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 Tryptone, sodium chloride, yeast extract, agar powder, 
dipotassium phosphate, potassium dihydrogen phosphate, 
potassium ferricyanide, trichloroacetic acid, ferric chloride, sodium 
acetate trihydrate, acetic acid, potassium persulfate, methanol, 
hydrochloric acid,  glutaraldehyde, ethanol were obtained from 
Fisher Scientific. 2, 4, 6- tripyridyl-s-triazine, 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid), trolox and ascorbic acid 
were obtained from Sigma.  

Plant materials 

The tea leaves were provided by the Senior Manager, Chabua Tea 
Estate, Dibrugarh, Assam who is maintaining the plants in nursery 
through vegetative propagation. Further the leaves were identified 
through a Horticulturist, Archaeological Survey of India, 
Government of India, Agra, as described earlier (Mehrotra et al 
2010) 

Preparation of extracts 

Dried tea leaves were taken and crushed in mortar and pestle. 
10gm of powdered tea was taken in three different conical flasks 
and 40 ml of autoclaved distilled water was added in each flask 
and kept in 4ĈC, 37ĈC and 100ĈC for six hours. After temperature 
treatment these samples were filtered using Whatman filter paper 
no 1 and filtrates were lyophilized and stored for future use.  

Inoculation of bacterial culture 

Luria-Bertani broth 2 ml was taken in autoclaved test tubes, and 
isolated bacterial colonies were inoculated in the broth separately 
and kept overnight in the shaker at 37ĈC. S.aureus  clinical isolates 
provided by NICED, Kolkata and V.cholerae clinical strains were 
isolated by authors of Assam medical college)  
were inoculated in the broth separately and kept overnight in the 
shaker at 37ĈC. 

Antibacterial activity of tea extracts 

Antibacterial activity was checked by agar cup diffusion assay. The 
Luria-Bertani agar media was spread separately with 100øl of 
overnight grown bacterial cultures (S.aureus and V.cholerae)  and 
wells were made in the plate using sterile cork borer. 100øl of 4ĈC, 
37ĈC, 100ĈC treated tea leaf extracts were loaded in wells and 
autoclaved distilled water was included as negative control. The 
petriplate was incubated overnight at 37ĈC. Next day the zone of 
inhibition of the samples were measured. Each reading indicates 
diameter of zone of inhibition excluding the well diameter and 
experiment was done in triplicate. 

Scanning electron microscopy 

Bacterial strains were grown to optical density 0.5 at 600nm and 
treated overnight with sub-lethal doses of tea leaf extract. Next day 
bacterial cells were harvested and fixed in 2.5% glutaraldehyde 
and stored at 4ĈC. Before analyzing the samples were dehydrated 
with graded ethanol.  

Antioxidant activity of tea extracts 

TRP assay 

Total reducing power of tea leaf, extracted in different temperature 
was measured to detect the antioxidant activity. 1ml of extract was 
taken and incubated at 50ĈC for twenty minutes along with 2.5ml of 
0.2M phosphate buffer adjusted to pH 6.6 and 2.5ml of 1% 
potassium ferricyanide. After that 2.5ml of 10% trichloroacetic acid 
was added to it and centrifuged at 3000 rpm for ten minutes. 2.5ml 
of distilled water and 0.5ml of 0.1% ferric chloride was added to 
2.5ml aliquot of upper layer. The absorbance was measured at 
700nm and ascorbic acid was used as standard.  

FRAP assay 

The tea leaf extracts were checked for the presence of ferric 
reducing antioxidant power content (FRAP Assay). The stock 
solutions included 20mM FeCl3.6H2O solution, 10mM TPTZ (2, 4, 
6- tripyridyl-s-triazine) solution in 40mM HCl and 300mM acetate 
buffer (3.1 g Sodium acetate trihydrate and 16ml acetic acid) pH 
3.6. The fresh working solution (FRAP) was prepared by mixing 
2.5ml TPTZ solution, 25ml acetate buffer and 2.5ml FeCl3. 6H2O 
solution and heated at 37ĈC before use. 150 øl of plant extract 
solution was kept for thirty minutes in the dark along with 2850 øl of 
the FRAP solution. The absorbance of coloured product [ferrous 
tripyridyltriazine complex] was measured at 593nm. Trolox was 
used as standard compound for the quantification of the antioxidant 
power by FRAP assay. 

ABTS assay 

ABTS assay was performed to check antioxidant activity of tea leaf 
extract using trolox as standard. Stock solutions contained 7.4mM 
ABTS solution and 2.6mM potassium persulfate solution. The two 
stock solutions were mixed in equal quantities and allowed to react 
for twelve hours in dark at room temperature. To prepare working 
solution 1ml of ABTS solution was mixed with 60ml of methanol to 
obtain an absorbance of 1.10μ0.02 units at 734nm. 150 øl of leaf 
extract was allowed to react with 2850 øl of the ABTS solution for 
two hours in dark and absorbance was recorded at 734nm.  

Results and Discussion 

Boiling of leaves leads to maximum extraction of 
antibacterial activity of the extracts  

Tea extract, one of the most popular drinks worldwide, is loaded 
with beneficial effects such as antimicrobial and antioxidant 
properties. This study was taken to compare the antimicrobial and 
antioxidant properties of tea extracted at 4ĈC, 37ĈC and 100ĈC.  
Extractions in water at different temperatures were carried out for 
six hours as detailed in materials and method section. To compare 
the antimicrobial activity of the extract we chose the bacterial 
strains V. cholera and S.aureus that are reported to be susceptible 
to antibiotic effect of tea extract [27]. Standard agar-cup diffusion 
method [28] was used for antibacterial assay.   All the extracts 
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showed higher antibacterial activity against S. aureus than to 
V.cholerae. Antimicrobial activity against both the strains was 
highest in 100ĈC followed by 4ĈC and 37ĈC (Fig 1). It was reported 
that, with the increase of extraction temperature, solubility of the 
phenolic compound, which is responsible for antibacterial activity, 
increases [29]. Thus tea leaf extract prepared at 100ĈC showed 
maximum growth inhibition activity as it contains highest amount of 
phenolic compound. On the contrary, extract prepared at 37ĈC 
showed least bioactivity amongst the extraction methods used. The 
possible reason of the loss of the antibiotic activity could be due to 
oxidation of phenolic compounds. Polyphenol oxidase enzyme 
causes oxidation of phenolic compound and remains  active within  
20ĈC to 70ĈC and it is inactive when temperature rises beyond 70ĈC 

or falls below 20ĈC [30,31]. This is also interesting to observe that 
in contrast to most synthetic antibiotics that get inactivated by 
boiling, antimicrobial activities of tea-extracts are quite heat-
resistant. This observation is similar to earlier study made on plant-
based antimicrobial activities [27] in which extracts were treated to 
100ĈC for one hour and observed to retain its activity. The results 
suggest that boiling extract method is best for antimicrobial 
activities of the tea extracts. Scanning electron microscopy with tea 
extract (100ĈC) showed morphological changes in both S. aureus 
and V. cholerae. Deformation and surface ruffling of the bacterial 
cell were observed after treatment with tea extract prepared at 
100ĈC (Fig 2). 
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Boiling of leaves retains antioxidant activity of tea 
extracts  

Antioxidant activities are usually monitored by several assays [32]. 
Three different antioxidant assays were done to include different 
kinds of antioxidant moieties present in tea extract, whose solubility 
varies with different reagents. One of the assay systems measures 
total reducing power (TRP) by monitoring the reduction of ferric ion 
(Fe3+) to ferrous ion with the help of ferric chloride [33]. 
Commercially available ascorbic acid served as a standard of our 
assay (Fig 3B). It was observed that tea extract prepared at 4ĈC, 
37ĈC and 100ĈC had the ascorbic acid equivalent antioxidant 
capacity of 56.53 mg/gm, 65.55 mg/gm and 80 mg/gm of dry 
weight of extract respectively by TRP assay with reference to 
standard curve (y = 0.002 x, R2 = 0.996). As shown in the Fig 3A, 
100ĈC treated tea extract showed maximum reductive ability to 
transform Fe3+ to Fe2+, followed by the extracts that were prepared 
at 4ĈC and 37ĈC. Thus, by boiling the antioxidant properties of tea 

leaves are not compromised. Another assay system measures 
ferric ion reducing antioxidant power (FRAP) by monitoring the 
maximum ferric reducing ability with the help of ferric chloride [33] 
and  trolox was used as a standard (Fig 4B). It was observed that 
tea extract prepared at 4ĈC, 37ĈC and 100ĈC had the trolox 
equivalent antioxidant capacity of 139.42 mg/gm, 220.83 mg/gm 
and 205.83 mg/gm of dry weight of extract respectively by FRAP 
assay with reference to standard curve (y = 0.0008 x, R2 = 0.994) 
(Fig 4A). In ABTS assay maximum inhibition of oxidation of ABTS 
was monitored by electron transfer radical scavenging [33]. It was 
observed that tea extract prepared at 4ĈC, 37ĈC and 100ĈC had the 
trolox equivalent antioxidant capacity of 636.26 mg/gm, 691.66 
mg/gm and 518.09 mg/gm of dry weight of extract respectively with 
reference to standard  trolox  (y = 0.0007 x, R2 = 0.996) (Fig 5A,5B 
). Thus, the antioxidant properties of the leaf-extracts are mostly 
retained in the boiling extract.  
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Conclusion 

We conclude from the study that boiling extraction of tea leaves 
contains maximum antibiotic activity. Antimicobial as well as 
antioxidant properties of tea extracts are retained even after boiling 
at 100ĈC for six hours. Our experiments validate the traditional 
method of tea preparation, which is extraction of dry tea leaves in 
boiling water.  
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