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Abstract 
 
Brewed tea (from the Camellia sinensis plant) is the second most commonly consumed beverage 

in the world, and its consumption has been associated with several human health benefits. Tea 

polyphenols are absorbed in the intestine following consumption and metabolized by both human 

and microbial systems to yield a mixture of complex metabolites that can be found in circulation 

and throughout the body. Identification of tea phenolic constituents and their metabolites has 

served to strengthen the association between tea consumption and specific health benefits, as 

well as to measure potential differences between tea product forms. The current state of research 

suggests that long-term consumption of tea and tea polyphenols may provide distinct health 

benefits, with the strongest associations being the promotion of cardiovascular health, as well as 

antidiabetic and antiobesity effects. However, much regarding tea and health remains to be 

discovered. This includes development of a better understanding of the role of abundant oxidized 

polyphenol forms in oolong and black tea, whose bioavailability and specific role in health 

benefits remain unknown. This technical summary focuses on tea polyphenol 

bioaccessibility/bioavailability, discusses potential bioactivity, and highlights studies that link tea 

consumption and health. 
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Introduction 

 Over the years, tea has been investigated (via observational, preclinical, and clinical 

studies) for its potential to reduce the risk and or progression of various chronic diseases1-5. 

However, differences in tea profiles (i.e., concentrations of different bioactive compounds) and 

variable doses used across studies have made it challenging to compare results and to build on 

epidemiological associations and to translate findings to clinical health outcomes. This technical 

summary will describe tea polyphenols in relation to health and discuss factors that affect 

bioactivity (for a brief introduction to the chemistry of tea polyphenols, please refer to 

Production and Polyphenolic Composition of Tea). The latter part of this review will highlight 

the potential effects of tea on health and will discuss select clinical trials, interventions, and 

epidemiological studies with a focus on cardiovascular disease, metabolic disorders, and cancer. 

In order to consider biological effects of brewed tea and tea beverages, research that employed 

tea extracts (often green tea extract) or isolated polyphenols (such as epigallocatechin gallate) 

will not be discussed in this review. Readers should be aware that since this review includes only 

tea in food/beverage applications, points made in this review must not be extrapolated to pure 

compounds/tea extracts. Exposures encountered from the use of pure compounds/tea extracts, 

which tend to be much higher in dose and may have different effects (e.g., due to the presence of 

other compounds in the supplement or a lack of interactions from food components) are not 

addressed.  

 As this is meant to be a summarized, narrative review, interested readers can refer to 

additional resources that have reviewed polyphenol bioavailability6 and the effect of tea 

polyphenols on disease in human studies7-13 more extensively. Accordingly, this narrative review 

aims to provide a conceptual, fundamental overview of tea polyphenols and potential health 
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effects. To gain a more complete understanding of this topic, readers are urged to consult 

systematic, evidence-based reviews, which consider all (rather than select representative) clinical 

studies and methodically analyze potential benefits and risks associated with clinical tea studies.  

Polyphenols in our diet 

 Flavonoids and other polyphenols are present in many common foods and beverages, 

including wine, whole grains, fruits/vegetables, and cocoa. Of the many dietary sources, tea is 

one of the major flavonoid sources in the American diet: American tea drinkers consume a daily 

flavonoid intake that is ~20 times higher compared to those who do not consume tea14. 

Epidemiological data have shown lower relative risks of multiple chronic diseases in populations 

with higher levels of tea consumption, including cancer, cardiovascular disease, and other 

conditions1,2.  These epidemiological associations have served as the basis for hypothesis 

generation and in the design of clinical trials assessing the impact of tea in humans. 

Bioavailability of tea polyphenols 

 To better understand tea and its potential health effects, it is important to consider the 

bioaccessibility and bioavailability of the primary phenolic components of tea.   Following tea 

consumption, there are a series of complex biochemical and biological steps that occur in the 

human body, which for simplicity, can be broadly grouped as digestion, absorption, and 

distribution to target tissues (Figure 1A). Bioaccessibility refers to the portion of a compound 

that is transferred from the ingested food or beverage into the aqueous phase in the intestinal 

lumen, i.e., the portion that is available for uptake by the intestinal cells (enterocytes), the main 

site of absorption. Bioavailability corresponds to the proportion of polyphenols that are actually 

absorbed, and present in circulation as native compounds or metabolites of human/microbial 

origin. Despite having received much attention for their potential health benefits, tea polyphenols 
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are not required for basic human survival, growth or reproduction and are thus non-essential 

(non-nutrient) bioactives. The human body also recognizes them as xenobiotics and metabolizes 

these compounds to facilitate excretion by urinary, bile or other pathways. However, it is 

important to note that because of this level of metabolism by both human and microbial systems, 

metabolites, not native forms in tea, are the main forms that are subsequently in circulation and 

available for tissue uptake, further metabolism and biological activity15. 

 

Figure 1. Graphical summary of digestion, absorption, and circulation of tea polyphenols. Figure 
adapted from previous authors5,15. 
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monomers, abundant in green tea, are more bioavailable than procyanidins, theaflavins, or 

thearubigins, present in oxidized oolong and black teas, due to their smaller molecular weight16.  

Polyphenol digestion, absorption and metabolism  

 Tea beverages, as a delivery system for bioactives, have inherent advantages compared to 

solid food matrices, as the bioactives are introduced already in a soluble aqueous solution.  This 

precludes the need for efficient digestive release from a solid material, although sensitivity to 

digestive conditions has been reported to be a problem15. During absorption in the small 

intestine, polyphenols in tea (mostly catechin monomers) are subjected to Phase II metabolic 

activities (chemical reactions) in the enterocyte16 (Figure 2A, 2B). After intestinal absorption of 

native tea polyphenols (mostly unconjugated monomeric catechins molecules), these compounds 

are transported to the liver where they are metabolized by the hepatic Phase II conjugation 

system with methyl, sulfate and glucuronide conjugation, altering circulating profiles and 

polarity17 (making it more water soluble, in the case of sulfate and glucuronide forms, or more 

lipid soluble, in the case of methyl forms). Phase II phenolic metabolites can be recycled into the 

small intestine by biliary excretion where they pass into the colon and are catabolized by 

microbial communities (and potentially reabsorbed)18 (Figure 2B).   

Another main pathway impacting the overall level of tea polyphenol absorption is 

microbial metabolism in the lower intestine.  The colon is home to a diverse collection of 

microorganisms, also known collectively as microbiota or microbiome, which can ferment 

unabsorbed materials and consequently break down compounds (e.g., polyphenols) into simpler 

ones (metabolites). These microbial metabolites can then be absorbed from the colon, transported 

in the blood, and circulate to other tissues. It is well established that the human microbiota is 
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capable of metabolizing tea polyphenols efficiently and generation of several prominent small 

molecular weight metabolites that are efficiently absorbed15,19-21.  

Figure 2. Close up view of an intestinal villus and the epithelia (A) and schematic diagram of 
absorption and metabolism of polyphenols in the enterocyte (B).  Figure adapted from previous 

authors5,15. 
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Both native tea polyphenols as well as conjugated metabolites excreted from the intestine to the 

lumen are subjected to microbial digestion. These compounds can be deconjugated (e.g. 

glycosides removed from catechins) and/or degraded (e.g. phenolic acids cleavage products) by 

microbial communities in the lower intestine, after which they may be absorbed and subjected to 

further hepatic metabolism18 or undergo microbial metabolism (ring cleavage and epimerization 

reactions) in the colon16.  Examples of common microbial metabolites of tea catechins include 

valerolactones 20,21, hydroxy benzoic acids19, and phenyl acetic acids15 . Colonic microbes appear 

to convert polyphenols to smaller compounds with ultimate conversion to hippuric acid, a major 

compound detected in human urine after consumption of both black and green tea22. In this 

regard, polyphenol absorption from tea, while primarily thought of from the perspective of 

uptake of native polyphenols in the small intestinal, is perhaps more dependent on colonic 

microbial catabolism of tea polyphenols and absorption in the lower intestine/colon. It has been 

reported that microbial metabolites are more absorbable in humans compared to their native 

parent compounds and these small molecular weight phenolics may have similar or increased 

bioefficacy as compared to the native compounds16. As such, consideration of the interactions 

between tea and microbiota in relation to health endpoints has increased substantially.  

Tea polyphenol forms in circulation 

 A variety of tea catechin metabolites and native forms have been detected in human 

plasma after tea ingestion (Tables 1-5), which may be freely circulating or bound to proteins in 

the bloodstream16. Tables 1-3 highlight reported bioavailability of (−)-epigallocatechin gallate 

(EGCG), (−)-epigallocatechin (EGC), and (−)-epicatechin (EC), respectively, in human clinical 

studies. EGCG, EGC, and EC are major catechins found in green tea. EGCG and EGC are 

gallocatechins, which have a third B-ring hydroxyl group at C5’, while EC is considered to be a 
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catechin gallate as it has an esterified gallic acid residue at the C3 hydroyl15. General differences 

in catechin bioavailability can be observed (across Tables 1-3) as EGCG is less bioavailable 

compared to other catechins23,24. During black tea processing, catechins are oxidized and form 

polymerized compounds (e.g., thearubigins and theabrownins), which are characteristic of black 

tea. In humans, peak plasma levels of tea catechins are usually in the 0.2-0.3 μM range after 

ingestion of relevant amounts of green tea (i.e., 400-750 mL)25. A pilot study analyzed 

bioavailability of black tea theaflavins after consumption of 700 mg of mixed theaflavins (which 

the authors specify as equivalent to ~30 cups of black tea) and found peak plasma concentrations 

of only about 2-7 nM26, indicating that normal black tea consumption likely will not lead to 

appreciable absorption of native theaflavins. Considering the poor bioavailability of many 

polyphenols, toxicity from typical tea beverage consumption is likely only achievable through 

extreme misuse of beverage and food products. Although native tea polyphenols may be limited 

in circulation, a variety of metabolites can be detected as a result of microbial fermentation. In a 

study conducted on green tea metabolites, only two metabolites (4-hydroxyphenyl acetic acid 

and hippuric acid) were detected in urine from subjects with an ileostomy while a more diverse 

metabolite profile (also containing pyrocatechol, pyroallol, valerolactone, benzoic and 

hydroxyphenyl acids) was found in urine samples from subjects with an intact colon19. Thus the 

circulation, subsequent delivery to tissue, and eventual excretion of tea polyphenols (and 

derivative compounds) can be substantially affected by the colonic microflora. Further work is 

needed to fully elucidate the link between tea polyphenol metabolites and actual bioactivity. 

Translating experimental dose to a serving of tea 

 Translating experimental results on tea polyphenols from in vitro or animal studies to 

humans requires careful interpretation. Polyphenol doses used in (animal or cell) model studies 
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are often not translatable to human doses as these are often 10-1000X greater than what would be 

expected from consumption of most tea products25. These doses are often employed to obtain 

significant results in an abbreviated timeframe of animal research and are not necessarily a good 

representation of normal dietary consumption patterns in humans. Relating such findings directly 

to human nutrition (low doses, chronically over decades) is often questionable and likely has 

contributed to the failure of many human trials.  The difficulty of translating cell and animal 

results to human clinical situations and, perhaps more critically, clinical trials to 

recommendations for the broad population is well documented.  

 It is also important to consider that the exact conditions in the human body are difficult to 

replicate in the lab and may not perfectly correspond to animal models. The human body 

inherently adapts to exposure of compounds, including polyphenols. Large acute doses may 

induce upregulation of the xenobiotic detoxification system, resulting in lower bioavailability of 

the desired compounds (and potentially attenuated effects) over time.  

 Some clinical studies that have investigated the effects of tea on cardiovascular disease, 

metabolic disease, and cancer are summarized in Table 6. Tea dose for many of these studies is 

expressed in terms of volume (mL) or servings (tea cups). Although the exact polyphenol 

concentrations differ depending on various factors (discussed in more detail in Production and 

Polyphenolic Composition of Tea), a reasonable target composition for a standard 6 oz (237mL) 

US brewed cup of green tea would be 250 mg total catechins (or greater than 300 mg total 

polyphenols) and 50 mg caffeine while a reasonable composition for a cup of brewed black tea 

(237mL) would be 150 mg catechins, 200 mg of theaflavins and thearubigens (or >350 mg total 

polyphenols) and 50 mg caffeine. When comparing studies, it is important to consider the 

volume of tea in a dose as well as the concentrations and polyphenolic profile. Studies that 
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utilize purified phenolics (e.g., EGCG) have doses that are more concentrated and have less 

complex profiles (one type of polyphenol as opposed to a mix) compared to those that use actual 

brewed tea. Similarly, using tea extract (e.g., green tea extract) may not completely model 

brewed tea perfectly as these are more concentrated. Another consideration is that other 

compounds (e.g., minerals) that are co-consumed with the tea can alter absorption. Thus studies 

may account for this by using a control diet27, having subjects consume the tea post fasting and 

without a meal, and/or by calculation of consumed micronutrients28 . The following sections 

focus primarily on human clinical studies using brewed tea and summarize the potential effects 

of tea consumption on health.  

Tea and cardiovascular disease 

 Epidemiological studies have indicated that habitual tea consumption lowers risk factors 

of cardiovascular disease2. In the Rotterdam study, participants (>54 years, no history of 

myocardial infraction) were observed in a longitudinal analysis over a period of 4-7 years; after 

adjustment for lifestyle and nutritional factors, it was observed that individuals with daily tea 

intake of >375 mL had a lower relative risk of myocardial infraction than non-tea consumers 

(RR=0.57, 95% CI= 0.33, 0.98)2. Tea has been shown to improve flow-mediated dilation 

(FMD)29 and blood pressure28, which are associated with reduced risk of cardiovascular disease. 

A cross-sectional study was performed in 218 women (>70 years) using 24-hour dietary recall 

and urine 4-O-methylgallic acid as measurements of tea intake; systolic and diastolic blood 

pressures were significantly lower in women with high levels of tea consumption as compared to 

women with low levels of tea consumption30. Aside from FMD and blood pressure-related 

studies, clinical trials have also been performed to determine if green and/or black tea 

consumption can reduce blood lipid peroxidation levels in adults31,32; results of these trials have 
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been mixed where no effect is observed in some studies while a small preventative effect is 

observed in other studies. Despite this, the overall association between tea consumption and 

cardiovascular health appears to be strong (Table 6).  

Metabolic effects of tea consumption: metabolic syndrome, obesity, and type 2 diabetes 

 Obesity and Type 2 Diabetes Mellitus (T2DM) continue to be significant public health 

challenges in the United States and globally; about 30 million people in the United States33. An 

additional ~80 million Americans are afflicted with prediabetes (impaired fasting glucose or 

impaired glucose tolerance), which is a high-risk state for developing T2DM34. Nutritional-based 

strategies for controlling and preventing T2DM represent a potential treatment option for patients 

to supplement pharmaceutical regimes. Heavy tea consumption (about 4 cups per day) has been 

shown to be a significant factor in weight reduction and prevention of metabolic syndrome35. 

One meta-analysis based on 7 epidemiological studies found a lower risk of T2DM in those who 

consumed 3-4 cups of tea per day in comparison to those who consumed no tea; another 

retrospective cohort in Japan (17,413 people aged 40-65) indicated that consumption of 6 or 

more cups of green tea was associated with a 33% reduced risk of developing T2DM25. 

However, another prospective analysis of 39,908 Singaporean Chinese subjects found a 

decreased relative risk of T2DM in those consuming ³4 cups of coffee or ³1 cup of black tea 

daily with relative risks of 0.70 (95% CI: 0.53, 0.93) and 0.84 (95% CI: 0.74, 1.00), respectively, 

but no reduced relative risk in consumers of green tea36. Yet, a meta-analysis of 17 clinical trials 

(comprising of 1133 subjects) concluded that green tea favorably reduced fasting glucose and Hb 

A1c8.  

Tea consumption may alleviate metabolic syndrome by increasing AMP-activated protein 

kinase activity in the liver, which downregulates enzymes involved in gluconeogenesis (thus 



Nutrition Today 
Volume 53, Issue 5, 2018, pages 213-228 

Haufe, Ho, Ferruzzi, & Neilson 

13 

decreasing gluconeogenesis)35. Another suggested mechanism of action includes the inhibition of 

a-amylase by green tea polyphenols, which would lower carbohydrate digestion and blood 

glucose response to starch rich meals37. However, only a limited number of large scale studies 

relating tea bioactives derived from brewed tea to metabolic syndrome have been performed in 

this area and are marked by inconsistency in results among different studies. This may be 

attributable to differences across studies (e.g., study durations, dosage, health status of subjects, 

genetic and environmental differences). Metabolic effects of tea are not as well established as 

cardiovascular health benefits. However, this continues to be an evolving area of research that 

initially started in relation to weight management and has evolved to energy management and 

cognitive function. 

Tea and cancer 

  A 2016 cohort study in Japan followed 89,555 people from 1995-1999 to observe 

potential effects of green tea consumption on biliary tract cancer and related cancers. Daily 

consumption of high levels of green tea (>720 mL per day) resulted in a significantly reduced 

risk (hazard ratio=0.67, 95% CI=0.46, 0.97) when compared to those consuming <120 mL of 

green tea per day38. Regular consumption of green tea appeared to decrease the risk of colorectal 

cancer in an observational study39, but further evidence from clinical trials with tea infusions 

(rather than green tea catechins) are needed to better investigate this association 40. Intervention 

studies have been performed in men with prostate cancer to observe the effect of black and green 

tea consumption prior to prostatectomy41. Bioaccumulation of green tea catechins in the prostate 

tissue was observed; significant decrease of an inflammation factor (nuclear factor kappa B) was 

observed after green tea consumption in one clinical trial41. A 2006 meta-analysis of 13 

epidemiological studies analyzing the association between tea consumption and breast cancer 
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established a slightly reduced odds ratio (OR) comparing highest consumers of green tea to 

lowest consumers of green tea (OR= 0.78, 95% CI= 0.61, 0.98)1. 

 A 1999 clinical research trial tested a mixed tea product (green tea supplemented with tea 

catechins and theaflavins/thearubigins) in 59 patients with oral mucosa leukoplakia; 37.9% of 

green tea-treated patients experienced a decrease in oral mucosa leukoplakia size compared to 

6.7% of placebo patients42. Variations in individual patients also have an effect as several studies 

indicate that genetics significantly affects cancer-related biomarkers in tea drinkers (i.e. 

beneficial effects were seen in high expressors of certain enzymes)43. Further work in this area 

could help identify individuals that may be more receptive to amelioration/prevention of cancer 

by chronic green tea consumption.  

Tea and brain health 

 EGCG and EGCG metabolites have been shown to be permeable across in vitro blood 

brain barrier models44,45, which suggests that some tea polyphenols and metabolites may have the 

potential to reach the brain and affect cognitive health. In previous studies, tea consumption was 

correlated with a reduced risk of neurocognitive disorders46 and Parkinson disease in Finnish47 

and in Chinese-Singaporean subjects48 who habitually drank three or more cups of tea per day. 

Previous studies have hypothesized that caffeine is the bioactive compound responsible for the 

reduced risk49,50, another study51 found that black tea consumption, which was not confounded 

by caffeine content, decreased Parkinson’s disease risk while green tea intake did not show an 

association. This suggests that characteristic oxidized polyphenols (e.g., thearubigins and 

theaflavins) in black tea may have a distinct effect. However, regular consumption of black or 

green tea have both been shown to reduce the risk of neurocognitive disorders46 in elderly 

Chinese subjects. Consumption of black tea was also found to enhance improve memory, reduce 
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errors, and speed up performance of subjects in a variety of cognitive tasks compared to 

consumption of a water control52, although the study did not differentiate if the effects were due 

to caffeine or tea polyphenol content. 

   

Contraindications of tea consumption 

 While often only focused on for health benefits, contraindications of heavy tea 

consumption have been reported.  One concern is that consuming beverages (e.g., tea) at a high 

temperatures has repeatedly been associated with an increased risk of esophageal cancer. 

However, some observational studies suggest that green tea decreases the risk of esophageal 

cancers but only in non-smoking, non-alcohol drinking women (smoking and drinking have been 

shown to be major risk factors in development of esophageal cancer)3,4.  

 Renal stone formation is also strongly linked to dietary habits, which can be problematic 

for some tea drinkers, especially for gallstone formers (individuals prone to gallstone 

formation)53. Black tea contains high levels of oxalate which can be a major risk factor of 

gallstone formation for gallstone formers, who are consequently often instructed to limit black 

tea consumption53.  

Effects on tea consumption on mineral absorption 

 Tea polyphenols can bind to minerals, consequently limiting their bioavailability. This 

effect could be beneficial by preventing toxicity of certain minerals or deleterious by 

contributing to dietary mineral deficiencies. For example, aluminum, a major mineral in tea that 

could have toxicological concerns at high intake levels, is poorly bioavailable from tea due to 

limited absorption in the gastrointestinal tract and efficient renal excretion54. Similarly, co-
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consumption of mercury-rich fish with green tea extract reduced mercury bioaccessibility by 82-

92%55. 

 Iron deficiency is the most prevalent and common nutrient deficiency in the world56 (and 

is a greater concern for individuals on plant-based diets—diets that are limited in red meat (a 

bioavailable heme iron source) and high in phytates (iron absorption limiters)—and women, who 

have higher iron requirements than men57. Co-consuming tea with non-heme iron has been 

shown to limit absorption as iron-polyphenol complexes are formed in the intestinal lumen58. 

Human trials have indicated that consuming tea with a meal significantly limits iron absorption 

in both iron deficient and non-deficient individuals57,59. Although coffee, cocoa, herbal and black 

teas all have significant inhibitory effects on iron absorption, black tea has been reported as the 

most potent inhibitor, potentially due to the higher galloyl ester content59.  

Linking bioavailability to bioactivity 

The rationale for performing pharmacokinetic and bioavailability studies is that a specific 

bioactive must be available at the site of action to impart its desired activity. Caution must be 

used when interpreting postprandial blood levels as predictors of activity as this will not 

perfectly predict the quantity of bioactive compound that is absorbed and utilized60. The situation 

in vivo is complex, and much work remains to be done to definitively establish blood predictors 

of activity. Several issues arise with using blood bioavailability of specific compounds as 

predictors or markers of activity. First, as stated above, tea has hundreds of potentially bioactive 

compounds. While bioactivity studies have focused on the predominant constituents on a mass or 

molar basis, it is unknown whether these are in fact the compounds whose bioavailability is 

critical for activity. Second, using blood bioavailability to predict activity assumes that reaching 

circulation implies access to the site of activity. However, most tea (and indeed, polyphenol) 
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research has been done in cells (no barrier to activity) or whole animals (no site specificity). 

Furthermore, compounds may have much greater (e.g., in the intestinal lumen) or much lower 

(e.g., in the brain) concentrations at the site of activity compared to blood levels. Some 

compounds with essentially zero bioavailability (large catechin oxidation products) may have 

potent bioactive actions in the gut lumen (inhibition of digestive enzymes, modulation of 

microbial communities) or mucosa (modulation of gut junctions and villi/crypt architecture, 

immune modulation, etc.). Finally, if gut luminal/mucosal activities or production of microbial 

metabolites are crucial for observed activity, bioavailability may in fact be inversely proportional 

to activity (i.e. less absorption of native compounds could actually be desirable).  

Future outlook: targeting health with tea products 

 Based on currently available knowledge, efforts should focus on obtaining maximum 

benefit from a reasonable dose of tea obtainable in common food and beverages for the target 

population (likely to differ significantly amongst countries). As such, formulation of products 

should target levels of key bioactives (polyphenols, caffeine and theanine) achievable in brewed 

tea and should be consumed at a high enough quantity to allow for a substantial bioavailable 

fraction (Tables 1-5). Physiological responses observed in clinical studies (Table 6) occurred in 

humans consuming ~3-10 cups of tea per day. These findings suggest that consumption of 

polyphenols from ~3-10 cups of brewed tea per day may provide beneficial health effects, 

however, development of more concentrated tea or strategically formulated tea products could 

provide beneficial health effects without the need to consume multiple cups of tea everyday.  

 Efforts to better leverage tea include strategies to moderately increase tea “strength”, 

improve tea stability, or increase consumption via a broader product spectrum (new types of teas, 

tea-containing products). Future tea products could shift the need to rely on tea strength and 
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focus on leveraging processing or ingredient interactions to maximize polyphenol bioactivity. 

However, the potential impact of minor constituents, poorly- or non-bioavailable bioactives 

(theaflavins, thearubigins, theabrownins), or microbial metabolites must be better understood in 

order to more fully leverage the inherent profile of tea for health endpoints. 
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Table 1. Bioavailability of epigallocatechin gallate (EGCG) observed in human clinical trials after ingestion of brewed green 

and black tea infusions 

EGCG Source Amount 

Dosage 

Delivered 

AUC value 

(µmol h/L) 

 

Plasma Cmax 

(raw, 

nmol/L) 

Plasma Cmax 

(dose 

normalized 

nmol/L/mg 

EGCG) 

Tmax 

(h) 

# of 

subjects Reference 

Green tea 3 g of leaves in 400 mL 

water (consumed with 

a “polyphpenol-free” 

breakfast) 

68 mg 

EGCG 

 70 1.03  12 61 

Green tea 5 g of leaves in 400 mL 

water (consumed with 

a “polyphpenol-free” 

breakfast) 

114 mg 

EGCG 

 90 0.79  12 61 
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Green tea 7 g of leaves in 400 mL 

water (consumed with 

a “polyphpenol-free” 

breakfast) 

158 mg 

EGCG 

 96 0.61  12 61 

Green tea 500 mL  53 mg 

EGCG 

0.17 55 1.04 1.9 10 62 

Green tea 3 bags of tea in 426 mL 

water (consumed with 

or without sugar and 

milk) 

213 mg 

EGCG 

0.270 80 0.38 1.3 30 24 

Green tea 

(decaffeinated) 

1.5 g in 500 mL water 

(w/45 g sucrose, 7.5 g 

coffee whitener) 

110 mg 

EGCG 

 259 2.35 1.6 6 23 

Green tea  

(decaffeinated) 

3 g in 500 mL water 

(w/ 45 g sucrose, 7.5 g 

coffee whitener) 

219 mg 

EGCG 

 711 3.25 2.4 6 23 
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Green tea 

(decaffeinated) 

4.5 g in 500 mL water 

(w/ 45 g sucrose, 7.5 g 

coffee whitener) 

329 mg 

EGCG 

 700 2.13 2.7 6 23 

Black tea 250 mL consumed 4x 

over 6 h (1000 mL 

total) (consumed with 

sugar cookies) 

36.54 mg 

EGCG 

(consumed 

at 0, 2, 4 

and 6 hr) 

 20 0.55  15 63 

 

Note: Unless specified, study did not indicate that subjects were instructed to consume the tea with a meal.



Nutrition Today 
Volume 53, Issue 5, 2018, pages 213-228 

Haufe, Ho, Ferruzzi, & Neilson 

22 

Table 2. Bioavailability of epigallocatechin (EGC) observed in human clinical trials after ingestion of brewed green and black 

tea infusions 

EGC Source Amount 

Dosage 

Delivered 

AUC value 

(µmol h/L) 

Plasma Cmax 

(raw, nmol/L) 

Plasma Cmax 

(dose normalized 

nmol/L/mg EGC) 

Tmax 

(h) # subjects Reference 

Green tea 

 

3 g of 

leaves in 

400 mL 

water 

(consumed 

with a 

“polyphpen

ol-free” 

breakfast) 

59 mg EGC  185 3.14  12 61 

Green tea 5 g of 

leaves in 

99 mg EGC  298 3.01  12 61 
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400 mL 

water 

(consumed 

with a 

“polyphpen

ol-free” 

breakfast) 

Green tea 7 g of 

leaves in 

400 mL 

water 

(consumed 

with a 

“polyphpen

ol-free” 

breakfast) 

137 mg 

EGC 

 278 2.03  12 61 
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Green tea 3 bags of 

tea in 426 

mL water 

(consumed 

with or 

without 

sugar and 

milk) 

270 mg 

EGC 

2.59 740 2.74 1.3 30 24 

Green tea 

(decaffeinated) 

1.5 g in 500 

mL water 

(w/ 45 g 

sucrose, 7.5 

g coffee 

whitener) 

102 mg 

EGC 

 483 4.74 1.4 6 23 

Green tea 

(decaffeinated) 

3 g in 500 

mL water 

204 mg 

EGC 

 1650 8.09 1.8 6 23 
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(w/ 45 g 

sucrose, 7.5 

g coffee 

whitener) 

Green tea 

(decaffeinated) 

4.5 g in 500 

mL water 

(w/ 45 g 

sucrose, 7.5 

g coffee 

whitener) 

306 mg 

EGC 

 1790 5.85 1.3 6 23 

Black tea 250 mL tea 

consumed 

4x over 6 h 

(1000 mL 

total) 

(consumed 

15.48 mg 

EGC 

(consumed 

at 0, 2, 4 

and 6 hr) 

 145 9.37  15 63 
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with sugar 

cookies 

 

Note: Unless specified, study did not indicate that subjects were instructed to consume the tea with a meal.
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Table 3. Bioavailability of epicatechin (EC) as observed in human clinical trials after ingestion of brewed green and black tea 

infusions 

EC Source Amount 

Dosage 

Delivered 

AUC value 

(µmol h/L) 

Plasma Cmax 

(raw, nmol/L) 

Plasma Cmax 

(dose normalized 

nmol/L/mg EC) 

Tmax 

(h) # subjects Study 

Green tea  3 g of leaves 

in 400 mL 

water 

(consumed 

with a 

“polyphpen

ol-free” 

breakfast) 

29 mg EC  127 4.38  12 61 

Green tea 5 g of leaves 

in 400 mL 

water 

48 mg EC  189 3.94  12 61 
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Green tea 7 g of leaves 

in 400 mL 

water 

(consumed 

with a 

“polyphpen

ol-free” 

breakfast) 

66 mg EC  220 3.33  12 61 

Green tea 3 bags in 

426 mL 

water 

(consumed 

with or 

without 

sugar and 

milk) 

77 mg EC 1.01 330 4.29 1.2 30 24 
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Green tea 

(decaffeinate

d) 

1.5 g in 500 

mL water 

(w/ 45 g 

sucrose, 7.5 

g coffee 

whitener) 

37.5 mg EC  189 5.04 1.4 6 23 

Green tea 

(decaffeinate

d) 

3 g 

decaffeinate

d in 500 mL 

water (w/ 45 

g sucrose, 

7.5 g coffee 

whitener) 

75 mg EC  651 8.68 1.8 6 23 

Green tea 

(decaffeinate

d) 

4.5 g 

decaffeinate

d in 500 mL 

112.5 mg 

EC 

 654 5.81 1.8 6 23 
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water (w/ 45 

g sucrose, 

7.5 g coffee 

whitener) 

Black tea 250 mL 

consumed 

4x over 6 h 

(1000 mL 

total) 

(consumed 

with sugar 

cookies) 

16.74 mg 

EC 

(consumed 

at 0, 2, 4 

and 6 hr) 

 174 10.39  15 63 

Note: Unless specified, study did not indicate that subjects were instructed to consume the tea with a meal.
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Table 4. Bioavailability of selected catechins and their metabolites as observed in human clinical trials after ingestion of 

brewed green and black tea infusions 

 

Compound Source Amount 

Dosage 

Delivered 

AUC 

value 

(µmol 

h/L) 

Plasma 

Cmax 

(raw, 

nmol/L) 

Plasma 

Cmax 

(dose 

normalized 

nmol/L/mg 

delivered) 

Tmax 

(h) 

# 

subjects Reference 

4’-O-Methyl-

EGC 

Green tea 3 g of leaves 

in 400 mL 

water 

(consumed 

with a 

“polyphpenol-

free” 

breakfast) 

N/A  76 N/A*  12 61 
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Green tea 5 g of leaves 

in 400 mL 

water 

(consumed 

with a 

“polyphpenol-

free” 

breakfast) 

N/A  79 N/A*  12 61 

Green tea 7 g of leaves 

in 400 mL 

water 

(consumed 

with a 

“polyphpenol-

free” 

breakfast) 

N/A  87 N/A*  12 61 
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ECG Green tea 500 mL (no 

meal) 

11 mg 

ECG 

0.12 25 2.27 1.6 10 62 

Green tea 3 bags in 426 

mL water 

(consumed 

with or 

without sugar 

and milk) 

119 mg 

ECG 

0.32 82 0.69 1.4 30 24 

Black tea 250 mL 

consumed 4x 

over 6 h 

(1000 mL 

total) 

(consumed 

with sugar 

cookies) 

31.14 mg 

ECG 

(consumed 

at 0, 2, 4 

and 6 hr) 

 51 1.64  15 63 
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*These values cannot be calculated as 4’-O-methyl-epigallocatechin is a metabolite (i.e. there was no “dosage delivered”) 

Note: Unless specified, study did not indicate that subjects were instructed to consume the tea with a meal. 
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Table 5. Bioavailability of catechins when quantified as “total catechins” after consumption of green and black tea infusions in 

human clinical trials 

Compound Source Amount 

Dosage 

Delivered 

AUC 

value 

(µmol 

h/L) 

Plasma 

Cmax 

(raw, 

nmol/L) 

Plasma 

Cmax 

(dose 

normalized, 

nmol/L/mg) 

Tmax 

(h) # subjects Reference 

Total 

catechins 

Green tea 

0.5 g of tea 

solids in 

150 mL 

water 

(consumed 

every 2 h, 

with milk 

or water, 

with or 

130 mg 

total 

catechins 

per cup 

 1,000 7.69  9 64 
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without a 

meal) 

Green tea 

3 g of tea 

solids in 

600 mL 

water 

930 mg 

total 

catechins 

2.22 550 0.59 2.3 12 65 

Green tea 

2 g of tea 

solids in 

300 mL 

water 

640 mg 

total 

catechins 

 1,800 2.81 1.5 21 66 

Black tea 

0.5 g of tea 

solids in 

150 mL 

water 

(consumed 

every 2 h, 

50 mg total 

catechins 

per cup 

 300 6.00  9 64 
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with milk 

or water, 

with or 

without a 

meal) 

Black tea 

0.5 g of tea 

solids in 

150 mL 

water 

(consumed 

every 2 h, 

with milk 

or water, 

with or 

without a 

meal) 

50 mg total 

catechins 

per cup 

 260 5.20  9 64 



Nutrition Today 
Volume 53, Issue 5, 2018, pages 213-228 

Haufe, Ho, Ferruzzi, & Neilson 

38 

Black tea 

3 g of tea 

solids in 

600 mL 

water 

300 mg 

total 

catechins 

0.53 170 0.52 2.2 12 65 

Black tea 

3 g tea 

solids in 

500 mL 

water plus 

100 mL 

milk 

300 mg 

total 

catechins 

0.60 180 0.60 2 12 65 

Black tea 

2 g of tea 

solids in 

300 mL 

water 

140 mg 

total 

catechins 

 340 2.43 1.5 21 66 

Note: Unless specified, study did not indicate that subjects were instructed to consume the tea with a meal.
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Table 6. Overview of select human clinical trials involving consumption of tea infusions 

Study Subjects 
Experimental 

Design 
Dose/Duration Outcome Study 

19 healthy men with 

sitting systolic-

diastolic blood 

pressure less than 

140/90 mm Hg 

Randomized, 

double-blind, 

crossover trial 

Acute dosing 

of 

reconstituted 

spray dried 

Lipton black 

tea formulated 

with 100, 200, 

400, or 800 mg 

flavonoids/day 

for 1-week 

periods (5 

separate week 

periods 

separated by 1-

week 

washout). 

Consumed 

(post fasting) 

with breakfast 

and then after 

All doses of black tea 

significantly increased 

FMD compared to the 

control but the effect 

was dose dependent 

(highest dose showed 

the most pronounced 

effect). Black tea intake 

also decreased office 

systolic and diastolic 

blood pressure.  

29 
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8 hours (co-

consumption 

with meal is 

not specified). 

Sugar was 

allowed, 

except on day 

7.  

111 subjects (men 

and women) with 

systolic blood 

pressure between 

115-150 mm Hg 

 

3 cups daily of 

black tea for 6 

months. 

Subjects were 

instructed to 

consume tea 

when they 

would 

typically 

consume it 

(with or 

without a 

meal).  

Black tea treatment = 

lower nighttime rates of 

systolic and diastolic 

blood pressure variation 

by 10% at beginning, 

month 3 and month 6 of 

study 

28 
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15 adults with 

moderate 

hypercholesterolemia 

Randomized 

double blind 

crossover 

study 

3 week 

intervention 

per treatment, 

subjects 

completed all 

treatments (5 

servings of 

black tea, 

caffeinated 

placebo, or 

placebo per 

day, consumed 

with breakfast 

and dinner) 

Compared to 

caffeinated water 

treatment, black tea 

treatment reduced: total 

cholesterol 6.5%, LDL 

cholesterol 11.1%, 

apolipoprotein B 5%, 

lipoprotein (a) 16.4% 

27 

20 healthy men 

Randomized 

crossover 

(Latin square 

design) 

Acute dosing 

of black tea, 

green tea, 

water w/ 

caffeine 

matched and 

water, >1 week 

between 

treatments 

Significant increases in 

urinary 4-O-

methylgallic acid 

observed in green and 

black tea treatments, ex 

vivo lipoprotein 

oxidation time trending 

towards greater lag time 

31 
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(consumed 

without added 

sugar and 

milk). 

13 healthy subjects 
Randomized 

crossover trial 

7 days of each 

treatment 

(1000 mL/day 

of black tea, 

green tea, or 

caffeinated 

water) 

No effect on in vivo 

lipid peroxidation as 

measured by urinary F2-

isoprostane levels 

Add 

ref 

22 healthy subjects 

with slightly raised 

cholesterol (³ 5 

mmol/L) and/or 

triacylglycerols (³ 

1.8 mmol/L) 

Randomized-

controlled 

crossover trial 

4 week 

intervention 

period of either 

1250 mL black 

tea or water 

per day 

No effect on in vivo 

lipid peroxidation as 

measured by urinary F2-

isoprostane levels 

32 

35 obese subjects 

with metabolic 

syndrome 

Randomized 

controlled 

trial 

4 cups daily of 

green tea for 8 

weeks (no 

sugar or milk 

added, but 

artificial 

No significant effects 

on biomarkers of MetS 

or inflammation, 

significantly reduced 

plasma serum amyloid 

65 
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sweetener 

allowed) 

alpha (risk factor of 

CVD) 

35 obese subjects 

with metabolic 

syndrome 

Randomized, 

controlled 

prospective 

trial 

4 cups daily of 

green tea for 8 

weeks (no 

sugar or milk 

added, but 

artificial 

sweetener 

allowed) 

Significant reduction in 

body weight and body 

mass index, decreasing 

trend in LDL and HDL, 

decreased biomarkers of 

oxidative stress 

(malondialdehyde and 

hydroxynonenals) 

67 

12 healthy men 

Randomized 

crossover 

(Latin square 

design) 

3 days of each 

treatment 

(1500 mL per 

day of full 

strength 

oolong tea, 

half strength 

oolong tea, 

water w/ 

caffeine 

matched, or 

water), on 3rd 

day energy 

Energy expenditure was 

increased by 2.9% after 

the full strength oolong 

tea treatment and fat 

oxidation was 12% 

higher after the full 

strength treatment 

68 
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expenditure 

was measured 

20 subjects with 

T2DM taking 

antihyperglycemic 

medicine 

Randomized 

crossover trial 

4 week 

intervention 

period, 1500 

mL oolong tea 

or water per 

day 

(consumption 

with or without 

a meal was not 

controlled) 

Oolong tea intervention 

resulted in significantly 

reduced fasting blood 

glucose (229 to 162 

mg/dL) and 

fructosamine (409 to 

323 µmol/L) levels 

compared to baseline 

69 

14 healthy subjects 
Randomized 

crossover trial 

Acute 

administration 

of 300 mL 

green tea or 

water 

concurrently 

with a meal 

No significant 

difference in blood 

glucose or insulin areas 

under the curve 

associated with green 

tea meal, self-reported 

satiety levels were 

significantly higher 

after green tea meal 

compared with control 

meal 

70 
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133 heavy smokers 

Randomized 

controlled 

intervention 

4 cups per day 

of black or 

decaffeinated 

green tea or 

water for 4 

months 

Decaffeinated green tea 

treatment resulted in 

significant reduction (-

31%) in urinary 8-

hydroxydeoxyguanosine  

levels (biomarker of 

oxidative DNA damage) 

71 

113 men diagnosed 

with prostate cancer 
 

6 cups daily of 

green tea black 

tea for 3-8 

weeks prior to 

study 

Green tea treatment = 

Significantly reduced 

nuclear NFkB in 

prostate tissue 

41 

Note: Unless specified, study did not indicate that subjects were instructed to consume the tea 
with a meal. 
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