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A B S T R A C T   

Polyphenols are compounds naturally present in fruits and vegetables that are gaining more and more attention 
due to their therapeutic effects and their potential technological applications. In this review, we intend to de
monstrate the importance of some phenolic compounds, addressing their biological effects and potential for 
applications in various industrial fields. The intake of these compounds in appropriate concentrations can 
present promising effects in the prevention of diseases such as diabetes, obesity, Parkinson's, Alzheimer's, and 
others. They can also be used to improve the physicochemical properties of starch, in the preservation of foods, 
as natural dyes, prebiotic ingredients, hydrogels and nanocomplexes. In addition, these compounds have po
tential for innovation in the most diverse technological fields, including organic fine chemistry, basic materials 
chemistry, pharmaceuticals, food chemistry, chemical engineering, etc.   

1. Introduction 

The association between diet, health and the presence of bioactive 
compounds in food has received great attention in recent years. Thus, 
consumers are increasingly interested in food products that, in addition 
to meeting nutritional requirements, improve physical performance, 
promote well-being and reduce the risk of developing diseases (Araújo 
et al., 2019). 

Polyphenols are compounds naturally synthesized by the secondary 
metabolism of plants, which has attracted great attention from the 
scientific community due to their potential therapeutic effects on health 
(Farias, Neri-Numa, de Araújo, & Pastore, 2020). Their biological ef
fects are mainly attributed to the ability to sequester or inhibit reactive 
oxygen and nitrogen species, transfer electrons to free radicals, in 

addition to activating antioxidant enzymes, improving oxidative stress 
and inflammation, demonstrating promising effects in the prevention of 
various diseases such as diabetes, obesity, cancer, cardiovascular dis
eases, osteoporosis, neurodegenerative diseases, among others 
(Addepalli & Suryavanshi, 2018; Agunloye et al., 2019; Ali et al., 2019; 
Chen, Zhu et al., 2018; Fan, Gao, Chen, & Li, 2018; Farias et al., 2020; 
Fei, Liang, Jiang, Ni, & Wang, 2019; Huang et al., 2018). 

However, the biological properties of these compounds depend on 
several factors, including concentration in food, bioaccessibility after 
ingestion, their interaction with other molecules, degree of poly
merization, among others (Iglesias-Carres et al., 2019; Landete, 2011). 
In addition to their biological properties, phenolic compounds also have 
great potential to be used in commercial applications related to food 
dyes, bioactive packaging, cosmetic products, production of paints, 
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fertilizers, surfactants, textiles, rubber, plastics and curing agents 
(Farrag et al., 2018; Mendoza et al., 2018). Despite the great techno
logical potential, few studies have addressed the development of new 
products using these compounds. 

Thus, considering the therapeutic and technological relevance of 
phenolic compounds, the objective of this review was to demonstrate 
the importance of some of these compounds, addressing their metabolic 
effects, bioavailability, toxicity, in addition to emphasizing their in
novation potential for applications in the most diverse industrial fields. 

2. Phenolic compounds 

Polyphenols are an heterogenous groups of secondary metabolites 
biosynthesized from the pentose phosphate, shikimate, and phenyl
propanoid pathways (Fig. 1) (Farias et al., 2020). They are widely 
distributed into plant kingdom, mainly fruits and vegetables, and it is 
estimated that more than 8000 structures have already been identified 
(Lourenço Neto, Agra, Suassuna Filho, & Jorge, 2018). In general, 
phenolic compounds are involved in plant defense as signaling mole
cules to protect plants against oxidative stress and ultraviolet radiation, 
or attracting pollinators and animals to disperse seeds (Vuolo, Lima, & 
Maróstica Junior, 2019). 

Polyphenols belong to a broad group of chemical substances having 
one or more aromatic rings with two or more hydroxyl groups. Phenolic 
compounds occur in free forms or conjugated with sugars, acids and 
other biomolecules soluble or insoluble in water (Skrovankova et al., 
2015). They can be divided into flavonoids, allied phenolic and poly
phenolic compounds (Vuolo et al., 2019). In the following topics, some 
classes of compounds belonging to phenolic compounds will be ad
dressed. 

2.1. Flavonoids 

Flavonoids are among the most commonly found phenolic com
pounds in fruits and vegetables (Table 1) since they play important role 
on color and taste, synthesis of enzymes and vitamins and minimizing 
lipid peroxidation effects (Vuolo et al., 2019). However, their content in 
the plant matrix depends on several factors, including genetic variety of 
species, edaphoclimatic conditions, plant part, growing conditions and 
degree of maturation (Rosa, Moreno-Escamilla, Rodrigo-Garcia, & 
Alvarez-Parrilla, 2019). 

Regarding chemical structure, flavonoids have a phenyl benzopyran 
skeleton composed of two aromatic rings (A and B) attached to a tet
rahydropyran ring (C). The pyran ring may present differences, which 
allows to classify the flavonoids within six groups (flavonols, flavo
nones, flavanols, flavones, anthocyanins and isoflavons) and within 
each group, these compounds presents a different pattern of hydro
xylation and methylation of rings A and B (Gómez-Caravaca, Verardo, 
Segura-Carreteno, Fernández-Gutiérrez, & Caboni, 2014; Rosa et al., 
2019). 

Recent studies demonstrating the beneficial effects of flavonoid 
consumption on health are presented in Table 2. The long term con
sumption of foods rich in flavonoids offer health benefits to individuals 
with early-death risk factors (Bondonno et al., 2019). In addition, some 
studies have been linked flavonoids intake with the improvement of 
behavior and cognition, neuroinflammation decrease and attenuation 
of oxidative stress, once their play a pivotal role on pathways that are 
responsible for neuronal proliferation and survival (ERK/CREB/BDNF 
and PI3K/Akt) and thus, attenuating the Alzheimeŕs associated symp
toms (Bakoyiannis, Daskalopoulou, Pergialiotis, & Perrea, 2019). An 
assay using RAW 264.7 cell line demonstrated that the anti-in
flammatory properties of flavonoids from Lotus plumule (L- 
50 = 12.5–50 µg/mL) are due to inhibition of the production of in
flammatory mediators such as NO radicals, prostaglandin E2 (PGE2), 
tumor necrosis factor alpha (TNF-α) and proinflammatory cytokines 
such as IL-1β and IL-6 (G.-L. Chen, Fan, Wu, Li, & Guo, 2019). In 

addition, these authors also observed that 12 flavonoids identified in L. 
plumule showed specific binding against COX-2 inflammation, including 
luteolin 6-C-glucoside, apigenin 8-C-glucoside, quercetin 3-O-glucoside, 
kaempferol 3-O-robinobioside, and others. 

Similarly, Park, Lim, Bazer, Whang, & Song (2019) using experi
mental models with human eutopic endometrial cells (K2/E6E7 and 
End1/E6E7) found that quercetin (3,3 ', 4′, 5,7-pentahydroxyfavone) 
reduced proliferation, increased apoptosis and induced the expression 
of miR-503-5p, miR-1283, miR-3714 and miR-6867-5p related to 
CCND1 (cyclin D1) in both cell lines. In addition, the authors also found 
that intraperitoneal injection of quercetin on autoimplanted en
dometriosis mouse (35 mg/kg/day every 3 days for a month) had an
tiproliferative and anti-inflammatory effects, reduced Ccnd1 mRNA 
expression and promoted the expression of miR-503-5p and miR-546 in 
the animal model. Thus, they concluded that quercetin has great ther
apeutic potential to be used in the reduction and treatment of human 
endometriosis. 

In another preclinical trial, oral administration of catechin using 
Wistar rats (25, 50, and 100 mg/kg) was shown to improve the func
tioning of the immune system by increasing antibody production and 
restoring leukocyte function (Ganeshpurkar & Saluja, 2018). According 
to Fan, Gao, Chen, & Li (2018), the intraperitoneal injection of myr
icetin in male Sprague-Dawley rats (1 mg/kg or 2.5 mg / kg, once every 
two days, for five weeks) improved dexamethasone-induced osteo
porosis by increasing body weight gain, preventing bone mineral den
sity reduction, improving alkaline phosphatase activity, up-regulating 
proteins like osteocalcin, bone morphogenetic protein 2, and runt-re
lated transcription factor 2, in addition to reducing the activity of tar
trate-resistant acid phosphatase, levels of C-terminal telopeptide of type 
I collagen and improvement of histological changes in the femurs of 
animals treated with this flavonoid. 

2.2. Phenolic acids 

Phenolic acids also are a class of compounds belonging to phenolic 
compounds, which are found naturally in fruits and vegetables 
(Table 1) (Lourenço Neto et al., 2018). They can be divided into two 
groups, i.e. those derived from hydroxybenzoic and hydroxycinnamic 
acids. The compounds derived from hydroxybenzoic acid are char
acterized by one carboxylic group (COOH) and its most common deri
vatives are ρ-hydroxybenzoic, gallic, protocatechuic and vanillic acids 
(Gómez-Caravaca et al., 2014; Lourenço Neto et al., 2018). While 
compounds derived from hydroxycinnamic acid are characterized by 
two carbon skeleton (C6H5CHCHCOOH) with at least one hydrogen 
molecule which can be replaced by a hydroxyl group; and they are 
represented mainly by ρ-hydroxycinnamic, ρ-coumaric, caffeic and 
ferulic acids (Heleno, Martins, João, Queiroz, & Ferreira, 2015; 
Lourenço Neto et al., 2018). 

The biological potential of phenolic acids is as wide as their struc
tural diversity since may acts as antidepressant (Barauna et al., 2018), 
antihypertensive (Agunloye et al., 2019), anti-inflammatory, neuro
protective (Zaitone et al., 2019), antihyperglycemic (Sanchez et al., 
2017), anticancer and anti-diarrheal (Frauches, Amaral, Largueza, & 
Teodoro, 2016). 

For example, in an experimental study using male Wistar rats,  
Bhandarkar, Brown, & Panchal (2019) demonstrate that the intake of 
chlorogenic acid (about 100 mg/kg/day added to the diet for 8 weeks) 
is effective against metabolic syndrome through an increase of gut 
microbiota diversity and also, providing amelioration of the cardio
vascular, liver and metabolic functions. Likewise, Zhu, Gu, & Shen 
(2019) observed the anti-inflammatory effects of gallic acid in TNBS- 
induced ulcerative colitis in Balb/c mice. In this study, it was observed 
that the administration of gallic acid (60 mg/kg daily for 7 days by 
intragastric injection) increased the expression of anti-inflammatory 
interleukins (IL-4, and IL-10) and reduced the expression of pro-in
flammatory biomarkers (IL-1, IL-6, IL-12, IL-17, IL-23, TGF-β and TNF- 
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Fig. 1. Metabolism and phenolic compounds synthesis in plants. A: Schematic representation of photosynthesis; B: Primary metabolism of plants; C: Phenolic acids, 
flavonoids and tannins biosynthesis pathways (Adapted from Rosa et al., 2019; Vuolo et al., 2019). 
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α). In addition, the administration of gallic acid also increased the 
weight of the colon, reduced body weight gain, attenuated the histo
logical changes resulting from ulcerative colitis, and suppressed the 
nuclear factor kappa B (NF-κB) signaling pathway in animals treated. 

In the same line, Fikry, Gad, Eid, & Arab (2019) evaluated the ef
fects of caffeic acid and ellagic acid on adjuvant-induced arthritis using 
adult male Sprague-Dawley rats. It was found that oral administration 
of caffeic acid or ellagic acid (50 mg/kg/day for 20 days) reduced the 
expression of NF-κB, the downstream effector chitinase-3-like protein-1, 
synthesis of IL-1β, levels of matrix mettaloproteinase-9, vascular en
dothelial growth factor and caspase-3 in paw of the evaluated animals. 
Thus, the authors concluded that both phenolic acids are as effective as 
the standard anti-inflammatory agent (celecoxib), and that these com
pounds are considered to be potential therapeutic agents for managing 
the disease and reducing joint damage. Other metabolic effects of 
phenolic acids can be seen in Table 2. 

2.3. Anthocyanins 

Anthocyanins are natural plant pigments from the flavonoid family, 
giving the colorful appearance (colors of red, blue, and purple) of fruits, 
vegetables and other foods (Table 1) (Khoo, Azlan, Tang, & Lim, 2017). 
In general, they are mainly found in the nature in the glycosylated form 
and less frequently as acyl glycosides of anthocyanidins, which are 
flavylium structures consisting of two aromatic rings attached by a 
three carbon heterocyclic ring containing oxygen once that conjugated 
double bonds of the anthocyanidin moiety constitute the chromophore 
(Rodriguez-Amaya, 2019). 

According Khoo et al. (2017) the main anthocyanins found in 
plants, including fruits and vegetables are cyanidin, malvidin, delphi
nidin, pelargonidin, peonidin and petunidin. Pre-clinical trials have 
reported the action of anthocyanins against some pathologies such as 
cancer, inflammation, cardiovascular diseases and obesity (Chen, 
McClements et al., 2018; Saulite et al., 2019; Thilavech, Abeywardena, 
Dallimore, Adams, & Adisakwattana, 2018) (Table 2). 

In a study carried out to assessed the effect of cyanidin on chon
drogenic and hypertrophic differentiation of the mesenchymal stem 
cells (MSCs), Cao, Huang, Dou, Xiang, & Dong (2018) found that the 
treatment with this anthocyanin (10–20 µg/mL) inhibited the Sox9, 
Col2a1, Runx2 and Col10a1 genes, promoted expression of nuclear 
factor erythroid 2-related factor 2 (Nrf2) and p62 protein and reduced 
the expression of microtubule-associated protein 1-light chain 3 (LC3B) 
during the chondrogenic stage of MSCs. Thus, this compound has great 
therapeutic potential in maintaining the function of the controcytes and 
to be used in the development of new drugs to treat defects in cartila
ginous tissue (Cao et al., 2018). 

Cyanidin and malvidin-3-glucoside (10 μg/mL) decrease TNF-α- 
mediated production of E-selectin and adhesion of monocytes to en
dothelial cells (Del Bo’, Marino, Riso, Møller, & Porrini, 2019). Also, 
several recent data provide evidence that berry anthocyanin intake 
exerts benefits on cardiovascular health (Cassidy, 2018). For example,  
Edwards, Czank, Woodward, Cassidy, & Kay (2015) reported that cy
anidin-3-O-glucoside is able to increase the expression of Hmox1 gene 
in human iliac artery endothelial cells. 

Similarly, Rashid et al. (2018), reported that supplementation with 
blackcurrant juice (60 mg gallic acid equivalents/kg daily, for 3 weeks 
before surgery and 4 weeks thereafter) rich in anthocyanins (delphi
nidin-3-O-rutinoside, cyanidin-3-O-rutinoside, delphinidin-3-O-gluco
side and cyanidin-3-O-glucoside) can stabilizes vascular oxidative stress 
and angiotensin system of cirrhotic Wistar rats induced by chronic bile 
duct ligation (CBDL), once both acetylcholine-induced nitric oxide and 
endothelium-dependent hyperpolarization (EDH)-mediated relaxations 
in mesenteric artery rings were significantly reduced in treated animals. 

2.4. Tannins 

Tannins are phenolic compounds that have the ability to form 
complexes with several other macromolecules. Depending on their 
structural characteristics and chemical properties, they can be divided 
into condensed and hydrolysable tannins. Hydrolysable tannins occur 
naturally in bark, trunks, leaves and fruits of various plant species, have 
carbohydrates as a central core and hydroxyls esterified with phenolic 
groups, while condensed tannins are formed by the polymerization of 
several monomeric flavon-3-ols (Santana & Macedo, 2018). Some 
sources of tannins can be seen in Table 1. 

These compounds have several important functions in plants, acting 
as protectors against UV rays and free radicals, chemical signaling and 
as defense compounds against the attack of animals, insects, fungi and 
bacteria. They have as their main feature and advantage a phenolic 
structure quite similar to synthetic phenols, in addition to can be used 
in leather tanning, manufacture of adhesives, manufacture of drinks, 
animal feed, manufacture of biosustainable foams, wood preservatives, 
corrosion inhibitors, among others purposes (Shirmohammadli, 
Efhamisisi, & Pizzi, 2018). 

Scientific evidence has shown that hydrolysable and condensed 
tannins are considered to be good natural antioxidants, but few studies 
have reported their benefits to health (Table 2). These compounds have 
the ability to modulate intracellular signalling through PI3K and p38 
MAPK pathways, activity of target enzymes and gene expression. In 
addition, are considered as cardioprotective agents, antitumor, anti
bacterial, antiviral, anti-inflammatory and immunomodulator, besides 
enhance glucose uptake and inhibit adipogenesis (Kumari & Jain, 
2012). 

Links, Taylor, Kruger, & Taylor (2015) when evaluating the simu
lated gastrointestinal digestion of encapsulated sorghum tannins 
(312 mg/100 mg catechin equivalent), they found that these com
pounds had potential as a nutraceutical to soften hyperglycemia and 
control type 2 diabetes through inhibition of key enzymes such as α- 
glucosidase and α-amylase. A study performed by Shi, Wang, Wei, Hu, 
& Gao (2020) demonstrated that condensed tannins extracted from rice 
straw have good antimicrobial potential, being considered strong in
hibitory agents in the growth of Staphylococcus aureus. Moreover, it was 
demonstrated that in vitro gastrointestinal digestion of quebracho 
(Schinopsis lorentzii) and chestnut (Castanea sativa) tannins showed good 
prebiotic potential, by stimulating the production of short chain fatty 
acids after microbial fermentation (Molino, Fernández-Miyakawa, 
Giovando, & Rufián-Henares, 2018). 

3. Bioavailability of phenolic compounds 

The beneficial health effects of phenolic compounds are mainly at
tributed to their metabolites. In this sense, phenolic compounds must be 
bioavailable to exercise their bioactivity, and bioavailability is influ
enced by processes such as digestion, absorption and metabolism, in 
addition to factors such as concentrations in the food, release in the 
food matrix, chemical structure, conjugation with other compounds, 
size molecular, degree of polymerization and solubility (Iglesias-Carres 
et al., 2019; Landete, 2011). 

The absorption of phenolic compounds in the small intestine is low, 
where only about 5 to 10% of the total polyphenols ingested are ab
sorbed (depending on their chemical complexity). Before being ab
sorbed, the less complex phenolic compounds are deglycosylated and 
then undergo some transformations carried out by the liver, involving 
methylation, glucuronidation and sulfonation reactions so that they can 
enter the bloodstream and thus be distributed to other organs 
(Czubinski et al., 2019; Gowd et al., 2019). In turn, the most complex 
phenolics (e.g. tannins) that are not absorbed in the small intestine 
(about 90–95%), reach the colon, where they are biotransformed (by 
the microbiota present) in low molecular weight metabolites so that 
they can be absorbed. During this process, there is also the production 
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of short-chain fatty acids and significant changes in the gut microbiota. 
Therefore, the biotransformation of polyphenols by the gut microbiota, 
plays a fundamental role in bioavailability of these compounds (Farias 
et al., 2019; Gowd et al., 2019). 

Mocciaro et al. (2019) when evaluating the bioavailability of phe
nolic compounds present in hazelnut skin drink, they verified bioa
vailability of approximately 27%, where 10 metabolites were identified 
in plasma and 24 in urine in healthy humans. Similarly, Castello et al. 
(2018) evaluating the acute administration of a drink made from red 
grape pomace in humans (250 mL of the drink, containing 625 mg/ 
100 mL of total polyphenols) identified a total of 35 phenolic meta
bolites in the urine and 28 metabolites in the patients' blood, the main 
compounds included hydroxybenzoic acids, epicatechin derivatives, 
hydroxyphenylpropionic acids, simple phenols, among others. Ac
cording Iglesias-Carres et al. (2019) the bioavailability of grape phe
nolic compounds in rats can be influenced by the phenolic composition 
and the amount and types of fibers present. In addition, these authors 
also reported higher metabolism of polyphenols in the small intestine, 
higher serum concentration of metabolites after two hours of ingestion 
and lower after 24 h. 

Improving the bioavailability of phenolic compounds is essential to 
increase their therapeutic potential in preventing diseases. Some al
ternatives such as chemical and technological modification, use of 
prodrugs, polymers (for example chitosan, dendrimers and cyclodex
trins) and nanotechnology can be used to increase the bioavailability of 
these compounds, and change parameters such as solubility, absorption 
and metabolism (L. Chen, Gnanaraj, Arulselvan, El-Seedi, & Teng, 
2019). 

4. Potential toxicological effects of phenolic compounds 

Despite their beneficial properties for maintaining health, many 
studies have pointed out that phenolic compounds ingested in high 
concentrations can act as pro-oxidants and thus cause toxicological 
effects. These activities can be attributed to the production of reactive 
oxygen species as a consequence of the possible disturbance of these 
compounds to the cells, however their pro-oxidative nature cannot be 
simply defined as harmful, and the risks and benefits depend on the 
situation and concentration used (Murakami, 2014). 

Cladis et al. (2020) when assessing the toxicity of oral intake of 
blueberry polyphenols (0–1000 mg total polyphenols/kg bw/day) in 
Sprague-Dawley rats for 90 days, found that there was no difference in 
behavior, body weight, consumption of food, development of tumors 
and histopathological changes at the maximum concentration ad
ministered. Thus, the authors concluded that a NOAEL (No Observed 
Adverse Effect Level) for blueberry polyphenols in the animals eval
uated was ≥ 1000 mg of polyphenols kg bw/day. These results are 
important and can contribute to establish safe levels of daily intake of 
these compounds by humans. 

In another study, Zheleva-Dimitrova et al. (2019) evaluated the 
acute and subacute toxicity of Clinopodium vulgare L. aqueous extract in 
mice and rats through intraperitoneal and oral administration. In this 
study, it was observed that the LD50 in acute intraperitoneal adminis
tration was 675 mg/kg for mice and 500 mg/kg for rats, resulting in 
toxic effects on the animals’ central nervous system. On the other hand, 
the LD50 in oral administration was higher than 2000 mg/kg for both 
species and there was no toxic effect on hematological, biochemical 
blood/urine and histopathological parameters of the pancreas, liver, 
spleen and kidney. These results demonstrate that the toxicity of the 
phenolic compounds was dependent on the route of administration 
used, and suggest that the bioavailability of these compounds may be 
influenced by the transformations that occur throughout the digestive 
process. 

Despite reducing the release of pro-inflammatory cytokines (IL-6 
and IL-8), direct application of fisetin or luteolin standards (50 µM) 
stimulated apoptosis in human RPE cells, reduced cell viability and 

increased leakage of lactate dehydrogenase (Hytti et al., 2017).  
Urbatzka et al. (2018) also noted that at a concentration of 50 μM, some 
phenolic compounds and their derivatives induced cytotoxicity in 3T3- 
L1 cells after 24 h or 48 h of exposure. It is worth mentioning that high 
doses of polyphenols can aggravate diseases such as colitis and colon 
carcinogenesis, negatively regulate the expression of antioxidant en
zymes and molecular chaperones, in addition to causing nephrotoxicity 
and hepatotoxicity (Murakami, 2014). A study demonstrated the po
tential of persimmon tannins to improve liver steatosis, however the 
authors reported that after 48 h of treatment, these compounds showed 
cytotoxicity in L02 cells at a concentration of 40 µg/mL, but in con
centrations below 20 µg/mL none cytotoxic effect was observed (Zou 
et al., 2014). 

These evidences suggest that the toxicological potential of phenolic 
compounds depends on the type of the compound and the concentra
tion used. Therefore, their administration should be carried out with 
caution, in order to avoid possible harmful effects to health. Moreover, 
it is important to highlight that clinical studies must be carried out in 
order to establish safe concentration margins for the ingestion of these 
compounds. 

5. Technological applications of phenolic compounds 

With regard to the technological potential of phenolic compounds 
(Table 3), several applications have been proposed, not only in the food 
industry but also in other areas of commercial interest. However, it is 
important to note that food manufacturers must not only know the 
technology of combining ingredients to meet sensory and safety re
quirements, but also create a new framework for food recommenda
tions based particularly on physics, storage and preservation techni
ques, nutrient restoration and food fortification, which enable the 
development of new products with functional claims and improved 
quality (Nehir El & Simsek, 2012). The following topics will discuss 
some applications of phenolic compounds in obtaining bioactive films, 
natural dyes, compounds with prebiotic properties, and others. 

5.1. Bioactive films 

Bioactive films can be used for making bioactive packaging and also 
for other technological purposes (Table 3). Active packaging has gained 
a lot of attention in recent years due to the possibility of incorporating 
preservatives or antioxidants that are intentionally released in pack
aged foods or in the atmosphere that surrounds the product 
(Kaewprachu et al., 2018). A great advantage of bioactive packaging is 
that it is eco-friendly and represents a major advance for the food 
sector, as it can replace plastic packaging derived from petroleum. 

The elaboration of bioactive packaging based on starch, citrus 
pectin and functionalized with Acca sellowiana waste by-product (rich 
in phenolic compounds) showed antimicrobial activity against 
Escherichia coli, Salmonella typhimurium, and Pseudomonas aeruginosa. In 
addition, the packaging produced was also effective in maintaining the 
quality of apples, avoiding the loss of weight of the fruits until the fifth 
day of storage (Sganzerla et al., 2020). 

The development of intelligent pH biofilm using biodegradable 
polymers and anthocyanins proved to be a promising approach for 
monitoring pork freshness (Zhang et al., 2019). Similarly, the combi
nation of gallic acid and chitosan can be used to improve the food safety 
and quality on fresh pork (Fang, Lin, Warner, & Ha, 2018), while the 
production of films from chitosan/ellagic acid has a high antioxidant 
capacity and inhibit the growth of food-borne pathogens (Vilela et al., 
2017). 

Other applications of phenolic compounds involve the production of 
active fish gelatin films with addition of anthocyanins (Uranga, 
Etxabide, Guerrero, & de la Caba, 2018) and use of films composed of 
carboxymethylchitosan and quercetin that can be used as novel anti
oxidant and intelligent materials for detection of Al3+ in food 
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packaging (Gunm, 2018). 

5.2. Phenolic compounds as natural dyes 

The growing awareness of the negative impacts of the use of syn
thetic dyes on human health has stimulated the search for new natural 
pigments (Lakshmi, 2014). Fruits, vegetables and their industrial re
sidues are products rich in phenolic compounds, which have high added 
value, relatively low cost, in addition to having great potential to be 
used as natural dyes, providing shades of red, yellow-orange, blue and 
green (Phan et al., 2020; Vinha, Rodrigues, Nunes, & Oliveira, 2018). 
According Bener, Özyürek, Güçlü, & Apak (2010) flavonoids are com
pounds that in addition to gaining prominence due to their antioxidant 
potential, can also be used industrially as natural dyes to color fabrics. 
Moreover, due to their biocompatibility, biodegradability, non-toxicity, 
non-allergic responses and non-carcinogenic effects on human health, 
polyphenols can also be used in dyeing of nylon (Ebrahimi & 
Parvinzadeh Gashti, 2016). 

Anthocyanins, despite their instability, are mainly applied as a food 
color, but they also have the potential to dye other products such as 
textile substrates, cotton, leather, silk and human hair (Phan et al., 
2020). In the food industry, anthocyanins can be used as pigments in 
products such as curd, fermented milk, smoothies, low pH drinks, wines 

and solid matrices such as pancakes and omelets. These compounds can 
also be used to ensure food stability during storage and as copigments 
(Vinha et al., 2018). Some effects and applications of phenolic com
pounds as natural dyes can also be seen in Table 3. 

Regarding the legislation that regulates the use of natural dyes as 
food additives, the European Union establishes the use of natural pig
ments such as anthocyanins, betalains, carotenoids, chlorophyll and 
chlorophyll derivatives, curcumines and carminic acid (European 
Commission and the Council, 2008; Vinha et al., 2018). On the other 
hand, the Food and Drug Administration (FDA) establishes the use of 
annatto extract, β-carotene, powdered beet, canthaxanthin, carrot oil, 
carmine, cottonseed meal, fruit juice, grape-colored extract, extract of 
grape skin, paprika and saffron (Code of Federal Regulations, 2016). 
However, more attention should be paid to other phenolic compounds 
that are not regulated by current legislation and that have the potential 
to be used as food additives, such as phenolic acids and other classes of 
flavonoids (in addition to anthocyanins). 

5.3. Applications of polyphenols as prebiotics ingredients 

Recently, polyphenols were encompassed in the prebiotics class due 
their ability to interact with gut microbes and host and/or modifying 
the set of microbial metabolites bioavailable to the host (Farias, de 

Table 3 
Technological applications of phenolic compounds.      

Compound Technique (Description) Purpose/application Reference  

Catechin Gelatin films with nisin and catechin. Minced pork preservation. Kaewprachu et al. (2018) 
Rutin Synthesis and chemical modification of poly(butylene 

succinate) with rutin. 
Reduction of silybin release. Ferreira et al. (2017) 

Luteolin Production of palmitoylethanolamide (PEA) 
composite microparticles with polyvinylpyrrolidone 
and luteolin. 

Reduction of crystallization of PEA. Adami, Liparoti, Di Capua, 
Scognamiglio, & Reverchon 
(2019) 

Quercetin Protein-based excipient emulsions. Enhancement of the solubility, stability and bioaccessibility of 
quercetin. 

Chen et al. (2018) 

Starch films loaded with donut-shaped starch- 
quercetin microparticles. 

Increased thermal stability and antioxidant activity of 
microparticles. 

Farrag et al. (2018) 

Nanoformulations of quercetin and cellulose 
nanofibers. 

Increased stability, water solubility and bioavailability of 
quercetin in nanoformulation. 

Li et al. (2019) 

Caffeic acid Microencapsulation of caffeic acid by inclusion in 
hydroxypropyl-β-cyclodextrin. 

Increased aqueous solubility, improved biological and 
chemical properties. 

Garrido et al. (2018) 

Combination of cyclodextrin and ethanol (co-solvent) 
in the microencapsulation of caffeic acid. 

Increased solubility and antioxidant activity. Kfoury, Geagea, Ruellan, 
Greige-Gerges, & Fourmentin 
(2019) 

Chlorogenic acid Synthesis of chlorogenic acid-chitosan conjugates 
with different degrees of substitution by the EDC/ 
HOBt method. 

Increased solubility and antioxidant activity. Rui et al. (2017) 

Addition of chlorogenic acid and effect on the 
structure and functionality of casein (CS) and whey 
protein (WPI). 

Reduction of the hydrophobicity and increase of the foamy 
properties of the proteins. 

Jiang, Zhang, Zhao, & Liu 
(2018) 

Gallic acid Modified atmosphere packaging combined with gallic 
acid/chitosan. 

Maintenance of quality and conservation ofpork in natura. Fang et al. (2018) 

Use of potato by-products and gallic acid for 
development of bioactive film packaging. 

Improvement of the physical, chemical and functional 
parameters of bioactive packaging. 

Zhao & Saldaña (2019) 

Gallic acid and ellagic 
acid 

Pre fermentative addition of gallic acid and ellagic 
acid on the red wine. 

Improvement of color properties and phenolic profile increase 
during wine aging. 

Zhang et al. (2018) 

Ellagic acid Production of bioactive chitosan/ellagic acid films. Increase protection against ultraviolet light for active food 
packaging. 

Vilela et al. (2017) 

Cyanidin-3-O-glycoside Addition of cyanidin-3-O-glycoside extract obtained 
from Arbutus unedo L. in wafers. 

Addition of natural colorant with bioactive properties. López et al. (2019) 

Malvidin-3-glucoside Lipophilization. Increased color stability. Mendoza et al. (2018) 
Cyanidin and 

pelargonidin 
Flavone-anthocyanin copigmentation for altered hues 
and improved shelf life of products. 

Improves color stability, increases the shelf life of products, 
produces hyperchromic and bathochromic changes, in 
addition to presenting protective effect from flavone 
copigmentation was observed for glycosides. 

Chatham, Howard, & Juvik 
(2020) 

Tannins Obtaining a bio-hybrid film with anti-oxidant and 
UV-absorbing properties from cellulose nanofibrils 
and tannin extract. 

Increased mechanical resistance, thermal stability, anti- 
oxidant capacity and UV protection, in addition to improving 
the optical clarity of the film. 

Li, Sirviö, Haapala, Khakalo, & 
Liimatainen (2019) 

Tannins Use of tannins to enhance the functional properties of 
protein based films. 

The addition of tannins decreased the water barrier property 
and the solubility of the films. On the other hand, the addition 
of tannins caused an increase in antioxidant and microbial 
capacity of these active films. 

Cano, Andres, Chiralt, & 
González-Martinez (2020) 
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Araújo, Neri-Numa, & Pastore, 2019; Gibson et al., 2017). For example,  
Jiao et al. (2019) reported that administration of blueberry polyphenol 
extract (PPE) for 12 weeks inhibited weight gain and normalized the 
lipid metabolism of C57BL/6J mice fed a high-fat diet. In addition, it 
was observed that the improvement of the lipid metabolism of the 
animals treated with the phenolic extract was correlated with the 
modulation of the composition of the intestinal microbiota, including 
Proteobacteria, Deferribacteres, Actinobacteria, Bifidobacterium, Desulfo
vibrio, Adlercreutzia, Helicobacter, Flexispira, and Prevotella. 

Similarly, Chen et al. (2019) found that supplementation with green 
tea polyphenols in the diet of female db/db mice for 7 weeks sig
nificantly altered the composition of the microbiota in the cecon and 
colon, and this modification correlated with the reduction of blood 
glucose in the treated animals. In this study, the bacterial community 
belonged to the phyla Firmicutes and Bacteroidetes. In this line, Sabinsa 
Corporation/Sami Labs Limited (NJ, USA) registered the LactoCran™ as 
a symbiotic preparation combining LactoSpore with Fruit d́Oŕs Cran 
Naturelle cranberry seed powder which can be applied in the manu
facture of nutrition bars, yogurts, smoothies, shakes, and other dairy 
products (Decker, 2018). 

Similarly, Steed et al. (2017) found that deaminotyrosine (DAT), a 
metabolite derived from gut microbial metabolism of flavonoids, is able 
to increase interferon type I (IFN 1) signaling and decrease pulmonary 
immunopathology, thus increasing the survival of mice (Irgm1 +/− 

knockout) with influenza mortality. In this context, Iprona SpA (Lana, 
Italy) have produced the Cya-3-glu rich BerryPharma® black elderberry, 
an effective prebiotic/probiotic combination for immune support 
(BerryPharma® by Iprona). 

The Diana Food Canada Inc. also have been investigating the posi
tive impact of polyphenols (particularly, new raw materials from the 
Amazonian and Nordic regions of Canada) on the modulation of gut 
microbiota by creating a research chain to study the prebiotic role of 
polyphenols (Gunm, 2018). 

5.4. Other applications of phenolic compounds 

In addition to their applications as natural dyes, bioactive films and 
compounds with prebiotic properties, the use of phenolic compounds 
has been proposed in the most diverse technological fields (Table 3). 
Recently, a study verified the use of polyphenols of nuts in the manu
facture of dielectric elastomers with improved electromechanical 
properties. Through the use of these compounds it was possible to ob
tain higher dielectric constants and less tangent dielectric loss, greater 
deformation of the driven area and greater electromechanical stability 
(Jiang et al., 2020). 

According Liu, Wang, Yong, Kan, & Jin (2018) flavonoids con
jugated to polysaccharides have strong antioxidant, antimicrobial and 
antitumor activities, and can be used in the development of hydrogels 
for controlled release of medications, micelles for oral administration of 
medications and emulsions for nutraceutical administration. The use of 
a novel triphenylamine-based flavonoid has also been proposed in the 
manufacture of organic fluorescent nanodots. The results demonstrated 
that the organic nanodots were easily manufactured without any ad
ditional modification on the surface, in addition to exhibiting low cy
totoxicity, good resistance to photodegradation and good cell uptake 
(Liu et al., 2017). Another study demonstrated that anthocyanins can be 
used to obtain nanocomplexes with great potential for functional ap
plications in food and nutraceuticals (Ge, Yue, Chi, Liang, & Gao, 2018). 

In food technology, phenolic compounds are also of great im
portance. For example, the application of a laccase-chlorogenic acid 
recombinant system in the manufacture of curds, has resulted in an 
increase in the antioxidant potential and obtaining a final product with 
remarkable nutritional value. (Loi, Quintieri, Fanelli, Caputo, & Mulè, 
2018). Moreover, the combination of quercetin and starch has been 
shown to be efficient in the production of a new resistant starch with 
potentiated antioxidant capacity, which can be used as packaging 

material and encapsulation agent (Liu, Wang, Yong, Kan, Zhang et al., 
2018). 

Recently studies on the interaction of carbohydrates and poly
phenols have been gaining more and more prominence, since this type 
of interaction can improve the physicochemical properties of starch. 
For example, the use of phenolic acids, flavonoids and procyanidins can 
alter properties such as gelatinization, retrogradation, gelation and also 
the digestibility of starch. Ferulic acid, rutin and quercetin could reduce 
the gelatinization temperature, delay retrogradation and facilitate the 
formation of softer starch gel. In addition, compounds such as tannins 
can increase crystallinity, bonding temperature and maximum viscosity 
of starch (Du et al., 2019). 

6. Innovation potential of phenolic compounds in the industrial 
field 

Regarding the innovation potential of phenolic compounds, when 
searching in the Questel Intellectual Property Portal on the 
Internet: < URL: http://www.orbit.com > to check the number of pa
tents granted for these compounds, it was possible to verify a total of 
64871 alive orders using the following search terms: polyphenol, phe
nolic compounds, flavonoids, phenolic acids, anthocyanins and tannins, 
with 8685 orders between 2006 and 2010; 16641 for 2011–2015; and 
20011 in the period after 2016. Among the Top 10 markets which are 
responsible for an expressive number of patent applications, China 
leads with a greater number of applications (3245), followed by Japan 
(2280), United States (1579), Korea (1292), Spain (1246), Taiwan 
(878), Germany (778), India (641), France (584) and the United 
Kingdom (544). The most representative players in the international 
patent market are companies of great commercial prominence such as 
Sumitomo Bakelite, Fujifilm, Sumitomo Chemical, Hitachi Chemical, 
Basf, DIC, Bayer, Shin Etsu Chemical, Xerox and Toray, and the tech
nological domain is represented mainly by macro-molecular chemistry 
polymers, organic fine chemistry, basic materials chemistry, pharma
ceuticals, food chemistry, chemical engineering, semi-conductors, tex
tile and paper machines, etc. 

Some of the patent applications involve the use of phenolic com
pounds for the elaboration of therapeutics drug for the treatment and 
prevention of disorders such as cancer, cardiac diseases, tumors, and 
obesity. They are also exploited in control of microorganisms and my
cotoxins, besides use in the production of rigid foams, anti-adhesive 
coatings and metal nanoparticles (Table 4). An Australian invention has 
demonstrated that the combination of ascorbic acid, lysine, proline and 
at least one phenolic compound can be used as an agent for cancer 
prevention and treatment (AU2003235762B2, 2008). Similarly, the 
balanced combination containing super nutrients, phenolic compounds, 
anti-degenerative elements, and essencial micro-nutrients can be used 
in the prevention of cardiovascular disease, Alzheimer's disease, dia
betes, regulation and reduction of blood sugar and insulin resistance 
(US8017147B2, 2009). 

A stable, non-irritating topical composition formulated using vi
tamin C, vitamin E and a polyphenol can be used to prevent or treat 
skin damage caused by reactive oxygen species (KR20150143698A, 
2014). The preparation of a cosmetic product using ellagic acid and 
some derivative compounds can prevent, mitigate or suppress the 
harmful effects to the skin caused by toxic gases and residues of organic 
compounds combustion (ES2225548T3, 2001). 

A Chinese invention has shown that the combination of spirantol, 
quininic acid, vanilla polyphenol, green tea polyphenol and/or poly
phenols of rosaceous plant results in a high intensity sweetening fla
voring agent with the potential to be added to foods or drinks that 
contain high sweetness sweeteners (CN102481004B, 2014). In another 
invention, it was demonstrated that resveratrol and curcumin can be 
used after hydrogenation and in combination with other commercial 
monomers, to produce polymers such as polycarbonates (PC), poly
urethanes (PU), co-polymers and biodegradable polymers 
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(US8513374B2, 2013). 
These information demonstrates that the phenolic compounds have 

great potential to be applied in the most diverse technological domains. 
Approaches of this nature are essential to stimulate the development of 
new inventions and thus establish their possible applications, in order 
to increase the demand for these compounds and thus make them in
dustrially exploited. 

7. Conclusion 

Polyphenols are compounds with bioactive potential that can be 
found naturally in some foods. These compounds are important for 
improving health, as they show promising effects in the prevention of 
various diseases. The beneficial effects of these compounds on health 
depend on factors such as quantity and bioavailability after ingestion. It 
is worth mentioning that clinical studies must be carried out to de
termine margins of safe concentrations for the ingestion of these com
pounds, since when consumed in high doses, they can present toxic 
effects. 

Due to their antioxidant effects, phenolic compounds can be used 
for food preservation and making bioactive packaging, as natural dyes, 
elaboration of hydrogels and nanocomplexes, in addition to improving 
properties of starch such as gelatinization temperature, crystallization, 
viscosity and reduce retrogradation of this polysaccharide. 
Furthermore, these compounds have been applied in food chemistry, 
pharmacy, materials engineering, fine chemistry, as materials for the 
manufacture of semi-conductors, textile and special machines, demon
strating that these compounds are innovation hotspot in the most di
verse technological domains. 
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