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Abstract 

An imbalance between reactive oxygen species (ROS) and antioxidants in the body is 

characterized as oxidative stress. These unstable molecules, known as ROS, can damage 

cellular components, including DNA, lipids, and proteins. Reactive species are neutralized 

by antioxidants, thereby safeguarding cells against oxidative damage. Oxidative stress occurs 

when ROS are produced in such quantities that the body is unable to remove or neutralize 

them. This condition can result in cell lesions and is implicated in various disorders, 

including aging, cancer, cardiovascular diseases, neurological disorders, and inflammatory 

conditions (1-3). Phytochemicals found in various natural compounds exhibit high 

therapeutic indices. One notable compound that contains antioxidants is green tea, which 

helps to debarment various diseases. Green tea comprises bioactive compounds with 

substantial antioxidant characteristics. These compounds assist in neutralizing hazardous free 

radicals, suppress lipid peroxidation, mitigate DNA damage induced by oxidative stress, 

modulate redox-sensitive transcription factors, and upregulate antioxidant enzymes (3-5). 

Main Points: The compounds in green tea make it a beneficial beverage for preventing 

oxidative stress and inflammation, along with their associated complications such as aging, 

cancer, cardiovascular disease, neurological disorders, and inflammatory diseases. 
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Introduction 

An imbalance between reactive oxygen species 

(ROS) and antioxidants in the body is characterized 

as oxidative stress. These unstable molecules, known 

as ROS, can damage cellular components, including 

DNA, lipids, and proteins. Reactive species are 

neutralized by antioxidants, thereby safeguarding 

cells against oxidative damage. Oxidative stress 

occurs when ROS are produced in such quantities that 

the body is unable to remove or neutralize them. This 

condition can result in cell lesion and is implicated in 

various disorders, including aging, cancer, 

cardiovascular diseases, neurological disorders, and 

inflammatory conditions (1-3). Phytochemicals 

found in various natural compounds exhibit high 

therapeutic indices. One notable compound that 

contains antioxidants is green tea, which helps to 

debarment various diseases. Green tea comprises 

bioactive compounds with substantial antioxidant 

characteristics. These compounds assist in 

neutralizing hazardous free radicals, suppress lipid 

peroxidation, mitigate DNA damage induced by 

oxidative stress, modulate redox-sensitive 

transcription factors, and upregulate antioxidant 

enzymes (3-5). 

This study aimed to determine the major antioxidant 

compounds in green tea, their properties, and to 

review the evidence related to the antioxidant 

function of green tea. 

Methods 

This article is a narrative review. The databases 

PubMed, Scopus, and Google Scholar were utilized 

to conduct this study. Most of the studies were 

published between 2015 and 2025. Considering the 

important antioxidant compounds in green tea and the 

factors related to oxidative stress, which have been 

studied in relation to the antioxidant compounds 

present in green tea, appropriate keywords were 

selected. The keywords included green tea, ROS, 

oxidative stress, antioxidants, catechins, flavonoids, 

and vitamin C, Nrf2, PPAR, Sirt-1, GPx, RCT, GSH, 

SOD, CAT, and MDA. Approximately 90 articles 

were evaluated, and similar articles have been 

deleted; 79 articles were selected for the final 

analysis. 

Results and Discussions 

Green tea: Green tea, an ancient beverage, originates 

from the Camellia sinensis plant and offers numerous 

health benefits. After harvest, green tea is quickly 

steamed or pan-fried, which allows it to retain its 

green color and delicate flavor. Unlike black tea, it is 

not fermented. In many cultures, green tea holds dual 

significance, functioning not only as a revitalizing 

beverage but also as a cultural icon, especially in East 

Asia (6, 7). However, green tea is a widely consumed 

beverage favored by a significant portion of the 

global population (6). 

Antioxidant compounds in green tea: Green tea 

contains various antioxidants, including catechins, 

flavonoids, and vitamin C. 

Catechins: A flavonoid called catechin is classified 

as a member of the flavan-3-ols subclass. Catechins 

are found in various foods, particularly tea, chocolate, 

and some fruits, and are recognized for their 

antioxidant properties (8). Camellia sinensis leaves 

contain 25-35% catechins by dry weight (9). Green 
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tea contains the most catechins, ranging from 100 to 

300 mg per cup (approximately 240 ml) (10). They 

are the most important antioxidants found in green 

tea. Therefore, the antioxidant activity of the tea is 

enhanced by its catechin content. Black tea contains 

fewer catechins than green tea because catechins are 

converted to theaflavins during the fermentation 

process. Moreover, catechins with catechol groups 

have less antioxidant effect than those with 

pyrogallol groups. This is because, in the pyrogallol 

group, the presence of three hydroxyl (–OH) groups 

allows catechins to react more effectively with and 

neutralize free radicals. In fact, catechins with a 

pyrogallol group are generally more stable against 

oxidation (11). The antioxidant properties of 

catechins are influenced not only by their chemical 

composition but also by the surrounding 

environment. Catechins are highly resistant to 

degradation in acidic aqueous solutions with pH 

levels below 4, whereas they are less stable in more 

alkaline solutions with a pH above 6 (12). Li et al. 

demonstrated that catechins are more stable at a pH 

of around 4 and have high concentrations (13). In 

addition, catechins are highly dependent on temperature 

for their stability. Catechins degrade as the temperature 

increases. Xu et al. reported that the lowest degradation 

rate for a specific type of catechin occurred at pH 3 and 

25°C, while the highest degradation rate was observed 

at pH 8 and 135°C (14). In addition, the concentration 

of oxygen plays a notable role in determining the 

stability and antioxidant properties of catechins. A 

higher oxygen content increases catechin oxidation, 

which lowers its stability (12).  

Also, the processes of cultivation, harvesting,   

withering, steaming, rolling, drying, and packaging 

affect the catechin content in green tea (15-17). 

In general, the effectiveness of catechins in inhibiting 

toxicity, metabolic syndrome, cardiovascular 

diseases, malignancies, neurodegenerative disorders, 

autoimmune diseases, respiratory issues, microbial 

infections, and digestive disorders has been 

confirmed (18).  

Catechins (Figure 1) include the following 

compounds: Epigallocatechin-3-gallate (EGCG) is a 

notable polyphenol predominantly found in green tea, 

recognized for its antioxidant properties and potential 

health benefits (19). It has a structured backbone 

consisting of a flavan-3-ol unit, which includes a 

benzopyran ring (a benzene ring fused to a pyran 

ring) and eight hydroxyl (–OH) groups. Specifically, 

EGCG contains a gallate group attached to the 

epigallocatechin structure. The hydroxyl groups 

impart hydrophilicity to EGCG, while the aromatic 

rings exhibit lipophilic properties, enabling 

interaction with various biological membranes and 

compounds (20). EGCG remains stable in the body 

under low oxygen conditions; as a result, it exhibits 

antioxidant and anti-inflammatory characteristics in 

both physiological and pathological conditions. 

Furthermore, EGCG has a significant impact on 

cardiovascular health. It is linked to improving 

cholesterol levels, lowering blood pressure, and 

enhancing the function of blood vessels (20, 21). 

Inhibiting the growth of cancer cells, EGCG may 

decrease the likelihood of developing breast and 

prostate cancer (22). Also, it raises fat oxidation and 

improves metabolic rates, helping with weight loss 

(23). Its neuroprotective properties and capacity to 
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cross the blood-brain barrier enable it to have a 

positive influence on brain health (24). Moreover, 

EGCG is beneficial in reducing vascular 

complications by lowering blood sugar levels (25). 

Furthermore, EGCG may help prevent premature 

aging and skin diseases (26). It improves wound 

healing by stimulating cell growth and movement 

(27). Also, EGCG influences the expression of 

growth factors involved in tissue repair, making it 

useful for treating skin injuries (28). The EGCG 

content in green tea typically ranges from 50 mg to 

200 mg per cup (29). 

Epicatechin-3-gallate (ECG): Like EGCG, ECG is 

a flavonoid family compound with polyphenolic 

properties and is mainly present in green tea (19). 

ECG contains a gallate group attached to the 

epicatechin structure. It has two hydroxyl groups on 

the benzene ring (whereas EGCG has three). This 

makes ECG less reactive and reduces its antioxidant 

capacity compared to EGCG (30). ECG plays similar 

roles for health as EGCG, but fewer studies have been 

conducted on its beneficial properties. It appears to 

have less anti-inflammatory potential than EGCG due 

to its structural differences (31). 

Epigallocatechin (EGC): EGC is a type of catechin 

that contains three hydroxyl groups and is part of the 

flavonoid group. Unlike EGCG, EGC does not 

contain a gallate group; instead, EGCG is an ester of 

EGC and gallic acid. Generally, EGC and ECG have 

four hydroxyl groups (32). But EGC is present in 

lower amounts in green tea than EGCG. Although 

ECG shares similar beneficial properties with EGCG, 

it exhibits fewer anti-inflammatory, antioxidant, and 

other health benefits compared to EGCG (33).  

Epicatechin (EC): EC is a flavanol whose structure 

includes two benzene rings, a three-carbon chain 

connecting the rings, and three hydroxyl (OH) groups 

located on the benzene rings. Like other catechins, 

EC has fewer beneficial effects than EGCG (34).  

 

EGCG 

 

 

ECG 

 

 

EGC 

 

 

EC 

Figure 1. Different types of catechins. EGCG: Epigallocatechin-

3-gallate, ECG: Epicatechin-3-gallate, EGC: Epigallocatechin, 

EC: Epicatechin.  
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Other flavonoids 

Flavonols: Flavonols are a group of polyphenolic 

compounds that belong to the flavonoid class found in 

various plants. They are widely recognized for their 

antioxidant properties and play significant roles in plant 

physiology and human health. The fundamental 

framework of flavonols comprises two phenolic rings 

linked to a heterocyclic C ring (36). Quercetin, 

kaempferol, and myricetin are common flavonols that 

exhibit variations in the quantity and placement of 

hydroxyl groups and other substituents on their 

molecular rings (37). Flavonols serve multiple crucial 

roles in plant life and human biology. One significant 

activity of flavonols is their antioxidant properties. In 

plants, flavonols also serve as protective compounds 

against ultraviolet radiation, pathogens, and herbivores. 

The pigmentation of flowers and fruits is linked to these 

entities, facilitating their attraction of pollinators and 

seed dispersers (38, 39). The health effects of flavonols 

are similar to those of catechins. The estimated 

concentration of quercetin in Camellia sinensis is 

between 2 and 2.5 g/kg (40). Quercetin can help 

alleviate allergy symptoms by preventing the release of 

histamine from mast cells and thereby maintaining their 

stability (41). Kaempferol may exhibit phytoestrogenic 

activity and potentially affect hormonal balance (42). 

Kaempferol strengthens the immune system, has 

protective effects on the liver, and is useful in 

preventing diabetes, cancers, and cardiovascular 

diseases (43, 44). According to the figure below, 

myricetin has a higher number of OH groups than 

quercetin and kaempferol. As a result, Myricetin has 

greater antioxidant properties in neutralizing free 

radicals than the other two. 

 

Quercetin 

 

 

Kaempferol 

 

 

Myricetin 

(45) 

Figure 2. Different types of flavonols. Quercetin, kaempferol, 

and myricetin. 

Flavones: Flavones are compounds found in green 

tea that are structurally and functionally similar to 

flavonols. Flavones consist of three aromatic rings, a 

carbon skeleton, and various substituents. These 

compounds are notable for their antioxidant 

properties and are particularly significant in the 

process of plant pigmentation, UV protection, and 

attracting pollinators. These compounds include 
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apigenin and luteolin (46-48). Apigenin and luteolin 

are present in numerous types of fruits and vegetables, 

particularly in parsley, celery, chamomile, and green 

pepper (49, 50). Their concentration in green tea is 

relatively low compared to the aforementioned sources 

(51, 52). The chemical structures of different types of 

flavones are shown in Figure 3. 

 

Apigenin 

 

Luteolin 

(45, 53) 

Figure 3. Different types of flavones. Apigenin and luteolin. 

Proanthocyanidins (PAs): PAs, or condensed 

tannins, are groups of compounds discovered in 

numerous plants, different types of fruits, and several 

vegetables. They are polymers of flavan-3-ols that 

include two types. A-type has a unique bond structure 

between its monomeric units, providing distinct 

biochemical properties. B-type is the more common 

form, characterized by a basic structure of catechin 

and epicatechin units. Both types have antioxidant 

effects and other catechin-like properties. Green tea 

mainly contains B-type (54, 55). The content of PAs 

in green tea is relatively low compared to other 

sources, such as certain berries and red wine, where 

A-type proanthocyanidins can also be found (56, 57). 

Anthocyanins: These pigments are mainly found in 

plants and are soluble in water. They are associated 

with the red, purple, and blue colors of many fruits, 

vegetables, and flowers (58). Anthocyanins are 

glycosides derived from anthocyanidins, with a sugar 

molecule bound to the anthocyanidin backbone. The 

basic structure comprises an aromatic ring, a carbonyl 

group, and typically hydroxyl groups (59). 

Anthocyanins are less common in green tea, where 

they are found in small amounts. Like other 

flavonoids, anthocyanins exhibit antioxidant and 

anti-inflammatory effects (60). Figure 4 shows the 

chemical structures of proanthocyanidin and 

anthocyanidin. 

 

 

(61, 62) 

Figure 4. Proanthocyanidin and Anthocyanin  

Vitamin C: Although the antioxidant and anti-

inflammatory characteristics of green tea are 

primarily attributed to its polyphenols and catechins, 
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some of these effects also result from the presence of 

vitamin C. However, vitamin C is found in lower 

amounts in green tea compared to other sources, such 

as citrus fruits and vegetables (63). Figure 5 provides 

an overview of the major antioxidant compounds 

present in green tea.

 

 

Figure 5.  Antioxidant compounds in green tea. Catechins, other flavonoids, and vitamin C. Catechins include EGCG, EGC, ECG, and 

EC. Other flavonoids include flavonols, flavones, anthocyanins, and PAs. EGCG: Epigallocatechin-3-gallate, EGC: Epicatechin-3-gallate, 

ECG: Epigallocatechin, EC: Epicatechin. PAs: Proanthocyanidins

Evidence of the antioxidant properties of green 

tea and its various constituents 

Nuclear factor erythroid 2-related factor 2, known as 

Nrf2, is a vital transcription factor in cellular 

protection against oxidative stress. This factor triggers 

an increase in antioxidant proteins and detoxifying 

enzymes, thereby safeguarding cells against harm 

inflicted by multiple stressors. When the cell is not 

experiencing stress conditions, Nrf2 remains inactive 

in the cytoplasm by interacting with its 

inhibitor.  Kelch-like ECH-associated protein 1 

(Keap1) acts as an inhibitor for Nrf2 and is involved in 

its tagging for degradation via the proteasome and 

ubiquitination. The function of Nrf2 relies on its 

interaction with the antioxidant response element 

(ARE) in the nucleus (64).  

EGCG at a dose of 50 mg/kg was discovered by Ye et 

al. to stimulate the expression of Nrf2, peroxisome 

proliferator-activated receptor gamma (PPAR-γ), and 

sirtuin-1 (SIRT-1) in mice with crescentic 

glomerulonephritis (GN) (65). PPAR-γ has a vital 

function in mitigating oxidative stress through 

multiple mechanisms, including the upregulation of 

direct transcription of antioxidant genes, modulation 

of inflammatory pathways, and protection against 

cellular damage (66). SIRT-1 is an NAD+-dependent 
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deacetylase known for its significant antioxidant 

activity. It boosts the activity and expression of 

antioxidant proteins and enzymes  (67). Xie et al. 

demonstrated that EGCG reduced ROS concentrations 

and upregulated Nrf2 and its associated targets, 

including the antioxidant proteins solute carrier family 

7 member 11 (Slc7A11), heme oxygenase-1 (HO-1), 

and glutathione peroxidase-4 (GPx-4), in intestinal 

mucosal injury in C57 BL/6 J mice (68).  

SLC7A11 is known as the cystine/glutamate 

transporter (system X-), and it contributes to cellular 

antioxidant defense by transporting cystine into the 

cell. Inside the cell, cystine is reduced to cysteine, 

which is an essential component for glutathione 

synthesis (69). HO-1 is an enzyme whose antioxidant 

role is due to its function in the breakdown of heme 

to biliverdin. Excess free heme can generate ROS, 

which can result in oxidative stress and damage to 

cells. Biliverdin is rapidly converted to bilirubin, 

which is a potent antioxidant (70). 

In a randomized controlled trial (RCT) published by 

Venkatakrishnan et al., the intake of 780.6 mg of green 

tea catechin over 12 weeks in subjects with moderate 

hypercholesterolemia resulted in significant 

improvements in glutathione (GSH) levels and the 

antioxidant enzymes superoxide dismutase (SOD), 

glutathione reductase (GR), catalase (CAT), and GPx 

(71). Hu et al. stated that treatment with green tea 

extract (GTE) for three days elevated the expression of 

SOD1 and SOD2 in rats with cardiac arrest (72). 

Malondialdehyde (MDA) is a highly reactive 

aldehyde recognized as a biomarker for oxidative 

stress measurement. It is produced as a final product 

of lipid peroxidation (73, 74). Suraphad et al. 

demonstrated that serum MDA levels significantly 

decreased two hours following the ingestion of 400 

mL of green tea in healthy individuals (75).  

Other factors involved in oxidative stress include 

cyclooxygenase-2 (COX-2), inducible nitric oxide 

synthase (iNOS), and myeloperoxidase (MPO). Lee 

et al. stated that treatment with green tea extract 

(GTE) for two weeks downregulated COX-2, iNOS, 

and MPO in mice with colitis (76, 77). Furthermore, 

Mostafa et al. showed that GTE intake for 8 weeks 

reduced MDA and MPO in rats with lung toxicity 

(78). Also, Chung et al. reported that COX-2 activity 

in a high-fat diet was notably declined by treatment 

with green tea extract (1–2%) (79).  

Conclusion 

Green tea contains antioxidant compounds including 

catechins, flavonols, flavones, proanthocyanidins, 

anthocyanins, and vitamin C, which make it a 

beneficial beverage for preventing oxidative stress 

and inflammation, along with associated 

complications such as aging, cancer, cardiovascular 

diseases, neurological disorders, and inflammatory 

diseases. Preclinical and human studies have shown 

the potential antioxidant properties of green tea. 

Future studies should design randomized controlled 

trials that use different doses of green tea extract or 

components, inflammatory and anti-inflammatory 

variables in different patients. 
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