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fresh tea [Camellia sinensis

1 3

Staphylococcus aureus 

and their minimum inhibitory concentration (MIC) values were 

determined using the agar well diffusion assay and the agar 

dilution method, respectively. The antibacterial activity was 

S. aureus 

S. aureus

1 strain) and two standard strains of S. aureus, NCTC 6571 and 

S. 

leaves.

Camellia sinensis, oligomeric 

proanthocyanidins, Staphylococcus aureus, tea.

INTRODUCTION

Tea made from the tender leaves of Camellia sinensis, var 

assamica is one of the most widely consumed beverages 

documented and have been attributed to the wide range 

condensed tannins and leucocyanidins are an ubiquitous 

group of plant phenols, which has attracted a great 

medicine because of their potent antioxidant properties. 

The term proanthocyanidin derives from the fact that 

these compounds yield anthocyanidins on heating with 

of the dry weight of the leaf (Robertson, 1992). 

(Figure 1).
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a few natural sources including cranberry [Vaccinium 

macrocarpon et al., 2000; Howell et al., 

2005), cinnamon [Cinnamomum zeylanicum

(Nonaka et al., 1983) and Pavetta owariensis (P Beauv.) 

(Balde et al., 1990). Their presence in these plants have 

been linked with their use in medicinal preparations. The 

health depend on the degree of polymerization as well as 

acetone (Hashimoto et al et al., 1999) 

and repeated chromatography have been used for the 

et al., 1984; Kiehne et 

al et al

O 1), along with the other 

extract of Oolong tea after repeated chromatography 

(Hashimoto et al., 1989). This is the only previous report 

Staphylococcus aureus

susceptible S. aureus

been separated before and has been reported by us for the 

et al., 2013).

 

Tender tea shoots were collected from the cultivar 

TRI 2025 (Tea Research Institute, Talawakelle) 

and chromatographic fractions were analyzed using 

254
) and 

p N,N

2
SO

4

methanol) et al., 1996; 

Rohr et al

reagent.  

Extraction of PAs 

saturated with sodium chloride (30 g) and the green 

upper phase was evaporated on a rotavapor under 
oC) to remove acetone, and 

to remove the precipitated chlorophyll. Distilled 

chlorophyll and caffeine. The lower phase was discarded 

and the upper aqueous phase was partitioned with hexane 

and the aqueous phase was concentrated 

aqueous acetone extract from tea leaves.

Sephadex LH-20 chromatography

methanol 

et al., 2000): 
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O

chromatographic method (Degenhardt et al., 2000; 

Yanagida et al., 2006; Kumar et al., 2009). 

 This paper describes the separation of oligomeric 

proanthocyanidin fractions from an aqueous 

chromatography and HSCCC, and the evaluation of 
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fractions F
1
 (690 mg), F

2
 (24 mg), F

3
 (83 mg) and F

4 

3
 (83 mg) and F

4 
(237 

revealed that fraction F
1
 (690 mg) contained monomeric 

2 
(24 mg) contained both 

3
 (83 mg) 

and F
4

F
4
 was subjected to fractionation by HSCCC. 

High–speed counter–current chromatography 

Distilled and degassed (30 min) solvents were used 

used for the separation. The preparative coil (volume 

A (1:5:1:5) 

was selected for the separation on the basis of partition 

D 
1.02), settling time (Ito & Conway, 1996) 

and stationary phase retention (Shibusawa et al., 2000; 

Kumar et al., 2009).  The aqueous phase was used as the 

mobile phase.

 The F
4

and rotational 

column was monitored continuously with a UV detector 

ESI-MS spectrometry

injection (detector temperature  225 oC) on a thermo 

4.31 V, capillary voltage 2.97 V) at the Harbour Branch 

with a trace of formic acid for positive ion detection 

while a trace of NH
4
OH was added for negative mode 

detection. 

Standard strains of Staphylococcus aureus (NCTC 

(collected from the Division of Microbiology, Faculty 

of Dental Sciences, University of Peradeniya and the 

were used in the study. These cultures were maintained 

organism was taken from the bacterial colonies grown 

overnight on blood agar and suspended in sterile distilled 

water. The turbidity of the bacterial suspension was 

adjusted using 0.5 MacFarland standard (108

et al

by the pouring method. The extra volume was removed 

with a micropipette and the plates were kept inside an 

oven at 44 oC for 20 min until completely dry. Wells 

37 o

measuring the diameter of the inhibition zone along the 

two axes perpendicular to each other. Methicillin (10 µg) 

as the positive controls, while sterile distilled water was 

used as the negative control.  F
4
 (which contained only 

diffusion assay and was used for further studies. 

1 3
 obtained 

from F
4
 were determined against two standard S. aureus 

1 3
 

dilution series was prepared from each stock solution by 

oC was thoroughly 

mixed with the previously prepared dilution series in 

petri dishes (90 mm diameter) and allowed to set on a 

37 oC for 24 h. 



244 N. Savitri Kumar et al.

September 2014 Journal of the National Science Foundation of Sri Lanka 42(3)

Separation of PAs using Sephadex LH-20 

chromatography

F
3 4

were being eluted.  

Fraction F
4
 having shown considerable antibacterial 

activity (see below), was subjected to further fractionation 

separation of catechins (Kumar et al

(Kumar et al., 2009) was selected for the separation of the 

HSCCC separations of F
4
 (200 mg each) yielded the four 

1 2 3 4
 

(26 mg). 

f
 values were compared with 

those reported (Rohr et al., 2000) 

with the R
f
  value (0.76) observed for an authentic sample 

of epigallocatechin gallate. The R
f  

values observed on 

1 
(R

f
 0.26), 

2
 (R

f 3
 (R

f
 0.6), while 

4
 contained a monomer (R

f
 0.76). 

ESI-MS mass spectrometry

The stereoisomers of catechin and epicatechin cannot 

notation (epi)catechin has been used in the discussion. 

the peaks observed. 

 

composed of (epi)catechin, (epi)gallocatechin and 

(epi)afzelechin units,
 
were indicated by the M+ ions  at 

m/z 1168.6, 1152.8, 1141.7, 1139.9, 1138.7, 1136.8, 

1
.
  

f
 values suggested 

2

+ ions 

2
. Peaks due to 

1
, as well as sharp intense signals 

with a narrow signal width were observed at m/z 633.3 

and 617.3. It is likely that the fragments at m/z 633.3 and 

O
+ O + 

respectively, which had been isolated and characterised 

previously from green tea leaves  (Nonaka et al., 1983; 

Kiehne et al., 1997; Kumar et al.
1
 

catechins above.  

3
 in the negative ionization mode 

exhibited a cluster of ions at m/z 901.7, 882.1, 881.1 

and 878.9. In the absence of an MS/MS system, the 

authors assigned the peaks at m/z 881.1 and 882.1 to a 

their previous isolation from a tea extract using HSCCC 

(Kumar et al., 2009). 

 

The results of the current investigation on susceptibility 

tests clearly indicated the varying levels of activity of 

fractions F
1 4

 against standard strains of S. aureus 

1
 was inactive against 

2
 

3
 inhibited 

respectively. F
4
 was the most active of the four fractions 

F
1 4

against the standard strains of S. aureus, and the strains 

obtained from clinical isolates (Table 1). It is noteworthy 

that fraction F
1
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number of hydroxyl groups present in the polyphenolic 

molecules (Zheng et al., 1996).

Oligomeric proanthocyanidins, including those having 

leaves and display moderate antibacterial activity against 

The authors thank the Department of Chemistry, 

leave granted to Sujeewa K. Hettihewa; Dr. Sarath 

 F
4
         Strain of S. aureus 

 

 1 13 15 17 14 16 14

 0.9 13 15 16 13 15 14

 0.8 11 15 16 13 14 13

 0.7 11 15 15 12 13 13

 0.6 11 14 12 11 12 13

 0.5 11 14 11 11 12 13

 0.4 11 13 NIb NI 11 12

 0.3 NI 13 NI NI 11 12

 0.2 NI 13 NDc ND ND ND

 Water NI NI NI NI NI NI

 Positive  15 15 15 15 15 15

 control d

a Diameter of the agar well was 9 mm except for positive control 

(5 mm)
b NI  =  No inhibition; c ND =  Not determined 
d

Diameters a (mm) of the inhibition zones for varying 

concentrations of fraction F
4
 against S. aureus standard 

strains and clinical isolates in the agar well diffusion assay

while fraction F
4

agreement with the observation made by Mayer et al. 

(2008), that fractions containing only monomers such as 

(epi)catechin did not show antibacterial activity except 

against Pseudomonas aeruginosa

 

HSCCC of F
4,
 were determined against a wider range of 

3 
appeared to be the 

most active against S. aureus

from grape seed extract is associated with the presence 

et al., 2007).

S. aureus, NCTC 6571 

higher MIC values, due to the fact that the rate of diffusion 

1 3 
against S. aureus 

S. aureus 
1 2 3

NCTC  6571 512 512 512
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Department of Chemistry, University of Peradeniya, for 
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