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ABSTRACT  

Aging is driven by oxidative damage to DNA, proteins, and 

lipids. Oxidative stress from an imbalance between reactive 

oxygen species and antioxidant defenses accelerates age-related 

decline. Dietary antioxidants—vitamins C and E, carotenoids, 

selenium, and polyphenols—neutralize free radicals and 

activate the Nrf2 pathway. This review synthesizes evidence 

from observational cohorts, randomized trials, and biomarker 

studies on antioxidant-rich whole foods for healthy aging. 

Large prospective studies show that high intake of fruits, 

vegetables, nuts, and whole grains is associated with longer 

telomeres, reduced oxidative DNA damage, and lower all-cause 

mortality. Conversely, high-dose single antioxidant 

supplements fail to show benefits and may cause harm. 

 Practical dietary strategies—including the Mediterranean diet  

and daily consumption of specific vegetarian and non-vegetarian antioxidant-rich foods—

offer safe, effective approaches to extend healthspan. Public health recommendations should 

prioritize whole foods over supplements. 

 

KEYWORDS: Oxidative stress, dietary antioxidants, healthy aging, Mediterranean diet, 

telomere length. 

 

1. INTRODUCTION 

Biologically, aging is a progressive, time-dependent deterioration of physiological function 

characterized by the accumulation of molecular and cellular damage, leading to increased 

vulnerability to disease and death. At the molecular level, aging involves the gradual 
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accumulation of damaged DNA, misfolded proteins, dysfunctional mitochondria, shortened 

telomeres, and altered intercellular communication. At the cellular level, aging manifests as 

replicative senescence (the inability to divide further), mitochondrial dysfunction, loss of 

proteostasis, and deregulated nutrient sensing. The hallmarks of aging—nine interconnected 

biological processes identified by López-Otín and colleagues—include genomic instability, 

telomere attrition, epigenetic alterations, loss of proteostasis, mitochondrial dysfunction, 

cellular senescence, stem cell exhaustion, altered intercellular communication, and disabled 

macroautophagy.
[1]

 Aging is not merely a passive process of wear and tear; rather, it is 

actively driven by conserved molecular pathways that can be modulated by environmental 

factors—most notably, nutrition. 

 

Among the most promising and accessible interventions to delay aging and extend healthspan 

(the period of life free from major chronic diseases) is the consumption of antioxidant-rich 

foods.
[2]

 The free radical theory of aging, first proposed by Denham Harman in 1956, posits 

that reactive oxygen species (ROS) and other free radicals produced during normal cellular 

metabolism cause cumulative oxidative damage to DNA, proteins, and lipids, thereby driving 

the aging process.
[3] 

 

Antioxidants are molecules capable of delaying, preventing, or removing oxidative damage to 

a target molecule. They operate through several distinct mechanisms: (i) direct radical 

scavenging—donating a hydrogen atom or electron to neutralize free radicals (e.g., vitamin C 

neutralizes superoxide and hydroxyl radicals); (ii) metal chelation—binding transition 

metals such as iron and copper to prevent Fenton chemistry that generates the highly 

destructive hydroxyl radical; (iii) quenching singlet oxygen—absorbing energy from excited 

oxygen species and dissipating it harmlessly (e.g., carotenoids); (iv) enzymatic cofactor 

activity—serving as essential cofactors for endogenous antioxidant enzymes such as 

superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase (e.g., selenium, 

zinc, manganese); and (v) activating transcription factors—particularly Nrf2 (nuclear 

factor erythroid 2–related factor 2), which upregulates the body's entire endogenous 

antioxidant defense network.
[4,5]

 Importantly, dietary antioxidants do not act alone; they 

function synergistically in an interconnected network, with some antioxidants (e.g., vitamin 

C) regenerating others (e.g., vitamin E) after they have been oxidized. 

 

While moderate levels of ROS play essential roles in cell signaling and immune defense, an 

imbalance between ROS production and the body's antioxidant defense systems leads to 
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oxidative stress—a key driver of cellular senescence and age-related pathology.
[6]

 

Epidemiological evidence consistently shows that high intake of antioxidant-rich whole foods 

correlates with reduced risk of cardiovascular disease, neurodegeneration, certain cancers, 

and all-cause mortality.
[7,8]

 This review synthesizes current knowledge on the biological 

mechanisms of oxidative aging, major dietary antioxidants and their food sources, human 

evidence from observational and clinical studies, and practical dietary strategies—including 

specific daily vegetarian and non-vegetarian options—to promote healthy longevity. 

 

2. Biological Mechanisms of Aging and Oxidative Damage 

2.1 The Mitochondrial Free Radical Theory of Aging 

Mitochondria are the primary endogenous source of ROS, generated as byproducts of 

oxidative phosphorylation at complexes I and III of the electron transport chain.
[9]

 Under 

normal conditions, approximately 1–2% of consumed oxygen is converted to superoxide 

anion (O₂•⁻), which is rapidly dismutated to hydrogen peroxide (H₂O₂) by superoxide 

dismutase (SOD). H₂O₂ can then be reduced to water by glutathione peroxidase (GPx) and 

catalase, or converted to the highly reactive hydroxyl radical (•OH) via the Fenton reaction in 

the presence of transition metals.
[10]

 

 

With advancing age, mitochondrial efficiency declines, leading to increased ROS leakage. 

This creates a vicious cycle: ROS damage mitochondrial DNA (mtDNA), which lacks 

protective histones and efficient repair mechanisms, causing further electron transport chain 

dysfunction and even greater ROS production.
[11]

 Accumulated mtDNA mutations have been 

shown to accelerate aging phenotypes in animal models, and human studies report increased 

mtDNA deletion frequency in aged tissues such as skeletal muscle and brain.
[12]

 

 

2.2 Oxidative Damage to Macromolecules 

DNA damage: 8-hydroxy-2'-deoxyguanosine (8-OHdG) is a widely used biomarker of 

oxidative DNA damage. Levels of 8-OHdG increase with age in multiple human tissues, and 

elevated urinary 8-OHdG predicts all-cause mortality in older adults.
[13]

 Guanine is the most 

susceptible base to oxidation, and if unrepaired, G→T transversions can lead to mutagenesis 

and cellular senescence. 

 

Lipid peroxidation: Polyunsaturated fatty acids (PUFAs) in cell membranes are highly 

vulnerable to ROS attack. Lipid peroxidation generates malondialdehyde (MDA) and 4-

hydroxynonenal (4-HNE), which form covalent adducts with proteins and DNA, propagating 
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damage.
[14]

 Accumulation of lipofuscin—an autofluorescent, cross-linked aggregate of 

oxidized lipids and proteins—is a hallmark of aged postmitotic cells such as neurons and 

cardiomyocytes.
[15]

 

 

Protein carbonylation: ROS can directly oxidize amino acid side chains (particularly lysine, 

arginine, proline, and threonine), introducing carbonyl groups. Carbonylated proteins lose 

enzymatic function, become resistant to proteasomal degradation, and aggregate, contributing  

to proteotoxicity seen in aging and neurodegenerative diseases.
[16]

 

 

2.3 Nuclear Factor Erythroid 2–Related Factor 2 (Nrf2) and Endogenous Antioxidant 

Defense 

The body possesses an intricate network of endogenous antioxidant enzymes, including SOD, 

GPx, catalase, and heme oxygenase-1 (HO-1). The master regulator of this network is Nrf2, a 

transcription factor that binds to the antioxidant response element (ARE) in the promoter 

regions of over 200 cytoprotective genes.
[17]

 Under basal conditions, Nrf2 is sequestered in 

the cytoplasm by Kelch-like ECH-associated protein 1 (Keap1) and targeted for 

ubiquitination and degradation. Upon oxidative stress, specific cysteine residues in Keap1 are 

modified, releasing Nrf2 to translocate to the nucleus.
[18]

 

 

Aging is associated with reduced Nrf2 activity, impairing the induction of antioxidant 

enzymes. Notably, dietary phytochemicals such as sulforaphane (from broccoli), curcumin 

(from turmeric), and resveratrol (from grapes) act as Nrf2 activators, representing an 

important mechanism by which antioxidant-rich foods exert their effects beyond direct 

radical scavenging.
[19]

 

 

2.4 Telomere Attrition and Oxidative Stress 

Telomeres—repetitive TTAGGG sequences at chromosome ends—are particularly sensitive 

to oxidative damage because of their high guanine content. Oxidative lesions accelerate 

telomere shortening per cell division and can even induce telomere dysfunction independent 

of replication.
[20]

 Shorter leukocyte telomere length (LTL) is associated with increased risk of 

age-related diseases and mortality. Cross-sectional studies have found positive associations 

between dietary antioxidant intake (e.g., vitamin C, vitamin E, beta-carotene) and longer 

LTL, suggesting a protective role against oxidative telomere attrition.
[21]
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3. Major Dietary Antioxidants and Their Food Sources 

3.1 Classification and Chemistry 

Dietary antioxidants span multiple chemical classes, each with distinct solubility, 

bioavailability, and mechanisms of action. They are broadly divided into enzymatic cofactors 

(e.g., selenium, zinc, manganese), vitamin antioxidants (C, E, carotenoids), and non-vitamin 

phytochemicals (polyphenols, flavonoids, phenolic acids).
[22]

 

 

3.2 Vitamin C (Ascorbic Acid) 

Vitamin C is a water-soluble chain-breaking antioxidant that directly scavenges superoxide, 

hydroxyl radical, and singlet oxygen. It also regenerates vitamin E from its radical form, 

sustaining lipid-phase antioxidant defense.
[23]

 Humans lack L-gulonolactone oxidase and 

must obtain vitamin C from diet. Rich sources include very high (>100 mg/100g): Kakadu 

plum, acerola cherry, rose hips, red bell pepper, blackcurrant; and high (50–100 mg/100g): 

kiwi, broccoli, Brussels sprouts, strawberry, orange. 

 

3.3 Vitamin E (Tocopherols and Tocotrienols) 

Vitamin E is the major lipid-soluble antioxidant, embedded in cell membranes and 

lipoproteins, where it terminates lipid peroxidation chain reactions by donating a hydrogen 

atom to peroxyl radicals. Alpha-tocopherol has the highest biological activity, while gamma-

tocopherol exhibits superior trapping of reactive nitrogen species.
[24]

 Primary sources include 

nuts (almonds, hazelnuts), seeds (sunflower), vegetable oils (wheat germ, sunflower, 

safflower), and green leafy vegetables. 

 

3.4 Carotenoids 

Carotenoids (beta-carotene, lycopene, lutein, zeaxanthin, astaxanthin) quench singlet oxygen 

and scavenge peroxyl radicals. Beta-carotene is a provitamin A, while lutein and zeaxanthin 

selectively accumulate in the macula of the retina, protecting against age-related macular 

degeneration.
[25]

 Key sources: lycopene from cooked tomato products (paste, sauce), 

watermelon, pink guava; beta-carotene from carrot, sweet potato, pumpkin, spinach; 

lutein/zeaxanthin from kale, spinach, eggs, corn. 

 

3.5 Polyphenols and Flavonoids 

Polyphenols are the most abundant dietary antioxidants, with over 8,000 identified structures. 

They are classified into flavonoids (flavonols, flavones, flavanones, isoflavones, 

anthocyanins, catechins) and non-flavonoids (phenolic acids, stilbenes, lignans).
[26]

 Beyond 



Priyanka                                                                              World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 15, Issue 11, 2026.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

1642 

radical scavenging, polyphenols modulate Nrf2, inhibit NF-κB (reducing inflammation), and 

influence sirtuins (aging-related deacetylases). Major sources include. 

 

Class Food Sources 

Anthocyanins Blueberry, blackberry, cherry, purple grape, eggplant 

Flavan-3-ols (catechins) Green tea, dark chocolate, apple, persimmon 

Flavonols (quercetin) Onion, kale, broccoli, capers, apple skin 

Flavanones Citrus fruits (orange, grapefruit, lemon) 

Isoflavones Soybeans, tofu, tempeh 

Stilbenes (resveratrol) Red grape, red wine, peanut, blueberry 

Curcuminoids Turmeric 

Lignans Flaxseed, sesame seed, whole grains 

 

3.6 Selenium 

Selenium is an essential trace element incorporated as selenocysteine in GPx and thioredoxin 

reductase (TrxR), key enzymes that reduce H₂O₂ and lipid hydroperoxides.
[27]

 Selenium 

status declines with age in some populations, and supplementation has been proposed to 

support antioxidant capacity. Food sources include Brazil nuts (one nut provides ~95 mcg, 

exceeding daily requirement), seafood, organ meats, eggs, and sunflower seeds. 

 

3.7 Synergy and the Concept of the "Antioxidant Network" 

Dietary antioxidants do not act in isolation. In vivo, they form a hierarchical network: vitamin 

E radicals are reduced by vitamin C, which is regenerated by glutathione and indirectly by 

flavonoids. Furthermore, different antioxidants partition into distinct cellular compartments 

(water-soluble vitamin C in cytosol and plasma; lipid-soluble vitamin E in membranes; 

polyphenols that bind to proteins). This compartmentalization and regenerating synergy 

explain why whole foods often outperform single antioxidant supplements in clinical trials.
[28]

 

 

4. Evidence from Observational and Clinical Studies 

4.1 Observational Studies: Dietary Patterns and Longevity 

Large prospective cohorts consistently link high intake of antioxidant-rich foods with reduced 

mortality and extended healthspan. The European Prospective Investigation into Cancer and 

Nutrition (EPIC)-Elderly study followed 74,607 older adults across 10 European countries for 

a median of 9 years. Participants with higher adherence to a diet rich in fruits, vegetables, 

nuts, and legumes (reflecting high antioxidant intake) had a 30% lower all-cause mortality 

risk compared to those with low adherence.
[29] 
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The Nurses' Health Study and Health Professionals Follow-Up Study (combined n > 100,000) 

examined plasma carotenoid levels—objective biomarkers of fruit and vegetable intake—and 

found that higher plasma levels of lycopene, alpha-carotene, beta-carotene, and 

lutein/zeaxanthin were each independently associated with 14–25% lower all-cause mortality 

over 24–26 years of follow-up.
[30]

 Importantly, these associations remained significant after 

adjusting for traditional risk factors, suggesting an independent protective effect. 

 

Regarding telomere aging, the National Health and Nutrition Examination Survey 

(NHANES) 1999–2002 reported that each 10-µg/dL increase in serum alpha-tocopherol was 

associated with approximately 27 additional base pairs of leukocyte telomere length, 

equivalent to 1.5–2 years of less biological aging.
[31]

 Similarly, higher dietary intakes of 

vitamin C and E from foods (but not from supplements) were positively correlated with 

longer telomeres. 

 

4.2 Randomized Controlled Trials (RCTs) of Whole Foods 

While long-term RCTs with hard endpoints (mortality, major disease) are logistically 

challenging, several medium-term trials have examined surrogate biomarkers of aging. 

 

The PREDIMED trial (Prevención con Dieta Mediterránea) randomized 7,447 high-

cardiovascular-risk adults to a Mediterranean diet supplemented with extra-virgin olive oil 

(EVOO, ~50g/day), a Mediterranean diet supplemented with mixed nuts (30g/day, including 

walnuts, almonds, hazelnuts), or a control low-fat diet.
[32]

 After 4.8 years, both Mediterranean 

diet groups showed significant reductions in oxidative stress biomarkers: plasma oxidized 

LDL decreased by 10% in the EVOO group and 7% in the nut group compared to controls. 

Additionally, leukocyte telomere length was better preserved in the Mediterranean diet 

groups, with the nut group showing a difference equivalent to 1.5 years less telomere 

attrition.
[33]

 

 

A smaller RCT (n=120) investigated the effect of blueberry consumption (equivalent to 1 cup 

daily) on cognitive aging in older adults with subjective cognitive decline. After 6 months, 

the blueberry group demonstrated improved executive function and reduced oxidative stress 

markers (serum MDA and protein carbonyls) compared to placebo.
[34]
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4.3 Supplementation Trials: The Disappointment of Isolated Antioxidants 

In striking contrast to whole-food studies, large-scale RCTs of isolated antioxidant 

supplements have generally failed to demonstrate benefits and, in some cases, have shown 

harm. The Selenium and Vitamin E Cancer Prevention Trial (SELECT) randomized 35,533 

men to vitamin E (400 IU/day), selenium (200 mcg/day), both, or placebo. After 7–12 years, 

not only was there no reduction in prostate cancer (primary endpoint), but vitamin E alone 

was associated with a 17% increased risk.
[35]

 Similarly, the Age-Related Eye Disease Study 2 

(AREDS2) found that adding lutein/zeaxanthin to the standard antioxidant formulation was 

beneficial, but beta-carotene increased lung cancer risk in former smokers.
[36]

 

 

Several explanations have been proposed: (1) isolated high-dose antioxidants may disrupt the 

endogenous redox signaling that depends on transient ROS bursts; (2) whole foods contain 

complex mixtures of antioxidants that act synergistically and in optimal ratios; (3) laboratory 

degradation of certain supplements may produce pro-oxidant compounds; (4) the benefits of 

fruit and vegetable intake may derive partly from non-antioxidant components (fiber, folate, 

potassium) that confound associations.
[37]

 

 

4.4 Biomarker Studies in Human Aging 

More recent research has shifted toward validated biomarkers of biological aging. The 

Framingham Heart Study measured plasma total antioxidant capacity (TAC) in 2,815 

participants. Higher TAC was associated with lower 4-year risk of developing hypertension 

and better preservation of physical function.
[38]

 Another study using the "phenotypic age" 

algorithm (based on 9 clinical biomarkers) found that each standard deviation increase in 

dietary antioxidant index corresponded to 0.8 years younger phenotypic age.
[39]

 

 

Thus, the current consensus is that antioxidant-rich foods—not isolated supplements—

should be recommended for delaying aging and promoting healthy life.
[40]

 

 

5. Impact on Age-Related Diseases 

5.1 Cardiovascular Disease 

Oxidative stress drives atherosclerosis through oxidation of LDL particles, endothelial 

dysfunction, and inflammatory activation. Dietary antioxidants protect via multiple 

mechanisms: vitamin E inhibits LDL oxidation; polyphenols enhance nitric oxide 

bioavailability and reduce blood pressure; flavonoids inhibit platelet aggregation. A meta-
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analysis of 15 cohort studies (n=922,718) found that each 200g/day increase in fruit and 

vegetable intake reduced coronary heart disease risk by 8% and stroke risk by 16%.
[41]

 

 

5.2 Neurodegenerative Disorders 

The brain is highly vulnerable to oxidative stress due to its high oxygen consumption, 

abundant PUFAs, and relatively low antioxidant enzyme levels. In Alzheimer's disease, 

amyloid-beta plaques generate ROS, while tau hyperphosphorylation is exacerbated by 

oxidative conditions. Flavonoid-rich berries and cocoa have been shown to improve cognitive 

function and reduce biomarkers of neuroinflammation in older adults.
[42]

 The Rotterdam 

Study (n=5,395) reported that higher dietary intake of vitamins C and E was associated with 

25% lower risk of incident dementia over 10 years.
[43]

 

 

5.3 Metabolic Syndrome and Type 2 Diabetes 

Oxidative stress impairs insulin signaling and promotes pancreatic beta-cell dysfunction. 

Antioxidant-rich diets improve insulin sensitivity and reduce inflammatory markers. The 

PREVIEW study found that a high-polyphenol diet (berries, green tea, dark chocolate) 

significantly improved HbA1c and fasting glucose in prediabetic adults.
[44]

 

 

5.4 Skin Aging 

Extrinsic skin aging (photoaging) is driven by UV-induced ROS. Dietary carotenoids 

(lycopene, beta-carotene) accumulate in the dermis and provide photoprotection. A 12-week 

RCT of tomato paste (40g/day, providing lycopene) reduced UV-induced erythema by 32% 

and decreased matrix metalloproteinase expression, preserving collagen.
[45]

 

 

6. Practical Dietary Strategies for Healthy Longevity 

6.1 The Mediterranean Diet 

The Mediterranean diet remains the most extensively studied dietary pattern for healthy 

aging. Key components include abundant fruits, vegetables, whole grains, legumes, nuts, 

seeds, and extra-virgin olive oil; moderate fish and seafood; limited red meat and sweets; and 

regular wine consumption in moderation. Adherence scores in the highest tertile are 

associated with 20–25% reduction in all-cause mortality.
[46]
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6.2 Dietary Approaches to Stop Hypertension (DASH) 

The DASH diet emphasizes fruits, vegetables, low-fat dairy, and whole grains while limiting 

sodium, red meat, and added sugars. It reduces oxidative stress biomarkers by 15–20% and 

lowers cardiovascular risk.
[47]

 

 

6.3 Practical Daily Recommendations 

Based on current evidence, a practical antioxidant-rich diet includes 

 5–9 servings of colorful fruits and vegetables daily (with emphasis on berries, leafy 

greens, cruciferous vegetables, citrus, tomatoes) 

 30g mixed nuts daily (walnuts, almonds, hazelnuts) 

 2–3 cups of green or herbal tea 

 1–2 tablespoons of extra-virgin olive oil as primary cooking fat 

 Spices (turmeric, ginger, cinnamon, oregano) used liberally 

 Moderate red wine (optional, 1 glass/day for men, half for women) 

 Legumes 3–4 times per week 

 

6.4 Daily Vegetarian and Non-Vegetarian Food Guide to Delay Aging 

In addition to general dietary patterns, specific foods—both plant-based and animal-

derived—have been shown to reduce oxidative stress, lower inflammatory markers, and 

protect against age-related decline. The table below provides a daily guide to antioxidant-rich 

vegetarian and non-vegetarian options, organized by meal times, with portion sizes and 

mechanisms of action. 

 

Table: Daily Vegetarian and Non-Vegetarian Food Guide to Delay Aging. 

Meal Time 
Vegetarian 

Options (Portion) 

Non-Vegetarian 

Options (Portion) 
Key Anti-Aging Mechanism 

Evidence 

Grade* 

Breakfast 

Oatmeal with 

blueberries (½ cup 

oats + ½ cup 

berries) + walnuts 

(30g) 

Scrambled eggs (2) 

with spinach (1 

cup) + whole-grain 

toast 

Oat beta-glucan lowers 

cholesterol; blueberry 

anthocyanins improve cognitive 

function; egg lutein protects 

against macular degeneration 

A 

 
Green tea (1 cup) 

Smoked salmon 

(50g) on rye bread 

Green tea catechins activate 

Nrf2; salmon astaxanthin and 

omega-3 reduce 

neuroinflammation 

A 

Lunch 

Quinoa salad with 

kale, cherry 

tomatoes, 

chickpeas, avocado 

Grilled chicken 

breast (120g) with 

roasted sweet 

potato and broccoli 

Quercetin (kale, broccoli) and 

lycopene (tomato) synergize; 

chicken provides selenium for 

GPx enzyme 

B 



Priyanka                                                                              World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 15, Issue 11, 2026.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

1647 

(2 cups) + olive oil 

dressing 

(2 cups) 

 

Turmeric lentil 

soup (1 bowl) + 

black pepper 

Tuna salad (100g) 

with mixed greens, 

walnuts, and 

pomegranate seeds 

Curcumin + piperine (black 

pepper) increases bioavailability 

2000%; tuna provides selenium 

and vitamin D 

A 

Dinner 

Stir-fried tofu with 

bok choy, 

mushrooms, bell 

peppers, ginger (2 

cups) + brown rice 

Baked cod (150g) 

with roasted 

asparagus (1 cup) 

and purple sweet 

potato 

Isoflavones (tofu) improve 

endothelial function; cod 

provides selenium; asparagus is 

rich in glutathione precursors 

B 

 

Bean and vegetable 

chili (kidney beans, 

tomatoes, onions, 

garlic, cumin) 

Grass-fed beef 

(100g) stir-fry with 

onions, garlic, and 

mixed peppers 

(limited to 2–

3x/week) 

Cumin and garlic organosulfur 

compounds activate Nrf2; beef 

provides zinc for SOD enzyme 

C 

Snacks (2–

3x/day) 

Apple with almond 

butter (1 medium 

apple + 1 tbsp) 

Hard-boiled egg (1) 

+ carrot sticks 

Apple peel quercetin; almond 

vitamin E; egg provides choline 

for membrane integrity 

B 

 

Dark chocolate 

(85% cocoa, 20g) + 

handful of mixed 

berries 

Greek yogurt 

(150g) with honey 

and ground 

flaxseed (1 tbsp) 

Cocoa flavanols improve blood 

flow; flaxseed lignans reduce 

oxidative stress 

A 

 

Handful of walnuts 

or Brazil nuts (2 

Brazil nuts + 5 

walnuts) 

Sardines (50g) on 

whole-grain 

cracker 

Brazil nuts provide 100% daily 

selenium in 1 nut; sardines 

provide CoQ10 and omega-3 

B 

Beverages 

(throughout 

day) 

Hibiscus tea, 

rooibos tea, or 

water with lemon 

Bone broth (1 cup, 

homemade) 

Hibiscus anthocyanins lower 

blood pressure; bone broth 

provides glycine and collagen 

precursors 

C 

 

Coffee (1–2 cups, 

black) 
— 

Chlorogenic acid in coffee 

reduces oxidative DNA damage 

(8-OHdG) 

A 

 

 Evidence Grade: A = multiple RCTs or large cohort studies; B = limited RCTs or strong 

mechanistic evidence; C = preliminary or observational. 

 

6.5 Important Clarifications for Non-Vegetarian and Vegetarian Choices 

For non-vegetarian options, fatty fish (salmon, sardines, mackerel, cod) are preferred over red 

meat due to their high omega-3 content and lower pro-inflammatory potential. Red meat 

(beef, lamb, pork) should be limited to 2–3 servings per week, and when consumed, grass-fed 

and unprocessed forms are superior because they contain higher levels of conjugated linoleic 

acid (CLA) and lower advanced glycation end-products (AGEs) compared to grain-fed or 

processed meats.
[48]

 Organ meats (liver, heart) are rich in CoQ10, selenium, and B vitamins 
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but should be limited to once weekly due to high vitamin A and cholesterol content. For 

vegetarians, careful attention to vitamin B12, iron, and omega-3 (from flaxseed, walnuts, 

algae oil) is essential to avoid deficiencies that can accelerate aging.
[49]

 

 

6.6 Synergy and Meal Combinations 

Specific food combinations enhance antioxidant activity: 

 Tomato + olive oil (lycopene absorption increases 4–10 fold with fat) 

 Turmeric + black pepper (piperine increases curcumin bioavailability by 2000%) 

 Green tea + lemon (vitamin C stabilizes catechins for intestinal absorption) 

 

7. Limitations, Challenges, and Future Directions 

7.1 Bioavailability Issues 

Many dietary polyphenols have low systemic bioavailability due to extensive first-pass 

metabolism. Most circulating metabolites are glucuronidated or sulfated forms with reduced 

antioxidant activity. However, these metabolites may still exert effects via gut microbiota 

conversion or cell signaling modulation.
[50]

 

 

7.2 Confounding Factors 

Observational studies cannot fully exclude residual confounding: high antioxidant intake 

correlates with higher socioeconomic status, physical activity, lower smoking rates, and better 

healthcare access. However, adjustment for these factors does not eliminate associations, and 

biomarker studies (plasma carotenoids) provide objective confirmation. 

 

7.3 Personalized Nutrition 

Genetic variation in antioxidant-related genes (e.g., Nrf2, SOD2, GPx) modifies individual 

responses. Future research should identify subgroups who derive greatest benefit and develop 

personalized antioxidant recommendations based on genotype, baseline oxidative stress 

markers, and gut microbiome composition. 

 

7.4 Emerging Research 

Promising directions include: (i) senolytic antioxidants that selectively clear senescent cells; 

(ii) mitochondrial-targeted antioxidants (MitoQ, SkQ1); (iii) the role of gut microbiota in 

metabolizing polyphenols into bioactive forms; and (iv) intermittent antioxidant intake 

mimicking hormetic responses (e.g., fasting-mimicking diets) [51]. 
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8. CONCLUSION 

Oxidative stress is a central mechanism in the biology of aging, driving damage to DNA, 

lipids, and proteins while accelerating telomere attrition and impairing endogenous 

antioxidant defenses. A robust body of evidence from observational cohorts, biomarker 

studies, and clinical trials supports the role of antioxidant-rich whole foods—particularly 

fruits, vegetables, nuts, whole grains, and spices—in delaying biological aging and reducing 

age-related disease risk. The Mediterranean diet exemplifies such a protective pattern. 

However, high-dose single antioxidant supplements have not shown benefits and may be 

harmful, underscoring the importance of obtaining antioxidants from diverse dietary sources 

rather than pills. Practical daily eating patterns can include both vegetarian and carefully 

selected non-vegetarian options, with emphasis on colorful plant foods, fatty fish, moderate 

nuts and seeds, and strategic food combinations that enhance nutrient bioavailability. Public 

health messages should emphasize increased consumption of these foods as a safe, effective, 

and affordable strategy to extend healthspan. Future research should focus on personalized 

antioxidant recommendations based on genetic and metabolic profiles, as well as the 

interplay between dietary antioxidants and the gut microbiome. 
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