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ABSTRACT

BACKGROUND

Drinking tea has antioxidant, anti-inflammatory and anti-carcinogenic properties. In
addition, tea is also considered beneficial for cardiovascular health and oral health.
Health benefits of green tea are attributed to its polyphenol content. Catechins are
the major polyphenols in green tea and in black tea the catechins are oxidized to
theaflavins. Polyphenols present in tea have exhibited antimicrobial effects against a
wide range of pathogenic bacteria. Studies have shown that green tea catechins are
bioavailable in both plasma and urine. The aim of the present study is to evaluate
the antibacterial activity of black tea extract against standard strains of S. mutans, S.
aureus, L. acidophilus, Klebsiella and E. coll.

METHODS

Black tea extract was prepared by boiling black tea leaves in distilled water. It was
then filtered, and the filtrate was treated with chloroform and ethyl acetate. The
ethyl acetate was evaporated in a rotary evaporator and a brown coloured residue
was obtained. Its antibacterial activity was studied against standard strains of five
common bacteria i.e.; S. mutans, L. acidophilus, S. aureus, Klebsiella spp, and E. coli
and the MIC of the black tea extract was determined using serial dilution method.

RESULTS
Black tea extract showed sufficient antibacterial activity against the tested bacteria.
The MIC of black tea extract was lowest against Staphylococcus aureus.

CONCLUSIONS
Tea extracts have significant antimicrobial activity at varying concentrations against
different bacterial pathogens.
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BACKGROUND

Tea is obtained from the plant Camellia sinensis which
belongs to theaceae family. There are two major types of tea
plants; China variety (Camellia sinensis sinensis) and Assam
variety (Camellia sinensis assamica). A third Cambodian
variety is also recognized but it is not cultivated. There are
four major types of tea, namely black tea, green tea, oolong
tea and white tea.

The manufacturing process of tea involves three basic
steps called withering, fixing and rolling. The process of
withering reduces the moisture content of the tea leaves and
it allows the flavour compounds to develop. Fixing refers to
the process by which enzymatic browning of the wilted
leaves is controlled through the application of heat. During
the manufacture of green tea, the fermentation of tea leaves is
prevented by applying heat. With no fermentation, green tea
leaves retain their green colour and almost all of their
original polyphenol content. White tea is minimally processed
and is obtained from the unopened buds or from the first
shoot of the plant. Oolong tea is semi-fermented while black
tea is fully fermented (@).The different processes of
manufacturing give the various teas their characteristic
colours and flavours.

Green tea contains a type of colourless molecule called
catechins. The catechins belong to a group of chemicals called
polyphenols. The polyphenols are of two types: primary
polyphenols and secondary polyphenols. Primary
polyphenols are classified as flavan-3-ols and hydrolysable
tannins.(?) Catechins are flavan-3-ols. Secondary polyphenols
are formed by oxidation of catechins during fermentation of
tea leaves. Secondary polyphenols include theaflavins,
theaflagillins and theasinensis.2) There are four major
catechins in green tea: epicatechin (EC), epigallocatechin
(EGC), epicatechin gallate (ECG) and epigallocatechin
gallate®) EGCG is the most abundant catechin and comprises
of approximately 59% of the total catechins. EGC, ECG and EC
are present in 19%, 13.6% and 6.4% respectively.(® The
major theaflavins of black tea are theaflavin, theaflavin 3-
gallate, theaflavin 3’-gallate, and theaflavin 3,3’-gallate.)
Theaflavins are orange-red compounds responsible for the
astringent taste and coppery colour of black tea.s)

Mc Naught,(®) a major in the British Army Medical Corps
first demonstrated the anti-microbial activity of tea. He
showed that black tea infusion killed Salmonella typhi and
Brucella melitensis. He suggested that the troops should
carry tea in their bottles to prevent the outbreak of infections
caused by these organisms. However proper scientific
investigation of the antimicrobial activity of tea began only in
the late 1980’s and studies have verified that tea can kill and
inhibit a wide range of pathogenic bacteria.

Tea is a rich source of polyphenols and studies have
shown that these polyphenols possess antioxidant, antiviral
and anti-inflammatory activities. Among all tea polyphenols,
epigallocatechin gallate (EGCG) has been found to be
responsible for much of the health-promoting ability of green
tea.(

In recent years, theaflavins of black tea have also
attracted considerable interest, as they are shown to have
various physiological actions, including antioxidant,(®
anticancer,(®) anti-atherosclerotic,(!9) anti-inflammatory,(11)
antiviral,(12) and anti-periodontitis(3) effects, as well as the
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prevention of osteoporosis(!4). Furthermore, these
compounds have been shown to have human health benefits
including glucose-lowering(%) and anti-obesity actions,(16) as
a prevention of lifestyle-related diseases. In addition,
theaflavin and thearubigin has also shown to possess
antibacterial properties both in-vivo and in-vitro.(17)

The present study was carried out to study the
antibacterial activity of black tea extract against five common
bacteria. The standard strains of Streptococcus mutans,
Staphylococcus aureus, Lactobacillus acidophilus, Klebsiella
pneumoniae & E. coli were taken for the proposed study.

METHODS

Standard strains of the following types of bacteria were used-
Streptococcus mutans (MTCC 497), Lactobacillus acidophilus
(ATCC 43121) Staphylococcus aureus (ATCC 25923),
Klebsiella pneumoniae (ATCC 700603) & E. coli (ATCC 25922)

Culture Media
MSF Agar Medium, Tomato Juice Agar Medium, Nutrient
Broth, Agar Plate.

Method of Preparing Black Tea Extract

12 gm of black tea was boiled in 90 ml of distilled water for
ten minutes and then filtered with Whatman No.1 filter
paper. The filtrate was subsequently treated with chloroform
and ethyl acetate. The ethyl acetate was evaporated in a
rotary evaporator and a dark brown residue was obtained.
The residue was dissolved in 3 ml of normal saline.(18)

Culturing of Freeze-Dried S. mutans

The freeze-dried S. mutans (MTCC 497) obtained from
IMTECH (Institute of Microbial Technology, Chandigarh) was
first transferred to brain heart infusion (BHI) broth and
incubated for 24 hours to make the S. mutans viable.(!9) For
isolation of Lactobacillus tomato juice agar medium was used.
Further subculture was done in peptone water enriched with
serum. For isolation of Staphylococcus, Klebsiella and E. coli
nutrient broth was used as a medium. Antibacterial activity
against the mentioned bacteria was performed by using agar
well diffusion method.(20)

After observation of antibacterial activity, the MIC was
determined using broth dilution method.?1) The serial
dilution was used as a two-fold dilution for proper
demarcation of the end point. Two-fold dilution of the tea
extract was made starting from 1:20 up to 1:2560.

RESULTS

1. The minimum inhibitory concentration of black tea
against S. mutans was found to be 3.68 mg/ml

2. The minimum inhibitory concentration of black tea
against Lactobacillus was found to be 14.72 mg/ml.

3. The minimum inhibitory concentration of black tea
against Staphylococcus was found to be 1.42 mg/ml

4. The minimum inhibitory concentration of black tea
against E. coli was found to be 3.68 mg/ml.
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5. The minimum inhibitory concentration of black tea
against Klebsiella was found to be 14.72 mg/ml.

1:10(1:20|1:40|1:80(1:160/1:320|1:640{1:1280/1:2560|
S. mutans (one)| - - - - + + + + +
S. mutans (two)| - - -
S. mutans(three| - - -
S. mutans (four)| - - -
S. mutans (five)| - - -
S. mutans (six) - - +
Table 1. Serial Dilution of Tea Extract against S. mutans Samples.
Bacterial Sample Dilution

+
+
+
+

+ |+ [+ ]|+ ]+
+ |+ [+ ]|+ ]+
+ |+ [+ ]|+ ]+
+ |+ [+ ]|+ ]+

+
+
+
+
+

+

1:10| 1:20 | 1:40(1:80(1:160| 1:320 [1:640{1:1280[1:2560|
Lactobacillus (one) - - - - + + + + +
Lactobacillus (two) | - - + + + + + +
Lactobacillus (three)| - - + + + + + +
Lactobacillus (four) | - - + + + + + +
Lactobacillus (five) | - - + + + + + +
Lactobacillus (six) - - + + + + + + +

Table 2. Serial Dilution of Tea Extract against Lactobacillus
Samples. Bacterial Sample Dilution

1:10|1:20/1:401:80[1:160[1:320[1:640/1:1280[1:2560
Staphylococcus(one) | - - - - + + + + T
Staphylococcus (two) | - - - - + + + + T
IStaphylococcus(three)| - - - - + + + + +
Staphylococcus (four)| - - - - + + + + +
Staphylococcus (five) | - - - - + + + + +
Staphylococcus (six) | - - - - + + + + +

Table 3. Serial Dilution of Tea Extract against Staphylococcus
Samples. Bacterial Sample Dilution

1:10(1:20(1:40(1:80(1:160|1:320(1:640(1:1280/1:2560|
E. coli (one) - - - + + + + + 4
E. coli (two) - - - + + + + + +
E. coli (three) - - - + + + + + T
E. coli (four) - - - + + + + + 4
E. coli (five) - - - + + + + + 4
E. coli (six) - - - + + + + + T

Table 4. Serial Dilution of Tea Extract against E. coli Samples.
Bacterial Sample Dilution

1:10{1:201:40{1:80[1:160{1:320(1:64:0(1:1280/1:2560|
Klebsiella (one) - - + + + + + + +
Klebsiella (two) | - | - | + [ + | + | + | + | =« T
Klebsiella (three) | - - + + + + + + +
Kilebsiella (four) - - + + + + + + +
Kilebsiella (five) - + + + + + + + +
Klebsiella (six) - + + + + + + + +

Table 5. Serial Dilution of Tea Extract against Klebsiella Samples.
Bacterial Sample Dilution

DISCUSSION

Chemical composition analysis has increased dramatically in
the last decade due to an abundance of scientific data
regarding the positive effect of tea on human health.
Epidemiological and animal studies suggest that tea is
protective against certain cancers, cardiovascular diseases,
and neurodegenerative diseases (Yang & Koo, 2000; Mandel
& Youdim, 2004; Butt et al.,, 2015)

The majority (75%) of the tea consumed all over the
world is black tea. Both black tea and green tea are
reportedly good for human health. Theaflavins are a group of
polyphenols unique to black tea. They are formed during the
fermentation process and comprise 3-6% of all polyphenols
in black tea. Theaflavins possess many health benefits. In fact
some studies have shown that theaflavin 3, 3’ - gallate have
higher antioxidant activity than EGCG which is the strongest
anti-oxidant among the green tea catechins.(?2) The anti-
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oxidant properties of theaflavins have been attributed to
their gallic acid moiety.(23) Theaflavins have more OH groups
than catechins since theaflavins are dimmers of catechins.(24)
Tea polyphenols are known for their antibacterial activity.

In the present study the antibacterial activity of black tea
extract was studied against five common bacteria. Out of
these, Streptococcus mutans and Lactobacillus are involved in
the aetiology of dental caries. S aureus causes skin infections,
pneumonia, heart valve infections and bone infections.
Klebsiella causes pneumonia, UTI and meningitis and E. coli is
a common uropathogen. It was observed from the present
study that the black tea extract showed sufficient
antibacterial activity against S. mutans, S. aureus, L.
acidophilus, Klebsiella spp. and E. coli. The MIC of Black tea
extract against S. mutans was 3.68 mg/ml, the MIC against S.
aureus was 1.42 mg/ml, and the MIC against Lactobacillus
was 14.72 mg/ml.

Sakanaka et al.(29) studied the effects of Japanese green
tea extract on Streptococcus mutans. They found that green
tea extract inhibited the growth of S. mutans. The analysis of
the extract revealed that the main antibacterial components
were several polyphenolic compounds and, epigallocatechin
gallate, was the most active component and its minimum
inhibitory concentration against the bacterium was found to
be 250 mg/ml.

Yam and Shah (26) studied the microbiological activity of
crude and fractionated crude extracts of tea (Camellia
sinensis). They found that aqueous extracts of different types
of tea inhibited a wide range of pathogenic bacteria, including
methicillin-resistant Staphylococcus aureus. Tea extracts were
found to be bactericidal against Staphylococci and Yersinia
enterolytica at well below cup of tea concentration. They
confirmed that the antibacterial activity of green tea can be
explained by its content of epicatechin, epigallocatechin
gallate and epicatechin gallate. In black tea extracts,
theaflavin and its gallates are the active antibacterial
compounds.

In a study carried out by Xin Xu, et al(?7) it was observed
that green tea catechin epigallocatechin gallate inhibited the
growth of S. mutans. The MIC was 31.25ug/mL and the
minimum bactericidal concentration was 62.5 pg/mL. Wanda
Reygaert et al(8) studied the effect of green tea extract on
uropathogenic E. coli and found that all of the strains tested
(except one) showed an MIC of < 4.0 mg/ml. They concluded
that among the green tea catechins, EGC was excreted in
urine in high enough concentration to be effective as an
antimicrobial against infection caused by E. coli.

Abhishek Mehta, et al(? carried out a comparative
evaluation of antibacterial activity of Aqueous, Ethanolic,
Methanolic and Acetone extracts of Commercial Green Tea
and Black Dust Tea against three Standard (ATCC) bacterial
strains: 1)Staphylococcus aureus ATCC 25923 2)Escherichia
coli ATCC 25922 3)Pseudomonas aeruginosa ATCC 27853 by
Agar well Diffusion method. S. aureus was found to be the
most susceptible to tea extracts followed by E. coli and P.
aeruginosa. Amongst all tea extracts tested the aqueous
extract of Green tea has shown the highest antimicrobial
activity against S. aureus ATCC 25922. Similar results were
obtained in the present study and the black tea extract was
found to possess the lowest MIC against S. aureus (ATCC
25922). Black tea extract was tested against five different
types of bacteria and out of these, S. aureus was most
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susceptible followed by S. mutans and E. coli. Klebsiella and L.
acidophilus were least susceptible.

Some authors have postulated that tea catechins exert
their anti-bacterial activity by different mechanisms like
changes in cell permeability, by modification of intercellular
functions or by modification in cell wall rigidity.(30.31) Gramza
and Korczak(32) hypothesized that antimicrobial activity of tea
extracts could be due to the fact that the negatively charged
EGCG binds strongly to the positively charged lipid bilayer of
Gram- positive bacteria. Catechins partitioning in the lipid
bilayer membrane result in loss of cell structure and function
and finally result in cell death. Bacterial cell membrane
damage inhibits the ability of the bacteria to bind to host cells
and to each other to form biofilms. Bacterial cell membrane
damage also results in an inability of the bacteria to secrete
toxins. Other researchers have also pointed out that the
antibacterial effect of catechins could be due to their
inhibitory effect on certain proteins (33) or it may also be due
to iron deprivation or hydrogen binding with vital proteins
such as microbial enzymes.34) These supports the fact that
polyphenols are responsible for the antimicrobial activities of
the tea extracts.

Although numerous studies have been conducted with
green tea catechins, there are very few studies on theaflavins
because they are present in extremely low concentration in
black tea and their extraction is difficult.(3%) Research is being
carried out to develop biosynthetic methods for the mass
production of theaflavins.

CONCLUSIONS

Tea extracts have significant antimicrobial activity at varying
concentrations against different bacterial pathogens.
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