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Recently, nutritional interventions have received attention as promising approaches to promote human health

during a lifespan. The Mediterranean and Okinawan diets have been associated with longevity and decreasing risk

for age-related diseases in contrast to the Western diet. The effect might be due to several antioxidative bioactive

compounds highly consumed in both diets, namely, resveratrol, hydroxytyrosol, oleuropein, curcumin, and

spermidine. This review aims to address the underlying mechanisms of these compounds to enhance mental

fitness throughout life with a focus on brain mitophagy. Mitophagy is the autophagic clearance of dysfunctional,

redundant, and aged mitochondria. In aging and neurodegenerative disorders, mitophagy is crucial to preserve the

autophagy mechanism of the whole cell, especially during oxidative stress. Growing evidence indicates that

curcumin, astaxanthin, resveratrol, hydroxytyrosol, oleuropein, and spermidine might exert protective functions via

antioxidative properties and as well the enhanced induction of mitophagy mediators. The compounds seem to

upregulate mitophagy and thereby alleviate the clearance of dysfunctional and aged mitochondria as well as

mitogenesis. Thus, the Mediterranean or Okinawan diet could represent a feasible nutritional approach to reduce

the risk of developing age-related cognitive impairment and corresponding disorders via the stimulation of

mitophagy and thereby ensure a balanced redox state of brain cells.
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1. Introduction

The interest in nutritional interventions as a promising approach to counteract pathological brain aging and age-

related neurodegenerative disorders has been rising in the last decade . In this light, several bioactive

compounds present in different foods have been found to be beneficial for human health during a lifespan . This

review focuses on two different diets, the Mediterranean diet and the Okinawan diet, which are both linked to

longevity and decreasing risk for chronic age-related brain disorders (Figure 1) .
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Figure 1. Characteristic bioactive compounds of the Mediterranean and Asian/Okinawan diet. The figure shows the

geographic origin of three different types of diets: the Western, the Mediterranean, and the Asian (Okinawan) diet.

The Mediterranean diet is defined as a dietary pattern of people living in countries that border the Mediterranean

Sea, whereas the Okinawan diet originates from the eating habits of the indigenous people of the Japanese

Ryukyu Islands (main island Okinawa). The Western diet is prevalent in developed countries, especially in the

USA. Typical of the Mediterranean diet is the consumption of red wine with its active ingredients resveratrol and

spermidine, and the intake of olive oil with its active ingredients oleuropein and hydroxytyrosol. All four compounds

are associated with beneficial effects on human health. Characteristic food items of the Okinawan diet that are also

known for their health benefits are soy products such as tofu (spermidine), turmeric (curcumin), seafood, and algae

(astaxanthin). Similarities of both diets include the intake of a broad spectrum of antioxidants, polyphenols (like

resveratrol), and spermidine from fruit and vegetable and the moderate-to-high consumption of seafood and fish

(astaxanthin, healthy fatty acids). In contrast to both diets, the Western diet could have detrimental health

consequences due to the high consumption of unhealthy fatty acids (saturated fatty acids), red meat, sweets, and

highly processed food items. Abbreviations: MD = Mediterranean diet, OK = Okinawan diet, ω = omega, USA =

United States of America.

The Mediterranean diet, a traditional dietary pattern of the people living in the Mediterranean region (as shown in

Figure 1), is known for its high consumption of olive oil, fruits, and vegetables, which are especially high in

antioxidants, as well as moderate to high intake of fish, whole grain cereals, and red wine , whereas, the

consumption of sweets, meat, and dairy products is rather low [6]. There are specific plant bioactives (e.g.,

resveratrol from red wine, hydroxytyrosol and oleuropein from olive oil) that are especially characteristic of the

Mediterranean diet and its beneficial effects on human health (Figure 1) . Initially, the Mediterranean diet

became popular because of its historical lower rate of cardiovascular-related diseases in comparison to the

Western diet, which is prevalent in developed countries, especially in the US . Different from the Mediterranean

diet and Asian diet, Western-type diets are dominated by convenience and highly processed foods such as

processed and red meat, desserts, sweets, fried food, and a high intake of dairy products, containing a higher

number of saturated fatty acids and refined grains, so that consumption of a Western diet could have detrimental

consequences on health, due to the reduced intake of fresh fruit and vegetables in contrast to the excess
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consumption of saturated fatty acids, sugar, and sodium (Figure 1) . Nowadays, several epidemiological studies,

as reviewed by Casas and coworkers, have shown the potential of the Mediterranean diet as protection against a

wide range of disease conditions, such as cancer, diabetes, atherosclerosis, cognitive disorders, and Alzheimer

disease (AD) . Since 2010, the Mediterranean diet is considered as a heritage by humanity by UNESCO by

virtue of its beneficial properties . As part of an Asian diet, the Okinawan diet has been found to be particularly

interesting since the residents of the Japanese islands of Ryukyu (main island Okinawa) also represent one of the

healthiest and longest-living people in the world (as seen in Figure 1) . Their diet is characterized by a low

caloric and fatty acid intake, high consumption of vegetables and soy products, and a moderate-to-high intake of

fish and sea vegetables. Le Couteur and coworkers named bitter melon, Okinawan tofu, turmeric, and seaweed as

characteristics of the traditional Okinawan diet . Similarities between the Mediterranean diet, as a European-

based lifestyle, and the Okinawan diet, as part of an Asian-based lifestyle, are the high intake of antioxidants in the

form of fruit and vegetables, the moderate-to-high consumption of fish, and the focus on healthy fats that are rich in

omega 3 and lower in saturated fatty acids (Figure 1). In contrast to Asian diets, the Mediterranean diet is mostly

abundant in isoflavones and curcumin. Although further research is required, Pallauf and colleagues hypothesized

that combining foods from both diets could improve the overall health of aging populations. The removal of

dysfunctional mitochondria called mitophagy is crucial for cell survival and health, especially for neurons, as

impairments might generally happen with aging . Recent studies have revealed abnormalities in mitochondrial

function, including compromised clearing of dysfunctional mitochondria during brain aging and in the pathology of

neurodegenerative disorders . Therefore, as a next step, this review will target the underlying mechanisms of

the most prominent bioactive compounds of both diets (namely, resveratrol from red wine, hydroxytyrosol and

oleuropein from olive oil, astaxanthin from algae/seafood, curcumin from turmeric, as well as spermidine from soy

products and vegetables) to promote health throughout life, with a specific focus on mitophagy and mitochondrial

function in the brain.

2. Bioactive Compounds Promoting Health in the
Mediterranean or Asian/Okinawan Diet

The Mediterranean diet and the Asian/Okinawan diet have both been linked to longevity and decreasing risk for

chronic age-related diseases. Therefore, we selected the most prominent bioactive compounds of both diets to

have a closer look at the biological properties that make them beneficial for human brain health during a lifespan.

Due to the fact that turmeric and seaweed/seafood are traditional ingredients of the Okinawan diet, curcumin and

astaxanthin were chosen as bioactive compounds; resveratrol (red wine) and hydroxytyrosol and oleuropein (olive

oil) are well known in the Mediterranean diet (Figure 1). Although resveratrol is mostly associated with the

Mediterranean diet, the highest natural concentration exists in Japanese knotweed, a spring vegetable from East

Asia . Hence, there might be an overlap of health-promoting bioactive compounds in the two types of diets, as

astaxanthin can also be found in seafood (e.g., shrimp), which is as well consumed in Mediterranean areas.

Spermidine is also present in both diets since it occurs in soy products and red wine but also in fresh fruit and

vegetables, which are essential for the Mediterranean and Asian/Okinawan diets.
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2.1. Curcumin (Turmeric)

Turmeric grows widely in different parts of India and Southeast Asia, as well as in tropical regions, and is well

known as a spice in human diets . Curcumin, a bright yellow-colored polyphenol that is derived from the rhizome

of turmeric (Curcuma longa), is the main active compound of turmeric . Turmeric or turmeric compounds like

curcumin are used in traditional Indian medicine (Ayurvedic medicine) and other traditional medical systems for the

treatment of a wide variety of diseases and conditions, such as pulmonary or gastrointestinal diseases .

Moreover, it is believed to possess a wide range of biological properties, including anti-inflammatory, antioxidant,

as well as neuroprotective effects .

2.2. Astaxanthin (Algae, Seafood)

Astaxanthin is a xanthophyll carotenoid that is found in marine microorganisms, microalgae, fungi, yeast, and

crustaceans like shrimp and lobster, as well as in reddish-colored fish like salmon . Astaxanthin is considered

to be one of the most potent antioxidants in nature and, as such, it is not only able to decrease oxidative stress in

cell- and animal models but is also believed to have a positive effect on aging . Besides its antioxidant

effects, astaxanthin seems to exert anti-inflammatory, antitumor, and antiaging effects .

2.3. Resveratrol (Red Wine, Japanese Knotweed, Grapes)

Resveratrol is a natural stilbene polyphenolic compound that is prominent in red wine as well as in other food

sources, including fruits like grapes, bananas, and blueberries, but also in spinach, peanuts, and cocoa .

Japanese knotweed possesses the highest naturally occurring levels of resveratrol [16]. Numerous biological

properties of resveratrol have been reported, such as antioxidant, anti-inflammatory, antitumor, antiaging, and

neuro- and cardioprotective effects .

2.4. Hydroxytyrosol, Oleuropein (Olive Oil)

Hydroxytyrosol and oleuropein are the major phenolic compounds found in olive oil and a major source of

unsaturated fatty acids in the Mediterranean diet . The relative amount of oleuropein and hydroxytyrosol in

extra virgin olive can vary as it is influenced by different factors such as the variety and maturity of the olive fruits,

the climate, and processing . Hydroxytyrosol is a product of oleuropein hydrolysis that occurs during the

maturation and storage of olive oil, as well by microbiota action in the organism after the consumption of olive oil

. Hydroxytyrosol can also be found in wine due to the ability of yeast to produce it during alcoholic fermentation .

Several in vitro and in vivo studies have shown the various health benefits of oleuropein and its derivates, including

antioxidant, anti-inflammatory, antiviral, antitumor, cardioprotective, antidiabetic, and neuroprotective effects .

2.5. Spermidine (Fruit, Vegetable, Soybean)

Spermidine is a polyamine which exists in all living cells, including microorganism, plants, and animals . There

are three different sources for spermidine in humans: endogenous biosynthesis, exogenous food intake, and
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microbial activity in the intestines . Additional supplementation of polyamine precursors, such as ornithine and

related amino acids, is supposed to enhance polyamine synthesis . Spermidine-rich sources are, on the one

hand, unprocessed plant-derived foods, e.g., fresh green pepper, cauliflower, broccoli, nuts, wheat germ, and

mushrooms and, on the other hand, products deriving from fermentation processes such as soybean, cheese, and

red wine . According to Madeo and colleagues, the highest amount of spermidine is found in the

Mediterranean diet . Spermidine exerts antioxidant, anti-inflammatory, and cardioprotective actions and is

furthermore believed to preserve high-order brain functions . Both Jing and coworkers and Madeo and

coworkers have mentioned the potential of exogenous spermidine supply in prolonging the life span of several

model organisms, including yeast, nematodes, and flies . Jing and group postulate that spermidine might

have an antiaging effect due to its autophagy-enhancing properties .
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