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Abstract

Introduction and objective: Previous studies have shown the potential antibacterial activity
of black tea, Camellia sinensis, extract against many pathogenic bacteria including Gram-
positives (Listeria monocytogenes and Staphylococcus aureus) and Gram-negatives (Vibrio
cholerae and Salmonella enterica serovar Typhi). The aim of the current study was to assess
the in vitro antibacterial activity of C. sinensis ethanolic extract (CAS) against multidrug-
resistant (MDR) clinical isolates of S. Typhi and V. cholerae O1 biotype EIl Tor serotype
Ogawa (V. cholerae Ogawa ).

Materials and methods: The zone diameter of inhibition (ZDI) and minimum inhibitory
concentration (MIC) values of CAS for S. Typhi and V. cholerae Ogawa isolates were
determined by agar diffusion and agar dilution techniques. Bacterial killing studies were
carried out in order to assess the bactericidal activity of CAS against S. Typhi and V.
cholerae Ogawa, from Kolkata, India.

Results: For the S. Typhi and V. cholerae Ogawa isolates, the ZDIs of CAS ranged 12-
17mm and 13-21mm, respectively, and the MICs of the extract were 400-600ug/ml and 200-
600ug/ml, respectively. The CAS had bactericidal action at concentrations 512ug/ml and
256ug/ml, respectively for S. Typhi and V. cholerae Ogawa.

Conclusion: The black tea (C. sinensis) extract could be useful in combating emerging
drug-resistance among enteropathogens including S. Typhi and V. cholerae Ogawa.
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Introduction

Typhoid and cholera, which are caused due
to the infection of Salmonella enterica
serovar Typhi (S. Typhi) and Vibrio
cholerae, respectively, are endemic in many
developing countries like India, and the
rapid emergence of resistance to multiple
antibiotics among these two strains makes
the situation alarming [1-4]. This
phenomenon of multi-drug resistance of
human pathogenic microorganisms has
necessitated the search  for  new
antimicrobial substances from other sources
including plants, which have long been
utilized as the source of therapeutic agents
worldwide, and to treat many life
threatening diseases due to bacterial
infections [5,6].

The  antimicrobial activities  of
medicinal plants have been reported from
different  countries against  different
pathogens [7]. Black tea (Camellia sinensis)
has been shown to have a wide range of
beneficial physiological and
pharmacological effects. Toda et al. [8]
found that extracts of tea inhibited and
killed a large number of Gram-positive and
Gram-negative bacteria including S. Typhi
and V. cholerae. The inhibitory as well as
bactericidal activity of tea extracts against
various pathogenic bacteria causing several
infections has been reported [8-11].

Tiwari et al. [12] reported antibacterial
activity of C. sinensis against different
bacterial genera including S. Typhi. But,
from our region, no scientific study has
been documented on antibacterial activity
of C. sinensis against any bacteria including
S. Typhi and V. cholerae causing,
respectively, typhoid and cholera. Thus, it
seems reasonable to explore the possibility
of using C. sinensis extract for eradication
of pathogenic bacteria. Therefore, in this
study, we investigated the antibacterial
activity of the ethanolic extract of black tea
(C. sinensis) against clinical isolates of S.

Typhi and V. cholerae O1 biotype EI Tor
serotype Ogawa (V. cholerae Ogawa) in
order to explore the potential inhibitory and
killing activities of C. sinensis against the
typhoidal and choleragenic bacteria, which
are life-threatening diseases in Kolkata,
India.

Materials and methods

Bacterial isolates

The multidrug-resistant bacterial isolates of
S. Typhi (n=12) and V. cholerae Ogawa
(n=9), were obtained, from blood samples
of typhoid patients and rectal swabs of
cholera patients, respectively at the Calcutta
School of Tropical Medicine, India. The
control strain was Escherichia coli ATCC
25922. For positive control, the all S. Typhi
and V. cholerae Ogawa isolates were
treated against chloramphenicol, by agar
dilution, and found susceptible to the
antibiotic.

Plant materials and extract preparation

The dried leaves of Indian black tea (C.
sinensis), in the form of granules, was
purchased from market in Kolkata, India,
and the sample was stored in the plastic bag
at 4°C before extract preparation. The crude
extract of black tea was prepared following
the method described earlier [13], with
slight modification. Briefly, 50g of the
sample was soaked in 50ml of 95% ethanol
for 48h with vigorous shaking at 2h
interval. The mixture was then filtered, and
the filtrate was vaporized to dryness, and
weighed. The stock solution of the crude
ethanolic extract of C. sinensis (CAS) was
prepared by dissolving the dried extract
with 50% ethanol in sterile double distilled
water to obtain the final concentration of
10mg/ml.

Media and bacterial inocula
In the present study, two media (Hi-Media,
India) were used. Mueller-Hinton broth
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(MHB) for subculturing the strains, inocula
preparation and performing bacterial killing
experiments, and Mueller-Hinton agar
(MHA) to determine the zone diameter of
inhibition (ZDI) and minimum inhibitory
concentration (MIC). The bacterial inocula
were prepared as 10*cfu/spot, 10%cfu/ml and
5x10°cfu/ml, respectively for agar dilution,

agar diffusion and Kill-kinetic studies,
following  the  previously  described
methodology [13].

Antibacterial activity of tea extract
The ZDIs of the isolates were determined
with agar diffusion technique, as described
by Nas [14], using an inoculum of 10%cfu
spread on MHA plates. Each of the
inoculated plates was divided into two equal
sectors, and the extract, 25ul (equivalent to
250ug), was dropped on to a sector marked
previously as CAS; on to the other sector
(which was used as the control) 25ul of
50% ethanol was placed. After allowing the
diffusion of the extract in to the agar for
about 45mins at room temperature, the
plates were incubated at 35°C for 24h, and
ZDIs produced due to the action of the
extract were measured for all the isolates.
The control sectors had no ZDI to ZDI
of 6mm for S. Typhi and V. cholerae
Ogawa isolates, and thus, the sensitivity of
CAS for the isolates were considered with
ZDI>7mm [15]. The agar dilution technique
was used to determine the MICs of CAS for
all the bacterial isolates, following spot
inoculation, and the extract concentrations
utilized in the experiment ranged 100-600
pg/ml; the other details are  described
elsewhere [13]. Briefly, each of the tea
extract mixed agar plates was divided into
22 equal sectors, and inoculated with
approximately 10*cfu per sector; thus for 22
isolates, six agar plates were prepared for
six different concentrations of the extract
(100-600pug/ml). The plates were then
incubated at 35°C for 24h. The MICs were

defined as the lowest concentration of the
extract at which no visible growth was
found; hazy growth and one or two colonies
on the spot were ignored.

Bacterial killing studies, in duplicate,
were carried out for both S. Typhi 2K/2
strain (CAS MIC 600ug/ml) and V.
cholerae Ogawa S11 strain (CAS MIC
600pg/ml), in MHB using approximately
5x10°cfu/ml of initial inoculum, following
the protocol published earlier [13]. In this
method, in order to determine the effect of
different concentrations (16-512ug/ml) of
the extract on bacterial density (cfu/ml), the
bacterial suspension (5x10°cfu/ml) in MHB
was incubated for 24h at 35°C, and viable
cells were counted for each of the extract
concentrations. The >3 logio decrease in the
inoculum after 24h of incubation was
considered as the bactericidal activity of the
extract [16].

Statistical analysis

The x*-test was performed to compare the
killing activities of CAS against S. enterica
serovar Typhi and that of CAS against V.
cholerae O1 biotype El Tor serotype Ogawa
based on their growths (in the terms of
cfu/ml) at different concentrations. P value
of <0.05 was considered significant. The
differences in the inhibitory activities of the
extract against the two bacterial strains
considered significant at p<0.05 following
t-test.

Results
Figure 1 represents the ZDI obtained due to
the action of CAS against the test isolates.
The S. Typhi isolates had ZDIs of 12-
17mm, and the ZDI ranged 13-21mm for V.
cholerae Ogawa isolates, and thus all the
bacterial isolates were sensitive to CAS.
The MICs of CAS for the test bacteria
are shown in figure 2. All the S. Typhi
isolates (12; 100%) showed CAS MICs
400-600pg/ml, and most of them (7,
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58.33%) had MIC of 500ug/ml. Among
nine V. cholerae Ogawa isolates, 6(66.67%)
had CAS MICs of 400-600ug/ml, and the
rest 3 (33.33%) isolates had 200-300ug/ml.
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Fig. 1: Zone diameter of inhibition (ZDI) due
to the action of black tea (C. sinensis) extracts
against S. enterica serovar Typhi and V.
cholerae O1 biotype El Tor serotype Ogawa
isolates
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Fig. 2: Minimum inhibitory concentration
(MIC) wvalues of black tea (C. sinensis)
extracts for S. enterica serovar Typhi and V.
cholerae O1 biotype El Tor serotype Ogawa
isolates

The ZDI and MIC of the E. coli ATCC
25922 control strain was 16mm and
300ug/ml, respectively (not shown in the
figures).

Figure 3 illustrates the killing activities
of various concentrations (16-512ug/ml) of
CAS against S. Typhi and V. cholerae
Ogawa. At 16pg/ml (lowest concentration
used in the experiment) of CAS the
bacterial density increased up to 6.34 and
6.41 logio cfu/ml, respectively for S. Typhi

and V. cholerae Ogawa strains. The CAS, at
32ug/ml, started to exhibit killing effect on
S. Typhi, while the extract had similar
effect on V. cholerae Ogawa at 64pg/ml.
The CAS showed bactericidal activity at
concentrations of 512ug/ml and 256pg/ml,
respectively, against S. Typhi and V.
cholerae Ogawa, leaving 2.19 logo cfu/ml
and 2.58 logio cfu/ml, respectively, after
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Fig. 3: Killing activity of black tea (C.
sinensis) extracts on S. enterica serovar Typhi
and V. cholerae O1 biotype El Tor serotype
Ogawa

The difference between the inhibitory
activities of CAS, both in the terms of ZDI
and MIC, for S. Typhi and V. cholerae was
significant (p<0.05) as determined with t-
test. The significant differences (p<0.001)
were observed between the number of
viable cells of the two bacterial strains, at
their  bactericidal  concentrations  of
512pg/ml (for S. Typhi) and 256pug/ml (for
V. cholerae Ogawa), using x> test.

Discussion

The development of resistance to multiple
antibiotics among disease causing bacteria
[17,18] prompted many researchers [19,20]
to find the new sources of non-antibiotic
drugs mainly among the plant extracts in
order to overcome the disadvantages of
antibiotic resistance. The present study was
conducted to evaluate the in vitro
antibacterial activity of leaf granules
extracts of black tea, C. sinensis, against S.
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Typhi and V. cholerae Ogawa. Michalczyk
and Zawislak [21] reported that the black
tea extract had strongest inhibition activity
than any other (pu-erh and green) tea
against human intestinal bacteria, and the S.
enteritidis was inhibited to a larger extent
by black tea than by green tea. Shetty et al.
[22] showed that the black tea, Japanese
green tea and China tea inhibited the growth
of various bacteria, causing diarrhoeal
diseases, including V. cholerae and S.
Typhi.

Mbata et al. [23] reported earlier the
antibacterial activity of C. sinensis leaf
against Listeria monocytogenes by disc
diffusion method, and showed that the
methanolic extract had greater antibacterial
property (ZDI 20.1mm) compared to the
water extract (ZDI 10 mm); by agar
diffusion method the water extract did not
show inhibitory effect, while the methanolic
extract had ZDI of 15mm. The CAS, in the
present study, exhibited potent antibacterial
activities against all bacterial isolates tested,
and the extract had stronger activity against
V. cholerae Ogawa compared to S. Typhi
showing ZDIs of 13-21mm (Mean of
17.11+2.934 SD) and 12-17mm (Mean of
14.67+£2.015 SD), respectively, and with
respect to the bacteria used, the difference
between inhibitory activity of the CAS was
significant (p < 0.05).

The degree of antibacterial activity of
the extract in the terms of MIC values
against the bacterial strains also supports
the findings of the agar diffusion method
(p<0.05), as represented in this
communication. The isolates of V. cholerae
Ogawa had CAS MICs of 200-600ug/ml
(Mean of 411.11+126.93 SD), and the
MICs of S. Typhi isolates were between 400
ug/ml and  600ug/ml  (Mean  of
508.33+66.855 SD). Tiwari et al. [12]
showed wide differences in the MIC (9.089-
94.61mg/ml) of tea extract against different
bacterial strains including S. Typhi with

MICs of 79.56-91.98mg/ml. Mbata et al.
[23] recorded MICs of 0.26 and 0.68mg/ml,
respectively of methanolic and aqueous
extracts of C. sinensis leaf against against L.
monocytogenes.  The  differences in
antibacterial activities of C. sinensis extract
might be related to the degrees of
susceptibility of cell wall of test bacterial
strains, kinds of solvent used in the extract
preparation, and different methodology
adopted in the determination of antibacterial

activity [24].
Mandal et al. [13] reported earlier the
findings of time-kill studies with

Azadirachta indica seed extract against S.
enterica serovar Typhi. Shetty et al. [22]
showed the bactericidal activity of C.
sinensis against V. cholerae and S. Typhi.
The CAS, in the present study, showed
bactericidal activity against S. Typhi and V.
cholerae Ogawa, at 512ug/ml and
256pg/ml,  respectively.  There  were
significant decreases in the number of
viable S. Typhi and V. cholerae Ogawa
cells at the bactericidal concentrations,
comparing to the initial inoculum used
(p<0.001).

The CAS, both at 256 and 512pg/ml
was found more effective against V.
cholerae Ogawa than against S. Typhi, after
24h  of incubation, and significant
differences were found between the number
of viable cells of the two bacterial strains at
each concentration (p<0.001). These values
may be used as guide for treatment of
bacterial infections, and thus may form the
basis in the determination of optimal dosage
selection. Such bactericidal action of the
CAS might be due to the presence of
several active components singly or in
combination against V. cholerae Ogawa and
S. Typhi strains.

The polyphenolic compounds including
several catechins, mainly epigallocatechin
gallate, and the theaflavins are reported to
be the microbiologically active molecules in
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black tea extracts [25-27], and the
combination of  flavor  compounds,
especially indole with some of the

sesquiterpenes, are known to
marked bactericidal synergy [28].

In the present study, these compounds
could be responsible for the inhibition of S.
Typhi and V. cholerae Ogawa. The
antibacterial activities displayed by the
CAS following different methods, as
represented in the present communication,
suggest the ethnopharmacological use of
black tea (C. sinensis) extract as a remedy
to treat S. enterica serovar Typhi and V.
cholerae O1 biotype EI Tor serotype Ogawa
infections, which in some situation result in
outbreaks of the diseases (typhoid and

display

cholera, respectively) caused by them
[2,29].
Conclusion

It is concluded that black tea (C. sinensis),
which is one of the most popular beverages
worldwide, has medicinal and health-
promoting properties. Thus, the
antimicrobial agents of it could serve as
viable supplements of the present range of
antibiotics. Thus, it is implied that C.
sinensis extract will be useful as an
effective antibacterial agent against both S.
enterica serovar Typhi and V. cholerae O1
biotype EI Tor serotype Ogawa. However,
considerable research is required to improve
the bioavailability of the active principles
and to determine dose as well as toxicity
before those can be used as therapeutic
agents.

References

1) Capoor MR, Nair D, Aggarwal P, Mathys
V, Dehem M, Bifani PJ. Salmonella
enterica Serovar Typhi: Molecular analysis
of strains with decreased susceptibility and
resistant to ciprofloxacin in India from
2001-2003. Braz J Infect Dis. 2007; 1: 423-
5.

TS 120
2) Mandal S, Mandal MD, Pal NK.
Antimicrobial  resistance  pattern  of

Salmonella typhi isolates in Kolkata, India
during 1991-2001: a retrospective study.
Jpn J Infect Dis. 2002; 55: 58-9.

3) Sur D, Dutta S, Sarkar BL, Manna B.
Occurrence, significance and molecular
epidemiology of cholera outbreaks in West
Bengal. Indian J Med Res. 2007; 125: 772-
6.

4) Taneja N, Kaur J, Sharma K, et al. A recent
outbreak of cholera due to Vibrio cholerae
Ol Ogawa in and around Chandigarh,
North India. Indian J Med Res. 2003; 117:
243-6.

5) Taran M, Ghasempour HR, Shirinpour E.
Antimicrobial activity of essential oils of
Ferulago angulata subsp. carduchorum.
Jundishapur J Microbiol. 2010; 3: 10-4.

6) Amin M, Segatoleslami S, Hashemzadeh
M. Antimycobacterial activity of partial
purified extract of Allium ascalonicum.
Jundishapur J Microbiol. 2009; 2: 144-7.

7) Rios JL, Recio MC. Medicinal plants and
antimicrobial activity. J Ethnopharmacol.
2005; 100: 80-4.

8) Toda M, Okubo S, Hiyoshi R, Shimamura
T. The bactericidal activity of tea and
coffee. Lett Appl Microbiol. 1989; 8: 123-5.

9) Ciraj AM, Sulaim J, Mamatha B,
Gopalkrishna, BK, Shivananda PG.
Antibacterial activity of black tea (Camelia
sinensis)  extract against  Salmonella
serotypes causing enteric fever. Indian J
Med Sci. 2001; 7: 376-81.

10) Diker KS, Akan M, Hascelik G, Yurdakok
M. The bactericidal activity of tea against
Campylobacter jejuni and Campylobacter
coli. Lett Appl Microbiol. 1991; 12: 34-5.

11) Hara Y, Ishigami T. Antibacterial activities
of tea polyphenols against foodborne
pathogenic bacteria. J Jpn Soc Food Sci
Technol. 1989; 36: 996-9.

12) Tiwari RP, Bharti SK, Kaur HD, Kaur RP,
Dikshit, Hoondal = GS.  Synergistic
antimicrobial activity of tea and antibiotics.
Indian J Med Res. 2005; 122: 80-4.

13) Mandal S, Mandal M, Pal NK. Antibacterial
potential of Azadirachta indica seed and
Bacopa monniera leaf extracts against
multidrug resistant Salmonella enterica

Jundishapur Journal of Microbiology, School of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz,
Iran, Tel: +98611 3330074; Fax: +98611 3332036; URL.: http://jjm.ajums.ac.ir; E-mail: editorial office: jjm@ajums.ac.ir

JIM. (2011); 4(2): 115-21.



Shyamapada Mandal, et al.

’%&:é 121

serovar Typhi isolates. Arch Med Sci. 2007,
3:14-8.

14) Nas MN. In vitro studies on some natural
beverages as botanical pesticides against
Erwinia amylovora and Curtobacterium
flaccumfaciensis subsp. Poinsettiae. Turk J
Agric For. 2004; 28: 57-61.

15) Nascimento GGF, Locatelli J, Freitas PC,
Silva GL. Antibacterial activity of plant
extracts and phytochemicals on antibiotic-
resistant bacteria. Braz J Microbiol. 2000;
31: 247-56.

16) Leclercq R, Bingen E, Su QH, Lambert-
Zechovski N, Courvalin P, Duval J. Effects
of combinations of B-lactams, daptomycin,
gentamycin and glycopeptides against
glycopeptide resistant Enterococci.
Antimicrob Agents Chemother. 1991; 35:
92-8.

17) Davies J. Inactivation of antibiotics and the
dissemination of resistance genes. Science.
1994; 264: 375-82.

18) Marchese A, Schito GC. Resistance patterns
of lower respiratory tract pathogens in
Europe. Int J Antimicrob Agents. 2001; 16:
25-9.

19) Mansouri S, Foroumadi A, Ghanei T,
Gholamhosseinian ~ NA.  Antibacterial
activity of the crude extracts and
fractionated  constituents of  Myrtus
communis. Pharmaceut Biol. 2001; 39: 399-
401.

20) Srinivasan D, Nathan S, Suresh T,
Perumalsamy O. Antimicrobial activity of
certain Indian medicinal plants used in
folkloric medicine. J Ethnopharmacol.
2001; 74: 217-20.

21) Michalczyk M, Zawislak A. The effect of
tea infusions on the proliferation of selected
bacteria important for the human intestinal
tract. Acta Sci Pol Technol Aliment. 2008;
7:59-65.

22) Shetty M, Subbannayya K, Shivananda PG.
Antibacterial activity of tea (Camellia
sinensis) and coffee (Coffee arabica) with
special reference to Salmonella
typhimurium. J Commun Dis. 1994; 26:
147-50.

23) Mbata TI, Debiao LU, Saikia A.
Antibacterial activity of the crude extract of
Chinese green tea (Camellia sinensis) on
Listeria  monocytogenes.  African  J
Biotechnol. 2008; 7: 1571-3.

24) Turkmen N, Velioglu YS, Sari F, Polat, G.
Effect of extraction conditions on measured
total polyphenol contents and antioxidant
and antibacterial activities of black tea.
Molecules. 2007; 12: 484-96.

25) Hamilton-Miller ~ JMT.  Antimicrobial
properties of tea (Camellia sinensis L.).
Antimicrob Agents Chemother. 1995; 39:
2375-7.

26) Kawamura J, Takeo T. Antibacterial
activity of tea catechin to Streptococcus
mutans. J Jpn Soc Food Sci Technol. 1989;
36: 463-7.

27) Yam TS, Shah S, Hamilton-Miller JMT.
Microbiological activity of whole and
fractionated crude extracts of tea (Camellia
sinensis), and of tea components. FEMS
Microbiol Lett. 1997; 152: 169-74.

28) Muroi H, Kubo I. Combination effects of
antibacterial compounds in green tea flavor
against Streptococcus mutans. J Agric Food
Chem. 1993; 41: 1102-5.

29) Mandal S, Mandal MD, Pal NK. Plasmid
mediated antibiotic resistance of Vibrio
cholerae O1 biotype EI Tor serotype
Ogawa associated with an outbreak in
Kolkata, India. Asian Pacific J Trop Med.
2010; 3: 637-41.

Jundishapur Journal of Microbiology, School of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz,
Iran, Tel: +98611 3330074; Fax: +98611 3332036; URL.: http://jjm.ajums.ac.ir; E-mail: editorial office: jjm@ajums.ac.ir

JIM. (2011); 4(2): 115-21.





