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14.1 INTRODUCTION

The Mediterranean region spans 3 continents and more than 15 countries connected
by blue seas and magnificent terrain. The Mediterranean area is a world of its own
and the Mediterranean lifestyle is a mix of cultures and cuisines. Recent medical
research has shown that this cuisine is much better for our health than the typical
American diet. While the preparation and seasonings vary from country to country,
the people of the Mediterranean region all eat larger amounts of vegetables, fruits,
beans, and grains; use olive oil as the main source of fat; and consume moderate
amounts of protein, primarily from fish and poultry. By embracing the new trend
towards healthier eating, we need to adopt the types of cooking which were devel-
oped several decades ago around the Mediterranean Sea.

People have become aware that good health is linked to good diet. The real
difficulty has been defining a healthy diet. As we have begun to understand that a
healthy diet leads to a healthy lifestyle, the concept of the Mediterranean diet is
growing in popularity. The Mediterranean diet, as a model of a healthful diet, has
attracted considerable attention because of the low rates of chronic diseases and the
high life expectancy noted in countries bordering the Mediterranean Sea. Mediter-
ranean diets are found not only to produce favorable effects on blood lipid profiles,'
but also protect against oxidative stress and carcinogenesis.? The high intake of
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antioxidants and fiber helps to scavenge even the small amount of oxidants or
oxidized compounds.® Epidemiological studies*’ show that Mediterranean popula-
tions who get more than 30% of their daily calories from fat and rely on olive oil
as their principal source of fat have lower rates of cancer, stroke, and heart disease
than Americans on a low-fat diet. In addition to the benefits of olive oil, there are
many biologically plausible reasons why the increase in consumption of fruits and
vegetables found in the Mediterranean diet might slow or prevent the appearance of
cancer. These reasons include, but are not limited to, the presence of such readily
bioavailable anticarcinogenic agents as vitamins C and E, carotenoids, fiber, sele-
nium, plant sterols, phenols, and d-limonene. A recently published study® has dem-
onstrated that the high fish, fruit, and vegetable diet characteristic of Mediterranean
countries is helpful in preventing heart disease and subsequent heart attack and
stroke, and that switching to this diet also protects people who have already had one
heart attack from having another.

14.2 MEDITERRANEAN DIET

As well as being the cradle of civilization, the Mediterranean region is also the
source of many of the world’s delicious cuisines. The term Mediterranean diet was
first used by Ancel Keys, an American physiologist, in his book How to Eat Well
and Stay Well: the Mediterranean Way.® In ancient times, the residents of the Italian
peninsula learned most of what they knew about food and nutrition from the Greeks
who colonized Sicily and the southern part of Italy. In Sicily and the southern
provinces, the original Mediterranean diet is still very much the standard with its
emphasis on fruits, vegetables, and pasta.'®

“Mediterranean diet” is an imprecise term because dietary patterns within the
various Mediterranean countries vary widely in consumption of specific foods and
in nutrient intake.!' However, a common Mediterranean diet is characterized by
abundant plant foods (fruits, vegetables, cereals, bread, beans, nuts, and potatoes),
olive oil as the principal source of fat, dairy products, fish, poultry, and meat in low
to moderate amounts, fresh fruit as the typical daily dessert, and use of garlic, onions,
lemon or lime, and herbs as condiments.!'? This diet, when consumed in sufficient
amounts, provides all of the known essential micronutrients, and other plant food
substances believed to promote health. Minimal processing, seasonal use, freshness
of foods, as well as methods of preparation would be expected to maximize contents
of dietary fiber, antioxidants, other micronutrients, and nonnutritive substances found
in plant foods.

There is no single typical Mediterranean diet. Defining and understanding the
Mediterranean diet is not easy because there are several countries that border the
Mediterranean Sea. Although dietary patterns in Mediterranean countries vary
widely in consumption of specific foods and in nutrient intake, both European and
non-European Mediterranean populations benefit from the protective effect of the
so-called Mediterranean diet on health.* The abundant fruits, vegetables, and whole
grains, and the low to moderate intake of dairy products in traditional Mediterranean
diets are likely to have contributed to the low rates of chronic diseases observed in
these populations.'3 The Mediterranean diet is rapidly changing, especially in large
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cities where people are slowly abandoning their traditional diet for a Western-style
diet. However, the traditional Mediterranean diet is still consumed in the rural areas
of most of the Mediterranean countries.

After thousands of years of defining itself, the Mediterranean cuisine is inte-
grating into our American culture, and for good reasons. Food is fresh and it is high
in soluble fiber, antioxidants, and other important nutrient and nonnutrients compo-
nents. The preference for fresh fruits and vegetables in Mediterranean diets results
in a higher consumption of raw plants, a lower production of cooking-related oxi-
dants, and a consequent decreased waste of nutritional and endogenous antioxidants.?
From the nutritional point of view, this diet is rich in vitamins, minerals, fiber, and
minor organic, nonnutritive substances. In addition to the nutrients that are involved
in normal metabolic activity, fruits and vegetables contain components that may
provide additional health benefits. These food components (generally referred to as
phytochemicals) are derived from naturally occurring ingredients and are actively
being investigated for their health-promoting potential. The Mediterranean diet is
notably low in red meat and saturated fats. Red meat is listed at the top of the
Mediterranean diet pyramid,'* while cheese and yogurt, along with poultry and fish,
are the predominant sources of protein. As a result, the Mediterranean diet is low
in saturated fat and high in monounsaturated fat, a fact that in part may explain the
lower rates of heart disease seen in this part of the world.

14.2.1 FRuITs AND VEGETABLES IN THE MEDITERRANEAN DIET

Fresh fruits and vegetables feature strongly in the Mediterranean cuisine. Fresh fruit
is often the dessert and is eaten raw. Vegetables are generally eaten raw as a side
dish or used for the preparation of rice and pasta dishes, sauces, and vegetable soups.
The same vegetable can be prepared with different herbs and spices. The Seven
Countries Study' probably represents the major investigation contributing to knowl-
edge about the relationship between the Mediterranean diet and coronary heart
disease. Kromhout et al.,'® compared the data of the five Mediterranean cohorts
(Italy, Yugoslavia, Corfu, Crete, and Greece) to the three Northern European cohorts
(The Netherlands, Eastern and Western Finland) for fruit and vegetable intake. The
five Mediterranean cohorts consumed more fruits (222 g/day vs. 51 g/day), more
vegetables and legumes (226 g/day vs. 150 g/day), and less pastries and sweets (28
g/day vs. 119 g/day).

Despite relatively high tobacco consumption, lung cancer rates are lower than
expected in the Mediterranean region. This may be related to the high intakes of
fruits and vegetables.!” The Mediterranean diet is rich in fruits and vegetables,
therefore, it contains a remarkable amount of vitamins. Vitamin C is supplied
primarily by consumption of raw fruits, especially citrus fruits, and vegetables.
Vegetables such as tomatoes, potatoes, carrots, broccoli, cabbage, and green leafy
vegetables, supply vitamin E to the diet. B-Carotene is found predominantly in
vegetables such as the carrot, pumpkin, cabbage, and spinach, and in some fruits,
especially oranges and apricots. Cooked tomato supplies the diet with notably high
quantities of lycopene. Fruit and vegetables are also important sources of fiber that
contains mostly pectin and cellulose. A daily intake of 20 g of insoluble fiber from
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fruits and vegetables'8 Plus 15 g from other sources, helps regulate both the metab-
olism of fat and the intestinal function.

14.2.2 MAIN CHARACTERISTICS OF THE MEDITERRANEAN DIET

It is difficult to imagine the Mediterranean cuisine without lemons. Lemons, like

oranges, are a quintessential part of Italy and the Mediterranean cuisine. In Ancient

Rome and Egypt, stories of the lemon’s miraculous power against poison persisted.'°
The main components of a traditional Mediterranean diet'4 ar¢

* An abundance of plant foods, including fruits and vegetables, potatoes,
breads and grains, beans, nuts, and seeds, with emphasis on fresh and
minimally processed foods

* Total fat ranging from 25% to 35% of energy, with saturated fat no more
than 8% of energy intake

¢ Olive oil as the principal source of fat

* Fresh fruit representing the classic final course of every meal and often
is the dessert

* Daily consumption of low to moderate amounts of cheese and yogurt

* Weekly consumption of low to moderate amounts of fish and poultry

* Red meat and sweets are consumed only a few times per month

14.2.3 Foob PyYraMIDS

The Food Guide Pyramid has replaced the basic four food groups as the standard
for setting up a healthy diet. The USDA pyramid model retains the idea of food
groups, but its shape provides the key for interpreting how to make healthy food
choices on a daily basis. The broad base highlight the food groups that should
constitute the majority of our daily intake, while the top food group of the pyramid
should be consumed as little as possible.

The Mediterranean Diet Pyramid is based on relative frequencies and is therefore
intended to provide an overall impression of healthy food choices rather than to
specify the number and size of recommended servings of certain foods or proportions
of energy obtained from them. In the USDA Pyramid animal and plant protein are
presented in the same category with a recommended consumption of two to three
servings per day, and all fats and oils are combined together at the top of the pyramid.
On the other hand, the Mediterranean Diet Pyramid differentiates between fish,
poultry, and red meat intake. Fish and poultry are consumed a few times per week
while red meat is consumed a few times per month (Figure 14.1).

14.3 MEDITERRANEAN DIET AND CITRUS
CONSUMPTION

From 1950 to 1965 the overall fruit and vegetable consumption increased in Italy.
The levels reached at that time were then maintained in the following years. The
consumption of fresh fruits and vegetables doubled, while the consumption of citrus
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FOOD GUIDE PYRAMIDS

USDA MEDITERRANEAN
Daily Servings Frequency
Red Meat Monthly
Fat, Oils, and Sweets
Sweet
Milk, Yogurt, & Cheese Group 2-3 Eggs Weekly

——————————————————————— Fish and Poultry
Meat, Poultry, Fish, Dry Beans,

Eggs, and Nuts Group servings Cheese and Yogurt
Vegetable Group 35 servings Olive Oil Daily
FrutGrowp A Z_.Z ;e_rv_ln_gs_ -

Fruits, Vegetables,
Legumes, and Nuts

Bread, Cereal, Rice,
and Pasta Group 6-11 sem'ngs BCread, Pastez,) tll{lice,
ouscous, Other
Grains, and Potatoes

FIGURE 14.1 Food Guide Pyramids.

fruits and tomatoes more than doubled.!® Citrus fruit is known for its high content
of vitamin C, potassium, and d-limonene. Vitamin C is an antioxidant that may
protect cell membranes and DNA from oxidative damage. Its role in the synthesis
of the collagen is crucial; vitamin C deficiency may, therefore, affect the integrity
of intercellular matrixes thus promoting tumor growth or hindering tumor encapsu-
lation.?® Furthermore, there is growing evidence that high-potassium diets may be
beneficial in both animal and human genetic hypertension.?! Citrus fruit also contains
d-limonene (found specifically in citrus fruit oils), which has been shown to have
pronounced chemopreventive and chemotherapeutic activities. Vitamin C and d-
limonene may contribute to the favorable effects attributable to diets relatively rich
in fruits and vegetables, and are associated with a lower incidence of breast, lung,
pancreas, colon, rectum, and cervical cancers.

Current amounts of naturally occurring d-limonene contained in foods, in por-
tions commonly consumed by the American population, may be inadequate to
achieve optimal health benefits. d-Limonene is probably present in relatively high
levels in the Mediterranean diet compared to U.S. diets, and may be an important
component in the putative cancer preventive effect of the Mediterranean diet. The
Mediterranean diet includes frequent exposure to citrus oils. Food preparation may
play an important role in determining the amount of limonene consumed, since
orange zest or parts of the whole lemon fruit are often included during cooking to
add a desirable sour taste to the food. Lemon juice (a beverage similar to lemonade)
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is usually prepared by blending the whole fruit, and thus contains more limonene
than American lemonade.

Observational epidemiological data obtained from case-control, cohort, or cross-
cultural studies have consistently suggested that those living in the Mediterranean
area, who consume large amounts of fruits and vegetables in general, and citrus
fruits in particular, have the lowest incidence rates for most tumors associated with
diet. Thus, the role of d-limonene, a nonnutrient compound of citrus fruit oils, merits
careful evaluation as an inhibitor of carcinogenesis. Although dietary factors alone
may not fully explain the health of Mediterranean populations, available evidence
strongly suggests important contributions from the high consumption of fruits,
vegetables, and whole grain. Studies of the Mediterranean diet are of particular
interest to better understand and quantify this effect in view of the methods of
preparation, frequency, and range of fruit and vegetable consumption by these
populations.

14.4 LEVELS OF d-LIMONENE IN CITRUS

d-Limonene, a monocyclic monoterpene, is a natural component of a variety of foods
and beverages and is found in many fruits (especially citrus fruits), vegetables, meats,
spices, and other food items.?? The principal sources of d-limonene are the oils of
orange, grapefruit, and lemon.?*?* It is found naturally in orange juice at an average
concentration of 100 ppm. The major use of d-limonene is as a lemon fragrance in
soap and perfume and as flavoring agent in foods, beverages, and chewing gum. d-
Limonene (orange oil/essence oil) is used as a flavoring ingredient to impart a citrus
flavor in artificial oils and can be found in nonalcoholic beverages (31 ppm), ice
cream and ices (68 ppm), candy (49 ppm), baked goods ( 120 ppm), and gelatins,
and puddings (48 to 400 ppm).> When citrus juices are packed aseptically into
laminated cartons, the d-limonene content of the juice is reduced by about 25%
within 14 days of storage owing to absorption by the polyethylene.?® Limonene has
been found in packaging material at 25 ppm (25 pg/g).?” Oxidation is not reported
to occur to a significant extent in over four weeks of storage in glass.?® The effects
of packaging materials on d-limonene contents in commercially available citrus
juices has been clearly demonstrated.?$-3! Our data show that the level of d-limonene
in orange juice samples varied considerably depending on whether the juice is
packaged with or without pulp (8 to 10% less in d-limonene content). By comparing
orange juice samples in glass and plastic containers, we found a 50 to 58% decrease
in d-limonene levels based on the type of packaging alone.”

Daily U.S. per capita consumption of d-limonene, as a result of both its natural
occurrence in food and of its presence as a flavoring agent, was estimated to be
0.27 mg/kg body weight per day, or 16.2 mg/day for a 60-kg individual.’? Intake
of d-limonene can vary considerably, however, depending on the types of food
consumed. Citrus juice products are among the richest sources of d-limonene: daily
intake owing to consumption of these products may approach 1 mg/kg body weight
for adults and 2 mg/kg body weight for young children. Preliminary results from
our studies in Arizona suggest, however, that source, preparation practices, and
packaging materials have major influences on actual d-limonene levels in citrus
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products. The largest sources of d-limonene (averaged concentrations) identified
to date are fresh Mediterranean-style lemonade 600 mg/l and limeade 350 mg/l,
followed by commercial orange juices. Many commonly produced citrus beverages
actually contain no d-limonene.

Human exposure to d-limonene through the diet or environment is widespread.
However, in human populations, the amount of d-limonene ingested is determined
not only by the frequency and amount of citrus food intake but also by the amount
of citrus oil (peel) consumed.?® Discussions with individual Americans suggest that
peel (zest) consumption is not uncommon, and may vary between ethnic groups.
Our current work in Arizona suggests that adults with the highest citrus juice intake
(two cups per day) were consuming 20 to 50 mg d-limonene per day. In the same
study, peel consumption was not uncommon, with one-third of the subjects inter-
viewed (163/470) reporting some citrus peel use. Individuals reporting citrus peel
use were consuming 90 to 250 mg d-limonene per day.

14.5 METABOLISM OF d-LIMONENE

In human subjects and several other mammalian species, oral d-limonene is completely
absorbed and undergoes extensive biotransformation to active metabolites.’3* d-
Limonene metabolites were analyzed in plasma extracts by gas chromatography.
Rapid conversion of d-limonene into its two major metabolites, perillic acid and
dihydroperillic acid, was detected. These metabolites comprised more than 89% of
the circulating limonene-derived material at 1 h after administration and thereafter,
whereas d-limonene itself accounted for only 15%.3¢ The most recent human study?’
has shown humans produce all of the same rat plasma metabolites in approximately
the same proportions, and the investigators were able to identify two more metab-
olites in plasma extracts, namely limonene-8,9-diol and an isomer of perillic acid.
A comparison of the rat metabolism of orange oil (95% d-limonene, from Sunkist)
vs. 99% d-limonene (Aldrish) indicated that identical metabolites were formed at
identical concentrations.*> In both plasma’® and urine, 3 limonene is only a minor
component of the total limonene-derived material. Metabolites of limonene have
been shown to be more potent pharmacological agents than limonene itself in several
experimental systems.*

Limonene and/or its metabolites distribute throughout the body, showing some
preference for fatty tissues.?* No studies have been done to assess the level of d-
limonene and its metabolites in fatty tissues. In Japan, limonene has been used
locally for the purpose of dissolving gallstones in human gallbladders at daily doses
of up to 20 g per patient, or approximately 285 mg/kg, with no overt toxicity.*! It
is extensively metabolized by rats, humans, and other species.

14.6 LIMONENE AND TUMOR REGRESSION

The Mediterranean diet was found not only to produce favorable effects on blood
lipid profiles, but also found to protect against oxidative stress and carcinogenesis.'*
The chemopreventive efficacy of limonene during both the initiation and promotion
stages of carcinogenesis has been demonstrated in chemically induced rodent mam-
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mary,*>* skin,¥4¢ liver,’ lung and forestomach,*%° colon, and gastric®' tumor
model systems. d-Limonene inhibits activation of the tobacco-specific carcinogen
NNK, and accordingly may have the capacity to diminish carcinogenic response to
exposures to tobacco.”?

It was recently demonstrated that dietary d-limonene exhibits therapeutic effects
against chemically induced mammary tumors in rats, with a regression of >80% of
carcinomas with little host toxicity. Chander et al.>* found that a 10% limonene dose
mixed in the diet caused tumor regression in all animals, while a 5% limonene dose
was only able to cause regression in 50% of the rats. The limonene dose-tumor
regression response relationship is steep. Significant regressions are not observed at
5% dietary levels, while a majority of tumors completely regress above the 7.5%
dietary level. Limonene appears to act in a cytostatic fashion. Its removal from the
diet results in a significant number of tumor recurrences.>* Regressing tumors have
a unique histopathological appearance that is not associated with gross cytotoxicity,
immune cell involvement, or apoptosis. The postinitiation chemopreventive/tumor
suppressive activity may be due in part to the inhibition of isoprenylation of cell
growth-associated small G proteins such as p21 ras by limonene and its metabo-
lites.>*>> Posttranslational isoprenylation is required for functionality of these pro-
teins, e.g., transformation by ras.’®>7 Perillic acid and dihydroperillic acid, the two
major metabolites of limonene in the rat and human, are more potent inhibitors of
small G-protein isoprenylation than is limonene. Perillic acid is a more potent
inhibitor of cell growth than is limonene. These findings coupled with the extensive
metabolism of limonene in vivo3®3® raise the possibility that the antitumor effects of
limonene in vivo may be mediated via perillic acid, and perhaps other metabolites.3®
Since farnesylation of ras protein is critical for its ability to cause oncogenic trans-
formation, inhibition of protein prenylation may be the basis of the antitumor effects
of limonene and perillic acid.

A minor metabolite of limonene, perillic acid methyl ester, is a potent inhibitor
of the enzyme protein farnesyl transferase. These data suggest that if the inhibition
of protein prenylation is a mechanism for limonene’s anti-cancer activities, this
monoterpene may be a prodrug that is converted into pharmacologically active
substances by metabolic modification.”® d-Limonene can also inhibit carcinogen-
induced neoplasia when administered at a short time interval prior to carcinogen
challenge.** The initiation-phase chemopreventive effects of d-limonene have been
attributed to the induction of phase I*° and phase II® carcinogen-metabolizing
enzymes, resulting in carcinogen detoxification.>

d-Limonene was recently tested in phase I therapeutic trials.’”®! A single-center
phase I clinical trial was undertaken to determine the toxicity and maximum tolerated
dose of orally administered d-limonene in patients with advanced solid tumors.?’
One partial response in a breast cancer patient on 8 g/m? per day was maintained
for 11 months and 3 patients with colorectal carcinoma had prolonged stable disease.

A conceptual limitation that has plagued epidemiological studies has been the
approach to analysis. In most studies, food intake data have been converted to
summarized nutrients, which have been the focus of the risk analysis. Thus, the
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limitations of food composition databases have placed important contraints on what
could be analyzed. In addition, in studies that have analyzed food intake by food
groups as well as by nutrients, food groups have generally been found to have greater
relative risks (or relative protection) associated with them than specific nutrients.
This may be due both to the presence of important compounds not included in
standard food composition databases and to the importance of combinations of
factors present in whole foods. The Arizona population offered a unique opportunity
to study potential associations between citrus consumption and risk of skin squamous
cell carcinoma (SCC). A total of 274 men and 196 women who had participated in
the Southeastern Arizona Skin Cancer Study completed a citrus consumption study.
Our results show that peel consumption, the major source of dietary d-limonene,
was not uncommon and may have a potential protective effect in relation to skin
SCC. We found no association between the overall consumption of citrus fruits or
citrus juices and skin SCC. However, the most striking feature was the protection
purported by citrus peel consumption. Moreover, there was a dose-response rela-
tionship between higher citrus peel in the diet and degree of risk lowering.®

14.7 CONCLUSION

The benefits of phytochemicals have been extensively publicized in the popular
press, which has resulted in increased public awareness and interest in consumption
of phytochemical-rich foods as a method of enhancing health and well-being. Health
benefits of these foods are best obtained through the consumption of a varied diet
using our normal food supply. The Mediterranean cuisine is able to offer hundreds
of delicious and nutritious recipes and is easily accepted by most people. Therefore,
the Mediterranean diet provides the best chance for influencing people to abandon
unhealthy foods in favor of fresh vegetables, fruits, grain, and olive oil. It introduces
a dietary pattern that is attractive for its delicious palatability as well as for its health
benefits. Of course, food alone is not the answer. Mediterranean area inhabitants
were and, in many regions, still are more physically active than Americans.

Data from several clinical trials,®3-% indicate that the beneficial effects associated
with a diet high in fruits and vegetables may not be demonstrated when individual
nutrients, such as vitamins C and E or beta-carotene, are consumed in supplement
form. Neverless, pharmaceutical companies will be motivated to isolate components
in foods into pill or supplement form to market the individual components for their
health benefit(s). We don’t have to wait for more analyses of individual components
of the diet when it is clear that the whole diet is important. The public must be
convinced that the more appropriate choice would be to increase fruit and vegetable
consumption and choose a varied diet based on the principles of the Mediterranean
Food Guide Pyramid. However, whether or not the Mediterranean diet is followed,
always include regular exercise as a part of a healthy lifestyle. It has become
increasingly clear that the Mediterranean Diet is one of the best ways to maintain
lifetime wellness and prevention of chronic diseases.

© 2001 by CRC Press LLC



REFERENCES

1.

10.

11.

13.

14.

15.

17.

Avellone G., Di Garbo V., Codovaa R., Panno, A.V., Verga, S., and Bompiani, G.
Food habits and cardiovascular risk factors in 2 population samples of western Sicily.
Ann. Ital. Med. Int. 12(4):210-6, 1997.

Tavani, A. and LaVecchia, C. Fruit and vegetable consumption and cancer risk in a
Mediterranean population. Am. J. Clin. Nutr. 61(Suppl. 6):1347s-1377s, 1995.
Ghiselli A., D’Amicic, A., and Giacosa, A. The antioxidant potential of the Medi-
terranean diet. Eur. J. Cancer Prev. 6(Suppl. 1):15s-19s, 1997.

Khlat, M. Cancer in Mediterranean migrants — based on studies in France and
Australia. Cancer Causes Control. 6(6):525-31, 1995.

LaVecchia, C. and Tavani, A. Fruit and vegetable, and human cancer. Eur. J. Cancer
Prev. 7(1):3-8, 1998.

Macini, M, Parfitt, V.J., and Rubba, P. Antioxidants in the Mediterranean diet. Can.
J. Cardiol. 11(Suppl. G): 105G-109G, 1995.

Renaud, S., de Lorgeril, M., Delave, J., Guidollet, J., Jacquard, F., Mamelle, N.,
Martin, J.L., Monjaud, 1., Salen, P., and Toubol, P. Cretan Mediterranean diet for
prevention of coronary heart disease. Am. J. Clin. Nutr. 61(Suppl. 6):1360s-1367s,
1995.

. de Lorgeril, M., Salen, P., Martin, J.L., Monjaud, 1., Delaye, J., and Mamelle, N.

Mediterranean diet, traditional risk factors, and the rate of cardiovascular complica-
tions after myocardial infarction: final report of the Lyon Diet Heart Study. Circula-
tion. 99(6): 779-85, 1999.

Keys, A. and Keys, M. How To Eat Well and Stay Well, the Mediterranean Way.
Doubleday, Garden City, NJ, 1975.

Braun T., Ancient Mediterranean food. In The Mediterranean Diets in Health and
Disease. Gene A. Spiller, Ed. Van Nostrand Reinhold, New York, 10-58, 1991.
Ferro-Luzzi, A., and Branka, F. Mediterranean diet, Italian style: Prototype of a
healthy diet. Am. J. Clin. Nutr. 61(Suppl. 6):1338s-1345s, 1995.

. Trichopoulou, A. and Lagiou, P. Healthy traditional Mediterranean diet: an expression

of culture, history, and lifestyle. Nutr. Rev. 55(11, Pt. 1):383-9, 1997.

Kushi, L.H., Lenart, E.B., and Willet, W.C. Health implications of Mediterranean
diets in light of contemporary knowledge. 1. Plant foods and dairy products. Am. J.
Clin. Nutr. 61(Suppl. 6): 1407s-1415s, 1995.

Willet, W.C., Sacks, F., Trichopoulou, A., Drescher, G., Ferro-Luzzi, A., Helsing, E.,
and Trichopoulos, D. Mediterranean diet pyramid: a cultural model for healthy eating.
Am. J. Clin. Nutr. 61(Suppl. 6):1402s-1406s, 1995.

Keys, A., Aravanis, C., Blackburn, H., Van Buchem, F.S.P,, Buzina, R., Djordjevic,
B.S., Dontas, A.S., Fidanza, F., Karvonen, M.J., Kimura, N., Lekos, D., Monti, M.,
Puddu, V., and Taylor, H.L. Epidemiological studies related to coronary heart disease:
characteristics of men aged 40-59 in Seven Countries. Acta. Med. Scand. 460 (Suppl.
180):1, 1967.

. Kromhout, D., Keys, A., Arvanis, C., Buzina, R., Fidanza, F, Jensen, A., Menotti,

A., Nedeljkovic, S., Pekkarinen, M., Simic, B.S., and Toshima, H. Food consumption
patterns on the1960s in Seven Countries. Am. J. Clin. Nutr., 49(5):889-94, May 1989.
LeMarchand, L., Yoshizawa, C.N., Kolonel, L.N., Hankin, J.H., and Goodman, M.T.
Vegetable consumption and lung cancer risk: a population-based case-control study
in Hawaii. J. Natl. Cancer Inst. 81:1158-1164, 1989.

© 2001 by CRC Press LLC



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

. Lewis, B., Mancini, M., and Puska, P. Dietary measures for control of lipoprotein

risk factors. In Atherosclerosis Biology and Clinical Science, Olsson, A.G., Ed., pp.
409-417. Churchill Livingstone. New York, 1987.

Istituto Centrale di Statistica. 1960-1985. Annuari statistica italiani. Rome. 1960-
1985.

Cameron, E. and Pauling, L. Cancer and vitamin C. Linus Pauling Institute of Science
and Medicine, Palo Alto, CA, 1979.

Treasure, J. and Ploth, D. Role of dietary potassium in the treatment of hypertension.
Hypertension. 5:864, 1983.

Marshall, J.R. Editorial: Improving American’s Diet-Setting Public Policy with Lim-
ited Knowledge. Am. J. Public Health. 85:1609-1611, 1995.

U.S National Toxicology Program, Research Triangle Park, NC (Jan. 1990). Toxi-
cology and carcinogenesis studies of d-limonene in F344/N rats and B6¢c3F1 Mice.
NTTS, p. 12.

Kesterson, J.W., Hendrickson, R., and Braddock, R.J. Florida Citrus Oils. Tech. Bull.
749, University of Florida, Gainesville, FL, pp. 3-174, 1971.

D-Limonene Monograph, Flavor and Extract Manufacturers’ Association. Washing-
ton, D.C., pp. 1-4, 1991.

Marsili, R. Measuring volatiles and limonene-oxidation products in orange juice by
capillary GC. LC-GC. 4:358-362,1986.

Mannheim, C.H., Miltz, J., and Letzter, A. Interaction between polyethylene lami-
nated cartons and aseptically packed citrus juice. J. Food Sci. 52:737-740, 1987.
Shaw, PE. Review of quantitative analyses of citrus essential oils. J. Agric. Food
Chem. 27:246-257, 1979.

Hakim, I.A., McClure T., and Liebler, D. Assessing dietary d-limonene intake for
epidemiological studies. Abstr. Third Int. Food Data Conf., July 1999, Rome, Italy.
Accepted in JFCA (in press).

Charara, Z.N., Williams, J.W., Schmidt, R.H., and Marshall, M.R. Orange flavor
absorption into various polymeric packaging materials. J. Food Sci. 57(4):963-967,
1992

Sadler, G., Parish, M., Van Clief, D., and Davis, J. The effect of volatile absorption
by packaging polymers on flavor, microorganisms and ascorbic acid in reconstituted
orange juice. Lebensm-Wiss u-Technol. 30 (7):686-690, 1997.

Lloyd, R.J. Instrumentation for automated thermal desorption-pyrolysis capillary gas
chromatography. J. Chromatogr. 284:357-371, 1984.

Kodoma, R., Yano, T., Furukawa, K., et al. Studies on the metabolism of d-limonene
(p-mentha-1,8-diene). IV. Isolation and characterization of new metabolites and spe-
cies differences in metabolism. Xenobiotica. 6:377-389, 1976.

Igimi, H., Nishimura, M., Kodoma, R., and Ide, H. Studies on the metabolism of
d-limonene (p-mentha-1,8-diene). I. The absorption, distribution and excretion of
d-limonene in rats. Xenobiotica. 4:77-84, 1974.

Crowell, P.L., Elson, C.E., Bailey, H.H., Elegbede, J.A., Haag, J.D., and Gould, M.N.
Human metabolism of the experimental cancer therapeutic agent d-limonene. Cancer
Chemother. Pharmacol. 35:31-37, 1994.

Igimi, H., Nishimura, M., Kodoma, R., and Ide, H. Studies on the metabolism of
d-limonene (p-mentha-1,8-diene). I. The absorption, distribution and excretion of
d-limonene in rats. Xenobiotica. 4:77-84, 1974.

Vigushin, D.M., Poon, G.K., Boddy, A., English, J., Halbert, G.W., Pagonis, C.,
Jarman, M., and Coombes, R.C. Phase I and pharmacokinetic study of D-limonene
in patients with advanced cancer. Cancer Chemother. Pharmacol. 42:111-117, 1998.

© 2001 by CRC Press LLC



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

IARC Monographs on the evaluation of carcinogenic risks to humans. International
Agency for Research in Cancer. 56:135-162, 1993.

Crowell, PL., Lin, S., Vedejs, E., and Gould, M.N. Identification of circulating
metabolites of the antitumor agent d-limonene capable of inhibiting protein isopre-
nylation and cell growth. Cancer Chemother. Pharmacol. 31:205-212, 1992.
Kodoma, R., Yano, T., Furukawa, K., et al. Studies on the metabolism of d-limonene
(p-mentha-1,8-diene). IV. Isolation and characterization of new metabolites and spe-
cies differences in metabolism. Xenobiotica. 6:377-389, 1976.

Igimi, H., Tamura, R., Traishi, K., and Tamamoto, F. Medical dissolution of gallstones.
Clinical experience of d-limonene as a simple, safe, and effective solvent. Dig. Dis.
Sci. 36:200, 1991.

Elson, C.E., Maltzman, T.H., Boston, J.L., et al. Anti-carcinogenic activity of
d-limonene during the initiation and promotion/progression stages of DMBA-induced
rat mammary carcinogenesis. Carcinogenesis. 9:331-332, 1988.

Maltzman, T.H., Hurt, L.M., Elson, C.E., Tanner, M.A., and Gould, M.N. The pre-
vention of nitosomethylurea-induced mammary tumors by d-limonene and orange
oil. Carcinogenesis. 10:781-783, 1989.

Elegbede, J.A., Elson, C.E., Tanner, M.A., Qureshi, A., and Gould, M.N. Inhibition
of DMBA-induced mammary cancer by the monoterpene d-limonene. New model
for the chemoprevention of premalignant and malignant lesions of the breast. Car-
cinogenesis. 5:661, 1984.

Van Duuren, B.L. and Goldschmidt, B.M. Cocarcinogenic and tumor-promoting
agents in tobacco carcinogenesis. J. Natl. Cancer Inst. 56(6):1237-42, 1976.
Elegbede, J.A., Maltzman, T.H., Verma, A.K., Tanner, M.A., and Gould, M.N. Mouse
skin tumor promoting activity of orange peel oil and d-limonene: A reevaluation.
Carcinogenesis. 7:2047-2049, 1986.

Giri, R.K,, Parija, T., and Das, B.R. D-Limonene chemoprevention of hepatocarcino-
genesis in AKR mice: inhibition of c-jun and c-myc. Oncol. Rep. 6(5):1123-1127,
1999.

Wattenberg, L.W. and Coccia, J.B. Inhibition of 4-(methylnitrosoamino)-1-
(3-pyridyl)-1-butanone carcinogenesis in mice by d-limonene and citrus fruit oils.
Carcinogenesis. 12:115-117, 1991.

Wattenberg, L.W., Sparnins, V.L., and Barany, G. Inhibition of N-nitrosodiethylamine
carcinogenesis in mice by naturally occurring organosulfur compounds and mono-
terpenes. Cancer Res. 49:2689-2692, 1989.

Kawamori, T., Tanaka, T., Hirose, M., and Mori, H. Inhibitory effects of d-limonene
on the development of colonic aberrant crypt foci induced by azoxymethane in F344
rats. Carcinogenesis. 17:369-372, 1996.

Yano, H., Tatsuta, M., lishi, H., Baba, M., Sakai, N., and Uedo, N. Attenuation by
d-limonene of sodium chloride-enhanced gastric carcinogenesis induced by N-
methyl-N’-nitro-N-nitrosoguanidine in Wistar rats. Int. J. Cancer. 82(5):665-668,
1999.

Wattenberg, L.W. Inhibition of carcinogenesis by minor anutrient constituents of the
diet. Proc. Nutr. Soc. 49:173-183, 1990.

Chander, S.K., Lansdown, A.G., Lugmani, Y.A., et al. Effectiveness of combined
limonene and 4-hydroxyandrostenedione in the treatment of NMU-induced rat mam-
mary tumours. Br. J. Cancer. 69:897-882, 1994.

Haag, J.D., Lindstrom, M.J., and Gould, M.N. Limonene-induced regression of mam-
mary carcinomas. Cancer Res. 52:4021-4026, 1992.

© 2001 by CRC Press LLC



55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

Gould, M.N., Moore, C.J., Zhang, R., et al. Limonene chemoprevention of mammary
carcinoma induction following direct in situ transfer of v-ha-ras. Cancer Res.
54:3540-3543, 1994.

Crowell, PL. and Gould, M.N. Chemoprevention and therapy of cancer by
d-limonene. Crit. Rev. Oncogenesis. 5:1, 1994.

Kato, K., Cox, A.D., Hisaka, M.M., et al. Isoprenoid addition to Ras protein is the
critical modification for its membrane association and transforming activity. Proc.
Natl. Acad. Sci. USA 89:6403, 1992.

Gelb, M.H., Tamanoi, F., Yokoyama, K., et al. The inhibition of protein prenyltrans-
ferases by oxygenated metabolites of limonene and perillyl alcohol. Cancer Lett.
91:169-175, 1995.

Maltzman, T.H., Christou, M., Gould, M.N., et al. Effects of monoterpenoids on in
vivo DMBA-DNA adduct formation and on phase I hepatic metabolizing enzymes.
Carcinogenesis. 12:2081, 1991.

Elegbede, J.A., Maltzman, T.H., Elson, C.E., et al. Effects of anticarcinogenic mono-
terpenes on phase II hepatic metabolizing enzymes. Carcinogenesis. 14:1221, 1993.
McNamee, D., Limonene trial in cancer. Lancet, 342:801, 1993.

Hakim, I.A., Harris, R. B., and Ritenbaugh, C. Southeastern Arizona Citrus Study
(unpublished).

Li, J.-Y,, Taylor, PR., Li, B., Dawsey, S., Liu, S.F,, Yang, C.S., and Shan, Q. Nutrition
intervention trials in Linxian, China: multiple vitamin/mineral supplementation, can-
cer incidence, and disease-specific mortality among adults with esophageal dysplagia.
J. Natl. Cancer Inst. 85:1492-1498, 1993.

Blot, W.J., Li, J.-Y., Taylor, PR., Guo, W., Dawsey, S., Wang, G.Q., Yang, C.S.,
Zheng, J.F.,, Gail, M., and Li, G.Y. Nutrition intervention trials in Linxian, China:
supplementation with specific vitamin/mineral combinations, cancer incidence and
disease-specific mortality in the general population. J. Natl. Cancer Inst. 85:1483-
1492, 1993.

Alpha-Tocopherol, Beta Carotene Cancer Prevention Study Group. The effect of
vitamin E and beta-carotene on the incidence of lung cancer and other cancers in
male smokers. N. Engl. J. Med. 330:1029-1035, 1994.

Greenberg, E.R., Baron, J.A., Tosteson, T.D., Freeman, D.H., Beck, G.J., Bond, J.H.,
Colacchio, T.A., Coller, J.A., Frankl, H.D., and Haile, R.W. A clinical trial of anti-
oxidant vitamins to prevent colorectal adenoma. N. Engl. J. Med. 331:141-147, 1994.

© 2001 by CRC Press LLC



	Vegetables, Fruits, and Herbs in Health Promotion
	Table of Contents
	Section III: Herbs and Health
	Chapter 14: Some Aspects of the Mediterranean Diet
	14.1 Introduction
	14.2 Mediterranean Diet
	14.2.1 Fruits and Vegetables in the Mediterranean Diet
	14.2.2 Main Characteristics of the Mediterranean Diet
	14.2.3 Food Pyramids

	14.3 Mediterranean Diet and Citrus Consumption
	14.4 Levels of d-Limonene in Citrus
	14.5 Metabolism of d-Limonene
	14.6 Limonene and Tumor Regression
	14.7 Conclusion
	References





