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into polymers which include TRs, theaflavins (TFs) and theasinensins 
(TSs). Structurally flavonoids have a ‘flavan skeleton’ comprised of 
two aromatic rings linked by a three-carbon atom heterocyclic ring. 
In the ring all flavonoids have OH groups in the 5- and 7-position and 
on the B ring in the 3-position. They are formed when the enzyme 
polyphenoloxidase converts -epigallocatechins and -epigallocatechin-
3-O-gallate into TF’s and TRs (Figure 1) [11].

Investigations into TR chemistry and isolation/fractionation have 
been undertaken since the 1960’s but a great deal about their specific 
structure is unknown. It is agreed though that the flavonoid structure 
remains a key structural moiety in the TR structure (Figure 2). An 
analysis of TR fractions from 15 teas showed that their structures 
were no more than 2000Da whilst more than 5000 individual chemical 
entities were identified [4]. Other work studying the formation of 
TRs and their chemical structure found that condensation reactions 
between the A-ring and B-ring were particularly important for TR 
formation [12].

The potential health properties of black tea are well established 
[13,14]. A meta-analysis of 10 studies found black tea consumption 
can be associated with significant reductions in serum low-density 
lipoprotein cholesterol levels, particularly amongst those with higher 
cardiovascular risk [15]. A prior review of 19 meta-analysis and 
23 randomised controlled trials (n=1,422 participants) linked tea 
drinking to improved blood pressure regulation (particularly those 
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Abstract
The potential health benefits of black tea are well documented but the specific roles of thearubigins are less widely published. We undertook a review 
to identify human observational studies and laboratory studies investigating inter-relationships between thearubigin intakes and health. Twenty-two 
publications were identified-five observational studies and 17 laboratory/mechanistic studies. Evidence from observational studies demonstrates that 
black tea is a major dietary provider of thearubigins, with reported intakes of 327 mg/d in the UK, a nation of tea drinkers but lower in Europe (156 
mg/d). A growing body of evidence (from laboratory/cell studies) signifies that thearubigins could have potential health roles, including antioxidant, 
antimutagenic and anticancer properties, along with the ability to reduce inflammation and improve gastrointestinal motility. Well-designed human 
trials are now needed to further investigate thearubigin intakes from dietary sources in relation to specific health outcomes.
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Introduction
Black tea contains thousands of biological compounds which 

includes the flavonoid family (thearubigins, theaflavins and catechins)
alongside many others such asproteins, amino acids (including 
L.theanine), phenolic acids (caffeic acid, gallic acid, chlorogenic acids 
and cauramic acid) vitamins (A, C and K),lipids and fluoride [1]. 
Thearubigins (TRs) are major components of black tea that provide 
its distinctive dark, brown colour [2,3]. It has been estimated that 
black tea TRs are the most abundant group of phenolic pigments 
accounting for an estimated 60%-82% of the solids in a typical 
infusion [4-6]. It is the TRs present in black tea, first identified in 
the 1960s that are attributed to its distinctive colour, mouth-feel and 
health properties [2,7,8]. From a dietary stance it has been shown that 
black tea is a predominant provider of phenolics with, on average, a 
cup of black tea providing polyphenols at the level of 262 mg Gallic 
Acid Equivalents (GAE)/serving and TRs representing around 75-
82% total phenolics [9]. In terms of desirability it has been reported 
that an optimum ratio of TF and TR (1:10 estimated by computational 
approach) is required to ensure a quality cup of tea and control the 
environment for oxidation [10].

TRs are produced during the aeration (previously but inaccurately 
called ‘fermentation’) of tea leaves [2,11]. Aeration, one of the main 
process stages of black tea production transforms over 75% catechins 
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to dietary intakes and implications for health, using data from 
observational studies and animal/cell models. Such a review does not 
appear to have been undertaken previously.

Materials and Methods

Search strategy
A generic search for “Thearubigin*” was undertaken using the 

National Institutes of Health’s National Library of Medicine PubMed 
database. This was used to identify relevant human and laboratory 
studies. Studies focusing on green, herbal or other teas were not 
included. Publications that focused on flavonoids but did not collect 
or report data on TRs were also excluded. Reference lists were also 
searched for further relevant publications. The algorithm used to 
identify and select studies is shown in Figure 2.

Filters were applied and the inclusion criterion was defined as: (1) 
English-language publications, (2) papers published in the last 20 
years, (3) human studies-only those investigating TR intakes and any 
associations with health were included and (4) animal/mechanistic 
studies investigating inter-relationships between TRs and markers of 
health.

Study quality
The STROBE (Strengthening the reporting of observational 

studies in epidemiology) checklist was used to identify the quality 
of human observational studies [21]. A maximum score of 22 
could be achieved with this meaning that all the STROBE reporting 
recommendations had been achieved. Publications were regarded as 
being methodologically excellent if they received a STROBE score 
over 20 and methodologically strong if they received a STROBE score 
between 15 and 20.

For laboratory/mechanistic studies the Systematic Review Center 
for Laboratory animal Experimentation (SYRCLE) approach was 
used [22]. This was comprised of six stages: 1) developing the research 
question “do TRs influence markers of health?”, 2) searching for 
evidence, 3) selecting studies, 4) extracting study characteristics (Table 
1), 5) assessing quality bias tool was applied [23] and 6) providing an 
overview of findings [22].

Results
Habitual intakes

Of the 41 human studies identified, 36 were excluded due to them 
being review papers (n=13), irrelevant (n=13), laboratory studies 
(n=6) or a quantitative analysis of TR profiles (n=4) (Figure 3). This 

with pre/hypertension), vascular function and inflammation [16]. 
Black tea polyphenols also appear to attenuate obesity and associated 
comorbidities by: 1) inhibiting saccharide and lipid absorption, 
digestion and intake, 2) stimulating lipid metabolism and 3) reducing 
oxidative stress [17]. Black tea phytochemicals have further been 
linked to the regulation of molecular targets including COX-2, 5-LOX, 
AP-1, JNK, STAT, EGFR, AKT, Bcl2, NF-κB, Bcl-xL, caspases, p53, 
FOXO1, TNFα, PARP, and MAPK, possibly exerting anticarcinogenic 
properties [18].

Now, TRs are being identified as one of the main bioactive 
components present in black tea that could be attributed to some 
of these health effects [7,15]. In particular, TRs can protect against 
oxidative stress by a variety of means, including the inhibition of: 1) 
redox-sensitive transcription factors, 2) pro-oxidant enzymes and 
3) redox-sensitive transcription factors [19]. Some other proposed 
biofunctions of TRs include their potential antioxidant, antimutagenic, 
anticancer effects and ability to modulate gastrointestinal motility and 
skeletal health [7,20].

Given growing evidence on the TR component of black tea, the 
aim of the present review was to collate evidence on TRs in relation 

(-)-epigallocatechin 

(-)-epigallocatechin-3-0-gallate 

Thearubigins (TRs) 
Polyphenoloxidase 

Figure 1: Black tea leaf chemistry.
Source: Adapted from Haslam E (2003) [11].

 

Figure 2: Thearubigin Proposed Structure.
Source: Khan N, et al. (2007) [47] and Koch W (2020) [54].
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left five observational studies that investigated TR intakes from dietary 
sources thus were included in the review (Table 1). Of these studies, 
two used European data [24,25], one was conducted in Australia [26], 
one in Korea [27] and one in the US [28].

The European Prospective Investigation into Cancer and 
Nutrition (EPIC) collated data from 36,037 adults (35-74 years) 
finding that TR intakes ranged from 0.9 mg/day in men from 
Navarra and San Sebastian in Spain to 532.5 mg/day amongst UK 
males [25]. TR intakes averaged out across Europe were 156 mg/d 
and much higher in the UK at 327 mg/d [25]. Other data from the 
European Food Safety Authority (EFSA) and the FLAVIOLA Food 
Composition Database showed that mean total flavonoid intake 
was 428 ± 49 mg/d [24]. Again, TRs and theaflavins (≈168 mg/d) 
were the main types of flavonoids consumed (TR’s contributing 
156mg/day), predominantly from tea [24].

In Australia, a cross-sectional study (n=1183 adults) reported total 
daily flavonoid intakes to be 626 ± 579 mg/d with TRs accounting for 
58 per cent of the total flavonoids (≈363 mg/d) [26]. The flavonoids 
and TRs consumption of women were found to be higher compared 
to men, and tea was found to be the main provider of these [26]. In 
Korea the mean energy-adjusted total flavonoid intake was 107 mg/d 
and black tea accounted for more than >50% of the TR intake [27]. 
Similarly, lower intakes have been reported in the US-median TR 
intakes of 4 mg/d which were not inversely associated with lung cancer 
amongst tobacco smokers [28].

Of the observational studies undertaken, after applying STROBE 
scores these tended to be methodologically excellent or strong. 
Failure to describe efforts to address potential sources of bias, fully 
report statistical methods, including justification of sample size and 
reasons for non-participation at each study stage were some of the 

main limitations and not always consistently reported in the identified 
observational studies.

Laboratory/Mechanistic Studies
Of the 45 studies initially identified 28 were excluded-15 were not 

related to TRs, seven were outside of the scope of the review, and six 
were review papers (Figure 3). Subsequently seventeen laboratory 
studies investigated TRs in relation to markers of health and were 
included in the present review. Of these twelve were animal studies 
and five were studies using cell models (Table 2).

Regarding health outcomes these varied widely between studies. 
Three laboratory studies indicated that there could be potential 
benefits to gastrointestinal function [29-31]. Early work by Chauduri 
L, et al. [29] using a murine model showed that the TR fraction of 
black tea significantly increased gastrointestinal transit, implying that 
TRs are involved with the prokinetic effects of black tea. A similar 
model by Murad HAS, et al. (2014) [30] found that black tea extract 
providing TRs reversed the motility-delaying effects of sildenafil which 
relaxes muscles of blood vessels. Other work using a mouse model of 
inflammatory bowel disease showed that TRs significantly attenuated 
diarrhoea and the disruption of colonic architecture [31]. Levels of 
neutrophil inflammation and lipid peroxidation were also significantly 
reduced in the inflamed colon in this study [31].

Five cell studies focused on cancer cell growth [32-36]. Early work 
by Sakamoto K (2000) discovered that TRs, when administered alone, 
did not alter cell growth. However, when combined with genistein cell 
growth was significantly reduced and a G2/M phase cell cycle arrest 
induced in a dose-dependent manner [36]. Other work using Ames 
Salmonella assays has shown that black tea and its associated TR 
polyphenols exhibit antimutagenic effects [35]. The same team found 

Author (Year),
Country

Study
Population Study Type Estimation of daily 

intake based on.
Habitual intakes 

(mg/d) Other findings. STROBE 
Score.

Murphy KJ, et al. 
(2019) [26] Australia 39 to 65 years Cross-sectional Total Flavonoids

TRs (58%)

Total 626
M 566 
F 660 

Total 363
M 328
F 383

TR accounted for 58% of the 
flavonoid intake. Strong

Kim YJ, et al. (2015) 
[27] Korea 1 year+ Cross-sectional TR 2.3 mg/d per unit 

capita

Single food items accounting 
for more than 50% of the 

intake of a specific flavonoid 
included black tea (TR)

Strong

Vogiatzoglouet A, 
al. (2015) [24] UK 
(European Data)

18-64 years

Observational-Used 
data from the EFSA 

and FLAVIOLA 
Food Composition 

Database

TRs UK 327
Europe 156

Non-alcoholic beverages, 
particularly tea was the 
main source of total and 

monomeric flavonoids in the 
European Union.

Strong

Zamora-Ros R, et al. 
(2013) [25] Europe/
UK

<35 or >74 
years Cohort TRs

M 403
F 571

M (health conscious) 
113

F (health conscious) 
196

TR could account 
approximately for half of the 
total flavonoids in countries 

where tea is highly consumed, 
particularly black tea.

Strong

Cui Y, et al. (2008) 
[28] US 18 to 65 years Population-based 

case-control TR Median, 4
Interquartile range, 24

Regardless of smoking status, 
there was little association 
with between total TRs and 

lung cancer risk.

Excellent

Table 1: Habitual Intakes of TRs and reported associations with health.
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Author (year) Country Laboratory model Intervention Findings

Studies on Animals.

Wang X, et al. (2019) [38] 
China Neonatal rats Natural bioactive compound TR. TR caused a significant reduction in lung 

inflammation.

Imran A, et al. (2018) [14] 
Pakistan

Model feeding trial 
using Wistar rats

TF &TRs isolated from black tea and utilize to 
form three types of nutraceutical drinks.

The TF+ TRs based drink caused highest glucose 
decline and maximum insulin increase.

Liang Q, et al. (2018) [55] 
China In Vitro Rat Model Low-dose TRs, and high-dose TRs group. TRs inhibited osteoclastogenesis& diminished 

expression levels of related genes & proteins.

Murad HA, et al. (2016) [40] 
Egypt Mouse model

Treated intraperitoneally as follows: NAC (318 
mg/kg), BTE (3%, 4.5%), and TRs (50, 60, and 

70 mg/kg).

The APAP-accumulated apoptotic cells in 
sub-G1 phase were significantly decreased by 
treatments, mostly by NAC and TRs70 in the 

liver and TRs (60, 70) in kidneys.

Murad HAS, et al. (2014) 
[30] Egypt Mouse model Different concentrations of BTE, TRs, and 

sildenafil.

BTE 4.5% or TRs 60 mg/kg could be considered 
as a reliever therapy for the sildenafil-induced 

dyspepsia.

Negishiet H, et al. (2004) 
[39] Japan Rat model

Control group; the black tea polyphenol group 
(3.5 g/L thearubigins, 0.6 g/L theaflavins, 0.5 
g/L flavonols and 0.4 g/L catechins) and the 

green tea polyphenol group.

Systolic and diastolic BP were significantly lower 
in the BTP and GTP groups than in the controls.

Maityet S, et al. (2003) [31] 
India Mouse model TR (40 or 100mg kg(-1) day(-1) for 10 days) TR had beneficial effects in experimental colitis.

Gupta S, et al. (2001) [37] 
India Albino mice study Three different concentrations (5, 10 and 20%) 

of tea and a single dose of TF and TR tested

Black tea and its active polyphenols TR and TF 
had significant anticlastogenic effects in bone 

marrow cells of mice.

Satoh E, et al. (2002) [43] 
Japan Mouse study TR fraction extracted from a black tea infusion The TR fraction protects against the action of 

tetanus toxin by binding with the toxin.

Satoh E, et al. (2001) [41] 
Japan Mouse study BTE or TR fraction Black tea TR may help protect against the 

paralytic actions of BoNTs,

Satoh E, et al. (2001) [42] 
Japan Mouse study Hot water infusion of black tea mixed with 

tetanus toxin

TR fraction counteracts the effect of tetanus 
toxin by binding with toxin, and also suggest 

that this fraction may be able to apply for 
prophylaxis of tetanus.

Chaudari, et al. (2000) [29] 
India Mouse study Hot water and black tea interventions The TR fraction (but not TF) accelerated GIT 

significantly which suggests a prokinetic effect.

Studies on Cells.

Imran A, et al. (2019) [32] 
Pakistan

Colon and Lung 
cancer cells TF, TR, and their combinations

Black tea polyphenols (Inc. TR) exhibited a 
significant inhibition of lung and colon cancer 

cell growth.

Bhattacharya U, et al. (2011) 
[33] India

Salmonella strains 
used.

Three fractions of TR were isolated by 
chromatographic processes.

Antimutagenic and anticancer activities of the 
TR-1, TR-2, and TR-3 fractions on Salmonella 

strains and on U937 cells were found, 
respectively esp TR-2.

Halder B, et al. (2006) [34] 
India

In vitro in bacterial 
system and In vivo in 
mouse bone marrow 

cells

Black tea polyphenols TF and TR TF and TR had significant anticlastogenic effects 
in vitro in human lymphocytes.

Gupta S, et al (2002) [35] 
India Salmonella strains Black tea

TR and TF showed significant antimutagenic 
effects against known positive compounds in 

these strains.

Sakamoto K, et al. (2000) 
[36] USA

Human prostate 
carcinoma cells

Black tea polyphenol, TR, alone or combined 
with the isoflavone

TR significantly inhibited cell growth and 
induced a G2/M phase cell cycle arrest in a 

dose dependent manner.

Table 2: Laboratory /Mechanistic Studies.
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that black tea and its active polyphenols, including TR had significant 
anticlastogenic effects (inhibiting damage to chromosomes) in murine 
bone marrow cells [37]. Similarly, Halder et al. [34] observed that 
TR and TF had anticlastogenic effects in human lymphocytes. More 
recently, Imran et al. [32] studied colon and lung cancer cell lines 
concluding that TR and TF had promising synergistic effects as 
inhibitors of cancer cells. Other work by Bhattacharya et al. [33] found 
that particular TR fractions had antimutagenic and anticancer activity, 
with TR-2 appearing to be a particularly active component of TR.

Three laboratory studies investigated markers of metabolic control 
or inflammation [14,38,39]. One study [14] using a nutraceutical 
beverage providing TRs and TFs found that this induced the largest 
glucose decline and maximum insulin release, suggesting a potential 
to attenuate hypercholesterolemia and hyperglycaemia disorders as a 
parallel therapy. Negishi H, et al. [39] using a stroke-prone hypertensive 
laboratory model showed that black polyphenols attenuated blood 
pressure increases potentially via their antioxidant properties. Wang 
X, et al. [38] found that TR has strong antioxidant properties that 
appear to reduced neonatal acute lung injury, possibly by reducing 
oxygen species levels.

Murine models have also shown that TRs protect against 
acetaminophen-induced hepatotoxicity and nephrotoxicity, again 
potentially via their antioxidant activity [40]. Other research suggests 
that TR fractions could protect against tetanus and botulinum 
neurotoxins [41-43].

Regarding quality, when applying the SYRCLE approach most 
laboratory/mechanistic studies were well designed, reporting their 
methodologies in detail. When considering forms of bias, performance 
bias was most frequent amongst laboratory studies. For example, not 
all studies documented or clearly reported how animals were randomly 

allocated to groups, blinded or housed [23]. Future studies also need 
to report more consistently whether study subjects were selected at 
random to prevent detection bias as this was not always evident.

Discussion
For green tea, the health roles of catechins are well documented, 

particularly in the case of epigallocatechin gallate [44-46]. There 
is an established body of evidence linking black tea consumption 
and its associated polyphenols to pharmacological effects including 
antioxidant, antimicrobial, cholesterol-lowering and cardioprotective 
properties [1,15,47,48]. Now, it is becoming increasingly evident 
that black tea and its associated TR profile could possess a range of 
important biofunctions [7].

Tea polyphenols, including TR appear to have a place in the diet 
and potential to influence the pathogenesis of certain chronic diseases 
through the bioactivities that they possess [47,48]. The present 
review collated evidence from 5 human observational studies and 
17 laboratory and cell studies. Observational research determining 
habitual TR intakes showed that these vary widely. For example, 
European data reported TR intakes of 6 mg/d in Spain and 327 mg/d 
in the United Kingdom [24]. Bearing this in mind effects on health 
outcomes would not be expected in regions with such low habitual 
intakes. Subsequently, further epidemiological studies are needed to 
study inter-relationships between TR intakes and health outcomes 
with focus on countries with higher habitual intakes.

Diet diaries are known to be fallible when self-reporting food 
intakes. Another area that might cause some inconsistencies is the 
method of calculation and inclusion of ‘thearubigins’ in flavonoid/
nutrient databases. The USDA database includes TRs under green 
tea and in some instances theaflavins are included. The latter is not 
found in well-made green tea so could be artifacts [49]. Additionally 

PubMed Search-Human Studies 

n=41 

Paper exclusions based 

on specified inclusion 

criteria. 

 

28 Publications Excluded: 

Review paper-6 

Not specific to TRs-15 

Irrelevant-7 

  

36 Publications Excluded: 

Review paper-13 

Animal study -6 

Quantitative analysis-4 

Irrelevant-13 

17 laboratory studies included 

(Table 2) 

PubMed Search - Laboratory Studies
n=45

5 human studies included
(Table 1)

Figure 3: Algorithm for database search results.
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although Stewart et al reported that as 30% of green tea antioxidants 
are not HPLC resolvable these species are more likely to be higher 
molecular weight species such as proanthocyanidin oligomers and 
polymers, rather than true TR’s [6].

Laboratory/mechanistic studies investigated inter-relationships 
between TRs and a range of health outcomes. In particular, TRs 
ability to exhibit anticancer effects, by inhibiting cell growth and 
having antimutagenic effectslook particularly interesting [32,35,36]. 
TRs also appear to lower blood pressure and improve glucose, insulin 
and inflammatory profiles [14,38,39]. Some studies imply benefits 
for gastrointestinal motility [29,30]. Similar conclusions have been 
drawn elsewhere, with the main biofunctions of TRs reported to 
include anticancer and antimutagenic effects, antioxidation and 
improved gastrointestinal motility [7]. A growing body of evidence is 
also beginning to study the role of Mitochondrial Activation Factor 
(MAF), a black tea polyphenol that appears to promote glycolysis 
and lipolysis in liver cells and improve fatty liver [50]. Clearly, human 
studies in the form of randomised controlled trials are now needed to 
build on these findings.

With regard to future work steps are needed to develop databases 
of bioactive compounds and improve the accuracy and precision of 
these [51]. Large-scale human trials usingstandardised TR fractions, 
rigorous blinding methods and controls are also warranted to study 
the effects of TRs in relation to specific health outcomes. Further 
epidemiological studies would be useful to better understand how 
higher TR intakes could impact on health when compared to other 
regions. Further research on the absorption and metabolism of TRs 
after ingestion is also needed as this appears to be highly variable [52]. 
TR’s are formed during the aeration stage of black tea manufacture 
thus the amount of TR formed overall will be a factor of the original 
catechin content (which can vary between varieties) and the time/
conditions of aeration. Studies often use commercially available 
blended tea or do not state the source of the tea. The method of 
isolation of the TR fraction can also vary giving further complications 
in comparing studies.

From a public health stance, consumers can be guided about the 
general health benefits of polyphenols and flavonoids, including TRs 
and the main dietary sources of these. Even though polyphenols 
are regarded as ‘non-nutrients’ are they increasingly being found to 
have a protective effects against certain noncommunicable diseases 
and metaflammation (a subclinical, permanent inflammation) [53-
55]. Whilst health professionals may be aware of the generic health 
properties of black tea, greater awareness about the aetiology and 
potential physiological roles of TR is likely needed.

Conclusions
In summary, the health benefits for certain tea components 

including green tea catechins is well established whilst the role of 
TRs has tended to be overlooked. TRs are one of the most abundant 
phenolic components present in black tea and evidence studying 
the underpinning health mechanisms of these has been accruing. 
Laboratory study evidence implies that TRs are important antioxidants 
and appear to possess anticancer, antimutagenic, anti-inflammatory 
and gastrointestinal motility regulatory effects. Well-designed human 
trials are now needed to build on these emerging findings.
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