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Abstract

This paper presents the results of the antibacterial activity of green tea extract (Camellia
sinensis) against Staphylococcus aureus (ATCC 29213), Escherichia coli (ATCC 25922), and
Klebsiella pneumoniae (ATCC 708903). Quantitative and qualitative measurements of
epigallocatechin gallate (EGCG) have also been reported. The analysis by High Performance
Thin Layer Chromatography (HPTLC) revealed the presence of epigallocatechin gallate
(EGCGQG) in the green tea extracts ranging from 13.16 to 18.64 mg/g. Crude extracts GT 01-GT
03 inhibited a greater number of microorganisms and presented the lowest values of MIC
against Staphylococcus aureus (0.625 mg/mL), Escherichia coli (0.625 mg/mL), and
Klebsiella pneumoniae (1.25 mg/mL). Crude extract GT 04 presented the highest values of
MIC against Staphylococcus aureus (1.25 mg/mL), Escherichia coli (1.25 mg/mL), and
Klebsiella pneumoniae (2.5 mg/mL). This study demonstrates that the popular use of green tea
can be an effective and sustainable alternative for the prevention and treatment of various
bacterial infections.
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Introduction agents, these diseases remain a public health

Infectious diseases are leading causes of
death worldwide and heavy burdens on
developing  countries  (Boutayeb  and
Boutayeb 2005, Boutayeb 2006, Michaud
2009). Despite novel technologies and the
existence of a wide range of antimicrobial

challenge in many countries. Contributing to
this is the emergence of multidrug-resistant
pathogens for a variety of reasons, including
poor healthcare facilities, abuse, and
availability of antimicrobial drugs over the
counter (Vincent et al. 2009). In response, the
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World Health Organization (WHO) has
accelerated its search for new antibacterial
compounds that could be developed into new
drugs to address this problem, and one
avenue for finding these compounds is
natural sources (Pandey and Kumar 2013).

Plant derived medicines are effective
against multidrug-resistant pathogens, are
relatively safer than conventional medicines,
and offer profound therapeutic effects and
cheaper treatments (Subramani et al. 2017).
Plant extracts, including those derived from
green tea, have been shown to exhibit
inhibitory effects on the growth of pathogenic
bacteria and thus can be considered for the
development of new effective antibacterial
agents (Ndhlala et al. 2011, Chanda et al.
2016).

Botanically, there are two major types of
tea plants, Camellia sinensis; the Assam
variety (Camellia sinensis var. assamica)
and the China variety (Camellia sinensis var.
sinensis (Wachira et al. 2013). However, teas
made from these plants are classified mainly
by the processing method. For example,
green tea, oolong tea, and black tea are three
major types of teas named based on the
extent of fermentation (Chaturvedula and
Prakash 2011). The tea manufacturing
process involves three basic steps called
withering, fixing, and rolling. During the
withering process, the moisture content of the
tea leaves decreases and the aroma
components develop. Fixation is the process
by which the enzymatic browning of dead
leaves is controlled by the application of heat.
In the production of green tea, the effect of
heat prevents the tea leaves from fermenting.
With no fermentation, green tea leaves retain
their green colour and almost all their original
polyphenol content. White tea is minimally
processed and is extracted from the unopened
bud or first bud of the plant. Oolong tea is
semi-fermented and black tea is fully
fermented (Liu et al. 2021). The different
processes of manufacturing give the various
teas their characteristic colours and flavours.

Green tea extract from C. sinensis leaves
has been shown to have broad antibacterial
activities due to its high content of catechins,
especially epigallocatechin gallate (EGCG)

(Song and Seong 2007). Several studies have
found that it inhibits various pathogens
(Nikoo et al. 2018, Reygaert 2018). In
addition, green tea has been shown to have
protective effects against cancer and
cardiovascular diseases (Zaveri et al. 2006,
Cross et al. 2011). EGCG has been shown to
have multiple effects on human pathological
and physiological processes, with different
mechanisms in cancer, vascularity, bone
regeneration, and the nervous system (Chu et
al. 2017).

However, in Tanzania, information on the
amounts of EGCG, the most abundant
catechins, and the antibacterial effects of
green tea are limited. Therefore, this is the
first study aimed at evaluating the
antibacterial activities of crude extract of
Tanzanian green tea C. sinensis against
Staphylococcus aureus, Escherichia coli, and
Klebsiella pneumoniae. The study also
reports the qualitative and quantitative
determination of Epigallocatechin gallate
(EGCG) in C. sinensis green tea.

Materials and Methods
Chemicals and reagents

The following chemicals were used;
Epigallocatechin gallate (EGCG) (purity
>98%) from Loba Chemie PVT Ltd,
Mumbai, Mabharashtra, India. HPTLC
reagents, methanol, formic acid, sulphuric
acid, acetone, and toluene (Carlo Erba,
Sabadell, Barcelona, Spain). Anisaldehyde
was purchased from Sigma Chemical Co.
Fairfield, OH, USA and 2-aminoethyl
diphenylborinate was obtained from Merck,
Darmstadt Germany. Mueller Hinton broth
(MHB) (Sigma-Aldrich (Merck, Darmstadt,
Germany), Nutrient agar (Techno
Pharmchem, New Delhi, India), Para-
lodonitrotetrazolium (INT) chloride salt
(Merck, Darmstadt, Germany) and sterile
distilled water were used in all analyses.

Sample collection and extraction

Four commercial brands of green tea were
purchased from a supermarket in Dar es
Salaam City, Tanzania. Ten grams (10 Q)
portions of each sample were soaked in 100
mL (1:10 w/v) of hot water at about 100 °C
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for 20 minutes. The filtrates were evaporated
into a water bath to a solid mass and air-
dried. These were stored in clean labelled
containers and kept in the refrigerator at 4 °C
until use. The extracts were reconstituted
using sterile distilled water for antibacterial
assays.

Preparation of standard solutions and
derivatizing reagents
Derivatizing reagent

2-aminoethyl  diphenyborinate-(Natural
Products (NP)) spraying reagent was
prepared by dissolving 1 g of 2-aminoethyl
diphenylborinate in 100 mL of methanol.
Ninhydrin solution (0.2 %) was prepared by
dissolving 0.2 g of the Ninhydrin into 100
mL of methanol.

Standard calibration curve

The standard curve for epigallocatechin
gallate (EGCG) was obtained by using the
peak areas of five different concentrations; 5
mg/mL, 10 mg/mL, 15 mg/mL, 20 mg/mL,
and 25 mg/mL obtained by dissolving EGCG
reference standard in methanol-water (70:30
vIv).

Preparation of test solutions

Tea solutions were prepared by placing 10
g of powdered green tea leaves in a 100 mL
flask and soaking them in 100 mL in hot
distilled water at 100 °C for 15, 20, 30, 45,
and 60 minutes intervals. The mixture was
sonicated for 10 minutes, where 2 pL of the
clear solution was applied to the HPTLC
plate pre-coated with silica gel 60g,s4 (20 cm
x 10 cm). Application positions were set at
20 mm from the sides and 8 mm from the
bottom of the plates, the distance between the
tracks was set at 19.4 mm and the band
length was set at 8 mm.

HPTLC analysis

HPTLC analysis was performed using the
method described by Reich et al. (2006) with
minor modifications. All samples were
analyzed on a CAMAG HPTLC system
equipped with Linomat V for sample
applicator ions and digital visualizer, a
CAMAG TLC scanner 4, and Vision Cats

software ver 2.5 for data acquisition CAMAG
(Muttenz, Switzerland). HPTLC (Silica 60
Fos4) Was used as a stationary phase while
detection was performed at visible light, UV
280 nm before and after derivatization. The
mobile phase consisted of toluene-acetone-
formic acid 45:45:10 (v/v/v), and images of
the HPTLC densitograms were transformed
into the dataset by using Vision Cats
software.

Test microorganisms

Staphylococcus aureus (ATCC 29213),
Escherichia coli (ATCC 25922), and
Klebsiella pneumoniae (ATCC 708903)
strains  from the Department  of
Pharmaceutical Microbiology at Muhimbili
University of Health and Allied Sciences
(MUHAS) were used for this study.

Determination of the minimum inhibitory
concentrations

The minimum inhibitory concentrations
(MICs) were determined by  broth
microdilution assay as described in the
National Committee for Clinical Laboratory
Standards (NCCLS) and the European
Committee for Antimicrobial Susceptibility
Testing (EUCAST) guidelines (Kiehlbauch et
al. 2000, Kahlmeter et al. 2006).

Mueller Hinton broth (MHB) was used as
the bacterial growth medium in the extracts
and test controls. Ciprofloxacin at a
concentration range of 0.0025 to 1 mg/mL
was used as positive control drug (Al-
Wahaibi et al. 2021, Chalkley and Koornhof
1985, Colombo et al. 2002, Garipov et al.
2017). The extracts were tested across a
concentration range of 0.098 to 2.5 mg/mL
and the standard EGCG ranged from 0.098 to
1.25 mg/mL (Anand et al. 2015, Parvez et al.
2019).  Before  setting for  MICs
determination, the test bacteria were
reactivated by growing them for 24 hours on
a fresh nutrient agar medium.

For the determination of MIC, 100 pL of
autoclave-sterilized MHB was added into all
wells of microtitre plates using a multi-
channel micropipette. Subsequently, 100 pL
of crude extracts at the concentration of 5.0
mg/mL were added to the first wells of the
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plates and mixed to make total volumes of
200 pL in each well. From such wells, 100
uL were drawn after mixing thoroughly and
added to the wells in the next row. The
process continued down to the wells in the
last row to constitute the 2-fold serial micro
dilutions whereby the final 100 pL were
discarded. About 0.5 McFarland-equivalent
(approximately 1 x 108 CFU/mL) suspensions
of the respective bacteria in normal saline
were prepared by adjustments of turbidity to
that of the 0.5 McFarland turbidity standard.
The resulting suspensions were diluted to
approximately 1 x 10° CFU/mL by mixing
0.1 mL of the bacterial suspensions with 9.9
mL of MHB. About 100 pL of the final
suspensions were then added to each test and
control well of the microtitre plates to give a
final volume of 200 pL in each well.

The plates were then incubated at 37 °C
for 24 hours after which they were observed
for inhibition of bacterial growth. Detection
of growth inhibition was by observing the
colour changes after the addition of a solution
of para-iodonitrotetrazolium (INT) chloride
salt indicator, whereby 30 pL of 0.4 mg/mL
INT were added into the wells followed by
re-incubation at 37 °C for 30 minutes. The
formation of purple or pink colour signified
the presence of actively growing bacteria as
opposed to inhibited growth in which the
indicator remained colourless. The lowest
extracts’ concentrations showing complete
inhibition of bacterial growth (no colour
change) were taken as the MICs.

Data analysis and statistical analysis

All experiments were performed in
triplicate. The EGCG contents and the MIC
values presented in the results were expressed
as the mean and standard deviation (mean +

SD). Statistically significant difference
among groups was determined by using a
One-Way Analysis of Variance (ANOVA).

Results
Antibacterial activities of C.
(green tea) crude extract

This study investigated the inhibitory
activity of aqueous extract of green tea
against the growth of a variety of common
human pathogenic bacteria. The antibacterial
activity was evaluated at concentrations of
0.098 to 2.5 mg/mL by the microdilution
method. Results showed that all bacteria
tested were sensitive to green tea extract. The
GT 01, GT 02, and GT 03 crude extracts
were the most active against S. aureus and E.
coli with a MIC value of 0.625 mg/mL.
Among the extracts tested, GT 04 was the
least active against all bacterial strains with
MIC values of 1.25 mg/mL for S. aureus and
E. coli and MIC value of 2.5 mg/mL against
K. pneumoniae. In addition, all four crude
extracts exhibited weak activities against K.
pneumoniae with a MIC value of 1.25
mg/mL and above (Table 1). Except for K.
pneumoniae, the results showed that both
gram-negative and gram-positive bacteria
were equally sensitive to tea extract.

Overall results showed that the crude
extract was less active compared to the pure
EGCG compound and the standard drug
ciprofloxacin. The EGCG inhibited the
growth of S. aureus, E. coli, and K.
pneumoniae with MIC values of 0.3125
mg/mL, while ciprofloxacin exhibited MIC
values of 0.0039 mg/mL, 0.0078 mg/mL, and
0.0625 mg/mL against K. pneumoniae, E.
coli, and S. aureus, respectively (Table 1).

sinensis
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Table 1: Antibacterial effects of green tea (C. si

nensis) crude extracts

MIC (mg/mL)
Extract S. aureus E.coli A K. Pnemoniae
ATCC 29213 ATCC 25922 ATCC 708903
GT 01 0.625 0.625 1.25
GT 02 0.625 0.625 1.25
GT 03 0.625 0.625 1.25
GT 04 1.25 1.25 2.5
Ciprofloxacin (standard drug)  0.0625 0.0078 0.0039
EGCG 0.3125 0.3125 0.3125

MIC = Minimum inhibitory concentration, GT 01 = Kilimanjaro green tea, GT 02 = Chai bora

green tea, GT 03 = Kazi yetu green tea, GT 04 =

HPTLC analysis
Qualitative and quantitative evaluation of
epigallocatechin  gallate (EGCG) by
HPTLC

The amount of EGCG in green tea was
quantified by using HPTLC at a wavelength
of 280 nm and the results are presented in
Table 2. It was observed that there was no
significant difference (p > 0.05) in the
concentrations of EGCG among the tested
teas at a given time interval (Table 2).
Qualitatively EGCG was detected under

Rf valug

09

084

EGCG

1 4 5

3

Figure 1: HPTLC Fingerprints of EGCG in gre
GT 02, 4-GT 03,5 -GT 04, 6-GT 01,

Tropical Usambara green tea.

white light as a brown quenching band at Rf
0.45 from all the studied green teas (Figure
1). Figure 2 shows the densitogram
comparisons of the samples with that of the
reference standard.

In this study, the hot water extraction
method was applied since it is a simple way
of brewing tea. As depicted in Table 1, the
extraction of green tea using hot water gave a
similar amount of EGCG for all the tested
time points.

8

Tracks

en teas at 280 nm for 1-Reference, 2 -GT 01, 3-
7-GT 02, 8-GT 03 and 9-GT 04.
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Figure 2:
standard at 280 nm.

HPTLC densintogram showing the Rf of EGCG in all green tea samples and

Table 2: Comparisons of the EGCG contents in aqueous extracts at different time intervals (n

= 3)
Extract EGCG mean content (mg/g)
15 mins 20 mins 30 mins 45 mins 60 mins
GT01 1456+1.11 1592+1.44 1438+1.11 1478+1.12 14.00+£1.05
GT02 16.12+0.68 16.67+1.36 1651+1.16 1647+133 16.44+1.22
GT03 1583+045 17.09+1.11 16.92+128 16.86+1.05 16.72+.0.88
GT04 1864+1.03 1835+1.03 1794+123 1790+1.12 16.96+1.02

The values are presented as mean + standard deviation, n = the number of replicates.

Discussion
Antibacterial activities

Green tea has been reported to be the only
food product containing epigallocatechin
gallate (EGCG) (Chu et al. 2017). Due to its
high content of EGCG, green tea is used as a
chemopreventive agent for various cancers
such as liver, stomach, prostate, colon,
oesophagus, bladder, pancreas, skin, and lung
(Du et al. 2012, Reygaert 2018).

Previous pharmacological studies have
reported that EGCG has antibacterial
properties against various strains (Lee et al.
2017, Nikoo et al. 2018). The antibacterial
activities shown in this study may be
attributed to the presence of EGCG.

In this study, green tea aqueous extract
was shown to exhibit significant antibacterial
activities against various pathogenic bacteria.
However, the degree of the inhibitory effects

differs depending on the strain which is
consistent with several previous reports (Si et
al. 2006). S. aureus, gram-positive bacteria
was highly susceptible to green tea extract.
Among the gram-negative bacteria, E. coli
was found to be more sensitive than K.
pneumoniae. Regarding the inhibitory
spectrum, the results are in line with several
previous studies based on green tea (Chan et
al. 2011). The differences in the antibacterial
inhibition effect of tea can be attributed to
variations in their chemical constituents
arising from differences in their geographical
locations/origins (Umashankar et al. 2018,
Parvez et al. 2019).
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Effects of brewing time on the content of
EGCG

The amount of EGCG in tea products
depends primarily on the variety of the plant,
cultivation conditions, harvesting time,
brewing temperature, and manufacturing
process (Saklar et al. 2015, Wei et al. 2019).
In this study, the hot water extraction method
was applied because it is the most common
way of brewing tea in Tanzania.

Varying the time was important to predict
the maximum brewing time required for
EGCG extraction. Brewing time beyond 20
minutes did not increase the EGCG extracted.
However water prolonging extraction time
may expose the EGCG to oxidative
degradation (Sang et al. 2005, Wang et al.
2008). The EGCG concentration was
observed to have decreased at 30—45 minutes.

Conclusion

Green tea showed strong inhibitory
effects against Gram-positive and Gram-
negative bacteria. The results on the
antibacterial effects of Tanzanian green tea
have shown that the potential for preventive
and therapeutic purposes is present. The
aqueous extraction of EGCG compound from
GT 01, GT 02, GT 03, and GT 04 was
influenced by time and it was found that the
higher EGCG content was extracted at a
shorter time of less than 20 minutes, hence
brewing tea within 20 minutes s
recommended.
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