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Objective: To evaluate antibacterial activity of the Indonesian water soluble green tea extract,
Camellia sinensis, against clinical isolates of methicillin-resistant Staphylococcus aureus
(S. aureus) (MRSA) and multi-drug resistant Pseudomonas aeruginosa (MDR-P. aeruginosa).
Methods: Antimicrobial activity of green tea extract was determined by the disc diffusion
method and the minimum inhibitory concentration (MIC) was determined by the twofold serial
broth dilutions method. The tested bacteria using in this study were the standard strains and
multi-drug resistant clinical isolates of S. aureus and P. aeruginosa, obtained from Laboratory of
Clinical Microbiology, Faculty of Medicine, University of Indonesia.
Results: The results showed that the inhibition zone diameter of green tea extracts for S. aureus
ATCC 25923 and MRSA were (18.970依0.287) mm, and (19.130依0.250) mm respectively. While the
inhibition zone diameter for P. aeruginosa ATCC 27853 and MDR-P. aeruginosa were (17.550依0.393)
mm and (17.670依0.398) mm respectively. The MIC of green tea extracts against S. aureus ATCC
25923 and MRSA were 400 µg/mL and 400 µg/mL, respectively, whereas the MIC for P. aeruginosa
ATCC 27853 and MDR-P. aeruginosa were 800 µg/mL, and 800 µg/mL, respectively.
Conclusions: Camellia sinensis leaves extract could be useful in combating emerging drugresistance caused by MRSA and P. aeruginosa.

Comments
This is a pretty good study in which

the authors evaluated the activity of
green tea extracts that are effective
against MRSA and MDR-P. aeruginosa
isolated from clinical specimens
obtained from one of the largest
hospitals in I ndonesia. T he results
are interesting and suggest that green
tea can be used as alternative therapy
for infections caused by multi-drug
resistant bacteria.
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1. Introduction
The development of antibiotic resistance in bacteria
is a major issue in the prevention of infectious diseases.
Currently the spread of multi-drug resistant bacteria is
not only through nosocomial infections, but also occur
in the community [1-2] . S everal multi-drug resistant
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bacteria that are most commonly found, especially
through nosocomial infections, are Enterococcus faecium,
Staphylococcus aureus (S. aureus), Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa (P.
aeruginosa) and Enterobacter spp[3].
I n I ndonesia, the predominant multi-resistant
bacteria that causes the infection such as P. aeruginosa,
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Klebsiella pneumoniae, Escherichia coli and methicillin
resistant Staphylococcus aureus (S. aureus) (MRSA) have
been found in several hospitals in Indonesia[4-7].
As the bacteria that cause the infection was resistant
to first-line antibiotics, treatment options are usually
replaced with a second or third choice of antibiotics,
which are generally much more expensive. T herefore,
alternative antimicrobial agents are needed to be
developed and employed to control multi-drug resistant
bacteria. To face this challenge, there has been growing
interests to find antimicrobial compounds from medicinal
plant extracts as an alternative approach to discover new
antimicrobial compounds. The antimicrobial activities of
some herbal medicines against different pathogens have
been reported from different countries[8,9].
Camellia sinensis ( C. sinensis ) , which is one of the
most popular beverages worldwide, has been reported
to have antimicrobial activities against various
pathogenic bacteria [10-13], including MRSA[15] and MDR-P.
aeruginosa[14-16]. However, in Indonesia, there is no study
on investigation of the antibacterial effects of C. sinensis
against MRSA and MDR-P. aeruginosa. Therefore, in this
study, we investigated the antibacterial activity of the
extract of green tea (C. sinensis) against clinical isolates
of MRSA and MDR-P. aeruginosa.
2. Materials and methods
2.1. Preparations of plant extracts
C. sinensis leaves were collected in B ogor, W est
J ava, I ndonesia, and identified at the C enter for P lant
C onservation B ogor B otanical G ardens, I ndonesia, and
the voucher specimens were deposited at the Laboratory
of P hytochemistry, F aculty of P harmacy, U niversity of
Indonesia.
The leaves of the plant were air-dried and reduced to
coarse powder. About 40 g was extracted overnight with
distilled water. The distillates were freeze-dried to get
dried plant extracts. Certain concentration of the plant
extract was prepared by dissolving it with sterile distilled
water, and filtrated through a 0 . 2 µm membrane filter
(Whatman, USA).
2.2. Antibiotic sensitivity test
S usceptibility testing of the isolated strains and the
standard strains of P. aeruginosa and S. aureus was
performed using disc-diffusion method. A ntibiotic
susceptibility test of the bacterial strains was performed
using standard antimicrobial susceptibility testing discs
( O xoid ) . T he results are interpreted in accordance with

the guidelines of the Clinical and Laboratory Standards
Institute[17].
2.3. Antibacterial activity test
Antibacterial activity was determined using the disc
diffusion method according to the Clinical and Laboratory
S tandards I nstitute guidelines [18] . T he bacteria used
in this study were S. aureus ATCC 25923, P. aeruginosa
ATCC 2 7 8 5 3 , clinical isolates of MRSA and MDR -P.
aeruginosa, which were obtained from the Laboratory of
Clinical Microbiology, Faculty of Medicine, University of
Indonesia.
T he dried plant extracts were dissolved in sterile
distilled water to a final concentration of 0.8 mg/mL, and
sterilized by filtration through a 0.2 µm membrane filter
(Whatman, USA).
Pre-warmed Mueller-Hinton agar (Oxoid) plates were
seeded with 10 6 CFU suspension of tested bacteria. A n
aliquot of plant extract (0.8 mg/mL) were pipetted (20 µL) onto
sterile paper discs (6 mm diameter, Oxoid) and placed
onto the surface of inoculated agar plates. Plates were
incubated at 37 °C for 24 h. A ntibacterial activity was
expressed as the diameter of the inhibition zone ( mm )
produced by the extracts around the disc. All tests were
carried out in triplicates.

2.4. Determination of minimum inhibitory concentration
(MIC)
T he MIC assay was determined by the twofold serial
broth dilutions method in sterile tubes, according to
Clinical and Laboratory Standards Institute[18], with slight
modifications. The dried plant extracts were dissolved in
sterile distilled water to a final concentration of 3.2 mg/mL,
and filtrated through a 0.2 µm membrane filter (Whatman,
USA).
Overnight culture of each test organisms (approximately
6
10 CFU ) was seeded into the tubes containing nutrient
broth ( O xoid ) and the plant extracts were tested at
concentration from 1.600 to 0.025 mg/mL. The tubes were
incubated for 24 h at 37 °C. MIC was determined as the
lowest concentration of the plant extract that inhibited
the growth of the tested bacteria.

3. Results
Determination of antibiotic sensitivity against clinical
isolates used in this study exhibited that MRSA was resistant
to some antibiotics such as amoxicillin+clavulanic acid (30
µg), oxacillin (1 µg), sulbenicillin (100 µg), gentamicin (10 µg),
tetracycline (30 µg), erythromycin (15 µg), ofloxacin (5 µg), and
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clarithromycin (15 µg), while MDR-P. aeruginosa was resistant
to amoxicillin+clavulanic acid (30 µg), sulbenicillin (100 µg),
carbenicillin (100 µg), kanamycin (30 µg), chloramphenicol
( 30 µ g ) , sulphamethoxazole + trimethoprim ( 25 µ g ) , and
ampicillin+sulbactam (20 µg). The results have proved that
either MRSA or MDR-P. aeruginosa isolates were resistant
to many classes of antibiotics.
T he inhibition zone diameter of green tea extracts
against selected bacterial strains is shown in Table 1. The
MIC of green tea extracts for laboratory strain S. aureus ATCC
25923 and MRSA were 400 µg/mL and 400 µg/mL, respectively,
whereas the MIC for laboratory strain P. aeruginosa ATCC 27853
and MDR-P. aeruginosa were 800 µg/mL and 800 µ g/m L ,
respectively.
Table 1

Antimicrobial activity of green tea extracts on selected bacterial strains (Mean依SD).
Bacterial strains

Zone of inhibition (mm)*
18.970依0.287

S. aureus ATCC 25923

19.130依0.250

MRSA

17.550依0.393

P. aeruginosa ATCC 27853
MDR-P. aeruginosa

17.670依0.398

Figure 1 describes the killing activities of green tea

extract against laboratory strain S. aureus ATCC 25923 ,
MRSA , laboratory strain P. aeruginosa ATCC 27853 , and
MDR -P . aeruginosa, compared with standard antibiotic
oxacillin (1 µg) and gentamicin (10 µg),
MRSA that was resistant to oxacillin (1 µg), showed sensitive
to green tea extracts (16 µg), The inhibition zone diameter
of green tea extract (16 µg) for MRSA was 19.13 mm, while
MDR-P. aeruginosa that has proven resistant to gentamicin
(10 µg), was still sensitive to green tea extracts (16 µg).
A

S.aureus

GTE
16 µg

B

Oxacillin
1 µg

MRSA

GTE
16 µg

GTE
16 µg

P. aeruginosa

GTE
16 µg

Gentamycin
10 µg

GTE
16 µg

MDR-PA

GTE
16 µg
GTE
16 µg

Oxacillin
1 µg

GTE
16 µg

Gentamycin
10 µg

Figure 1. Antimicrobial activity of green tea extracts (GTE).
A : T he activity of GTE against S.aureus ATCC 25923 and MRSA ,
compared with standard antibiotic oxacillin 1 µg; B: The activity
of GTE against P. aeruginosa ATCC 27853, and MDR-P. aeruginosa,
compared with standard antibiotic gentamicin 10 µg.

4. Discussion
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C ontrol of infections acquired in hospitals and
communities caused by multi-drug resistant G rampositive and Gram-negative bacteria has become a major
problem not only in developing countries but also in
developed countries. In the past few decades, MRSA and
MDR -P. aeruginosa become an increasingly important
pathogen in both hospitals and community settings[4,19],
MRSA and MDR-P. aeruginosa play an important role in the
colonization and infection of hospitalized patients. These
bacteria are often implicated in a variety of nosocomial
infections including bacteremia, urinary tract infections,
and nosocomial pneumonia. Treatment of these infections
is often very difficult due to cross-resistance of these
bacteria with a large group of antibiotics, so it seems
reasonable to explore new sources of natural compounds
with antibacterial activity against them. Recently, natural
products and herbal medicines with anti-microbial
effects have been recognized with increasing interest by
clinical pharmacologists. C. sinensis has been proved
to possess medicinal and health promotion properties,
including the ability to inhibit the growth of some types
of pathogenic bacteria[20].
In this study we found that the MIC of green tea extract
against MRSA was 400 µg/mL, while the MIC for MDR-P.
aeruginosa was 800 µg/mL. The anti-bacterial activity of
green tea extract is comparable to standard antibiotic.
The activity of 16 µg green tea extract against laboratory
strain S. aureus ATCC 25923 was comparable to that of
commercially available oxacillin ( 1 µ g ) , whereas the
activity of 16 µg green tea extract was comparable to
that of commercially available gentamicin (10 µg) against
laboratory strain P. aeruginosa ATCC 27853, even though
green tea extract was slightly less effective. Green tea
extract showed good activity against MRSA and MDR-P.
aeruginosa, although both of these bacteria have been
resistant to multiple classes of antibiotics.
The result of this study is consistent with other studies
that have previously been reported that green tea has
anti-bacterial activity against resistant bacteria strains
such as vancomycin-resistant enterococci, MRSA , and
MDR-P. aeruginosa. Several previous studies have shown
that green tea extract showed activity against both MRSA
and methicillin-sensitive Staphylococcus aureus[21], and
against MDR-P. aeruginosa[11,16].
T he properties of green tea which inhibit bacterial
growth are mainly related to their polyphenolic
components including epicatechin, epicatechin gallate,
epigallocatechin, and epigallocatechin gallate against
various Gram-positive and Gram-negative bacteria[22,23].
Green tea was also reported to have a synergistic effect
with β-lactam antibiotics against MRSA[24-28], It was also
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reported that the main component of tea polyphenols,
epigallocatechin gallate can reverse methicillin
resistance of MRSA by inhibiting the synthesis of PBP2[29],
Epigallocatechin gallate not only increases the activity
of β-lactams but also increases the activity of non- βlactam cell wall biosynthesis inhibitors[26].
Mechanism of action of green tea leaves extract has
been proposed that green tea can prevent the attachment
of pathogenic bacteria on the host cell membrane. Thus,
green tea extract inhibits the adhesion of bacteria on
host cell surface membranes and acts as a potential antiadhesive agent [30]. Epigallocatechin gallate, which is a
type of proanthocyanidin from green tea has also been
reported to interact with the outer membrane bacterial
and may prevent the adhesion to mammalian epithelial
cells ( HE p- 2 ) , and probably without alteration in
mammalian epithelial cells[31,32].
Another possible mechanism is green tea extract may
affect the activity of dihydrofolate reductase, an enzyme
that is needed by pathogenic bacteria to synthesize
purine and pyrimidine as well as increase the thickness
of the epidermis[33].
It can be concluded that C. sinensis leaves extract can
be used as complementary medicine in treating diseases
caused by multidrug resistant strains of S. aureusand P.
aeruginosa. However, further investigation is needed to
determine the bioavailability of the active compounds
and to determine the dose and toxicity before it can be
used as therapeutic agents.
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Comments
Background
MDR -P. aeruginosa, and MRSA have emerged and
become a worldwide public health problem including
in I ndonesia. A s the bacteria that cause the infection
are resistant to first-line antibiotics, treatment options
are usually replaced with a second or third choice of
antibiotics, which are generally much more expensive.
This study, will investigate the antibacterial activity of

the extract of Indonesian green tea (C. sinensis) against
clinical isolates of MRSA and MDR-P. aeruginosa.
Research frontiers
This study was conducted to find alternative compounds
that can be used to develop antimicrobial compounds.
A compound that can be used as a raw materials of
antimicrobial agents is expected to be found.
Related reports
R esearch related to this study has been done by
several other researchers in various countries, but to
my knowledge the activities of green tea against multiresistant bacteria is a new research conducted in
Indonesia.
Innovations and breakthroughs
Data on the activities of green tea against MRSA and
MDR- P. aeruginosa in I ndonesia is still very rare. T his
study has shown that green tea can be further developed
for use in the treatment of infectious diseases.
Applications
Research results can be utilized further in developing
green tea as an alternative therapy to treat infectious
diseases caused by multi-drug resistant bacteria.
Peer review
T his is a pretty good study in which the authors
evaluated the activity of green tea extracts that are
effective against MRSA and MDR-P. aeruginosa isolated
from clinical specimens obtained from one of the largest
hospitals in Indonesia. The results are interesting and
suggest that green tea can be used as alternative therapy
for infections caused by multi-drug resistant bacteria.
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