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ABSTRACT 

Polyphenols, dietary compounds, play a key role in the human gut microbiome. These bioactive compounds are 

commonly found in fruits, vegetables, coffee, wine, and chocolate, all of which promote gut health. These compounds 

demonstrate potent antioxidant and anti-inflammatory effects by interacting with the gut microbiome and modulating 

microbial composition. Foods rich in polyphenols are often colorful, with the highest levels within the skins of produce. 

Because they reduce oxidative stress, regulate cellular signaling, and protect mitochondria, they have been associated 

with the prevention of neurodegenerative diseases and cardiovascular disorders. This is due to their ability to cross the 

blood-brain barrier and improve overall metabolic functioning within the human body. However, their bioavailability is 

often low due to limited absorption, prompting further research that has led to the discovery of alternative delivery 

methods. Recent studies have shown that greater habitual polyphenol intake may support a balanced gut microbiome 

by inhibiting pro-inflammatory bacteria. Diets rich in fresh and minimally processed foods provide greater polyphenol 

intake than ultra-processed food diets, which are associated with lower overall intake. These findings highlight the 

therapeutic potential of polyphenols, which may improve overall human health by altering the gut microbiome. 

Novelty 

This comprehensive review uniquely synthesizes current understanding of dietary polyphenols' multifaceted roles, 

emphasizing their critical interaction with the human gut microbiome and their ability to cross the blood-brain barrier 

for systemic health benefits. Specifically, this review moves beyond general associations to detail the mechanistic role 

of the flavonoid subclass. We emphasize the precise pathway: 1) flavonoid intake, 2) its specific modulation of gut 

microbial communities, and 3) the resulting downstream health consequences. It particularly highlights emerging 
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alternative delivery methods to overcome inherent low bioavailability and contrasts polyphenol intake from fresh versus 

ultra-processed foods, providing a nuanced perspective on dietary patterns. Furthermore, it uniquely explores novel 

applications of polyphenols beyond direct health benefits, including their potential as natural preservatives in food and 

cosmetics, and as agents for developing hypoallergenic products. 
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INTRODUCTION 

Diet is a major contributor to the composition of the 

human gut microbiome [1]. Polyphenols, found in foods 

such as fruits, vegetables, coffee, wine, and chocolate, 

are known to promote gut microbiota balance [2]. 

Specific polyphenols, such as tannins, bolster antioxidant 

defense in the body and promote overall health [2]. 

These products' therapeutic potential has increased their 

popularity among consumers, driven by recent studies 

associating them with the gut microbiome [3]. 

Polyphenols have been shown to possess antioxidant, 

anti-inflammatory, antidiabetic, and anticancer 

properties through their metabolism by the gut 

microbiota [3]. The diverse bacterial ecosystems in the 

human gut affect overall metabolism and the 

bioavailability of vital nutrients [3]. Since these 

compounds can modulate the composition and activity of 

the gut microbiota, these products are beneficial beyond 

basic nutrition [3]. The symbiotic interaction between the 

gut microbiome and polyphenol consumption may lead 

to significant implications for human health and chronic 

diseases [3]. 

http://www.ffhdj.com/
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         Foods such as apples, berries, dark chocolate, 

broccoli, oats, olive oil, wine, and coffee all contain high 

amounts of polyphenols [4,5]. Herbs and spices such as 

turmeric and cumin are also known for their polyphenol 

content [4]. Although this list is not comprehensive, 

professionals suggest that colorful fruits and vegetables 

often contain high levels of polyphenols [4]. Simply, the 

darker the color of the fruit, the greater the polyphenol 

content [4]. It is important to note that the skins of fruits 

and vegetables contain most of the polyphenol content 

[4]. 

 Polyphenols naturally occur in plants and include 

over 8,000 types, including flavonoids such as quercetin 

and resveratrol [5]. Berries are low in calories and high in 

polyphenols, and elderberries contain 870 mg per ½ cup 

serving [5]. Spices are also known to contain vast 

amounts of vitamins and minerals, with cloves providing 

542 mg of polyphenols per oz [5]. Nuts contain many 

essential fats, protein, and fiber while adding 347 mg of 

polyphenols per three nuts [5]. Resveratrol has also been 

linked to decreased liver function enzymes and lipid 

peroxidation, leading to reduced pro-inflammatory 

cytokines [6,7]. 

Properties of Polyphenols: First and foremost, 

polyphenols are essential to plants, as they protect them 

from excess sunlight and disease [8]. Therefore, as 

beneficial as polyphenols are to the human body, they 

are vital to the health of the plant itself [8]. 

       Polyphenols are responsible for the flavors and 

odors of foods [4]. These factors are affected by 

environmental conditions such as air temperature, water 

and soil conditions, and the age of the plant [4]. The 

properties of these bioactive compounds are directly 

related to the health of the plant itself [4]. Polyphenols 

directly alleviate issues associated with excess oxidative 

stress, which is implicated in the pathogenesis of various 

diseases [9]. These compounds are effective due to their 

antioxidant mechanism, which involves regulating 

cellular signaling pathways, metal chelation, and 

mitochondrial protection [9,10]. Furthermore, 

polyphenols can modulate enzyme activity, thereby 

contributing to their anti-inflammatory effects [9]. 

 It is also important to note their effects on the 

immune system [11]. Polyphenols can promote healthy 

bacterial growth in the gut, limiting the growth of 

harmful bacteria [11,12]. Not only does this promote 

effective digestion, but it also supports longevity and 

immune health [11]. 

Types of Polyphenols: Polyphenols can be classified into 

four categories [8]. Polyphenols can be classified as 

flavonoids, phenolic acids, stilbenes, and lignans [8]. 

While many polyphenols are beneficial, this review 

places a special emphasis on the flavonoid subclass.

Specifically, strengthening the mechanistic link between 

dietary flavonoid intake, the modulation of gut 

microbiota composition it induces, and the human health 

outcomes that result from this interaction. 

The classification of each polyphenol is 

determined by its chemical structure, ring count, and 

molecules attached to its ring(s) [8]. However, the 

functions of each polyphenol are similar in their ability to 

maintain overall health and improve immune function 

[8,13]. Table 1 summarizes these categories by listing the 

respective compounds, common dietary sources, and the 

main biological activities associated with each class. This 

offers a clear comparison of how different polyphenols 

contribute to similar health-protective effects through 

diverse chemical structures and food sources. Flavonoids 

make up 60% of polyphenol content, including 

compounds such as quercetin, kaempferol, catechins, 

and anthocyanins, which are found in foods including 

apples, onions, and dark chocolate [14]. Phenolic acids 

make up 30% of polyphenols and are found in coffee and 

cereal [14]. Lignans and stilbenes make up the remainder 

of polyphenols and are found in items such as spices and 

berries [14].

http://www.ffhdj.com/
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Table 1: Example Compounds, Food Sources, and Health Benefits 

Polyphenol 

Categories 

Example Compounds Primary Food 

Sources 

Health-Related Properties References 

Flavonoids 

Quercetin, Rutin, Macluraxanthone, 

Genistein, Scopoletin, Daidzein, 

Taxifolin, Naringenin, Abyssininones, 

Eriodictyol, Fisetin, Theaflavin, 

Peonidin, Diosmetin, Tricin, Biochanin, 

Hesperidin, Epicatechin, Myricetin, 

Kaempferol, Luteolin, Apigenin 

Green tea, grape 

seeds, red pepper, 

apples, citrus fruits, 

berries, peaches, 

grapes, strawberries, 

blueberries. 

Flavonoids have anti-oxidative, anti-

inflammatory, anti-mutagenic and anti-

carcinogenic properties. They are also able 

to regulate key cellular enzyme functions. 

[69] 

Phenolic Acids 

Sinapic, p-coumaric, ferulic, 

chlorogenic, caffeic and cinnamic acids 

are amongst the C3–C6 acids. P-

hydroxybenzoic, gallic, ellagic, vanillic, 

genistic, syringic, salicylic and 

protocatechuic acids are included in 

C1–C6 

Fruits, Wholegrains, 

Nuts, Coffee, Beer, 

Vegetables. 

Findings from observational studies have 

shown that phenolic acids have led to an 

inverse association with hypertension, type-

2 diabetes, metabolic syndrome, and non-

alcoholic fatty liver disease. The inclusion of 

phenolic acids has been shown to lower the 

incidence of chronic degenerative diseases 

such as Alzheimer’s disease, cancer, 

diabetes, and cardiovascular disease. 

[70-74] 

Stilbenes Resveratrol, Pterostilbene, Piceatannol, 

Polydatin, Viniferin, Astringin, 

Pinosylvin. 

Grapes, berries, 

peanuts, rhubarb, 

mulberry, pine, 

conifer bark, red 

wine 

Stilbenes have shown to be antioxidant, anti-

inflammatory, antihyperglycemic, and 

cardioprotective. They have also been shown 

to prevent cancer and neurodegenerative 

diseases.  

[75-76] 

Lignans Secoisolariciresinol, Matairesinol, 

Pinoresinol, Lariciresinol, Medioresinol, 

Syringaresinol, Sesamin, Sesamolin, 

Arctigenin, 7-Hydroxymatairesinol, 7-

Hydroxysecoisolariciresinol, 

Conidendrin. 

Flaxseed, sesame 

seeds, whole grains 

(rye, barley, oats, 

wheat), legumes, 

nuts, berries, 

vegetables, fruits, 

coffee, tea 

The health benefits of lignans include 

lowered risk of heart disease, reduced 

menopausal symptoms, and decreased 

osteoporosis and breast cancer. It can also 

increase anti-cancer, anti-estrogenic, and 

antioxident activity.  

[77] 

Neurodegenerative diseases are often due, in part, 

to oxidative stress and excessive levels of inflammation 

[9]. This is harmful to the body through its poor effects 

on mitochondrial function, cellular damage, and DNA 

repair [9]. With this, diets high in polyphenols and 

antioxidants have been shown to prevent the onset of 

neurodegenerative diseases such as Parkinson's disease, 

Alzheimer's disease, and dementia [9,15,16,17,18]. A 

beneficial mechanism of action of polyphenols includes 

their ability to maintain healthy aging processes [9,19-

20]. 

Polyphenols have vast benefits for brain health [9]. 

They improve brain function by directly affecting cells 

and processes in the central nervous system [9]. For 
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instance, they can overcome the blood-brain barrier and 

reduce overall oxidative stress [9]. 

Polyphenols may also help prevent atherosclerosis, 

a vascular disorder that underlies many cardiovascular 

diseases [21,22,23]. A significant risk factor for this 

disease is the type and quality of the food one consumes, 

suggesting that polyphenols are promising therapeutic 

agents in this regard [21,24]. 

 Recent studies have shown the promising potential of 

plant-derived polyphenol compounds for the 

management of diabetes [25,22,26]. Medicinal plants 

that can modulate key pathways in the body, such as 

insulin resistance and inflammation, may play significant 

roles in metabolic health [25,27]. Despite the lack of 

clinical data, observational studies have identified 

promising therapeutic options for managing metabolic 

diseases [25]. The same has been observed in chronic 

kidney disease [28]. 

Sleep has also proven to be affected by one’s 

polyphenol intake [29,30]. Studies have shown that 

polyphenols dictate sleep architecture and habitual 

patterns, which could play a role in disease pathogenesis 

[29]. 

Some studies show promising results against the 

onset and symptoms of depression with high polyphenol 

intake, yet others remain inconclusive [31]. Further 

studies involving diverse populations are necessary to 

confirm this finding. 

Increasing Polyphenol Levels: The polyphenol content in 

plants is strongly influenced by soil, climate, fertilization 

strategies, and overall plant health [32]. For example, 

bio-organic fertilizers have proven to increase 

polyphenol content in teas through the increase in soil 

composition of leucine aminopeptidase, β-glucosidase, 

and β-N-acetylglucosamine enzymes and soil acid 

phosphatase, β-cellobiosidase, and β-xylanase [32]. 

However, it is essential to note that the 

bioavailability of polyphenols differs by compound, as it 

is determined by solubility, degree of polymerization, 

conjugation, or chemical structure [9]. This is due to their 

inability to penetrate the blood-brain barrier, which is 

also dependent on brain metabolism and localization [9]. 

The bioavailability of polyphenols, when consumed 

orally, is often low [9]. This has effects such as selective 

permeability across the blood-brain barrier, 

gastrointestinal transformations, poor absorption, rapid 

hepatic and colonic metabolism, and elimination before 

proper absorption [9]. Therefore, most polyphenols have 

inadequate bioavailability in humans, creating a platform 

for the emergence of new consumption and production 

strategies that improve human health by increasing 

bioavailability [9]. Recent studies have shown that 

polyphenol encapsulation may be a beneficial method of 

administration that reduces the risk of 

neurodegenerative diseases. Yet, more research is 

needed for conclusive results [9,33]. 

Improving the Gut Microbiome: Recent studies have 

examined the relationship between habitual polyphenol 

consumption and the gut microbiota in healthy human 

adult samples [34]. A 2024 study measured the effects of 

differing levels of dietary polyphenol consumption [34]. 

This study used biomarkers for daily polyphenol 

consumption (mg/day) including metabolites such as 

Lactobacillus, Bacteroides, Enterococcus, Eubacterium 

ventriosum group, Ruminococcus torques group, and 

Sutterella [34]. The study's results suggested that greater 

habitual polyphenol intake may support optimal 

intestinal environments that inhibit the growth and 
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development of pro-inflammatory bacteria in human 

samples [34]. 

Flavonoids, making up about 60% of polyphenols, 

are particularly influential [14]. For instance, flavonoids 

such as quercetin have been shown to boost 

Bacteroidetes, lower Firmicutes, and inhibit pathogens 

[78]. Similarly, flavonoids such as fisetin promote the 

growth of Akkermansia and help reduce colitis-related 

dysbiosis. These two flavonoids support a diverse and  

anti-inflammatory microbiome [80]. These results 

demonstrate how flavonoids can enhance barrier 

integrity and foster anti-inflammatory changes in the 

microbiota [81]. 

Another study found that higher consumption of 

fresh or minimally processed foods is associated with 

greater polyphenol intake [35]. A diet high in ultra-

processed foods was found to lower polyphenol intake 

[35]. Fresh foods were found to contain the largest 

amounts of polyphenols [35]. Therefore, this study 

recommends daily consumption of these products, while 

excessive intake of ultra-processed foods is discouraged 

due to their low levels of beneficial bioactive compounds 

[35]. 

The gut microbiome is directly associated with diet 

and health outcomes, likely due to its role in metabolite 

production [36]. 

Diets such as the Mediterranean diet, which include 

many polyphenol-containing foods, have been linked to 

macro- and micronutrient intake that affects one's risk of 

disease [37]. Nutrition plays a particularly key role in 

young adulthood and middle age due to its importance 

for cognitive health in old age. Cardio metabolic risk 

factors, such as obesity, hypertension, smoking, and 

physical activity that develop in middle-aged years, 

display that preventive approaches are necessary for 

individuals in their 40s and 50s [37]. These years are vital 

for preventing dementia [37]. 

       It is also important to note that the oral microbiome 

significantly affects the gut microbiome [38]. Polyphenols 

have been shown to positively impact the oral 

microbiome, which plays a key role in oral and chronic 

diseases [38]. Such compounds may alleviate symptoms 

associated with poor gut and oral microbiome health 

[38]. 

Implications for Health:  A key implication for 

increased research regarding polyphenols lies in their 

potential for increased bioavailability [11]. Since the gut 

microbiota has been found to be heavily influenced by 

polyphenols, the potential for increased bioavailability 

through alternative administration methods is a 

promising strategy to prevent neurodegenerative 

diseases [11,39-40]. These compounds are vital for their 

effect on gut microbiota composition and functioning 

[41-43]. Polyphenols such as chlorogenic acid, curcumin, 

green tea catechins, naringenin, quercetin, resveratrol, 

and sulforaphane can be explained [41]. Therefore, 

regulating gut microbiota composition may help alleviate 

non-alcoholic fatty liver disease by reducing 

inflammation, liver fat accumulation, and liver enzymes 

[41,44]. Table 2 summarizes these polyphenol 

subclasses, listing representative compounds, common 

dosages, and their documented effects on gut microbial 

composition and intestinal function. This comparison 

highlights how structurally different polyphenols 

influence similar microbiome-related pathways involved 

in inflammation, barrier integrity, and metabolic health. 

It also sheds light on dietary needs, as these compounds 

can support specific health issues. 
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Table 2. Polyphenol Compounds, Dosages, and Documented Effects on the Human Gut Microbiome 

Polyphenol 

Categories 

Compounds Dosage Human Gut Microbiome Effect References 

Flavonoids Quercetin 

100–500 

mg/day 

Quercetin has been shown to increase bacteroidetes, decrease 

firmicutes, suppress pathogens, induce anti-inflammatory 

processes, and promote beneficial bacteria 

[78] 

Naringenin 150-900 

mg/day 

Increases Bacteroides, reduces Staphylococcus; enhances motility, 

anti-inflammatory, beneficial taxa promoted 

[79] 

Fisetin 8 mg/kg Research studies have shown that fisetin increases Akkermansia, 

reduces colitis-related dysbiosis; shifts toward anti-inflammatory 

profile. 

[80] 

Kaempferol 25–100 

mg/kg/day 

Improves barrier integrity, reduces inflammation, supports anti-

inflammatory microbial shifts 

[81] 

Luteolin 25 mg/kg Lut supplementation mitigated gut microbiota dysbiosis in a UC 

murine model, increasing the abundance of Muribaculaceae, 

Rikenella, and Prevotellaceae while decreasing Escherichia_Shigella 

and Bacteroides levels 

[82] 

Phenolic Acids Ferulic acid 400 mg/kg Ferulic acid in decreased the crypt depth in jejunum (P = 0.01) and 

caecum (P = 0.04), and increased the ratio of villus height to crypt 

depth in jejunum (P = 0.02). Ferulic acid increased the populations 

of genera Faecalibacterium, Paludicola, RF39, and Faecalicoccus in 

the cecum (P < 0.05), whereas decreased the populations of 

Anaerofilum and UCG-002. Essentially, it was able to improve the 

growth performance, antioxidative and immunological capabilities, 

intestinal morphology, and modulated the gut microbial 

construction of Linwu ducks at the growing stage. 

[83] 

Caffeic acid 251mg/kg This is a mice model with DSS-induced colitis. Caffeic acid may 

alleviate colitis by activating Nrf-2 antioxidant pathways, reducing 

inflammatory cytokines, strengthening tight-junction barrier 

proteins, and reshaping alleviating toward beneficial taxa such as 

Akkermansia and Dubosielladecreasing strong potential relevance 

for improving human gut health. 

[84] 

Sinapic acid 50 μM These experiments were performed on Caco-2 human intestinal cell 

models and mouse colitis models. Sinapic acid strengthens the 

intestinal barrier, suppresses early inflammatory signaling, and 

supports anti-inflammatory microbiome shifts. 

[85] 

Chlorogenic acid 

150 mg/kg  

administered 

daily by 

gavage 

These experiments were performed on a mouse model. Chlorogenic 

acid improved intestinal barrier integrity, reduced intestinal mucosal 

permeability and LPS-associated endotoxemia, and significantly 

changed the gut microbiota by increasing SCFA-producing bacteria 

(Dubosiella, Romboutsia, Mucispirillum, Faecalibaculum) and 

Akkermansia. 

[86] 

Stilbenes Resveratrol 10 

mg/kg/day 

via oral 

gavage 

This study used Diabetic nephropathy model using male db/db mice. 

Resveratrol restores gut barrier integrity, reduces intestinal 

permeability and inflammation, and reverses dysbiosis by increasing 

beneficial genera such as Bacteroides, Alistipes, Rikenella, 

Odoribacter, Parabacteroides, and Alloprevotella. 

[87] 
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Pterostilbene 15 mg/kg 

body weight 

per day 

This model used Obese Zucker (fa/fa) rats. Pterostilbene reshaped 

gut microbiota by reducing Firmicutes, increasing Verrucomicrobia, 

and markedly enriching the mucin-degrading taxa Akkermansia 

muciniphila and Odoribacter splanchnicus, producing a healthier 

microbial profile associated with improved metabolic outcomes. 

[88] 

Lignans Secoisolariciresinol 120 

mg/kg/day  

In this study, 6–8 weeks old, male, C57BL/6J mice were fed high-fat 

diet to induce chronic colon inflammation. After secoisolariciresinol 

course, it was shown that restores gut microbial diversity, increases 

SCFA-producing genera such as Roseburia and Allobaculum, reduces 

inflammation-associated taxa including Lachnospiraceae, and 

elevates total SCFA levels, thereby improving gut barrier integrity 

and reducing colon inflammation. 

[89] 

Pinoresinol 5 or 10 

mg/kg/day 

This study was performed with ovariectomized mice, and showed 

pinoresinol increased Akkermansia, Parabacteroides, and Alistipes, 

decreased Ruminococcus, restored SCFAs (acetate, isobutyrate, 

isovalerate, valerate), and improved colonic tight-junction proteins 

while lowering colonic TNF-α, IL-1β, IL-6, and LPS. 

[90] 

As a 2023 study conveyed, dietary guidance is 

necessary for Americans to follow healthy eating 

patterns that promote disease prevention strategies [45]. 

For example, increasing dietary awareness and 

nutritional education for cancer patients may improve 

chemotherapy-related symptoms, and previous studies 

have shown the therapeutic effects of polyphenols in 

modulating cell signaling, which can prevent and slow the 

growth of cancer cells [46,47,48,49,40]. 

However, due to the lack of bioavailability of plant-

derived polyphenols, the poor lipophilicity and instability 

of water-soluble polyphenols must be addressed [50]. 

This is also due to the inability of current studies to 

address causality [51]. Studies that can address the 

mechanism of action of polyphenols in the body have not 

been conducted due to significant challenges [51]. 

Research regarding the effect of polyphenols on 

autophagy must be conducted to support 

supplementation recommendations for this product [52]. 

Polyphenols, which have also been used as natural 

preservatives due to their antioxidant properties, may 

increase the shelf-life and durability of other food 

components [53]. When used in the production of 

perishable goods, the antioxidant and free-radical-

scavenging properties of these bioactive compounds 

could be used in many applications across the medical, 

food, and cosmetic industries [53]. Cosmetics containing 

natural ingredients and preservatives have gained global 

popularity, making products containing polyphenols 

widely acceptable [54]. The chemical structure of 

phenolic compounds confers preservative effects and 

high antioxidant activity, interfering with oxidative 

mechanisms that degrade the product over time [54]. 

Furthermore, the effect of polyphenols against hair and 

skin diseases encourages their use in cosmetic products 

[55]. 

Furthermore, polyphenols could be used to produce 

hypoallergenic products and foods by altering the 

allergenic properties of proteins [56]. Such findings may 

lead to groundbreaking research that affects large 

populations. Implications in this area may benefit overall 

population health by reducing allergic reactions. This may 

be advantageous for hospitals, reducing healthcare costs 

and patient volume due to such complications. 

However, as studies have shown the harmful 

interaction between polyphenols and some medications, 

extensive research regarding their interaction with the 

body must be evaluated [57]. For example, polyphenols 

can block iron uptake, inhibit the production of digestive 

enzymes, alter intestinal microbiota, and interact with 
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drugs that affect hormonal balance [57-59]. Yet, the 

toxicities of many health hazards have been mitigated by 

polyphenols, highlighting the need for increased research 

in this area [60]. 

Connection to Functional Food Science: The intricate 

relationship between dietary polyphenols and the human 

gut microbiome directly underpins the principles of 

functional food science. This field is dedicated to 

understanding how food components, beyond basic 

nutrition, confer specific health benefits, contributing to 

disease prevention and management [61]. Polyphenols 

act as prebiotics that promote beneficial bacteria, 

modulate microbial composition, and facilitate the 

production of health-promoting metabolites in the 

gut [62,63]. 

These insights are foundational to the development 

of functional foods. Understanding how polyphenols 

reduce oxidative stress, modulate cellular signaling, and 

support mitochondrial function enables the formulation 

of foods fortified with extracts or enhanced through 

agricultural practices [64]. The goal is to deliver these 

compounds effectively to improve gut health, systemic 

antioxidant defenses, and reduce risks for 

neurodegenerative, cardiovascular, and metabolic 

diseases [65]. 

However, translating science into functional foods 

presents challenges and opportunities—core to the field. 

Research prioritizes improving bioavailability via 

formulations such as nanocarriers, which are essential for 

efficacy [66]. Equally crucial is clinical validation of health 

claims through rigorous trials, as well as ensuring taste 

and convenience for consumers [67]. By addressing 

bioavailability, efficacy, and consumer acceptability, 

functional food science bridges research and real-world 

dietary solutions [68]. 

Scientific Innovation: This work contributes significantly 

to scientific innovation by integrating diverse findings on 

polyphenol mechanisms, from their modulation of gut 

microbiota composition and activity to their impact on 

cellular signaling, mitochondrial protection, and enzyme 

modulation, all of which help reduce oxidative stress and 

inflammation. It underscores the scientific imperative to 

develop advanced delivery strategies, such as 

encapsulation, to overcome bioavailability limitations 

and thereby unlock polyphenols' full therapeutic 

potential for neurodegenerative, cardiovascular, and 

metabolic diseases. The review also highlights innovative 

applications in food preservation and hypoallergenic 

product development, showcasing broader scientific 

utility beyond direct human consumption. 

Practical Implications: The practical implications of this 

review are far-reaching for public health and various 

industries. It provides strong, evidence-based support for 

dietary patterns rich in fresh, minimally processed, 

polyphenol-rich foods as a natural, cost-effective 

strategy for preventing and managing chronic diseases by 

optimizing gut health. For the food industry, it suggests 

avenues for developing novel functional foods with 

enhanced health benefits through targeted polyphenol 

incorporation and improved delivery methods. 

Moreover, the review highlights practical applications in 

cosmetic and medical industries through polyphenols' 

preservative, skin/hair health, and hypoallergenic 

properties, potentially reducing healthcare costs and 

improving overall population health. 

Future Direction: Future research on polyphenols should 

primarily focus on overcoming their inherent low 

bioavailability by further exploring and validating 

alternative delivery methods, such as encapsulation, to 

ensure their maximal therapeutic potential in vivo. 

Establishing clear cause-and-effect mechanisms through 

rigorous human clinical trials, rather than relying 

predominantly on animal models, is crucial to 
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substantiate health claims for specific polyphenol 

compounds and dosages, particularly for conditions such 

as neurodegenerative diseases, cardiovascular disorders, 

metabolic diseases, and depression. Further 

investigation into the interaction of polyphenols with the 

gut and oral microbiomes is also warranted to fully 

understand their modulatory roles and subsequent 

health benefits, including their impact on autophagy. 

Additionally, increased research is needed to 

comprehensively evaluate potential harmful interactions 

between polyphenols and existing medications. Beyond 

direct health implications, exploring the broader 

applications of polyphenols as natural preservatives in 

the food and cosmetic industries, and their potential in 

developing hypoallergenic products, represents 

promising avenues for future development and 

utilization. 

Limitations of Current Research: Despite advances in 

understanding the role of polyphenols in the human gut 

microbiome, several limitations within current research 

constrain the strength and generalizability of existing 

conclusions. First and foremost, a large majority of 

research is derived from animal models, in vitro studies, 

or short-term human studies, which limits the ability to 

establish clear relationships between dietary 

polyphenols and human health. Mouse models—

including DSS-induced colitis, high-fat diet (HFD) models, 

diabetic db/db mice, and ovariectomized models—

provide valuable insights, but do not fully replicate the 

complex human metabolism, microbiome diversity, or 

long-term dietary patterns. As a result, the translational 

accuracy of these findings remains uncertain. 

Conclusion: Polyphenols are widely recognized as 

bioactive compounds found in colorful fruits, vegetables, 

herbs, and minimally processed foods. Their ability to 

modulate gut microbiota, reduce oxidative stress, and 

cross the blood-brain barrier makes them promising 

agents for the prevention and management of chronic 

diseases, including neurodegenerative, cardiovascular, 

and metabolic disorders. Despite their poor natural 

bioavailability, emerging delivery strategies such as 

encapsulation may provide a new potential for 

administration. This could allow these products to be 

utilized in the body more readily. As research continues 

to uncover the wide-ranging health benefits of 

polyphenols, encouraging individuals to follow diets rich 

in these compounds may be an effective, natural way to 

enhance gut and overall health. 

Abbreviations: BBB (Blood–Brain Barrier), SCFAs (Short-

Chain Fatty Acids), UC (Ulcerative Colitis), LPS 

(Lipopolysaccharide), DSS (Dextran Sodium Sulfate), NF-
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Factor-Alpha), IL-1β (Interleukin-1 Beta), IL-6 

(Interleukin-6), TAK1 (Transforming Growth Factor-β-

Activated Kinase 1), c-Kit (Tyrosine-Protein Kinase Kit / 

Stem Cell Factor Receptor), SCF (Stem Cell Factor), db/db 

(Leptin Receptor–Deficient Diabetic Mouse Model), 

mRNA (Messenger Ribonucleic Acid), NOVA (Food 

Classification System Categorizing Foods by Degree of 

Processing). 
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