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The genus Camellia sinensis belongs to the family of Theaceae of the flowering plants. The leaves and
leaf buds of C. sinensis are used to produce tea. The chemical composition of tea leaves has been
thoroughly studied and the main constituents belong to the polyphenol group accounting for 25 to 35%
on a dry weight basis. C. sinensis also contains various chemical constituents including
methylxanthines, amino acids, chlorophyll, carotenoids, lipids, carbohydrates, vitamins, and more than
600 volatile compounds. Literature reports indicated that consumption of tea protects from various
physiological and pharmacological effects which could be because of the presence of crucial
therapeutic compounds which are more bio-stable and direct acting than those present in other
medicinal plants. The activities of the compounds from tea are so pervading that they are virtually
broad spectrum in their actions. This article provides a critical review of different phytochemicals
isolated from tea and their associated medicinal properties as well as the chemical constituents

responsible for aroma, taste and color.
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INTRODUCTION

The tea plant Camellia sinensis is a native to Southeast
Asia but is currently cultivated in > 30 countries around
the world. C. sinensis is the species of plant whose
leaves and leaf buds are used to produce tea. It is of the
genus Camellia, a genus of flowering plants in the family
Theaceae. Tea is consumed worldwide, although in
greatly different amounts; it is generally accepted that,
next to water, tea is the most consumed beverage in the
world, with per capita consumption of <120 mL/d (Katiyar
et al., 1996). The fresh tea leaves are usually used for
tea manufacturing and are harvested by hand plucking or
mechanical plucking. Compared to mechanical plucking,
hand plucking is more labor intensive and time
consuming and less efficient, but with higher uniformity.
The well known high quality green teas are mostly
produced from hand-plucking fresh tea leaves from
China. According to the different ways of processing,
especially the extent of fermentation, tea is usually
divided into three basic types: green tea (non-fermented),
oolong tea (semi-fermented) and black tea (fully
fermented). Alternatively, with the combination of the
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ways of processing and the characteristic quality of
manufactured tea, tea is classified into six types: green
tea, yellow tea, dark tea (containing brick tea and pu-erh
tea), white tea, oolong tea and black tea. The so called
fermentation in tea processing is not the anaerobic
breakdown of energy-rich compound (as a carbohydrate
to carbon dioxide and alcohol or to an organic acid), but
in essence is mainly the oxidative polymerization and
condensation of catechins catalyzed by endogenous
polyphenol oxidase and peroxidase.

The oxidation products such as theaflvins and
therubigins contribute to tea color and taste of the black
tea. Moreover, tea quality is also determined by the
processing techniques employed. The three basic types
of tea; green, oolong and black have different quality
characteristics, including aroma, taste and color, and
appearance. Of the total amount of tea produced and
consumed in the world, 78% is black, 20% is green, and
< 2% is oolong tea. Black teais consumed primarily in
Western countries and in some Asian countries, whereas
green tea is consumed primarily in China, Japan, India,
and a few countries in North Africa and the Middle East.
Oolong tea production and consumption are confined to
southeastern China and Taiwan (Katiyar et al., 1996).
Kukicha (twig tea) is also harvested from C. sinensis, but



uses twigs and stems rather than leaves. Tea currently is
the hot topic in both nutritional and therapeutic research
worldwide. This is not so because tea is the most
preferred drink after water, but because of the presence
of crucial therapeutic compounds in tea which are more
bio-stable and direct acting than those found in other
plants. The activities of these compounds are so all
pervading that they are virtually broad spectrum in their
actions. Besides, the natural integration of aromatic and
therapeutic compounds in tea is a rather unique attribute.

CHEMICAL CONSTITUENTS OF TEA

The chemical composition of tea leaves has been
thoroughly studied. The main constituents of tea leaves
belong to the polyphenol group accounting for 25 to 35%
on a dry weight basis (Balentine, 1997; Hara et al.,
1995d). The polyphenols (Mukhtar et al., 2000) in tea
mainly include the following six groups of compounds:
flavanols, hydroxyl-4-flavanols, anthocyanins, flavones,
flavonols and phenolic acids. Important and characteristic
tea polyphenols are the flavanols of which catechins
(flavan-3-ols) are pre- dominant and the major ones are:
(-)-epicatechin (EC), (-)-epicatechin gallate (ECG), (-)-
epigallocatechin (EGC), (-)-epigallocatechin gallate
(EGCG), (+)-catechin (C), and (+)-gallocatechin (GC)
(Hara et al., 1995a; Liang et al, 2003). These
compounds contribute to the bitterness, astringency and
sweet aftertaste of tea beverages (Hara et al., 1995b).
Tea contains also favonols, mainly quercetin, kaempferol,
myrecetin, and their glycosides. In black tea, the
oxidation of polyphenols during processing leads to the
formation of catechins and gallic acid complexes such as
theaflavins, theaflavinic  acids, thearubigins or
theasinensis, and of proanthocyanidin  polymers
(Balentine et al., 1997; Hara et al., 1995c; Lee et al.,
2008). Methylxanthines are present with 2 to 4% as
caffeine and a small amount of theophylline and of
theobromine (Hara et al., 1995a). Tea contains many
amino acids, but theanine, specific to the tea plant, is the
most abundant, accounting for 50% of the total amino
acids. Amino acid degradation is involved in the
biogenesis of the tea aroma (Balentine et al., 1997).
Chlorophyll, carotenoids, lipids and volatile compounds
are not major constituents in a tea brew but they also
play an important role in the development of the aroma
(Hara et al., 1995d).

Volatile fractions of tea leaves have been studied in
detail and more than 600 different molecules have been
isolated (Hara et al., 1995c, e; Shimoda et al., 1995).
These include terpenoids and degradation products of
amino acids, carotenoids and linoleic acid (Hara et al.,
1995a). Tea also contains carbohydrates, vitamins E, K,
A, low levels of B vitamins and vitamin C (in green tea
only). Tea also provides useful amounts of potassium,
manganese and fluoride ions to the diet (Hara et al.,
1995d).
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This brief overview of the complex composition of tea
leaves helps to understand the constituents of tea in
particular those that may promote health. A compilation
of the major chemical constituents from Tea found from
various reports in literature are given as follows along
with chemical structures for selected compounds.

Polyphenols

(-) Epicatechin (EC), (-) epicatechin gallate (ECG), (-)
epigallocatechin (EGC), (-) epigallocatechin gallate
(EGCG), (+) catechin (C), (+) gallocatechin (GC),
theflavin, theflavin-3-O-gallate, theflavin-3’-O-gallate,
theflavin-3,3-di-O-gallate, isotheflavin, theflavin isomer,
theflavic acid, epitheflavic acid, epitheflavic acid-3;-O-
gallate, etc (Table 1)(Figure 1)

Minerals

Mineral constitutes about 4 to 9% of the inorganic matter
of tea (fluorine, potassium, aluminum, iodine, selenium,
nickel, and manganese.

AROMA, TASTE AND COLOR OF TEA

A cup of infusion of made tea is completely different from
the infusion of fresh tea flushes in color, taste and aroma.
These characteristics are developed during the
manufacturing process after the harvesting of tea flushes.
Tea flush is generally a reference to young shoots of tea
that consists of terminal bud and two adjacent leaves. In
fresh tea flush there exists a wide variety of non-volatile
compounds; polyphenols, flavonols and flavonol
glycosides, flavones, phenolic acids and depsides, amino
acids, chlorophyll and other pigments, carbohydrates,
organic acids, caffeine and other alkaloids, minerals,
vitamins and enzymes. The total phenols in tea flush
ranges from 20 to 35% (Table 2). A series of changes
occur in the process of manufacturing tea (made tea).
The three basic types of manufacturing tea are green,
semi-fermented and black tea. They differ mainly in the
degree of fermentation. Green tea undergoes little or no
fermentation, and black tea is produced as a result of full
fermentation. Semi-fermented (oolong tea) is a product of
partial fermented tea. The difference in color, taste and
aroma of various teas are caused by the manufacturing
process.

Aroma of made tea

Aroma is one of the critical aspects of tea quality which
can determine acceptance or rejection of a tea before it is
tasted. Early research on tea aroma can be traced back
over 170 years (Mulder, 1838), but progress on a more
scientific basis has been achieved by the application of
modern analytical techniques since 1960’s, when gas
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Table 1. Approximate % by Weight of Selected Tea Polyphenols (Catechins) (Zhen 2002a)

Polyphenols in Tea

Abbreviations of Selected

Approximate % by Weight of

Catechins Catechins

+)-Catechin (+)-C 3
-)-Epicatechin (-)-EC 14
-)-EGC-3-O-p-coumarate
-)-EC-3-O-cinnamte
-)-Epigallocatechin (-)-EGC 44
+)-Gallocatechin (+)-GC 6

EC-3-O-p-hydroxy benzoate

Epiafzelechin

Epicatechin gallate (-)-ECG 9

Epigallocatechin gallate (-)-EGCG 23

EGC-3,3-di-O-gallate
EGC-3,4-di-O-gallate
EC-3,5-di-O-gallate
EGC-3,5-di-O-gallate
Epiafzelechin 3-O-gallate
EC-3-O-(3”-O-methyl)gallate
EC-3-O-(4”-O-methyl)gallate
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chromatography was widely used, especially when
capillary column techniques are available. Tremendous
advances in gas chromatography and combined gas
chromatography-mass  spectrometry have  greatly
increased our knowledge of tea aroma. All the data
reported so far shows that more than 630 compounds
have been reported responsible in tea aroma. One of the
primary goals in aroma research is to identify constituents
which are responsible for the characteristic aroma of tea.
Many attempts have been made to look for the key
compounds for the aroma of tea (Takei et al., 1976;
Yamaguchi et al., 1981; Yamanishi, 1978) but no single
compound or group of compounds have been identified
as responsible for the full tea aroma. It is generally
believed that the characteristics of various kinds of tea
consist of a balance of very complicated mixtures of
aroma compounds in tea. Tables 3 and 4 showed the list
of compounds that are arranged into chemical categories
to demonstrate their distribution. Eleven selected classes
were considered (Yamanishi, 1995). Research on tea
aroma has been well reviewed in a series of papers
(Screier, 1988; Yamanishi, 1995, 1996; Takeo, 1996;
Kawakami, 1997).

Taste of made tea

Taste of food is mainly composed of five basic
sensations; that is, sweetness, astringency, sourness,
bitterness and umami (Tamura et al., 1969). A delicious
cup of tea infusion is an ingenious balance of various
taste sensations. Astringency is a drying, puckering
sensation in the mouth that affects the whole of the

tongue more or less uniformly (Lea et al., 1978).
Bitterness is usually unpleasant, but sometimes desirable
in moderate amounts, and is perceived predominantly at
the back of, and sometimes along side of, the tongue
(Moncrieff, 1967). The umami is a Japanese term, it is
similar to the “meaty” taste (Shallenberger, 1993) or
“brothy” taste. Strong astringency and bitterness, median
umami and sweetness, as well as slight sourness
characterize green tea. Nakagawa et al. (1970)
suggested the relative importance of these five taste
sensations in green tea as follows: astringency 4.17,
bitterness 3.44, umami 1.42, sweetness 0.53, saltiness
and sourness <0.3. Nakagawa (1975) studied the
correlation between the chemical composition and
organoleptic properties of various grades of green tea.
His results indicated that the astringency and bitterness
of green tea infusion was mainly determined by the
contents of catechins and other phenolic compounds.
Besides catechins and caffeine, some amino acids (such
as arginine, alanine, etc) also contribute to the bitterness
of green tea infusion. The umami taste of green tea
infusion was shown to be due to some amino acids such
as theanine, serine, etc(Figure 1-11) and the sweetness
to sugars. A cup of good quality black tea infusion is
characterized by the bright reddish brown color, brisk,
strong taste and rich flavor. Astringency in black tea is
divided into two types: tangy and non-tangy, by
Sanderson et al. (1976). The tangy astringency with a
sharp and puckering action and little after taste effect,
and the non-tangy astringency which is tasteless, mouth
drying and mouth-coating, with a lingering (more than 60
s) after taste effect. Caffeine together with black tea
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Figure 1. Polyphenols; (-) Epicatechin (EC), (-) epicatechin
gallate (ECG), (-) epigallocatechin (EGC), (-)
epigallocatechin gallate (EGCG), (+) catechin (C), (+)
gallocatechin ~ (GC), theflavin, theflavin-3-O-gallate,
theflavin-3’-O-gallate, theflavin-3,3’-di-O-gallate,
isotheflavin, theflavin isomer, theflavic acid, epitheflavic
acid, epitheflavic acid-3;-O-gallate, etc (Table 1) (Figure 1).

apigenin: R; =R, =H

vitexin: Ry = glucose; R, = H

isovitexin: Ry = H; R, = glucose

Figure 2. Apigenin, vitexin, isovitexin
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kaempferol: Ry = R3 = H; R, = OH
quercetin: R; = R, = OH; R3; = H

myrecetin: Ry = R, =R3 = OH

Figure 3. Kaempferol, quercetin, myrecetin

HO.

OH \

HO'
HO

OH chlorogenic acid: R = OH

gallic acid
coumaroyl quinic acid: R =H

Figure 4. Gallic acid, chlorogenic acid, coumaroyl quinic acid

polyphenols was necessary for the expression of
reasonable amounts of tangy astringency. Decaffeination
may change the nature of astringency from tangy to non-
tangy type (Sanderson et al., 1976). The gallated tea
flavonols are related to astringency and also to the
bitterness taste; the non-gallated tea flavonols are related
to bitterness, however, are not related to or only slightly
related to the astringent taste of black tea infusion.
Among theoflavins (TFs), theoflavin is less astringent.
The contribution of TF-digallate and mono-gallate to
astringency is 6.4 and 2.2 times to that of theaflavin.
There were inconclusive conclusions on the individual
chemical components which have been evaluated as
contributing to the total quality of black tea. Mellowness
and sweet taste as well as its special aroma
characterizes a cup of good quality oolong tea infusion.
The taste of oolong tea infusion is quite unusual and
depends on the various fermentation degrees. The
content of TFs was very low or absent in light fermented
oolong tea. Even in heavy-fermented oolnag tea, TFs
content was only one tenth of that in black tea due to low
cell breakage rate (around 30%). However thearubigins
(TRs) contents formed via oxidation of EGC and its
gallate (Takayangi et al., 1984).

In addition some of the secondary polyphenolic
compounds such as oolonghomobisflavane, to the
theasinensin, and oolongotheanine were formed related
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Figure 10. Caffeine, theobromine,
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infusion taste (Nonaka et al., 1983; Nagabayashi et al.,
1992).

Thus the mellowness and sweetness of oolong tea
infusion are the integrated taste of non-oxidized
catechins, TRs, some secondary polyphenolic
compounds, caffeine, free amino acids and related
sugars. The astringency of oolong tea is lower and the
sweetness taste is stronger than those of green tea. The
compounds responsible are still in need of clarification
(Table 5).

Color of made tea

Shade of color in made from tea and the infusion color
are two attributes besides aroma and taste in the
evaluation of various kinds of tea. Green tea infusion
contains no highly colored products formed by the
oxidation of polyphenolic compounds, and the desired
color is greenish or yellowish green without any trace of
red or brown color. The green color is the main shade of
color in the infused leaf and the infusion of green tea. It is
mainly determined by the chlorophyll content and the
ratio of chlorophyll A which is dark green and chlorophyll
B which is yellowish-green in color.

The TFs and the flavonols as their glycosides are the
contributors for yellow color. The degradative products of
chlorophyll (pheophytin and pheophorbide) may cause
the made tea color to become darker. The degradation is
activated by the chlorophyllase enzyme, high
temperature and high humidity. Infact the green infusion
color is not produced by the soluble amounts of
chlorophyll. It is because the chlorophyll is not soluble in
water.

The yellow color in green tea infusion is mainly
determined by the water soluble flavonols (1.3 to 1.5% of
the tea leaves dry weight), which include kaempferol,
quercetine, isoquercetin, myricetin, myricitrin, rutin,
kaempferitrin, etc and flavones (0.02% of the tea leaves
in dry weight) which include apigenin, isovitexin, vitexin,
saponarin, vicenin-2, etc as well as their glycosides;
besides the water soluble anthocyanins. The red color is
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the main shade of color in black tea. TFs are generally
yellow in color and TRs are generally red in color. The
colored TFs and TRs are produced by the enzymatic
oxidation and condensation of catechins in green leaf
during fermentation process.

The different ratios of TFs and TRs constitute the
different shade of black tea. It is produced by the
decomposed products of chlorophyll, protein, pectin,
sugar and phenolic compounds which form in the
manufacturing process of black tea and accumulate on
the surface of made tea. Liu et al. (1990) pointed out that
the pheophytins/TR ration value could be used to reflect
the color of black tea. The higher the ratio vale, the more
black bloom the made tea has. On the other hand,
unexpected color may possibly be a sign of poor-quality
tea.

A grayish appearance may possibly be due to poor
processing or even an indication of spoilage or
adulteration. The infusion color of oolong tea is generally
reddish-brown in moderate to heavy fermented oolong
and dark greenish color in light fermented oolong. The
color determining compounds in light-fermented tea are
composed of the flavonols and flavones in green tea and
small amounts of TFs and TRs in black tea. In the
moderate and heavy-fermented oolong tea, the major
color-determining compounds are the TRs and their
oxidized polymers. The amount of TFs in heavy-
fermented oolong tea is only one-tenth of the TFs in black
tea (Nagabayashi et al., 1992). In addition, some
homobisflavin compounds such as oolonghomobisflavin
A, B (Nagabayashi et al., 1992), theasinensin D, E, F, G
(Nonaka et al., 1983) and oolongthenin (Nagabayashi et
al., 1992) are related to the color of oolong tea infusion
(Table 6).

BIOLOGICAL
CONSTITUENTS

ACTIVITY OF TEA CHEMICAL

Tea polyphenols and antioxidant activity

Antioxidants protect the body against the damaging
effects of free radicals produced naturally within the body.
But over production of these free radicals due to
environmental pollution, smoking or physiological
disorders may disrupt the body’s own antioxidant system
and resulting in the production of free radicals far in
excess of what is good for health. An imbalance between
free radical production and natural antioxidants could
cause damage to proteins and DNA, the genetic material
within the cells. A compound that prevents oxidative
damages, therefore, an antioxidant. A plethora of
evidence suggests strong antioxidant potentials of tea
flavonoids in containing or suppressing the production of
excess free radicals (Weisburger et al., 2000). Though
most of the studies involved were laboratory-based and
animal model-based (that mimic human system), they are
nevertheless unequivocal that tea flavonoids can inhibit
the actions of specified free radicals in human systems. A



2116 J. Med. Plant. Res.

HO
OH

o Y OH

Olin

H

vitamin C

Figure 11. Vitamins C and E

OH

vitamin E

Table 2. Composition of fresh tea flush (% dry weight) (Zhen, 2002b).

Class of Component Name of Each Component

% Dry Weight of Each Component

Acids
Amino acids
Organic acids
Minerals
Insoluble minerals
Soluble minerals
Saccharides
Carbohydrates
Cellulose

Polysaccharides
Polyphenols/Flavonoids
()-EC
(-)-ECG
(-)-EGC
(-)-EGCG
(1)-GC
(+)-C
Flavonol glucosides
Minor Catechins
Proanthocyanindins
Other Compounds
Caffeine
Pigments, Insoluble pigments
Lignin
Lipids
Saponins
Vitamins
Volatiles

2-4
0.5-2

1.5-3
2-4

3-5
6-8
4-10

1-3
2-4
4-7
9-14
1-2
0.5-1
3-4
0.4-1
2-3

3-4
0.5-0.8,0.5
4-6

2-4
0.04-0.07
0.6-1
0.01-0.02

Table 3. Aroma constituents of tea (Yamanishi, 1995; Zhen 2002c).

Compound Class Compound Type Number of Compounds
of each Type
| Aliphatic
Hydrocarbons 14
Alcohols 51
Aldehydes 45
Ketones 30
Acids 63
Esters 52

Il Alicyclic
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Ketones
Esters
Il Aromatic

Hydrocarbons

Alcohols
Aldehydes
Ketones
Acids
Esters

IV Miscellaneous

25
5
18
16
3
19

Terpenoid Hydrocarbons 33

Terpenoid Alcohols 33
Terpenoid Aldehydes 5

Terpenoid Ketones 3

Terpenoid Acids 3

Terpenoid Esters 8

lonone derivatives 21
Lactones 25
Phenolic Compounds 22
Pyrroles 12
Pyridines 17
Pyrazines 24
Furanoid 17
Sulfur compounds 14
Others 47

few human studies are however emphatic that tea
consumption reduces the oxidative damages to DNA in
the human cells. Moreover, pilot studies using biomarkers
established that green tea consumtion for seven days
could appreciably reduce DNA damage among both
smokers and non-smokers (Lee et al., 1997). A balance
of evidence indicates tea confers a mild beneficial effect
of cardiovascular health, and even decreases the risk of
heart diseases. A tea is major source of flavonoids in tea
drinking populations, it can provide a certain amount of
health benefits as well (Banerjee, 1992). The antioxidant
activity of tea polyphenols (TP) and the cooperative
antioxidant activity of TP and other natural antioxidants
were detected by using ferric reducing/antioxidant power
assay (FRAP) and the results showed that it showed the
highest antioxidant activity when the concentration of
EGCG in tea catechins was 40% approximately 50%
(Wang et al., 2010). The antioxidant activity and total
phenolics content (TPC) of freshly prepared green tea
extract (GTE) as affected by time, temperature and
stirring were determined using the FRAP and Folin-
Ciocalteu assays (Molan et al., 2009) and was concluded
that brewing conditions such as extraction temperature,
period of extraction, ratio of tea leaves to extracting with
water, and stirring are important factors for determining

the FRAP values and TPC in GTE. These factors should
be taken into consideration during preparation for
nutritional benefits during usual consumption of this
beverage. Buzzini et al. (2009) reported that green tea
polyphenols in particular catechins represent a reservoir
of molecules characterized by antioxidant activity. Major
chemical compounds in different extracts from tea flowers
(C. sinensis) were analyzed (Yang et al., 2007) and the
results showed that ethyl acetate fraction of ethanol-
extract of tea flower (EEA) exhibited the highest
quenching activity to hydroxyl radicals (SC50 11.6
pg/mL), followed by ethanol-extract (EE) of tea flower
(SC50 19.7 pg/mL). Further it was found that the contents
of flavones, polyphenols and catechins in EE and EEA
fractions were higher than those in other fractions.

Tea polyphenols and the risk of cancer

Abundant experimental and epidemiologic evidence
accumulated mainly in the past decade from several
centers worldwide provides a convincing argument that
polyphenolic antioxidants present in green and black tea
can reduce cancer risk in a variety of animal tumor
bioassay systems (Katiyar et al., 1996; Dreosti et al.,
1997; Kohimeier et al., 1997). Most of the studies
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Table 4. Biochemical compounds responsible for aroma(flavor)
(Scrieer, 1988; Yamanishi, 19951996; Takeo, 1996; Kawakami,
1997).

Compounds Aroma (flavor)
Linalool, Linalool oxide Sweet
Geraniol, Phenylacetaldehyde Floral
Nerolidol, Benzaldehyde, Methyl Fruity

salicylate, Phenyl ethanol

Trans-2-Hexenal, n-Hexanal, Cis-

3-Hexenol, Grassy, B-lonone Fresh flavor

Table 5. Biochemical compounds responsible for
taste (Yamanishi, 1995).

Compounds Taste

Polyphenol Astringent

Amino acids Brothy

Caffeine Bitter

Theaflavins Astringent

Thearubigin Ashy and slight astringent

Table 6. Biochemical compounds responsible for
color (Nakagawa et al., 1970, 1975; Liu et al., 1990).

Compounds Color
Theaflavins Yellowish brown
Thearubigins Reddish brown
Flavonol glycosides Light yellow
Pheophorbide Brownish
Pheophytin Blackish
Carotene Yellow

showing the preventive effects of tea were conducted
with green tea; only a few studies assessed the
usefulness of black tea (Katiyar et al., 1996). These
studies showed that the consumption of tea and its
polyphenolic constituents affords protection against
chemical carcinogen or ultraviolet radiation induced skin
cancer in the mouse model. Tea consumption also
affords protection against cancers induced by chemical
carcinogens that involve the Ilung, forestomach,
esophagus, duodenum, pancreas, liver, breast, colon,
and skin in mice, rats, and hamsters. A review on this
area of research (Katiyar et al., 1996) and the
bioavailability of the polyphenols from tea has been
established by others (Hollman et al., 1997). The
relevance of the extensive laboratory information for
human health can be assessed only through
epidemiologic observations, however, especially in a
population with high cancer risk. Much of the cancer-
preventive effects of green tea are mediated by EGCG,
the major polyphenolic constituent of green tea (Katiyar
et al., 1996). One cup (240 mL) of brewed green tea
contains up to 200 mg EGCG. Many consumer products,

including shampoos, creams, drinks, cosmetics, lollipops,
and ice creams, have been supplemented with green tea
extracts and are available in grocery stores and
pharmacies.

The wuse of biochemical modulators in cancer
chemotherapy has been studied extensively (Sadzuka et
al., 1998). The adverse effects of modulating drugs can
be life threatening, and their use increases the patient’s
medication burden as well. Thus, the substances used in
diet and beverages should be studied for their potential
as biochemical modulators that could increase the
efficacy of therapy. In this regard, Sadzuka et al. (1998)
showed that the oral administration of green tea
enhanced the tumor-inhibitory effects of doxorubicin on
Ehrlich ascites carcinomas implanted in CDF1 and BDF1
mice. The study showed that green tea treatment
increases the concentration of doxorubicin in tumor but
not in normal tissue. If these observations can be verified
in human populations, they may have relevance to
cancer chemotherapy. Recently, Yang et al. (2010)
reported that the extracts of green tea and green tea
polyphenols have exhibited inhibitory effects against the
formation and development of tumors at different organ
sites in animals. These include animal models for skin,
lung, oral cavity, esophagus, stomach, intestine, colon,
liver, pancreas, bladder, mammary gland, and prostate
cancers. Lambert et al. (2010) reported that green tea
and EGCG can inhibit tumorigenesis during the initiation,
promotion and progression stages in animal models of
carcinogenesis. Several review articles have been
reported the importance of tea and its polyphenols
towards the treatment of cancer (Zaveri, 2006; Ju et al.,
2007; Lambert et al., 2007; Yang et al., 2007).

Tea polyphenols and the risk coronary heart disease

Coronary heart disease is most prevalent in the Western
world, probably as a result of the lifestyle in this part of
the world, which includes a diet high in saturated fats and
low physical activity, and the large proportion of the
population who smoke cigarettes and have high blood
pressure. A variety of epidemiologic studies showed the
preventive effect of green tea consumption against
atherosclerosis and coronary heart disease (Weisberger
et al.,, 1996; Thelle et al., 1995). Tea consumption has
also been shown to reduce the risk of high blood
cholesterol concentrations and high blood pressure
(Stensvold et al.,, 1992). In addition, studies in
experimental animals showed the preventive effect of
green tea against atherosclerosis (Tijburg et al., 1997).
He et al. (2006) reported that the tea polyphenols (TP)
possess many beneficial properties, such as reducing the
risk of cancer and heart diseases, and acting as natural
antioxidants for the food industry. A review article by
Dubick et al. (2001) indicated that Wine, and tea
polyphenols, have biological activities that may modify
certain risk factors associated with atherogenesis and



cardiovascular diseases. Research conducted in recent
years revealed that both black and green tea has very
similar beneficial attributes in lowering the risk of many
human diseases, including several types of cancer and
heart diseases (Gupta et al., 2008).

Antibacterial and antiviral effects of tea

Green tea catechins have demonstrated antibacterial
activity against both “gram-positive” and “gram-negative”
bacteria which can be harmful to humans. Tea extracts
inhibit enteric pathogens such as Staphylococcus aureus,
S. epidermis, Plesiomonas shigelloides (Toda et al.,
1989), Salmonella typhi, S. tiphimurium, S. enteritidis,
Shigella flexneri, S. disenteriae and Vibrio cholerae, V.
parahaemolyticus (Mitscher et al., 1997; Toda et al.,
1989; Toda et al., 1991), Campylobacter jejuni and C. coli
(Diker et al.,, 1991) but are not effective against
Escherichia  coli, Pseudomonas aeruginosa or
Aeromonas hydrophila (Toda et al., 1989). Black and
green tea extracts can also kill Helicobacter pylori
associated with gastric, peptic and duodenal ulcer
diseases (Diker et al., 1994). However, the tea
concentration used in these studies exceeded normal
human consumption levels. Tea polyphenols can
selectively inhibit the growth of clostridia and promote the
growth of bifidobacteria in human large intestine. The
bacterial balance in intestinal microflora may be important
for the prevention of colon cancer (Okubo et al., 1997).
Antimicrobial activity against cariogenic and periodontal
bacteria has been reported. Tea polyphenols inhibit
Streptococcus mutans (Sakanaka et al., 1989), S.
sobrinus (Sakanaka et al., 1990) and Porphyromonas
gingivalis, bacteria responsible for tooth decay (Kakuda
et al.,, 1994; Sakanaka et al., 1996). They hinder the
synthesis of insoluble glucans by glucosyltransferases,
and the sucrose-dependant bacteria cell adherence to
tooth and epithelium, by reducing collagenase activity
(Mitscher et al., 1997; Sakanaka et al., 1990, 1996).
Nerolidol in the volatile fraction of green tea, and
fluoride also present in green tea, contribute to the
antibacterial action of tea extracts against Streptococcus
mutants (Antony et al., 1997). Horiba et al. (1991),
Terada et al. (1993) and Young et al. (1994) reported that
tea consumption provides protection against bacterial
infection. Nakayama et al. (1990) and Tao (1992) found
that tea provides protection against-viral infection.
Horiuchi et al. (1992) reported that tea prevents human
influenza. Polyphenols and sesquiterpenes of tea have a
synergistic effect on the antibacterial activity and the
anticariogenic properties of tea (Kakuda et al., 1994).
Cariogenic bacteria release lactic acid that destroys tooth
enamel, but tea can increase the acid resistance of teeth
to these injuries (Gutman et al., 1996). Protection against
caries by tea polyphenols has been demonstrated with
rats (Antony et al., 1997). Some results indicate that tea
catechins are potentially antiviral and antiprotozoiac
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agents (Gutman et al.,, 1996). EGCG agglutinates and
inhibits influenza A and B viruses in animal cell culture
(Mitscher et al., 1997). An antiviral activity has been
found against HIV virus enzymes and against rotaviruses
and anteroviruses in monkey cell culture when previously
treated with EGCG (Mitscher et al., 1997).

A significant part of scientific interest of academy or
industry is focused on discovering novel natural
antimicrobial drugs and the occurrence of secondary
metabolites in some plants exhibiting a more or less
pronounced antimicrobial activity is a well-known
phenomenon. Among them, green tea polyphenols
represent a reservoir of molecules characterized by
antioxidant, antiradical and antimicrobial activity. In
particular, catechins have proven to be effective towards
both prokaryotic, eukaryotic microorganisms (Buzzini et
al., 2009) and Candida albicans (Evensen et al., 2009).
Tea polyphenols were evaluated for their ability to inhibit
enterovirus 71 (EV71) replication in Vero cell culture.
Among the  polyphenolic  compounds tested,
epigallocatechin gallate (EGCG) potently inhibited
replication of EV71. EGCG also reduced the titer of
infectious progeny virus by 95%.

Quant. RT-PCR analysis also revealed that EGCG
suppressed replication of genomic RNA. It was
accompanied by an increased cytoprotective effect.
EGCG caused 5-fold increase in the viability of EV71-
infected cells. The viral inhibitory effect correlated well
with  the antioxidant capacity of polyphenol.
Mechanistically, EV71 infection led to increased oxidative
stress, as shown by increased dichlorofluorescein and
MitoSOX Red fluorescence. Upon EGCG treatment,
reactive oxygen species (ROS) generation was
significantly reduced. Consistent with this, EV71
replication was enhanced in glucose-6-phosphate
dehydrogenase deficient cells, and such enhancement
was largely reversed by EGCG.

These findings suggest that EGCG may suppress viral
replication via modulation of cellular redox milieu (Ho et
al., 2009). Wang et al. (2007) reported that the natural
extract of tea having the primary active ingredient of tea
polyphenols comprises EGCG (epigallocatechin gallate)
can be used for inhibiting hepatitis B virus.

Anti-inflammatory effects of tea

In several studies from our laboratory and elsewhere, the
polyphenolic fraction from green tea was shown to
protect against inflammation caused by certain
chemicals, such as 12-Otetradecanoylphorbol- 13-
acetate, a principal irritant in croton oil (Katiyar et al.,
1992, 1993, 1996), or by ultraviolet radiation B (290 to
320 nm) (Agarwal et al., 1993). Green tea has also been
shown to be effective against the immunosuppression
caused by ultraviolet radiation B (Katiyar et al., 1995a,
1996). In addition, green tea polyphenols have shown
protection against cytokines induced by tumors (Katiyar
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et al., 1995b).

Extracts of green tea and polyphenols present therein
have been shown to inhibit the inflammatory responses in
vitro in different cell types and the development of
arthritis in animal model studies. There is considerable
evidence that (-)-epigallocatechin-3-gallate (EGCG), the
predominant green tea polyphenol which mimic its
effects, inhibits enzyme activities and signal transduction
pathways that play important roles in inflammation and
joint destruction in arthritis (Singh et al., 2010). Cao et al.
(2008) reported that green tea and cinnamon polyphenols
improve glucose, insulin, lipids and related variables, and
are anti-inflammatory; function as antioxidants and
decrease neurodegeneration.

Diabetes and renal failure effects of tea

Diabetes is associated with high blood glucose content.
Green and black tea extracts can decrease significantly
the blood glucose level of aged rats by reducing the
glucose absorption and uptake in different ways (Zeyuan
et al., 1998).

It is reported that tea polyphenolics inhibit alpha-
amylase activity in saliva, reduce the intestinal amylase
activity which in turn lowers the hydrolysis of starch to
glucose and reduces glucose assimilation (Hara et al.,
1995f). It was also found that tea reduces the glucose
mucosal uptake because polysaccharides inhibit the
glucose absorption and the diphenylamine of tea
promotes its metabolism (Zeyuan et al., 1998).
Polyphenols can also decrease digestive enzyme activity
and reduce glucose absorption (Zeyuan et al., 1998).
They decrease uremic toxin levels and the
methylguanidine of hemodialysis patients (Sakanaka et
al., 1997).

Polyphenols also protect against oxidative stress
associated with late complications in diabetes pathology
and are useful to maintain a balance between pro- and
anti-oxidants in the organism (Zeyuan et al., 1998).

Tea consumption is associated with an increase in
urine volume and electrolyte elimination, notably sodium,
along with a blood pressure decrease (systolic and
diastolic values) in hypertensive adenine-induced rats
(Yokogoshi et al., 1995). Green tea catechins can
suppress the progression of renal failure induced in rats
or in renal cell culture, relieve the related mesangial
proliferation and glomerular sclerotic lesions and reduce
levels of uremic toxins in the blood (Yokozawa et al.,
1996; Yokozawa et al., 1997; Yokozawa et al., 1998).
Recent reports indicated that an aqueous solution of
green tea polyphenols (GTP) was found to inhibit lipid
peroxidation (LP), scavenge hydroxyl and superoxide
radicals in vitro. Concentration needed for 50% inhibition
of superoxide, hydroxyl and LP radicals were 10, 52.5
and 136 ug/mL, respectively. Administration of GTP (500
mg/kg body weight) to normal rats increased glucose
tolerance significantly (P<0.005) at 60 min. GTP was also

found to reduce serum glucose level in alloxan diabetic
rats significantly at a dose level of 100 mg/kg body weight
(Sabu et al., 2002).

The polymeric polyphenol extracted (9000 to 18,000
average molecular weight) obtained from a fermented tea
(oolong, red tea, etc.), comprising a partial structure
wherein there are contained a procyanidin structure
resulting from polymerization of a catechin and/or a gallic
ester thereof as well as a structure resulting from bonding
of B-rings of catechins and/or gallic esters thereof
exhibits a mitochondria activating potency, a
hyperglycemia inhibiting potency, a body weight gain
inhibiting potency (Numata et al., 2006).

Functionalities of tea and tea polyphenols in animal
models

Administration of green or black tea to animal models of
oxidative stress and oxidative stress-associated
pathologies (for example, cancer, inflammation and
atherosclerosis), elicits a range of responses that are
consistent with the proposal that tea flavonoids or their
metabolites are not only bioavailable, but are also active
in affecting cellular processes in vivo, by mechanisms
that may be related to their antioxidant functionalities
(Table 7).

Effects of tea polyphenols against other diseases

Many studies have shown that the consumption of tea or
its polyphenols can afford protection against diseases
other than cancer and coronary heart disease. A few of
these studies are as follows: Weisburger (1996) showed
that tea is protective against stroke; Fujita (1994) and
Kao et al. (1995) reported that tea consumption lowers
the risk of osteoporosis; Imai et al (1995) reported
protection against liver disease; Ishigami et al. (1993)
reported the inhibition of dental caries by tea. Tea
polyphenols are perhaps the most abundant and efficient
antioxidants and are the star players in the immune
system, regulating a delicate balance between the
immune cell functions by modulating their secretion of
specific cytokines. Green tea (-)-epigallocatechin gallate
and tea ext. have shown immunostimulatory effects in
mice, impairing the migration of macrophages/monocytes
and neutrophils to the inflammatory lesions by regulating
the secretion of interleukin-10 (IL-10), interferon-y (IFN-
y), tumor necrosis factor a (TNF-a) and IL-12. Tea
polyphenols play interesting roles in the development and
activation of immune cells, thereby modulating their
Th1/Th2 balance. Ethylamine, a degradation product of
L-theanine, has shown remarkable effects in priming
human V&2Vy2 T cells and further enhancing their
memory to abrogate microbial infections. These and
other aspects of tea constituents are opening up newer
frontiers in their development as therapeutics and
nutraceuticals without having any adverse health effects
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Table 7. Importance of Various Polyphenols Present in Tea in Various Animal Models (Cadenas et al., 2002)
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Name of the Type of Cell Used in Animal Function of Each Compound Reference
Compound Model
Catechin Human imblical vein endothelial Protection against linoleic hydroperoxide- Kaneko et al 1990
cells induced toxicity by a-tocopherol
EGCG a) Rat peritoneal exudates cells a) Inhibition of A23187, or 48/80-induced a) Matsuo et al 1996
histamine and leukotriene B4 release,
antiallergy
b) W138 and SV40-transformed b) Preferential growth inhibition, apoptosis b) Chen et al 1998
W138 cells, Caco-2 cell line induction, and C-foslc-myc expression
of transformed cells
c) Peritoneal macrophages c) Blocks LPS-induced NO synthase
expression and protein levels through c) Linetal 1997
down regulation NF-«B transcription
EGC, ECG Rat peritoneal exudates cells Inhibition of A23187, or 48/80-induced Matsuo et al 1996

Tannin fraction,
EGCG, CG, EGC,
EC

Green tea
catechin extract,
EGCG

Green tea
extract/ECG
Catechins,
gallates, theflavins

EC, myricetin,
quercetin

Flavonols

Quercetin

Smooth muscle cells

Human stomach cancer, KATO IlI
cell line

Ehrlich ascites tumor cell line

Various

MCF-7 breast cancer cell line

Human (diabetic) lymphocytes
a) Human endolethial cells
b) HepG2 cell line

c) LPS-activated RAW 264.7

macrophage cell line

d) MCF-7 breast cancer cell line

e) Rat hepatic stellate and Kupfer
cells

f)  OVCAR-5 cell line

g) Renal tubular epithelial LLC-
PK1 cell line

histamine and leukotriene B4 release,
antiallergy
Inhibition of cell proliferation

Growth inhibition and stimulation of
apoptosis

Decrease cell thiol status and cell viability by

SH groups

Review on various antimutagenic and

carcinogenic properties, by a multitude of

mechanisms

Differential effects on proliferation,

morphology, and detoxification enzyme

activity, alter metabolic activation of

carcinogens

Ex vivo protection against H>O-induced

DNA damage, independent of plasma

antioxidant status

a) Inhibition PMA and TNF-a induced
ICAM-1 expression by AP-1 and JNK,
anti-inflammatory

b) Inhibition HO2-induced NF- kB binding
activity, 8-oxodG and DNA strand
breaks

¢) Inhibition LPS-activated NO production
possibly by iINOS enzyme expression

d) Inhibition estrogen and TGF-induced
growth stimulation by antiestrogen
action

e) Suppression of growth factor/LPS-
induced responses (e.g., cell
proliferation, a-actin expression, MAP-
kinase activation, TNF-a excretion, NO
production)

f)  Cell cycle arrest, blocking of IP3
signaling, synergy with genestein

g) Hypoxanthine-xanthine oxidase, H202,
1-chloro-2,4-dinitrobenzene,
aminotriazole-induced cell damage by
lipid peroxidation, not direct ROS
scavenging

Yozokowa et al 1995

Hibasami et al 1998

Kennedy et al 1999

Kuroda et al 1999

Rodgers et al 1998

Lean et al 1999

a)

Kobuchi et al 1999

Musonda et al 1998

Kim et al 1999

Miodini et al 1999

Kawada et al 1998

Shen et al 1997

Kuhlamann et al 1998

(Singh et al., 2006). Afaq et al. (2004) indicated that tea

consumption promotes healthy changes in obesity,

longevity, osteoporosis, neural function, and fecal odor.

The health benefits associated with green tea
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consumption have also been corroborated in animal
studies of cancer chemoprevention,
hypercholesterolemia,  atherosclerosis, Parkinson's
disease, Alzheimer's disease, and other aging-related
disorders (Zaveri et al., 2006).

CONCLUSIONS

Dietary habits influence the risk of developing a variety of
diseases, especially cancer and heart disease. The use
of dietary substances is receiving increasing attention as
a practical approach for reducing the risk of developing
these diseases. Tea may play an active role in the
prevention of certain kinds of disorders, especially
chronic diseases in humans. The utilization of tea and tea
products for prevention is promising. Epidemiologic
observations and laboratory studies have indicated that
tea consumption may have beneficial effects in reducing
certain types of cancer in some populations. Although a
considerable body of information provides evidence
supporting the preventive potential of tea against cancer,
a proper understanding of the mechanisms by which tea
polyphenols reduce the risk of diseases is necessary to
devise strategies for better health. Catechins are more
and more recognized as responsible for the strong
antioxidant  activity, and the anti-cancer, anti-
atherosclerosis, anti-inflammatory, and anti-diabetes
properties of tea extracts. Black tea is the major form of
tea consumed, but its chemistry, biological activities, and
chemopreventive  properties, especially of the
polyphenols that are present, are not well defined.
Because the epidemiologic studies and research findings
in laboratory animals have shown the chemopreventive
potential of tea polyphenols in cancer, the usefulness of
tea polyphenols for humans should be evaluated in
clinical trials. Because information on the bioavailability of
tea polyphenols after tea consumption is limited in
humans, studies on absorption, distribution, and
metabolism of green and black tea polyphenols in
animals and humans are needed. After careful evaluation
of the available data and additional studies, specific
recommendations may be made for consumption of tea
by humans. The usefulness of tea polyphenols may be
extended by combining them with other consumer
products, such as food items and vitamin supplements.
This “designer-item” approach may be useful for the
human population. What needs to be further investigated
includes the determination of the active constituent,
elucidation of the basic mechanism of action, and the
evaluation of clinical effectiveness. Modern medical
research has provided a wide range of evidence that tea
may be effective in therapy. For example, tea and its
polyphenol components display cytotoxicity to cancer
cells and show therapeutic efficacy against tumor growth
in experimental animals. Another example is that due to
its antimicrobial activity tea seems to be useful for
treating certain kinds of infections. Moreover, tea may be
used as biochemical modulator to enhance the

therapeutic effectiveness of other drugs. It is still
premature to say tea indeed is a panacea and that all
problems relating to its medicinal values have been
resolved. But it is correct to say that great progress has
been made and more in store. The progress made so far
rests on the salient work as described above, and a
sense of strategic policy is needed to fully explore the
untapped potentials of tea. For the purpose of therapeutic
application, it is essential to identify and isolate the active
constituent, to evaluate the therapeutic efficacy with
relevant models, and to detect the possible toxic effects
before entering clinical trials.
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