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Abstract

Tea is one of the most widely consumed beverages worldwide next only to water for enjoyment and health, and is available
in various forms. Amongst all types of tea, Green tea is a popular drink, especially in Asian countries, although its popular-
ity continues to spread across the globe. Various studies have been conducted since many years to understand the health
benefits of Green tea which is derived from the leaves of the Camellia sinensis plant. Green tea is composed of polyphenols,
caffeine, minerals, and trace amounts of vitamins, amino acids, and carbohydrates. Green tea contains more catechins,
than black tea. There are four main catechins (polyphenols) found in Green tea: (-)-epicatechin (EC), (-)-epicatechin-3-gallate
(ECG), (-)-epigallocatechin (EGC) and (-)-epigallocatechin-3-gallate (EGCG). All of them are known to boost the immunity in
humans. Amongst these ECG, EGC, and EGCG have been shown to have antimicrobial action against a variety of microbes.
Catechins are /n vifroand in vivo strong antioxidants. In addition, the minerals and vitamins increase the antioxidant poten-
tial of this type of tea. Since ancient times, the traditional Chinese medicine has considered Green tea as a healthy bever-
age. It is known that the polyphenols present in Green tea stimulate the central nervous system and maintain overall health
in humans. Much research is available depicting the health benefits of Green tea for a wide variety of implications, including

different types of disorders. The current paper reviews such health benefits with a focus on its polyphenols.
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Introduction

ea, which is prepared from leaves and buds of
the plant Camellia sinensis, is the most popular

drink ranking second among the most con-
sumed beverages in the world such as coffee, beer,
wine and carbonated soft drinks. Tea had its origin in
China and has gained the popularity as world’s finest
taste drink in the past 2000 years. Records relate to the
first century CE, with stories of the Buddhist monks
Bodhidharma and Gan Lu, and their involvement with
tea. ' Bodhidharma gave the art of drinking tea to the
world as a gift to be used along with one’s meditation
practice to help with focus. The tea prepared from the
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leaves of Camellia sinensis would provide a stimulant
to help keep students of Chan remain awake during
Zazen, a meditative discipline that is typically the pri-
mary practice of the Zen Buddhist tradition. * In a re-
cent research it has been observed that tea is indigenous
to eastern and northern India, and was cultivated and
consumed there for thousands of years. India stands
as the second largest producer of tea in the world af-
ter China and makes up to 23-26% of the global tea
production which includes the famous Assam tea and
Darjeeling tea. Tea has been given the status of ‘State
Drink” of Assam state in India. ! Around 80% of the to-
tal tea produced in India is consumed by the domestic
population. The Tea Board of India conducted a study
on consumption of tea in India in 2007. The key find-
ings from the survey suggests that the tea consump-
tion in India is skewed towards the northern and west-
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ern parts of the country with the contribution from the
northern states accounting for about 32%, while that
from the western region accounting for about 31%. The
relatively low consumption belts of the East (including
Northeast) accounts for about 19% while the southern
states contributes towards 18% of the total domestic
consumption of tea. Milk tea with sugar is the most
popular choice with more than 80% of the households
preferring the same. Recently, the consumption of
non-milk tea without sugar is on the rising trend and
is driven majorly by the increasing emergence of life-
style-related disorders and increasing popularity of
variants such as Green tea. Various formulations and
variants of green tea are available in market including
tea bags, extract, and powder and even in the form of
capsules for human consumption.

The practice of Ayurveda in India has resulted in
a long-standing tradition of herbal teas. Following
our traditions, Indians have long utilised the medici-
nal benefits of various plants and spices such as Tulsi
(holy basil), Elaichi (cardamom), Kali Mirch (pepper),
Mulethi (liquorice), Pudina (mint), etc., and teas made
with these plant leaves or spices have been in use for
centuries. ¥ Tea is also mixed with these traditional
herbs. The stronger and bitterer flavours of some of the
medicinal additives is disguised with the sweet and
milky taste of tea, while pleasant flavours such as car-
damom, clove and ginger add a soothing flavour and
aroma to the tea along with its health benefits.

Green tea is mainly produced from Camellia sinensis
var. Sinensis by light streaming of freshly cut tea leaves.
The Assam type (Camellia sinensis var. assamica) has a
too high content of polyphenols, which would make
Green tea taste excessively bitter. ! The production of
Green tea is characterized by an initial heating process,
which kills the enzyme polyphenol oxidase, which is
responsible for the conversion of the flavanols in the
leaf into the dark polyphenolic compounds that co-
lour black tea. The other important process is rolling,
in which leaves are cut and twisted. Depending upon
the specific variants being used, the final form of Green
tea is thus prepared.

Green Tea Composition

Green tea contains various nutrients, antioxidants
and alkaloids, which have positive effects on overall
health. There are many vitamins in green tea including
vitamin A, vitamin D, vitamin B and vitamin C along
with mineral like Manganese, Zinc and Chromium.
Polyphenols are the most important clusters of Green
tea leaf components, and as a result, Green tea is con-

sidered as an important dietary source of polyphenols,
including various flavonoids. Flavonoids are phenol
derivatives which are synthesized in certain amounts
(0.5-1.5%) and are widely distributed among plants. [l
The main flavonoids present in Green tea include cat-
echins along with gallic acid and other phenolic ac-
ids such as chlorogenic acid and caffeic acid, and fla-
vonols such as kaempferol, myricetin, quercetin along
with essential oils. ") The four major catechins are (-)
-epigallocatechin-3-gallate (EGCG) that represents ap-
proximately 59% of the total of catechins; (-) -epigal-
locatechin (EGC) (19% approximately); (-)-epicatechin-
3-gallate (ECG) (13.6% approximately); and (-)-epicat-
echin (EC) (6.4% approximately). [®!

Green Tea and Human Health

Green tea has been given the status of medicine and
a healthful beverage since ancient times. The tradition-
al Chinese medicine recommends use of Camellia sinen-
sis for headaches, body pain, digestion complaints, de-
pression, detoxification, as an energizer and, in gen-
eral, to prolong the lifespan. Green tea leaves contain
certain components which have its action on human
health: xanthic bases (caffeine and theophylline), es-
sential oils and particularly, polyphenols. Caffeine
acts mainly upon the central nervous system, stimu-
lating wakefulness, facilitating ideas association and
decreasing the sensation of fatigue. ! Some of the ef-
fects caused by caffeine are influenced by theophylline
tea content. Theophylline induces psychoactive activ-
ity, it also has a slightly inotrope and vasodilator ef-
fect, and a much higher diuretic effect than caffeine.
Theophylline causes a non-specific relaxation on the
bronchial smooth muscle, and respiratory stimulation
is also observed. Essential oils are in a great extent vol-
atile and they evaporate from the beverage after some
time, thus it is not very convenient to overextend the
brewing time. Among their properties, the one of facil-
itating digestion must be highlighted. [%

Immune Modulating Activity

The elimination of toxins and resistance to disease
are functions of the immune system that are split in-
to 2 divisions, which are the ‘innate’ (natural) and ‘ac-
quired” (termed specific or adaptive) immune system.
Innate immunity is the first line of defence and it deals
with preventing entry of infectious agents into the
body and with the rapid elimination of these agents
if they do enter. Acquired immunity is involved in the
generation of memory of the invading pathogens up-
on a second encounter, therefore enabling the body to
initiate an appropriate and generate a quicker immune
response. The inflammatory process plays a key role in
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innate and acquired immune function. Recent studies
suggest that EGCG can vary the strength of both the
innate and adaptive defensive abilities of the immune
system. "'l Green tea polyphenol epigallocatechin gal-
late has been shown to inhibit cyclooxygenase-2 and
nitric oxide synthase expression by blocking excessive
nuclear factor—«B activation. 1"l A marked reduction in
inflammatory mediators such as interferon-y and tu-
mor necrosis factor—a in the arthritic joints of Green
tea—fed mice was observed. ¥ EGCG's anti-inflamma-
tory property is mainly drawn from its inhibitory ef-
fect on production of proinflammatory molecules in
a variety of monocytes/macrophages cell types and
can also act as a modulator of Retinoic Acid-inducible
Gene I (RIG-I) mediated immune responses. " In an
animal study, where mice were fed 1% EGCG diet pro-
duced more levels of TNF-a, IL-6, IL-1b, and PGE2 in
their splenocytes and macrophages as well as an el-
evated proportion of macrophages in spleen. ! In a
murine model of cyclophosphamide induced immu-
nosuppression, it was observed that Green tea has an
immunostimulatory effect. ['*!

Antioxidant Activity

Green tea is considered a dietary source of antiox-
idant nutrients: Green tea is rich in polyphenols (cat-
echins and gallic acid, particularly), but it also con-
tains carotenoids, tocopherols, ascorbic acid (vitamin
C), minerals and certain phytochemical compounds.
These compounds increase the GTP antioxidant po-
tential. Green tea Ployphenols (GTP) presents antiox-
idant activity in vitro by scavenging reactive oxygen
and nitrogen species and chelating redoxactive transi-
tion metal ions. The antioxidant capacity of the Green
tea polyphenols plays an important role in the anti-in-
flammatory actions. The early evidence of antioxidant
properties of EGCG came from the experimental da-
ta that showed EGCG induced inhibition of soybean
lipoxygenase (IC50 = 10-20 pmol L™). It has been re-
ported that EGCG inhibits the TPA-induced oxidative
DNA base modification in HeLa cells, inhibits Cu?* me-
diated oxidation of low-density lipoprotein (LDL), re-
duced tert-butyl hydroperoxide-induced lipid peroxi-
dation and also blocks the production of reactive oxy-
gen species derived from NADPH-cytochrome P450-
mediated oxidation of the cooked meat carcinogen,
2-amino-3methylimidazo[4,5-f] quinoline. While us-
ing the oxygen radical absorbance capacity, Green tea
has been found to have a greater antioxidant activity
than brussel sprouts, garlic, kale and leafy vegetables
like spinach. "1 Green tea could be relevant for man-
agement of iron overload and oxidative stress. In an in

vitro study, it was observed that EGCG can inhibit pro-
inflammatory interleukin 8 (IL-8). Green tea also helps
to reduce inflammation associated with Crohn’s dis-
ease and ulcerative colitis. ¥
Cognition

Recent studies suggested that GTPs might protect
against Parkinson’s and Alzheimer’s diseases and oth-
er neurodegenerative diseases. "l Studies have dem-
onstrated GTP neuroprotectant activity in cell cultures
and animal models, such as the prevention of neuro-
toxin-induced cell injury. ! A study in Japan showed
that elderly Japanese people who consumed more than
two cups of Green tea a day had a 50% lower chance of
having cognitive impairment, in comparison to those
who drank fewer than two cups a day or who con-
sumed other tested beverages. 2"

Antimutagenic and Anticarcinogenic Potential

Lifestyle-related diseases, including cancer, are al-
so characterized as aging-related diseases, where ag-
ing may be the most potent causal factor. Therefore,
prevention of lifestyle-related diseases will depend on
slowing the aging process and avoiding the clinical ap-
pearance the disease. The role of Green tea in protec-
tion against cancer has been supported by ample ev-
idence from studies in cell culture and animal mod-
els. %I Various animal studies have shown that Green
tea inhibit carcinogenesis of the skin, lung, oral cavity,
esophagus, stomach, liver, kidney, prostate and other
organs. !

Anti-Hypertensive Effect and Cardiovascular Disease Risk

Green tea has long been believed to possess hypo-
tensive effects in popular Chinese medicine. Various
human clinical studies indicate that the antioxidant
properties of Green tea may help prevent atherosclero-
sis and particularly coronary artery disease. According
to a Japanese research, Green tea reduces the levels
of LDL cholesterol, thereby reducing the risk of cor-
onary heart disease. Studies have found that regular
consumption of tea protects against heart disease, with
a study documenting that the risk was 36% lower for
regular tea drinkers.

Oral Health

Oral diseases including dental caries, periodontal
disease, and tooth loss may significantly impact a per-
son’s overall health. Earlier reports in experimental an-
imals and humans suggested that Green tea consump-
tion (without added sugar) reduces dental caries. * 2
Linke and LeGeros indicated that frequent intake of
Green tea can significantly decrease caries formation,
even in the presence of sugars in the diet. %7/
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Body Weight Control

Obesity has increased at an alarming rate in recent
years and is now a worldwide health problem. The ef-
fects of long-term feeding with tea catechins have been
widely studied, and some investigators suggest a po-
tential role of Green tea in body weight control. An in-
verse relationship exists among regular Green tea con-
sumption, body fat percentage, and body fat distribu-
tion, especially for subjects who have maintained the
habit of tea consumption for more than 10 years. [*!

Glucose Tolerance and Insulin Sensitivity

Epidemiological observations and laboratory stud-
ies have shown that Green tea has an effect on glucose
tolerance and insulin sensitivity. Authors have report-
ed that Green tea increases insulin activity. GTP sig-
nificantly increases basal and insulin-stimulated glu-
cose uptake of adipocytes. Various investigations have
shown that EGCG does not only regulate the glucose
level in blood, but also may rehabilitate damaged be-
ta-cells, which are responsible for producing insulin. [*!

Green Tea for Skin Treatment

Polyphenols in the Green tea have been shown to
modulate the biochemical pathways involved in in-
flammatory responses, cell proliferation and respons-
es of chemical tumour promoters as well as ultravio-
let light-induced inflammatory markers of skin inflam-
mation.

Side Effects of Green Tea

Hepatotoxicity is identified as the critical effect as-
sociated with consumption of green tea and its prepa-
rations. A recent systematic review of published toxi-
cology and human intervention studies by Jiang Hu et
al has shown that there are no toxic effects when green
tea is consumed as brewed tea or extracts in beverages
or as part of food supplement. !

Certain effects of tea over consumption (green or
black) are due to three main factors: (1) its caffeine con-
tent, (2) aluminium presence, and (3) the effects of tea
polyphenols on iron bioavailability.

The side effect reported from drinking Green tea
is ‘insomnia’” due to the fact that it contains caffeine.
However, Green tea contains less caffeine than cof-
fee. There are, 30-60 mg of caffeine in 6-8 ounces of
tea, compared to over 100 mg in 8 ounces of coffee.
Regarding aluminium presence in green and black tea,
some studies revealed the high capacity of this plant
to accumulate aluminium. This aspect is important for
patients with renal failures because aluminium can
be accumulated by the body, resulting in neurologi-
cal diseases. Green tea catechins may have an affini-
ty for iron, and Green tea infusions can cause a signif-

icant decrease of the iron bioavailability from the di-
et. ™ Hence it is also important to draw attention on
the need of further-in-depth studies on the nature and
mechanisms of the active Green tea compounds, on
the bioavailability of the different catechins in humans,
and appropriate dose levels to act as functional food.

Recommended Dietary Intake

The average daily intake of catechins like EGCG re-
sulting from the consumption of traditional green tea
infusions ranges between 90 and 300 mg. European
Food Safety Authority (EFSA) has assessed the safety
of green tea catechins from dietary sources. EFSA has
concluded that catechins especially EGCG from green
tea infusions and similar drinks are generally safe up
to levels of 800 mg/day. Experts considered catechins
from green tea infusions brewed with hot water, and
instant and ready-to-drink green tea beverages with
similar catechin content, as generally safe. [*!!

A safe intake level of 338 mg EGCG/day for adults
was derived from toxicological and human safety da-
ta for tea preparations ingested orally. An Observed
Safe Level of 704 mg EGCG/day is thought to be con-
sidered for tea preparations in beverage form based on
the analysis of the human studies data. !

Conclusion

Green tea is consumed throughout the world in
various forms. The years of safe consumption of this
beverage, supported by numerous studies showing
health benefits, warrant a general recommendation to
consume it regularly. Based on the review of literature,
the following health benefits of Green tea are promi-
nently observed viz. Inmunomodulatory, anti-cancer,
anti-diabetic, improving cardiovascular health, aids in
weight loss, reduces the risk of stroke, enhances brain’s
cognitive functions, lowers risk of alzheimer & demen-
tia reduces stress and fatigue and improving arthritis
by reducing inflammation.

Definitive conclusions concerning the protective ef-
fect of Green tea have to come from well-designed ob-
servational epidemiological studies and intervention
trials. The development of biomarkers for Green tea
consumption, as well as molecular markers for its bio-
logical effects, will facilitate future research in this ar-
ea. Formulation based on these standardised biomark-
ers within the Green tea will help in assimilating the
maximum health benefits shown vide supra. In the cur-
rent time of pandemic the immune boosting proper-
ty of Green tea phenols can be given consideration.
Population and/or observation based studies have
supported these facts further. Hence, formulation with
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standardisation of the Green tea polyphenols with re-
spect to the immunomodulatory activity can be an ide-
al choice of immune booster.
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