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ea is an agueous infusion of dried

leaves of the plant Camellia sinensisL.

(family Theaceae) and is the most pop-
ular beverage consumed by human society
worldwide, second only to water. The per-
capita consumption worldwide averages 4
fluid ounces per day,® and approximately
2.5 million metric tons of dried tea is pro-
duced each year, mainly in India, China, Sri
Lanka, Turkey, Russia, and Japan. The hu-
man use of C. sinensis is believed to have
originated 4000 to 6000 y ago, and it is
generaly regarded as safe by the U.S. Food
and Drug Administration. Depending on the
manufacturing process, teas are classified
into three major types: the non-fermented
green tea, the semifermented oolong tea,
and the fermented black tea (Annual Bulle-
tin of Tea Statistics, 1990). The fermenta-
tion and heating of tea leaves during the
manufacturing process can result in poly-
merization of monopolyphenolic com-
pounds (catechins), leading to conforma-
tional changes and thus contributing to the
properties of various teas.

The chemical composition of teais com-
plex: polyphenols, catechins, caffeine, amino
acids, carbohydrates, protein, chlorophyll,
volatile compounds, fluoride, minerals, and
other undefined compounds.* Among these,
the polyphenols and catechins constitute
the most interesting group of tea leaf com-
ponents: (—)-epigallocatechin gallate, (—)-
epicatechin gallate, (—)-epigallocatechin,
(—)-epicatechin, (+)-gallocatechin, and
(+)-catechins.2:2 The oxidized polyphenols
are often called tannins, which is very dif-
ferent chemically from the commercial tan-
nic acid or the plant tannins.3 It is estimated
that a cup of green tea (2.5 g of green tea
leaves/200 mL of water) may contain 90 mg
of (—)-epigallocatechin gallate. Black tea
has many more components than green tea,
including bisflavanals, theaflavins, thea
flagallins, epiflavic acids, and thearubigens.
The fluoride content of green tea ranges
between 1 and 2 parts per million,* whereas
that of black teais reported to be five times
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higher.> Tea is also a dietary source of an-
tioxidant nutrients such as carotenoids, to-
copherols, ascorbic acid (vitamin C), and
non-nutrients  phytochemicals generally
classified as flavonoids. The polyphenols
may contribute to defenses against oxidative
damages.

Numerous studies have demonstrated that
agqueous extract or the major polyphenols of
green tea possess antimutagenic, antidiabetic,
antioxidant, antibacteria, anti-inflammatory,
antitumor, hypocholesterolemic, and above
all, cancer-preventive activities in a variety of
experimental animal models system.2¢ Oral
diseases including dental caries, periodontal
disease, and tooth loss may significantly im-
pact a person’s overal health.” Among these,
dental cariesis a multifactoria infectious dis-
ease in which digt, nutrition, microbial infec-
tion, and host response play important roles.
Earlier reports suggested that tea consumption
reduces denta caries in humans and experi-
mental animals.8 In vivo animal studies have
shown that specific pathogen-free ratsinfected
with Sreptococcus mutans and then fed a
cariogenic diet containing green tea polyphe-
nols have significantly lower caries scores.®
Supplementing drinking water of rats with
0.1% green tea polyphenols aong with a car-
iogenic diet aso significantly reduced total
fissure caries lesons.© Animal studies using
oolong tea produced similar results. Cariosta
tic activity of oolong tea extract was effective
even dfter the establishment of Streptococcus
sobrinus in the ora cavity and was more €f-
fective in drinking water than in the diet.1

Drinking tea (without added sugar) has
been associated with lower caries levels in
humans.12-15 Caries among children who
drank a cup of tea immediately after lunch
were found to be significantly lower. The
data suggested that tea polyphenols may be
responsible for the noted effects.1® Rinsing
with 0.2% Chinese green teawhile brushing
has also been found to reduce plague and
gingival index significantly.’> Zhang and
Kashket reported that tea extracts inhibits
human salivary amylase and that tea con-
sumption may reduce the cariogenic poten-
tial of starch-containing foods such as
crackers and cakes because tea may reduce
the tendency for these foods to serve as
slow-release sources of fermentable carbo-
hydrate.l” It is likely that the cariogenic
challenge in a cariogenic diet is reduced by
the simultaneous presence of green tea in
the diet. Although teais a source of fluoride
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in addition to many other dietary trace ele-
ments, recent studies have demonstrated that
tea polyphenols rather than fluoride contrib-
utes to the anticariogenic potential.18-22
Several mechanisms have been proposed for
the observed anticariogenic properties of
teas. Theseinclude tea sinhibitory effect on
bacterial growth, bacterial viability, glu-
cosyltransferase, and salivary a-amylase
activities 912.23-25

Thus far, most research on antimicrobial
activity and oral health benefits of teas has
focused on green tea or oolong teal224; |ess
attention has been directed to the fully fer-
mented black tea. Worldwide, 80% of the
tea consumed is black tea, which is aso the
more popular drink in Europe and Northern
American countries. Recent studiesin Wu's
laboratory have demonstrated that black tea
and its polyphenolsinhibit growth, acid pro-
duction, metabolism, and glucosyltrans-
ferase enzyme activity of S mutans and
dental plague bacteria26-2° Adults rinsing
with black tea 10 times a day for 7 d had a
significantly less pronounced pH fall, lower
plague index (P < 0.05), and numerically
fewer S. mutans and total oral Streptococci
in plague but not in saliva. Fluoride concen-
trations in plague and saliva increased,
reaching amaximum at day 7.28 It is evident
that black tea and its polyphenols aso ben-
efit human oral health by inhibition of den-
tal plaque, its acidity, and its cariogenic
microflora.

Although there has been a substantial
amount of research on teas and their health
benefits, it has been difficult to compare in
vitro and in vivo data across laboratories
due to lack of standardized experimental
procedures, i.e., documentation of types of
tea, sources and manufacturing methods of
tea; procedures for extraction; and standard-
ization and analytical properties of tea. Im-
provement in these aspects and the design of
controlled clinical and multidisciplinary re-
search studies is warranted.

In recent years, the genera population
has demonstrated increased awareness and
interest in “functional foods,” i.e.,, foods
with positive human health benefits or bio-
regulatory functions. Researchers have ex-
plored not only desirable food habits but
also beverages that may contribute to over-
all health and disease prevention. With the
added dental health implication, tea may be
considered a “functiona food for ora
hedlth,” by controlling through prevention,

0899-9007/02/$22.00
Pl S0899-9007(02)00763-3



444  Wu and Wei

the most prevaent infectious disease of
mankind, namely caries.
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