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Abstract: The concept of food and aging is of great concern to humans. So far, more than 300 theories
of aging have been suggested, and approaches based on these principles have been investigated. It
has been reported that antioxidants in foods might play a role in human aging. To clarify the current
recognition and positioning of the relationship between these food antioxidants and aging, this
review is presented in the following order: (1) aging theories, (2) food and aging, and (3) individual
food antioxidants and aging. Clarifying the significance of food antioxidants in the field of aging will
lead to the development of strategies to achieve healthy human aging.

Keywords: antioxidants; aging theories; cohort study; healthy diet; longevity; nutraceuticals;
oxidative stress; reactive oxygen species; senescence; vitamins

Introduction

Aging is regarded as a biological phenomenon that results in decreasing biological
function and increasing mortality over time, in terms of personal, organ, and tissue levels.
The concept of aging in terms of individual aging has been recognized since ancient times,
but the new view of aging as a “population scenario” that focuses on the overall population
has only appeared in the last century [1]. There is also still a debate over the definition
of the relationship between aging and disease [2,3]. Although research related to aging
continues the trends of the past and present for many researchers, it seems to be difficult to
define the concept of aging because it is an ambiguous and changing term that changes its
view at different times. Numerous mechanisms related to the induction of aging have been
reported, and there are currently more than 300 existing theories [4]. Among them, the
recognition and positioning of the relationship between foods, food antioxidants, and the
aging process remain vague, even though there has been interest in this topic in the past.
Therefore, this review aims to organize the recognition of the relationship between food
antioxidants and the aging process by considering: (1) aging theories, (2) food and aging,
and (3) individual food antioxidants and aging, in that order, and to clarify the current
status of knowledge and the problems in the field.

1. Aging Theories

Since it is difficult to cover all these aging theories in this review, the most fundamental
of those that have been proposed to date are outlined in Figure 1. Although it is difficult
to clarify the classification of aging theories as they are complementary to other theories,
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this chapter will categorize them into two major groups: (1) genetic factors associated with
aging, and (2) non-genetic factors associated with aging, along with the presentation of the
relevant molecular reactions and examples of the aging characteristics associated with each
theory.

AN

Wear-and-tear theory

Cross-linking theory
Autoimmune theory
Glycation theory

Oxidative damage theory
Program theory

Error theory Other theories

Biological
Figure 1. The biological and psychosocial aging theories that are mentioned in this review.

1.1. Genetic Factors Associated with Aging
1.1.1. Program Theory

The program theory proposes that aging is not a random occurrence but is instead
inherent in our genetic information. This theory is based on a discovery by Hayflick et al. in
1961 that there is a limitation on the number of divisions of and the proliferation of human
and animal cells (the so-called Hayflick limit) [5]. Telomeres and telomerase are closely
related to the program theory. DNA loses its replicative ability when its terminal bases are
lost during replication. Mammals have a TTAGGG repeat structure called a telomere at the
end of their DNA, which protects the genetic information and allows replication. Telomeres
are elongated by telomerase. Therefore, telomere length is believed to be a determinant of
the number of cell divisions and is thus a factor in aging and lifespan [6]. However, telom-
eres are shortened with age and affect the process of aging because they are regenerated
with each replication, but not completely. More recently, telomerase-deficient mice have
been shown to demonstrate impaired neuronal differentiation and neurogenesis [7]. The
recovery of telomere function and length has also been reported to extend the lifespan of
mammals and can delay physical aging in mouse experiments [8,9].
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1.1.2. Error Theory

The error theory states that random errors in DNA transcription and translation lead
to the accumulation of mutant proteins, which causes cellular dysfunction and aging [10].
To date, no direct evidence of the age-dependent dysfunction of protein synthesis has
been reported [11]. Furthermore, another study using Escherichia coli showed that the
induction of errors in the gene increased the frequency of error generation but did not
induce bacterial death [12]. Therefore, the number of recent reports supporting this theory
has relatively decreased.

1.2. Non-Genetic Factors Associated with Aging
1.2.1. Wear-and-Tear Theory

The wear-and-tear theory, which was proposed by Weismann in 1882, states that
aging progresses when cells and tissues are worn down by risk factors over the years [13].
However, this theory was invalidated by several phenomena. For instance, hyperactive
mice wore down their tissues but can live longer than normal mice [14]. Caterpillars that
have lost the ability to express antioxidant enzymes can live longer [15]. Recently, there
seems to be increasing evidence that the wearing down is not simply explainable as a
physical inevitability in aging and needs to be considered in terms of natural selection from
an evolutionary aspect.

1.2.2. Cross-Linking Theory

The cross-linking theory states that the accumulation of molecules with multiple
reactive units due to the cross-linking of poorly degradable macromolecules impairs cellular
function and promotes aging. Increased viscosity of the extracellular environment is
induced by decreased solubility, elasticity, and permeability, due to the cross-linking of
collagens and other molecules. As a result, the circulation of nutrients and wastes in the
cells is delayed and, thus, aging progresses [16]. The cross-linking products of glucose and
collagen (products of the Maillard reaction) are widely recognized as products that increase
along with aging in the body [17]. Bjorksten et al. pointed out that the free radical theory
is also a form of cross-linking theory because free radicals that are generated in the body
induce cross-linking reactions in collagen and other molecules [18]. Despite qualitative
and quantitative evidence of cross-linked molecules that has been provided to support this
theory, it is still not clear whether the molecules are crucial in biological aging.

1.2.3. Autoimmune Theory

The autoimmune system has been regarded as being at least indirectly associated
with aging. Higher vertebrates have two major immune mechanisms, innate and acquired
immunity. The dysfunction of acquired immunity is particularly significant in terms of
aging. Innate immunity captures antigens via pattern recognition receptors and presents
them to T cells, while acquired immunity is characterized by the antigen-specific effector
and memory responses of T cells and B cells (T cells: directives, antigen memory, antigen
destruction; B cells: antibody production). Involution of the thymus, the primary lymphoid
tissues for T-cell education and development, starts at a relatively early age in different
species [19]. In an aged thymus, biological processes for the elimination of self-reactive
T cells and the induction of regulatory T cells, namely, central tolerance, are seen to
decline [20]. In addition, aging is associated with a decline in B cell production in the
bone marrow, along with increased self-reactive B cell populations. Taken together, aged
adaptive immunity promotes development that results in damage to the body’s own tissues
and is one of the major causes of death in women under 65 years of age in the US [21,22].

1.2.4. Glycation Theory

In 1912, the aminocarbonyl reaction (Maillard reaction) was reported by Maillard; it is
considered part of the phenomenon of biological body aging [23]. The glucose and lysine
residues of proteins react at body temperature, to form advanced glycation end products
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(AGESs) through a condensation reaction. The formed AGEs are accumulated in various
tissues, such as the blood vessel walls, and induce tissue inflexibility, leading to vasodilator
dysfunction and hypertension, which is regarded as a trigger of aging [24].

1.2.5. Oxidative Damage Theory

Aerobic organisms consume oxygen for the purposes of energy metabolism, which pro-
duces reactive oxygen species (ROS) in the metabolic process. In 1956, Harman proposed
that ROS leads to aging by causing damage to cells and tissues [25]. Older individuals
have higher concentrations of oxidized products, such as proteins, DNA, and lipids, than
younger individuals, whereas antioxidants have often been highlighted as molecules that
reduce ROS generation and contribute toward extending the lifespan [26-28]. Among cellu-
lar organelles, especially in mitochondria, which are involved in aerobic energy metabolism,
there is a higher level of ROS in aging individuals. Furthermore, in mammals, there is an
inverse correlation between the concentration of ROS in mitochondria and the lifespan,
suggesting that damage to mitochondrial DNA and membrane lipids is also a factor closely
related to aging [29]. However, ROS also plays a role in the mammalian immune system
for biological defense that eliminates intracellular pathogens [30]. Therefore, it is widely
recognized that dysfunction of the redox balance induces inflammatory reactions. Related
to this, the term “inflammaging” has developed to describe the concept of aging as it is re-
lated to innate immunity, which corresponds to (1) chronically, (2) no contact with bacteria,
etc., and (3) weak inflammation [31]. Recently, based on the concept of “inflammaging,” it
has been shown that chronic tissue inflammation caused by ROS has a significant impact
on the regulatory systems of the nervous system and immune system, as well as the aging
process; it can be induced by suppressing the regulation of the inflammatory factors of the
immune system [32,33].

1.2.6. Other Biological Aging-Related Theories

The existence of “senescent cells,” which accelerate aging in the body, has been the
topic of growing attention among gerontologists. In general, aged cells that have stopped
dividing are removed from the body through cell death or the phagocytosis of immune
cells. However, there are senescent cells that accumulate in the tissues despite the cell
division having stopped. Recent studies have shown that these accumulated senescent cells
release inflammatory substances that accelerate the senescence of neighboring cells, trigger
excessive inflammation, and lead to tissue dysfunction [34]. Since the immune system in
the body cannot eliminate all the senescent cells, some anti-aging approaches have begun
to be developed that target these senescent cells [35]. Since there is still a lack of direct
information on the relationship of these senescent cells with aging, further elucidation of
the physiological phenomenon may be necessary.

In contrast to the theory that certain factor(s) accelerate the rate of aging, there is a the-
ory stating that the rate of aging is unchanged by any factor. Colchero et al. reported strong
linearity between life expectancy and lifespan equality in various primates, mainly con-
nected to infant mortality or age-independent mortality improvement, with no impact on
the aging rate [36]. This result suggests that only the biological limit determines longevity.

1.3. Sociology of Aging

The concept of aging exists not only from a biological viewpoint but also from a
sociological one. Social animals, such as humans, are thought to be influenced by their
surroundings in their biological development. Theories of aging in social gerontology can
be broadly classified into four categories: (1) disengagement theory, (2) activity theory,
(3) life-course theory, and (4) continuity theory.

1.3.1. Disengagement Theory

The disengagement theory posits that aging is a process of disengagement from being
a part of society. The ultimate stage of disengagement is incurable illness or death. This is
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the concept that elderly people who contribute less to society could leave and give up their
roles to young people who will contribute more to society, leading to the sustainability of
the social system to which they belong [37,38].

1.3.2. Activity Theory

Activity theory is the concept that maintaining activities and attitudes in middle age
for as long as possible is the key to healthy aging. This concept has existed previously
but was given this name as a contrast to the disengagement theory proposed earlier. The
difference between this theory and the disengagement theory is that the elderly may or
may not be considered to be at a developmental stage. Disengagement theory describes
old age as a natural developmental process, while activity theory describes the period after
middle age as a completed stage [39].

1.3.3. Life-Course Theory

Life-course theory is the theory that human aging is part of the growth (development)
process, with earlier experiences being important for later life adaptability [40]. More
recently, based on this concept, an epidemiologic assessment of the relationship between
aging, physical activity, and cognitive function has been conducted [41,42].

1.3.4. Continuity Theory

Continuity theory arose from discussions of disengagement theory and activity theory.
Humans tend to keep their personalities for the long term, but they become more intro-
spective with age, focusing their attention and interest inward to their individual selves.
This theory proposes that healthy aging is the state of keeping a mature and integrated
personality during aging [43].

1.4. Aging and Senescence

Living biological organisms age with time. With regard to this concept of aging, some
researchers use the term “senescence” as a subgroup to distinguish between harmless
changes and changes associated with mortality risk [1]. Dodig et al. defined senescence
as an “irreversible form of long-term cell-cycle arrest, caused by excessive intracellular
or extracellular stress or damage,” which is regarded as influencing various biological
events related to aging, such as metabolism, immune function, autophagy changes, and
chromatin development [44]. These investigations with the keyword “cellular senescence”
and “biological senescence” are one of the most significant issues in the field of molecular
biology and gerontology.

2. Food and Aging
2.1. Potential Foods for Anti-Aging

To make the relationship between food and lifespan clearer, there has been an ongoing
discussion for some years, based on the theories of aging as described in the previous
chapter [45,46]. Foods contain numerous bioactive compounds that are essential for main-
taining human health. Therefore, dietary consumption is the most common and routine
way for humans to supply nutrients to the body. Although there is still no proven rela-
tionship with the theory of aging, it has traditionally been suggested that certain foods
themselves or certain compounds in foods have preventive and curative functions against
diseases. Although no specific foods or nutrients in foods related to longevity have yet
been identified, it is worth pointing out that a number of reports have suggested that the
consumption of foods relatively rich in antioxidants has the ability to reduce mortality.
Against this background, this section describes previous reports made in cohort studies on
the relationship between diet and aging as it contributes to lifespan (Table 1).
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Table 1. Cohort studies examining diet and lifespan.
Populations Reducing
Target Diet Country Analyzed/Total Age Follow-Up Time Mortality/lncreasing Ref.
Life Span
Mortality Medl‘f;‘;‘f nean Greece 22’0?1\3/[{1?572 20-86 3.7 years Yes [47]
. Mediterranean 3215/(F) . )
Mortality diet us (with heart failure) 50-79 4.6 years Yes [48]
. Traditional 2383/27,178 (M) Yes (especially in y
Mortality Nordic foods Denmark 1743/29,875 (F) 50-64 12 years middle-aged men) [49]
Yes (especially by
Mortality Nordic foods Sweden 44,961/49,259 (F) 29-49 21.3 years cancer, non-cancet, [50]
non-cardiovascular,
non-injury /suicide)
Longevity Japanese diet Japan 14’7(6&/‘;2)’126 40-79 20 years Yes [51]
23,162 (M) and )
Mortality Japanese diet Japan 34,232 (F) 40-79 ﬁ%iy:rrss ((1;4)) Y‘ii &‘Zﬁifiily [52]
/110,585 (M, F) Y
Mor“g‘\%““‘k of  fruits, vegetables Us 9608/14,407 (M, F) 25-74 19 years Yes [53]
Europe (DNK,
Mortalit fresh fruits,  FRA, DEU, GRC, 122?1%6%%?? ¢ 2570 13 years Yes (especially by CVD)  [54]
y vegetables ITA, NLD, NOR, 14458 b pecially by :
ESP, SWE, GBR) /
. Yes (especially by
Mortality 21 fruits, POL,RUS,CZE ~ 19333/28945(M, Middle age 7.1 years CVDin (55]
24 vegetables F) i
smokers /hypertension)
. 8 fruits, . 73,360/74,942 (F) 40-70 (F) 10.2 years (F) Yes (by CVD), no (by
Mortality 33 vegetables China 61,436,/61,500 (M) 40-74 (M) 46 (M) cancer) [56]
Europe (FRA,
DU, ITA, HUN, 8078/9757 (M, F)
Mortality fruits, vegetables POL, PRT, ROU, (with mean 63 2.7 years Yes (except by CVD) [57]
ESP, SWE, TUR) hemodialysis)
and ARG
11,140 (M, F)
S mean 38.7 (V),
@ mean39.3(NV) 12years
Meat, fish, dairy
Mortality products, eggs, UK 65,411 (M, F) No [58]
and vegetables (Meat/ flsh eaters, 20-97 15 years
vegetarians
and vegans)
. Nuts (peanuts
Mortality and nsge nuts) Us. 39,167/39,876 (F) >45 19 years Yes (except by CVD) [59]
No (except in men
Mortality Nuts (peanuts us. 47,299/51,529 (M) 40-75 26 years diagnosed with [60]
and others) (PCa patients) .
non-metastatic PCa)
Nuts (walnuts,
. hazelnuts, 19,386/24,325 (M,
Mortality almonds and Italy F) >35 4.3 years Yes [61]
peanuts)
Nuts (peanut
. butter, nut bread 13,355 (M)
Mortality ! Japan 15,724 (F) >35 17 years Yes [62]
and rice cooked 736,990
with chestnuts) !
s it 20555
Mortality Iran 28,257 (F) 40-87 7 years Yes [63]
overall nuts
: /50,045
consumption)
us 134,486 (F) 55-69 11 years
China 64,227 (F) 40-70 4.6 years
Mortalityrisk of Us 20,224 (M) 41-87 21.1 years
- type-2 US 1,164,248 (F) 30-55 22 years
diabetesrisk of Nuts Yes [64]
CVD(meta- us 1,599,667 (F) 2045 18 years
analysis) Us 31,208 (M, F) >25 6 years
Us 21,454 (M) 40-84 17 years
us 31,778 (F) 55-69 15 years
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Populations Reducing
Target Diet Country Analyzed/Total Age Follow-Up Time Morteﬁ?;/ér}\;l‘sasing Ref.
us 6309 (F) 528 £8.5 22 years
UsS 34,492 (F) 30-55 26 years
us 21,078 (M) 41-87 21.1 years
Us 43,150 (M) 40-75 (M) 26 years (M)
84,010 (F) 30-55 (F) 22 years (F)
us 87,025 (F) 50-79 4 years
us NS (M, F) >25 -
us NS (M, F) >85 12 years
UK 10,802 (M, F) 16-79 13.3 years
Netherlands NS (M, F) 55-69 24 years
30-55 (NHS) 30 years (NHS)
us 3,038,853 (M, F) 40-75(HPFS) 24 years (HPFS)
Spain 31,077 (M, F) 55-80 4.8 years
. Mediterranean diet, . 55-80 (M)
Mortality (especially nuts) Spain 7216/7447 (M, F) 60-80 (F) 4.8 years Yes [65]
Nuts (peanuts,
Mortality walnuts and China 3449/5042 (F) 20-75 8.27 years Yes [66]
other nuts)
22,597 (M)
Japan 25,382 (F) 40-59 20.25 years
27,941 M
Japan 31415 ((F)) 40-69 17.3 years
28,258 (M)
Japan 39,446 (F) 40-79 16.1 years
16,874 (M)
40-64 20.52 i
Mortality Green tea Japan 18,077 (F) years Yes (ez};edclél\ll}l’) t)’y HD [67]
12,152 (M)
Japan 13,194 (F) 40-79 11.66 years
16,749 (M
Japan 18,185 ((F)) >40 10.98 years
8663 (M,
Japan 9951 ((F)) 40-103 11.67 years
11,516 (M)
Japan 12,981 (F) 40-97 12.56 years
42,836/68,722 (M
Green tea Japan 148,078,/71,698 ((F)) 40-69 18.7 years
Mortality Yes [68]
Tea China 51’6(6&/ 6F5)'212 >65 3.5-3.8 years
Longevity Flements in food China NA >65,>90 - Yes [69]
China 3139 (M, F) >65 9.1 years
China 61,414 (M) 40-74 (M) 5.5 years (M)
73,232 (F) 40-70 (F) 11 years (F)
Canada 9033 (M, F) >25 10 years
Sweden 61,433 (F) 39-74 19 years
MortalityCVD Caldi us 388,229 M, F) 5071 12 years Yes (except high dose > (70]
mortality alcium Us 18,714 (M, F) >17 18 years 900 mg calcium/day)
Germany 23,980 M, F) 35-64 11 years
us 38,772 (F) 55-69 11 years
Sweden 23,366 (M) 45-79 10 years
21,068 (M)
Japan 32,319 (F) 40-59 9.6 years
Netherlands 1340 (M) 40-65 28 years

1265 (F)
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Table 1. Cont.
Populations Reducing
Target Diet Country Analyzed/Total Age Follow-Up Time Mortality/lncreasing Ref.
Life Span
Mortality Coffee Spain 19’888/3’320 M, Middle age 10 years Yes (>54 years) [71]
Longevity Coffee us 27,480/93,676 (F) 65-81 25 years No [72]
(postmenopausal)
. . . 61,128/61,483 (M) 40-74 (M) 5.5 years (M) No (increased mortality
Morality Meat intake China 73,162/74,941 (F) 40-70 (F) 11.2 years (F) in men) 73]
Dietary diversity
(meat, fish and
seafood, eggs, Yes (especially by
Mortality beans, fruits, China 28,790/43,487 >80 3.4 years consumption of [74]
salty vegetables, protein-rich food)
tea, garlic, and
fresh vegetables)
Eastern Europe
Mortality . Eastern (RUS,POLand ~ 18852/29845(M, 45-70 8-15 years No (rather [75]
uropean diet CZE) F) than increased)
. Ultra-processed 44,551/158,361 (M, No (rather
Mortality food France F) >45 7.1 years than increased) [76]
. Ultra-processed 22,475/24,325 (M, No (rather
Mortality food Italy F) 235 8.2 years than increased) (771
. Ultra-processed . No (rather
Mortality food Spain 11,898/12,948 >18 7.7 years than increased) [78]
. . 106,966 /373,092 (F) No (rather than
Mortality Fried food us (postmenopausal) 50-79 17.9 years increased by CVD) [79]
Mortality Potato North America 4400/4796 (M, F) 45-79 8 years No (rather [80]

than increased)

2.2. Mediterranean Diet

Among the diets associated with health and longevity, the traditional Mediterranean
diet is widely recognized as one of the most popular. Mediterranean diets are rich in
vegetables, legumes, fruits, nuts, grains, seafood, and olive oil; they are also low in saturated
fats, dairy products, and meat. Drinking wine and other alcoholic beverages is also popular.
Attention regarding the dietary functions of the Mediterranean diet was greatly increased
in the early 1990s, with (1) growing concerns that large doses of simple carbohydrates
might not be beneficial to health, and (2) growing interest in the use of the Mediterranean
diet score to quantify the health benefits of the food [81]. In a cohort study of Greek adults,
mortality related to cardiovascular (coronary heart) disease and cancer was examined using
the Mediterranean diet score as a criterion and reported that Mediterranean diet ingestion
was correlated with lower overall mortality [47]. This may support the report by Crous-Bou
et al. that higher dietary Mediterranean diet scores tend to result in longer telomeres in
healthy women [82]. Other research institutes also suggested that the Mediterranean diet is
beneficial in reducing mortality among heart failure patients as well as healthy subjects [48].

2.3. Other Traditional Foods

The Nordic diet is characterized by low levels of processed foods and includes yogurt,
berries, whole grain bread, oatmeal, apples/pears, root vegetables, cabbage, fish/shellfish,
etc., It has also been reported that consumption of the Nordic diet lowers mortality in
humans. A cohort study of Danes showed that consumption of the Nordic diet was
associated with lower mortality, especially among middle-aged men [49]. Another cohort
study of Swedish women indicated that all-cause mortality was significantly lower when
on a diet with higher Nordic diet scores [50].

Japan is one of the leading countries of longevity in the world. With the “Japanese
diet” being registered as a World Intangible Heritage in 2013, attention has been attracted
by the relationship between the Japanese diet and aging. In a cohort study of Japanese
subjects, the consumption of Japanese food (including rice, miso soup, seaweed, cucumber,
green and yellow vegetables, fish, green tea, beef, pork, and coffee) was associated with
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prolonged survival [51]. Other cohort studies of Japanese people have also reported that
consumption of the Japanese diet reduces mortality from all causes, especially among
women [52]. On the other hand, the definition of Japanese food in cohort studies is still
unclear and varies. Furthermore, the diet of Japanese people has been changing in recent
years. Therefore, there is a consideration that the longevity of Japanese people in recent
years might be related to other factors besides the Japanese diet [83].

2.4. Individual Foodstuffs
2.4.1. Fruits and Vegetables

Individual fruits and vegetables that are abundant in the Mediterranean diet have
also been found to be related to aging. A cohort study of US adults showed that consump-
tion of fruits and vegetables may reduce the risk of cardiovascular disease and all-cause
mortality [53]. Cohort studies of adults in ten European countries have also indicated that
an increased intake of fruits and vegetables tends to reduce mortality [54]. In a cohort
study of participants from the Czech Republic, Poland, and Russia, an increased intake of
fruits and vegetables was associated with lower mortality, especially among smokers and
hypertensive patients [55]. Among vegetables, cruciferous vegetables are widely consumed
in the general diet. A cohort study of Chinese adults indicated that fruit and vegetable
intake was inversely associated with the risk of total mortality in both women and men,
with a dose-response pattern that was particularly evident in the intake of cruciferous
vegetables [56]. A multinational cohort study of adults in eleven countries who were being
treated with hemodialysis has also indicated that a higher vegetable intake is associated
with lower all-cause and non-cardiovascular mortality [57]. As mentioned in this section,
vegetable consumption seems to be associated with longevity; however, the consumption
of only vegetables may not result in longevity. For instance, a large-scale cohort study of
adults in the United Kingdom observed that all-cause mortality rates for vegetarians and
non-vegetarians were almost the same [58].

2.4.2. Nuts

Nuts, which are abundant in the Mediterranean diet, are consumed worldwide. A
cohort study of U.S. women indicates that the consumption of nuts led to changes in
plasma lipids, inflammation, and glucose metabolism, resulting in an association with a
reduced risk of death from cardiovascular disease [59]. In another cohort study of US men,
it was observed that subjects who consumed nuts five or more times per week had a 34%
lower all-cause mortality rate than those who consumed nuts less than once per month [60].
Several types of nuts (walnuts, hazelnuts, almonds, and peanuts) were also reported to
show a significant reduction in cancer death [61]. One Japanese cohort study showed that
total nut intake (peanuts and chestnuts) was inversely associated with all-cause mortality
in men [62]. Interestingly, the Golestan Cohort Study conducted in Iran evidenced that
reduced mortality by nut consumption (peanuts, tree nuts, and overall nuts) is independent
of a healthy lifestyle [63]. Among nuts, there are relatively numerous studies on walnuts,
examining their relationship with longevity. Several cohort studies have found that walnut
consumption may reduce mortality [64,65]. On the other hand, a cohort study in China
reported that nut consumption dose-dependently induced better survival in long-term
breast cancer survivors, regardless of the types of nuts [66]. Thus, further investigation and
scientific evidence on the components of each nut type is warranted to clarify the essential
factor in reduced mortality that is induced by various types of nuts.

2.4.3. Beverages

It is considered that daily beverage intake may also have an impact on aging. Among
Japanese diets, green tea is one of the most widely studied beverages for aging. Several
cohort studies of Japanese have reported that the consumption of green tea has the poten-
tial to reduce the risk of mortality from heart disease and cardiovascular disease [67,68].
Hao et al. compared the effects of minerals in food and drinking water on life expectancy,
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using the database of demographics from eighteen counties in the Chinese census [69].
As a result, the amount of Cu, Se, and Zn ingested from the diet and drinking water was
positively correlated with longevity, while Pb was negatively correlated in Hainan Province,
which is known for its longevity. In a meta-analysis of 757,304 individuals from 12 inde-
pendent cohorts, Wang et al. reported that low to moderate doses of Ca were associated
with reduced mortality, but not at higher doses, and concluded that each individual should
consume the appropriate amount [70]. Navarro et al. reported an inverse linear association
between total coffee consumption and the risk of death from all causes in Spaniards, which
was particularly pronounced in those over 54 years old [71].

2.5. Age and Food Intake

The nutritional function that can be expected from the intake of food seems to differ
significantly, depending on age at the time of intake. A cohort study of elderly women
(65 to 81 years old) in the US tried to determine the association between coffee and tea con-
sumption and survival to age 90 [72]. The results showed that coffee and tea consumption
may not prolong survival until later life in women. Concerning protein intake, a cohort
study of Chinese people aged 40 to 74 reported that in healthy people, red meat (a rich
source of protein) intake increases the risk of death [73]. In contrast, a cohort study of
Chinese people over 80 indicated that the consumption of protein-rich foods reduced the
risk of death [74]. Such changes in dietary effects are considered to occur due to the various
dysfunctions associated with aging, such as alteration of the gut microbiota, the decreased
absorption of nutrients in the gastrointestinal tract, decreased chewing strength, decreased
exercise, etc. The relationship between caloric restriction and lifespan has become a major
topic in the field of gerontology, with reports indicating that caloric restriction may prevent
aging in various species [84,85]. Caloric restriction is thought to have a significant impact
on human aging. However, the effect of caloric restriction might be challenging to verify, as
it would require very long-term, large-scale human lifestyle intervention studies.

2.6. Potential Foods That May Accelerate Aging

While food intake has been associated with longer life expectancy, others have also
reported that it may contribute to accelerated aging and increased mortality. For example,
there are cases in which traditional diets increase mortality. A cohort study of people in
Russia, Poland, and the Czech Republic showed that the high mortality from cardiovascular
disease in Eastern Europe is related to the traditional dietary habits in target regions, with
lard consumption most likely to be responsible for increased mortality [75]. With the devel-
opment of food processing technology in modern society, the concept of “ultra-processed
food (UPF)” has increased in importance. It gradually became clear that the consumption
of UPF might increase the risk of death [86]. UPF is defined as “formulations of ingredients,
mostly of exclusive industrial use, typically created by a series of industrial techniques and
processes” in the NOVA classification and is considered a different group from unprocessed
and minimally processed foods, processed culinary ingredients, and processed foods [87].
UPF refers to ready-to-eat industrially formulated products that contain high levels of
additives such as sugar, salt, hardened oil, flavorings, emulsifiers, and preservatives [88].
A large prospective cohort study in France (French NutriNet-Santé cohort), of subjects
with a median age of 42.8 years, from 2009 to 2017 reported that the consumption of a
diet classified as UPF according to the NOVA classification was associated with increased
overall cancer risk [89]. A cohort study of French people indicated that the increased
consumption of UPF was associated with an increased risk of total mortality in this adult
population [76]. A cohort study of Italians also showed that UPFs, particularly those rich
in sugar, were associated with an increased risk of death [77]. In addition, a cohort study
of Spaniards, conducted by other research institutions, showed that replacing UPF with
non- or low-processed foods with the same calories may reduce mortality [78]. Fried foods
are highly palatable and popular but have been known to increase the risk of diseases
that lead to death, such as type 2 diabetes and cardiovascular disease. A cohort study of
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postmenopausal women in the US indicated that the consumption of fried foods, especially
fried chicken and fried seafood, was associated with mortality risk among US women,
including from cardiovascular disease [79]. Furthermore, a cohort study of elderly people
in the US also observed changes in mortality due to the consumption of fried and non-fried
potatoes and indicated that the consumption of fried potatoes more than twice a week
increased the risk of death [80]. As this section has shown, an evaluation of food and aging
suggests that it is necessary to consider not only information on foodstuffs but also changes
in certain foods’ properties due to processing in factories.

3. Individual Food Antioxidants and Aging

Based on the results of the numerous cohort studies described in the previous chapter
that have examined the impact of diet on the risk of aging and death, it seems almost
certain that the content of the human diet has a significant effect on aging. However,
there is still no clear evidence on which molecular, cellular, and physiological changes are
the most important factors of aging in individual organisms and on how they affect each
other [90]. With current scientific technology, it seems hard to quantify the effect of “whole
foods,” which are composed of many molecules, on aging. However, numerous studies
have suggested that a variety of individual antioxidants in foods are related to aging: for
example, the autoimmune theory [91]; cross-linking theory [92]; glycation theory [93]; and
KEAP1-NRF2 theory [94].

Most of these previous studies are based on the concept of “oxidative damage theory,”
as described in the first half of this review. Among the various theories of aging, the
oxidative damage theory has been one of the most popular theories in aging research, with
much quantitative experimental evidence being reported from the past to the present [4].
There is growing evidence that ROS may act as signaling molecules that not only induce
oxidative stress but also ultimately extend the lifespan [95]. Such trends led to the con-
cept of “mitohormesis”, which states that ROS promotes aging but, in the appropriate
concentrations, can enhance the biological defense system [96,97]. The regulation of redox
balance in the body is a crucial factor in aging, as ATP production in mitochondria with
ROS generation is an essential factor for energy acquisition in aerobic organisms. It is
also expected that individual antioxidants in foods also contribute to the regulation of
the redox balance (Figure 2). Cell signaling pathways involved with this balance, such as
MAPKSs, NF-kB, and Nrf2 seem important in the anti-aging effects of antioxidants [98-102].
However, a description of the detailed mechanism for this process will not be discussed
here because that goes beyond the remit of this review. Please refer to Maleki et al. [103]
and Luo et al. [104] for a review of this topic.

However, with the current state of scientific technology, it is difficult to identify the
effects of individual antioxidants on “aging” and “mortality,” which involve complex
factors, and there are few direct reports. On the other hand, there have been several
reports on the effects of these individual antioxidants on “various diseases related to aging
and mortality” [28,105,106]. This chapter focuses on the relationship between individual
antioxidants in foods, which have been reported and relatively well investigated, and
diseases related to aging and mortality.
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Figure 2. A typical illustration showing food antioxidants in the redox balance of the body, as
mentioned in this review. Reactive oxygen species (ROS) are produced by mitochondria, drugs,
oxidized foods, etc., and are considered to induce the redox balance toward an oxidized state,
resulting in accelerated aging that is caused by the accumulation of oxidative damage. It is considered
that food antioxidants regulate the redox balance and aging.

3.1. Vitamins

Vitamins are substances that are essential to animals and humans; they act as the
cofactors and precursors of enzymes in the regulation of metabolic processes, do not
provide energy, and are essential to the human body [107,108]. The body needs a supply of
vitamins through the diet, among which vitamins A, C, and E are called the “antioxidant
vitamins”, and their relationship with aging is of great interest [109].

3.1.1. Vitamin C

Vitamin C, also known as L-ascorbic acid, is a lipophobic compound that is involved in
collagen synthesis in the body. Vitamin C exists in the human body at the highest concentration
among all vitamins and is considered to regulate redox status in the body [110-112]. In a
cohort study of 17,304 middle-aged and elderly Europeans aged 42 to 82 years old, Lewis
et al. reported that an adequate intake of Vitamin C is necessary to reduce the progression
of frailty and sarcopenia caused by increased oxidative stress due to aging [113]. Qu et al.
reported that Vitamin C inhibited prelamin A expression and the secretion of inflammatory
mediators that induce cellular aging in subchondral bone mesenchymal stem cells [114].
Laboratory mice lifespans were increased with an amount of Vitamin C in drinking water,
in a study using gluconolactone oxidase-deficient mice [115]. This report suggested that
Vitamin C modulates the stress response in the endoplasmic reticulum and the lifespan
of mice. Oxidative damage to the brain due to aging is regarded as one of the factors that
cause brain dysfunction. Experiments in mouse models of Alzheimer’s disease indicate
that Vitamin C deficiency in the brain may affect the redox balance and accelerate the
generation of amyloid-beta, an initiator of oxidative stress in Alzheimer’s disease [116]. On
the other hand, a review by KaZzmierczak-Barariska et al. summarized that vitamin C is
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important as a pro-oxidant related to the upregulation of DNA repair and other biological
functions [117]. They noted that the function of vitamin C varies in different cell lines and
conditions, which makes research difficult. The “two faces” of vitamin C, consisting of its
functions as both an anti- and pro-oxidant, may make it difficult to elucidate the detailed
functions of such antioxidants [117]. With the continued advancement of science and
technology in general, it is necessary to fully understand the effects of these antioxidants
and pro-oxidants, and more progress should be achieved in the near future.

3.1.2. Vitamin E

Vitamin E, also known as «-tocopherol, is a lipophilic compound. There are other
analogs, such as other tocopherols (3-, v-, 8-) and tocotrienols (x-, 3-, y-, 6-), but only
a-tocopherol can be called “vitamin E” [118]. Vitamin E is localized in cell membranes and
is thought to play a role in protecting cells from oxidative damage [96]. The x-tocopherol,
[-carotene cancer prevention (ATBC) study, a famous large-scale US trial that examined
cancer prevention effects, found that an intake of x-tocopherol and [3-carotene had no effect
on mortality from liver cancer or chronic liver disease [119]. However, in 2019, Huang
et al. reported on a 30-year cohort study of subjects in the ATBC study, which showed that
plasma vitamin E levels were associated with a reduced risk of all-cause mortality and
death from all major causes [120]. Vitamin E deficiency is thought to cause the increased
fragility of red blood cells and the degeneration of neurons, especially peripheral axons,
and dorsal horn neurons. Mangialasche et al. quantified vitamin E concentration in the
serum of patients with Alzheimer’s disease, mild cognitive impairment, and normal cogni-
tive function, and reported that the concentration was significantly lower in patients with
Alzheimer’s disease and dementia than in subjects with normal cognitive function [121]. It
has also been reported that the long-term intake of vitamin E suppressed the shortening
of telomeres in the peripheral blood mononuclear cells of Alzheimer’s patients [122]. It
should also be noted that each vitamin E analog has different biological activities. Tucker
compared serum leukocyte telomere length with vitamin E and gamma-tocopherol concen-
trations in 5768 US adults and explained that high levels of gamma-tocopherol in the blood
accelerated telomere length loss (vitamin E was not significant) and may accelerate cellular
senescence [123]. A cohort study of 580 American people by Hanson et al. showed that
there was a positive correlation between dietary vitamin E intake and lung function, but an
inverse correlation between serum y-tocopherol levels and lung function [124]. The ratio of
vitamin E and its analogs in foods, or the coexistence of various other compounds, may
have an effect on aging.

3.1.3. Carotenoids

Carotenoids, also known as provitamin A, are lipophilic pigments that are classified
into two groups, carotenes and xanthophylls, based on their polarity. The blood concentra-
tions of carotenoids were found to be decreased in the elderly and in Alzheimer’s disease
patients [125]. Huang et al. confirmed the relationship between serum parameters and
mortality in a cohort study of 29,103 men in the ATBC study and reported that higher
serum {3-carotene concentration was associated with lower mortality from cardiovascular
disease, heart disease, stroke, cancer, and all causes of death [126]. Min et al. analyzed the
plasma of 3660 people in the US and showed that elevated blood [3-carotene levels were
correlated positively with the length of leukocyte telomeres [127]. Experimental models
using Caenorhabditis elegans show that the continuous intake of astaxanthin from a young
age leads to the increased expression of genes encoding superoxide dismutase (SOD) and
catalase and protects the mitochondria and nuclear organelle through the nuclear transfer
of DAF-16 protein, resulting in lifespan extension [128]. Wu et al. reported that astaxanthin
intake was associated with anti-aging in the D-galactose-induced rat brain aging model
by the maintenance of antioxidant enzyme activity, the suppression of oxidative enzyme
expression, and an increase in brain-derived neurotrophic factor (BDNF) [129].
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3.2. Polyphenols

“Polyphenols” is a general term for compounds with multiple phenolic hydroxy
groups in their molecules and are mainly present in plants. Polyphenols can be further
classified, depending on their chemical structure, but most of the polyphenols in foods are
flavonoids. Flavonoids are a group of phenyl compounds with a structure consisting of two
benzene rings connected by three carbon atoms (diphenylpropane), and various reports
have been made in recent years on their functional health properties. Although more
than 5000 polyphenols have been reported, we will broadly classify them into flavonoids
and non-flavonoids in this section and introduce the relationship between each typical
compound and aging.

3.2.1. Flavonoids

Quercetin is one of the most recognized flavonoids and is reported to have antioxidant
and anti-inflammatory effects. El-Far et al. investigated the effect of quercetin intake on
an aged rat model induced by D-galactose [130]. As a result, they reported that quercetin
intake suppressed apoptosis and the elevation of inflammatory markers by inducing the
expression of anti-apoptotic markers related to aging in the pancreas and kidneys of rats.
In a study using mouse oocytes, quercetin also contributed to oocyte maturation and
embryo development by reducing age-related increases in mitochondrial oxidative stress
and by regulating mitochondrial dysfunction [131]. Geng et al. used a Werner’s syndrome
model, based on human mesenchymal stem cells to screen for potential natural compounds
with anti-aging effects, and identified quercetin. They also reported that quercetin may
reduce cellular aging by improving cell proliferation and the repair of the heterochromatin
structure [132].

Anthocyanins are polyphenols that are well known due to the presence of the French
paradox. Using aged rat models, Li et al. found that anthocyanin intake improves total
antioxidant capacity and may ameliorate aging caused by oxidative stress through the
induction of autophagy [133]. As is the case with polyphenols in general, it is also impor-
tant to consider the relationship between their absorption, metabolism, and aging. For
example, when anthocyanins are administered orally, the majority of molecules are not
transferred into the bloodstream via antioxidant activity, which is likely to be because of
glucuronidation and/or sulfate conjugation in the liver and small intestine [134,135].

Isoflavones have been reported to exhibit estrogen-like effects due to their struc-
tural similarities, and to contribute to the regulation of hormones in women. Studies on
age-related disorders have also reported that genistein prevents the acquisition of insulin
resistance in aged rats, but the hormone replacement effect of genistein is only effective in
early menopause, not in older age [136].

3.2.2. Non-Flavonoids

Chlorogenic acid is a type of monophenol recognized for its presence in beverages
such as tea and coffee. Li et al. reported that the oral administration of a chlorogenic acid-
phospholipid complex to senescence-accelerated mice (SAMP8) for two weeks suppressed
the post-myocardial infarction response of the aged heart [137].

Resveratrol, a polyphenol that is prolific in fruit peels, is known for having a strong
antioxidant capacity in in vitro studies. Gines et al. reported that the oral administration of
resveratrol to senescence-accelerated mice (SAMP8) reduced inflammatory factor expres-
sion, inhibited apoptosis and oxidative stress in the mouse pancreas, and had a protective
effect against age-related pancreatic damage [138]. Resveratrol switches the SIRT-1 gene,
which is known as the longevity gene. Several cognitive function studies have reported
that the long-term administration of resveratrol has a protective effect against hippocampal
and neuronal damage [139,140]. Caldeira et al. reported that resveratrol has antioxidant
and anti-inflammatory effects, but its mechanism of action varies with cell age [141]. The
antioxidant effect of resveratrol was found to be mediated by the SIRT1/AMPK pathway
in middle-aged mononuclear cells, but not in aged cells. Therefore, the biological activity
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of resveratrol may change with age. Semba et al. conducted a cohort study of 783 Italian
seniors aged 65 years or older and noted that in the elderly, resveratrol metabolites were
not associated with inflammatory markers, heart disease, cancer, or mortality and that the
resveratrol levels reached in the Western diet had virtually no effect on health status or
longevity [142]. Furthermore, recent findings have raised concerns that the intake of antiox-
idants such as resveratrol may rather inhibit the beneficial effect of exercise on improving
vascular function in humans [143].

Curcumin is reported in terms of its functions of anti-aging via an anti-inflammatory
effect [144,145]. The intake of curcumin for 6 months (200 mg/kg) suppressed the aging
process by affecting anti-aging markers (decreased C-reactive protein levels, increased
malondialdehyde levels, and nitric oxide levels) in aged albino rats. [146]. In vitro stud-
ies have shown that curcumin preserved endothelial cells (HUVEC) from H,O,-induced
premature senescence via endothelial nitric oxide synthase phosphorylation and silent
information regulator (SIRT)-1 expression [147]. Curcumin intake over several weeks
(100 mg/kg/day) is reported to delay the aging process of oocytes in the mouse model
through anti-aging-related genes (SIRT1 and SIRT3) [148]. Furthermore, 10-40 times higher
absorbable and brain-accessible curcumin nanomicelles prevented the mitochondrial dys-
function involved in brain aging and neurodegeneration [149]. As a result of investigating
curcumin intake on an obesity-related cognitive dysfunction mouse model, dietary cur-
cumin and caloric restriction worked positively on the frontal cortical functions, regardless
of effects on adiposity [150]. A combination of in vivo experiments and computer simu-
lations revealed that curcumin upregulates antioxidant enzymes and improves memory
by binding to (3-secretase 1 and amine oxidase A [151]. In middle-aged monkeys, daily
curcumin treatment for 14-18 months improved only the spatial memory, suggesting the
anti-aging effect of curcumin might be dependent upon the stage of aging [152].

3.3. Coenzyme Q10

Endogenous antioxidants exist in the body to maintain the redox balance. One of
the most widely recognized endogenous antioxidants is coenzyme Q10, which is also
available as a supplement. Gutierrez-Mariscal et al. observed the effects on oxidative stress
in 20 subjects who consumed three random, same-calorie diets (the Mediterranean diet,
the Mediterranean diet plus coenzyme Q10, and a diet rich in saturated fatty acids) for
four weeks and found that the DNA-protective effects of the Mediterranean diet were
enhanced by coenzyme Q10 [153]. The supplementation of aged mice with coenzyme Q10
was found to delay the decay of ovarian reserves and restore mitochondrial gene expres-
sion in oocytes, with associated functional improvements in the body [154]. Zhang et al.
reported that coenzyme Q10 inhibits aging through the Akt/mTOR signaling pathway
in D-galactose-treated mesenchymal stem cells [155]. Aging models in which hydrogen
peroxide was added to human vascular endothelial cells have also reported that coenzyme
Q10 has an aging delay effect by suppressing the expression of genes related to the secretory
phenotype associated with aging, inhibiting intracellular ROS production, increasing nitric
oxide (NO) production by increasing endothelial nitric oxide synthase (eNOS) expression,
and promoting mitochondrial function [156].

4. Limitations of the Current Investigations

In the first chapter of this review, the various theories of aging that have been reported
were presented. From the past to the present, many theories have tried to explain the
aging process, but no single theory can fully explain it because the process is essentially a
complex scenario characterized by changes occurring at different levels of the biological
system. However, it is noteworthy that today’s research in the field of aging has developed
based on these theories of aging. Existing theories of aging would help to inspire new
approaches to further the current understanding of the relationship between food and the
aging process. In the future, theories of aging based on new discoveries and perspectives
may well be proposed to elucidate the reality of diet and food components in aging.
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In the second chapter, research conducted to investigate the impact of foodstuffs
on life expectancy and mortality was introduced. Diet plays an important role in aging
because the human body is composed of compounds found in the foods that are consumed
every day. Considering the research reports presented in the second chapter, it seems
that dietary patterns may have a significant impact on mortality. On the other hand, the
evaluation of the physiological effects of foods composed of multiple molecules, unlike
single molecules, seems to be difficult to explain with the current technology. Therefore,
it is difficult to connect and discuss the findings of the cohort studies presented in this
chapter with the individual theories of aging presented in the first chapter. However,
in very recent years, with the development of Al technology, new methods of dietary
assessment and physiological effects have begun to be established [157-159]. In addition,
with the development of nanotechnology, the concept of “smart food,” in which food is
processed at the nanoscale to enhance its bioavailability and shelf life, will also lead to
significant progress in aging research [160]. Considering these concepts, it will be even
more important to elucidate the detailed role of food-derived antioxidants in the regulation
of aging. Aging is affected not only by the kinds of food human ingests but also by
the surrounding environment; for example, the natural environment, air, climate, soil,
artificial environment, social environment, urban green spaces, economic background,
social cohesion, socioeconomic status, and physical activity [161]. These complex factors
and their relationship to food and aging are extensive and are beyond the scope of this
review, but they need to be considered and evaluated.

In the third chapter, individual antioxidants in the human dietary resources and their
effects on aging and related diseases (including lifespan extension) were summarized.
Most of the previous research on food-derived antioxidants and lifespan has been based
on the theory of oxidative damage, as introduced in the first chapter, and many reports
have suggested that antioxidative activity is a major factor in promoting longevity. The
various foods presented in the second section that may extend the lifespan seem to be rich
in the individual antioxidants discussed in this chapter. The concentrations of food-derived
antioxidants in the body are found to decrease with aging (Figure 3). Therefore, it may be a
possibility that individual antioxidants might contribute to lifespan extension, but a clear
cause-and-effect relationship has not yet been elucidated. Current methods for elucidating
the relationship between individual antioxidants and aging, such as those described in
this chapter, may yet have some details to be elucidated. Although the mechanisms of the
effects of individual antioxidants on individual diseases, including Alzheimer’s disease
and lifestyle-related diseases, are becoming clearer, it seems that experimental models
and evaluation methods to explain “aging” are currently insufficient. For example, the
quantification of DNA repair capacity in humans regarding age-related genomic instability
has not yet been established [162]. Proteostasis defects have been identified as a novel
mechanism of aging but, to date, there is no effective technology for this purpose [163]. Stem
cell depletion may also be an important marker of aging, but methods for its evaluation
have not yet been established [164]. Telomeres, which are an important indicator of aging,
have not yet been put to practical use in clinical practice because the current evaluation
methods have problems with the accuracy of analysis, such as heterogeneity among cells
and individuals [1]. As the technology for such evaluation methods develops, the concept
of food-derived antioxidants and aging will become more visible. It will also be necessary to
try to bring the two separate interpretations of “food” as a whole and “individual nutrients”
closer together.

What is the biological meaning of oxidative stress in aging? Although various reports
have shown that techniques for measuring age-related ROS are available, their relationship
with aging is still unclear [165]. As mentioned in the concept of mitohormesis introduced
at the beginning of the third chapter, moderate oxidative stress in the body may have the
potential to improve the lifespan. Based on the concept of the oxidative damage theory
of aging, it seems that higher amounts of antioxidants in food would benefit longevity,
but this may not necessarily be the case. Gladyshev et al. stated that excess antioxidant
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supplementation disrupts the redox balance of the organism and there is a risk of accelerated
aging [166]. Pérez et al. reported that transgenic mice that produced more antioxidant
enzymes in their bodies did not live as long as normal mice [167]. Furthermore, when
using catalase-deficient mice, Pérez-Estrada et al. reported that catalase contributes to
lifespan extension by regulating the lipid metabolism in the liver without contributing
to oxidative stress [168]. Van Raamsdonk et al. found that C. elegans (sod-12345) without
SOD activity had a normal lifespan, although it was more sensitive to all stresses [169].
Furthermore, whether superoxide extends or shortens the lifespan depends on the genotype
of the strain and the initial concentration of superoxide, which raises questions about the
oxidative damage theory. In addition to the oxidative damage theory, it will be important
to consider food antioxidants and aging on the basis of other aging theories. Throughout
this review, we can report that there is definitely a promising future for diets that control
aging, although more research needs to be performed to clarify the relationship between
food antioxidants and aging.
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Figure 3. Age-related decline in the plasma concentrations of food antioxidants (vitamin C, uric acid,
«-carotene, 3-carotene, 3-cryptoxanthin, lutein, zeaxanthin, and lycopene in total). (Figure modified
from Miyazawa et al. [160]).
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5. Conclusions and Outlook

Research on food antioxidants and aging has been widely based on the “oxidative
damage theory” among the aging theories. Most of the previously reported cohort studies
suggest that food antioxidant components may affect the lifespan; however, there is no
direct evidence and the effect remains unclear. New technologies are expected to be
developed in the future that can show that individual food antioxidants have the potential
to extend the lifespan; moreover, the technology can evaluate the relationship between
aging and the food as a whole, which is composed of various food antioxidants.
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