
 

What are polyphenols ? 

Polyphenols are micronutrients that naturally occur in plants and found in many plant-based foods like 

tea, persimmons, cacaos, grapes, red wine, and dark chocolate. 

Polyphenolic compounds in food and nutraceuticals represent the most widely distributed plant 

secondary metabolites exerting their beneficial protective effects as free radical scavengers and 

chelators of pro-oxidant metals and thus preventing low-density lipoprotein oxidation and DNA strand 

scission or enhancing immune function. (1) 

 

Tea polyphenols 

Polyphenolic compounds constitute one third of dry weight of tea. The major constituents of  

tea polyphenolics are divided into four main group as below : 

• Flavanols  

• Flavonols and flavons  



• Precursors of anthocyanidins  

• Phenolic acids and depsides 

Flavanols and their health benefits 

Tea flavanols comprise up to 90% of total polyphenols in fresh unprocessed tea leaves and are known 

as green tea catechins. The flavanols found in fresh tea leaves are epicatechin gallate (ECG), 

epigallocatechin (EGC), epigallocatechin gallate (EGCG), epicatechin (EC), catechin (C) and their 

derivatives. 

The most important and distinctive process in green tea processing is the inactivation of oxidation 

enzymes, especially polyphenol oxidase (PPO), in fresh tea leaves using high temperature via one of 

steaming (Japan) or pan firing (China) methods. Since the PPO enzyme is inactivated, the catechin 

content remains intact. Compared to other teas, green tea, the non-oxidized tea, has the highest 

catechin content (2). 

During black tea processing, green tea catechins are oxidized thanks to PPO, a copper-containing 

enzyme. Oxidation of catechins leads to the formation of theaflavins and therubigins responsible for 

the formation of the characteristic color and flavor of black tea. The rate and degree of polyphenolic 

oxidation depends on the composition, distribution, and content of flavanols ( green tea catechins) in 

fresh tea shoots, activity of oxidizing enzymes, degree of tissue damage and cellular disruption, and 

temperature and oxygen content of the tea leaves during oxidation (1,2). 

Oolong tea is oxidized to a limited extent by PPO enzyme and contains a mixture of catechins, 

theaflavins and thearubigins. The oxidation level in oolong teas ranges from 20% to 80%. 

White tea, like green tea is a non-oxidized tea type. It is produced from the buds and unopened first 

leaves of the hairy varieties of the Camellia sinensis tea plant. Since tea catechins and oxidation 

enzymes are localized in different organelles in the cells of the tea plant and cannot come together 

during the gentle processing into white tea, oxidation does not occur. For this reason, white tea is 

known as non-oxidized tea. However, if it is stored and aged for a long time, slight chemical oxidation 

can occur. In general, EGCG, the main component of tea catechins, has been reported to be found in 

higher concentrations in white tea than in green tea  (4, 5). 

Purple tea is derived from tea varieties whose leaves have purple colouration due to anthocyanin and 

produced by acceptable processes including oxidation, semi-oxidation and non-oxidation ( 6). It is one 

of the newest known tea types, and in addition to its catechin content, it contains a specific polyphenol 

compound called 1,2-di-O-galloyl-4,6-O-(S)-hexahydroxydiphenoyl-β-D-glucose (GHG). Although GHG 

itself is a non-catechin polyphenol, its health benefits are similar to catechins ( 7, 8).  

There are many scientific publications on the health benefits of tea catechins and their oxidation 

products. 

Tea catechins have the most effective antioxidant activity compared to other tea polyphenols. They 

are efficient free-radical scavengers due to their one-electron reduction potential. The rate of reaction 

with free radicals and the stability of the resulting antioxidant radicals contribute to the reactivity of 

antioxidants (3). Without antioxidants, free radicals that are the metabolic residues of the cells, induce 

oxidation of carbohydrates, lipids and proteins,  and give rise to DNA damage in the body. This situation 

causes many diseases to occur in the body. Tea catechins, especially EGCG, react quickly with free 

radicals thanks to their strong antioxidative effects, and prevent them from causing oxidation. Thus, 

diseases caused by free radicals are prevented. 



Numerous in vitro and in vivo trials have been conducted regarding the health benefits of tea catechins 

and oxidation products of catechins. The results of these studies showed that tea catechins, especially 

EGCG and oxidation products of catechins, especially the theaflavins, have antiviral, anticarcinogenic, 

antidiabetic, antimutagenic and antibacterial effects. (9,10,11,12,13,14). 

One of the most recent studies is related to the inhibition by EGCG of the SARS-CoV-2 virus, which 

caused the Covid19 pandemic. In another study, it was stated that EGCG has antiviral effects against 

many viruses, including widely known viruses such as Hepatitis C, ZIKA virus, Ebola, HIV-1, West Nile 

Virus, Influenza A and B. Theaflavins, which are black tea polyphenols, have shown antiviral effects 

against Influenza A and B, Rotavirus, Coronavirus and HIV-1 virus (15). 

In both in vitro and in vivo human and animal trials, it has been found that EGCG from green tea 

catechins and theaflavin from black tea polyphenols have a preventative effect on Parkinson's disease. 

Many epidemiological studies conducted in this area also support the findings (16). 

There are dozens of studies on catechins, especially EGCG, that significantly reduce DNA damage 

thanks to their antioxidant effects and thus reduce the risk of cancer. According to the results of these 

studies, tea catechins show a protective effect against pancreatic, prostate, lung, breast and 

esophageal cancer, colon, stomach, bladder and skin cancer (12, 14, 18, 19). The findings of these 

studies are consistent with the results of epidemiological studies examining the relationship between 

cancer and tea catechins. 

Epidemiological studies show that with increasing tea consumption, cancers especially digestive 

system cancers decrease due to the intense exposure of digestive system tissues to EGCG and other 

tea catechins (17). 

According to the results of several well-designed epidemiological studies, increased consumption of 

black and green tea significantly reduced the risk of developing cardiovascular diseases (17). 

Green tea catechins, especially EGCG, reduce oxidative stress by scavenging free radicals in the blood 

serum, thanks to its high antioxidant properties. Thus, it delays aging, that is, it has an anti-aging effect 

(20). 

In summary, we can say that flavanols, which constitute the majority of tea polyphenols, are very 

important for human health. Among the flavanols, EGCG from green tea catechins and theaflavin, 

which is the oxidation product of catechins and one of the most important quality markers of black 

tea, have a special importance. 



 

Flavonols and flavons  and their health benefits  

As mentioned above, 35% of the dry weight of tea consists of polyphenolic compounds and 90% of 

these are flavanols. The much smaller group, flavonols, makes up only 0.4% of the polyphenols, while 

flavones are in still lower amounts. 

Tea flavonols are kaempferol, myricetin and quercetin, while tea flavones are apigenin and luteolin 

and they occur mainly in the form of glycosides, and their content and compositions vary among tea 

cultivars (21). 

In one study, it was observed that flavonols, especially myricetin, were the highest in green tea, 

followed by oolong tea and black tea, respectively. This suggests that myricetin may be decreased due 

to enzymatic oxidation. In the same study, it was observed that all three flavonols were significantly 

reduced in pu'er tea, which is a fermented tea. This can be explained by the fact that flavonol glycosides 

are significantly degraded by microbial fermentation during the production and storage of pu'er tea. 

Flavones are a minor class of flavonoids in tea and are the least studied group. It is known that both 

apigenin and luteolin from flavones have glycoside forms (22). 

According to the results of a limited number of scientific studies, flavonols have anticarcinogenic 

effects by inhibiting the proliferation and angiogenesis of cancer cells. They also have antioxidant 

effect.  It is stated that the antioxidative effects of flavonol glycosides are weaker than those of flavonol 

aglycones (21). 

Further studies are needed to investigate the effects of flavonols and flavons on human health. 



 

 Precursors of anthocyanidins and their health benefits 

Anthocyanidins also belong in the flavonoid group of polyphenols. Anthocyanins are glycosides of 

anthocyanidins. 

Leucoanthocyanidins and proanthocyanidins found in the tea plant are the precursors of 

anthocyanidins. The oligomers and polymers resulting from the condensation of catechins and 

leucoanthocyanidins are commonly referred to as proanthocyanidins (26). 

  

In a study, the average proanthocyanidin content in green tea was found to be 0.84%, while the 

content in black tea was found to be quite low (0.5%). In the same study, it was observed that 

proanthocyanidins decreased as the enzymatic oxidation time increased (23). 

While proanthocyanidins are found in black, oolong and green teas, polymeric anthocyanidins are 

found only in purple tea. Most of the anthocyanidins found only in purple tea are in the glycoside form 

and are known as anthocyanins. Anthocyanins are blue, red, or purple pigments found in plants. It 

appears as red pigment in acidic conditions while blue pigment anthocyanin exists in alkaline 

conditions (24). 

Non-oxidized, semi-oxidized and fully oxidized purple teas are produced using purple tea clones. It was 

observed that anthocyanidins decreased due to the increase in oxidation period in purple tea 

production (7, 8). Fort his reason a green tea process is now preferred fort he purple tea production : 

to maximise the purple colour. 

Purple tea is the only tea rich in anthocyanins. The total anthocyanin content was determined up to 

1.53% in purple tea clones (25). It is known that anthocyanins have a very important place in the food 

and beverage industry due to their strong antioxidant properties. The anthocyanins in purple tea have 

higher free radical scavenging potential when in the anthocyanidin form. There are studies claiming 

that purple tea anthocyanins have anticarcinogenic and immunostimulatory effects.  Anthocyanins 

have an important place in the food and beverage industry due to their antibacterial, antidiabetic and 

antiaging effects (21, 24, 25). 



In one study, as well as the normal tea polyphenols, the presence of a special polyphenol compound 

in purple tea was determined. This polyphenol, called 1,2-di-Galloyl-4,6-Hexahydroxydiphenoyl-β-D-

Glucose (GHG), is not found in green tea, oolong tea, and black tea. According to the study, GHG shows 

excellent anti-obesity and anti-aging effects (8). 

 

Phenolic acids and depsides and their health benefits 

Phenolic acids are aromatic secondary plant metabolites. Phenolic acids have been associated with 

color, sensory qualities, nutritional and antioxidant properties of foods and beverages. 

The main phenolic acids in tea are gallic acid and quinic acids, the depsides in tea are derivatives of 

these two acids. Depsides in tea are theogallin, chlorogenic and p-coumarylquinic acids. Theogallin is 

a tea-specific depside derived from gallic and quinic acids (27).  

There is 50 g/kg of dry weight phenolic acid and depside in fresh tea leaves whereas the amount 

decreases to 40 g/kg when processed into black tea (1). The reason for this decrease can be explained 

by the use of gallic acid during enzymatic oxidation. 

Free gallic acid is present in tea leaf and enters into interesting oxidation reactions during the 

manufacture of black tea. Quinic acid is also found in fresh leaf, although it was not recognized until 

quite recently. While gallic acid is a tea-specific acid, the most abundant phenolic acids in black tea are 

coumaric, protocatechic, and caffeic acid (27). 

These phenolic acids and depsides are strong antioxidants that again possess anti-carcinogenic, 

antitumor, hepatoprotective, antidiabetic, antimutagenic, anti-inflammatory, immunoprotective, 

hypocholesterolaemia, antidepressant, antimicrobial effects on human health (28). 

 

To summarize, tea is a beverage particularly rich in polyphenols. These polyphenols can be shown to  

have  a range of anti-carcinogenic, antitumor, antidiabetic, antimutagenic, anti-inflammatory, 

immunoprotective, hypocholesterolemia, antidepressant, antimicrobial, antiviral effects thanks to 

their strong antioxidant properties. In addition, considering their antiobesity and anti-aging properties, 

and their decisive role in the color and sensory quality of tea, polyphenols are very important tea 

components in both the pharmaceutical and food industry context. 



 

 

In short, we can say that polyphenols are the nutraceuticals of tea. 

 

Written by:  Dr Saziye ILGAZ 
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