% DV)
Thiamine (B1) 0.4 mg (26% DV)
Riboflavin (B2) 0.2 mg (11% DV)
Niacin (B3) 3.0 mg (15% DV)
Pantothenic acid (B5) 0.2 mg (2% DV)
Folate (B9) 94.3 μg (24% DV)
Vitamin B12 0 μg (0% DV)
Vitamin C 58.0 mg (97% DV)
Vitamin E (α-tocopherol) 0.2 mg (1% DV)
Vitamin K 36.0 μg (45% DV)
Choline 41.2 mg
Betaine 0.3 mg

Calcium 36.2 mg (4% DV)
Iron 2.1 mg (12% DV)
Magnesium 47.9 mg (12% DV)
Phosphorus 157 mg (16% DV)
Potassium 354 mg (10% DV)
Sodium 7.3 mg (0% DV)
Zinc 1.8 mg (12% DV)
Copper 0.3 mg (13% DV)
Manganese 0.6 mg (39% DV)
Selenium 2.6 μg (4% DV)

Source: USDA SR-21

12.5.2.1  Peas’ Proteins
Peas are a valuable source of protein for both man and animals. The majority of pea 
proteins are storage proteins, or globulins, and the amino acid profile of these pro-
teins determines their nutritional value.

In a study [67] that compared the amino acid composition of proteins isolated 
from peas with those extracted from lupin and soybeans showed that the amino acid 
profiles of all products were similar overall, with the greatest contributions from 
glutamine, followed by aspartic acid, arginine, and lysine, and the lowest contribu-
tions from methionine, tryptophan, and cysteine. Products from peas tended to be 
higher in arginine, valine, and methionine, and lower in glutamic acid and cysteine, 
than those from lupin and soyabeans.

Relative to human requirements, the protein in peas and other pulses is rich in 
lysine and marginal or deficient with respect to methionine. The ability of peas to 
improve CVD and promote weight loss may be attributable to their high protein 
content [68].

The in vitro digestibility of raw pea protein is reduced by the presence of prote-
ase inhibitors. In a recent review [69], the negative physiological and nutritional 
effects of lectins and protease inhibitors in pulses are described, as are the potential 
nutraceutical effects of lectins, which include anticancer and immunomodulatory 
properties. Hydrolysis of pea and other pulse proteins generates peptides with a 
variety of bioactivities in vitro, including angiotensin I-converting enzyme inhibitor 
activity, which has an antihypertensive effect, and antioxidant activity [69].
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12.5.2.2  Complex Carbohydrates
Starch is composed of amylose, a linear glucan with few branches, and amylopec-
tin, a larger and more highly branched molecule. The ratio of amylose to amylopec-
tin influences the digestibility of starch and thus its impact on the postprandial 
glucose response [70]. Pea starch, like that of most other starchy pulses, contains an 
intermediate level of amylose, which is reflected in its higher levels of enzyme-
resistant starch and slowly digestible starch (as compared with cereal, root and tuber 
starches, most of which are lower in amylose).

The relatively low degree of digestibility of starch in pulses has been attributed 
to the non-availability to amylases of starch granules enclosed in intact cell wall 
structures, the presence of antinutrients such as amylase inhibitors (phytates and 
phenolics), and their significant content of dietary fiber [71]. The properties of both 
their starch and fiber constituents make peas a low-glycemic index food, and hence 
beneficial in the prevention and management of type 2 diabetes [72]. In addition, 
fiber may reduce blood cholesterol by decreasing the reabsorption of bile acids [73]. 
Peas, like other legumes, contain significant concentrations of raffinose-family and 
other galactose-containing oligosaccharides which may exert prebiotic effects in the 
large intestine [74].

12.5.2.3  Vitamins and Minerals
Despite the high mineral content of peas, bioavailability may be poor due to 
high phytate concentrations. Phytate acts as an inhibitor of Zn, Fe, and Ca 
absorption. In a study [72], however, it was found that phytate content affected 
Fe but did not influence Zn and Ca availability in pulses; these authors con-
cluded that when Fe availability was low, Ca and Zn availability was high. The 
study also reported that peas have greater in vitro Ca bioavailability compared 
with other pulses. If phytate is degraded, peas could be considered a significant 
source of Ca, Zn, and Fe.

To note, peas contained 101 mg folate per 100 g. Low dietary folate levels have 
been associated with anemia and neural tube defects in humans.

12.5.2.4  Phytochemicals
Peas, like other pulses, contain a variety of phytochemicals, including phenolic 
compounds, phytates, saponins, and oxalates. The major phenolic constituents in 
pulses are tannins, phenolic acids, and flavonoids [75]. Phenolic compounds have 
been recognized for their ability to act as antioxidants and are the best characterized 
phytochemicals in peas.

Peas contain a variety of phenolics, with the highest concentrations of most 
occurring in the seed coat, particularly in dark-seeded varieties. It was found that 
the antioxidant activity of pea varieties was correlated significantly with seed coat 
color. Examination of the seed coat and cotyledon in two dark-colored pea varieties 
has revealed that the seed coat contain glycosides of quercetin, luteolin, and api-
genin, along with a variety of simple phenolics and proanthocyanadins. The cotyle-
don contains mainly hydroxybenzoic and hydroxycinnamic compounds and some 
of the glycosides found in the seed coat [76].
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Peas contain other minor constituents which exhibit bioactivity and which may 
have positive benefits on human health, including saponins and phytates, which 
have hypocholesterolaemic and anticarcinogenic activities [75].

Also pea proteins have demonstrated to have antioxidant properties. In a study 
[77] on pea proteins fractionated by hydrolysis and subsequently separated by 
HPLC, some peptide fractions of pea proteins showed a very strong radical scav-
enging and metal chelating activities. In comparison to glutathione, the peptide 
fractions had significantly higher ability to inhibit linoleic acid oxidation and che-
late metals, while glutathione had significantly higher free radical scavenging prop-
erties than the peptide fractions.

12.5.3  Health Impact

Epidemiological, in vitro, and interventional studies all have demonstrated the role 
of peas and pea constituents in maintaining metabolic, cardiovascular, and gastroin-
testinal health in humans.

12.5.3.1  Glycemic Response and Insulin Resistance
Due to their high fiber content, peas may modulate the glycemic response as com-
pared with low-fiber foods with equal carbohydrate proportions.

A randomized controlled study [78] investigated the use of whole yellow pea 
flour to create foods with a lower glycemic index than comparable foods made from 
whole wheat flour. The results demonstrated that foods made with whole yellow pea 
flour reduced postprandial glucose responses in individuals and, thus, may have a 
role in the management of type 2 diabetes. Another study from the same group [79] 
compared the use of whole pea flour (WPF) and fractionated pea flour (FPF; pea 
hulls) on insulin resistance. WPF and FPF reduced fasting insulin levels by 13.5 and 
9.8%, respectively, compared with baseline. Homeostatic model assessment of 
insulin resistance (HOMA-IR), a method used to quantify insulin resistance and 
b-cell function, revealed that insulin resistance was reduced by 25% in both the 
WPF and the FPF groups compared with the control group receiving white wheat 
flour. HOMA-IR showed no difference in b-cell function among groups.

In a study by Lunde et al. [80], bread containing 17% pea hull fiber significantly 
reduced glycemic response; however, the fiber breads also contained higher 
protein.

12.5.3.2  Cardiovascular Health
Fiber-rich diets have been shown to lower blood pressure, improve serum lipid lev-
els, and reduce indicators of inflammation. In a paper illustrating the position of the 
American Dietetic Association, the health implication of dietary fibers were clearly 
assessed [81].

The effect of a pea cell wall fiber preparation with a high content of soluble fiber 
on fasting and postprandial blood lipids was investigated in young healthy subjects 
[82]. Inclusion of 33 g pea fiber (20 g dietary fiber) in a low fiber diet was tested in 
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five men and six women in randomized crossover intervention study over 2 week 
separated by a 2-week period of habitual diet consumption. No significant differ-
ences in fasting concentrations of total cholesterol, LDL cholesterol, or HDL cho-
lesterol were observed, whereas total and VLDL triglyceride concentrations were 
lower when subjects consumed the pea fiber diet compared with the low fiber diet 
(P < 0.05). Postprandial response to pea fiber was studied in eight men. Addition of 
12 g pea fiber product/10 MJ to a breakfast meal and 15 g/10 MJ to the following 
lunch meal resulted in significantly lower total triglyceride (P = 0.01), chylomicron 
triglyceride (P = 0.03), and insulin (P = 0.003) concentrations after the lunch meal 
compared with results following the same meal without pea fiber. No differences 
were observed in glycemic response. The conclusions were that pea dietary fiber 
lowered fasting and postprandial triglyceride concentrations but did not change fast-
ing cholesterol concentrations.

A legume-based hypocaloric diet demonstrated to significantly reduce pro- 
inflammatory status and improve metabolic features in overweight/obese subjects 
[83]. In an open study, thirty obese subjects were randomly assigned to a calorie- 
restricted legume-free diet or to a calorie-restricted legume-based diet, containing 
160–235 g of lentils, chickpeas, peas, or beans. The consumption of legumes (4 
servings/week) within a hypocaloric diet resulted in a specific reduction in pro- 
inflammatory markers, such as CRP and C3 and a clinically significant improve-
ment of some metabolic features (total cholesterol and BP).

The effect of a legume-based diet and other types of diets on mitochondrial oxi-
dation, blood pressure, and other biological parameters was assessed on thirty-five 
obese subjects in a study of 8 weeks [68]. Legumes significantly improved total and 
LDL cholesterol and specifically activated mitochondrial oxidation.

12.5.3.3  Gastrointestinal Functions and Homeostasis
The effects of peas and pea fractions on gastrointestinal function have been investi-
gated. In a study [84] on residents of a long-term care facility, the addition of 4 g pea 
hull fiber/day resulted in a significant increase in bowel movement frequency, par-
ticularly in those with the lowest frequency. In another study [85] the addition of pea 
hull fiber to snack foods, in combination with an inulin fiber supplement, provided 
to children with constipation to significantly increase bowel movement frequency; 
no adverse symptoms were reported.

Pea proteins often undergo spontaneous glycosylation during storage and pro-
cessing due to the high concentration of lysine. It was shown [86] that glycosylated 
pea proteins may escape enzymic breakdown early in the small intestine and may 
have an impact on the homeostasis of the large intestine by modulating the activity 
of the microbiota. Using human gastrointestinal tract simulators to predict the 
effects of glycosylated pea proteins on intestinal bacteria, a significant increase in 
autochthonic bacteria (Bacteroides, Lactobacillus and Bifidobacterium) and a sub-
sequent increase in their metabolic activity and production of SCFA were observed 
[87]. Researchers concluded that pea proteins could be used to improve intestinal 
microbiota homeostasis.
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12.5.3.4  Antioxidant Activity
Phenolic compounds are considered natural antioxidants that may help protect 
against diseases such as cancer and various inflammatory-related diseases. However, 
current research on the antioxidant activity of peas is limited to in vitro studies.

In an in vitro study [88] the phenolic composition and antioxidant activity of 
white and colored peas were compared. Phenolic acids were found in both free and 
esterified form in both white and colored peas, but higher concentrations were seen 
in the colored varieties.

Condensed tannins, which have been shown to have very high antioxidant activ-
ity [89], were detected only in the colored seed coats. The phenolic compounds 
were extracted with acetone and methanol, and the liposome system was used to 
measure antioxidant activity via the extent of peroxidation of phosphatidyl choline. 
The antioxidant activity in the acetone extract from the colored seed coats was sig-
nificantly higher than in the white coat extract. These properties were slightly 
altered by cooking the seeds for 30, 60, or 90 min.

Intervention studies are needed to investigate the efficiency of pea antioxidant 
activity in providing health benefits to humans.

12.6  Lentils

Lentils are a type of pulse, along with beans, field peas, chickpeas, and faba beans. 
The term “pulse” is used to describe the edible seeds of legumes. It is a bushy 
annual plant of the legume family, known for its lens-shaped seeds. It is about 40 cm 
(16 in.) tall, and the seeds grow in pods, usually with two seeds in each.

There are hundreds of varieties of lentils, with as many as fifty or more cultivated 
for food. Lentil colors range from yellow to red-orange to green, brown and black. 
Lentils also vary in size, and are sold in many forms, with or without the skins, 
whole or split. They grow two to a pod and are dried after harvesting.

12.6.1  History

Lentils, botanically known as Lens culinaris esculenta, have been a source of suste-
nance for our ancestors since prehistoric times. They in fact have been part of the 
human diet since aceramic Neolithic times, being one of the first crops domesticated 
in the Near East. Archaeological evidence shows they were eaten 9500–13,000 years 
ago.

The word lentils comes from the Latin lens, and indeed this bean cousin is shaped 
like the double convex optic lens which took its name from the lentil.

Lentil artifacts have been found on archeological digs dating back 8000 years, 
and the Bible’s book of Genesis tells the story of Esau, who gave up his birthright 
for a bowl of crimson lentils and a loaf of bread. As a tasty and plentiful source of 
protein, lentils graced the tables of peasants and kings alike.
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For millennia, lentils have been traditionally been eaten with barley and wheat, 
three foodstuffs that originated in the same regions and spread throughout Africa 
and Europe during similar migrations and explorations of cultural tribes. Before the 
first century AD, they were introduced into India, a country whose traditional cui-
sine still bestows high regard for the spiced lentil dish known as “dal.” In many 
Catholic countries, lentils have long been used as a staple food during Lent. 
Currently, the leading commercial producers of lentils include India, Turkey, 
Canada, China, and Syria.

12.6.2  Nutrients and Phytochemicals

Lentils are considered a good source of proteins and are sources of some storage 
proteins that are described as biologically active proteins for the metabolic needs of 
the human body.

According to the USDA National Nutrient Database, 100 g of raw lentils (variety 
unspecified) provide 353 calories; the same weight of cooked lentils provides 
116 kcal. Raw lentils are 8% water, 63% carbohydrates including 11% dietary fiber, 
25% protein and 1% fat (table).

Total carbohydrates represent the major component of lentils. Among the many 
pulses, starch yield percent from lentils is the second highest. Furthermore, lentils 
are a valuable source of total dietary fibers, with insoluble dietary fiber of approxi-
mately 93–99%.

Lentils, Whole
Nutritional value g/100 g

Energy 1447 KJ (353 kcal)
Protein 25.8 g
Carbohydrates 63.1 g
Sugars, total 2.0 g
Sucrose 1.5 g

Fat, total 1.4 g
Monounsaturated 23.7%
Polyunsaturated 58.8%
Saturated 16.7%

Dietary fiber 30.5 g
Soluble fiber 1.5 g
Insoluble fiber 29.0 g
Ash 2.7 g

Vitamins
Vitamin A,IU 39 IU (1% DV)
Vitamin A, RAE 2 μg
a-Tocopherol 1.6 mg (7% DV)
β-ɣ Tocopherols 4.5 mg
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Thiamine (B1) 0.9 mg (76% DV)
Riboflavin (B2) 0.2 mg (18% DV)
Niacin (B3) 2.6 mg (17% DV)
Pantothenic acid (B5) 2.1 mg (10% DV)
Pyridoxine (B6) 0.5 mg (2% DV)
Folate (B9)(Total DFE) 479 μg (120% DV)
Vitamin B12 0 μg (0% DV)
Vitamin C 4.4 mg (5% DV)
Vitamin E (α-tocopherol) 0.5 mg (1% DV)
ɣ-Tocopherol 4.2 mg
Vitamin K 5.0 μg (7% DV)
Choline 96.4 mg

Minerals
Calcium 56 mg 6% DRI/DV
Copper 0.5 mg 55% DRI/DV
Iron 7.5 mg 50% DRI/DV
Magnesium 47 mg 13% DRI/DV
Manganese 1.3 mg 55% DRI/DV
Phosphorus 281 mg 40% DRI/DV
Potassium 677 mg 14% DRI/DV
Selenium 8.3 μg 16% DRI/DV
Zinc 3.3 mg 35% DRI/DV

Source: USDA, National Nutrient Database for Standard Reference, Release 23 (2010) [90]

The Oligosaccharides: The total a-galactosides, or raffinose family oligosaccha-
rides, account for 53.0% of the total sugars and oligosaccharides content in lentils 
[91]. These oligosaccharides are considered soluble dietary fiber, cannot be digested 
in the human small intestine, and therefore pass through to the large intestine, where 
they promote the growth of Bifidobacteria, which are beneficial to gut health. The 
functional significance of these carbohydrates, therefore, arises from their ability to 
work as selective promoters for the growth of beneficial gut microbes. Among these 
oligosaccharides, stachyose represents the major oligosaccharide, followed by cic-
eritol and raffinose [91]. Stachyose has several biological functions. Firstly, it is an 
oligosaccharide that adjusts the intestinal micro-ecological balance and protects the 
intestinal tract. By proliferation of bifidobacteria, stachyose inhibits cholesterol 
synthesis and reduces serum cholesterol level. Stachyose improves also immunity 
and is considered an antiaging. Stachyose in fact significantly increases the activity 
and content of superoxide dismutase (SOD) in the blood and reduce body aging 
caused by the free radicals. At the same time, stachyose makes the function of 
detoxification in vivo significantly enhanced, and slow skin collagen ageing; finally 
it is quite helpful to repair, moisturize, and nourish the skin. Moreover, stachyose 
prevent constipation and diarrhea: stachyose in fact is used by Bifidobacterium to 
produce a large number of short-chain fatty acids, which stimulate intestinal peri-
stalsis, increase fecal humidity, and maintain a certain osmotic pressure, to avoid the 
dry stool, so as to prevent the occurrence of constipation. Finally, stachyose con-
tains a large number of hydroxyl. It would well absorb water in the intestine, so its 
effects on diarrhea treatment are also well established.
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Lentils have relatively low fat (1.4 g/100) and, therefore, low energy content. 
Concerning the micronutrients, the mineral content of lentils is composed of rela-
tively high levels of Mg, P, Ca, and S. In addition, lentils have a low Na and rela-
tively high K contents, with a K:Na ratio of about 30:1–90:1 [92]. Iron (Fe) is also 
present in significant quantity in lentils (mg 7.5/100 g). Because bioavailability of 
iron from lentils could be adversely affected by natural chelating agents present in 
pulses, this adverse effect is minimized by cooking of lentils prior to ingestion. In 
addition, lentils contain Zn, which ranges between 3.2 and 6.3 mg/100 g, and other 
trace minerals including Cu, Mn, Mo, and B.

Lentils are also a significant dietary source of a plethora of vitamins including 
folate, thiamin (B1), and riboflavin (B2). Other water-soluble vitamins have also 
been reported in lentils as follows: niacin; pantothenic acid; and pyridoxine. Also 
vitamin E (α, β, and ɣ tocopherols) have been found in good amounts in lentils (see 
Table 12.1).

12.6.3  Bioactive Components

Lentils are considered as major source of phytochemicals in the diet [93]. Bioactive 
components and essential nutrients in lentil seeds could be categorized into different 
functional compounds according to their chemical structure.

12.6.3.1  Polyphenols
Lentils have the highest total phenolic content in comparison with other common 
pulses. Among polyphenols, tannins and tannin-related compounds are principal in 
lentils; lentils in fact are being among the richest leguminous seeds in their con-
densed tannin content, up to 915 mg/100 g [94]. The total phenolic content and 
antioxidant activity in lentils exhibit higher or compatible value with those of fruits 
or vegetables. Lentils have been reported to score the highest values among 14 dif-
ferent types and varieties of pulses for simple polyphenols and the total phenolic 
contents, with total phenolic content of about 26  mg gallic acid equivalent 
(GAE)/100 g FM [95]. Green or red whole lentils had a significantly higher pheno-
lic content and antioxidant capacity than that of the pale colored pulses [96]. 
Catechin glucosides, procyanidin dimers, quercetin diglycoside, and trans-p- 
coumaric acid have been reported as the dominant phenolics in green lentils, while 
quercetin diglycoside, catechin, digallate procyanidin, and p-hydroxybenzoic as the 
dominant phenolics in red lentils. The lentil seed coat contains also trans- resveratrol- 
3-O-glucoside, and large amounts of proanthocyanidins, with the major groups of 
phenolic.

12.6.3.2  Phytosterols
Pulses are one of the major natural sources of phytosterols, along with cereals. 
Indeed, phytosterols have been shown to be abundant in lentil seeds. It has been 
reported that β-sitosterol, representing the predominant phytosterol, ranges 15.0–
24.0 mg/100 g in cooked dry pulses [95].
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12.6.3.3  Saponins
Saponins are a diverse group of compounds widely distributed in the plant kingdom, 
which are characterized by their structure containing a triterpene or steroid agly-
cone and one or more sugar chains. Consumer demand for natural products and the 
mounting evidence on their biological activity (such as anticancer and anti- 
cholesterol activity) has led to the emergence of saponins as commercially signifi-
cant compounds with expanding applications in food, cosmetics, and pharmaceutical 
sectors. Lentils, like other pulses, are considered among the best sources of sapo-
nins. The lentil content of saponins could be as low as 25 mg/100 g depending on 
germination conditions [97].

12.6.3.4  Lectins
Lectins or hemagglutinins are a very important group of biologically active pro-
teins bound to carbohydrates (glycoproteins) found in almost all organisms. Lectins 
specifically binds with glycoproteins and glycolipids on the surface of animal cells, 
causing agglutination of erythrocytes of certain blood groups or stimulate lympho-
cyte proliferation. Lectins are found naturally in lentils, with two lectin-binding 
fractions isolated by affinity chromatography. Lectin has shown different biologi-
cal activities, such as antimicrobial, antioxidant antihypertensive, and hypocholes-
terolemic effects. Recently, lectins were tested as cell-proliferation inhibitor 
showing high activity with an IC50  =  0.1  mg/mL.  It was suggested that lectins 
would exert a cytotoxic effect followed by cell apoptosis, in addition to inhibiting 
cell adhesion [98].

12.6.3.5  Defensins
Defensin has been found and characterized in germinated lentil seeds [99]. 
Defensins, small cationic cysteine-rich peptides are host defense peptides. Evidence 
is accumulating that defensins play a central role in defense against pathogens, and 
they are considered as a part of the innate immune response. They are active against 
bacteria, fungi, and many enveloped and non-enveloped viruses and consist of 
18–45 amino acids including six (in vertebrates) to eight conserved cysteine resi-
dues. Cells of the immune system contain these peptides to assist in killing phago-
cytosed bacteria, for example, in neutrophil granulocytes and almost all epithelial 
cells. Most defensins function by binding to the microbial cell membrane, and, once 
embedded, forming pore-like membrane defects that allow efflux of essential ions 
and nutrients. In human breast milk, defensin play a central role in neonate immu-
nity [100]. An imbalance of defensins in the skin may contribute to acne [101]. A 
reduction of ileal defensins may predispose to Crohn’s disease [102].

12.6.3.6  Protease Inhibitors
Antinutrients are substances that interfere with the absorption of nutrients. Protease 
inhibitors, present in lentils, belong to this category of substances. Trypsin is one of 
the digestive system’s main protein-digesting enzymes, and seeds probably inhibit 
it with trypsin inhibitors as a defense against predators. As with all beans and grains, 
proper soaking of lentils prior of cooking is essential to remove these naturally 
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occurring antinutrients. Trypsin inhibitors have been identified in lentil seeds with a 
range of 3–8 trypsin inhibitor unit (TIU)/mg in different cultivars. Historically, pro-
tease inhibitors were considered as anti-nutritional components of pulse seeds, due 
to their property of decreasing the digestibility of dietary proteins. Kinetic studies 
have shown that the trypsin inhibitor isolated from Lentil culinaria seeds is charac-
terized by an unusual strong binding affinity to its target and is resistant to thermal 
denaturation; such stability could explain the potential beneficial effects of lentil’s 
antitrypsin even after the lentils are cooked [103].

12.6.3.7  Resistant Starch
Resistant starches (RS) are those starches that resist the hydrolytic effect of diges-
tive enzymes and could be defined as the sum of starch and starch-degradation prod-
ucts that, on average, reach the human large intestine (see also Sect. 12.2.4 of this 
chapter). Cooked lentils contain about 25 g of resistant starch/100 g total starch, 
representing about 48% of total starch content with a value that reaches up to 65.2%. 
A minimum of 10% of total starch from lentils escapes digestion and absorption in 
the small intestine (therefore called resistant starch). The low levels of readily 
digestible starch (5%), and high levels of slowly digested starch, make lentils of 
potential value to people with diabetes [104]. Among resistant starches, we should 
include also oligosaccharides (see above, Sect. 12.6.2).

Due to the presence of resistant starch and other sorts of fibers, lentils and other 
fiber containing food exhibits bifidogenic effect even it is low when compared with 
that of other pulses such as peas and chickpeas. Further, it has been found that the 
indigestible fraction of lentils is fermented by colonic bacteria, as shown by in vitro 
fermentation studies. The starch indigestible fraction from black bean and lentil has 
been shown to be the best substrate for the fermentative production of short chain 
fatty acids (SCFA), especially butyric acid, which are important for the intestinal 
health [105, 106].

12.6.3.8  Dietary Fibers
Lentils are also a valuable source of dietary fibers, most of which are insoluble 
(93–99%) and less that 7% soluble [90, 107]. The β-glucan component of soluble 
fibers in lentils is relatively low as compared with its good sources such as oats. 
However, it is relatively higher than that of peas, winter wheat, and flaxseeds. 
Further, by virtue of their high fiber content, lentils supplemented to healthy sub-
jects consuming typical western diet had been found to increase their fecal weights 
significantly, thus aiding in protecting their gut from constipation and its harmful 
complications [108] (see also Chap. 9—Vegetables, Sect. 9.5.3.9: Dietary Fiber and 
Intestine).

12.6.3.9  Antioxidant Potential of Lentils
Lentils have shown the highest total antioxidant capacity (TAC) among tested pulses 
measured by ferric reducing antioxidant power (FRAP) and total radical-trapping 
antioxidant parameter (TRAP) measures, but came second to broad beans by Trolox 
equivalent antioxidant capacity (TEAC) measure [109]. In a study [110], lentils 
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showed the highest antioxidant capacity when measured as 2,2-diphenyl-1- 
picrylhydrazyl (DPPH) free radical scavenging capacity in comparison with green 
pea, yellow pea, and chickpea. The same study also revealed that the oxygen radical 
absorbing capacity (ORAC) of lentils was significantly higher than that of green 
pea, yellow pea, and chickpea. According to the USDA ORAC values 2007 [111], 
lentils had a higher ORAC value than most of the common fruits and vegetables 
including apples, plums, blackberries, cherries, figs, peaches, pears, oranges, garlic, 
cabbage, and almonds.

12.6.4  Health Promoting Effects

12.6.4.1  Impact on Cardiovascular Risk Factors
Among the most compelling effects of pulse including lentils are the hypocholester-
olemic and CVD risk-lowering effects. In a meta-analysis [112] of eleven clinical 
trials that examined the effects of pulses on serum lipoproteins, results revealed that 
intake of non-soya pulses, including lentils, was associated with reduction in fasting 
serum total cholesterol (TC), lipoprotein cholesterol (LDL), triglycerides (TG) and 
an improvement in high density lipoproteins (HDL) cholesterol. The reviewers 
ascribed the hypocholesterolemic effects of pulses to be related, in estimated order 
of importance, to soluble dietary fiber, vegetable protein, oligosaccharides, isofla-
vones, phospholipids and fatty acids, saponins and other factors [112]. In another 
study [113] the addition of 50 g cooked lentils to diabetic patient’s diet led to a 
significant decrease in TC but not in LDL, HDL and TG. They explained their find-
ings under the light of the low glycemic index (GI) value of lentils. In such low GI 
foods, the reduction in blood lipids is thought to be due to the greater amounts of 
amylose in comparison with amylopectin. Digestion and absorption of amylose part 
of starchy foods are much slower than that of amylopectin. Consequently, GI of 
amylose is less than that of amylopectin, a matter that could explain the blood lipid- 
lowering effect of lentils which have higher amylose to amylopectin fraction.

The hypolipidemic effect of lentils had been ascribed also to increased biliary 
cholesterol and decreased biliary phospholipids in such a way that the biliary cho-
lesterol saturation index rose from 110% to 169% [114]. In a crossover study [115] 
on nine male subjects housed in a metabolic ward for 6–7 weeks, the consumption 
of 120 g baked mixed pulses, 60% red, navy and lima beans, 27% peas and 13% 
lentils, significantly reduced serum LDL-cholesterol by 8% was found at the end of 
treatment compared to the isoenergetic control diet. It is worth mentioning that 
because lentils have been quite frequently used as part of a mixed pulse intervention 
in several studies, the effects of lentils cannot be correctly evaluated and the hypo-
lipidemic effect cannot be ascribed solely to lentils. In this respect, a meta-analysis 
of randomized controlled trials on the blood cholesterol-lowering effect of non-soy 
pulse consumption, selected ten randomized, clinical trials [116] including 268 par-
ticipants who were given diets rich in non-soy pulses: beans, peas, lentils or chick-
peas, for a minimum duration of 3 weeks, showed a significant reduction in total and 
LDL-cholesterol levels. They recommended that dietary modification strategies that 
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target the reduction of risk factors for CVD should include an increase in pulse 
consumption in addition to other strategies, which have been of proven benefit.

12.6.4.2  The Impact on Diabetes
It has been strongly suggested that eating pulses is beneficial in the prevention and 
management of diabetes [117]. Therefore, consumption of a wide range of carbohy-
drate foods from pulses and other rich sources both for the general population and 
for people with diabetes, especially those with type II diabetes [118], is generally 
recommended. The ability of lentils to alleviate the glycemic load (GL) has been 
demonstrated in experimentally induced diabetic rats, healthy volunteers, and 
insulin- dependent and nondependent diabetic patients [119, 120]. It was demon-
strated [113] that addition of 50 g cooked lentils to diabetic patient diet led to a 
significant decrease in fasting blood glucose. In this study, the administration of 
lentils significantly decreased serum blood glucose. The glucose lowering effect of 
lentils was ascribed by the researchers to probable influences of low GI diet on glu-
cose metabolism.

In another relevant study [121], a group of eight healthy volunteers took a 
series of breakfast test meals containing either lentils, which had been processed 
in four different ways, or the same amount of carbohydrate as white bread. Of the 
different types of lentils, boiled lentils resulted in a flattened blood glucose 
response in comparison with bread. Glycemic index is a measure of the rate at 
which ingested food causes the level of glucose in the blood to rise. Consumption 
of foods with high glycemic index and high glycemic load is associated with 
hyperglycemia and hyperinsulinemia. Lentils showed low glycemic index value 
in healthy volunteers, with an average value of approximately 29 [122]. This is 
within the range reported in the International Table of glycemic index and glyce-
mic load [123] in which the values ranged from 18 to 52 depending on the type of 
lentils as follows: an average value for red lentils of 26 (mean of 4 studies); an 
average value of 30 for green lentils (mean of 3 studies), 29 for NS type lentils 
(mean of 2 studies) and 52 (1 study) for green lentils canned in brine. The reported 
values of glycemic index for lentils have shown noticeable variation between 
in vitro and in vivo studies. Despite this variation between in vivo and in vitro GI 
values, lentils have still had the lowest and the slowest rate of hydrolysis of their 
starches, and the lowest expected glycemic index among tested pulse grains 
(chickpeas and peas) [124].

12.6.4.3  The Impact on Cancer
Lentils are dietary component traditionally consumed in populations where cancers 
of the colon, breast, and prostate are low [125]. In a prospective study on 90,630 
women, lentils or beans were the only two foods that exhibited an inverse associa-
tion with the risk of breast cancer [126]. In a case–control study on 186 African–
American men and women, the consumption of pulses, including lentils, was 
negatively associated with risk of developing colorectal cancer [127]. The reasons 
of the association between lentil consumption and reduced cancer risks and inci-
dence could be ascribed to the constituents of lentils.
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Lentils have shown significantly the highest polyphenolic content expressed in 
terms of TPC (total phenolic content) among different pulses. Polyphenolics have 
shown chemopreventive ability against cancer with several plausible molecular, 
genetic, and biochemical mechanisms [128].

The Lectins: Plant lectins are unique group of glycoproteins in lentils with potent 
biological activity. Several lectins have been found to possess anticancer properties 
in vitro, in vivo, and in human case studies [129], with different modes of actions 
including molecular, genetic and epigenetic mechanisms. The mechanisms by 
which lectins exert their tumor suppressor effects have been summarized [130]. 
Previous reports have shown in vitro inhibitory effects of lectins from different plant 
sources, including lentils, on colon cancer. Most studies investigating anticancer 
effects of lectins used lectins from lentil and various pea varieties, further confirm-
ing the uniqueness of lectins from these pulses compared to other natural sources 
[69]. Hence, lectins from lentils and other pulses have great potential as functional 
foods for reducing the risk of certain cancers.

The Defensin: A novel peptide called “defensin” has been characterized recently 
in germinated lentil seeds [99]. Plant defensins are characterized by a broad spec-
trum of biological activities including antimicrobial activities against bacteria and 
fungi. They have been suggested to aid in halting tumorigenesis. Indeed, defensin 
exhibited an antiproliferative activity against more than one tumor cell line [99].

Protease Inhibitors: Protease inhibitors have been widely investigated in pulses. 
Among the suggested therapeutic applications of protease inhibitors include inhibi-
tion of breast cancer cells and hepatoma cells and utilization in acquired immuno-
deficiency syndrome (AIDS) due to their proteolytic effect against reverse 
transcriptase enzyme involved in viral replication [131]. Among the protease inhibi-
tors of lentils, the BBI (Bowman-Birk protease Inhibitors) has been proved to have 
many beneficial biochemical and functional properties, including an anti-tumoral 
cells activity [130, 132]. Proteases are considered key factors in cancer progression 
and metastasis; therefore, suppressing their activities by protease inhibitors appears 
to be contributing to inhibiting carcinogenesis [133]. Mature lentil BBIs were 
reported to inhibit cell proliferation of colon adenocarcinoma cells in a dose- 
dependent manner due to their intrinsic abilities to inhibit serine proteases [134].

Phytates: Dietary phytates have been shown to be effective in halting colorectal 
carcinogenesis [135]. The other anticarcinogenic effects of phytates were critically 
reviewed elsewhere [24, 136]. Furthermore, preliminary studies in human cancer 
patients showed that IP6 and inositol, as InoCell, an adjuvant to chemotherapy, 
appeared to enhance the anticancer effect of the conventional chemotherapy, control 
cancer metastases, and improve quality of life by reducing the side effects of com-
mon chemotherapy [24].

Saponins: Recently saponins have been focused upon, due to increasing evidence 
of their positive health implications such as hypocholesterolemic and anticancer 
properties [97]. Anticancer activity of saponins has been reported for many triter-
penes and steroid saponins present in pulses, including lentils. Different forms of 
saponins isolated from different plant sources have been identified as potential anti-
cancer agents by the National Cancer Institute’s Anticancer Drug Screen Program 
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[97]. Soya saponins have been suggested to be potent chemopreventive agents 
against colorectal cancer, an effect that had been evidenced through several epide-
miological, and in vivo and in vitro laboratory studies that were critically reviewed 
by Gurfinkel and Rao [137]. In a experimental study on colon cancer [138], rats fed 
with cooked lentils showed a striking 77.8% reduction of the number of small- 
intestinal adenomas and colonic aberrant crypt foci (ACF), compared to the only 
26.8% reduction of ACF observed in rats fed with raw whole lentils. As large ACF 
have been shown to predict more accurately pre-neoplastic potential, this suggested 
that the lentils, particularly cooked whole lentils, may act by retarding progression 
of the early aberrant crypts. It is noteworthy to indicate that the ability to reduce 
total ACF number reflects the ability lentils to prevent carcinogenesis initiation or 
working as blocking agents. According to Chen and Kong [139], the blocking agents 
that inhibit colon carcinogenesis could exert their preventive effect by several mech-
anisms, including enhancement of detoxification of carcinogens, inhibition of cyto-
chrome P450 (CYP450)-mediated activation of carcinogens, scavenging free 
radicals and halting antioxidant activity, and finally trapping the carcinogen and 
preventing their interaction with DNA.

In summary, the vast amount of literature confirms that lentil is one of the most 
nutritious and health-improving food known to man. According to recent defini-
tions, lentil could be considered a prophylactic and therapeutic functional food due 
to its considerable content of essential macronutrients, namely functional proteins 
and carbohydrates, and essential micronutrients, as well as bioactive phytochemi-
cals such as phytates and polyphenols. Indeed, lentils contain an impressive arsenal 
of secondary metabolites, minerals and bioactive constituents that have shown to 
be promising in the management and prevention of several human chronic 
illnesses.
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13Fish

13.1  Premises

In Mediterranean diet fish has always had a primary role as an important source of 
animal protein. Fish provides a variety of nutrients, including protein and long- chain 
omega 3 polyunsaturated fatty acids (ω3, n-3 PUFAs), as well as micronutrients 
including selenium, iodine, potassium, vitamin D, and B-vitamins. Intakes of some 
of these micronutrients, including iodine and vitamin D, are frequently low in some 
population groups, which makes fish a valuable contributor to intakes of these com-
ponents. It is recommended that two portions of fish a week should be consumed, 
one of which should be oily. This is because it is thought that long-chain n-3 PUFAs 
present in oil-rich fish and fish oil are associated with beneficial health outcomes.

The term “fish” generally includes finfish (vertebrates) and shellfish (inverte-
brates), whether of marine or freshwater origin, farmed or wild. The terms “fish” 
and “seafood” are used interchangeably.

13.2  Nutritional Value

The energy content of raw fish varies greatly from 80 kcal (337 kJ)/100 g for cod to 
220 kcal (914 kJ)/100 g for mackerel (Table 13.1). This is mainly due to the varying 
fat content between different species of fish. Based on fat content, fish is classed as 
either whitefish, oily fish, or shellfish (Table 13.1, Fig. 13.1). Whitefish, such as 
haddock and seer, contain very little fat (usually less than 1%) whereas oily fish, 
such as sardines, herrings, mackerel, and salmon, contain 10–25% (Table 13.1, Fig. 
13.1). The latter, as a result of its high fat content, contain a range of fat-soluble 
vitamins (A, D, E, and K) and essential fatty acids, all of which are vital for the 
healthy functioning of the body. The long-chain n-3 PUFA eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA), present in oil-rich fish and fish oil are 
heart-friendly and can make improvements in brain development and reproduction. 
This has highlighted the role for fish in the functionality of the human body.
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Fish is also a good source of protein containing, on average, 19.5 g of protein per 
100 g (Table 13.1). The contribution of fish and fish dishes to total protein intake is 7% 
in adults aged 19–64 years, 11% in adults aged 65 years and over, and 4% in children 
aged 4–18 years. Dietary protein is essential for growth, maintenance, and repair of 
body tissue including muscle and bone, and can also provide energy (Fig. 13.1).

13.3  Omega 3 Fatty Acids

Fish are noteworthy an excellent source of polyunsaturated fatty acids (PUFAs), 
particularly omega-3 fatty acids (ω3 FA; n-3 FA) (Table 13.2).

Table 13.1 Nutritional content of some fish, cooked (by moist or dry heat with no added ingredi-
ents) edible weight portion (serving size: 85 g/3 oz)

Calories Total fat Cholesterol Protein Vit. A Calcium Iron
g% mg% g% %DV %DV %DV

Clams [1] 110 1.5 80 17 10 8 30
Cod 90 1.0 50 20 1 2 2
Haddock 100 1.0 70 21 2 2 6
Halibut 120 2.0 40 23 4 2 6
Lobster 80 0.5 60 17 2 6 2
Mackerel 140 8.0 54 17 2 2 4
Ocean perch 110 2.0 45 21 0 10 4
Oyster [1] 100 4.0 80 10 0 6 45
Trout 140 6.0 55 20 4 8 2
Salmon (Atlantic) 200 10.0 70 24 4 2 2
Sardines 135 6.1 70 20 4 5 2
Shrimp 100 1.5 170 21 4 6 10
Sole 75 1.0 60 21 0 1 1
Swordfish 120 6.0 40 16 2 0 6
Tuna 130 1.5 50 26 2 2 4

Source: U.S. Food and Drug Administration, January 1, 2008

Fig. 13.1 Halibut fillet (a whitefish) on top of a salmon fillet (an oily fish). Source: Wikimedia 
Foundation
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Omega 3 (ω3, n-3) Fatty Acids
The n-3 fatty acids are polyunsaturated fatty acids (PUFAs) with a double bond 

(C=C) at the third carbon atom from the end of the carbon chain. The fatty acids 
have two ends, the carboxylic acid (–COOH) end, which is considered the begin-
ning of the chain, thus “alpha,” and the methyl (–CH3) end, which is considered the 
“tail” of the chain, thus “omega”; the double bond is at omega minus 3 (not dash 
3). One way in which a fatty acid is named is determined by the location of the first 
double bond, counted from the methyl end, that is, the omega (ω-) or the n-end. To 
note, from the n end the first double bond appears as the third carbon–carbon 
bond, hence the name “n-3.” This is explained by the fact that the n end is almost 
never changed during physiological transformations in the human body, as it is 
more energy-stable, and other compounds can be synthesized from the other car-
bonyl end, for example, in glycerides, or from double bonds in the middle of the 
chain.

The three types of n-3 fatty acids involved in human physiology are α-linolenic 
acid (ALA) (found in plant oils), eicosapentaenoic acid (EPA), and docosahexae-
noic acid (DHA) (both commonly found in marine oils) (Fig. 13.2). Marine algae 

Table 13.2 Total fat and fatty acid composition of some types of fish (g/100 g of food, raw)

Total fat SFA MUFA PUFA n-6 PUFA n-3 PUFA EPA DHA
Tuna 0.7 1.5 0.21 0.19 0.04 0.09 0.0127 0.0703
Salmon 11.0 1.9 4.4 3.1 N N 0.5 1.3
Cod 0.6 0.16 0.14 0.11 0.03 0.08 0.0240 0.0507
Haddock 0.4 0.09 0.08 0.1 0.01 0.09 0.0192 0.0616
Prawns, king 0.7 0.17 0.08 0.22 0.09 0.12 0.06 0.05
Mackerel 17.9 3.85 6.68 4.46 0.41 4.05 0.9531 1.6466
Sardines 6.1 1.83 1.80 1.56 0.24 1.32 0.4924 0.6228
Scampi 1.3 0.17 0.28 0.43 N N N N
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OH
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O
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docosahexaenoic acid

Fig. 13.2 Short-, and long-chain n-3 polyunsaturated fatty acids
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and phytoplankton are primary sources of n-3 fatty acids. Common sources of plant 
oils containing the n-3 ALA fatty acid include walnut, edible seeds, clary sage seed 
oil, algal oil, flaxseed oil, while sources of animal n-3 EPA and DHA fatty acids 
include fish oils, egg oil, squid oils, and krill oil.

Omega-3 (n-3) fatty acids are important for normal metabolism. Mammals are 
unable to synthesize n-6 and n-3 fatty acids “de novo,” because humans lack the 
desaturase enzyme that insert double bonds at the n-6 and n-3 position. For this 
reason, the n-6 and n-3 polyunsaturated fatty acids cannot be synthesized by humans 
and are appropriately called essential fatty acids. The longer-chain n-3 fatty acids 
are assembled from the shorter-chain n-3 fatty acid linoleic acid (ALA) (18 carbons 
and 3 double bonds) derived from diet, which is actually used to form the more 
important long-chain omega-3 fatty acids, EPA (20 carbons and 5 double bonds) 
and then from EPA the most crucial DHA (22 carbons and 6 double bonds), through 
the activity of numerous desaturase and elongase enzymes (Fig. 13.3). Humans can 
convert short-chain n-3 fatty acid ALA to long-chain forms (EPA, DHA) with an 
efficiency below 5%. However, the conversion of ALA to EPA and further to DHA 
in humans has been reported to be quite limited, sometimes nearly absent, but it 
varies with individuals. Women have higher ALA conversion efficiency than men, 
which is presumed to be due to the lower rate of use of dietary ALA for beta- 
oxidation. The ability to make the longer-chain n-3 fatty acids from ALA is impaired 
in aging [2].

The closely related n-3 and n-6 fatty acids act as competing substrates for the 
same desaturase and elongase enzymes [3], to synthesize inflammatory and regula-
tory proteins. This outlines the importance of the proportion of n-3 to n-6 fatty acids 
in a diet [3].

ω 6 series

18 : 2n-6
LINOLENIC

18 : 3n-6
GAMMA - LINOLENIC

20 : 3n-6
DIHOMOGAMMA-LINOLENIC

20 : 4n-6
ARACHIDONIC

22 : 4n-6
ADRENIC

22 : 5n-6
DOCOSAPENTAENOIC (n-6)

ω 3 series

18 : 3n-3
ALPHA-LINOLENIC

18 : 4n-3
STEARIDONIC

20 : 4n-3
EICOSATETRAENOIC (n-3) 

20 : 5n-3
EICOSAPENTAENOIC

22 : 5n-3
DOCOSAPENTAENOIC (n-3)

22 : 6n-3
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Delta-6
desaturase

Elongase
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Fig. 13.3 Synthesis of long-chain n-6 and n-3 from short-chain linoleic and linolenic acids
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Human diet has changed rapidly in recent centuries resulting in a reported 
increased of n-6 in comparison to n-3. The rapid evolution of human diet away from 
a 1:1 n-3 and n-6 ratio, such as during the Neolithic Agricultural Revolution, has 
presumably been too fast for humans to have adapted to biological profiles adept at 
balancing omega-3 and omega-6 ratios of 1:1. This is commonly believed to be the 
reason why modern diets are correlated with many inflammatory disorders. Typical 
Western diets provide ratios of between 10:1 and 30:1 (i.e., dramatically higher 
levels of n-6 than n-3). Metabolites of n-6 are more inflammatory (particularly ara-
chidonic acid) than those of n-3. This necessitates that n-6 and n-3 be consumed in 
a balanced proportion; healthy ratios of n-6:n-3, according to some authors, range 
from 1:1 to 1:4. Other authors believe that a ratio of 4:1 (4 times as much n-6 as n-3) 
is already healthy. Studies suggest the evolutionary human diet, rich in game ani-
mals, seafood, and other sources of n-3, may have provided such a ratio.

13.4  The Role of n-6 and n-3 Fatty Acid Derivatives 
in Inflammatory Mechanisms

One important aspect of the PUFA functions is that they have to do essentially with 
inflammation, favoring this important mechanism of defense but also with curtail-
ing inflammation and returning to homeostasis, to preserve tissue integrity.

The n-6 PUFA arachidonic acid (AA) can be converted into different families of 
lipid mediators, the eicosanoids, such as prostaglandins and leukotrienes (Fig. 13.4), 
which are essentially pro-inflammatory molecules, and Lipoxins (LXs), such as 
LXA4, which is an anti-inflammatory mediator.

The n-3 PUFAs eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) 
act as less-inflammatory and anti-inflammatory molecules. They generate different 
types of anti-inflammatory molecules, including resolvins, protectins, and maresins, 
also called pro-resolution molecules.

ARACHIDONIC  ACID
C20:4 w-6  

EISOCAPENTAENOIC ACID
C20:5 w-3  

Cycloxygenase Lipoxygenase Cycloxygenase Lipoxygenase

Prostanoids Leucotrienes Prostanoids Leucotrienes

PGI2 LTB4 PGI3 LTB5

TXA2 LTC4 TXA3 LTC5

PGD2 LTD4 PGD3 LTD5

PGE2 LTE4 PGE3 LTE5

PGF2 PGF3

Fig. 13.4 Synthesis of prostanoids and leucotrienes (eicosanoids) from ω-6 and ω-3 fatty acids
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Cyclooxygenases and lipoxygenases are key enzymes involved in the conversion 
of these PUFAs into their respective bioactive mediators. These enzymes, however, 
have multi-enzymatic activities which regulate different metabolic pathways.

13.4.1  Omega 6 (n-6): The Pro-inflammatory Effect of n-6 
Arachidonic Acid Derivative—The Eicosanoids

Numerous eicosanoids are synthesized from arachidonic acid (AA) (20:2 n-6) and 
eicosapentaenoic acid (20:5 n-3) (Fig. 13.4). Eicosanoids are signaling molecules 
made by the enzymatic or nonenzymatic oxidation of arachidonic acid or other 
PUFAs (mostly eicosapentaenoic acid). These eicosanoids, i.e., prostaglandins, leu-
kotrienes and thromboxanes, have a different role in inflammation and other dis-
eases, in that eicosanoids of n-6 series (arachidonic acid derivatives) have generally 
pro-inflammatory effects while eicosanoids of n-3 series (eicosapentaenoic acid 
derivatives) have to some extent anti-inflammatory effects (they are just less inflam-
matory than those made from n-6 fats). It has been hypothesized [4] that many dis-
eases are associated with an overproduction of eicosanoids from the n-6 arachidonic 
acid (AA) (20:4 n-6). The formation and function of these n-6 eicosanoids can be 
antagonized by dietary n-3 fats.

Chronic excessive production of n-6 eicosanoids is correlated with arthritis, 
inflammation, and cancer. Many of the medications used to treat and manage these 
conditions work by blocking the effects of the cyclooxygenase-2 (COX-2) enzyme 
[5], the enzyme that convert arachidonic acid into its derivatives prostanoids and 
leukotrienes (Fig. 13.4). Many steps in formation and action of the pro- inflammatory 
prostaglandins from n-6 arachidonic acid proceed more vigorously than the corre-
sponding competitive steps in formation and action of n-3 hormones from n-3 eicos-
apentaenoic acid [6]. The COX-1 and COX-2 inhibitor medications, used to treat 
inflammation and pain, work by preventing the COX enzymes from turning arachi-
donic acid into inflammatory compounds [7]. The lipoxygenase (LOX) inhibitor 
medications, often used to treat asthma, work by preventing the LOX enzyme from 
converting arachidonic acid into the leukotrienes [8, 9]. Many of the anti-mania 
medications used to treat bipolar disorder work by targeting the arachidonic acid 
cascade in the brain [10].

13.4.2  Omega 6 (n-6): The Anti-inflammatory Derivatives 
of n-6—Lipoxin A4 (LXA4)

The n-6 PUFA arachidonic acid can be converted into different families of lipid 
mediators: prostaglandins and leukotrienes, which are mostly pro-inflammatory 
molecules, and lipoxins (LXs) such as LXA4, an anti-inflammation mediator. The 
15-lipoxygenase (i.e., ALOX15 and/or possibly ALOX15B)-derived Lipoxin A4 
and B4 metabolites of the n-6 fatty acid, arachidonic acid, are potent anti- 
inflammatory “specialized proresolving mediators” (SPMs).
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Lipoxins (LXs), an acronym for “lipoxygenase interaction products,” are bioac-
tive autacoid metabolites of arachidonic acid made by various cell types. They are 
categorized as nonclassic eicosanoids and members of the SPMs family of polyun-
saturated fatty acid (PUFA) metabolites. Like other SPMs, LXs form during inflam-
matory responses and act to resolve them.

Lipoxins are arachidonic acid metabolites containing three hydroxyl residues 
and four double bonds. This structural definition distinguishes them from other 
SPMs such as the resolvins, neuroprotectins, and maresins, which are metabolites 
of the n-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA). The lipoxins generally form as a consequence of stimulating the production 
of pro-inflammatory AA metabolites.

In the initial phases of many acute inflammatory responses, damaged tissues, 
invading pathogens, and other local events cause nearby cells to make and release 
arachidonic acid-derived pro-inflammatory metabolites such as leukotrienes 
hydroxyeicosatetraenoic acid (HETEs), and other pro-inflammatory metabolites. 
These metabolites proceed to recruit circulating leukocytes and tissue macrophages 
to the disturbed tissue site. The consequential congregation of the various cell types 
promotes transcellular pathways in forming specialized proresolving mediators 
(SPMs), including the LXs, which then proceed to stimulate cellular and tissue 
responses that trend to reverse the actions of the pro-inflammatory mediators, 
dampen and reverse the inflammatory response, and initiate tissue repair.

LXA4 is a high affinity receptor ligand which activates the FPR2 receptor. This 
receptor is a G-protein coupled receptor initially identified as a receptor for the 
leukocyte Chemotactic Factor.

The anti-inflammatory activity of LXA4 includes inhibition of chemotaxis, 
transmigration, superoxide generation, NF-kB activation, generation of pro- 
inflammatory cytokines by neutrophils, eosinophils, monocytes, lymphoid cells, 
and macrophages, as well as suppresses the production of IgM and IgG antibodies 
by B-lymphocytes. These actions involve stimulation of anti-inflammatory 
pathways.

13.4.3  Omega-3 (n-3): The n-3 Anti-inflammatory Mediators—
The “Specialized Proresolving Mediators” (SPMs)

In addition to the lipoxins, resolvins, protectins, and maresins are three novel fami-
lies of locally generated lipid mediators derived from n-3 fatty acids (EPA and 
DHA) that display potent anti-inflammatory and proresolving actions in vivo. These 
lipid mediators belong to the family of the Specialized Proresolving Mediators 
(SPMs).

The SPMs are therefore a large class of cell signaling molecules formed in cells 
by the metabolism of polyunsaturated fatty acids (PUFA) by one or a combination 
of lipoxygenase, cyclooxygenase, and cytochrome P450 monooxygenase enzymes. 
SPMs are locally formed and locally acting cell signaling autacoids which are made 
by cells and act upon their parent or nearby cells to coordinate functional responses. 
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SPMs possess potent anti-inflammation, tissue protection, and tissue healing activi-
ties and appear to be involved in resolving physiological inflammatory responses.

It has been shown that the n-3 bioactive end product produced by the 12/15 lipoxy-
genases exert pro-resolution functions both at the cellular level involving macrophages 
and endothelial cells in vitro, and in mouse models engineered to express different 
levels of lipoxygenase-15 in vivo. The pro-resolution arm of the inflammation homeo-
static process is mediated by three SPMs which counteract the potent pro-inflamma-
tory mediators derived from the n-6 PUFA arachidonic acid. These SPMs are involved 
in orchestrating the resolution of inflammation and are very resistant to being meta-
bolically inactivated. These SPMs include resolvins, protectins, and maresins.

Resolvins: Resolvins are dihydroxy or trihydroxy metabolites of n-3 fatty acids, 
primarily EPA and DHA, but also docosapentaenoic acid (DPA). The following 
oxygenase enzymes are responsible for metabolizing PUFA to resolvins: 
15- lipoxygenase-1 (i.e., ALOX15), possibly 15-lipoxygenase-2 (i.e., ALOX15B), 
5-lipoxygenase (i.e., ALOX5), cyclooxygenase-2 (i.e., COX-2), and certain 
Cytochrome P450 mono-oxygenases. The mechanism(s) by which each of the 
resolvins activate cells has not been fully elucidated. However, many resolvins 
appear to operate at least in part by acting through the G protein-coupled receptors 
(GPRs). Regarding the mechanism of action of resolvins, it has been suggested that 
inflammation provoking insults lead to the production of arachidonic acid metabo-
lites (prostaglandin, leukotrienes) and various inflammatory cytokines (Interleukin 
2, interleukin 8, granulocyte macrophage stimulating factor) that orchestrate the 
ensuing innate immunity-based inflammatory responses. Later in these responses, 
production of the cited types of arachidonic acid metabolites switches to the pro-
duction of SPMs, i.e., the resolvin metabolites of EPA, DHA, and DPA and the 
Maresin and Protectin D1 metabolites of DHA. The SPMs proceed to resolve these 
responses and initiate healing.

Specific anti-inflammatory actions or resolvins are: (1) to inhibit blood leuko-
cytes from migrating out of the circulation into sites of inflammation; (2) to stimu-
late macrophages to convert from a M1-like pro-inflammatory phenotype to a tissue 
repairing and wound healing M2 phenotypes; (3) to stimulate macrophage phago-
cytosis of apoptotic leukocytes at tissue sites of inflammation; (4) to stimulate 
Natural Killer T cells to clear leukocytes from inflamed tissues; (5) to stimulate 
leukocytes to engulf and kill pathogenic microbes at sites of invasion; (6) to inhibit 
the production of pro-inflammatory cytokines and stimulate the production of anti- 
inflammatory cytokines; (7) to promote tissue repairing and healing.

Protectins: Protectin D1(PD1), also known as neuroprotectin D1 (NPD1), is 
another member of the class of SPMs. Protectins are signaling molecules that are 
produced enzymatically from unsaturated fatty acids. Like other members of this 
class of polyunsaturated fatty acid metabolites, it possesses strong anti- inflammatory, 
antiapoptotic, and neuroprotective activity. PD1, like other protectins, is produced 
by the oxygenation of the n-3 polyunsaturated fatty acid docosahexaenoic acid 
(DHA) and it is found in many tissues, such as the retina, the lungs, and the nervous 
system. PD1 has a significant role as an anti-inflammatory, antiapoptotic, and neu-
roprotective molecule.

Studies in Alzheimer’s disease animal models, in stroke patients, and in human 
retina pigment epithelial cells (RPE) have shown that PD1 can potentially reduce 
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inflammation induced by oxidative stress and inhibit the pro-apoptotic signal, 
thereby preventing cellular degeneration. Recent studies examining the pathogenic-
ity of influenza viruses, including the avian flu (H5N1), have suggested that PD1 
can potentially halt the proliferation of the virus, thus protecting respiratory cells 
from lethal viral infections.

In addition, concerning the antiviral activity of protectins, studies in cultured 
human lung epithelial cells infected with the influenza virus H1N1 or H5N1 have 
found that endogenous production of PD1 decreases dramatically during infection 
due to the inhibition of 15-LO-1. The same studies have subsequently shown that 
in vivo administration of PD1 to H1N1 infected mice can potentially inhibit both the 
proliferation of the virus and the inflammation caused by the infection, thus increas-
ing survival. Interestingly, PD1 protects against viral infections by disrupting the 
virus life cycle. Specifically, PD1 inhibits the binding of viral RNA to specific 
nuclear export factors in the host cells, thus blocking the export of viral RNA from 
the nucleus to the cytosol [11].

Maresins: Maresin-1 is a macrophage-derived mediator of inflammation resolu-
tion coined from macrophage mediator in resolving inflammation. Maresin-1, more 
recently defined maresins, are 12-lipoxygenase-derived metabolites of the n-3 fatty 
acid docosahexaenoic acid (DHA), that possess potent anti-inflammatory, prore-
solving, protective, and pro-healing properties similar to other members of the spe-
cialized proresolving mediators (SPM) class of polyunsaturated fatty acid (PUFA) 
metabolites.

Studies have found that maresins inhibit some pro-inflammatory functions in 
human neutrophils, reduce the entry of blood neutrophils into the inflamed perito-
neum, and promotes the resolution of allergic pulmonary inflammation and wound 
healing in animal models [1, 12, 13].

13.4.4  Omega 3 (n-3): Other Anti-inflammatory Derivatives 
of n-3 DHA—The GPR120 and the β-Arrestin

Another anti-inflammatory effect of n-3 derivatives takes place through the 
G-protein-coupled receptor 120 (GPR120) [14]. The GPR 120 is a n-3 fatty acid 
receptor/sensor that mediates a potent anti-inflammatory and insulin sensitizing 
effect. GPR120 is known to couple with the Gaq/11 family of G proteins [15]. After 
ligand binding, GPR120 is phosphorylated and this generates binding sites for 
β-arrestin 2 [16]. β-Arrestin 2 binds to GPR120 and then interacts with downstream 
signaling molecules such as extracellular signal-regulated kinase 1/2 (ERK1/2) 
mitogen-activated protein kinase (MAPK) [17, 18]. This signaling pathway leads to 
a variety of anti-inflammatory effects attributed to n-3 fatty acids.

13.4.5  Omega 3 (n-3): The Cytosolic Phospholipase A2 (cPLA2) 
Activity

Another anti-inflammatory effect takes place through the cytosolic phospholi-
pases A2. Cytosolic phospholipase A2 (cPLA2) is well known to regulate 
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inflammation [19–21], through downstream lipid mediators, as well as having an 
impact on gene expression [22]. Phospholipases A2 (PLA2) are enzymes that 
hydrolyze the sn-2 ester bond of phospholipids, releasing a free fatty acid such as 
arachidonic acid and creating a lysophospholipid. cPLA2α is the only well-char-
acterized PLA2 that is highly selective for phospholipids containing arachidonic 
acid at the sn-2 position [19, 20]. cPLA2 is activated by phosphorylation by 
MAPKs and is translocated to cell membranes by changes in intracellular free 
calcium levels [23–26]. Arachidonic acid (n-6, C20:4), the product of cPLA2 acti-
vation, is the precursor for eicosanoid mediators (see Fig. 13.4), including pros-
taglandins, thromboxanes, leukotrienes, hydroxyeicosatetraenoic acids (HETEs), 
and epoxyeicosatrienoic acids (EETs), which may have a variety of pro-inflam-
matory and anti-inflammatory effects [27]. Prostaglandins are generated from 
arachidonic acid by cyclooxygenases, COX-1 and COX-2 (Fig. 13.5). COX-2 is 
an inducible enzyme and is involved primarily in the regulation of 
inflammation.

Prostaglandin E2 (PGE2) is one of the major COX-2-derived prostanoids  
at inflammatory sites [28], which plays an anti-inflammatory role. 
Docosahexaenoic acid (DHA) regulates cPLA2 activation, so changing arachi-
donic acid release and modifying its downstream lipid mediator production. In 
fact, it has been demonstrated [29] that cPLA2 is activated by DHA. This acti-
vation leads to activation of COX-2 and production of PGE2, which plays an 
anti-inflammatory role by inhibiting nuclear factor-kB (NFkB) signaling 
through EP4 receptor (Fig.  13.5) [29]. Hence, this new anti-inflammatory 
mechanism of DHA takes place through the cascade cPLA2–AA–COX-2–
PGE2–EP4 (Fig. 13.5).

MAPK

(activation)
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(activated)

Phospholipid Arachidonic acid 

(COX-1, COX-2)

Pro-inflammatory prostanoids
(prostaglandin, thromboxane) 

DHA
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cPLA2
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(COX-2)

Anti-inflammatory PGE2
(inhibits NFkB through EP4
receptor)

Fig. 13.5 DHA induces the production of antinflammatory PGE2 from arachidonic acid
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13.5  Omega 3 (n-3) Fatty Acids and Platelet Functions

Long-chain n-3 fatty acids have a significant antiplatelet aggregating activity. The 
antiplatelet aggregation story started at the end of the 1970s, when Danish workers 
focused attention on Eskimos from the West Coast of Greenland who had a low 
incidence of myocardial infarction and stroke as well as a mild tendency to bruise 
[30]. The dietary fats Eskimos ate were essentially derived from whale, fish, and 
seal. Compared to Danes, the Eskimos showed lower levels of plasma cholesterol 
and triglycerides, increased bleeding times, and increased plasma concentrations of 
n-3 very long-chain highly polyunsaturated fatty acids (i.e., eicosapentaenoic and 
docosahexaenoic acids) characteristic of fish and other marine animals [31].

Actually, arachidonic acid is the n-6 fatty acid precursor for prostaglandin synthesis 
in platelets, endothelial cells, and other tissues, whereas the n-3 family is composed of 
fatty acids such as eicosapentaenoic acid (C20:5 n-3) found principally in nature in 
fish, shellfish, phytoplankton, and in animals that ingest marine life for food. In plate-
lets, arachidonic acid is converted by the enzyme cyclooxygenase to cyclic endoperox-
ides, which are rapidly transformed by thromboxane synthetase to thromboxane A2, an 
extremely potent vasoconstrictor and platelet aggregating substance. In contrast, the 
vascular endothelial cells convert arachidonic acid via the same endoperoxides to 
PGI2 (prostacyclin), which is a vasodilator and inhibits platelet aggregation.

To explain the prolonged bleeding times and lack of vascular disease in the 
Greenland Eskimos, it was suggested that eicosapentaenoic acid (C20:5 n-3) com-
petes with arachidonic acid for cyclooxygenase, thereby altering the platelet-vessel 
interactions [32]. Subsequent numerous papers confirmed the role of n-3 EPA and 
DHA as inhibiting platelet aggregation. In particular, it was observed [33] that diets 
containing salmon oil led to the incorporation of eicosapentaenoic acid (C20:5 n-3) 
into platelet phospholipids with a reduction in arachidonic acid. The ratio of C20:5/
C20:4 (eicosapentaenoic/arachinonic acid) increased from 0.0045 on the control 
diet to 0.3 on the salmon diet. Bleeding time was prolonged from 6.75 to 10 min, 
and platelet aggregation in response to dilute concentrations of ADP was inhibited 
in the subjects ingesting n-3 long-chain fatty acids (salmon oil) [33].

This antiplatelet, antithrombotic effect of n-3 DHA is a very important anti- 
atherosclerosis mechanism and is one of the multiple beneficial effects that fish and 
fish oil have to prevent CHD, stroke, and other cardiovascular diseases.

13.6  Omega 3 (n-3) Fatty Acids and Serum Lipids

Numerous studies have documented the efficacy of n-3 fatty acids in reducing ele-
vated levels of serum triglycerides. In a randomized, double blind study [34], sub-
jects with serum triglycerides (TG) >500 and <2000 mg/dL were divided into three 
groups and two of these groups received eicosapentaenoic acid ethyl ester at a dos-
age of 4 g/day and 2 g/day, the third group receiving placebo as control. For a base-
line TG level > 750 mg/dL, eicosapentaenoic acid ethyl ester 4 g/day reduced the 
placebo-corrected TG levels by 45.4% and 2 g/day by 32.9%. These patients showed 
also a significant reduction of non-high-density lipoprotein cholesterol, 

13.6 Omega 3 (n-3) Fatty Acids and Serum Lipids



336

apolipoprotein B, lipoprotein-associated phospholipase A2, very low-density lipo-
protein cholesterol, and total cholesterol.

The US National Lipid Association (NLA) guidelines highlights that for elevated 
triglycerides (>500 mg/dL), TG lowering becomes the primary management goal, 
and the immediate use of a TG-lowering drug, including high-dose of n-3 [35], is 
recommended. Also the 2011 AHA scientific statement on triglycerides and CVD 
recommends the use of pharmacological therapy with a TG-lowering drug, includ-
ing n-3 preparations [36].

The exact TG-lowering mechanisms of action are not completely understood. 
Results from preclinical and clinical studies suggest that n-3 decrease serum TG con-
centrations by reducing TG synthesis, reducing the incorporation of TG into VLDL, 
reducing TG secretion, and enhancing TG clearance from VLDL particles [37]. It has 
been proposed that n-3 exert TG-lowering effects via a number of mechanisms:

 1. Decrease of hepatic lipogenesis by suppressing the expression of sterol regula-
tory element-binding protein-1c. This, in turn, leads to decreased expression of 
cholesterol-, fatty acid-, and TG-synthesizing enzymes [38, 39].

 2. Increase of the β-oxidation of fatty acids, resulting in a reduction in available 
substrate required for TG and VLDL synthesis [37].

 3. Inhibition of key enzymes involved in hepatic TG synthesis, such as phospha-
tidic acid phosphatase and diacylglycerol acyltransferase [40].

 4. Finally, n-3 have been shown to increase the expression of lipoprotein lipase 
(LPL), a key lipolytic component of the TRL biosynthetic pathways, leading to 
increased TG removal from circulating VLDL and chylomicron particles [41, 42].

Recently a potent antioxidant mechanism of eicosapentaenoic acid (EPA) has been 
also demonstrated [43]. It was shown that EPA, at pharmacologic levels, signifi-
cantly inhibits glucose-induced lipid peroxidation and cholesterol crystalline 
domain formation in model membrane lipid vesicles. EPA also potently inhibits 
lipid oxidation in isolated human LDL. These antioxidant effects have been attrib-
uted to the ability of EPA to quench reactive oxygen species (ROS) associated with 
the phospholipid membrane, thereby preserving normal lipid structure and organi-
zation. Following intercalation into the membrane lipid bilayer, the conjugated 
double bonds associated with EPA facilitate electron stabilization mechanisms that 
interfere with free radical propagation. These findings indicate a preferred intercala-
tion of the EPA molecule into the membrane where it can trap free radicals. These 
results also suggested a novel role of EPA in ameliorating the effects of hypertri-
glyceridemia through its potent antioxidant properties.

13.7  Unsaturated Fatty Acids, Cardiac Arrhythmic Activity, 
and Sudden Death

Ventricular fibrillation, a cardiac arrhythmia that results in out-of-hospital primary 
cardiac arrest and a major cause of ischemic heart disease mortality, results in part 
from an increased myocardial vulnerability to life-threatening arrhythmias. 
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Numerous studies have found important correlations between fatty acids, cardiac 
arrhythmia, and sudden cardiac death.

13.7.1  Trans Fatty Acids

Trans-fatty acids have been found to be associated with an increased risk of arrhyth-
mia and cardiac arrest. Trans-fatty acids are unsaturated fatty acids found in par-
tially hydrogenated oils, beef, and dairy products. They differ from most naturally 
occurring unsaturated fatty acids by the presence of one or more double bonds in the 
trans configuration instead of the usual cis configuration. Like saturated fatty acids, 
fatty acids with trans double bonds pack more tightly than cis fatty acids, allowing 
the processing of oils into margarine.

Population studies have found an increased risk of CHD with higher dietary 
intake of total trans-fatty acids [44, 45]. Because trans-fatty acids resemble satu-
rated fatty acids in their biophysical properties, and saturated fatty acids are asso-
ciated with an increased risk of ventricular fibrillation and sudden cardiac death 
[46, 47], it has been hypothesized that higher levels of dietary trans-fatty acids 
could be associated with an increased risk of primary cardiac arrest. Based on this 
hypothesis, a population-based, case control study was done on subjects who had 
suffered a out-of-hospital primary cardiac arrest [48]. In these subjects the red 
blood cell levels of trans fatty acids were evaluated. Higher total trans-fatty acids 
in red blood cell membranes was associated with a modest increase in the risk of 
primary cardiac arrest after adjustment for medical and lifestyle risk factors (odds 
ratio for interquintile range, 1.5; 95% CI, 1.0 to 2.1). However, trans isomers of 
oleic acid were not associated with risk (odds ratio for interquintile range, 0.8; 
95% CI, 0.5–1.2), whereas higher levels of trans isomers of linoleic acid were 
associated with threefold increase in risk [48]. The authors concluded that only 
trans isomers of linoleic acid (trans linoleic acid, 18:2) which has one cis double 
bond and one trans double bond significantly increases the risk of ventricular 
fibrillation while trans-oleic acid with a single trans double bond (trans-oleic 
acid, 18:1) is not at risk.

13.7.2  Omega-3 (n-3) Fatty Acids

Contrary to saturated fats and trans-PUFA, the n-3 fatty acids have been shown to 
protect against fatal arrhythmia and sudden death. In fact, numerous studies in 
experimental animals have shown that a dietary intake of long-chain n-3 PUFAs, 
compared with an intake of saturated and monounsaturated fatty acids, reduces 
myocardial vulnerability to ventricular fibrillation, possibly through an effect on 
myocardial cell membrane composition [46, 47, 49–53]. In vitro experimental stud-
ies have confirmed the antiarrhythmic effects of n-3 on cardiomyocytes [54]. 
Infusion of an emulsion of n-3 PUFAs just before coronary artery occlusion in an 
exercising, unanesthetized dog model prevented ischemia-induced sudden cardiac 
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death by preventing ventricular fibrillation. Omega-3 PUFAs prevented induced 
fibrillation of cultured neonatal rat cardiomyocytes when various cardiotoxins were 
tested, and after fibrillation was induced, the arrhythmias were terminated by the 
PUFAs.

Studies in humans have confirmed the antiarrhythmic effects of n-3. In a 
population- based case–control study [55], the dietary intake of long-chain n-3 
PUFAs from seafood, measured both indirectly with a questionnaire and directly 
with a biomarker, was found to be associated with a reduced risk of primary cardiac 
arrest in humans. Compared with no seafood intake, modest intake of n-3 PUFAs 
(5.5 g/month, the equivalent of 1 fatty fish meal/week), was associated with a 50% 
reduction in the risk of primary cardiac arrest (odds ratio: 0.5; 95% CI: 0.4, 0.8) 
after adjustment for numerous confounding factors. There was also an inverse cor-
relation between the combined EPA and DHA concentrations of red blood cell 
membranes and the risk of primary cardiac arrest. Compared with a long-chain n-3 
PUFA concentration of 3.3% of total fatty acids (the mean value of the lowest quar-
tile), a red blood cell membrane concentration of 5.0% of total fatty acids (the mean 
of the highest quartile) was associated with a 70% reduction in the risk of primary 
cardiac arrest (odds ratio: 0.3; 95% CI: 0.2, 0.6), after adjustment for other risk fac-
tors. These findings suggested that: (1) compared with no seafood intake, modest 
dietary intake of long-chain n-3 PUFAs from seafood (equivalent to 1 fatty fish 
meal/week) is associated with a significant reduction in the risk of primary cardiac 
arrest; (2) compared with modest intake, higher intakes of these fatty acids are not 
associated with a further reduction in such risk; (3) the reduced risk of primary car-
diac arrest could be mediated, at least in part, by the effect of dietary n-3 PUFA 
intake on cell membrane fatty acid composition.

In a Danish study [56], marine n-3 PUFA was shown to have a beneficial impact 
on heart rate variability (HRV) (The 24-h HRV is considered a surrogate for the risk 
of developing ventricular arrhythmias and sudden cardiac death. A decreased HRV 
may predict a poor outcome among healthy subjects due to an increased risk of sud-
den cardiac death). The authors found a close positive association between cellular 
levels of marine n-3 PUFA and HRV in healthy men but not in healthy women. 
Dietary intervention with either 2.0 g or 6.6 g of marine n-3 PUFA daily for 12 weeks 
showed a dose-dependent increase in HRV among men with a low base-line 
HRV. According to the authors, the results may help explain why dietary marine n-3 
PUFA may reduce the risk of SCD in healthy men.

Also large prospective cohort studies have shown the protective effects of fish 
polyunsaturated fats against fatal arrhythmias and sudden death.

In the US Physicians’ Health Study [57] a total of 22071 US male physicians 
40–84 years of age and free of myocardial infarction, cerebrovascular disease and 
cancer were enrolled in the study in 1982, to evaluate the incidence of several end 
points, and the incidence of sudden death. Before randomization, which occurred 
between August 1982 and December 1984, potential participants were asked to pro-
vide base line blood samples, which were processed for long-term storage at 
80 °C. Of the randomized study participants, 14,916 (68%) provided base-line blood 
samples. Over 17 years of follow-up 201 sudden death were documented. Base-line 
blood levels of long-chain n-3 fatty acids were found to be inversely related to the 
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risk of sudden death. As compared with men whose blood levels of long-chain n-3 
fatty acids were in the lowest quartile, the relative risk of sudden death was signifi-
cantly lower among men with levels in the third quartile (adjusted relative risk, 0.28; 
95% confidence interval, 0.09–0.87), i.e., a 72% lower risk, and the fourth quartile 
(adjusted relative risk, 0.19; 95% confidence interval, 0.05–0.71), i.e., an 81% lower 
risk of sudden death. In contrast, the levels of the other fatty acids, including the 
short-chain n-3 polyunsaturated fatty acid (a-linolenic acid), saturated fatty acids, 
monounsaturated fatty acids, n-6 polyunsaturated fatty acids, and trans unsaturated 
fatty acids, did not differ significantly between men who died suddenly and control 
subjects. According to the authors, plausible mechanisms for these antiarrhythmic 
effects included modulation of sodium, potassium, and L-type calcium channels; 
inhibition of thromboxane production; and beneficial effects on heart-rate variabil-
ity. Other indirect effects of long-chain n-3 fatty acids included lowering of the non-
esterified fatty-acid concentration in plasma and cell membranes.

The sense is that the consumption of minimal amount of fish per week is suffi-
cient to substantially reduce the rate of sudden death, due to the potent antiarrhyt-
mic effect of fish omega 3 fatty acids (EPA and DHA) in the Paris Prospective Study 
[58], nonesterified fatty acids have been shown to have multiple proarrhythmic 
properties and have been associated with an increased risk of sudden death, but not 
of fatal myocardial infarction, among men enrolled. Previous data of the same 
authors [59] had shown that low to moderate intake of fish—at least 1 fish meal per 
week—was associated with a 52% lower risk of sudden death compared with less 
than monthly consumption, even after controlling for several confounders. All lev-
els of fish consumption were associated with a decreased risk of sudden death, but 
the size of the reduction did not appear to differ substantially at levels of consump-
tion greater than 1 fish serving per week, suggesting a threshold effect. This small 
amount of fish may be sufficient to provide an essential amount of long-chain n-3 
fatty acids or some unidentified nutrient or both, that decrease sudden death rate.

The GISSI-Prevenzione [59] was a study aimed to assess the time course of the 
benefit of n-3 polyunsaturated fatty acids (PUFAs) on mortality documented by the 
GISSI-Prevenzione trial in patients surviving a recent (<3  months) myocardial 
infarction. 11,323 patients were enrolled in this clinical trial aimed at testing the 
effectiveness of n-3 PUFA and vitamin E in preventing sudden death, nonfatal myo-
cardial infarction, total coronary heart disease, and cerebrovascular events. The 
patients were invited to follow Mediterranean dietary habits, and were treated with 
up-to-date preventive pharmacological interventions. The events were assessed by 
right-censoring follow-up data 12 times from the first month after randomization up 
to 12  months. Survival curves for n-3 PUFA treatment (but not for vitamin E) 
diverged early after randomization, and total mortality was significantly lowered 
after 3 months of treatment (relative risk 0.59; 95% CI 0.36 to 0.97; P < 0.037). The 
reduction in risk of sudden death was specifically relevant and statistically signifi-
cant already at 4 months (RR 0.47; 95% CI 0.219–0.995; P < 0.048). A similarly 
significant, although delayed, pattern after 6–8 months of treatment was observed 
for cardiovascular, cardiac, and coronary deaths. The authors concluded that the 
early effect of low-dose (1 g/day) n-3 PUFAs on total mortality and sudden death 
supported the hypothesis of an antiarrhythmic effect of n-3 PUFAs.
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To summarize the effects of n-3 EPA and DHA on cardiac arrhythmia, the wealth 
of data coming from laboratory experiments on isolated myocytes, animal models 
and epidemiological and clinical studies have conclusively confirmed the potent 
antiarrhythmic effects of n-3 and their particular efficacy in significantly reducing 
the arrhythmic sudden death. According to the results of electrophysiological stud-
ies, n-3 PUFAs seem to modulate ion currents (primarily of Na+ and Ca2+) in the 
myocyte sarcolemma, shifting the steady-state inactivation potential to more nega-
tive values, increasing the depolarizing current necessary to elicit an action potential 
by ~50% and prolong the refractory period by ~3-fold [54, 60, 61].

13.8  Fish, Omega 3, and CHD Risk Reduction

The observation in the 1980s that native Alaskan and Greenland Inuit, who consume 
a large amount of fish, had low CHD mortality rates has led to a vast number of 
studies investigating this association. Several systematic reviews have summarized 
the evidence around fish consumption and its association with CHD. The results of 
the numerous studies and meta-analysis have often shown contrasting results, but 
many studies agreed on a significant reduction of fatal myocardial infarction (MI), 
while the data on nonfatal MI appeared often inconclusive and contrasting.

A review [62] of evidence from randomized controlled studies (RCTs) and 
cohort studies suggested that consumption of EPA and DHA (~250–500 mg/day, 
which equals around one to two 100 g portions of oil-rich fish per week) lowers the 
RR of fatal CHD by around 25%, but that higher intakes do not substantially further 
lower CHD mortality, suggesting a threshold of effect [62].

The Monitoring Project on Risk Factors for Chronic Diseases (MORGEN) study 
[63], was a Dutch population-based cohort study on 22,654 men and women aged 
20–65 years. The study contributed to the Dutch part of the EPIC study. The cohort 
was followed up for 9–14 years (mean 11.3 years). After adjustment for potential 
confounders, the risk of fatal CHD and fatal MI was inversely associated with EPA 
and DHA intake, with a 49% lower risk of fatal CHD (RR 0.51; 95% CI, 0.27–0.94) 
and a 62% reduced risk of fatal MI (RR 0.38; 95% CI, 0.19–0.77) in the top quartile 
of EPA and DHA intake (median intake 234 mg EPA and DHA per day) compared 
with the lowest quartile (median intake 40 mg EPA and DHA per day). EPA and 
DHA intakes were not associated with nonfatal MI [63].

A recent meta-analysis of cohort studies [64] that included 22 cohorts with a 
total of 256,000 participants, with follow-up periods ranging from 5 to 40 years 
confirmed this trend. In fact, the meta-analysis of the study outcomes showed that 
highest compared with lowest fish consumption (or EPA/DHA consumption) was 
associated with a significantly reduced risk of fatal CHD by 18% (RR 0.82; 95% CI, 
0.71–0.94). Fish (or EPA/DHA) consumption was not associated with decreased 
risk of CHD events (RR 0.87; 95% CI, 0.71–1.06), nonfatal CHD (RR 0.81; 95% 
CI, 0.59–1.10) or total MI (RR 0.79; 95% CI, 0.53–1.17).

Summarizing, the intake of EPA and DHA EPA reduces significantly the rate of 
fatal MI but not that of nonfatal MI. These different effects on MI can probably be 
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explained by the different impact of EPA and DHA on MI risk factors. The mild 
reduction of some atherosclerosis risk factors (i.e., serum triglycerides, platelet 
aggregation, and inflammation), appears to be insufficient to prevent the nonfatal 
MI. Different appears the impact of EPA and DHA on fatal MI, which have been 
shown to be significantly reduced by ~50%. The main cause of fatal MI is a sudden 
death due to a fatal arrhythmia, i.e., ventricular fibrillation. The wealth of data com-
ing from laboratory experiments on isolated myocytes, animal models and epide-
miological and clinical studies have conclusively confirmed the potent antiarrhythmic 
effect that EPA and DHA exert on myocardial activity. This antiarrhythmic effect 
clearly explains the substantial reduction of fatal MI rate, whose sudden death is 
mostly due mostly to a fatal arrhythmia.

To conclude, although many randomized controlled trials have failed to find any 
positive effects of n-3 long-chain fatty acids on primary and secondary MI preven-
tion, data from population studies have shown that a regular consumption of fish 
(also 1 serving/week) or fish oil significantly reduces the incidence of fatal MI, 
probably because the main effect of fish and fish oil on the heart is the antiarrhyth-
mic one.

13.9  Fish, Omega 3 (n-3), and Stroke

The regular consume of fish has been shown to significantly reduce the cerebrovas-
cular disease and the rate of ischemic stroke.

A meta-analysis [65] that included nine cohorts from eight prospective cohort 
studies with a total of 200,575 participants and 3491 stroke events, found that fish 
consumption was associated with a lower risk of stroke. The risk of stroke was 13% 
lower in those who ate fish once a week (RR 0.87; 95% CI, 0.77–0.98) compared 
with those who ate no fish or ate fish less than once a month, which was statistically 
significant. The protective effect on stroke risk appeared to increase with higher fish 
intakes, with a RR of 0.69 (95% CI, 0.54–0.88) in those who ate fish >5 times/week 
compared with those who ate no fish or ate fish less than once a month. However, 
the test for linear trend did not reach statistical significance (P = 0.06).

Another systematic review [66] aimed to assess the association between fish and 
long-chain n-3 PUFA intake with cerebrovascular disease, defined as fatal or nonfa-
tal ischemic stroke, hemorrhagic stroke, cerebrovascular accident or transient isch-
emic attack, included 21 prospective cohort studies totaling 675,048 study 
participants and 25,320 incident cerebrovascular events. Seven studies were from 
Europe, seven from North America, and seven from the Asia-Pacific region. Meta- 
analysis of data from 18 studies (which allowed classifications of comparable fish 
consumption frequencies) resulted in a modest but significantly reduced risk of 
cerebrovascular disease when eating 2–4 portions of fish per week compared with 
≤1 serving a week (RR 0.94; 95% CI, 0.90–0.98). The risk reduction was larger 
when comparing >5 servings/week with ≤1 serving a week (RR 0.88; 95% CI, 
0.81–0.96; based on data from eight cohort studies). There was no heterogeneity 
across studies. In a dose-response meta-analysis based on data from 18 cohort 
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studies, an increment of 2 servings/week of any type of fish was associated with a 
4% reduced risk of cerebrovascular disease (RR 0.96; 95% CI, 0.93–0.99). When 
comparing participants in the highest with the lowest category of fish intake in all 
21 studies, the RR was 0.88 (95% CI, 0.84–0.93).

The same authors [66] carried out a systematic review and meta-analysis of data 
from randomized controlled trials (RCTs) investigating the effect of long-chain n-3 
PUFA supplementation on risk of cerebrovascular disease. Most studies were sec-
ondary prevention trials, and two studies were primary prevention trials. The authors 
found no effect of long-chain n-3 supplementation on risk of cerebrovascular dis-
ease in any of the trials, regardless of whether they were primary or secondary pre-
vention trials, and found no effect on either stroke subtype. The authors [66] argue 
from their finding that fish intake is associated with a reduced risk of cerebrovascu-
lar disease whereas long-chain n-3 PUFA supplementation is not, and that single 
nutrients may have limited effects on chronic disease risk outside of their original 
food source. They argue that other nutrients present in fish, such as vitamin D and 
B-vitamins, may play a role in the protective effect of fish, or that the replacement 
of other less healthy foods by fish may contribute to the protective effect. They also 
suggested that fish intake may simply be an indicator of a healthier dietary pattern 
and lifestyle or higher socioeconomic status.

In summary, evidence suggests that fish consumption is associated with a moder-
ate but statistically significantly decreased risk of cerebrovascular disease, includ-
ing stroke. The most recent systematic review suggests that this protective effect 
cannot be explained solely by long-chain n-3 PUFAs, but other nutrients or diet and 
lifestyle factors associated with fish intake may contribute to this effect. Almost all 
meta-analyses suggest that the association seems stronger for ischemic than hemor-
rhagic stroke, although one meta-analysis found a protective association for both 
types of stroke and with a larger effect for hemorrhagic stroke.

13.10  Fish, Omega 3 (n-3) PUFA, and Cancer

Several cancers have been associated with diet and other modifiable lifestyle fac-
tors. Observational studies have investigated the potential association between fish 
consumption and/or long-chain n-3 PUFA consumption and selected types of 
cancers.

13.10.1  Colorectal Cancer

Data from prospective cohort studies suggest there may be some protective effect of 
fish intake on risk of colorectal cancer but the evidence is too inconsistent to draw 
any firm conclusions. Data from case–control studies have shown a somewhat stron-
ger inverse association, but the studies are generally heterogeneous, and it has been 
argued that prospective studies are more appropriate to evaluate associations between 
diet and cancer. Potentially, any protective effects observed may be due to other 
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factors, such as lower meat intakes in fish eaters. Results in some of the meta- analyses 
were expressed in terms of a 100 g/day increase in fish intake, which is far in excess 
of typical intakes and may therefore not be relevant for the typical Western diet.

13.10.2  Breast Cancer

The WCRF/AICR expert panel judged the evidence on fish intake and risk of breast 
cancer to be inconclusive [67]. Altogether, nine studies (six prospective cohort and 
three nested case–control studies) were included that reported on breast cancer risk 
in association with fish irrespective of menopausal status (i.e., pre- and postmeno-
pausal combined). One study reported a nonsignificant inverse association, four 
reported a nonsignificant positive association, three reported no association, and 
one study reported a significantly increased risk with increasing levels of fish intake. 
Of the four studies identified that looked specifically at premenopausal breast can-
cer, three reported a nonsignificant weak positive association and one reported a 
nonsignificant weak negative association. Of three studies that looked at postmeno-
pausal breast cancer, one reported no association, one reported a nonsignificant 
increased risk, and one reported a nonsignificant decreased risk of breast cancer 
with fish consumption. In summary, there was no conclusive evidence to support an 
association between fish intake and breast cancer based on evidence from cohort 
studies; the conclusions from the 2007 report remain [67].

13.10.3  Other Types of Cancer

The association between fish intake and pancreatic cancer has been investigated in 
several studies [68–70] and it was suggested that anti-inflammatory properties of 
long-chain PUFAs may reduce the risk of pancreatic cancer, which has been sug-
gested to have an inflammatory pathogenesis [68]. WCRF/AICR concluded in their 
2007 report [67] that the evidence for an association between fish and pancreatic 
cancer was limited and no conclusion could be drawn.

Also other studies and meta-analyses investigating the association with prostate, 
bladder, stomach, and ovaries cancer did not suggest that fish intake has a protective 
effect from these types of cancer.

13.11  Fish Intake in Early Childhood and Risk of Asthma 
and Atopic Conditions

A systematic review looking into early life fish exposure and risk of atopy identified 
14 studies that looked at fish intake during infancy or childhood and atopic out-
comes (including asthma and eczema). Nine of these studies observed a beneficial 
effect of fish intake during infancy/childhood on atopic outcomes (three were pro-
spective cohort, two were case–control, and four were cross-sectional studies); two 
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studies (one case control, one cross sectional) found a negative effect; and three 
prospective cohort studies observed no associations. The authors of the systematic 
review suggested that most studies that reported a protective effect of fish intake in 
infancy and childhood have found a risk reduction between 50% and 60% [71].

Data from around 5000 infants from Western Sweden showed the introduction of 
fish at months 3–5, and 6–8 was associated with a significantly reduced risk of 
eczema at 1 year of age (OR 0.7; 95% CI, 0.6–0.9; and OR 0.6; 95% CI, 0.5–0.7, 
respectively), compared with fish introduction at 9–12 months [72]. This is aligned 
with the view that there are critical windows during early development for establish-
ing immune tolerance [73].

It appears, therefore, that fish intake during early childhood is associated with a 
decreased risk of atopic outcomes, but the findings have not been found very 
consistent.

13.12  Fish Intake and Cognitive Functions in Later Life

13.12.1  The Risk of Dementia and Alzheimer’s Disease

Dementia develops generally in aging people. 6% of people >65 years of age are 
affected by dementia, including Alzheimer’s disease (AD). There is increasing 
interest in identifying dietary factors that may influence risk of developing these 
conditions, including fish and long-chain n-3 PUFA consumption.

Cohort studies investigating the association between fish and/or dietary long- 
chain n-3 PUFA intake and risk of dementia in general and AD specifically have 
reported conflicting results, with some studies proposing a protective effect of 
dietary fish or DHA intakes or plasma DHA levels on risk of dementia and/or AD 
[74–76], whereas others reporting no association [77, 78].

In the sub-cohort (815 subjects) randomly selected of the Chicago Health and 
Aging Project [74], free of AD at baseline and followed for an average of 3.9 years, 
participants who consumed fish at least once a week had a 60% lower risk of devel-
oping AD compared with those who rarely or never ate fish at baseline (RR 0.4; 
95% CI, 0.2–0.9), taking into account several potential confounders. A protective 
effect of DHA on risk of AD was also observed [RR in highest (median 100 mg/
day) vs. lowest (median 30 mg/day) quintile: 0.3; 95% CI, 0.1–0.9], whereas EPA 
and ALA intakes were not associated with risk of AD.

In The Framingham Heart Study [76], 1921 subjects aged 55 years or above who 
were free of dementia were included in the study and were followed for an average 
of 9.1 years. Based on data from 899 men and women, the authors reported a signifi-
cantly reduced incidence of dementia (including AD) in the highest quartile of 
plasma DHA levels (measured at baseline) compared with the lower three quartiles 
(RR 0.57; 95% CI, 0.33–0.97).

A cross-sectional analysis of a sub-cohort of the Rancho Bernardo Study [76] 
resulted in similar findings. Altogether, 266 men and women aged 67–100 years 
were examined for dementia and AD, and plasma DHA levels were assessed 
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(1991–1993). After adjusting for various potential confounding factors, those who 
were in the highest tertile of plasma DHA had a 65% lower odds of all-cause demen-
tia (OR 0.35; 95% CI, 0.17–0.92), and a 60% lower odds of AD, although the find-
ings for AD were not statistically significant (OR 0.40; 95% CI, 0.15–1.10). Dietary 
DHA intake in the highest tertile (mean 0.31 g/day, range 0.16–1.86 g/day) was 
associated with a 73% reduced odds of all-cause dementia (OR 0.27; 95% CI, 0.09–
0.79) and a 72% reduced odds of AD (OR 0.28; 95% CI, 0.09–0.93).

While studies on US cohorts (as those illustrated above) showed a risk reduction for 
dementia in subjects who consumed fish, in European and Canadian cohort studies the 
results were negative and fish intake was not associated with a reduction of the risk.

One of these negative studies was a large cohort study conducted in the 
Netherlands, The Rotterdam Study [77], in which 5395 people 55 years of age or 
older, free from dementia at baseline, were followed for 9.6 years. Total fish intake 
didn’t result to be associated with dementia risk. Compared with participants who 
typically ate no fish, those with a higher fish intake had a similar dementia risk (HR 
0.95; 95% CI, 0.76–1.19) as did those who ate fatty fish compared with those who 
typically did not eat fish (HR 0.98; 95% CI, 0.77–1.24). Dietary intakes of long- 
chain n-3 PUFA were also not associated with dementia risk. When AD specifically 
was considered, the results were similar [77].

Another negative study was the Canadian Study of Health and Aging, a cohort 
study in which 1219 subjects free from dementia provided blood samples for analy-
sis of fatty acid levels in blood erythrocyte membranes and were included at study 
baseline. After a median follow-up of 4.9 years, a study sample of 663 subjects was 
available for analysis. The study authors found no association between blood levels 
of total n-3 PUFA, EPA or DHA and risk of dementia and AD [78].

13.12.2  Fish Intake and the Risk of Cognitive Decline

Cognition is a combination of skills that include attention, learning, memory, lan-
guage, visuospatial skills, and executive function such as decision-making, goal 
setting, planning, and judgment. Decline in cognition ranges from severe dementia, 
such as Alzheimer’s disease, to mild cognitive impairment (MCI) and age-related 
cognitive decline (ARCD). Cognitive decline is multi-causal, and mild cognitive 
impairment does not always progress to dementia.

According to DSM-IV 1994, criteria for diagnosis of mild cognitive decline 
(MCI) or age-related cognitive decline (ARCD) include the objective decline in 
cognitive functioning associated with the aging process but within normal limits 
given the person’s age.

Numerous studies have investigated association of single nutrients with MCI and 
ARCD, including fish intake.

Actually, fish intake has been associated with a slower decline of cognitive func-
tion with aging. However, also in this case, the results were uncertain, in that an 
association of fish with a slower mental decline was also observed, but with data not 
statistically significant.
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The Chicago Health and Aging project looked at whether fish and long-chain 
ω-3 PUFA intakes were associated with slower cognitive decline. The authors found 
that fish intake was associated with a slower rate of cognitive decline over a follow-
 up period of 6  years, even after adjusting for several potential confounders. 
Compared with those who consumed fish less than weekly, the rate of cognitive 
decline was 10% slower among those who consumed one fish meal per week 
(P = 0.03), and 13% slower among those who consumed two or more fish meals per 
week (P  =  0.04). However, the authors found no association between total n-3 
PUFA, DHA or EPA intake and cognitive decline [79].

The Zutphen Elderly Study [80] also investigated the effect of fish intake on 
cognitive decline in 342 men aged 70 years or above over a period of 3 years. The 
authors found that fish consumption was inversely, but not significantly, associated 
with cognitive decline.

In an analysis of a sub-cohort of the French SU.VI.MAX study (3294 subjects), 
self-reported cognitive difficulties were less frequent among subjects who had 
higher intakes of total long-chain n-3 PUFA 13 years prior to cognitive assessment 
(OR highest vs. lowest quartile 0.68; 95% CI, 0.53–0.85), EPA (OR 0.69; 95% CI, 
0.55–0.87) and DHA (OR 0.75; 95% CI, 0.60–0.95). There was no significant asso-
ciation between fish intake and self-reported cognitive difficulties. No association 
was found between intake of any of the fatty acids or fish and odds of poor score on 
cognitive tests [81].

13.13  Fish Intake and Bone Health

The optimization of bone health is crucial throughout life to reduce the burden of 
health issues associated with poor bone health, such as osteomalacia, which can 
lead to bone deformation, and osteoporosis in later life, which significantly increases 
the risk of fractures.

Calcium and vitamin D play critical roles in bone mineralization. Calcium is a 
main component of the skeleton and teeth, where the majority of total body calcium 
(99%) is found. Vitamin D is crucial for maximizing gut absorption of calcium via 
vitamin D-dependent calcium receptors, and also stimulates bone formation and 
maturation.

Calcium is present in a wide range of foods, although not all calcium is equally 
available for absorption in the gut. Dairy products are a major contributor to cal-
cium intake, and the calcium from dairy products is generally well absorbed [82]. 
Fish is another good source of calcium. Pulses, wholegrain, nuts and seeds, dried 
fruit, and green vegetables also contain calcium usually at lower concentrations, but 
calcium from plant sources is generally less well absorbed [82].

Vitamin D is primarily made in the skin on exposure to sunlight, when skin is 
exposed to UV radiation. There are only a few natural dietary sources of vitamin D, 
with oil-rich fish being the richest source.

A role of PUFAs in bone metabolism has also been suggested, in particular long- 
chain n-3 PUFA and n-6 derivatives of PUFAs.
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Several prospective cohort studies have investigated whether there is an associa-
tion between fish consumption or long-chain n-3 PUFA intake and bone health in 
older adults. The Framingham Osteoporosis Study [83] followed 623 adults with a 
mean age of 75 years over a period of 4 years and looked at changes in hip bone 
mineral density (BMD) during this time. After adjusting for a variety of potential 
confounders, including vitamin D and calcium, the researchers found that high 
intakes (3 servings/week) of dark fish (oil-rich fish) and tuna in men, and of dark 
fish (excluding tuna) in women, relative to lower intakes, were associated with 
maintenance of or an increase in femoral neck BMD (P < 0.05). Cross-sectional 
analysis of baseline data found that both men and women with high fish intakes (3 
servings/week) had a greater mean baseline femoral neck BMD than did those with 
moderate or low fish intakes, but the associations were not significant. However, no 
significant association between fish consumption or EPA and DHA intake and risk 
of hip fracture was found [83].

The Women’s Health Initiative studies investigated the association between 
dietary fatty acids and risk of fracture in 137,486 postmenopausal women, who 
were 50–79  years of age at baseline. During an average follow-up of 7.8  years, 
20,399 fractures, including 1638 hip fractures, were reported. In this cohort, high 
intake of saturated fatty acids was associated with a significant 31% increase in hip 
fractures (HR 1.31; 95% CI, 1.11–1.55), but not with total fracture risk. Total PUFA 
and total n-3 PUFA intake were not associated with total fracture risk. EPA and 
DHA intakes in the highest quartile of intake (mean intake of 0.09 g/day or 1.6% of 
energy) compared with the lowest quartile (mean intake of 0 g/day or 0.03% of 
energy) were associated with a nonsignificant decreased risk of hip fracture (HR 
0.86; 95% CI, 0.72–1.01) [84].

A cross-sectional analysis in Chinese women aged 48–63 years (n = 685) found 
that intake of sea fish was significantly associated with BMD and bone mineral con-
tent (BMC) in the whole body, the spine and the hip. After adjusting for potential 
confounders, mean BMDs were 3.2–6.8% higher, and BMCs 5.1–9.4% higher in the 
top quintile of sea fish intake (average intake 65 g/day) compared with the bottom 
quintile (average intake 0.6 g/day) at the whole body and hip sites. Osteoporosis risk 
was also significantly lower in women in the highest intake quintile compared with 
the lowest for whole body (OR 0.23; 95% CI, 0.08–0.66), total hip (OR 0.12; 95% 
CI, 0.03–0.59) and the femur neck (OR 0.06; 95% CI, 0.01–0.44). [85].

In summary, there is some evidence from cohort and cross-sectional studies that 
fish intake may be associated with better bone health, but not all studies have found 
such an association.

13.14  Recommendations for Fish Intake

Recommendations for fish and long-chain n-3 PUFA intake have been published by 
a variety of organizations for both primary and secondary prevention of CHD.

The American Heart Association (AHA) recommends that adults eat two por-
tions of fish per week, preferably oil-rich fish [86]. The AHA recommendation was 
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confirmed to be in line with other findings (a benefit for heart health with intakes of 
EPA plus DHA of up to 500 mg), with 2 portions of oil-rich fish per week expected 
to equate to 400–500 mg EPA plus DHA per day [87]. For secondary prevention in 
people with established CHD, AHA recommends an intake of 1000 mg EPA plus 
DHA per day [86].

The recommendations of the National Institute of Health and Clinical Excellence 
(NICE) have been based on the findings of a single study (the GISSI trial) [88]. In 
the GISSI trial, patients with prior MI within 3 months of recruitment were included 
and a significant protective effect of long-chain n-3 PUFA supplementation was 
found. NICE also referred to another study [89] that failed to find a protective effect. 
NICE suggested that this outcome happened because patients who had suffered a 
MI more than 3 months prior to recruitment had been included, and that treatment 
with long-chain n-3 PUFA supplements may only be effective if it is started within 
3 months of MI (based on the GISSI findings).
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14The Smells and Tastes of the 
Mediterranean Diet: Herbs

14.1  Premises

The herbs that grew in abundance in the Mediterranean area were used from the 
early years not only in foods to add flavor, but also in drinks to give taste, and in 
general to add “spice” to the everyday life of people. Herbs and their derivatives 
together with spices from trees and bushes were collected and used when in season 
or they were dried to be used as and when needed.

In recent years when the Mediterranean diet was formulated and depicted in the 
form of the Mediterranean diet pyramid, initially Mediterranean culinary herbs and 
spices have not taken the place they deserved. In a latter revision of the Mediterranean 
diet pyramid they were glamorously introduced and the Mediterranean diet pyramid 
was updated. Herbs and spices are in the “every-day-use” level and are used to form 
the basis of an everyday Mediterranean diet meal. Due to variety of the herbs and 
the degree of their use by the 16 Mediterranean countries and nations, herbs and 
spices contribute to the individuality, culinary tastes, and identity of the variations 
of the various Mediterranean cuisines.

The main reason that culinary herbs and spices were introduced in the 
Mediterranean diet pyramid was the fact that recent studies have identified their 
medicinal properties and effects on the health of the people following the 
Mediterranean diet. While the effects of olive oil and wine were very well known in 
the prevention of cardiovascular diseases, the antioxidant effects of culinary herbs 
and spices were “ignored” until recent studies have revealed them and thus they 
took the position that they deserve in the Mediterranean diet pyramid.

Culinary herbs and spices form a food group and as a food group they have been 
identified to have more medicinal properties and be as effective at preventing car-
diovascular diseases as olive oil and wine. The reason behind this effectiveness is 
their antioxidant property. A recent study has revealed that out of top 50 antioxidant 
foods, five are spices and the leading antioxidant spice is Oregano, a spice that origi-
nates from the Mediterranean basin. It was found that Oregano has four times more 
antioxidant activity and benefits than blueberry.
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Also other Mediterranean spices and herbs have strong antioxidant effects and 
these are: parsley, basil, rosemary, sage, onion, and garlic. All these spices are part 
of the traditional Mediterranean cuisine and apart from helping in the fight against 
cardiovascular diseases they protect against cancer, Alzheimer’s, and diabetes.

It is beyond question that due to the fact that the Mediterranean diet is a way of 
living and a diet which has resulted very healthy over the pass of the centuries, it has 
managed to balance and exploit all the properties and benefits of the plant and ani-
mal kingdom that used to grow and graze in the Mediterranean basin and has been 
transformed to probably the healthiest diet of the world.

14.2  Parsley

Parsley or garden parsley (Petroselinum crispum) is a species of flowering plant in 
the family Apiaceae, native to the central Mediterranean region (southern Italy, 
Greece, Portugal, Spain, Malta, Morocco, Algeria, and Tunisia), naturalized else-
where in Europe, and widely cultivated as a herb, a spice, and a vegetable.

14.2.1  Culinary Use

The main use of parsley is culinary. Parsley is widely used in European, Middle Eastern, 
and American cooking. In central Europe, eastern Europe, and southern Europe, as 
well as in western Asia, many dishes are served with fresh green chopped parsley sprin-
kled on top. In southern and central Europe, parsley is part of bouquet garni, a bundle 
of fresh herbs used as an ingredient in stocks, soups, and sauces. Freshly chopped 
green parsley is used as a topping for soups such as chicken soup, green salads, or sal-
ads such as salade Olivier, and on open sandwiches with cold cuts or pâtés.

Parsley is also the main ingredient in Italian salsa verde, which is a mixed condi-
ment of parsley, capers, anchovies, garlic, and sometimes bread soaked in vinegar. 
It is an Italian custom to serve it with bollito misto or fish. Gremolata, a mixture of 
parsley, garlic, and lemon zest, is a traditional accompaniment to the Italian veal 
stew, ossobuco alla milanese. In England, parsley sauce is a roux-based sauce, com-
monly served over fish or gammon.

Parsley, Fresh
Vitamins and mineral content per 100 g
Source: USDA Database

Energy 151 KJ (36 kcal)
Carbohydrates 6.33 g
Protein 2.97 g
Fat 0.79 g
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Vitamin A equiv. 421 μg (53% DV)
Beta-carotene 5054 μg 47% DV
Lutein-zeaxanthin 5561 μg
Thiamine 0.086 mg (7% DV)
Riboflavin 0.09 mg (8% DV)
Niacin 1.313 mg (9% DV)
Pantothenic acid 0.4 mg (8% DV)
Vitamin B6 0.09 mg (7% DV)
Folate 152 μg (38% DV)
Vitamin C 133 mg (160% DV)
Vitamin E 0.75 mg (5% DV)
Vitamin K 1640 μg (1562% DV)

Calcium 136 mg (14% DV)
Iron 6.2 mg (48% DV)
Magnesium 50 mg (14% DV)
Manganese 0.16 mg (8% DV)
Phosphorus 58 mg (8% DV)
Potassium 554 mg (12% DV)
Sodium 56 mg (4% DV)
Zinc 1.07 mg (11% DV)

DV = Daily Value

14.2.2  Nutritional Content

Parsley (Petroselinum crispum) is a rich source of flavonoid and antioxidants, espe-
cially apigenin, luteolin, folic acid, vitamin K, vitamin C, and vitamin A. Half a 
tablespoon (a gram) of dried parsley contains about 6.0 μg of lycopene and 10.7 μg 
of alpha carotene as well as 82.9 μg of lutein + zeaxanthin and 80.7 μg of beta-
carotene (see table “Parsley, Fresh”).

Parsley has been shown to contain at least 85 compounds, with flavonoids being 
the dominant compounds [1]. The main parsley’s flavonoids are apigenin, luteolin, 
quercetin, isorhamnetin, chrysoeriol, kaempferol, apiin (glycoside), cnidilin, dios-
metin (glycoside), cosmosiin (glycoside) [1]. Parsley is particularly rich of the fla-
vones apigenin and luteolin. Fresh parsley contains 216  mg/100  g while dried 
parsley contains 4523 mg/100 g of apigenin [1].

The flavone apigenin is primarily present in parsley as apiin, the 7-O-apioside of 
apigenin.

Seeds, roots, and leaves of parsley produce high amount of essential oil. 
Myristicin and apiol are the two main components of Petroselinum crispum essen-
tial oil which are responsible for its antioxidant activity. α-Pinene, sabinene, 
β-pinene, ρ-cymene, limonene, β-phellandrene, γ-terpinene, myristicin, elemicin, 
1-allyl-2,3,4,5-tetramethoxy-benzene, carotol, eugenol, and apiol have been also 
identified in Petroselinum crispum seed essential oil [2, 3].
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Parsley contains also coumarin products. Oxypeucedanin is the major furocou-
marin of Petroselinum crispum. It doesn’t act as anticoagulant but is responsible for 
contact photodermatitis that can be induced by the plant.

Also carotenoids, including B-carotene, lutein, violaxanthin, and neoxanthin, 
have been detected in Petroselinum crispum.

14.2.3  Ethnomedicinal and Modern Medicinal Use

In traditional and folklore medicines or oriental populations, parsley has been used 
as carminative, gastro tonic, diuretic, antiseptic of urinary tract, anti-urolithiasis, 
antidote, and anti-inflammatory and for the treatment of amenorrhea, dysmenor-
rhea, gastrointestinal disorder, hypertension, cardiac disease, urinary disease, otitis, 
sniffle, diabetes, and also various dermal disease.

In modern medicine, parsley has been found to have a wide range of pharmaco-
logical activities, including antioxidant, hepatoprotective, brain protective, antidia-
betic, analgesic, spasmolytic, immunosuppressant, antiplatelet, gastroprotective, 
cytoprotective, laxative, estrogenic, diuretic, hypotensive, antibacterial, and anti-
fungal activities.

14.2.4  Antioxidant Activity

Flavonoids of parsley (present in leaves, roots, and seeds) are potent antioxidants 
(see also antioxidants flavonoids Chap. 10, Sect. 10.10). Apigenin and myristicin 
are the main compounds responsible for this antioxidant activity in the essential oil 
from seeds and leaves [2]. Other extracts from Petroselinum crispum leaves and 
stems have shown antioxidant activity in in vitro models, as free radical scavenging 
[4–7]. In an in vitro study, dichloromethane extract of Petroselinum crispum DPPH 
showed potent radical scavenging properties and to exert a significant protection 
against DNA damage in normal cells [8].

Very interesting was a randomized crossover study in which the effect of intake 
of parsley (Petroselinum crispum), with high levels of the flavone apigenin, on the 
urinary excretion of flavones and on biomarkers of oxidative stress was evaluated in 
seven women [10]. The subjects received a strictly controlled diet low in flavones 
and other naturally occurring antioxidants during the 2 weeks of intervention. This 
basic diet was supplemented with parsley providing 3.73–4.49 mg apigenin/MJ in 
one of the intervention weeks. Urinary excretion of apigenin was 1.59–409.09 μg/
MJ per 24 h during intervention with parsley and 0–112.27 μg/MJ per 24 h on the 
basic diet. Erythrocyte glutathione reductase and superoxide dismutase activities 
increased during intervention with parsley (P < 0.005) as compared with the levels 
on the basic diet. No significant changes were observed in plasma protein 2-adipic 
semialdehyde residues, a biomarker of plasma protein oxidation. Apigenin, there-
fore, was demonstrated to be actively absorbed from parsley and excreted in low 
amount (0.58% on average) with urine.
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14.2.5  Antidiabetic Activity

Antidiabetic activity of parsley has been shown in studies on animals. Petroselinum 
crispum leaves have been shown to decrease blood glucose level and exert hepato-
protective effects in diabetic rats via antioxidant activity [11, 12]. This antihyper-
glycemic activity of Petroselinum crispum was not due to improvement and 
regeneration of secretory granules and β-cells of pancreas islets [13]. Furthermore, 
Petroselinum crispum improved hyperglycemia-induced heart and aorta oxidative 
damage via its antioxidant activity in the heart and aorta tissue [14].

14.2.6  Intestinal Activity

In experimental animals, analgesic and spasmolytic activity have been demon-
strated. Petroselinum crispum seed hydroalcoholic extract has shown analgesic 
activity in mice [15]. It also reduced KCl- and CaCl2-induced contractions on rat 
isolated ileum dose dependently via blocking voltage-gated calcium channels [16]. 
Different extracts from aerial parts demonstrated antispasmodic activity on sponta-
neous and acetylcholine-induced contractions of rat isolated ileum [17]. Aqueous 
extract from Petroselinum hortense seeds demonstrated also a laxative activity in rat 
by significant absorption of sodium and water and also enhancing NaKCl2 trans-
porter activity in the colon [18].

14.2.7  Genitourinary System

The methanolic extract from the aerial parts of Petroselinum crispum has shown to 
possess a potent estrogenic activity [19]. Several flavone glycosides and a new fla-
vone glycoside, 6’-acetylapiin, with estrogenic activity have been isolated, together 
with a new monoterpene glucoside, petroside. The estrogenic activities of these 
flavones were nearly equal to those of the isoflavones daidzein and genistein. The 
methanolic extract of parsley, apiin, and apigenin restored the uterus weight in 
ovariectomized mice when orally administered for consecutive 7 days [19].

14.2.8  Hypotensive Effect and Antiplatelet Activity

Parsley leaves extracts decreased mean blood pressure in anesthetized rats. This 
effect was attenuated with muscarinic receptor antagonist. It also decreased the rate 
and amplitude of contraction on isolated rat atria. These data demonstrated that 
parsley has a hypotensive and negative inotropic and chronotropic activity [20].

Petroselinum crispum leaves have also a strong antiplatelet aggregation effect in 
rats and human [21, 22]. The effect of genins (aglycone flavonoids without sugar 
group) isolated from parsley leaves was investigated in  vitro on human platelet 
aggregation and adhesion [22]. Genins inhibited dose dependently platelet 

14.2 Parsley



358

aggregation induced by thrombin, ADP, and collagen. The strongest effect was 
observed in collagen-induced aggregation. The HPLC identification of genins com-
pounds revealed the presence of aglycone flavonoids kaempferol, apigenin, and 
other not identified compounds. In addition, adhesion of human platelets to collagen 
was greatly decreased (over 75%) by genins [22].

14.2.9  Antimicrobial Activity

Petroselinum crispum leaves and steams have antibacterial activity on B. subtilis 
and E. coli [4]. Hot and cold water extract from Petroselinum crispum leaves have 
shown to exert antibacterial activity against Pseudomonas aeruginosa, S. aureus 
and S. pyogenes isolated from patient with burn infection [23]. Ethanol extract of 
parsley leaves inhibited the growth of Lactobacillus plantarum and Leuconostoc 
mesenteroides [24]. The furocoumarins isolated from parsley leaves showed inhibi-
tory activity against E. coli, L. monocytogenes, Erwinia carotovora, and Listeria 
innocua [25].

14.2.10  Antiprostate Cancer Activity

Studies have shown that apigenin is an anticancer agent selectively toxic to cancer 
cells by inducing cycle arrest and apoptosis. These apigenin-mediated growth 
inhibitory responses have been demonstrated as due to inhibition of class I histone 
deacetylases (HDACs) (see side BOX) in prostate cancer cells [10, 26]. Apigenin- 
mediated HDAC inhibition resulted in global histone H3 and H4 acetylation, as 
well as localized hyperacetylation of histone H3 on the p21/waf1 promoter. The 
downstream events demonstrated cell cycle arrest and induction of apoptosis in 
cancer cells. Actually, numerous evidences suggest that in the pathophysiology of 
prostate cancer epigenetic modifications play a considerable role. HDACs have 
strong crosstalk with prostate cancer progression as they regulate various genes 
meant for tumor suppression. Histone deacetylase inhibitors (HDACi), the small 
molecules interfering HDACs may be propitious chemotherapeutic agents as they 
tune the altered acetylation homeostasis for attenuating disease signaling. More 
than 20 synthetic HDACi have entered into the clinical trials. Despite the therapeu-
tic benefits, the synthetic HDACi cause detrimental side effects like atrial fibrilla-
tion, raising concerns regarding their applicability. Apigenin, a plant-derived 
HDAC inhibitor, has shown a promising role in prostate cancer therapy. Apigenin 
provokes apoptotic signaling by multiple mechanisms like restraining HDACs and 
declining the levels of antiapoptotic proteins. Apigenin also hampers NFκB signal-
ing and down- modulates its regulated gene products for bringing therapeutic effect. 
Furthermore, apigenin has shown synergistic effect in combinatorial therapy 
inducing apoptosis even in prostate cancer models resistant to conventional thera-
peutic regimens.
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The Role of Histone Deacetylases
Histone is a basic protein associated with the DNA in the chromatin of eukaryotes, 
implicated in the spatial organization of DNA. Histone tails are normally positively 
charged due to amine groups present on their lysine and arginine amino acids. 
These positive charges help the histone tails to interact with and bind to the nega-
tively charged phosphate groups on the DNA backbone. Acetylation, which occurs 
normally in a cell, neutralizes the positive charges on the histone by changing 
amines into amides and decreases the ability of the histones to bind to DNA. This 
decreased binding allows chromatin expansion, permitting genetic transcription to 
take place. Histone deacetylases remove the acetyl groups, increasing the positive 
charge of histone tails and encouraging high-affinity binding between the histones 
and DNA backbone. The increased DNA binding condenses DNA structure, prevent-
ing transcription.

Gene transcription is “switched on” when histone protein is acetylated, and 
“switched off” when histone protein is deacetylated. These functional gene modifi-
cations, which do not imply any gene sequence modification, are reversible and are 
generally due to epigenetic phenomena, linked to variations in environmental fac-
tors, including diet (see also Chap. 7, Sect. 7.3.2)

14.3  Oregano

Oregano is a flowering plant in the mint family. It originated in temperate western 
and southwestern Eurasia and the Mediterranean region.

Oregano (Origanum vulgare) is the anglicized form of the Italian word origano, 
derived from the Classical Latin origanum, which probably referred specifically to 
sweet marjoram, and itself derived from Greek origanon, which simply referred to 
“an acrid herb.”

14.3.1  The History

The Greek and Roman cultures first started the practice of using oregano as a flavor-
ing agent in food. The rich aroma of oregano and its spicy flavor perfectly comple-
mented the Italian and Greek food, and the herb soon gained popularity in other 
European countries. Being considered as a symbol of joy and happiness, oregano 
was used not only in Greek and Italian cuisines, but also as a symbol of celebrating. 
For instance, it was a common practice among Greeks and Romans to crown their 
brides and grooms with laurels of oregano during a marriage ceremony. The French 
started using oregano in their food during the Middle Ages. The herb became so 
popular among the French that it is still a very important component of Mediterranean 
cuisine. It took a while for oregano to enter the United States from Europe but when 
it did, the Americans could not ignore the flavor which had already captured the 
taste buds of people in Europe. It was the US soldiers serving in Europe during the 
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Second World War who introduced oregano to fellow Americans. Oregano was 
chiefly used as a seasoning in pizzas in Italy and therefore the aromatic herb became 
known as the “pizza herb” in the USA, a culinary concept that is still popular.

14.3.2  Chemical Components

Oregano is rich in polyphenols, particularly flavanones and flavones. Dried oregano 
contains 412 mg/100 g flavanones, and 1046 mg/100 g flavones [1].

The essential oil of oregano contains high concentration of monoterpenoids and 
monoterpenes with the relative concentration of each compound varying widely 
across geographic origin and other factors. Over 60 different compounds have been 
identified, with the primary ones being carvacrol and thymol ranging to over 80%, 
while lesser abundant compounds include p-cymene, γ-terpinene, caryophyllene, 
spathulenol, germacrene-D, β-fenchyl alcohol, and δ-terpineol.

Oregano, Dried
Vitamins and mineral content per 100 g
Source: USDA Database, Basic Report 02027

Energy 265 kcal
Carbohydrates 68.92 g
Protein 9.00 g
Fiber 42.5 g
Fat 4.28 g
Saturated 1.551 g
Monounsaturated 0.716
Polyunsaturated 1.369

Vitamin A RAE 85 μg
Vitamin A IU 1.701 μg
Thiamine 0.177 mg
Riboflavin 0.528 mg
Niacin 4.640 mg
Vitamin B6 1.044 mg
Folate 237 μg
Vitamin C 2.3 mg
Vitamin E 18.26 mg
Vitamin K 621.7 μg

Calcium 1.597 mg
Iron 36.80 mg
Magnesium 270 mg
Phosphorus 148 mg
Potassium 1.260 mg
Sodium 25 mg
Zinc 2.69 mg

14 The Smells and Tastes of the Mediterranean Diet: Herbs

https://en.wikipedia.org/wiki/Carvacrol
https://en.wikipedia.org/wiki/Thymol
https://en.wikipedia.org/wiki/P-cymene
https://en.wikipedia.org/wiki/Γ-terpinene
https://en.wikipedia.org/wiki/Caryophyllene
https://en.wikipedia.org/wiki/Spathulenol
https://en.wikipedia.org/wiki/Germacrene-D
https://en.wikipedia.org/wiki/Β-fenchyl_alcohol
https://en.wikipedia.org/wiki/Δ-terpineol


361

14.3.3  Culinary

Oregano is an important culinary herb, used for the flavor of its leaves, which can be 
more flavorful when dried than fresh. It has an aromatic, warm, and slightly bitter 
taste, which can vary in intensity. Factors such as climate, season, and soil composi-
tion may affect the aromatic oils present, and this effect may be greater than the 
differences between the various species of plants. Among the chemical compounds 
contributing to the flavor are carvacrol, thymol, limonene, pinene, ocimene, and 
caryophyllene.

Oregano’s most prominent modern use is as the staple herb of Italian-American 
cuisine. Its popularity in the USA began when soldiers returning from World War II 
brought back with them a taste for the “pizza herb,” which had probably been eaten 
in southern Italy for centuries. There, it is most frequently used with roasted, fried, 
or grilled vegetables, meat, and fish. Oregano combines well with spicy foods popu-
lar in southern Italy. It is less commonly used in the north of the country, as marjo-
ram generally is preferred. The dried and ground leaves are most often used in 
Greece to add flavor to Greek salad, and is usually added to the lemon-olive oil 
sauce that accompanies fish or meat grills and casseroles.

14.3.4  Health Benefits

The flavonoids and terpenes from Origanum vulgare and Origanum majorana have 
been shown to have numerous beneficial effects.

14.3.4.1  Radical Scavenging Properties
The essential oil from Origanum species was found to contain 39 compounds. 
Thymol and trans-sabinene hydrate were the most prominent compounds, fol-
lowed by gamma-terpinene, terpinen-4-ol, and alpha-terpinene. The total phenol 
content showed a high free radical scavenging activity, with some variability 
explained by the climate variables, the temperature being the most important cli-
matic variable [27].

Origanum majorana essential oil was analyzed by gas chromatography-mass 
spectrometry (GC-MS) and evaluated for free radical scavenging and anti- 
acetylcholinesterase (AChE) activities [28]. GC-MS analysis revealed the presence 
of 4-terpineol (29.97%), γ-terpinene (15.40%), trans-sabinene hydrate (10.93), 
α-terpinene (6.86%), 3-cycolohexene-1-1 methanal,a,a4-trimethyl-,(S)-(CAS) 
(6.54%), and sabinene (3.91%) as main constituents. The essential oil exhibited a 
potent concentration-dependent inhibitory effects on hydroxyl radical, hydrogen 
peroxide, reducing power and lipid peroxidation. Interestingly, an important acetyl-
choline esterase (AChE) inhibitory activity was also demonstrated, leading to the 
conclusion that the Origanum majorana essential oil has a significant potential to be 
used as a natural antioxidant and anti-AChE [28].
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14.3.4.2  Gastric Protection Activity
The ethanol extract of Origanum majorana showed an anti-ulcerogenic activity in 
experimentally induced gastric ulcers in rats. Marjoram at doses of 250 and 500 mg/
kg of body weight significantly decreased the incidence of ulcers, basal gastric 
secretion, and acid output. Ulcer preventing potential was further confirmed by his-
topathological assessment. The phytochemical screening of aerial parts of marjo-
ram revealed the presence of volatile oil, flavonoids, tannins, sterols, and/or 
triterpenes [29].

14.3.4.3  Antidiabetic Activity
In vitro studies have demonstrated significant inhibitory effects of methanolic 
extract of the leaves of Origanum majorana (OM) on the formation of advanced 
glycation end products. The advanced glycation end products (AGEs) are the final 
products of the nonenzymatic reaction between reducing sugars and amino groups 
in proteins, lipoproteins, and nucleic acids. AGEs accumulation in vivo has been 
considered to play a major role in the pathogenic process of diabetes and its compli-
cations, including neuropathy, nephropathy, retinopathy, and cataract.

The OM antiglycation activity was not only brought about by its antioxidant 
activities but also related to its abilities to scavenge reactive carbonyls species such 
as methylglyoxal, an intermediate reactive carbonyl of AGE formation. The data of 
a recent study [30] demonstrated that OM has significant effects on in vitro AGE 
formation, and the glycation inhibitory activity was demonstrated to be more effec-
tive than the effects obtained using as standard antiglycation agent aminoguanidine. 
The ability of OM to react with carbonyls appeared to be the major mechanism for 
protein glycation inhibition. Furthermore, OM alleviated oxidative stress under dia-
betic conditions through the inhibition of lipid peroxidation, so preventing and/or 
delaying the onset of renal damage. These results have suggested that OM might 
prevent or improve the AGE-associated chronic conditions. Therefore, OM could 
has been suggested as a candidate for use in studies looking at the effects of natural 
herbal complement in the prevention of diabetes complications, since it possesses 
both antioxidant and antiglycation activities. Finally, treatment of streptozotocin- 
diabetic mice with Origanum majorana and glibenclamide for 28 days had benefi-
cial effects on renal metabolic abnormalities including glucose level and AGEs 
formation [30].

14.3.4.4  Anticancer Activity
Numerous papers have documented the antiproliferative anticancer activity of 
Origanum majorana (OM).

Lymphoblastic leukemia [31]. The antiproliferative activity of plant extracts from 
OM was tested on human lymphoblastic leukemia cell line. At noncytotoxic con-
centrations, the viability of cells decreased with the increase of concentration of 
plant extract. The antiproliferative effect was found to be dose-dependent. Analysis 
via flow cytometry showed that marjoram extracts stimulated apoptosis. Induction 
of apoptosis was caused by an upregulation of p53 protein levels and downregula-
tion of Bcl-2alpha. Marjoram exhibited also a strong scavenging activity. The data 
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of this study suggested that marjoram extracts have antiproliferative effect and high 
antioxidant activity.

Hepatocellular carcinoma [32]. The antiproliferative activity of OM was dem-
onstrated also on human hepatocellular carcinoma (HepG2) cell line, with aqueous 
and ethanol extracts of Origanum majorana leaf [32]. The effects of aqueous and 
ethanol extracts of Origanum majorana L. on HepG2 cell viability, nuclear factor 
kappa B (NF-kB) gene expression were examined. The results of the cell viability 
assays showed that aqueous and ethanol extracts exhibited a highly significant 
inhibitory effect on HepG2 cell proliferation which was evidenced by a reduction in 
viable cell count. The results were confirmed by microscopical examination of cell 
morphology. Furthermore, the Origanum majorana L. extracts suppressed the activ-
ity of NF-kB gene expression of HepG2 cells compared to the control. The conclu-
sions from this study suggested that marjoram extracts have antiproliferative effect 
against hepatocellular carcinoma through suppressing the activity of NF-kB gene 
expression and high antioxidant activity.

Breast cancer. Origanum majorana has shown to be active also on human breast 
cancer. The effect of OM ethanolic extract on the survival of the highly proliferative 
and invasive triple-negative p53 mutant breast cancer cell line MDA-MB-231 was 
investigated [33]. It was found that Origanum majorana extract (OME) was able to 
inhibit the viability of the MDA-MB-231 cells in a time- and concentration- 
dependent manner. The effect of OME on cellular viability was further confirmed 
by the inhibition of colony growth. It was shown that, depending on the concentra-
tion used, OME elicited different effects on the MDA-MB 231 cells. Lower concen-
trations of OME (150 and 300 μg/mL) induced an accumulation of apoptotic-resistant 
population of cells arrested in mitosis and overexpressing the cyclin-dependent 
kinase inhibitor p21, and the inhibitor of apoptosis survivin. Higher concentrations 
of OME (450 and 600 μg/mL) triggered a massive apoptosis through the extrinsic 
pathway, including the activation of tumor necrosis factor-α (TNF-α), caspase 8, 
caspase 3, and cleavage of PARP, downregulation of survivin as well as depletion of 
the mutant p53 in MDA-MB-231 cells. Furthermore, OME induced also an upregu-
lation of ɣ-H2AX, a marker of double strand DNA breaks and an overall histone H3 
and H4 hyperacetylation. These data provided strong evidence that Origanum majo-
rana may be a promising chemopreventive and therapeutic candidate against cancer 
especially for highly invasive triple negative p53 mutant breast cancer, thus validat-
ing its complementary and alternative medicinal use.

14.4  Basil

Basil (Ocimum basilicum) is a culinary herb of the family of Lamiaceae (mints). It 
is also called the “king of herbs” and the “royal herb.” The name “basil” comes from 
Greek basilikón phutón, “royal plant.” Basil is possibly native to India, and has been 
cultivated there for more than 5000 years. It was thoroughly familiar to the Greek 
authors Theophrastus and Dioscorides. It is a tender plant, best known as a culinary 
herb prominently featured in Italian cuisine, and also plays a major role in Southeast 
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Asian cuisines of Indonesia, Thailand, Malaysia, Vietnam, Cambodia, Laos, and 
Taiwan. There are many varieties of basil. The type used in Italian food is called 
sweet basil (or Genovese basil), as opposed to other type of basil (Thay basil, lemon 
basil, holy basil) used in Asia.

14.4.1  Culinary Use

Basil is most commonly used fresh in cooked recipes. In general, it is added at the 
last moment, as cooking quickly destroys the flavor. Basil is one of the main ingre-
dients in Pesto, a green Italian oil-and-herb sauce. The Chinese also use fresh or 
dried basils in soups and other foods. In Taiwan, people add fresh basil leaves to 
thick soups. They also eat fried chicken with deep-fried basil leaves. Basil (most 
commonly Thai basil) is commonly steeped in cream or milk to create an interesting 
flavor in ice cream or chocolates (such as truffles). Thai basil is also a condiment in 
a Vietnamese noodle soup.

Basil (Ocimum basilicum)
Vitamins and mineral content per 100 g
Source: USDA Database, Basic Report 02044

Energy 23 kcal (94 kJ)
Carbohydrates 2.65 g
Protein 3.15 g
Fiber 1.6 g
Fat 0.64 g
Saturated (16:0) 0.041 g
Monounsaturated (18:1) 0.088 g
Polyunsaturated (18:3) 0.316 g

Vitamin A RAE 264 μg
Vitamin A IU 5275 IU
Lutein + zeaxanthin 5650 μg
Carotene, beta 3142 μg
Cryptoxanthin 46 μg
Thiamine 0.034 mg
Riboflavin 0.076 mg
Niacin 0.902 mg
Pantothenic acid 0.209 mg
Vitamin B6 0.155 mg
Folate 68 μg
Vitamin C 18 mg
Vitamin E (a-tocopherol) 0.80 mg
Vitamin K 414.8 μg
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Calcium 177 mg
Copper, 0.385 mg
Iron 3.17 mg
Magnesium 64 mg
Manganese 1.148 mg
Phosphorus 56 mg
Potassium 295 mg
Selenium 0.3 μg
Sodium 4 mg
Zinc 0.81 mg

14.4.2  Chemical Components [See Table “Basil (Ocimum 
basilicum)”]

Basil leaves contain essential oil at a percentage of 0.2–1%, with the main compo-
nents being linalool and estragole (methyl chavicol), as well as o-cymene, citral, 
alpha-pinene, camphene, beta-pinene, geraniol, and geranial. The major compo-
nents of basil oil vary extensively, depending on genetic factors, geographical ori-
gins, nutritional status, the extracted plant parts (stem, leaf, and flower), and the 
extraction methods. However, because of the variations of the plant and oil compo-
sition, several chemotypes have been described with the basic components of lin-
alool, eugenol, methyleugenol, methyl chavicol, methyl cinnamate, and bergamotene, 
either alone or in the form of a mixture [34].

The strong clove scent of sweet basil is derived from eugenol. The citrus scent of 
lemon basil and lime basil reflects their higher portion of citral, which causes this 
effect in several plants including lemon mint, and of limonene, which gives actual 
lemon peel its scent.

In a comparative evaluation of North American commercially available Ocimum 
basil cultivars, 44 different cultivars have been listed. Many of the cultivars evalu-
ated belonged to the “Sweet” basil group, with “Genovese,” “Italian large leaf,” 
“Mammoth,” “Napoletano,” and “Sweet” dominating the American fresh and dry 
culinary herb markets. By chemical analysis, basil plants showed a wide variety of 
oil compounds reflecting a diversity of available aromas and flavors. Many con-
tained a combination of linalool and methyl chavicol and/or 1,8-cineole, reflecting 
the traditional sweet basil aroma. Others had distinct aromas. The predominant 
aroma compound was eugenol (62%) in “East Indian” and “Tree” basil; camphor 
(61%) in “Camphor” basil; thymol in “Green” basil; b-caryophyllene in “Holy” and 
“Sacred” basil; and methyl chavicol in “New Guinea” and “Thai—Richters” basil. 
Citral was the predominant compound in all the lemon-scented basils.

In a study [35] with gas chromatography/mass spectrometry conducted to iden-
tify volatile compounds in Ocimum basil, four major constituents were identified: 
3,7-dimethyl-1,6-octadien-3-ol (linalool; 3.94  mg/g), 1-methoxy-4-(2-propenyl) 
benzene (estragole; 2.03  mg/g), methyl cinnamate (1.28  mg/g), 4-allyl-2- 
methoxyphenol (eugenol; 0.896 mg/g), and 1,8-cineole (0.288 mg/g). Twelve aroma 
constituents of basil were examined for their antioxidant activities using the alde-
hyde/carboxylic acid assay. Eugenol, thymol, carvacrol, and 4-allylphenol showed 
stronger antioxidant activities than did the other components tested in the assay. 
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They all inhibited the oxidation of hexanal by almost 100% for a period of 30 days 
at a concentration of 5 μg/mL. Their antioxidant activities were comparable to those 
of the known antioxidants, α-tocopherol and butylated hydroxy toluene (BHT).

In another study [36], the basil essential oil components were linalool and naph-
thalene. The essential oil components of plants exhibited different profiles with 
respect to nitrogen applications. Average linalool content ranged from 57.93% to 
61.10% in the control. The highest and lowest average naphthalene content were 
13.87% and 11.58% 150 kg N ha-1 application, respectively.

14.4.3  Methyleugenol and Eugenol Biological Actions

Methyleugenol and eugenol are among the main components of basil essential oil. 
Studies have shown that methyleugenol derives from eugenol by a specific methyla-
tion involving an S-adenosylmethionine dependent O-methyltransferase.

Methyleugenol is the prevalent component (58.7%) of the herb, and belongs 
to the phenylpropanoid group, an important natural constituent of a large num-
ber of herbs, spices, and vegetables. Methyleugenol is an active pesticide ingre-
dient and as such has been registered in the USA. Methyleugenol is also an 
insect parapheromone which is attractive to male fruit flies and is used in insect 
traps to attract certain species such as the oriental fruit flies. Eugenol is also an 
ingredient of various dental preparations and oral solutions owing to its antiseptic 
effects.

Methyleugenol Eugenol

H3C

CH3

CH2

O

O

H3CO

HO

 

Although methyleugenol and estragole are approved for commercial use as a 
flavoring agent in food and as fragrance in perfumes, creams, and detergents, human 
exposure to these compounds is of some toxicological concern. It has been reported 
that methyleugenol and estragole are responsible for cytotoxic damage and cancero-
genesis, and according to the Council of Europe, the former must not be detectable, 
and the latter must not exceed the limit of 0.05% mg/kg in food products.

No data are available on the ability of methyleugenol and estragole to induce 
DNA adducts, DNA strand breaks, mutations chromosomal effects, alteration in 
oncogenes or suppressor genes in tumors, or change in gene expression in 
humans. In animals, methyleugenol has been demonstrated to be mutagenic. In a 
2-years study on mice given methyleugenol in 0.5% methylcellulose by gavage at 
variable doses for 105  weeks, methyleugenol caused significant dose-related 
increases in the incidence of hepatocellular adenoma, hepatocellular carcinoma, 
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and hepatoblastoma [37]. In cultured human HepG2 hepatoma cells methyleuge-
nol has induced DNA adducts [38].

The intake of methyleugenol with the human diet is usually very low. In US 
population the dietary intake of methyleugenol was estimated for a 60-kg body 
weight adult. The estimated dietary exposure was of 0.50–0.65 μg/kg/day, mainly 
derived from basil. The estimated dietary exposure from methyleugenol used as an 
added flavoring substance was 0.11 μg/kg body weight per day. Thus, the overall 
dietary exposure was estimated to be ~0.77 μg/kg body weight per day [39].

Ocimum basilicum, Genovese Gigante variety, is by far the most popular basil 
cultivar used in the production of the typical Italian sauce called “Pesto.” Pesto is 
traditionally prepared with basil that is 10–12 cm in height, when the percentage of 
methyleugenol in the essential oil is more that 40%. Considering that, at this stage 
of growth, the amount of essential oil in Ocimum basilicum (Genovese Gigante) 
corresponds to ~0.5% and that one portion of pesto contains ~10 g of basil, the 
resulting dietary exposure to methyleugenol could reach ~250 μg/kg body weight in 
adults. This methyleugenol intake could arise some concern about its potential 
carcinogenicity.

In a study [40], the basil cultivar used in the production of “Pesto” was found to 
have different aromatic composition at different growth stages. Plants from different 
areas of northwestern Italy were analyzed at 4 and 6 weeks after sowing and actually 
showed to have methyleugenol and eugenol as the main components. The content of 
these compounds, however, was shown to be correlated with plant height rather than 
plant age. In fact, the evaluation of methyleugenol and eugenol percentage in basil 
plants of various height, some of which were harvested at 4 weeks after sowing while 
others 2 weeks later, showed how different was the composition of essential oils 
based on the height of each plant. Methyleugenol was predominant in plants up to 
10  cm in height, whereas eugenol was prevalent in taller plants. For this reason, 
“Pesto” sauce is at present prepared only with basil plants of over 10 cm height [40].

14.4.4  Antioxidant Activity

The antioxidant activity of basil extracts and essential oils has been evaluated in 
different cultivars of basil [41]. Five green basil cultivars and breeding lines includ-
ing “Italian Large Leaf,” “Sweet,” “Cinnamon” (Ocimum basilicum), “Sweet Dani 
Lemon” (O. citriodorum), and “Holy” (O. sanctum), plus four purple basil culti-
vars, “Dark Opal,” “Osmin Purple,” “Purple Ruffles,” and “Red Rubin” basil (O. 
basilicum) were evaluated. Basil ethanolic extracts and essential oils were tested 
for in vitro antioxidant activity. Total phenolics were higher in the purple basils 
than in the green cultivars. “Dark Opal” basil contained the highest concentration 
(126.2 mg phenolics/g dry weight). The green cultivars evaluated yielded signifi-
cantly lower total phenols, varying from 35.6 mg in “Cinnamon” to 62.9 mg in 
“Italian Large Leaf.” In all basils, the essential oil contribution to the total antioxi-
dant activity was low, varying from 0.05% in “Purples Ruffles” to 5.9% in “Sweet” 
basil. These results suggested that the main antioxidant activity from different basil 
plants did not arise from their essential oils, but rather from other phenolics such 

14.4 Basil



368

as flavonoids in green basils and anthocyanins in purple basils. Given the high rela-
tive antioxidant activity of selected basils, these plants could be deemed a good 
source of antioxidant phenolics in the diet, providing 125 mg of gallic acid equiva-
lents, 85–125 mg of Trolox, or 106–140 mg of ascorbic acid equivalents per gram 
of dry weight [41].

14.4.5  Antibacterial Activity

The basil essential oil has shown to have a powerful antibacterial activity, which has 
been attributed to its high content in linalool and estragole, whereas the antimicro-
bial spectrum is restricted to specific bacteria (Staphylococcus spp., Enterococcus 
spp., E. coli, P. aeruginosa, A. baumannii, A. hydrophila, B. cereus, Bacillus subti-
lis, Enterobacter spp., Listeria spp., Proteus spp., Salmonella spp., Serratia marces-
cens, and Y. enterocolitica) and fungi (Candida spp., Rhodotorula spp., and 
Saccharomyces cerevisiae) [42].

14.5  Rosemary

Rosmarinus officinalis, commonly known as rosemary, is a woody, perennial herb 
with fragrant, evergreen, needle-like leaves and white, pink, purple, or blue flowers, 
native to the Mediterranean region. It is a member of the mint family Lamiaceae, 
which includes many other herbs. The name “rosemary” derives from the Latin for 
“dew” (ros) and “sea” (marinus), or “dew of the sea.”

According to myth, the Virgin Mary is said to have spread her blue cloak over a 
white-blossomed rosemary bush when she was resting, and the flowers turned blue. 
The shrub then became known as the “Rose of Mary.” Rosemary was considered 
sacred to ancient Egyptians, Romans, and Greeks. In the Middle Ages, rosemary 
was associated with wedding ceremonies. The bride would wear a rosemary head-
piece and the groom and wedding guests would all wear a sprig of rosemary. From 
this association with weddings, rosemary was thought to be a love charm.

14.5.1  Culinary Use

The leaves are used as a flavoring in foods such as stuffings and roast lamb, pork, 
chicken, and turkey. Fresh or dried leaves are frequently used in traditional 
Mediterranean cuisine. They have a bitter, astringent taste and a characteristic aroma 
which complements many cooked foods. When roasted with meats or vegetables, 
the leaves impart a mustard-like aroma with an additional fragrance of charred 
wood compatible with barbecued foods.

Rosemary extract has been shown to improve the shelf life and heat stability of 
omega 3-rich oils which are prone to rancidity
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14.5.2  Chemical Components

Rosemary leaves contain certain phytochemical (plant-derived) compounds that are 
known to have disease preventing and health promoting properties. The herb parts, 
especially flower tops, include phenolic antioxidant rosmarinic acid as well as 
numerous health benefiting volatile essential oils such as cineol, camphene, bor-
neol, bornyl acetate, and α-pinene. These compounds are known to have rubefa-
cient (counterirritant), anti-inflammatory, anti-allergic, antifungal, and antiseptic 
properties.

The herb is exceptionally rich in many B-complex groups of vitamin, such as 
folic acid, pantothenic acid, pyridoxine, and riboflavin. It is one of the herbs con-
taining high levels of folates, providing about 109 μg per 100  g (about 27% of 
RDA). Folates are essential to DNA synthesis and when given during the peri- 
conception period can help prevent neural tube defects in the newborns.

Rosemary herb carries also great amounts of vitamin A, 2924 IU per 100 g or 
about 97% of RDA. A few leaves a day in the diet would contribute enough of this 
vitamin. Vitamin A is known to have antioxidant properties and is essential for 
vision. It is also required for maintaining healthy mucosa and skin. Consumption of 
natural foods rich in vitamin A is known to help the body protect from lung and oral 
cavity cancers.

The rosemary oil, which is distilled from the flowering tops, contains volatile 
essential oil such as camphene, cineol, borneol, bornyl acetate, and other esters. 
These compounds are known to have tonic, astringent, diaphoretic, and stimulant 
properties. This oil has being used externally as a rubefacient to soothe painful ail-
ments in gout, rheumatism, and neuralgic conditions. Rosemary herb extractions, 
when applied over the scalp, stimulate the hair-bulbs and help prevent premature 
baldness. It is said to be also an effectual remedy for the prevention of dandruff.

Rosemary Herb, Fresh Leaves
Vitamins and mineral content per 100 g
Source: USDA National nutrient Database

Energy 131 kcal
Carbohydrates 20.70 g
Protein 3.31 g
Fat 54.86 g
Fiber 14.10 g

Vitamin A 2924 IU (97% DV)
Thiamine 0.036 mg (3% DV)
Riboflavin 0.152 mg (12% DV)
Niacin 0.912 mg (6% DV)
Pantothenic acid 0.804 mg (16% DV)
Vitamin B6 (pyridoxine) 0.336 mg (26% DV)
Folate 109 μg (27% DV)
Vitamin C 21.8 mg (36% DV)
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Calcium 317 mg (32% DV)
Iron 6.65 mg (83% DV)
Magnesium 91 mg (23% DV)
Manganese 0.960 mg (42% DV)
Potassium 668 mg (14% DV)
Sodium 26 mg (2% DV)
Zinc 0.93 mg (8.5% DV)

DV = Daily Value

14.5.3  Antioxidant Activity

Several studies have confirmed that leafy spices such as rosemary, sage, oregano, 
basil, parsley, and thyme have strong antioxidant activity [43]. Rosemary extracts 
contain a large number of phenolic compounds, including carnosic acid, carnosol, 
and rosmarinic acid [44]. It was reported that these phenolic compounds found in 
spice herb plants, including rosemary, are mainly responsible for the biological 
effects such as antioxidant potential [43]. These phenolic compounds exert their 
antioxidant activity through various mechanisms such as free-radical scavenging 
activity, transition-metal-chelating activity, and/or singlet-oxygen-quenching 
capacity [45]. The antioxidant activity has been demonstrated to retard or prevent 
lipid oxidation in a variety of foods.

In a study [46], methanol extracts from oregano and rosemary were demonstrated 
to retard oxidation of long-chain polyunsaturated fatty acids, docosahexaenoic acid 
C22:6 (DHA) and eicosapentaenoic acid C20:5 (EPA), in menhaden fish oil. The fish 
oils after mixing with the extracts at different concentrations were oxidized by heat-
ing at 150 °C for 30 min or incubating at 60 °C for 5 day. After heating at 150 °C, 
only 15.9% of DHA and 18.5% of EPA remained in the fish oil without extract, while 
38.8–65.9% of DHA and 44.7–69.0% of EPA were retained in the fish oil mixed with 
1–5% of oregano extract. The highest retained DHA (56.9%) and EPA (58.0%) in the 
fish oils mixed with rosemary extract were observed at 2.5% addition. After incuba-
tion at 60 °C for 5 day, the highest inhibition capability was also found at 2.5% of 
added rosemary extract, and the oil retained 88.2% DHA and 88.3% EPA. However, 
only 18.8% DHA and 23.6% EPA were retained in the fish oil mixed with 5% of 
oregano extract and no DHA and EPA were detected in the fish oil without extract 
after 5-day incubation at 60 °C. Thus, antioxidant activity of the rosemary extract 
results to be greater than that of oregano extract, but it is sensitive to heat. The rose-
mary extract also has shown higher DPPH free radical scavenging capability, which 
was approximately three times higher than oregano extract, although there was no 
significant difference in the total phenolic contents between both extracts.

14.5.4  Anticancer Activity

The main polyphenols found in rosemary extract (RE) include the diterpenes car-
nosic acid (CA) and rosmarinic acid (RA). Rosemary extract and its polyphenols 
CA and RA have recently been explored in  vitro and found to exert potent 
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anticancer effects [47–49]. RE, CA, and RA have been shown to have various potent 
and effective anticancer properties.

14.5.4.1  In Vitro Studies
Colon Cancer: Studies in vitro on colon cancer cell lines have demonstrated that RE 
decreases cell viability in a dose dependent way. Moreover, RE inhibits cell prolif-
eration, induces cell cycle arrest, apoptosis, necrosis, cholesterol accumulation, and 
ROS accumulation [50–53].

Pancreatic Cancer: Exposure of pancreatic cancer cells PANC-1 and MIA- 
PaCa- 2 to RE containing increasing concentrations of carnosol (CN) (1–3.8% w/w) 
and CA (10–30% w/w) resulted in significant inhibition of cell viability. The RE 
containing 25.66% w/w CA (sub-max) caused maximal inhibition compared to 
other RE’s in PANC-1 cells, significantly inhibiting cell viability to approximately 
60% at 40 μg/mL (48 h) [54].

Breast Cancer: Breast cancer is classified under three subtypes based on the 
sensitivity of the tumors to chemotherapeutic agents. The subtypes are (a) estrogen 
receptor positive (ER+), which express Erα and therefore respond to estrogens; (b) 
human epidermal growth factor receptor 2 positive (HER2+) which overexpress 
HER2 and can be either ER+ or ER−; and (c) triple negative (TN) which lack 
expression of ERα, progesterone receptor, and HER2. The effects of RE at 1–120 μg/
mL (48 h) have been explored in all three breast cancer subtypes, ER+, HER2+, and 
TN, in vitro. RE caused dose-dependent inhibition of cell viability in all subtypes of 
breast cancer cells. Furthermore RE enhanced the effectiveness of the monoclonal 
antibody (mAb) trastuzumab and the chemotherapeutic drugs tamoxifen and pacli-
taxel, used in the treatment of breast cancer [55]. Taken together, these studies sug-
gest a role for RE to inhibit pancreatic and breast cancer cell viability and 
proliferation, and induce apoptosis at concentrations in the 10–100 μg/mL range.

Prostate Cancer: Rosemary extract (RE) (6.25–50 μg/mL; 48 h) has shown to 
inhibit viability of DU145 and PC3 prostate cancer cells [56]. In agreement with 
these data, significant inhibition of LNCaP and 22RV1 prostate cancer cell prolif-
eration and viability, and an induction of apoptosis has been observed with RE 
(50 μg/mL standardized to 40% CA; 24–48 h) [57]. RE was able to combat the 
enhanced prostate specific antigen (PSA) levels measured in cell culture media, 
indicative of prostate cancer, inhibiting levels to less than a fifth of what was seen in 
the control group. Correspondingly, levels of the androgen receptor, to which PSA 
binds, were significantly decreased by 50 μg/mL RE [57]. The inhibitory effects on 
both androgen sensitive and insensitive cell lines are important and suggest poten-
tial chemotherapeutic effects of RE in different prostate cancer subtypes.

Ovarian Cancer: Exposure of A2780 ovarian cancer cells to 0.08% (0.8 mg/mL; 
48 h) RE containing media resulted in significant inhibition of proliferation and 
induction of apoptosis and cell cycle arrest. At 0.08% RE enhanced the sensitivity 
of A2780 and cisplatin-resistant A2780CP70 cell lines to growth inhibition by cis-
platin treatment, suggesting that RE may be of use in combination with cisplatin or 
potentially other chemotherapeutic drugs in patients who have developed an 
acquired resistance [58]. Furthermore, in human ovarian cancer cells SK-OV3 and 
HO-8910 rosemary essential oil (0.0625%–1%) inhibited cell viability with an IC50 
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of 0.025% and 0.076% in each cell line, respectively [59]. This study noted that the 
rosemary essential oil was more potent than its individual components (α-pinene, 
β-pinene, 1,8-cineole) when tested alone at the same concentrations.

Lung Cancer: In lung cancer cells, RE has demonstrated to decrease viability of 
NCI-H82 small cell carcinoma cells (6.25–50 μg/mL; 48  h) [56] and decreased 
proliferation of A549 non-small cell carcinoma cells (2.5–200 μg/mL) [60] with an 
IC50 or 24.08 μg/mL and 15.9 μg/mL in each cell line, respectively.

Human Leukemia: A study examining the human leukemia HL-60 and K-562 
cell lines and the murine RAW264.7, macrophage/monocyte cell line found signifi-
cant inhibition of proliferation with an IC50 of 0.14% (1.4  mg/mL) and 0.25% 
(2.5 mg/mL) for the HL-60 and K-562 cells, respectively. In addition, 0.1% (1 mg/
mL; 72 h) RE significantly increased differentiation of HL-60 cells [61]. RE inhib-
ited viability at 50 μg/mL (48 h) in K-562 leukemia cells [56].

14.5.4.2  In Vivo Animal Studies
A limited number of studies have examined the effects of RE administration on 
tumor growth in animals in vivo.

Colon Cancer: Administration of RE (1 mg/mL) in the drinking water ad libitum 
for 32–35 days resulted in a significant decrease in tumor size in nude mice xeno-
grafted with SW620 colon cancer cells [54]. A similar study using HCT116 colon 
cancer xenografted athymic nude mice fed 100 mg/kg/day RE dissolved in olive oil 
(4 weeks) significantly decreased tumor size in treated animals compared to control 
[50]. Biochemical analysis of serum samples collected from Sprague Dawley rats 
with N-methylnitrosourea-induced colon cancer showed significant anticancer 
effects by both high (3333.3 mg/kg/day) and low (1666.6 mg/kg/day) dose RE after 
4 months of treatment with significant alteration of gene and protein signaling and 
aggregation of lymphoid cells [62].

Liver Cancer: In a diethylnitrosamine (DEN)-induced liver cancer model in 
F344 rats, RE at 100 mg/kg/day (5 days) was administered intragastrically with an 
intraperitoneal (i.p.) injection of DEN on day 4. From this point, rats were fed a 
normal diet for 3 weeks until undergoing partial hepatectomy. Examination of liver 
tissue suggested RE may exert some protective antioxidant effects [63]. In accor-
dance with this, use of Swiss mice exposed to 6 Grays (Gy) ionizing radiation (IR) 
in their liver once, followed by treatment with 1000 mg/kg RE fed orally daily for 
5  days, suggested protective, antioxidant activity by RE.  A delayed onset of 
IR-induced mortality and attenuated increases in glycogen and protein levels were 
seen in livers of mice exposed to IR and fed RE, compared to IR-exposed mice not 
fed RE [64]. Taken together, these studies suggest a role for RE inhibiting chemical- 
or IR-induced carcinogenesis, by exerting protective, antioxidant effects on healthy 
tissues. Thus, RE may display radioprotective effects, which would benefit healthy 
tissue during radiation treatment.

Myeloid Leukemia: In WEHI-3BD myeloid leukemia xenografted mice fed 1% 
w/w RE in their food ad libitum (29  days), investigators noted a significant 
decrease in both tumor volume and incidence. Furthermore, RE showed an 
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additive effect when combined with vitamin D analogues (VDA) [65]. In WEHI-
3BD xenografted mice administered RE (4% w/w in food) for up to 15  weeks 
combined with VDAs, median survival time was significantly increased and white 
blood cell count decreased to levels comparable to those seen in the control group 
of healthy mice [66].

14.5.4.3  Mechanism of Action: The Role of carnosic Acid and rosma-
rinic Acid

It was suggested that synergy between many components of the rosemary’s extract 
plays a role in rosemary’s anticancer effects [67]. Among different fractions of the 
RE, the fraction containing carnosic acid (CA) was found to be among the most 
active. Also the fraction containing rosmarinic acid (RE) showed an important role 
in anticancer activity.

The mechanisms involved in this anticancer activity are very complex. As an 
example, some mechanisms involved in colon cancer inhibition will be exposed.

Carnosic Acid (CA): Inhibition of cell proliferation and increased cell cycle 
arrest by CA in HT-29 colon cells was found to be orchestrated by the unfolded 
protein response and triggered by endoplasmic reticular stress which leads to 
apoptosis and thus destruction of cancerous cells [51]. Enhanced cholesterol and 
ROS accumulation in CA treated cancer cells was also shown to contribute to the 
inhibition of proliferation seen [51]. Similarly, activity of proapoptotic markers 
including p53, Bax, caspases, and PARP has be shown to be enhanced and anti-
apoptotic markers MDM2, Bcl-2, and Bcl-xL to be decreased in HT-29, HCT116, 
and SW480 colon cells [68]. Levels of ROS and H2O2 are increased in vitro in the 
cell medium [52, 68] by CA which can trigger cellular stress and thus cancer cell 
death. The signaling molecules STAT3 and survivin have been shown to play a 
key role in regulating cell survival and CA inhibits activity of these molecules in 
colon cancer cells [68]. These studies provide strong evidence that CA at rela-
tively low doses (1–100 μM) is capable of inhibiting colon cancer cell growth 
and survival by modulating expression of key signaling molecules and altering 
cell metabolism.

Rosmarinic Acid (RA): Treatment of HT29 colon cancer cells with RA (5–20 μM) 
has lead to a reduction in COX2 promoter activity and COX2 protein levels [69]. In 
HCT15 and CO115 colon cancer cells, RA (10–100 μM) has been demonstrated to 
induce apoptosis and to decrease levels of phosphorylated-ERK which regulates 
cell proliferation [70]. Rosmarinic acid (55–832.6 μM) decreases also ROS levels 
in association with a decreased migration and adhesion rates in Ls174-T colon cells 
[71]. Furthermore, treatment of CO115 cells with RA (50 μM) protects against 
BCNU-induced DNA damage, suggesting potential chemopreventive effects [72]. 
Treatment of MCF-7 and MDA-MB-231 breast cancer cells with RA (0–300 μM) 
has decreased cell viability [56, 73–75]. Rosmarinic acid has also shown to decrease 
methyltransferase activity, which inhibits hyper-methylation of DNA, associated 
with disease [74], and to sensitize a resistant cell line (MCF-7/Adr) to the chemo-
therapeutic agent Adriamycin [75].
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14.5.4.4  Considerations on the Role of Rosemary in Anticancer 
Therapy

In recent years, focus has shifted towards establishing new targeted cancer treat-
ments that can modulate specific pathways often mutated in cancer. RE and its poly-
phenols CA and RA may be used as chemicals to target specific pathways leading 
to induction of apoptosis and decreased cell survival. In addition, RE, CA, and RA 
may be used as neutraceuticals to enhance the anticancer effects of current chemo-
therapeutics. This could allow for lower doses of chemotherapeutics to be used and 
less toxicity induced in healthy surrounding tissue. Although studies examining sig-
naling molecules and pathways targeted by RE, CA, and RA are limited, the exist-
ing studies provide supporting evidence for the use of these compounds both on 
their own and in combination with other cancer therapies. Overall, RE, CA, and RA 
have been shown to have various potent and effective anticancer properties.

14.6  Sage

The Sage (Salvia officinalis), also called common sage or culinary sage, is a peren-
nial evergreen plant. It is a member of the mint family native of Mediterranean 
region, although it has naturalized in many places throughout the world. Actually, 
the Salvia genus comprises about 900 species, but Salvia officinalis L and Salvia 
lavandulaefolia L are probably the best known due to their long-standing reputation 
as traditional herbal remedies.

14.6.1  History

The sage has been used since ancient times for warding off evil, snakebites, increas-
ing women’s fertility, and more. Pliny the Elder said this plant was called salvia by 
the Romans, and used as a diuretic, a local anesthetic for the skin, a styptic, and for 
other uses. Charlemagne recommended the plant for cultivation in the early Middle 
Ages, and during the Carolingian Empire, it was cultivated in monastery gardens. 
The plant had a high reputation throughout the Middle Ages, with many sayings 
referring to its healing properties and value. It was sometimes called S. salvatrix 
(sage the savior), and was one of the ingredients of Four Thieves Vinegar, a blend of 
herbs which was supposed to ward off the plague. Pliny and Galen recommended 
sage as a diuretic, hemostatic, emmenagogue, and tonic. In past centuries it was also 
used for hair care, insect bites and wasp stings, nervous conditions, mental condi-
tions, oral preparations for inflammation of the mouth, tongue and throat, and also 
to reduce fevers.

14.6.2  Chemical Components

Common sage is grown in parts of Europe for distillation of an essential oil. In fact, 
plants of the genus Salvia are rich in essential oils, with a large array of terpenoids 
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including α and β-thujone, camphor, 1,8-cineole, a-humulene, b-caryophyllene, and 
viridiflorol. Moreover, they are rich sources of diterpenes and triterpenes such as 
carnosic acid, ursolic acid, carnosol, and tanshinones. Sage leaf contains tannic 
acid, oleic acid, ursonic acid, ursolic acid, carnosol, carnosic acid, fumaric acid, 
chlorogenic acid, caffeic acid, niacin, nicotinamide, flavones, flavonoid glycosides, 
and estrogenic substances.

The composition of the polyphenols and terpenoids can vary considerably 
across Salvia (S) species. For example, rosmarinic acid is high in S. officinalis but 
low in S. hypoleuka. Levels of thujone are also reported to be higher in S. offici-
nalis compared with S. lavandulaefolia. Tanshinones are found in S. miltiorrhiza, 
and varying forms of yunnaneic acids and salvianolic acids differ across Salvia 
species.

14.6.3  Health Benefits

Salvia officinalis comes from the Latin word meaning “to heal” and is widely 
used in both culinary and medicinal preparations. Many species of Salvia are 
native to Mediterranean Europe and have been traditionally used for the treat-
ment of a range of problems including digestive and circulation disturbances, 
bronchitis, coughs, asthma, memory problems, angina, mouth and throat 
inflammation, depression, and excessive sweating. Salvia plants are tradition-
ally noted for their antioxidant effects and ability to enhance “head and brain” 
functions, improve memory, quicken the senses, and delay age-associated cog-
nitive decline [76].

Sage Herb (Salvia officinalis) Dried, Ground
Vitamins and mineral content per 100 g
Source: USDA Database

Energy 315 kcal
Carbohydrates 60.73 g
Protein 10.63 g
Fiber 40.3 g
Fat 12.75 g

Vitamin A 5900 mg
Lutein zeaxanthin 1.895 μg
Carotene β 3.485 μg
Cryptoxanthin-β 109 μg
Thiamine 0.754 mg
Riboflavin 0.336 mg
Pyridoxine 2.690 mg
Niacin 5.720 mg
Folate 274 μg
Vitamin C 32.4 mg
Vitamin E 7.48 mg
Vitamin K 1.714 μg
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Calcium 1652 mg
Copper, 0.757 mg
Iron 28.12 mg
Magnesium 428 mg
Manganese 3.133 mg
Zinc 4.70 mg

14.6.3.1  Antioxidant Effects
Salvia plants and their individual constituents possess strong antioxidant activity. In 
an analysis of 10 Salvia species, it was confirmed that all species exhibited signifi-
cant antioxidant activity as measured by oxygen radical absorbance capacity, radi-
cal scavenging capacity and total phenolic content. The extent of antioxidant activity 
varied across species and extraction methods used, the ethanolic extract of S. offici-
nalis exhibited the highest activity [77].

S. miltiorrhiza reduces the production of ROS by inhibiting oxidases, reducing 
the production of superoxide, inhibiting the oxidative modification of low-density 
lipoproteins and ameliorating mitochondrial oxidative stress. S. miltiorrhiza also 
increases the activities of catalase, manganese superoxide dismutase, glutathione 
peroxidase, and coupled endothelial nitric oxide synthase [78].

The majority of antioxidant effects are attributed to Salvia phenolic compounds 
such as rosmarinic acid, salvianolic acid, sagecoumarin, and sagerinic acid as they 
exhibit strong radical scavenging activity with approximately 90% of 
2,2- diphenylpicrylhydrazyl (DPPH) scavenged under experimental conditions. 
Their effects are substantially greater than the sage flavonoids, luteolin and apigenin 
[79]. In an in vitro study, salvianolic acid L showed potent free radical scavenging 
activities for DPPH and superoxide anion radicals. It was identified as a signifi-
cantly better scavenger of these free radicals than trolox (a water-soluble analogue 
of vitamin E), caffeic acid and rosmarinic acid [80]. The monoterpenes 1,8-cineole 
and a-pinene identified in S. lavandulaefolia essential oil were shown to be able to 
attenuate oxidative injury in astrocytes by inhibiting ROS production and increasing 
endogenous antioxidant compounds (e.g., glutathione, catalase, superoxide dis-
mutase, heme oxygenase 1 activity and protein expression) [81]. Carnosic acid and 
ursolic acid are also powerful antioxidants [82, 83].

14.6.3.2  Anti-inflammatory Effects
Findings from in vitro and animal studies have demonstrated that Salvia species and 
their constituents have anti-inflammatory effects. An examination of the essential 
oils in S. officinalis (mainly comprising 1,8-cineole and camphor) revealed that it 
significantly inhibited nitric oxide production stimulated by LPS in mouse macro-
phages [84]. Acute inflammation induced with intraperitoneal administration of tur-
pentine oil in mice was significantly reduced by S. officinalis tincture, demonstrated 
by reductions in total leukocyte and monocyte percentages, and the activation of 
circulating phagocytes [85]. Phenolic diterpenes (carnosol and carnosic acid) pres-
ent in S. officinalis reduced nitric oxide and prostaglandin E2 (PGE2) production in 
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LPS-stimulated macrophages. They also significantly blunted gene expression lev-
els of iNOS, cytokines/interleukins (IL-1a, IL-6) and chemokines including CCL5/
RANTES and CXCL10/IP-10 [86].

A methalonic extract of S. plebeian, and several of its active components, signifi-
cantly reduced inflammatory processes induced by the in  vivo exposure of 
12-O-tetradecanoylphorbol-12-acetate, and in vitro exposure to LPS-activated mac-
rophages. S. plebeian decreased the release of nitric oxide, cyclooxygenase-2 
(COX-2), PGE2 and the expression of iNOS [87]. Bioactive constituents contained 
in S. miltiorrhiza such as the tanshinones and salvianolic acids have also been 
shown to have anti-inflammatory mechanisms by influencing cytokine production 
and iNOS activity. They also inhibited COX-2, hypoxia-inducible factor-1a, and 
nuclear factor kB activity [88]. Moreover, in one study, tanshinones isolated from S. 
miltiorrhiza significantly inhibited the mRNA and protein expression of TNF-a, 
IL-1b, and IL-8 in LPS-stimulated macrophages [89]. Investigations into the con-
stituents of Salvia plants have also confirmed that caffeic acid, rosmarinic acid [90], 
and ursolic acid [82] have strong anti-inflammatory properties.

14.6.3.3  Antidepressant and Anxiolytic Effects
Sage is known to have antidepressant and anxiolytic effects. However, these effects 
are more pronounced in other species, different from S. officinalis, particularly S. 
elegans, S. verticillata, S. sclarea, and S. miltiorrhiza.

The administration of hydroalcoholic extracts of S. elegans [91] and S. verticil-
lata [92] has been shown to produce antidepressant and anxiolytic-like effects via 
animal models of depression and anxiety. The same has been observed following 
the administration of essential oils of S. sclarea [93, 94] and S. miltiorrhiza [95]. 
The effects of S. sclarea were more pronounced than those obtained from the 
administration of essential oils of Anthemis nobilis (chamomile), Rosmarinus offici-
nalis (rosemary), and Lavandula angustifolia (lavender). The anti-stressor effect of 
S. sclarea was significantly blocked by pretreatment with dopamine receptor antag-
onists, indicating its influences via dopaminergic activity [94]. Several constituents 
from S. officinalis also influence benzodiazepine receptor activity, including the 
flavones, apigenin, hispidulin and cirsimaritin; and the diterpenes, 
7- methoxyrosmanol and galdosol [96]. The phenolic acids rosmarinic acid and caf-
feic acid have also shown to possess antidepressant and anxiolytic-like activity. In a 
neuropharmacological analysis, neither of these substances affected either the 
uptake of monoamines to synaptosomes or mitochondrial monoamine oxidase 
activity in the mouse brain, suggesting that they produce their antidepressant effects 
via mechanisms other than the inhibition of monoamine transporters and mono-
amine oxidase [97, 98]. Moreover, salvianolic acid B, a compound from S. miltior-
rhiza [99], and salvinorin A from S. divinorum [100] also exhibited antidepressant 
and anxiolytic effects in animals models.

14.6.3.4  Cognitive Effects
The Salvia genus comprises about 900 species, of which, Salvia officinalis L and 
Salvia lavandulaefolia L have a long-standing reputation as traditional herbal 
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remedies having been used by ancient Greek and Roman, Ayurvedic, Native 
American and Chinese folk medicine. Salvia officinalis L. and Salvia lavandulaefo-
lia L. have a long-standing use as traditional herbal remedies for enhancing memory 
and improving cognitive functions. In recent times, several studies have been done 
to evaluate the effects of Salvia plants on cognitive functions in normal individuals 
and in Alzheimer’s disease (AD) patients.

Alzheimer’s disease (AD) is a chronic progressive neurodegenerative disorder 
and is the most common cause for the development of progressive dementia in 
elderly. AD is characterized by the presence of amyloid plaques, neurofibrillary 
tangles and marked cholinergic degeneration clinically expressed through cognitive 
impairment. To explain the pathogenesis of AD, numerous processes have been 
involved, including free radical damage and inflammation. The Salvia plants have 
been demonstrated to have antioxidant, anti-inflammatory, anti-β-amyloid, and pro- 
cholinergic activities.

In a pilot, open-label study, 11 patients with probable Alzheimer’s disease were 
administered capsules containing 50 μL of S. lavandulaefolia essential oil, admin-
istered 1–3 times/day over a 3-week period. There were statistically significant 
reductions in caregiver-rated neuropsychiatric symptoms, and improvements in 
attention over the 6-week period, although these findings were tempered by the 
open-label, no-placebo arm, and small sample size [101].

In a randomized, double-blind, placebo-controlled study, the efficacy of an etha-
nolic extract of S. officinalis was evaluated in patients with Alzheimer’s disease. In 
this 4-month study, participants allocated to the active-drug condition (60 drops of 
S. officinalis daily) experienced significantly greater improvements in cognitive 
function as measured by the Alzheimer’s Disease Assessment Scale, and the Clinical 
Dementia Rating Scale. S. officinalis administration was well tolerated with no dif-
ferences in adverse effects across the active and placebo conditions [102].

The cognitive-enhancing effect of acute, single administration of different Salvia 
species has been investigated in six studies, five utilizing randomized, double-blind, 
placebo-controlled designs. In five studies, the efficacy of Salvia plants in healthy 
young adults was investigated, while one was conducted on healthy, older-age vol-
unteers. Positive cognitive (e.g., secondary memory, attention, word recall, and 
speed of memory) and mood-enhancing (e.g., alertness, calmness, and contented-
ness) effects from the single administration of differing dosages of essential oil of 
S. lavandulaefolia in healthy adults was demonstrated [103–105]. Improvements in 
mood (e.g., alertness, contentedness, and calmness) and cognition were also dem-
onstrated following the single administration of a S. officinalis extract to healthy 
young adults [106], and enhancement in memory and attention were revealed fol-
lowing the single administration of S. officinalis to healthy, older-age adults [107]. 
In a randomized, single-blinded design (participant-masked) positive cognitive and 
mood-enhancing effects from acute exposure to the aroma of S. officinalis and S. 
lavandulaefolia were also found [108].

However, it should be considered that herbal extracts may greatly vary in their 
biological actions, depending on several factors. Differences in the active constitu-
ents across each species are very likely to affect their influence on biological pro-
cesses and therefore their therapeutic efficacy. Typical factors influencing the 
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potency of herbal remedies include growing, harvesting, collection, drying, and 
extraction methods used. For example, an evaluation of antioxidant potential of ten 
Salvia species demonstrated that ethanol extracts possessed significantly higher 
antioxidant capacity and total phenolic content compared with aqueous and CO2 
extraction [77]. Ratios of amount-to-solvent, solvent temperature and duration of 
immersion also influence extract potency [109]. Even the season of Salvia plant col-
lection is important as the highest content of rosmarinic acid in S. officinalis leaves 
was detected when collections occurred in May, July, and September [110].

14.6.3.5  Cognitive Effects: Sage Cholinergic Activity
Central cholinergic signaling has long been associated with features of memory, 
motivation, and mood. Acetylcholine (ACh), a neurotransmitter involved in cholin-
ergic signaling, is believed to play an important role in several aspects of cognitive 
function and behavior, including attention, learning, memory, and motivation. 
Alterations in ACh signaling are involved in the pathophysiology of multiple neuro-
degenerative disorders including Alzheimer’s disease [111]. Acetylcholine esterase 
(AChE) is an enzyme that catalyzes the breakdown of acetylcholine and there are 
several AChE inhibitor drugs available to increase overall ACh concentration. These 
drugs are based on the premise that increasing the availability of ACh at acetylcho-
line receptors in the brain enhances neuron-to-neuron transport and ultimately 
improves cognitive function [112].

In vitro and animal studies have shown that several Salvia species and their con-
stituents are effective AChE inhibitors. An aqueous extract of S. officinalis lowered 
AChE activity in mice [113], and in vitro analyses revealed that ethanolic extracts 
of S. officinalis reduced AChE, with greater effects on butyrylcholinesterase [106, 
107]. In mice subjected to β-amyloid (Aβ) peptide, pretreatment with S. sahendica 
significantly ameliorated reductions in AChE activity and memory performance 
[114]. The essential oil of S. fruticosa also showed inhibition of AChE [115], and 
similar findings were revealed from the essential oil of S. lavandulaefolia, although 
AChE inhibiting activity occurred exclusively via the monoterpenoids [103]. AChE 
inhibition has also been observed from the phenolic diterpenes, 7amethoxyrosmanol 
and isorosmanol, isolated from S. officinalis [116]. The active constituents, rosma-
rinic acid, carnosic acid, and qu6.1.ercetin, found in several Salvia species can also 
inhibit AChE activity [116–118]. The tanshinones from S. miltiorrhiza also inhibit 
both AChE and butyrylcholinesterase activity [119, 120].

14.6.3.6  Cognitive Effects: Sage Effects on β-Amyloid
The accumulation of amyloid (Aβ peptide) is a characteristic of Alzheimer’s dis-
ease and its deposition is considered partially responsible for the cognitive dys-
function seen in Alzheimer’s disease. It is theorized that aggregated Aβ is 
accountable for the progressive nature of the disease, as the unregulated build-up 
of aggregates are neurotoxic, causing dysfunction to cholinergic neurons and cal-
cium homeostasis, and promoting the formation of reactive oxygen species (ROS) 
and pro- inflammatory responses. Aβ is known to cause specific learning and mem-
ory impairment and its administration has been renowned for inducing memory 
loss in animal models [121].
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Salvia miltiorrhiza has been shown to protect mice from Aβ-induced neurotoxic-
ity by inhibiting increases in tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6) 
levels, and acetylcholinesterase (AChE) activity [122]. Tanshinones from S. miltior-
rhiza can also protect against Aβ-induced toxicity by ameliorating mRNA expres-
sion of inducible nitric oxide synthase (iNOS), matrix metalloproteinase 2, and 
nuclear transcription factor-j [9].

Animal studies have demonstrated that supplementation with S. sahendica atten-
uated memory deficits, modulated cAMP response element binding protein and its 
downstream molecules, and decreased apoptosis in Aβ-injected rats [123]. In mice 
exposed to an acute injection of Aβ, rosmarinic acid also prevented Aβ-induced 
nitration of proteins (an indirect indicator of peroxynitrite damage) in the hippo-
campus. Rosmarinic acid also prevented memory impairments induced by Aβ toxic-
ity [124]. Protective effects from Aβ toxicity have also been observed following the 
administration of the Salvia constituents, salvianolic acid [125], carnosic acid 
[126], and quercetin [127].

14.6.3.7  Cognitive Effects: Sage Effects on Neurotrophins
Neurotrophins are a family of proteins that promote the survival, development, and 
function of neurons. They belong to a class of growth factors, secreted proteins that 
are capable of signaling particular cells to survive, differentiate, or grow.

Brain-derived neurotrophic factor (BDNF) is a neutrophin that has received par-
ticular attention in cognitive and neurological research due to its role in supporting 
the survival of existing neurons, stimulating the growth and differentiation of new 
neurons and synapses, and enhancing learning and memory [128]. Peripheral BDNF 
levels have been shown to be lower in patients with Alzheimer’s disease and mild 
cognitive impairment [129]. In one study, the administration of S. miltiorrhiza to 
mice mitigated Aβ-induced reductions in BDNF [122].

Rosmarinic acid has been also shown to protect against memory deficits induced 
by cerebral artery occlusion in mice. One mechanism of the neuroprotective effects 
of rosmarinic acid was the increase in BDNF [130]. In rats exposed to chronic 
unpredictable stress, rosmarinic acid restored hippocampal BDNF. In vitro experi-
ments showed that rosmarinic acid increased BDNF levels in cultured astrocytes 
[131].

Caffeic acid reduced immobility time of mice in the forced swim test and ame-
liorated stress-induced reductions in levels of BDNF mRNA in the frontal cortex. 
Caffeic acid did not modify the levels of BDNF in brain regions of naive mice, 
indicating that it primarily attenuates the downregulation of BDNF transcription 
during stressful conditions [132].

The flavonoid luteolin was identified to be highly active in inducing the synthesis 
and secretion of neurotrophic factors, including nerve growth factor, glial-derived 
neurotrophic factor, and BDNF in cultured astrocytes [133].

There have also been some reports that quercetin can increase BDNF levels in 
brain injury models [134]. The production of nerve growth factor, another neuro-
trophin important for the growth, maintenance, and survival of neurons, has also 

14 The Smells and Tastes of the Mediterranean Diet: Herbs

https://en.wikipedia.org/wiki/Neurons
https://en.wikipedia.org/wiki/Growth_factors
https://en.wikipedia.org/wiki/Exocytosis


381

been shown to be enhanced by carnosic acid, carnosol [135], tanshinones [136], 
and quercetin [137].

14.6.3.8  Cognitive Effects: Conclusive Remarks
Salvia plants have historically been used for the treatment of several ailments, with 
traditional knowledge suggesting they have benefits for cognitive and neurological 
conditions. Findings from research confirm that many Salvia species and their indi-
vidual active constituents influence several biological processes that may impact on 
neurological and cognitive function. In vitro, animal and preliminary human studies 
have supported the evidence of Salvia plants to enhance cognitive skills and guard 
against neurodegenerative disorders. At present, the majority of human studies have 
used S. officinalis and S. lavandulaefolia species, so the efficacy of other Salvia spe-
cies is uncertain. Moreover, the extracts used have varied considerably across stud-
ies. Ethanolic, methanolic, and aqueous extracts have been used, along with the 
essential oils of S. officinalis and S. lavandulaefolia. The potency and pharmacody-
namic effects of these different extracts are likely to vary considerably, potentially 
impacting on their therapeutic efficacy. It is important that standardized, replicable 
extracts be developed that include some measure of potency and purity.

14.6.3.9  Sage Anticancer Activity
Biological in vitro studies have shown that the essential oils of Salvia species have 
potential anticancer activity.

S. officinalis oil was able to inhibit the growth of renal cell adenocarcinoma with 
IC50 of 100.70 μg/mL. The oil was unable to react with human breast cancer cell 
(MCF-7) and hormone dependent prostate carcinoma cell (LNCaP) [138]. 
Additionally, the cytotoxicity of the essential oil on the squamous human cell carci-
noma cell line of the oral cavity (UMSCC1) was also assessed with the XTT assay. 
It revealed that low concentrations of the essential oil increased vitality of the 
UMSCC1 cells. Beyond the concentration of the IC50 of 135 μg/mL, S. officinalis 
oil reduced UMSSC1 cells viability to a minimum [139].

The combination of the three bioactive compounds of S. libanotica essential oil, 
Linalyl acetate, Terpeniol, and Camphor was shown to cause significant growth sup-
pression of HCT116 p53+/+ cells in PreG1 (64% at 48 h). In p53-/- cells, Linalyl 
acetate, Terpeniol and Camphor caused cell accumulation in PreG1 and G2/M 
phases. In response to the three components, 58% apoptosis occurred in p53+/+ 
cells and 38% in p53-/- cells [140].

The antiproliferative activity of Salvia oils on human cancer cell lines was 
also investigated. S. leriifolia exhibited a strong inhibitory activity on renal ade-
nocarcinoma ACHN, large cell carcinoma COR-L23, amelanotic melanoma C32, 
and malignant melanoma A375 with IC50 values of 6.8, 7.5, 9.1, and 12.5 μg/
mL, respectively. S. acetabulosa inhibited the viability of C32 and COR-L23 cell 
lines with IC50 values of 6.3 and 6.5 μg/mL. However, both S. acetabulosa and 
S. leriifolia couldn’t exert antiproliferative activity against human skin fibroblast 
142BR [141].
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14.7  “Allium” Species: Onion and Garlic

Allium is a genus of flowering plants that includes hundreds of species, including 
the cultivated onion, garlic, scallion, and shallot. The generic name Allium is the 
Latin word for garlic, and the type species for the genus is Allium sativum which 
means “cultivated garlic.”

Onion and garlic were not to be included in this chapter dedicated to the “Herbs,” 
but they represent two basic ingredients to which many flavors and scents of 
Mediterranean diet are due. Moreover, they contribute their flavor to savory dishes 
without raising caloric content appreciably. For this reason we have included onion 
and garlic in this chapter.

14.7.1  Onion

The onion (Allium cepa L., from Latin cepa “onion”), also known as the bulb onion 
or common onion, is a vegetable and is the most widely cultivated species of the 
genus Allium. Its close relatives include the garlic, shallot, leek, and chive.

14.7.1.1  History
The onion plant has been grown and selectively bred in cultivation for at least 
7000 years. Food uses of onions date back thousands of years in China, Egypt, and 
Persia. According to archaeologists, botanists, and food historians, onion probably 
originated in central Asia or Persia.

Traces of onions recovered from Bronze Age settlements in China suggest that 
onions were used as far back as 5000 BCE, not only for their flavor, but the bulb’s 
durability to store and transport. Ancient Egyptians revered the onion bulb, viewing 
its spherical shape and concentric rings as symbols of eternal life. The Judeo- 
Christian Bible refers to the ancient Israelites consuming onions in Numbers 11:5 in 
a story of their Exodus: “We remember the fish, which we did eat in Egypt freely, the 
cucumbers and the melons and the leeks and the onions and the garlic.” Dioscorides, 
a Greek physician of first century A.D., documented the medicinal uses of onions. 
Eating onions was a tradition to fortify athletes before the Olympic Games. Athletes 
consumed huge quantities of them, drink onion juice, and rubbed onions on their 
bodies.

Pliny the Elder wrote about the use of onions and cabbage in Pompeii. He docu-
mented Roman beliefs about the onion’s ability to improve vision ailments, aid in 
sleep, and heal everything from mouth sores and toothaches, to dog bites, lumbago 
and even dysentery. Archeologists unearthing Pompeii long after it was buried in a 
volcanic explosion found gardens of Pliny’s detailed narratives, where onions had 
grown. Apicius, the Roman gourmet and one of the first authors of a cookbook, used 
onions in many of his recipes.

Onions were taken by the first European settlers to North America, where the 
Native Americans were already eating wild onions raw or cooked in various foods. 
According to diaries kept by the colonists, bulb onions were one of the first crops 
planted by the Pilgrim fathers.
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14.7.1.2  Nutrients and Chemical Components
Onions contain phytochemical compounds such as phenolics that are under basic 
research to determine their possible properties in humans. Considerable differences 
exist between onion varieties in polyphenol content, with shallots having the high-
est level, six times the amount found in Vidalia onions, the variety with the smallest 
amount. Yellow onions have the highest total flavonoid content, an amount 11 times 
higher than in white onions. Red onions have considerable content of anthocyanin 
pigments, with at least 25 different compounds identified representing 10% of total 
flavonoid content.

Raw Onion Bulbs
Vitamins and mineral content per 100 g
Source: USDA National nutrient Database

Energy 166 kJ (40 kcal)
Carbohydrates 9.34 g
Sugars 4.24 g
Protein 1.1 g
Fat 0.1 g
Fiber 1.7 g

Thiamine 0.046 mg (4% DV)
Riboflavin 0.027 mg (2% DV)
Niacin 0.116 mg (1% DV)
Pantothenic acid 0.123 mg (2% DV)
Vitamin B6 (pyridoxine) 0.12 mg (9% DV)
Folate 19 μg (5% DV)
Vitamin C 7.4 mg (9% DV)

Calcium 23 mg (2% DV)
Iron 0.21 mg (2% DV)
Magnesium 10 mg (3% DV)
Manganese 0.129 mg (6% DV)
Potassium 146 mg (3% DV)
Fluoride 1.1 μg (2% DV)
Zinc 0.17 mg (2% DV)

DV = Daily Value

14.7.1.3  Eye Irritation
Freshly cut onions often cause a stinging sensation in the eyes of people nearby, and 
often uncontrollable tears. This is caused by the release of a volatile gas, syn- 
propanethial-S-oxide, which stimulates nerves in the eye creating a stinging sensa-
tion. This gas is produced by a chain of reactions which serve as a defense 
mechanism: chopping an onion causes damage to cells which releases enzymes 
called alliinases. These break down amino acid sulfoxides and generate sulfenic 
acids. A specific sulfenic acid, 1-propenesulfenic acid, is rapidly acted on by a sec-
ond enzyme, the lacrimatory factor synthase, producing the syn-propanethial-S- 
oxide. This gas diffuses through the air and soon reaches the eyes, where it activates 
sensory neurons. Lacrimal glands produce tears to dilute and flush out the irritant.
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Eye irritation can be avoided by cutting onions under running water or sub-
merged in a basin of water. Leaving the root end intact also reduces irritation as the 
onion base has a higher concentration of sulfur compounds than the rest of the bulb. 
Refrigerating the onions before use reduces the enzyme reaction rate.

14.7.2  Garlic

Garlic (Allium Sativum) is a species in the onion genus “Allium.” Onion, shallot, 
leek, and Chinese onion are close relatives of garlic.

14.7.2.1  History
Garlic is believed to be originating in the mountainous Central Asia region and 
northeastern Iran, from where it spread all over the temperate and subtropical 
regions the world. It was known to Ancient Egyptians, and has been used both 
as a food flavoring and as a traditional medicine. It was consumed by ancient 
Greek and Roman soldiers, sailors, and rural classes and, according to Pliny the 
Elder, by the African peasantry. Galen eulogized it as the “rustic’s theriac” 
(cure-all). Garlic was placed by the ancient Greeks on the piles of stones at 
crossroads, as a supper for Hecate. According to Pliny, garlic and onions were 
invoked as deities by the Egyptians at the taking of oaths. Pliny, in his Natural 
History, gives a list of scenarios in which garlic was considered beneficial. In 
the seventeenth century Dr. Thomas Sydenham valued it as an application in 
confluent smallpox.

Garlic was rare in traditional English cuisine (though it is said to have been 
grown in England before 1548) and has been a much more common ingredient in 
Mediterranean Europe. When the English came to America, they brought their anti- 
garlic attitude with them, and it took almost 300 years—likely because of continu-
ing puritanism influence—for this viewpoint to diminish, though garlic was used as 
a folk medicine.

14.7.2.2  Nutrients and Chemical Components
In the typical serving size of 1–3 cloves (3–9 g), garlic provides no significant nutri-
tional value, with the content of all essential nutrients below 10% of the Daily Value 
(DV). When expressed per 100 g, garlic contains several nutrients in rich amounts 
(20% or more of the DV), including vitamins B6 and C, and the dietary minerals, 
manganese and phosphorus. Per 100  g serving, garlic is also a moderate source 
(10–19% DV) of certain B vitamins, including thiamin and pantothenic acid, as well 
as the dietary minerals, calcium, iron, and zinc (see table “Garlic, Raw”). The com-
position of raw garlic is 59% water, 33% carbohydrates, 6% protein, 2% dietary 
fiber, and less than 1% fat.
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Garlic, Raw
Vitamins and mineral content per 100 g
Source: USDA National nutrient Database

Energy 623 kJ (149 kcal)
Carbohydrates 33.06 g
Sugars 1 g
Protein 6.36 g
Fat 0.5 g
Fiber 2.1 g

Thiamine 0.2 mg (17% DV)
Riboflavin 0.11 mg (9% DV)
Niacin 0.7 mg (5% DV)
Pantothenic acid 0.596 mg (12% DV)
Vitamin B6 (pyridoxine) 1.235 mg (95% DV)
Folate 3 μg (1% DV)
Vitamin C 31.2 mg (38% DV)

Calcium 181 mg (18% DV)
Iron 1.7 mg (13% DV)
Magnesium 25 mg (7% DV)
Manganese 1.672 mg (80% DV)
Potassium 401 mg (9% DV)
Fluoride 1.1 μg (2% DV)
Selenium 14.2 μg

DV = Daily Value

14.7.3  Health Effects of “Allium” Species

Onion (Allium cepa L.) and garlic (Allium sativum L) belong to the genus Allium. 
The National Cancer Institute ranked garlic at the top of the list of designer foods 
showing anticancer effects [142].

Generally, the biological activities of onion and garlic can be classified into two 
categories: cardiovascular disease prevention and cancer prevention. Activities in 
the former category include the inhibition of cholesterol synthesis, platelet aggrega-
tion, and arterial smooth muscle cell proliferation as well as anti-inflammatory, anti-
oxidant, and hydrogen sulfide-mediated vasodilatory effects. The activities in the 
latter category include the effects on carcinogen metabolism (i.e., enhanced cellular 
glutathione synthesis that induces cell cycle arrest and apoptosis) and prevention of 
Helicobacter pylori infection, gastric cancer, and colorectal cancer [143–147]. 
However, an effective chronic disease prevention activity has been also described 
for numerous components of Allium species.
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14.7.3.1  Onion (Allium cepa)
Constituents: The main chemical components of onion are: quercetin, fructose, 
quercetin-3-glucoside, isorhamnetin-4-glucoside, xylose, galactose, glucose, man-
nose, organosulfur compounds, allylsulfides, flavonoids, flavenols, S-alk(en)yl cys-
teine sulfoxides, cycloalliin, selenium, thiosulfinates, and sulfur and seleno 
compounds [148].

Antibiotic Effect: Allium plants, including Onion have been shown to exert anti-
biotic activity against Gram-positive and Gram-negative bacteria [149].

Anticancer Effect: Numerous in vitro, animal, and epidemiological studies indi-
cate that onion or onion extract prevents cancer including gastrointestinal cancer, 
ovarian cancer, and skin cancer [150, 151]. The most common current theory is that 
the metabolites of organosulfur compounds, specifically S-alk(en)yl cysteine sulf-
oxide, found in these plants inhibit mutagenesis, induce phase II detoxification 
enzymes, influence cell arrest and apoptosis, scavenge free radicals, and inhibit 
DNA adduct formation [144, 150–152].

Antidiabetic Effect: Onion has been suggested to have antidiabetic activity. In a 
crossover comparative study [153] conducted in 20 cooperative diabetic outpatients 
the effects of a diet including onions or green beans on diabetic symptoms (hyper-
cholesterolemia, serum glucose levels) was assessed. Ten of the patients consumed 
a specific diet (68% cal carbohydrate, 20% cal fat, 12% cal protein) plus 3 × 20 g 
fresh onion daily, or plus 3 × 200 g green beans daily in the first week, and the diet 
alone in the second week; the other half was assigned the other way around. The 
onion group had a significant decrease in blood sugar level (4.37 mg%, p < 0.05), 
but no blood lipid levels-changes occurred in these diets [153]. The effect of an 
aqueous extract of onion was studied on fasting blood sugar and experimentally 
induced hyperglycemia in man [154]. Graded doses of aqueous extract of onion 
used in the study, had no effect on fasting blood sugar levels, but reduced the rise in 
blood sugar in a dose-dependent manner, when administered along with glucose 
during oral glucose tolerance test. This effect was comparable to tolbutamide. The 
blood sugar lowering effect of raw and boiled onion extract was observed to be 
similar. Onion extract was also found to produce a reduction in blood sugar during 
intravenous glucose tolerance test and adrenaline induced hyperglycemia [154].

Anti-hypercholesterolemic Effect: Onion can help to prevent the rise of serum 
cholesterol. In a clinical study of alimentary hyperlipidemia, onion and onion essen-
tial oil prevented fat-induced increases in serum cholesterol and plasma fibrinogen 
and decreases in coagulation time and fibrinolytic activity [155]. The main active 
constituents were sulfur-containing compounds, mainly allyl propyl disulfide and 
diallyl disulfide.

Antihypertensive Effects: Antihypertensive effects of onion has been described. 
Twenty-four patients with arterial hypertension (WHO class I) received either four 
capsules of an onion-olive oil maceration product, essential ingredients of the 
Mediterranean diet, or placebo daily over a period of 1 week. The onion-olive oil 
maceration product led to a significant decrease in systolic blood pressure. There 
was also a trend towards a decrease in diastolic blood pressure. An improved blood 
fluidity resulting from a decrease in hematocrit was also described. All effects were 
observed immediately and after 1 week’s administration [156].
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Antithrombotic Effect: In pharmacologic and in vitro studies, onion and onion 
extract, alone and in combination with other products, have shown antithrombotic 
effects including inhibited platelet aggregation, reduced plasma viscosity, decreased 
hematocrit, and increased fibrinolytic activity [157–159]. In alimentary hyperlipid-
emia, onion also had a protective effect against increased plasma fibrinogen and it 
decreased coagulation time and fibrinolytic activity [155]. Onion’s quercetin con-
tent is often hypothesized to stimulate these effects.

Anti-osteoclastic Effect: In animal studies, ingestion of onions has shown to 
inhibit bone resorption [160–162].

14.7.3.2  Garlic (Allium sativum)
Since time immemorial, garlic has been recognized as a prized herb in almost all the 
cultures for its medicinal properties as well as culinary uses. This herbal plant, 
grown for its underground root or bulb, contains numerous health promoting phyto-
nutrients that has proven benefits against coronary artery diseases, infections, and 
cancers.

Garlic cloves contain many phytonutrients, minerals, vitamins, and antioxidants 
that have proven health benefits. Total measured antioxidant strength (ORAC value) 
is 5346 μmol TE/100 g.

The garlic bulbs contain important organic thiosulfinate compounds such as dial-
lyl disulfide, diallyl trisulfide, and allyl propyl disulfide. Upon disruption of the bulb 
(while crushing, cutting, etc.), these compounds convert into allicin through an 
enzymatic reaction. Allicin, is responsible for the typical smell and taste of freshly 
cut or crushed garlic.

The garlic thiosulfinate compounds, particularly allicin, have been demonstrated 
to have numerous beneficial health effects. It clearly appears that these effects are 
very important in the context of Mediterranean diet, because they in part explain the 
positive health impact of this diet, in which numerous compounds synergize in a 
effective prevention of numerous acute and chronic disease.

Antimicrobial Activity: Reports about the targeted use of garlic as an antimicro-
bial agent go back to Louis Pasteur; in World War I, extracts of garlic were used in 
antibacterial and antiseptic therapeutics. Numerous scientific studies concerning the 
antibacterial potential of garlic have been published.

Allicin has been demonstrated to be the almost exclusively responsible for the 
antimicrobial activity of freshly crushed garlic. Allicin was shown to exert antibac-
terial, antibiotic-like activity against Streptococcus [161], Staphylococcus aureus 
[163], Salmonella typhimurium [164, 165]), Escherichia coli [166], Pseudomonas 
syringae [166], and Vibrio cholera [164]. As far as the mechanism of antibacterial 
action of allicin is concerned, it has been demonstrated that allicin, analogously to 
antibiotics, readily diffuses across the bacterial membrane, and once inside the bac-
teria it reacts with cysteine, as long as the –SH-group is freely available [167, 168].

Antifungal Activity: Beyond its well documented strong antibacterial properties 
allicin also shows toxic effects towards fungal cells and is able to inhibit spore ger-
mination and hyphal growth in vivo and in vitro [166]. Some efforts have been made 
to utilize this activity and develop allicin for application in medical therapy and 
agricultural plant protection.
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It was claimed that allicin might be the basis of a strategy to treat aspergillosis in 
the lung, since allicin is highly volatile and thus can be delivered to the lung by 
inspiration [169]. It was also suggested that allicin can easily be applied topically to 
fungal infections of the skin and hence attempts were made to use allicin in the 
therapy of Candida-infections. Interestingly, allicin’s activity was comparable to 
the frequently used antimycotic agent fluconazole [170]. There is an emerging inter-
est in understanding the molecular basis of allicin’s fungicidal properties.

Antioxidant Activity: Although allicin is chemically an oxidant, it acts in lower 
doses as antioxidant at the physiological level [171]. This observation is explained 
by the fact that mild oxidative conditions induce the expression of so-called phase 
II detoxifying enzymes, for instance by the activation of redox-sensitive transcrip-
tion factors and build up protection against further and stronger oxidative insults. 
One example for the oxidation of a redox-sensitive transcription factor by allicin is 
the Nrf2/Keap1 system that regulates the expression of various anti-oxidative 
enzymes (among others of glutathione-biosynthesis). The fact that allicin can induce 
the Nrf2/Keap1 system has been shown in various studies [172, 173]. It is worth 
mentioning that the activation of Nrf2 by allicin is not only important in the context 
of cardiovascular diseases, but also for various other health-related events like neu-
rodegenerative diseases. In that context it was shown that allicin attenuates age- 
related cognitive and memory deficits by activating the Nrf2-system [173].

Hypocholesterolemic Effect: Allicin has been shown to reduce serum cholesterol 
levels by reducing its synthesis. Different from statins that competitively inhibit the 
enzyme 3-hydroxy-3-methylglutaryl-coenzyme-A-reductase (HMG-CoA reduc-
tase), allicin suppresses cholesterol biosynthesis through inhibition of the squalene- 
monooxygenase and acetyl-CoA synthetase enzymes [167, 174, 175].

Antiplatelet Aggregation Activity: Platelet aggregation is a complex biochemical 
process. Its prerequisite is the activation of the GPIIb/IIIa receptor by thromboxane 
A2 which causes the binding, among others, of fibrinogen [176]. Classical platelet- 
aggregation- inhibitors like acetyl-salicylic acid (aspirin) inhibits endogenous 
thromboxane-biosynthesis and thus the GPIIb/IIIa receptor activation. Thiosulfinates 
like allicin are also potent platelet-aggregation inhibitors. While a final concentra-
tion of 0.4  mM allicin inhibits platelet aggregation to about 90%, a comparable 
concentration of 0.36 mM aspirin shows less than half this activity (~35% inhibi-
tion) [177].

Antihypertensive Activity: The antihypertensive effect of allicin is due to its reac-
tivity. Since allicin decomposes rapidly to its degradation products, it has been 
shown that a complex reaction cascade with thiols (glutathione in particular) results 
in the release of hydrogen sulfide (H2S) [178]. H2S is a well known potent gaseous 
signaling molecule in regard to blood-pressure regulation [179]. H2S lowers the 
blood pressure by relaxation of vessel smooth-muscle cells resulting in a lowering 
of blood pressure [178].

Immuno-modulatory Activity: Allicin stimulates lymphocytes by affecting p21ras. 
Thioallylation, i.e., the binding of an allyl sulfenic acid to the thiol of cysteine118, 
leads to an activation of p21ras and subsequently to stimulation of ERK1/2 phos-
phorylation [180, 181]. These processes are crucial for the activation of 
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lymphocytes. Allicin, moreover, affects also the activity of the cytokine TNFα, 
through its action on macrophages that secrete TNFα. This effect inhibits the release 
of TNFα- dependent pro-inflammatory cytokines in intestinal epithelia [182]. Allicin 
also inhibits phosphatase-activity, so enhancing the phosphorylation of ERK1/2 
[182], a central component of the signaling cascade that transfers extracellular sig-
nals into intracellular signaling cascades. Furthermore, allicin reduces the NO syn-
thesis through inhibition of inducible nitric oxide synthase (iNOS) in LPS-stimulated 
macrophages [183, 184].

Anticancer Activity: In early studies in 1960, explants of mouse-tumors were 
incubated in allicin before implantation into healthy mice. In contrast to the control 
group (where the explants were not allicin-treated), mice with tumor explants incu-
bated in allicin showed no further growth of the explant [185]. When the mecha-
nisms were studied at molecular level, it became clear that the induction of apoptosis 
was crucial for the anticancer effect of allicin. Allicin also causes a redox-shift in 
human cell cultures [186]. This leads to the execution of cell death, both in a 
caspase- dependent [187] and caspase-independent manner [104]. Beside caspase 
activity, the apoptosis inducing factor (AIF), which contributes to the apoptotic 
DNA-laddering, is involved in allicin-induced cell death [188]. It was also shown 
that inNrf2 is involved in allicin-induced apoptosis [189, 190]. It should be noted 
that Nrf2 is generally described as an antiapoptotic factor regulating the expression 
of antiapoptotic proteins of the Bcl-2 family like Bcl-2 and Bcl-xL [191, 192]; how-
ever, under certain circumstances Nrf2 seems to have also a proapoptotic function 
[191, 192]. Also the ERK1/2 map kinases were shown to be influenced by allicin in 
immune cells; these kinases are also important for apoptosis induction by allicin 
[186–193].

The effects of allicin described above make allicin an attracting molecule for 
clinical use. However, its chemical instability has hampered its clinical application. 
Anyway, the potential for using garlic in a nutriceutical context, with health benefits 
not only for cancer prevention or therapy, but also for the other medical areas men-
tioned here, makes this molecule very attractive.

14.7.4  Conclusive Remarks

The many spice and herbs of the typical Mediterranean cuisine appear to give to this 
diet not only taste and smells but also a number of health protective effects, which 
derive from the rich set of their active components. It becomes clear that the health 
beneficial impact of Mediterranean diet is not the result of a single component but 
of a synergistic effect of its many extraordinary ingredients, from fresh vegetables 
(particularly cruciferous) to legumes and pulses, cereals, fish, fresh fruit, and on top, 
the extra virgin olive oil. All these components represent a rich source of active 
principles, from antioxidants to fibers, carbohydrates, mono- and polyunsaturated 
fatty acids and a rich set of vitamins. Spice and herbs complete this frame, adding 
to an extraordinary taste a potent antioxidant, anti-inflammatory, antidiabetic and 
anticancer activity.
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15Red and White Wines

15.1  Premises

In the context of the Mediterranean diet, wine has always covered a central role. In 
ancient times, Greek and Roman populations loved to conclude their banquets with 
wine libations, generally red wine diluted with water in a proportion of 1:3. In sub-
sequent eras wine, which was always drunk in low to moderate amounts with meals, 
remained a fixed component in the diet of populations living to the north of  the 
Mediterranean basin (As the southern Mediterranean population of north Africa and 
near East are Muslims, they do not drink alcohol or wine).

15.2  History

Wine can be considered the most ancient alcoholic beverage of mankind. In Valdarno 
Superiore, around Montevarchi (Tuscany, Italy), fossils of grapevines (Vitis vinif-
era) dating to 2 million years ago were found in lignite deposits. Several archaeo-
logical digs discovered that Vitis vinifera grew spontaneously already 300,000 years 
ago.

The earliest archaeological evidence of wine production was discovered at sites 
in Georgia (c. 6000 BC), Iran (c. 5000 BC), Greece (c. 4500 BC), and Armenia (c. 
4100 BC). Wine production then spread to other sites in Greater Iran and Grecian 
Macedonia by c. 4500 BC.

In 1996, an American archaeological mission from the University of Pennsylvania 
found in the Neolithic village of Hajji Firuz Tepe in northern Iran, an earthenware 
jar capable of holding 9 L, containing a dry substance from grapes dating back to 
5100 BC.

The oldest known winery was discovered in the “Areni-1” cave in Vayots Dzor, 
Armenia. Dating to c. 4100 BC, the site contained a wine press, fermentation vats, 
jars, and cups [1]. Archaeologists also found Vitis vinifera seeds and vines. The fact 
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that winemaking was already so well developed in 4000 BC presupposes that its 
technology dates to an even earlier time.

Wine played an important role in ceremonial life in ancient Egypt. Although it 
was predominantly red, residue from five clay amphorae in Tutankhamen’s tomb 
revealed white wine, leading to the conclusion that the drink was made available to 
the Egyptians through trade.

The Phoenicians were instrumental in distributing wine, wine grapes, and wine-
making technology throughout the Mediterranean region through their extensive 
trade network. Their use of amphorae for transporting wine was widely adopted and 
Phoenician-distributed grape varieties were crucial to the development of the wine 
industries of Rome and Greece.

Much of modern wine culture, however, has its roots in the practices of the 
ancient Greeks. Several ancient sources, such as the Roman Pliny the Elder, describe 
the ancient Greek method of using partly dehydrated gypsum (soft calcium sulfate 
dihydrate) before the grapes were fermented and some type of lime (a material con-
taining inorganic calcium and carbonates) after they were fermented, in order to 
reduce the acidity of the wine. The Greek Theophrastus provided the oldest known 
description of this aspect of Greek winemaking.

The Roman Empire played a crucial role in the development of viticulture and 
oenology. Wine was an integral part of the Roman diet and winemaking became a 
regular business. Virtually all of today’s major wine-producing regions of Western 
Europe were established during the Roman Imperial era. During the Roman Empire, 
social norms began to shift as the production of alcohol increased. Widespread 
drunkenness and true alcoholism among the Romans was already noted in the first 
century BC and reached its peak in the first century AD. Viniculture expanded so 
extensively that by c. 92 AD the emperor Domitian was forced to pass the first wine 
laws on record, banning the planting of any new vineyards in Italy and uprooting 
half of the vineyards in the provinces in order to increase the production of neces-
sary but less profitable grains [2].

15.3  Wine Composition

Wine can be defined as a beverage made of the fermented juice of any of a variety 
of grapes, usually containing from 10% to 15% alcohol by volume. The main com-
ponents of wine are water (850–900 g/L) and alcohol (100–150 g/L). Other compo-
nents which are present in various quantities contribute to giving it its organoleptic 
characteristics, i.e., color, scent, flavor, and taste (sweet, sour, bitter, tannic, fruc-
tate) (see Table 15.1).

The chemical composition of grapes can be affected by many factors, including 
the grape variety or cultivar, environmental factors, seasonal variations, and viticul-
tural management [3, 4].

The two principal types of wine, red and white wine, are processed in different 
ways. In fact, white wine is fermented without the skins while red wine is fermented 
with  them. This means that red wines have more antioxidants  and polyphenols, 
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which are contained in the skin and seeds. White wines also contain some antioxi-
dants, monophenols as well as catechins and stilbenes. Red wine, moreover, has 
about seven times more polyphenols than white wine.

Polyphenols, together with other minor compounds, are responsible for the bit-
terness, color, and astringency of wine, along with several important health 
benefits.

15.4  Is Drinking Wine Beneficial to Health?

Scientific data on wine drinking as well as that pertaining to other alcoholic bever-
ages such as beer and liquors is often outlined together. This is due to the fact that 
most people normally do not drink wine exclusively, but also consume beer and/or 
liquors. In fact, studies regarding the effects of wine are often concerned with alco-
hol intake in general and they use “one drink” as the basic unit of measure of alco-
hol intake. According to many authors “one drink” corresponds to 100–150 mL of 
wine, 350–400 mL of beer, and 30–50 mL of liquor.

Numerous studies have shown that a moderate consumption of alcohol, particu-
larly red wine, is beneficial to the health and in particular with regard to cardiovas-
cular disease (CVD). The main health benefit of wine and other alcoholic beverages 
appears to be related to their effect on atherosclerosis.

The subjects appearing to benefit most from light to moderate alcohol drinking 
are middle-aged men and women, particularly those who are at increased risk of 
developing cardiovascular disease. These individuals have been shown to have 

Table 15.1 The major chemical components of wine

Constituent g/L % Volume
Water 850–900 80–90
Carbohydrates 1–10
Glucose 0.5–5
Fructose 0.5–5
Acids 4.5–11
Tartaric 1–6 0.17–0.45
Malic 0–8 0.0–0.44
Acetic 0.2–1.5
Lactic 1–5 0.08–0.33
Alcohols
Ethanol 80–150 8–16
Glycerol 3–14 0.32–1.19
Phenolics Trace–5
Simple phenolics Trace–0.2
Anthocyanins Trace–0.5
Inorganic 1.5–4
Potassium 0.5–2
Others 0.1–3 (sodium, calcium, iron, magnesium, phosphorus, zinc, copper, 

manganese, fluoride, selenium)
Vitamins Trace (thiamine, riboflavin, niacin, vitamins A, B, K, folate, choline, 

betaine, lutein, zeaxanthin)

15.4 Is Drinking Wine Beneficial to Health?
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about a 30% reduction in total mortality, an effect that is largely linked to the reduc-
tion in the risk of developing atherosclerosis disease.

Some observational studies on the beneficial effect of a low to moderate intake 
of wine or alcohol on health and cardiovascular disease are described below.

The Health Professional Follow-up Study [5] is an ongoing prospective cohort 
study on 51,529 US male health professionals, aged 40–75 years, that was begun in 
1986. An article published in 2003 [5] refers to 38,077 subjects who at baseline 
were free from cardiovascular disease. The consumption of beer, red wine, white 
wine, and liquor and their relationship with cardiovascular mortality was assessed 
in these subjects. One drink was standardized as a 12-oz (355-mL) bottle or a can of 
beer, a 5-oz (148-mL) glass of wine, and 1.5 ounces (44 mL) of 80-proof distilled 
spirits. After a 12 year follow-up, study analysis showed the men who consumed 
alcohol 3–4 or 5–7 days/week had a significantly lower risk of having a myocardial 
infarction (MI) (multivariate relative risk, 0.68 and 0.63, respectively, equivalent to 
32% and 37% risk reduction, respectively.

The Health Professional Health Follow-Up Study [6] monitored 1818 men who 
had survived a first MI between 1986 and 2006. Long-term average alcohol con-
sumption was calculated beginning from the time period immediately before the first 
MI and updated every 4 years afterward. To determine the total grams of alcohol 
intake, the authors multiplied the frequency of each beverage type by the ethanol 
content in each portion (12.8 g for beer; 11.0 g for wine; 14.0 g for liquor). Compared 
with nondrinkers, the best reduction in the multivariable-adjusted hazard ratio (HR) 
for all-cause mortality and cardiovascular mortality (HR: 0.66 and 0.58, respectively) 
was observed in the moderate drinkers, i.e., those who drunk from 10.0 to 29.9 g/day 
alcohol. The study also showed a significant U-shaped association, with the greatest 
benefit observed in the moderate drinkers, and indicated that there was slight rise in 
mortality in the men who consumed more than 2 drinks/day post-MI.

The results of this last study were essentially in agreement with those of another 
study on survivors from myocardial infarction. The US Physicians’ Health Study [7] 
showed that, compared with men who have rarely or never drank alcohol, those who 
consumed 1–4 drinks/month had a relative risk (RR) for total mortality of 0.85; for 
2–4 drinks/week, the RR was 0.72; for 1 drink/day, the RR was 0.79. Finally, for 2 
or more drinks/day, the RR was 0.84.

The data from studies on excessive drinking patterns were also interesting. In the 
MI Onset Study [8] the apparent benefit from light drinking after MI was entirely 
eliminated by episodes of binge drinking, confirming the U-shaped curve of alcohol 
amounts and morbidity-mortality rates.

The Copenhagen City Heart Study [9], a prospective cohort study on 13,329 
eligible men and women between 45 and 84 years, was conducted to evaluate the 
relationships between alcohol consumption and the risk of ischemic stroke. The 
authors considered one bottle of beer to contain 12 g of alcohol, as well as the aver-
age alcohol content for the other types of drinks. After 16  year follow-up, a  
U-shaped relationship between alcohol intake and risk of stroke clearly emerged. 
The intakes of wine on a monthly, weekly, or daily basis were associated with a 
lower risk of stroke compared with no wine intake. The monthly relative risk (RR) 
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was 0.83; the weekly RR was 0.59, and the daily RR was 0.70. No association 
between intake of beer or spirits and risk of stroke was found. These data indicated, 
in accordance with other studies, that the intake of a small amount of alcohol is very 
beneficial to the risk of stroke. This effect was strongest among the wine drinkers, 
as the subjects who drank wine had a lower risk of stroke than those who never 
drank wine. The risk of stroke among wine drinkers was not affected by the con-
sumption of beer or spirits. High alcohol consumption, on the other hand, was asso-
ciated with an increased risk of stroke, particularly hemorrhagic stroke, and there 
was evidence that at least some of these effects were mediated through the systolic 
blood pressure. The authors concluded that the differences in the effects of beer, 
wine, and spirits on the risk of stroke suggested that in addition to ethanol, other 
compounds of wine were responsible for the protective effect against stroke. These 
additional compounds in wine will be discussed later in this chapter.

15.5  What Are the Mechanisms in Wine and Alcohol That 
Help to Reduce Cardiovascular Risk?

The associations between moderate alcohol or wine consumption with lower risk 
and better prognosis of CVD seem to be linked to several biological mechanisms.

15.5.1  The Role of Alcohol

A large body of literature confirms the beneficial effects of moderate alcohol con-
sumption on cardiovascular diseases and risk factors. Maximum cardiovascular 
benefit occurs at relatively low levels of consumption (i.e., 1–2 standard drinks a 
day in men (10–20 g alcohol) and up to one a day in women (10 g alcohol).

According to a large meta-analysis [10], a moderate alcohol consumption of 
30 g/day was associated with a significant 4.0 mg/dL increase in HDL cholesterol. 
It should be emphasized that the level of HDL cholesterol normally expresses the 
ability of these particles to remove cholesterol from atherosclerotic plaques and 
transport it to the liver. This explains why the higher the HDL cholesterol, the 
greater the protection from atherosclerosis.

In addition to HDL’s positive effects, moderate alcohol consumption has been 
also associated with improved insulin sensitivity [11], reduced fibrinogen levels 
[12], and levels of inflammatory markers [13] such as C-reactive protein and inter-
leukin- 6. A moderate alcohol consumption has been also significantly associated 
with less coronary calcification in asymptomatic subjects [14] as well as reduced 
progression of coronary atherosclerosis in serial angiographic measurements in MI 
survivors [15].

While some have postulated that the benefits of moderate alcohol consumption 
on CVD and mortality is entirely due to alcohol, others have hypothesized that addi-
tional benefits could be linked to other compounds present in wine. Wine in fact, 
particularly red wine, is rich in additional compounds, particularly polyphenols 
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(Table 15.2), which have been shown to be protective against atherosclerosis and 
many other diseases.

Up to 90% of red wine’s phenolic content falls under the classification of 
flavonoids.

Anthocyanins and stilbenoids are largely present in the skin while phenolic acids 
in the pulp of grapes. Other phenols (catechins, proanthocyanidins, flavonols) are 
present in the skin and seeds. During the growth cycle of the grapevine, sunlight 
increases the concentration of phenolics in the grape berries, their development 
being an important component of canopy management. Red wines are richer in 
phenols, such as anthocyanin, proanthocyanidins, and flavonols, which are derived 
from the skin and seeds, while white wines mostly contain phenolic acids (caffeic 
acid) and lower quantities of catechins and stilbenes, which originate essentially 
from the pulp of berries.

Anthocyanins are responsible for the blue to red colors of red wines. Just as the 
sugars in the grape increase during ripening, so do the concentrations of anthocya-
nins. Likewise, anthocyanins are found in most grapes only in the outer cell layers 
of the skin, leaving the grape juice inside virtually colorless. Therefore, in order to 
provide wine with color pigmentation, during fermentation there must be contact 
with the grape skins in order for the anthocyanins to be extracted.

Tannins are a diverse family of chemical compounds in wine that can affect its 
color, aging ability and texture. They are perceived during wine tasting by the tactile 
drying sensation and sense of bitterness that they can leave in the mouth. Grape 
extracts are mainly rich in tannin monomers and small oligomers. The natural tan-
nins found in grapes are known as proanthocyanidins, in view of their ability to 
release red anthocyanin pigments when they are heated in an acidic solution. Grape 
skin extracts contain four tannin monomers (catechin, epicatechin, gallocatechin, 
and epigallocatechin), as well as procyanidins and prodelphinidins oligomers.

15.5.2  The Role of Polyphenols: The Main Polyphenols  
in Red Wine

15.5.2.1  Resveratrol
Among the components in red wine, resveratrol is undoubtedly the most important 
and the best studied.

Resveratrol, a stilbenoid (3,5,4′-trihydroxy-trans-stilbene) with two phenolic 
rings, is contained in the skin of grape berries (Vitis vinifera, Vitis labrusca), but in 
lower amounts is also present in cranberries, blueberries, raspberry, and mulberries.

Table 15.2 The phenolic 
compounds of wine

Flavonoids Non-flavonoids
Anthocyanins Stilbenoids (resveratrol)
Tannins Phenolic acids (caffeic, 

benzoic, cinnamic acid)
Flavonols Hydroxycinnamic acid
Proanthocyanidins (OPCs)
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Plants produce resveratrol usually in response to mechanical injuries, ultraviolet 
radiation and as a defense against viral and fungal infections. Resveratrol is pro-
duced by grapes when they are stressed particularly by fungal pathogens, i.e., 
Botrytis cinerea. Grapes seem to use the resveratrol to increase their resistance to 
fungal growth and survive the stress it entails.

The resveratrol content in red wine is between 1.98 and 7.13 mg/L, depending 
upon the grape variety and the duration of the skin contact. White wine has much 
less resveratrol, between 0.05 and 1.80 mg/L, with respect to red wine which is 
fermented with the skins, allowing the wine to extract the resveratrol; white wine is 
fermented after the skin have been removed.

Here are some of resveratrol’s numerous effects on health and diseases.
Cancer: Resveratrol has anticancer effects against several different tumor types 

at multiple stages of tumor initiation and proliferation. Specifically, resveratrol can 
induce cancer cell apoptosis by interfering with multiple signaling pathways acti-
vated in transformed cells [16]. Although resveratrol’s anticancer action appears to 
be for tumors it can contact directly, such as cancer of the skin and the gastrointes-
tinal tract, it has also been shown to prevent the development of mammary tumors 
in humans. According to a case–control study, women with high total intake of 
resveratrol had a lower risk of breast cancer compared with women with a low level 
of intake (OR: 0.39) [17]. More recently, a randomized, double-blind placebo- 
controlled trial reported that in women at an increased risk for breast cancer, twice 
daily resveratrol doses for a 12 week period was associated with a decrease in meth-
ylation of four cancer-related genes on posttreatment mammary tissue biopsies 
[18]. In cancer cell lines studied in vitro, resveratrol specifically killed cancer cells 
by a devastating increase in Ca2 coupling between the greatly tethered endoplasmic 
reticulum and mitochondria [19]. Resveratrol moreover is active against bladder 
cancer. It has been demonstrated that resveratrol induces apoptosis and cell cycle 
arrest of human T24 bladder cancer cells in vitro and inhibits tumor growth in vivo 
[20]. In prostate cancer, resveratrol enhances prostate cancer cell response to ion-
izing radiation through a modulation of the AMPK, Akt, and mTOR pathways [21]. 
Finally, resveratrol has been demonstrated to inhibit human lung cancer cell prolif-
eration and survival [22].

Antidiabetic Effects: Resveratrol acts as an agonist of PPARɣ, a nuclear receptor 
that is currently a pharmacological target of thiazolidinediones, also known as gli-
tazones, for the treatment of type 2 diabetes mellitus [23].

Cognitive Effects: In aging free-living subjects with mild cognitive impairment, 
up to 1 drink/day of alcohol or wine has been found to decrease the rate of progres-
sion to dementia [24].

Cardioprotective Effects: Numerous studies have documented that a moderate 
intake of red wine is associated with a reduced risk of heart disease [25]. This effect 
has been attributed to alcohol and to other components of red wine, i.e., resveratrol. 
Resveratrol has been shown to inhibit platelet aggregation and to stimulate endothe-
lial nitric oxide synthase (eNOS) leading to increased levels of NO [26, 27]. These 
specific effects of resveratrol should be considered additional to the heart benefits of 
alcohol.

15.5 What Are the Mechanisms in Wine and Alcohol That Help to Reduce
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Sirtuin Activation: The relationship between resveratrol and sirtuins is probably 
one of the most intriguing aspects linked to resveratrol. Sirtuins are hypothesized to 
play a key role in an organism’s response to stresses (such as heat or starvation) and 
to be responsible for the life span-extending effects of calorie restriction. It has been 
found that resveratrol stimulates the activity of the sirtuin SIRT 1. (Sirtuin stands for 
“silent mating type information regulation 2 homolog”) [1].

Seven sirtuin genes have been identified in mammals (SIRT 1–7). SIRT1 regu-
lates processes such as glucose and insulin production, fat metabolism, and cell 
survival, leading to speculation that sirtuins might mediate the effects of caloric 
restriction in mammals [28].

SIRT 1, a NAD+-dependent deacetylase, is a protein whose function in humans has 
not yet been elucidated, but its transgenic overexpression has been shown to prolong 
life span in yeast, Caenorhabditis elegans, Saccharomyces cerevisiae, and in flies, by 
activating the NAD+-dependent histone deacetylase SIRT1. Yeast sirtuin proteins are 
known to regulate epigenetically gene silencing and suppress the recombination of 
rDNA. SIRT 1 has been also found to be downregulated in cells that have high insulin 
resistance. Inducing the expression of sirtuins in these cells increases insulin sensitiv-
ity, suggesting that these molecules, particularly SIRT-1, are associated with improved 
insulin sensitivity and glucose homeostasis in mice by stimulating the SIRT1-mediated 
deacetylation of the transcriptional coactivator PGC-1α [29].

Finally, SIRT1 stimulates autophagy by preventing the acetylation of proteins 
(via deacetylation) required for autophagy as demonstrated in cultured cells and 
embryonic and neonatal tissues [30]. Data obtained in Caernorhabditis elegans sug-
gest that autophagy is required for the life span-extending effects of rapamycin as 
well as the increase in longevity promoted by caloric restriction and resveratrol 
[31]. Autophagy appears, therefore, to be the key mechanism that promotes life 
span extension and longevity in human and animal cells, worms and in flies. 
Autophagy is the target of caloric restriction and resveratrol. Resveratrol, therefore, 
appears to be involved in life span extension and longevity acting on autophagy 
through the same mechanisms of caloric restriction, that is through the SIRT-1- 
dependent induction of autophagy, the key mechanism of life span extension.

15.5.2.2  Anthocyanins
Anthocyanins are the second most represented antioxidant polyphenols in red wine. 
Anthocyanins and their downstream metabolites have been shown to have multiple 
metabolic effects. They alter signaling pathways involved in vascular inflammation, 
inhibit atherosclerosis development, improve endothelial function principally via 
improved blood flow, reduce NAD(P)H oxidase-dependent elimination of endothe-
lial nitric oxide, and inhibit platelet function [32–36].

According to several short-term interventions, anthocyanins and flavanones led 
to a reduction in both systolic and diastolic blood pressure with favorable changes 
in arterial stiffness [37–42].

Anthocyanins have also been shown to exert beneficial effects on total and LDL 
cholesterol concentrations; some evidence has demonstrated that this effect is medi-
ated by improvements in cholesterol efflux capacity [43, 44].
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The findings of a recent trial have confirmed that anthocyanins have an anti- 
inflammatory effect in patients with hypercholesterolemia [45].

The relation between anthocyanin intake and coronary artery disease and stroke 
was also analyzed by the prospective Health Professional Follow-up Study. A mul-
tivariate analysis of data regarding a 24 year follow-up showed an inverse associa-
tion between anthocyanins and nonfatal myocardial infarction (HR: 0.87). That 
study also showed that higher intakes of anthocyanins were associated with a lower 
risk of ischemic stroke (HR: 0.78) [32].

15.5.2.3  Proanthocyanidins (OPCs)
Proanthocyanidins are oligomeric flavonoids, essentially polymer chains of flavo-
noids such as catechins. They are also known as OPCs (Oligomeric 
ProanthoCyanidins), and are pycnogenol, leukocyanidin, and leucoanthocyanin. 
Found in grape seeds and skin, they are abundant in red wine, possibly the most 
abundant flavonoids according to some authors. It has been reported that “Regions 
of the world with the greatest longevity also correspond to regions with the highest 
procyanidin flavonoids in their wines” (R.  Corder—The red wine diet. Avery 
Publishing Group, Sept. 2007).

The effects of proanthocyanidins include those of neutralizing oxidants and free 
radicals, depressing blood fat, and inhibiting the destruction of collagen, the most 
abundant protein in the body. These influences, along with other mechanisms, 
explain their beneficial effect with regard to venous and capillary disorders, includ-
ing venous insufficiency, capillary fragility, diabetic retinopathy, and macular 
degeneration. The vascular benefits of red wine drinking have been reported to 
depend on the presence of oligomeric proanthocyanidins.

Some studies have shown that OPCs prevent cardiovascular disease by mitigat-
ing the negative effects of high cholesterol on the heart and blood vessels.

15.5.3  The Polyphenols in White Wine

15.5.3.1  Tyrosol
White wine is known to contain phenols, such as shikimic acid, caffeic acid, tyrosol, 
and hydroxy-tyrosol, that have antioxidant properties [46]. n-Tyrosol/2-(4- 
hydroxyphenyl) ethanol, a monophenol mostly contained in olive oil but also in 
white wine, is an active phenolic compound that has been shown in vitro to protect 
cells from oxidative stress. It was also shown that intravenous administration of 
n-tyrosol 10 min prior to coronary occlusion in an in vivo acute myocardial isch-
emia model of Wistar rats, significantly reduced the arrhythmic activity that occurs 
during myocardial ischemia and reperfusion [47].

It has been shown that the n-tyrosol/2-(4-hydroxyphenyl) ethanol of white wine 
provides cardioprotection against the ischemic stress induced by myocardial infarc-
tion in a rat in  vivo LAD occlusion model. n-Tyrosol pretreatment significantly 
reduced the extent of the myocardial infarction and cardiomyocyte apoptosis fol-
lowed by a decrease in ventricular remodeling as evidenced by a significant 
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reduction in the collagenous fibrotic tissue. It also showed an improvement in left 
ventricular myocardial functions in conjunction with a significant increase in the 
levels of phosphorylated forms of Akt, eNOS, and FOXO3a along with an increased 
expression of nuclear SIRT1 in the n-tyrosol administered groups as compared to 
untreated controls [48].

15.5.3.2  Caffeic Acid
Caffeic acid is another monophenol contained in white wine with antioxidant prop-
erties. It has been reported to significantly reduce lipid peroxidation and diminish 
DNA damage in UVB-irradiated lymphocytes [49]. Furthermore, caffeic acid pre-
treatment significantly maintains antioxidant status and decreases UVB-induced 
cytotoxicity [49]. Moreover, it has also been shown that caffeic acid can reduce 
oxidative stress and inflammation induced by 12-O-tetradecanoyl-phorbol-13-
acetate in vivo [50, 51].

At very low dosages, caffeic acid produces an effect that is similar to that 
observed after moderate white wine consumption. In fact, it exerts protective effects 
on human endothelial cell function by modulating NO release independently from 
eNOS expression and phosphorylation [52]. Caffeic acid-induced NO modulation 
has also been shown to limit cardiovascular and kidney disease progression associ-
ated with oxidative stress-mediated endothelial injury [52].

15.6  Melatonin in Wine

Recent studies have  identified melatonin, an indoleamin (see BOX), in red and 
white wines (see also Chap. 10: Grapes).

Indolamines (or indoleamins) are a family of neurotransmitters that share a 
common molecular structure (namely, indolamine). Indolamines are a classification 
of monoamine neurotransmitters, along with catecholamines and melatonin. A com-
mon example of an indolamine is the tryptophan derivative serotonin, a neurotrans-
mitter involved in mood and sleep. Another example of an indolamine is melatonin, 
which regulates the sleep-wake cycle (circadian rhythm) in humans.

Melatonin is synthesized during the winemaking process, specifically after the 
alcoholic fermentation of must by yeast. Indeed, melatonin is absent in grapes and 
musts and is formed during alcoholic fermentation. Melatonin, has been detected at 
0.6, 0.5, and 0.4 ng mL-1 in Albana white, Sangiovese red, and Trebbiano white 
wines, respectively [53]. Other studies have reported melatonin also in Chardonnay, 
Malbec, and Cabernet Sauvignon wines, at 0.16, 0.24, and 0.32 ng mL-1, respec-
tively [54]. In Groppello and Merlot red wines, melatonin has been shown to vary 
between 5.2 and 8.1 ng mL-1, depending on agrochemical treatments [55], while in 
rached wines higher concentration of melatonin have been found to range from 
245 ng/mL (Merlot) to 423 ng/mL (Syrah) [56, 57].

The presence of melatonin in wines is a quite recent discovery. Melatonin 
was long believed to be a neurotransmitter secreted by the pineal gland only in ver-
tebrates and humans,  in whom it regulates sleep and circadian physiological 
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functions through a receptor-mediated pathway. Receptor-independent processes 
have also been reported, mainly because of melatonin’s powerful antioxidant activ-
ity. Melatonin can directly scavenge free radical species (both reactive oxygen and 
nitrogen species) and stimulate the activity of antioxidant enzymes; thus it is 
involved in immune responses and the pathogenesis of chronic-degenerative 
disorders.

The presence of melatonin in plants has been extensively described in the nine-
ties also in a number of edible plants [58, 59]. So far, melatonin has been detected 
and quantified in roots, shoots, leaves, flowers, fruits, and seeds of a considerable 
variety of spermatophyte species, and its presence in plants has been confirmed 
[60].

The recently discovered melatonin in some relevant Mediterranean foods and in 
wines may represent a new factor contributing to the elucidation of the protective 
effects of diets rich in plant products. Therefore, in synergy with polyphenols and 
other bioactive phytochemicals (e.g., carotenoids and glucosinolates), melatonin 
may contribute to maximizing the benefits of a healthy dietary style such as  the 
Mediterranean diet.

15.7  Concluding Remarks

Wine is probably the most ancient alcoholic beverage of mankind.
The maximum benefit from wine and alcohol occurs at relatively low levels of 

consumption (i.e., 1–2 standard drinks a day in men (10–20 g alcohol) and up to one 
a day in women (10 g alcohol)).

The most active compounds of wine are alcohol and phenolic compounds and 
the recently described presence of melatonin.

Alcohol, at low doses, is beneficial to lipoprotein metabolism reducing LDL 
cholesterol levels and increasing HDL cholesterol. It also improves insulin sensitiv-
ity, and it decreases fibrinogen and inflammatory markers [13] such as C-reactive 
protein and interleukin-6.

Resveratrol, the most active phenolic antioxidant of red wine, exerts beneficial 
effects with regard to the cardiovascular system, cancer, diabetes mellitus, age- 
related cognitive decline, and sirtuins involved in life-prolonging effects.

Anthocyanins, the second most active phenolic compounds in red wine, is ben-
eficial in lowering LDL cholesterol, systolic and diastolic blood pressure, platelet 
aggregability, and the risk of myocardial infarction and ischemic stroke. 
Proanthocyanidins (OPCs) seem to be linked to longevity.

Thyrosol, a phenolic antioxidant of white wine, has cardioprotective effects 
against ischemic myocardial injuries.

Caffeic acid, the second most active phenolic antioxidant of white wine, protects 
endothelial functions and increases eNOS activity and NO production.

Melatonin, recently discovered in some relevant Mediterranean foods, may rep-
resent a new factor contributing to the elucidation of the protective effects of diets 
rich in plant products. In synergy with polyphenols and other bioactive 
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phytochemicals (e.g., carotenoids and glucosinolates), melatonin may contribute to 
maximizing the benefits of Mediterranean diet, primarily linked to the prevention of 
numerous degenerative diseases and cancer.
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16The Impact of the Mediterranean Diet 
on Aging, Frailty, and Longevity

16.1  Aging and Frailty

In the European Union, the number of people aged 65+ will almost double over the 
next 50 years, from 85 million in 2008 to 151 million in 2060 [1]. As reported by 
Clegg et  al. [2], population aging is also accelerating rapidly worldwide. People 
older than 65 years increased from 461 million in 2004 to an estimated rate of 2 
billion people by 2050 [3, 4]. This has profound implications for planning and pro-
vision of health and social care. The longer life does not go, however, perceived as 
a social and health problem. Indeed, it is an incredibly precious resource. It offers 
the opportunity to reconsider not only what older age might be, but how our whole 
life could unfold [5, 6]. For example, in high-income countries, there is evidence 
that many people are trying to spend these extra years of their advanced age in inno-
vative ways, such as taking up a new career or continuing education; otherwise, they 
are pursuing a neglected passion [7]. However, the scope of opportunities that arise 
from these extra years of life are heavily dependent on the state of health and self- 
sufficiency of everyone. That is, if we live in good health the years of our old age, 
our ability to dedicate ourselves to our activities will be little different from that of 
a younger person. If these added years are dominated by the decline in the state of 
health and self-sufficiency and mental state, then the implications for older people 
and for society will be much more negative [6].

16.2  What Is Frailty

The probably most problematic expression of the aging population is the clinical 
condition of frailty. The frailty can be defined as a condition of the elderly charac-
terized by a serious reduction of the functional reserve of organs and apparatuses, 
very close to the threshold of the clinical appearance of symptoms of organ decom-
pensation. Frailty, therefore, is a state of the most vulnerables to poor resolution of 
homeostasis after a stress event, which increases the risk of negative outcomes, 
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including falls, delirium, and disability [8–10]. Frail individuals are vulnerable and 
at high risk of adverse health outcomes. They have functional impairments, which 
often result in falls, immobility, and confusion. Frailty limits regular physical activ-
ity and its many health benefits, including the prevention of cognitive decline. 
People affected by frailty make the most use of community resources, hospitals, and 
long-term care institutions. The natural course of frailty is progressive, increasing 
the risk of comorbidity and disability over time [11]. It means that an apparently 
small insult (e.g., a new drug, minor infection, or minor surgery) results in a striking 
and disproportionate change in health state, i.e., from independent to dependent, 
mobile to immobile, postural stability to proneness to falling, or lucid to delirious 
[2]. Frailty develops because of age-related decline in many physiological systems, 
which altogether lead to a greater vulnerability to sudden changes in the state of 
health triggered by minor stress events. Between a quarter and half of people older 
than 85  years are estimated to be frail, and these people have a substantially 
increased risk of falls, disability, long-term care, and death [8, 12]. On the other 
hand, half of the three-quarters of people over 85 are estimated not to be frail, which 
raises several questions about how frailty develops, how it could be prevented, and 
how it can be reliably detected. Although most geriatricians intuitively recognize 
frailty, it is commonly neglected and confused with disability and various comor-
bidities [11].

Contrary to what one might think, frailty is not an inevitable consequence of 
aging, but has been recognized as an independent geriatric syndrome [8, 13–15]. It 
would therefore be more appropriate to define it as “frailty syndrome,” that is, the 
result of the interaction among various factors, including physiological alterations 
observed in aging, poly-pathology, nutritional deficiencies, negative impact of 
socio-environmental factors, and lifestyle (Fig. 16.1). Consequently, two goals are 
important for the clinician: first, identify the causes of frailty, hence its association 
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with chronic inflammation and comorbidity; secondly, to develop an effective strat-
egy for controlling the course and limiting disability.

16.3  Aging Is Not Synonymous with Frailty

Aging has been defined as the progressive loss of tissue and organ functionalities 
occurring throughout an individual’s life [16]; it is due to the accumulation of senes-
cent cells in the above tissues and organs. Cell senescence is regulated by a series of 
genes that are defined as pleiotropic antagonists [17] as they play an important role 
in anticancer protection, ultimately eliminating pre-neoplastic cells from the cell 
cycle, thus preventing malignant degeneration [18, 19]; the same genes are also 
implicated as responsible for aging and age-related diseases [20–22].

16.3.1   The Impact of Senescence on Human Health

Senescence causes a loss of tissue-repair capacity because of cell cycle arrest in 
progenitor cells. In addition, senescent cells produce pro-inflammatory and matrix- 
degrading molecules in what is known as the senescence-associated secretory phe-
notype (SASP). Persistent senescent cells in the adult are produced in two different 
contexts related to human health: healthy aging and age-related disease. In healthy 
aging, tissue and functional changes affect all individuals, while age-related dis-
eases affect only a few. In aging individuals, the processes required for tissue 
homeostasis inevitably cause functional and structural degenerative alterations in 
the cells, resulting in senescence. These senescent cells can persist in the body due 
to defects in the immune system aged or because isolate senescent cells do not have 
sufficient signaling to attract resident immune cells. Similarly, senescent cells that 
are “acutely” generated by wound repair processes, tumor suppression processes, or 
other unknown processes can be completely disposed of by the aged immune sys-
tem and survive in the body. Overall, senescent cells that arise from multiple mecha-
nisms reduce the functional efficiency of the tissues and organs during aging. At the 
same time, they make tissues and organs more susceptible to further deterioration 
when attacked by other stressors [23].

In natural aging, senescence is probably induced by the combination of telo-
meric shortening, DNA oxidative damage, endoplasmic reticulum (ER) stress, 
and other degenerative factors responsible for macromolecular damage that 
slowly accumulate in cells [24–26]. The disease occurs when additional stress 
factors challenge the rich tissues of senescent cells, such as insulin-resistant fat, 
stressed by a high-fat diet [27–29]. Stress capable of causing disease may be 
unusual, such as DNA- damaging agents in cigarette smoke, or simply a more 
prolonged or more intense version of the same stresses operating in normal 
aging, such as telomere erosion following the repair of smoke-damaged lung 
epithelium [30]. When these results are taken together, a complex interaction 
between senescent cells and local and systemic environmental factors emerges. 
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Over time, these effects are added to cellular changes related to physiological 
aging, further reducing tissue function and decreasing stress resistance. That is, 
when stress persists in a tissue already affected by cellular senescence, it is more 
likely that a pathology condition develops [23].

16.4  Senescence, Diabetes, and Atherosclerosis

16.4.1  Senescence and Type 2 Diabetes Mellitus

In physiological conditions, circulating glucose triggers an insulin release from the 
pancreas, allowing insulin-susceptible peripheral tissues, such as fat and skeletal 
muscle, to take glucose for cellular respiration [31] (see also Chap. 4, this book). In 
obese, build-up of abdominal fat tissue, characterized by a chronic inflammatory 
state, and the excess of free circulating fatty acids, can cause a state of peripheral 
tissue insulin resistance [32, 33], which requires that the more insulin-producing 
pancreas maintain normal glucose levels. The proliferation of insulin-secreting 
beta-pancreatic cells is necessary to satisfy the demand. If insulin demand for 
peripheral tissue exceeds supply, it will develop Type-2 Diabetes Mellitus (T2DM). 
The increase in beta cells replication activity leads to senescence by telomeres attri-
tion [34], thus limiting the adaptive response to insulin resistance and leading to the 
development of T2DM.  The reduced ability to maintain glucose homeostasis in 
aging can lead to widespread glucose toxicity. This global stress can drive cellular 
senescence in various cell types such as fibroblasts, kidney tubular epithelial cells, 
endothelial cells, and mesenchymal stem cells [35–38]. This potential of glucose to 
drive cellular senescence globally may contribute to other important age-related 
pathologies, such as vascular diseases, kidney disease [38], and Alzheimer’s 
disease.

16.4.2  Senescence and Atherosclerosis

In addition to causing T2DM, the stress of a high-fat diet can also drive atheroscle-
rosis. Atherosclerosis is a disease of major arteries in which high levels of low- 
density lipoprotein (LDL) bearing oxidative modifications accumulate in vessel 
walls, attracting phagocytic immune cells to form plaques [39, 40]. During plaque 
formation and expansion, smooth-muscle proliferation and declining levels of endo-
thelial nitric oxide synthase can lead to telomere shortening and oxidative stress, 
respectively [41, 42]. Because of the complex signaling between these cell types 
and immune cells recruited to plaques, these findings raise the possibility of a mul-
tistep role of senescent cells in atherogenesis. As in cancer prevention, senescence 
in atherosclerosis may serve an initial protective role by restricting proliferation 
within developing lesions and minimizing plaque-disrupting apoptosis. However, at 
some threshold of senescence burden, the pro-inflammatory, matrix-degrading 
SASP may exacerbate disease [23].
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16.5  Diet, Metabolism, and Frailty

16.5.1   The Effects of Caloric Restriction

It is known that many metabolic changes, including modulation of mitochondrial 
function, decreases insulin sensitivity and alterations in substrate usage accompa-
nies aging [43]. These changes can contribute to the aging of the phenotype and 
predisposes an individual to age-related conditions. In both experimental mouse 
models and humans, Caloric Restriction (CR) does have marked effects on weight 
and white adipose tissue (WAT) biology [44]. Although overall weight loss is com-
mon, a large fraction of the weight loss comes from the WAT and visceral fat stores 
[45, 46]. Interestingly, the common strains of laboratory rodents all experience 
extended life spans in response to CR, but this is not a universal effect. Indeed, cer-
tain inbred mice strains show only a modest effect or even a reductive effect on life 
span after CR [47]. Another bioenergetic effect of CR is a decreased reliance on 
carbohydrates and an increased utilization of fatty acid oxidation [48]. In fact, the 
degree of fat loss induced by food restriction is an important variable that seems to 
correlate with the beneficial effects of CR. In an analysis conducted on nearly 40 
strains of mice, the beneficial longevity effects of CR were correlated with those 
mice that were best able to maintain fat stores, in the setting of a 40% CR regimen 
[49]. Moreover, results from a study conducted on progeroid mice models showed 
that a dietary restriction of 30% tripled the median and maximal remaining life 
spans of these mice. Mice undergoing dietary restriction retained 50% more neu-
rons and maintained full motor function far beyond the life span of mice fed ad 
libitum.

Molecular analysis of gene expression suggested that dietary restriction increases 
resistance to DNA damage-induced stress, improves antioxidant defenses, and 
change insulin and other hormonal signaling pathways. Dietary restriction also 
changes mitochondrial function and apoptotic responses and induces a shift from 
pro- to anti-inflammatory cytokines [50]. It is well known, from randomized studies 
and subsequent meta-analysis, that aging is associated with a physiological reduc-
tion of appetite, resulting in reduced energy intake [51]. In addition, the results of 
some randomized human trials indicate that caloric restriction bolsters the body’s 
ability to adapt to use whatever energy substrates are available, be those of glucose 
or fatty acids [52]. This adaptation is known as metabolic flexibility, a property that 
has long been linked to metabolic health and, increasingly, longevity [43]. There is 
also a strong link between CR and reduced inflammation, as shown in randomized 
data from nonhuman primates [53]. The exact molecular basis for these effects is 
unclear; however, it is of interest that a recent report has linked a rise in serum 
β-hydroxybutyrate, a ketone metabolite known to increase during fasting, to inhibi-
tion of the inflammasome [54]. Such metabolic-based inhibition of inflammasome 
activation may be at least one mechanism through which CR could suppress detri-
mental activation of the immune system. Other possibilities include a CR-induced 
delay in thymic involution, thus preserving T cell function [55], or a reduction in 
oxidative stress-induced inflammation [56].
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16.5.2  Mitochondrial Activity and Aging

Numerous screens in model organisms involved nuclear-encoded mitochondrial 
proteins in the regulation of life span [57, 58]. Most of these genetic interventions 
have altered the expression of electron transport chain components that have com-
promised mitochondrial function and, however, have resulted in longer life expec-
tancy [44]. This is difficult to conceptualize because human aging is generally 
associated with a decline in mitochondrial function [59]. Likewise, in mice models 
bearing significant mitochondrial genome mutations designed to significantly 
impair mitochondrial function, a phenotype characterized by accelerated aging was 
observed [60, 61]. The best explanation for these apparently contradictory observa-
tions is that they vary depending on the extent of the mitochondrial damage that has 
been achieved. For example, in experiments conducted on C. elegans, while a mod-
est reduction in various components of mitochondrial electron transport leads to an 
increase in life expectancy, a significant reduction, i.e., a high mitochondrial dam-
age, shorten the life span [62]. There is also genetic evidence in mammalian models 
that mild impairment of mitochondrial function might extend life span. This con-
cept seems antithetical to the long-held belief that reactive oxygen species (ROS) 
fuels the aging process [63]. Although it is certainly clear that mithochondrial ROS 
can be harmful for the life span [64], there is also evidence that a small increase in 
mitochondrial ROS production may also trigger the activation of redox-sensitive 
pathways with long-lasting and prolonged protective effects.

The general concept that a little stress can protect against larger, subsequent 
stresses is often termed hormesis, and when specifically concerning the mitochon-
dria, is termed as mitohormesis [65–67]. It is also apparent that ROS levels are not 
the only mediator of mitochondrial stress that can increase life span. Mitochondrial 
turnover—namely, the balance between the synthesis of new mitochondria (biogen-
esis) and the removal of old and damaged mitochondria (mitophagy)—represents an 
additional process that connects mitochondria to aging. Evidence suggests that inter-
ventions that increase longevity, such as CR, stimulate the mitochondrial- biogenesis 
through the induction of peroxisome proliferation-activated receptor gamma, and 
coactivator 1 alpha (PGC-1α) expression [68, 69]. Consequently, it is believed that a 
decline in the biogenesis both through the reduced activity of PGC-1a and through 
other routes contributes to various age-related diseases [70]. Mitochondrial quality 
control also requires the removal of mitochondria that are old and damaged. Aging 
seems to produce a gradual decline in autophagic activity [71], and it is presumed 
that the more specialized process of mitophagy follows a similar age-dependent 
decline. Indeed, in experimental models, the overexpression of gene products that 
appear to stimulate selectively mitochondria seems to prolong life expectancy [72].

16.6  The Mediterranean Diet

As already discussed above (see Chap. 1), the traditional Mediterranean Diet (MD) 
is characterized by a high intake of foods of plant origin (fruit, vegetables, breads, 
other cereals, potatoes, beans, nuts, and seeds) and fresh fruit as daily dessert [73]. 
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Olive oil is the principal source of fats. Dairy products (mainly light cheese and 
yogurt), fish and poultry are consumed in low-to-moderate amounts, egg consump-
tion is limited to a maximum of four per week, red meat is consumed in low amounts, 
sporadically, or no more than once a week. MD is low in saturated fats, which are 
no more than 8% of the total caloric intake. The caloric intake derived from fats 
does not exceed 30% of the total caloric intake [74]. Wine is consumed in low-to- 
moderate amounts, normally with meals [75]. From Ancel Keys’ studies, which 
suggested beneficial health effects derived from the MD [76], the MD has been 
proposed as a healthy diet model, and has been associated with a lower risk of car-
diovascular and metabolic diseases.

The traditional MD has also been proposed as an optimal weight-loss diet model. 
A population-based, prospective study conducted by Trichopoulou et al. [77] involv-
ing 22,043 Greek adults to assess the relation between adherence to the MD and 
total mortality, assessed by the Mediterranean Diet Score [78], showed that a two- 
point increment in the Mediterranean-diet score was associated with a 25% reduc-
tion in total mortality (adjusted HR  =  0.75; 95%CI: 0.64–0.87; P  <  0.001). 
Particularly, the adherence to the MD was associated to a 32% reduction of mortal-
ity from coronary heart disease (adjusted HR = 0.67; 95%CI: 0.47–0.94). Mortality 
from cancer was also reduced significantly (adjusted HR  =  0.76; 95%CI: 0.59–
0.98). This inverse association between the Mediterranean-diet score and total mor-
tality was also evident after adjustment for age, sex, years of education, smoking 
status, body-mass index, waist-to-hip ratio, energy-expenditure score, and total 
energy intake. Importantly, the only measures that predicted total mortality were the 
intake of fruit and nuts and the relationship between monounsaturated lipids and 
saturated lipids.

This finding was later confirmed by the results of PREDIMED Study [79], which 
revealed that, among subjects at high cardiovascular risk, a MD supplemented with 
extra-virgin olive oil (EVOO), that is an intake of monounsaturated fatty acids and 
antioxidants, or nuts, this is a supply of n-3 polyunsaturated fatty acids, reduced the 
incidence of acute myocardial infarction, stroke, or death from any cardiovascular 
causes event (MD with EVOO: hazard ratio = 0.70, 95% CI: 0.53–0.91, P = 0.009; 
MD with nuts: hazard ratio = 0.70, 95% CI: 0.53–0.94, P = 0.02). Subsequently, 
[80] a large meta-analysis of prospective cohort studies which reviewed studies that 
analyzed prospectively the association between adherence to a MD pattern, mortal-
ity, and incidence of diseases, involving a total of 1,574,299 subjects followed for a 
time ranging from 3 to 18 years, established that a greater adherence to a MD is 
associated with a significant improvement in health status and with a reduced risk 
of mortality (RR  =  0.91; 95%CI: 0.89–0.94; P  <  0.0001). Particularly authors 
showed that a greater adherence to a MD pattern is associated with a significant 
reduction in mortality for cardiovascular diseases (RR = 0.91; 95%CI: 0.87–0.95; 
P < 0.0001) and for cancer (RR = 0.94; 95%CI: 0.92–0.96; P < 0.0001). A further 
meta-analysis conducted subsequently by the same authors on cohort prospective 
studies, involving 2,190,627 subjects [81], has confirmed the above findings, namely 
that a high adherence to the Mediterranean Diet model is associated to a better 
health status, better quality of life, and with a significant reduction of overall mor-
tality (RR  =  0.92; 95%CI: 0.90–0.94; P  <  0.0001), cardiovascular incidence or 
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mortality (RR = 0.90; 95%CI: 0.87–0.93; P < 0.0001), cancer incidence or mortality 
(RR  =  0.94; 95%CI: 0.92–0.96; P  <  0.0001), and neurodegenerative diseases 
(RR = 0.87; 95%CI: 0.81–0.94; P < 0.0001), including mild cognitive impairment.

16.6.1  n-3 Polyunsaturated Fatty Acids

Concerning the dietary intake of n-3 polyunsaturated fatty acids, which is linked to 
a reduction in the incidence of aging-associated disease, including cardiovascular 
disease and stroke, an elegant study conducted by Qi et al. [82] showed that the 
treatment of Caenorhabditis elegans with α-linolenic acid (ALA) (Fig. 16.2), pro-
duced a dose-dependent increase in life span. The increased longevity of the GLP-1 
mutant animals, which show an increased production of the ALA, is known to be 
dependent on both the NHR-49/PPARa and SKN-1/Nrf2 transcription factors. 
Authors found that ALA treatment increased the life span of wild-type worms and 
that these effects required both transcription factors. Specifically, NHR-49 was acti-
vated by ALA to promote the expression of genes involved in the b-oxidation of 
lipids, whereas SKN-1 is not directly activated by ALA, but instead, the exposure of 
ALA to air results in the oxidation of ALA to a group of compounds termed oxy-
lipins. At least one of the oxylipins activates SKN-1 and enhances the increased 
longevity. Results of this study shows that n-3 fatty acids inhibit aging and that these 
effects could reflect the combined effects of the n-3 fatty acid and the oxylipin 
metabolites. The authors conclude by advancing the hypothesis that the benefits of 
n-3 fatty acid consumption on human health may similarly involve oxylipin 
production.

16.7  The Mediterranean Diet and Aging

16.7.1  The Mediterranean Diet, Mortality, and Life Span

It is well known that most of the interindividual variation in life span is explained by 
stochastic and environmental factors, including diet. It is also well known that dietary 
caloric restriction (CR, restriction in energy supply while ensuring adequate intake 
of all nutrients) can extend the life span in rodents and a similar effect has been dem-
onstrated in several other model organisms including yeast, worms, flies, fish, and 
spiders [83]. The CR paradigm has been invaluable in elucidating the molecular 
pathways that modulate aging including the insulin-like growth factor-1/insulin 
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signaling pathway, the sirtuin pathway, the AMP activated protein kinase pathway, 
and the mammalian target of rapamycin pathway, all of which interact [48, 84].

There is convincing evidence that CR and exercise prevent and defend from mul-
tiple forms of cellular and molecular damage associated with aging, which mediate 
intrinsic and progressive functional decline with aging. Conversely, excessive nutri-
tion and physical inactivity increase the risk of disease and accelerate aging. CR and 
exercise enhance the resistance of an organism to challenges and maintain physio-
logical function. However, in all conditions of compromised resilience, chronic ill-
ness, multimodality, disability, and frailty manifest themselves and compromise the 
health and longevity. In these cases, the CR has no beneficial effects; on the con-
trary, it can compromise the response to infections, as well as healing wounds and 
fractures, until it leads to a complete inability to recover. However, short-term re- 
feeding may be able to undo these negative effects of CR [85] (Fig. 16.3).

Since 1995 Trichopoulou et al. [78] provided evidence that a nutritional pattern 
of the MD favorably affects life expectancy among elderly people. They showed 
that a high adherence to the MD, which was assessed with a validated extensive 
semiquantitative questionnaire on food intake, was associated with a significant 
17% reduction in overall mortality. They also showed that a higher diet score was 
significantly associated with a sharply reduced risk of death, by 17% per one-unit 
increase and by more than 50% per four-unit increase. Subsequent evidence further 
confirmed the link between lifestyle and behavioral factors in the mid-life and their 
association with successful aging and the primary prevention or delay of disability, 
dementia, frailty, and noncommunicable chronic conditions, including cancer. The 
long-term impact of beneficial behavioral factors in middle to older age adults 
results in a greater chance of successful aging and in the primary prevention or 
delay of disability, dementia, frailty, and noncommunicable chronic conditions. 
Lafortune et al. [86] conducted a systematic review of 164 cohort and case-control 
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studies. The authors have shown, with consistent evidence [87–89], that a healthy 
diet in mid-life is related to healthy and successful aging, where healthy and suc-
cessful aging are defined as absence of major chronic diseases or major impair-
ments in cognitive or physical function or mental health. A Mediterranean-type diet 
is associated to a more successful aging [89]. On the contrary, a Western dietary 
pattern (characterized by high intakes of fried and sweet food, processed food and 
red meat, refined grains, and high-fat dairy products) was associated with less suc-
cessful aging. Doubtlessly, environment and lifestyle play a major role in human 
health and aging.

There is a consistent evidence that adherence to the Mediterranean dietary pat-
tern is associated with reduced mortality risk, a benefit that appears to be indepen-
dent of geography, as shown by the EPIC-elderly prospective cohort study [90], a 
multicenter, prospective cohort study, which examined whether adherence to the 
MD model was associated with greater life expectancy among older Europeans. 
Authors examined 74,607 men and women, aged 60 or more, from nine European 
countries (Denmark, France, Germany, Greece, Italy, the Netherlands, Spain, 
Sweden, and United Kingdom). They used a modified version of the Mediterranean 
Diet Score, where monounsaturated lipids were substituted with the sum of mono-
unsaturated and polyunsaturated lipids in the numerator of the lipid ratio. This 
allowed the score to be applied to non-Mediterranean populations, in which intake 
of monounsaturated from olive oil is minimal. Authors showed that an increase in 
the modified Mediterranean Diet Score was associated with lower overall mortality; 
specifically, an increase of two units corresponded to a statistically significant 
reduction of 8% (95%CI 3–12%). In addition, the authors found no statistically 
significant evidence of heterogeneity among the countries in the association of over-
all mortality scores, although the association was stronger in Greece and Spain, 
probably because in these countries the modified Mediterranean diet was genuinely 
a MD and was followed uniformly by the entire population. In Italy, most deaths 
occurred in northern Italy, where the traditional diet could not be considered a MD.

Concerning the association between lifestyle and mortality, there are few studies 
among the oldest old in developing countries. Shi et al. [91] conducted an interesting 
study that examined the association between food habits, lifestyle factors, and all-
cause mortality in people aged 80  years and older, using data from the Chinese 
Longitudinal Healthy Longevity Survey (CLHLS), from the baseline survey until 
2011. 8959 participants aged 80 years and older were involved. Authors showed that 
daily fruit intake was inversely associated with a higher mortality risk (HR = 0.85; 
95%CI: 0.77–0.92; p < 0.01), as also daily vegetables intake (HR = 0.74; 95%CI: 
0.66–0.83; p < 0.01). On the contrary, there was a positive association between intake 
of salt-preserved vegetables and mortality risk (HR  =  1.10; 95%CI: 1.03–1.18; 
p < 0.001). Authors also constructed a “healthy lifestyle score” that was based on 
three factors: daily intake of fruit, vegetable, and regular physical activity. A positive 
answer to each of the three-lifestyle factors was given a score of one. The maximum 
total score was three. Subjects who scored three, that means a healthy lifestyle score, 
had 2 years longer median survival, even if they had chronic diseases.
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16.7.2  The Mediterranean Diet and Inflammation

There are now established evidence confirming that the MD significantly reduces 
mortality rates for various chronic diseases, including cardiovascular disease, neu-
rodegenerative diseases, and cancer [92]. At the basis of this association there is the 
synergistic protective effect of the various components of the MD. In this regard, 
several intervention studies have investigated the potential role of MD in the preven-
tion of cancer, obesity, and cardiovascular and neurodegenerative diseases. Serra- 
Majem and Estruch [93], in their systematic review of 35 experimental studies, 
confirmed that MD has favorable effects on lipoprotein levels, endothelium vasodi-
latation, insulin resistance, metabolic syndrome, antioxidant capacity, myocardial 
and cardiovascular mortality, and cancer incidence in obese patients and in those 
with previous myocardial infarction. In a subsequent systematic review of 11 ran-
domized clinical trials for the Cochrane Collaboration involving 52,044 subjects, 
Rees and colleagues [94] have further concluded that MD positively affects cardio-
vascular risk factors, including reduction of total cholesterol and low-density lipo-
protein (LDL) cholesterol. Sleiman et al. [95] conducted a systematic review on 24 
studies (including cross-sectional, prospective, and controlled clinical trials) which 
showed that MD has some favorable effects on both glycemic control (particularly 
on fasting glucose and HbA1c) and cardiovascular disease.

In the Moli-sani study, a large prospective cohort study that recruited 24,325 men 
and women from the general population of the Molise Region, in Southern Italy, 
Bonaccio et al. showed that a MD pattern was significantly associated with lower 
values of glucose, lipids, CRP, and blood pressure and with reduction of 10-year 
cardiovascular risk, while the consumption of healthy foods with high content in 
antioxidant, vitamins, and phytochemicals was correlated with lower blood pressure 
and CRP plasma levels [96]. There is a consistent evidence that nutrition modulates 
multiple interconnected processes that play a major role in both carcinogenesis and 
inflammatory responses, including free radical production, NF-κB activation, 
expression of inflammatory cytokines, and the eicosanoids pathway [97]. MD may 
positively impact the so called “inflammaging” through either epigenetic mecha-
nism (that include chromatin remodeling, DNA methylation and miRNAs) or pres-
ervation of gut microbiota homeostasis [92].

Concerning the relationship between dietary patterns and mental health [98] a 
healthy diet such as the Mediterranean-style diet including high consumption of 
vegetables, fruits, legumes, olive oil, fish, cereals, nuts, and seeds can provide a 
range of nutrients including B vitamins, omega-3 fatty acids, and antioxidants [99]. 
Antioxidants can protect the brain against oxidative damage to cellular membranes, 
which has been implicated in psychiatric disorders including depression [100] and 
in dementia. The omega-3 fatty acid docosahexaenoic acid is highly concentrated in 
the structure of the brain and is critical for brain development. Omega-3 fatty acids 
and vitamins also influence a variety of brain functions including production of 
neurotransmitters, neuronal cell growth and survival, and protection of the blood 
brain barrier [99].

16.7 The Mediterranean Diet and Aging
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16.8  The Mediterranean Diet and Frailty

16.8.1  Inflammation and Frailty

The state of chronic and low-grade inflammation in elderly people which has been 
defined as “inflammaging” [101] may be prodromal to the onset of cognitive dis-
ability [102] and multimorbidity [103]. All the chronic diseases with a high preva-
lence in the older population may in fact be linked with altered immune and 
inflammatory response [104]. Chronic activation of the inflammatory response also 
impacts survival, contributing with cognitive symptoms, depression, and poor 
physical performance to define a high-risk profile for mortality [105, 106]. The role 
of nutrition in these processes is of great importance. Chronic low-grade inflamma-
tion, resulting from comorbidity, is one of the determining factors of loss of appe-
tite and reduced energy intake in the elderly, also known as “anorexia of aging,” 
while acute inflammation may contribute to raising energy requirements, thus driv-
ing the onset of “disease-related malnutrition” [107]. The anabolic imbalance 
resulting from nutrition and nutritional needs has been associated with the onset of 
frailty, muscle mass loss, muscle strength reduction, and functional dependence 
that leads to disability. Diminished food intake and increased energy creates a 
vicious circle with unfavorable prognostic trajectory [108]. This catabolic state is 
greatest during critical illness conditions characterized by poor response to nutri-
tional intervention [109].

In older individuals admitted to hospital for acute illness or chronic disease 
reactivation, inflammation degree has a greater influence on prognosis than nutri-
tional status [110]. More importantly, the low-grade catabolic state present out-
side the acute phase is strongly related to inflammaging. This phenomenon, 
defined as “anabolic resistance,” implies a nonoptimal protein synthesis of  skeletal 
muscle in response to physiological stimuli and is one of the major determinants 
of sarcopenia [111].

16.8.2  Mediterranean Diet Patterns, Osteoporosis, 
and Sarcopenia

There are convincing evidences about the association of a healthy diet rich in veg-
etables, fruits, legumes, and omega-3 fish, or a diet based on the Mediterranean diet 
model, with a lower risk to developing osteoporosis and sarcopenia, in old individu-
als. An interesting cross-sectional study conducted on 2570 women aged 18–79 years 
from the UK [112] for evaluating the associations between the MD score and FFM% 
(fat-free mass/weight × 100), FFMI (fat–free mass/height2), hand grip strength, and 
leg explosive power (LEP, watts/kg) showed that higher adherence to MD was posi-
tively associated with a significantly higher fat-free mass and LEP, with a significant 
difference of 1.7% for FFM% and 9.6% for LEP (P trend <0.001).

Concerning the risk of sarcopenia, a cross-sectional study conducted on 327 
community-dwelling elderly people from northern Taiwan [113] showed that a 

16 The Impact of the Mediterranean Diet on Aging, Frailty, and Longevity



429

high daily intake of protein, mostly vegetable proteins, confer a protection against 
depletion of the muscle mass. Participants in the lowest total protein quartile had a 
higher risk for depletion of the muscle mass than those in the highest quartile 
(OR  =  3.03; 95%CI: 1.37–6.72). Similarly, participants in the lowest vegetable 
protein quartile had a higher risk for depletion of the muscle mass than those in the 
highest quartile (OR = 2.34, 95%CI: 1.14–4.83). Two different studies conducted 
on Dutch population, respectively, from the Maastricht Sarcopenia Study—MaSS 
[114] (227 subjects) and from the PROVIDE Study [115] (136 subjects), to inves-
tigate whether there were differences in the intake of nutrients and micronutrients 
and in the quality of life between sarcopenic and nonsarcopenics older adults, con-
firmed that sarcopenic older adults differed in certain nutritional intakes and bio-
chemical nutrient status compared with nonsarcopenic older adults. Including 
dietary and supplement intakes, sarcopenic older adults from the MaSS Study had 
a lower intake of protein (p = 0.048) and n-3 fatty acids (p = 0.022), but a higher 
intake of ALA (p = 0.018), and a lower intake of folic acid (p = 0.016) and magne-
sium (p = 0.024). Also, sarcopenics subjects had a lower intake of vitamin B6 from 
dietary intake (p = 0.005); when dietary supplements were included in analysis, no 
significant differences were observed between sarcopenic and nonsarcopenic older 
adults (0.679). When considering the subjects from the PROVIDE Study, all the 
sarcopenics older adults had a lower practice of physical activity (p < 0.001) and a 
lower quality of life (p  <  0.001). Compared to nonsarcopenics, the sarcopenic 
group had a lower intake of protein/kg (p = 0.044), vitamin D (p = 0.007), vitamin 
B-12 (p = 0.011), magnesium (p = 0.015), phosphorus (p = 0.014), and selenium 
(p = 0.039) (all p < 0.05).

16.8.3  Mediterranean Diet Patterns and Frailty

Several studies conducted on different populations around the world have shown 
that a healthy diet rich in vegetables, fruits, legumes, and fish omega-3 or a diet 
based on the Mediterranean-style model was associated with a lower risk to develop 
frailty, even in very oldest individuals. On the other hand, it is well known that nutri-
tion plays a decisive role in the development of frailty. It is well established that 
nutritional supplements, in addition to high intensity resistance exercise training, is 
an effective way of counteracting muscle weakness and physical frailty in older 
people [116].

Bonnefoy et al. [117] in their narrative review summarizing the current corpus of 
knowledge on nutrition and frailty have reiterated that the MD is the best diet to 
maintain the health status. Even though there are many reports on the composition 
of such diet, most of the authors agree that the main components are each day sev-
eral vegetables (especially raw vegetables), fruits (including nuts), which provide 
many vitamins, raw cereals (bringing antioxidant trace elements), and olive oil. This 
MD is poor in red meat and rich in fish, source of n-3 fatty acids. Also, many spices 
with antioxidant properties and garlic with antihypertensive properties are largely 
used [77] (see also Chap. 14, this book). The Mediterranean Diet can therefore be 
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considered a key component of healthy aging and the best strategy to prevent age- 
related disability [83, 118].

It has been shown that adherence to a Mediterranean diet has positive effects on 
mobility, in a sample of 935 men and women aged 65 years and more from the 
InCHIANTI Study, after a follow-up of 9 years [119]. Authors showed that a high 
adherence to the MD was associated with a better lower body performance, which 
was measured using the Short Physical Performance Battery (SPPB), at baseline. 
Also, participants with higher adherence to the MD experienced less decline in 
SPPB score at 3, 6, and 9 years and a lower risk of developing mobility disability. 
In a subsequent study which evaluated dietary quality in 192 community-dwelling 
volunteers older than 75 years by using the MD Score, high adherence to the MD 
measured by the MD Score was associated to a lower risk of developing frailty 
(OR = 0.26; 95 CI: 0.07–0.98) [120]. Diets rich in n-6 PUFA and poor in n-3 PUFA 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) may result in a pro- 
inflammatory environment that may be deleterious for muscle or other tissues. It is 
known that n-6 PUFA are a precursor of arachidonic acid that are a substrate of 
cyclooxygenase and lipoxygenase enzymes (see Chap. 13, Sect. 13.4.2, this book). 
Fish-oil supplementation enhanced the benefits of strength training for lower limb 
strength, in a randomized study in Brazilian women [121]. In the same study, a 
greater improvement for chair-rising performances was observed for the trained 
group supplemented with fish oil. In another interventional study, fish oil supple-
mentation resulted in an improvement in walking speed in postmenopausal women 
[122]. On the contrary, a low intake of EPA or DHA is associated with poor func-
tional mobility, according to the results of a cross-sectional study involving 417 
Japanese elderly men [123]. The results of this study suggest that fish oil supple-
mentation has a favorable effect particularly when is taken in addition to strength 
training and may represent a promising preventive therapeutic strategy in the cure 
of frail sarcopenics patients.

The abnormal synthesis of muscle protein in sarcopenic elderly may result from 
various factors such as lower response to insulin or impaired response to amino 
acids [124, 125]. Dietary strategies should be developed to compensate for this 
impairments and to help counteract muscle atrophy caused by immobilization peri-
ods that are frequently observed in the elderly [126]. However, in everyday life, the 
distribution of protein input seems to be very heterogeneous among different meals 
with less than 10 g of protein ingested during the breakfast in a population of frail 
and institutionalized elderly [127]. In nursing homes, this clearly implies a huge 
period of nearly 18 h between dinner and lunch without sufficient amounts of pro-
tein. Therefore, this could explain why anabolism could be compromised even if 
daily protein intake is apparently adequate in this population at risk of negative 
outcomes.

Still on frailty, the results of a longitudinal study on 690 community-living per-
sons older than 65 years, from the InCHIANTI Study [128], have shown that a high 
adherence to MD was associated with a significant lower risk of developing frailty 
(OR = 0.30; 95%CI: 0.14–0.66). A higher adherence to a MD pattern was also asso-
ciated with a lower risk of low physical activity (OR = 0.62; 95%CI: 0.40–0.96) and 
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low walking speed (OR = 0.48; 95%CI: 0.27–0.86). Results from a subsequent pro-
spective cohort study involving 1872 noninstitutionalized individuals older than 
60 years from the Seniors-ENRICA cohort Study [129] showed that high adherence 
to a Prudent Pattern, characterized by a high consumption of olive oil, vegetables, 
potatoes, legumes, blue fish, pasta, and meat, was associated to a lower risk of 
developing frailty (OR = 0.40; 95%CI: 0.20–0.81; P-trend = 0.009), as compared to 
a Westernized Pattern (WP), characterized by a high consumption of refined bread, 
whole dairy products, and red and processed meat, as well as low intake of whole 
grains, fruit, low-fat dairy, and vegetables; high adherence to the WP was associated 
to a high risk of developing frailty (OR = 1.61; 95%CI: 0.85–3.03; P-trend = 0.14). 
Furthermore, with respect to Fried’s criteria of the frailty [8], authors showed that a 
high adherence to a WP was associated to high risk of slow walking speed 
(OR  =  1.85; 95%CI: 1.19–2.87; P-trend  =  0.007) and weight loss (OR  =  2.12; 
95%CI: 1.22–3.70; P-trend = 0.007).

Another interesting study was conducted on a sample of 2724 Chinese 
community- dwelling, men and women, more than 65  years old, to examine the 
relationship of diet patterns with incident frailty [130]. A validated semiquantitative 
food frequency questionnaire (FFQ) [131, 132] was used to assess the dietary 
intake. The following quantitative scales were then used: the first, the Dietary 
Quality Index-International (DQI-I), which total score ranges from 0 to 94, was 
used to indicate the quality of the diet, where higher score indicate better diet qual-
ity [133, 134]; the second, the Mediterranean Diet Score (MDS) was used to assess 
the adherence to the MD [77, 135]. Authors showed that every 10-unit increase in 
DQI-I was associated with 41% reduced risk of frailty in the sex- and age-adjusted 
model (OR = 0.59; 95%CI: 0.42–0.85; p = 0.004). The association attenuated after 
adjusting for Body Mass Index (BMI), energy intake, physical activity, education 
level, smoking status, alcohol use, depression, cognitive impairment, living alone, 
and marital status at baseline (OR = 0.69; 95%CI: 0.47–1.02; p = 0.056). It is inter-
esting to note that in the no association of MDS, with frailty was observed among 
Chinese older people.

A further confirmation of the protective role of the Mediterranean diet towards 
the onset of frailty came from two studies conducted on a French and US popula-
tion, respectively.

In the first study [136] involved a sample of 560 subjects older than 75 years was 
selected from the participants of the Bordeaux Centre of the Three-City (3C) Study 
[137], a population-based prospective cohort study. Food habits were evaluated by 
a Qualified Research Assistant using a semiquantitative Food Frequency 
Questionnaire (FFQ), which estimated the weekly consumption of 12 food and food 
groups, including fats. Adherence to the MD was evaluated by the MDS [77]. Even 
in this case, a high adherence to the MD was associated with a low incidence of 
frailty (p  =  0.02). Indeed, after adjusting for age, sex, marital status, education, 
BMI, diabetes, cardiovascular history, taking more than 5 drugs/day, hypertension, 
MMSE score depression state, subjects with the highest adherence to MD had a 
significantly 68% decreased risk of developing frailty over time (OR = 0.32; 95%CI 
0.14–0.72, p = 0.006). Compared to the Fried’s criteria of frailty [8], authors showed 
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that a high adherence to MD was associated to low risk of poor muscle strength 
(OR = 0.44; 95%CI: 0.20–0.98, p = 0.04), slowness (OR = 0.45; 95%CI: 0.20–0.99, 
p = 0.04), and low physical activity (OR = 0.39, 95%CI: 0.18–0.82; p = 0.01).

The second study [138] investigated whether adherence to a MD pattern was 
associated with a lower incidence of frailty in a large cohort of US people. 4421 
participants whose data were gathered from the Osteoarthritis Initiative (OAI) were 
studied [139, 140]. Participants’ diet patterns were analyzed using the Block Brief 
2000 food frequency (FFQ) questionnaire during the baseline appointment [141]. 
Adherence to a MD pattern was evaluated using the Mediterranean diet score 
(aMED) proposed by Panagiotakos et al. [142]. The score was calculated based on 
a food frequency questionnaire completed during the baseline OAI visit. After 
adjusting for 10 potential confounders (age, sex, race, body mass index, education, 
smoking habits, yearly income, physical activity level, Charlson comorbidity index, 
and daily energy intake), participants with the highest adherence to a MD pattern 
were found to have a significant reduction in incident frailty (HR = 0.71; 95%CI: 
0.50–0.99, p = 0.047), compared to those in the lower category. Concerning indi-
vidual components of the MD, low consumption of poultry was associated with 
higher risk of frailty (HR = 1.34; 95%CI: 1.07–1.67, p = 0.009).

16.9  Concluding Remarks on Sarcopenia

The association between nutrition and frailty becomes evident during the clinical 
course of frailty (Fig. 16.4). Aging is characterized by a decrease in lean body mass, 
bone mineral density, and to a lesser extent fat mass. The sarcopenia leads to 

Fig. 16.4 The clinical course of frailty
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weakness and decreased physical activity. The progression of sarcopenia may be 
accelerated by inadequate protein intake, which also characterizes aging [143]. The 
“anorexia of aging,” namely the loss of appetite with the consequent reduction of 
energy supply in the elderly, contributes to inadequate protein intake. Moreover, 
older people avoid consuming animal protein because of age-related factors, mainly 
difficulty in chewing and changes in taste and smell. Moreover, even when protein 
intake is adequate there are many age-related factors (insulin resistance, impair-
ments in protein digestion and amino acid absorption) that can inhibit muscle pro-
tein synthesis stimulation in older people [144].

Poor dietary intake may also produce micronutrient deficiencies that could con-
tribute to the development of frailty. Vitamin D and calcium are of high interest, as 
they may affect bone health and, hence, mobility. Insufficient intakes of both cal-
cium and vitamin D intakes have been observed in the elderly population and may 
accelerate bone resorption observed in the elderly. Additionally, social isolation 
resulting from depression or diminished health overall may reduce the chances for 
sunlight exposure, and thus vitamin production in the skin, or for physical exercise, 
that is the major stimuli for bone calcium retention.

Food components with antioxidant properties may also be involved in the devel-
opment of frailty. A progressive, although slow, deterioration of antioxidant status 
has been observed in healthy free-living elderly [145] along with an increase in 
markers of oxidative stress [146]. This could be the result of decreased dietary 
intake [146, 147] or the aging process per se. Increased oxidative stress is strongly 
implicated in the pathophysiology of aging, but also in specific pathologies of 
frailty, including the decline in bone mass and strength [148], and muscle atrophy 
[149]. While our understanding of the relationship between frailty, nutrients, and 
antioxidants continues to grow in terms of molecular mechanisms, the most con-
vincing evidence connecting the nutritional and antioxidant intake and the preven-
tion of frailty is probably the association between adherence to the MD and frailty 
prevention that has been observed in many cross-sectional and prospective studies 
described above.
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