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Abstract: Camellia sinensis is being used for decades for its therapeutic efficacies against physiological problems and 

microbial infections. This study was undertaken to investigate the antibacterial and antifungal potential of aqueous 

extract of Camellia sinensis. Antibacterial activity was determined by disc and well diffusion assay. MIC and MBC were 

calculated by broth dilution method. Miles and Misra technique was used to find out colony forming unit per/ml. All the 

test organisms revealed a diverse range of vulnerability against aqueous extract. Among Gram positive, MRSA showed 

to be the most sensitive with least MIC and MBC while among Gram-negative Pseudomonas aeruginosa exhibited the 

highest sensitivity. In Miles and Misra, a progressive decline in log of CFU/ml was observed. In time-kill assay, a 

decline was noted in the viable count of S.aureus after exposure to 18% aqueous extract of Camellia sinensis. In the 

present study aqueous extract of Camellia sinensis found to be effective against Gram positive, Gram negative and fungi. 

The most important finding of this study is its aqueous extract inhibitory effect against drug-resistant microorganisms 

e.g. MRSA and P. aeruginosa and Candida albicans. 
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INTRODUCTION 
 

Human history has witnessed the use of natural products 

for curative purposes from ancient times (Majid et al., 

2015) According to a WHO report, natural products are 

being used in medicine all over the world, including the 

developed countries; as per Anjum et al., (2016). 

Camellia sinensis has anti-inflammatory (Roccaro et al., 

2004), antibacterial (Abdel-Tawwab et al., 2010; Weber 

et al., 2003), antiviral (Weber et al., 2003), antioxidant 

(Osada et al., 2001), anticancer (Sartippour et al., 2002), 

antiangiogenic (Weinreb et al., 2004) and neuroprotective 

activities (Weinreb et al., 2004). 
 

Polyphenols constitute important components of Camellia 

sinensis such as flavanols, flavandiols, flavonoids, and 

phenolic acids. These phenols constitute about 30% of the 

dry weight of Camellia sinensis. Major phenols in 

Camellia sinensis are known as catechins (Sano et al., 

2001). The Camellia sinensis catechins contain 

epicatechin, epigallocatechin, epicatechin-3-gallate, and 

epigallocatechin-3-gallate EGCG (Khokhar and 

Magnusdottir 2002; Raederstorff et al., 2003). The 

antibacterial activity of Camellia sinensis has extensively 

studied and the aqueous extract has been found to be quite 

effective against various pathogens, including Bacillus 

subtilis, Brevibacterium linens, Micrococcus luteus, 

Pseudomonas fluorescens, and Staphylococcus 

epidermidis (Padmini et al., 2010). However, 

Staphylococcus aureus and Pseudomonas aeruginosa are 

involved in many serious infections. According to recent 

studies, Camellia sinensis is reported active against 

methicillin-resistant S. aureus (MRSA) (Bauman 2010; 

Jones et al., 2006; Hassan and Sheikh 2017). The 

Camellia sinensis polyphenol, EGCG has antibacterial 

activity against clinically important multi-resistant 

strains of Acinetobacter baumannii (Hara 2001).  

 

Similarly, antifungal activity of Camellia sinensis and its 

components has also been studied and accordingly found 

to be effective against purified component catechin upto 

concentration of 2000mg/ml and pH dependent (Yoda 

2004). Candida albicans is an opportunistic pathogen and 

it constitute normal flora of human G.I.T and vaginal tract 

and oral cavity (Hassan et al., 2017). Constantly 

increasing resistance trend of microorganisms towards 

antibiotics and antifungal agents has leads us to focus 

more towards the search of new natural products having 

unique efficacy against infectious agents. The aim of this 

study is to investigate the antibacterial and antifungal 

potential of aqueous extract of Camellia sinensis (Green 

tea). 

 

MATERIALS AND METHODS  
 

Plant collection and identification 

Camellia sinensis used in this study was purchased 

commercially and identified by College of Biological 

Sciences, Zhejiang University, Hangzhou, China.  *Corresponding author: e-mail: shams1327@yahoo.com 
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Preparation of aqueous extract of camellia sinensis 

Aqueous extracts of Camellia sinensis were prepared 

according to a defined protocol with slight modification. 

According to required concentration, dried leaves of (100 

gm) of Camellia sinensis were added in 100ml boiled 

distilled water, in order to prepare 100% aqueous extract. 

Using a pre-warm thermos flask (100°C), dried and the 

measured leaves were infused and shaken for 10 minutes. 

Then macerated to prepare its aqueous extract. After 

cooling at room temperature, the extract was first passed 

through cotton and then filtered through 0.22µm pore size 

membrane filter. The fresh extract was stored at 4°C until 

use (Spiro 1995).  

 

Chemicals, glassware and media 

Glassware was provided by Wertlab (Germany) and 

Borosil (Andheri East, Mumbai, India). The chemical 

used in this study such as methanol and salts (KH2PO4, 

Na2HPO4, NaCl) were provided by Scharlau (Spain). 

Different microbiological media (Nutrient Agar, MHA, 

Nutrient broth, BHI broth, MacConkeys agar) were used. 

All microbiological media were provided by Oxoid (UK). 

 

Microbial isolates 

In this study clinical isolates (both Gram positive and 

Gram negative) were used. Apart from that two ATCC 

strains and one CMCC strain were also used including 

Staphylococcus aureus ATCC 43300, Escherichia coli 

ATCC 25922 and Bacillus subtilis [CMCC (B) 63501]. 

Clinical isolates, K. pneumoniae, M. luteus, S. 

epidermidis, S. pyogenes, Salmonella typhi and P. 

aeruginosa were provided by Department of 

Microbiology, University of Karachi, (Pakistan). Candida 

albicans was received from Agha Khan Hospital Karachi, 

Pakistan. ATCC and CMCC cultures of S. aureus ATCC 

43300, E. coli ATCC 25922 and Bacillus subtilis [CMCC 

(B) 63501] were bought from ATCC and CMCC official 

web portal. Microorganisms were maintained on nutrient 

agar (NA), potato dextrose agar (PDA) slants and petri 

plates at 4
o
C. For assuring the purity of cultures, Gram 

staining was also done. 

 

Extract susceptibility testing 

Disc diffusion, well diffusion and spot methods were 

applied to monitor the sensitivity of the clinical isolates 

against aqueous extract of Camellia sinensis. 

 

Disc diffusion method 

This procedure was applied using pour plate technique 

using Muller Hinton Agar (MHA). The Inoculum of the 

test culture was measured for its turbidity by matching 

with 0.5 McFarland standards. Discs (for that purpose) 

were purchased commercially. Aqueous extract of 

Camellia sinensis of different percentages (20% to 40% 

for Gram positive and 35% to 60% for Gram negative) 

were used and the amount of the sample in each disc was 

kept at 8µL. The plates were incubated for 24 hours at 

37°C (Mbata et al., 2008). 

 

Well diffusion method 

This method was followed using pour plate technique 

using Muller Hinton Agar (MHA). In this method, 

different percentages of aqueous extract (20% to 40% for 

Gram positive and 35% to 60% for Gram negative) of 

Camellia sinensis were used. The inocula of test cultures 

were maintained by matching the turbidity with 0.5 

McFarland index. The diameter of the well was kept 

constant throughout the experiments (8mm) and the 

amount of the sample added in each well was 100µL. 

Plates were incubated at 37
o
C for 24 hours (Mbata et al., 

2008). 

 

Spot method 

Spot method was used to study antibacterial and 

antifungal activity of aqueous crude extract. Different 

percentages of aqueous extract were tested against two 

ATCC cultures including E. coli 25922, S. aureus 43300, 

one CMCC Bacillus subtilis 63501 and clinical isolate 

Candida albicans. The test inoculums were set by 

matching its turbidity with 0.5 McFarland. The volume of 

sample was kept constant i.e. 10µL. All the plates were 

incubated at 37
o
C for 24 hours. 

 

MIC and MBC for aqueous extract of camellia sinensis 

According to CLSI (Clinical and Laboratory Standards 

Institute), Minimum inhibitory concentration (MIC) and 

Minimum bactericidal concentration (MBC) of the 

aqueous extract of Camellia sinensis were ascertained by 

broth dilution method. In this method, the final volume of 

the tubes was kept constant throughout the experiments. 

The amount of culture added in each tube was 100µL. For 

MIC, tubes were incubated at 37°C for 24 hours. For MIC 

and MBC determination, streaking was done from all 

inoculated tubes on the nutrient agar plate, as MIC and 

MBC values are impossible to read with brown coloration 

and plates were incubated at 37°C for 24 hours. Then the 

presence and absence of growth was checked after an 

overnight (Sharma et al., 2012). 

 

Miles and misra technique 

Miles and Misra technique was followed to determine the 

number of colonies forming units (CFU) of bacterial 

suspension in the presence of different concentrations of 

the aqueous extracts of Camellia sinensis (Anjum et al., 

2015). By using McFarland index 0.5, suspensions of the 

test organisms were prepared in PBS buffer (pH7) and the 

inoculum of cultures was set at 1.5×10
8
cells/ml. The 

nutrient broth was used to form different concentrations 

of the aqueous extract of Camellia sinensis. The final 

volume of the tubes was kept constant throughout the 

experiment i.e. 1ml. Each tube was further diluted 10 fold 

in nutrient broth up to 10
-6

.  
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The amount of culture added in different concentration 

tubes was 10µL. In this method, nutrient agar was used. 

For each concentration, 10µL was inoculated on nutrient 

agar plate from every dilution tube. Nutrient agar plates 

were incubated at 37°C for 24 hours. 

 

Time-kill assay 

Time-kill assay was performed using S.aureus to 

determine (at which) time of growth, the test compound 

(aqueous extract of Camellia sinensis) exerts its killing 

effect. This experiment was performed by inoculating test 

organism in nutrient broth. After 24 hours of incubation at 

37
o
C, broth culture was 10 fold diluted. The diluted test 

culture was inoculated in nutrient broth in the presence of 

18% of an aqueous extract of green tea and further diluted 

up to 10
-6 

dilution. A 10µl volume was drawn from each 

dilution to inoculate on MHA plate at different time 

interval i.e.; at 0, 30, 60, 120, 240, and 1440 minutes of 

growth. The plates were incubated at 37°C for 24 hours. 

Control set was also run in which all the steps were same 

but the test compound was not added (referred as growth 

curve of S. aureus). 

 

RESULTS  
 

Camellia sinensis has effective antimicrobial activity 

against several Gram-positive and Gram-negative clinical 

isolates (Padmini et al., 2010). Antibacterial activity of 

Camellia sinensis against several pathogens had been 

checked (Betts et al., 2012), Salmonella typhimurium 

(Tiwari et al., 2005), Acinetobacter baumannii (Osterburg 

et al., 2009), Escherichia coli 0157 (Perumalla and 

Hettiarachchy 2011), methicillin-resistant Staphylococcus 

aureus (MRSA) (Lee et al., 2013), Shigella dysenteriae 

and Yersinia enterocolitica (Tiwari et al., 2005). 

Similarly, several researchers have analyzed the 

antibacterial activity of Camellia sinensis by using 

purified polyphenols (Cui et al., 2012; Steinmann et al., 

2013; Osterburg et al., 2009). In the present study 

Camellia Sinensis was used in the crude form and 

different classical methods were applied for analyzing the 

antimicrobial activity of Camellia sinensis. 

 

Disc diffusion assay 

Staphylococcus epidermidis showed the least sensitivity 

among Gram-positive organisms. Salmonella typhi 

revealed to be the most sensitive among the Gram-

negative organism used in this study that it showed a 

largest zones of inhibition against different concentrations 

(table 1 & 2). 

 

Well diffusion assay 

S.aureus appeared to be very sensitive organism with a 

large diameter range of zone of inhibition (table 1 at 

supplementary data). In case of gram-negative organisms, 

S.typhi appeared to be the most sensitive organisms while 

E. coli showed less sensitivity [(also in well diffusion 

assay) (table 2 at supplementary data)]. 

 

Spot method 

Among all tested organisms, Bacillus subtilis appeared to 

be more sensitive against aqueous extract compared to S. 

aureus and E. coli. Aqueous extract has also manifested 

antifungal activity against Candida albicans (tables 

Available at supplementary data). 

 

MIC and MBC of aqueous extracts of camellia sinensis 

The test organisms suspensions were prepared in 

phosphate buffer solution (PBS) at pH7.0 and 1.5×10
8
 

cells/ml diversity was adjusted by using McFarland index 

0.5. 

 

MIC is a recognized and well-used criterion for 

measurement of organism’s susceptibility towards an 

antimicrobial compound. There are several factors which 

affect the MIC values including inoculum size, type of the 

test organisms, pH, and temperature. 

 

According to the MIC and MBC values (table 3), the 

Gram-positive are more susceptible than the Gram-

negative bacteria. This may be attributed to the difference 

in cell wall composition. In Gram-negative bacteria, the 

cell wall is surrounded by an outer envelope comprising 

lipopolysaccharides (LPS). This outer envelope restricts 

the penetration of the test compound. In Gram-positive 

organisms, the cell wall is not covered by an outer 

envelope LPS 

 

Cumulatively aqueous extract of Camellia sinensis 

inhibited both Gram positive and Gram negative bacteria. 

Numerous studies have been conducted to find out the 

exact mode of action of Camellia sinensis polyphenols 

but it is still debatable and not well established. However, 

according to some studies, the structure and function of 

the bacterial cell membrane is the main target of Camellia 

sinensis catechin (Roccaro et al., 2004). Furthermore, 

crude form of Camellia Sinensis was examined and also 

tested for MIC and MBC so that’s why it showed a little 

bit higher value of MIC and MBC as compared to 

reported literature (Abbas, 2011).  

 

Miles and misra 

In this technique, different concentrations of Camellia 

Sinensis aqueous extract were used against test 

microorganisms. Upon increasing the concentration of the 

aqueous extract, a gradual decrease in log of CFU/mL 

was seen in the case of all Gram positives. Among all 

Gram positives, S. epidermidis offered a high degree of 

sensitivity with low log of CFU/mL at 47% aqueous 

extract of Camellia Sinensis. In case of Gram negative, P. 

aeruginosa manifested high susceptibility with low log of 

CFU/mL at 55% aqueous extract of Camellia Sinensis 

(fig. 1). 
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Fig. 1: Log of CFU/ml at different concentrations of 

aqueous extract of Camellia sinensis for Gram positive 

and Gram negative isolates. The small graphs show the 

zoom area in order to clearly observe the difference 

among the organism’s results. The right side zoom picture 

shows two peaks, except S.epidermidis all the other three 

microorganisms have the same value and overlapped by 

other.  
 

 
 

Fig. 2: Survival curve of Staphylococcus aureus with 

18% aqueous extract of Camellia sinensis in DMFit 

model software, web edition (Dynamic modeling fit). R2 

= 0.9470 and SE of Fit = 0.1869 

 

Time-kill assay 

Time-kill assay was performed using 18% of an aqueous 

extract of Camellia Sinensis against S.aureus as test 

organism but in different studies EGCG was used to 

check the bactericidal effect of Camellia sinensis 

(Wongsrichanalai et al., 2002; Abbas, 2011). Similarly, 

Camellia sinensis polyphenols were used in combination 

with oxacillin for conducting Time-kill assay against 

MRSA (Cho et al., 2008). In contrast to our investigation, 

several studies focused the synergistic antibacterial effects 

of Camellia sinensis such as the antibacterial effect of 

Camellia sinensis polyphenols in combination with 

amoxicillin (Betts et al., 2012) also in combination with 

oxacillin (Cho et al., 2008). In this study, at 0 minute in 

the presence of the test compound the log of CFU/mL was 

5.763. The organisms started growing and after 30 

minutes log of CFU/mL increased to 5.968. Later on a 

drastic decrease was seen in the viable count of 

Staphylococcus aureus upon exposure to aqueous extract 

of Camellia sinensis as compared to the control i.e. after 

24 hours it decreased to 3.698 Log CFU/m. This result 

suggested that the test compound exerted its killing effect 

after 30 minutes by acting on the growing cells (fig. 2). 

As drop in log of CFU/ml was started at 30 minutes hence 

no more samples collection were drawn after certain time 

interval i.e. no sample collection after 300 minutes. 

 

 
 

Fig. 3: Growth curve of Staphylococcus aureus. DMFit, 

web edition (Dynamic modeling fit) 

 

Growth curve of staphylococcus aureus 

Growth curve of Staphylococcus aureus was deduced (fig. 

3). This experiment was performed by inoculating test 

organism in nutrient broth. After 24 hour incubation at 

37
o
C, broth culture was 10 fold diluted to 10

-3 
dilution. 

Broth culture was further diluted up to 10
-6

. A 10µl broth 

culture volume was inoculated on MHA plates at different 

time interval i.e. at 0 minute, after 30 minutes, 60 

minutes, 120 minutes, 240 minutes, and 1440 minutes of 

growth. Plates were then incubated at 37°C for 24 hours.  

  

According to this study aqueous extracts of Camellia 

sinensis found effective against different Gram-positive, 

Gram-negative and fungal clinical isolates. The inhibitory 

effect of aqueous extract of Camellia sinensis against the 

test organisms observed as decreasing log of CFU/ml 

upon increasing concentration. The Camellia Sinensis 

extracts also found to be very effective against multi 

drug-resistant Pseudomonas aeruginosa and Candida 

albicans. 

 

DISCUSSION 
 

Antimicrobial activity of aqueous extract of Camellia 

Sinensis was tested against clinical isolates. Extract 

concentration was ranged from 20 to 40% from gram  
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positive and 35 to 60% for gram negative. According to 

this study aqueous extracts of Camellia Sinensis are found 

to be effective against a wide range of gram-positive, 

gram-negative and fungal clinical isolates. The inhibitory 

effect of aqueous extract of Camellia Sinensis against 

tested organisms was recorded by lowering down log of 

CFU/ml upon increasing extract’s concentration, showed 

by DM fit model. The Camellia Sinensis extracts are also 

found to be very effective against drug-resistant MRSA, 

Pseudomonas aeruginosa and Candida albicans. 
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