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Abstract: Contemporary living is continuously leading to poor everyday choices resulting in the
manifestation of various diseases. The benefits of plant-based nutrition are undeniable and research
on the topic is rising. Modern man is now aware of the possibilities that plant nutrition can provide
and is seeking ways to benefit from it. Dietary phenolic compounds are among the easily accessi-
ble beneficial substances that can exhibit antioxidant, anti-inflammatory, antitumor, antibacterial,
antiviral, antifungal, antiparasitic, analgesic, anti-diabetic, anti-atherogenic, antiproliferative, as
well as cardio-and neuroprotective activities. Several industries are exploring ways to incorporate
biologically active substances in their produce. This review is concentrated on presenting current
information about the dietary phenolic compounds and their contribution to maintaining good health.
Additionally, this content will demonstrate the importance and prosperity of natural compounds for
various fields, i.e., food industry, cosmetology, and biotechnology, among others.

Keywords: biologically active compounds; health benefits; prevention through nutrition; plant diet;
environmental challenges

1. Introduction

The health consequences of diseases are amplified by poor nutrition. Poor nutrition
can be defined as a major societal challenge. On the one hand, various populations do not
have access to nutritious food and clean water, while on the other, many are exposed to
excessive amounts of refined foods and sugar-added drinks that negatively influence their
overall health. The dynamics of global nutrition are marked by foods high in salt, sugars,
and fats, which result in the manifestation of overweight and obesity, as well as type II
diabetes and cardiovascular abnormalities [1]. Oxidative stress, or simply the imbalance
between oxidants and antioxidants, with oxidants prevailing, leads to a cascade of reactions
in the organism in favor of poor health outcomes [2]. Additionally, several environmental
factors contribute to the worsening of overall health. Pollution of various kinds exposes
human beings to harmful environments on a daily basis. Microplastic pollution is seen
as one of the major threats to ecosystems and humans [3], which has a proven negative
effect on living organisms [4]. Environmental contaminants substantially contribute to
human disease, disturbing public and individual health and resulting in rising mortality
and morbidity [5]. Countless developed countries are on top of the list when it comes to
first harming and consequently introducing preventive strategies [5].

Many studies present the connection between food consumption and the content of
bioactive compounds during the past years. Phenolic compounds are among the most
studied in terms of not only the color and taste of food components but also providing
complimentary health benefits to their consumers [6]. Wellbeing associated with disease-
preventive nutrition has been a trending topic for more than 10 years [7]. Fruits, vegetables,
and plants, in general, are known sources of biologically active compounds that supple-
ment the daily human diet [8,9]. Plant nutrition is notoriously recognized for its preventive
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role in the occurrence of common chronic diseases like diabetes, obesity, and hyperten-
sion. In this perspective, microgreens are innovative sources of physiologically active
compounds with highly valuable effects [10]. Microgreens consist of vegetables, grains,
and herbs with appealing sensory (miniature size and tender structure) and favorable
nutritional qualities [7]. Microgreens are considered the next generation of superfoods with
their abundant level of various phytonutrients, i.e., polyphenolic compounds [11]. Other
polyphenol-rich dietary products include tea, coffee, cocoa-based products, wine, cereals,
herbs and spices, nuts, and seeds [12–14]. Polyphenolic compounds are naturally synthe-
sized by secondary metabolic systems in plants and primarily gained researchers’ interest
because of their antioxidant effect. The antioxidant, antiatherogenic, anti-inflammatory,
antimicrobial, antithrombotic, cardioprotective, and vasodilator properties [15,16] are only
a few of the biological effects of phenolic compounds. Currently, it was found that dietary
polyphenols can modulate the composition of intestinal microbes [17]. Polyphenols can
also adjust some gut microbiota metabolites (short-chain fatty acids, dopamine, bile acids,
and lipopolysaccharides) [18]. In this view, the association between diet, health, and the
presence of bioactive compounds in food has received great attention in recent years [8,19].
However, it has to be noted that along with all positive effects, plant-based nutrition can
exert a list of antinutritional effects due to the presence of phytates, oxalates, goitrogens,
saponins, oxalates, and lectins [20]. Many papers suggest that the phytochemical content
of plants depends on the origin, cultivation, environmental conditions, ripeness, pre- and
post-harvest storage, along with transportation and plant part being used (seeds, fruits,
leaves, and stem) [21,22].

Different approaches are pursued in the extraction of phenolic compounds. Depend-
ing on their solubility and attachment to other biological molecules, phenolic compounds
can be seen as free and bonded [23]. The solvent choice is an important step in polyphenol
extraction. The commonly applied methods are alkali and acidic extractions [24]. Other
methods include heat application, microwave or ultrasound extractions, along with enzy-
matic treatment procedures [25]. Currently, a unified most suitable extraction technique
has not been found [26].

This review is focused on providing current information about the dietary phenolic
compounds and their contribution to maintaining good health. Additionally, the presented
information will demonstrate the importance and prosperity of natural compounds for
various fields, i.e., the food industry, cosmetology, and biotechnology, among others.

2. Dietary Phenolic Compounds

Dietary phenolic compounds have large chemical variability, more than 8000 phenolic
structures have been described and categorized into several classes [12]. Phenolic com-
pounds (Figure 1) are dependent on their structure and have a variety of structures, in-
cluding phenolic acids, flavonoids, stilbenes, tannins, coumarins, and lignans [6,27]. Some
researchers determine food bioactive compounds as all compounds found naturally in
food that can provide a certain bioactive effect on the human body but are mostly without
any nutritional value [15]. The classification of these compounds is performed based on
their chemical structure, composition, and their synthetic pathways. Dietary polyphenols
represent a wide range of secondary metabolites, primally derived from phenolic acid,
catechins, flavones, and isoflavones [6,28].

Araújo et al. divide phenolic compounds into the following groups—flavonoids,
phenolic acids, anthocyanins, and tannins [8]. Camara et al. propose a major food bioactive
compounds classification based on the food source where dietary phenolic compounds can
be: phenols (chlorogenic acid in blueberry and raspberry fruits), phytosterols (stigmasterol
in soybean), terpenoids (limonene in citrus fruits), polysaccharides (cellulose in flax seeds),
carotenoids and tocopherols (β-carotene/vitamin A), glucosinolates (sulforaphane in broc-
coli), triterpenes (squalene from olive oil), alkaloids (caffeine in coffee beans), capsaicinoids
(capsaicin in peppers), bioactive peptides (carnosine in red meat), and PUFAs (polyunsat-
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urated fatty acids, docosahexaenoic acid—DHA). Polyphenols can also be divided into
two main groups: flavonoids and non-flavonoids [15,29].
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Figure 1. Some phenolic compound representatives.

2.1. Phenolic Acids

Phenolic acids are fundamental dietary components. They are natural compounds that
possess one carbohylic acid group [30]. There are two sub-groups of phenolic acids, repre-
senting hydroxylated derivatives, respectively, of benzene (hydroxybenzoic) and cinnamic
(hydroxycinnamic) acids. Chlorogenic acid is a common hydroxycinnamic acid, along with
ferulic, caffeic, p-coumaric, and sinapic acids. Vanillic, p-hydroxybenzoic, protocatechuic,
and syringic acids have recently been identified as hydroxybenzoic acids [28]. Phenolic
acids are synthesized through the phenylpropanoid pathway and can be found in free, sol-
uble, conjugated, and insoluble forms [31]. Caffeic and ferulic acids are widely metabolized
in the human body after their absorption in the gastrointestinal tract [32]. Caffeic acid has
been reported to positively influence various types of cancer, as well as diabetes, obesity,
and metabolic syndrome [33]. A recent review of the literature highlights that mixtures of
phenolic acids are efficient bioactive dietary ingredients [34]. Plants usually contain several
phenolic acids in them [35]. Research suggests that people can benefit from plant phenolics
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due to their various activities (skin anti-aging, disease management, and tissue damage
control, among others) [26].

2.2. Flavonoids

Flavanones, flavones, isoflavones, flavonols, flavanols, and anthocyanins form the
seven classes of flavonoids based on their structure [36]. Flavonoids represent one of the
most important and numerous subgroups of natural phenols. They significantly contribute
to the color and aroma of many fruits (berries, grapes, apples, and others) and vegetables
(onions, cabbage, and others). The phenylpropanoid pathway is mainly responsible for
the biosynthesis of flavonoids [37]. Most flavonoids are found in leaves, flowers, fruits,
and seedlings [38]. They are known for their cell-signaling, anti-thrombogenic, and neu-
roprotective properties [28,29]. The established properties (anti-inflammatory, antiviral,
antiallergic, antihypertensive, anticarcinogenic, and hepatoprotective) of flavonoids set
a path for further plant studies that can possibly identify new structures and pathways
various industries could benefit from [39]. Due to flavonoids having the same skeleton, it is
the replacement groups that are mainly responsible for their functional differences [40]. A
broad range of health-revitalizing effects is attributed to anthocyanins [41].

2.3. Lignans

Lignans in plants are a group of natural compounds formed from two units of phenyl-
propane. They are important for plants’ defense strategies [42]. Some authors suggest that
lignans are widespread in the plant kingdom, mostly in their free state rather than in the
form of glycosides [43]. Lignans are described in eight subtypes and are also diversified
based on the presence of oxygen [44]. Lignans accumulate in all plant organs, but most are
contained in the seeds, fruits, roots, and barks [45]. Flaxseed is the richest lignan source in
the human diet [46]. Other sources include wheat, lentils, pears, prunes, garlic, asparagus,
carrots, sesame, etc. [15]. Lignans have gained sizable researchers’ interest due to their
pharmacological activities [47].

2.4. Stilbenes

Stilbenes can be observed in their free, glycosylated, prenylated, and methoxylated
forms and are characterized by a variety of chemical compounds [48]. Stilbenes are present
in small amounts in plant organs and tissues. Their synthetic pathway can differ, with
stilbene synthase playing a key enzyme role [49,50]. A wide variety of representatives
with various biological activities exist. Resveratrol in its isomeric, trans, and glycosylated
forms is probably the most spread and well-known [51]. In plants, its major form is
trans-resveratrol-3-O-β-D glycoside. Piceatannol, found in almonds, peanuts, teas, grapes,
berries, and passion fruit, is a structural analog associated with resveratrol that exhibits
a variety of health-promoting biological properties (antioxidant, anti-inflammatory, and
anticancer) [52]. In recent years, researchers’ attention has been focused on the structural
classifications and pharmacological activities of stilbenes [53].

2.5. Tannins

Plant tannins possess a diverse structure, but they are generally divided into hy-
drolyzed and condensed tannins [54]. Tannins are seen as promising antibacterial and
antivirulence agents for the avoidance of bacterial infections [55]. Tannin-rich plant extracts
are reported to have anti-hypercholesterolemia, anti-diabetic, antioxidant, anticancer, and
antimicrobial activities [56].

2.6. Coumarins

Coumarins can be found in various plant sources like roots, leaves, flowers, and
fruits [57]. Chemically, they belong to the lactones family [57]. Coumarins can be classi-
fied as simple, furano-, pyrano-, dihydrofyrano-, phenyl-, and bi-coumarins [57]. They
can be used as an inflammation treatment, anticoagulants, antioxidants, and enzyme



Int. J. Mol. Sci. 2024, 25, 4769 5 of 15

inhibitors [58]. There is evidence of the potential of coumarins in the management of
degenerative diseases like Alzheimer’s and Parkinson’s [59]. However, their presence
in various food sources is carefully studied, and even some restrictions on a maxi-
mum daily intake exist [60]. Additionally, there are some reported cases of hepatic and
pulmonary toxicity [61].

Table 1 gives a summary of some of the widespread dietary phenolic compounds,
highlighting their ability to manage various diseases and pointing to the appropriate
food sources.

Table 1. Some dietary phenolic compounds with their respective sources and biological activities.

Class Dietary Phenolic
Compounds Sources Biological Activities and Disease

Management Reference

Phenolic acids

Ferulic acid
Caffeic acid
Gallic acid

p-Coumaric acid
Vanillic acid

oilseeds, cereals, coffee, cowpea,
black currant, raspberry, cherries,
peaches, blackberry, plums, citrus

juices and fruits, squash shells
and seeds, spinach, tomatoes,

potatoes, and almonds

diabetes (by enzyme inhibition);
cancer; neuroprotection;

antimicrobial and
antiviral properties

[26,62]

Flavonoids

Curcumin
Quercetin

Rutin
Kaempferol

Luteolin
Cyanidin
Catechin

Epicatechin

whole grains, coffee, green tea,
berries, apple, citrus fruits,

tomato, onion, garlic, carrots,
cruciferous vegetables (cabbage,

broccoli, cauliflower,
brussels sprouts)

anti-inflammatory, antiviral,
antiallergic, and anticarcinogenic
properties; toxin-mediated stress
and chronic disease prevention;

breast cancer, coronary heart
disease, cataracts, diabetes,

Alzheimer’s disease

[63,64]

Stilbenes

Resveratrol
Pterostilbene
ε-Viniferin
Raloxifene
Tamoxifen

cocoa, grapes, hop, peanut, sugar
cane, tomato, bilberry, blueberry,
strawberry, mulberry, deerberry

allergies, inflammation of different
tissues (cardiac, connective,

nervous), intestinal, liver and lung
inflammations, enzyme

inhibition, obesity

[50,65,66]

Tannins Gallotannins
Ellagotannins

pigeon pea, jack bean, yam bean,
babul, black myrobalan, japweed,
blackberry, pomegranate, walnut

pathogens control, treatment of
diarrhea and skin burn, antioxidant,

antimicrobial, anti-inflammatory,
and anti-diabetic properties,

management of diabetes,
obesity, dyslipidemia

[67,68]

Coumarins

Osthole
Dicoumarol

Thunberginols
Psoralen

citrus fruit peels (orange,
clementine, lemon), propolis

products, oils (olive, soy, peanut,
corn), coffee, nuts, wine, green

tea, cinnamon

anti-inflammatory, anti-mutagenic,
anti-tumorigenic, and antioxidant
properties, spasmolysis, inhibition

of insulin-induced lipogenesis,
antibacterial and

anticancer activities

[69–71]

Lignans

Sevanol
Isoguaiacin

Carinol
Gomisin

flaxseed, sesame seeds, coffee, tea
(black, green), cereals, barley,
buckwheat, chickpeas, peas,

asparagus, avocado, eggplant,
pineapple, oranges, kiwi,

lemon, grapes

anti-inflammatory, antioxidant, and
antitumor activities, cancer

management, cardiovascular
disease control,

chronic inflammation

[46,72]

3. Current Applications

Dietary phenolic compounds’ bioavailability is influenced by different factors and
processes such as interaction with other compounds, concentrations in the food, molecular
size, release in the food matrix, chemical structure, degree of polymerization and solubility,
digestion, absorption, and metabolism [15]. The efficient extraction of polyphenols from
plant matrices makes them a basis for further study and practical applications [73].
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3.1. Bioactive Packaging, Coatings, and Preservatives

Food packaging is an effective way of protection and shelf life extension [74]. However,
the use of chemicals in packaging can be harmful to both the environment and living
beings. In this view, it became necessary to provide innovative packages with bioactive
components in them [14]. Polyphenolic extracts can successfully be used for the preparation
of bioactive packaging and coatings [75]. One of the most important advantages of bioactive
packaging is that it is perceived as eco-friendly and economically valuable for the food
sector [76]. Some researchers report that food packaging from gelatin-based films with
extracts containing dietary phenolic compounds could protect food production for up to
30 days [22]. Edible coating and film formulations are used to increase biodegradability
and to reduce pollution caused by environmental waste. Edible coatings can help improve
food quality and prevent oxidation and color change under different environmental effects.
The presence of coating/film or active packaging is proven to prevent volume reduction
and the associated increase in apparent density, improving the physical properties of food
during storage [77]. Successful research designs showed that coating can enhance the
surface color of dried fruits [78]. Edible coatings are effective for preventing the oxidation
of bioactive compounds. Researchers found that the total phenol content of coated samples
was higher than that of uncoated ones [14,79].

Active food packaging has focused its attention on bio-based functional packaging
materials containing natural active compounds and ingredients. Different incorporation
mechanisms are currently being used: the addition of emitting sachets, absorbent pads,
dispersion of phenolic compounds in the packaging polymer, coating, or dipping [80].
A recent innovation involves a color-changing wrap that indicates when food has gone
bad [81]. The use of natural additives in the food industry has increased in the last decades
due to their beneficial effects on food preservation (antioxidant/antimicrobial properties),
as well as due to the consumers’ demand for natural food ingredients [82]. The food
industry is constantly seeking to discover antimicrobial agents that can prevent food
spoilage and, as a result, increase the safety and shelf life of the final food product. This is
the reason to include polyphenol agents in packaging. Food packaging based on natural
materials with proven antimicrobial effects could reduce pathogen microorganisms and
extend food shelf life [19,83].

Dietary phenolic compounds have potential use as biopreservatives in the food in-
dustry. In fact, phenolic compounds have been extensively studied for their application
in the food industry for improving the shelf life of perishable products and allowing the
production of food without synthetic additives for consumers because the current concern
about the impact of food on health has been influencing the consumer choice of food based
on its formulation [80].

3.2. Natural Colorants

The re-introduction of natural dying sources derives from the various harmful effects
(allergic, toxic, and carcinogenic responses) synthetic (mostly based on petroleum) dyes
exert on living beings [84]. Color additives are fundamental for the food industry, as well
as for the production of textiles and cosmetics, among others [85]. During food storage, a
significant amount of its original color can be lost. This “defect” can be eliminated by using
natural or synthetic food dyes. Natural dyes have antimicrobial, antioxidant, and therapeu-
tic properties against diseases and health disorders [86]. Different countries have different
laws and restrictions that apply to dying agents. The Food and Agriculture Organization
(FAO)/World Health Organization (WHO) Expert Committee on Food Additives is the
international body responsible for evaluating the safety of food additives; the Food and
Drug Administration (FDA) is operating in the United States of America (USA), while in
the European Union (EU), it is the European Food Safety Authority (EFSA) that is locally
responsible for controlling safety.

Anthocyanins, carotenoids, phenolic compounds, red beet derivatives, chlorophylls,
and some curcuminoids are some of the most widely used natural dyes [87]. Natural
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dyes, along with their positive features (bioactive molecules and antioxidant effects),
can exhibit some negativities as well, i.e., hyperactivity in children, contaminants, or
pesticide residues [88]. Some of the popular and common natural polyphenolic colorants
include anthocyanins and tannins. Tannins are studied as a renewable natural pigment
in liquid, paste, and dry forms [89]. Ellagitannins are reported as important for the color
of wine during aging [90]. Flavonoids appear in nature from the orange-red to purple-
blue spectra [91]. Additionally, natural sources like turmeric (orange), beetroot (red),
and spirulina (green) manifest not only their health-promoting properties but also their
distinguishable vivid colors [92].

3.3. Antioxidant, Antimicrobial and Antiviral Activities

The antioxidant activity of polyphenols, along with various extraction techniques,
has been studied for years [93]. The antioxidant capacity of polyphenols differs by their
chemical structure, stability, and bioavailability, among others. Polyphenols are associated
with reactive oxygen species removal and metal ion chelation [94]. However, it has to be
noted that polyphenols exhibit their antioxidant effect at low concentrations, while at higher
concentrations, they can have a pro-oxidant effect [94]. The abovementioned suggests that
the positive or negative influence of polyphenols is highly dose-dependent. Polyphenols
are described as active substances against various types of viral infections like influenza,
hepatitis, herpes, rotavirus, and even coronavirus [95]. The mechanism of action of each
polyphenolic compound is not the same; thus, the mechanism behind any virus inhibition
depends on the specificity of the virus and the given polyphenolic compound [96]. Some
of the most documented polyphenol compounds with antiviral activity include catechin,
tannic acid, gallic acid, resveratrol, kaempferol, and quercetin [97,98]. Hesperidin was
reported as a possible strategy against SARS-CoV-2 [99]. The growth cycle of some viruses
can be inhibited by quercetin, gallic acid, and epigallocatechin [100].

The lack of new antibiotics and antibiotic resistance makes it mandatory to find new
strategies against both Gram-positive and Gram-negative pathogenic microorganisms [100].
Plants have long been used in the treatment of infections caused by bacteria due to the
presence of biologically active compounds in them [101]. Polyphenols have noteworthy
antimicrobial activity, but their properties are affected by the bacterial cell structure dif-
ference, extraction variations of polyphenolic compounds, and the exposure duration of
microorganisms to polyphenols [102]. Recent research suggests that natural phenolic com-
pounds are promising candidates for microbial therapy, but several aspects should still
be clarified regarding the structure-function relationships [103]. Epicatechin gallate and
(-)-epigallocatechin gallate are reported to enhance the effect of antibiotics [104]. Future
findings on this topic may help with the rising list of multi-drug-resistant organisms.

3.4. Developing New Food Products with Enhanced Polyphenol Content

Many consumers are searching for food products with enhanced content. This applies
to not only polyphenols but also other compounds with beneficial properties.

For example, the practice of transforming plants and fruits in other derived foodstuffs
following fermentation has been used far away in history. Nowadays, fermentation is
looked at as a way to provide health benefits due to the functional activity of the fer-
mented produce [105]. Additionally, spontaneous or probiotic fermentation shows a higher
bioavailability of phenolic compounds [106].

Due to the existing antimicrobial activity of polyphenols (see Section 3.3), extracts or
freeze-dried plant powders become parts of recipes in order to provide better health and
nutritional outcomes for the consumer [107,108]. Furthermore, several by-products like
peels and kernels can be utilized as value-added ingredients to different baked goods [109].
The existing demand for polyphenol-rich oils is also a topic of continuous research [110].
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4. Wellbeing and Prevention through Nutrition

Nutrition is related to many aspects of human wellbeing, i.e., health status and mood.
Its ultimate goal is to preserve health and wellbeing [111]. There is evidence that certain
dietary patterns can affect mental health [112]. Lifestyle changes emphasize many “diseases
of civilization” [113]. Healthy eating patterns where fruit and vegetables are included in
the diet are associated with better mental health [114]. Additionally, the consumption of
anthocyanin-rich fruits has been associated with beneficial effects on the brain through
neuroinflammation, neurogenesis, and neuronal signaling modulation [115]. Furthermore,
polyphenol supplementation is able to effectively modulate anxiety and depression [116].
Polyphenols are currently stated as potential anti-aging agents because they slow down the
shortening of telomeres [117]. Remigante et al. [118] have also suggested that polyphenol-
rich extracts prevent the D-galactose-induced radical oxygen species production and thus
present a preventive model of aging by human red blood cells. Plant-based diets and
those rich in polyphenolic foods or extracts are shown as highly beneficial for health
maintenance [119]. The Blue zones confirm these findings by studying the relationship
between longevity and the consumption of polyphenol-rich foods, i.e., garden fruits and
vegetables, whole-grain breads, and beans [120].

Evolutionary the eating patterns of humans have changed. Researchers suggest that
polyphenol intake might have had an important selective role in the development of
cognitive abilities [121]. The Mediterranean diet is still stated as the most beneficial in
terms of health management and wellbeing [122]. It is associated with the consumption
of marine ώ-3 fatty acids, polyphenols from fruit, vegetables, legumes, grains, and nuts,
along with olive oil, red wine, and other beneficial substances like minerals, vitamins, and
fibers [123]. The consumption of fruit and vegetables mostly contributes to the availability
of flavonoids and flavones [124]. Olive oil represents lignans intake, while legumes, gains,
and nuts—flavonoids and isoflavonoids [125].

Polyphenols can act synergically in the gut and bloodstream against various biotic
and abiotic stressors [126]. Studies support the preventive role of polyphenols in the
fight against diseases [127], free radicals, gut health [128], and cholesterol oxidation prod-
ucts [129], among others. Additionally, Xie et al. state that the polyphenols-gut-brain
axis may be a key way to regulate glycolipid metabolism [130]. Other authors also report
that gut microbiota-polyphenols positively affect human physiological processes [130,131].
Polyphenols not only stimulate the growth of amicable probiotic colonies but also lower
the number of pathogenic bacteria [132]. A diet rich in phenolic compounds can lead to
qualitative and quantitative diversification of gut microbiota [133]. Polyphenol ingestion
has a prebiotic effect on the gut’s host [134]. Dietary phenolic acids have been reported
to improve gut function by reducing intestinal inflammation [135]. The consumption of
polyphenol-rich food and drink sources may induce positive shifts in gut microbiota com-
position, as shown by the consumption of polyphenol-rich beers [136]. Polyphenols also
have promoting effects on Akkermansia muciniphila, an anaerobic and mucosa-associated
colonic bacterium with mucin-degrading capabilities [137]. Recent findings conclude that
microbial taxa but not diversity are promoted by habitual polyphenol consumption [138].
This implies that future research should focus on specific microbial biomarkers and their
changes due to polyphenol exposure.

However, some papers accentuate the negative effects that polyphenols may exhibit
on human health. For example, there is evidence of the polyphenols’ ability to block
iron uptake, inhibit some digestive enzymes, interact with drugs, and influence hormonal
balance [139]. Shaito et al. conclude that although the positive effects of polyphenols
are undeniable, their possible harmful nature is still not supported by enough clinical
studies [140]. This reminds the need for continuous research on every topic and aspect of
human health management.

Microplastic waste in food and water presents a reasonable health concern for living
organisms [141]. Microplastics are addressed as a macro issue, and their elimination is an
object of current research [142]. Polyphenols can be successfully used for polyethylene
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terephthalate (PET) elimination due to their ability to interact as hydrogen donors with the
carbonyl groups of PET [143]. Creating effective technologies for microplastic elimination
is an open topic for further research [144].

5. Conclusions and Future Perspectives

People are gradually turning back to natural ingredients, herbal remedies, and tradi-
tional medicine that have been used for centuries. Nowadays, there is a trending lifestyle
change in terms of the natural. Many drugs contain plant extracts with proven antiviral
and antimicrobial activities [145,146]. The existing resistance to antibiotics has led to the
seek for old herbal remedies that can manage various diseases [147]. Polyphenols have
successfully had their role in maintaing human health and promoting a more conscious
lifestyle. Not only food but also everyday cosmetics are returning to all-natural ingredients.
Researchers are providing on a daily basis a way to extract and preserve all the beneficial
compounds plants can provide. The “green” approach presents ways to turn to a zero
waste cycle by using polyphenol-rich by-products like peels, pomace, and kernels, among
others [148,149]. A successful microencapsulation of antioxidant compounds was reported
by several researchers [150].

In the future, polyphenols should be better described as part of food nutrient informa-
tion regardless of their zero energy value. They ought to be placed in a separate category
as are now vitamins and minerals. Their supplementation should also be well regulated
due to their possible harmful effects if taken without consideration.

The understanding of polyphenols’ biological effects, especially when it comes to
food, is still not very clear due to the availability of several polyphenol sources in one meal.
In order to extend the beneficial effects of polyphenols, their enzymatic interactions and
possible synergism or antagonism should be extensively studied. The bioaccessibility of
polyphenols after digestion should also be studied and possibly transferred in vivo and to
clinical trials.

The sustainability of the plant system should be taken into consideration. The massive
demand for plant production can lead to a harmful environmental impact. Plant diversity
should be carefully monitored as invasive varieties may overtake the land. This will lead
to the loss of important plants rich in biologically active compounds.
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