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Abstract
Antibacterial activities of the major phenolic components from Camellia sinensis L. were investigated against 

several pathogenic microorganisms including Gram-positive strains like Staphylococcus aureus ATCC 29213 and 
Streptococcus pyogens 308A; and Gram-negative strains like Escherichia coli ATCC 25922, Escherichia coli 078, 
Pseudomonas aeruginosa 9027, and Enterobacter cloacae 1321E. The MIC values demonstrate that both (-)-epi-
catechin and (-)-epigallocatechin were more considerably toxic against Staphylococcus aureus ATCC 29213 than 
the other two catechins like (-)-epicatechingallate and (-)-epigallocatechin-3-gallate. (-)-Epicatechingallate and 
(-)-epigallocatechin-3-gallate were most inhibitory against Escherichia coli ATCC 25922. As a result, (-)-epi-
catechin showed predominant antibacterial activities among tea varieties. The contents of major polyphenolic com-
ponents such as four catechins, theaflavin, and quercetin were different according to fermentation processes. The 
total contents of four catechins were ranged from 13.81 to 1.33%, with (-)-epigallocatechin-3-gallate being domi-
nant among tea varieties; theaflavin was found the characteristic pigment in fully-fermented black tea.

Key words: Camellia sinensis L., polyphenolic compounds, Gram-negative, Gram-positive, antibacterial activity, 
fermentation
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INTRODUCTION

Bioactive components, as secondary metabolites, can 
represent extra-nutritional activities with small quantities 
(1). Polyphenolic compounds in natural plant sources 
were derived from phenylalanine and tyrosine (2). Most 
polyphenolic compounds have two or more hydroxyl 
substituents, including functional derivatives. 

Almost all phenolic compounds, as well as poly-
phenolic compounds, possess several biological and 
chemical properties including antioxidant activity, car-
diovascular disease protection activity, neurodegenera-
tive disorder protection activity, and cancer chemo-
preventive activity (3).

Such phenolic acids as apigenin, apigenin-7-glucoside, 
genkwanin, 5-hydroxy-7,4'-dimethoxyflavone, rhamno-
citrin, kaempferol, quercetin, quercetin-5,3-dimethy-
lether, luteolin, luteolin-7-glucoside, rhamnazin and 
scandenone, and anthocyanins showed antimicrobial ac-
tivities against Gram-positive, Gram-negative bacteria, 
fungi, and yeast at low concentrations in published data 
(4-13). 

Camellia sinensis L. have been used as a daily bever-
age and crude medicine in Asia for thousands of years. 
The major polyphenolic compounds in fresh leaves of 
Camellia sinensis L. are flavan-3-ols that include major 

catechins, (-)-epicatechin (EC), (-)-epicatechingallate 
(ECG), (-)-epigallocatechin (EGC), and (-)-epi-
gallocatechin-3-gallate (EGCG). Polyphenolic com-
pounds of Camellia sinensis L. exhibit numerous bio-
logical properties including antioxidative effects, in-
hibition of extracellular mitotic signals through blocking 
growth receptors signaling, suppression of iNOS through 
inhibiting the activation of IKK and NFkB, and in-
duction of apoptosis in cancer cells through releasing 
cytochrome C and activating caspase cascades (14). 
Processing with non-fermented green tea, differing from 
fully-fermented black tea, is deactivated by steaming be-
fore macerating harvested fresh leaves of Camellia si-
nensis L. The processing is important not only from an 
economic perspective of bulk commodities but also from 
a dietary perspective. The total contents of major poly-
phenolic compounds is various using different manu-
facturing processes (15).

The aim of this study is to differentiate the contents 
of major polyphenolic compounds among tea varieties, 
and also to evaluate the antibacterial activities of major 
polyphenolic compounds presented in non-fermented, 
semi-fermented, and fully-fermented tea varieties against 
several pathogenic microorganisms including Gram-pos-
itive strains, Staphylococcus aureus ATCC 29213 and 
Streptococcus pyogens 308A and Gram-negative strains, 
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Fig. 1. Preparation of green tea from fresh leaves of Camellia sinensis L.

Escherichia coli ATCC 25922, Escherichia coli 078, 
Pseudomonas aeruginosa 9027, and Enterobacter cloa-
cae 1321E.

MATERIALS AND METHODS

Preparation of samples
Fresh leaves of Camellia sinensis L. were collected 

in Hadong, Korea, in 2006. Green tea, prepared through 
non-fermented tea processing method, was deactivated 
by hot broiled-bath frying before macerating harvested 
fresh leaves (Fig. 1). Chung tea (10%-fermented tea) and 
black tea (85%-fermented tea) were purchased at tradi-
tional tea stores in Ankookdong, Seoul, Korea, in 2006. 

Strain collections
Collected strains from the Korean Culture Center of 

Microorganisms (KCCM) were Gram-positive strains 
like Staphylococcus aureus ATCC 29213 and Strepto-
coccus pyogens 308A; and Gram-negative strains like 
Escherichia coli ATCC 25922, Escherichia coli 078, 
Pseudomonas aeruginosa 9027, and Enterobacter cloa-
ceae 1321E.

Instrumental analyses
A Hewelett Packard Model 5985B gas chromatog-

raphy (GC)/mass (MS) system was used for electron im-
pact mass spectrometry (EI-MS), and negative FAB-MS 
spectrometry was performed using a JMS-700 spec-
trometer. The UV/Vis spectrometer was recorded on a 
Hitachi 3100 UV/Vis spectrophotometer. A Bruker 
AMX5000 spectrometer was used to record nuclear mag-
netic resonance (NMR) spectra (500 MHz for 1H-NMR 
and 125 MHz for 13C-NMR) with tetramethylsilane 
(TMS) as an internal standard and DMSO-d6 as a NMR 
solvent. Thin-layer chromatographic (TLC) analysis was 
conducted on silica gel (Kieselgel 60 F254 plates; 0.25 
mm layer thickness; Merck, Darmstadt, Germany). Silica 
gel (Merck 60 A, 230～400 mesh ASTM) and Sephadex 
LH-20 (25～100 μm; Pharmacia Fine Chemicals, 
Piscataway, NJ, USA) were used for open column and 
vacuum column for chromatographic separation. All 
chemicals were purchased from commercial sources and-

were of the highest purity available.

Isolation and structure elucidation of compounds
Dried, fully ground black tea (1.0 kg) were extracted 

using 80% (v/v) ethanol (EtOH), three times for five 
hours in a hot water bath to give ethanolic extracts. The 
ethanolic extracts were partitioned between ethylacetate 
(EtOAc) and water. The dried EtOAc-soluble fraction 
was chromatographed over a silica gel column using a 
chloroform (CHCl3)-methanol (MeOH) gradient to give 
twelve fractions. Fraction 3 was further chromato-
graphed on a silica gel open column using CHCl3-MeOH 
(92:8 to 89:11, v/v) to give compounds 1, 3 and 6. 
Fractions 6 and 7 were combined and further chromato-
graphed on a silica gel vacuum column using a 
CHCl3-MeOH-H2O (95:5:0.5, v/v), and subfractions 
26-41 were rechromatographed on a Sephadex LH-20 
column by elution with MeOH in order to give pale yel-
low powder. This powder was further chromatographed 
on a silica gel vacuum column and Sephadex LH-20 col-
umn by elution with aqueous EtOAc-MeOH (93:7) and 
MeOH, respectively, to give compounds 2, 4 and 5. 
Complete identification of isolated compounds made use 
of varieties of physical and chemical techniques by 
UV/Vis spectrophotometry, EI-MS spectrometry, neg-
ative FAB-MS spectrometry, 1H-NMR and 13C-NMR 
spectroscopy. 

Quantification of major phenolic compounds among 
tea varieties 

Such dried green tea as chung tea and black tea (100 
g) were extracted with 80% EtOH and concentrated. 
Each concentrations of major phenolic compounds 
among tea varieties were identified in all ethanolic ex-
tracts by HPLC using YMC C18 column (10×250 mm, 
Hitachi D-7000, Japan) and a mobile phase consisting 
of water-acetonitrile-methanol-water (80:17.5:1.5:1.0, 
v/v/v/v).

Antibacterial activity on pathogenic microorganisms
The antibacterial activities were evaluated by de-

termining the minimum inhibitory concentration (MIC) 
according to the M7-A5 guidelines, established by the 
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Fig. 2. Chemical structure of major phenolic compounds from Camellia sinensis L.  

National Committee for Clinical Laboratory Standards 
(16). The MIC values of the bacterial strains against 
Gram-positive strains like Staphylococcus aureus ATCC 
29213 and Streptococcus pyogens 308A; and Gram-neg-
ative strains like Escherichia coli ATCC 25922, 
Escherichia coli 078, Pseudomonas aeruginosa 9027, 
and Enterobacter cloaceae 1321E were determined on 
96 well culture plates by a micro dilution method (17). 
Phenolic compounds 1～6 were serially diluted with 
EtOH, and Tween 80 was added to each solution. Each 
diluted solution was carried out from the concentration 
of 0.5% w/v (5% of Tween 80, used to dissolve the 
compounds and thus to ensure its contact with micro-
organisms). All preparations were sterilized with a 0.22 
μm filter. The wells were inoculated with a micro-
organism suspension at the density of 105 cells/mL. The 
plates were incubated at 37oC for 24 hr. Followed by 
the incubation, the plates were observed to determine 
the MIC Proper blanks were prepared simultaneously, 
and compounds 1～6 were tested in triplicate.

RESULTS AND DISCUSSION

Isolation and structure elucidation of compounds 1～6
Green tea, as a non-fermented tea variety, was deacti-

vated by hot broiled-bath frying before macerating har-
vested fresh leaves (Fig. 1). Commercial chung tea 
(10%-fermented tea) and black tea (85%-fermented tea) 

were purchased from traditional tea stores. 
The dried, fully ground black tea (1.0 kg) was ex-

tracted using 80% (v/v) EtOH, three times for five hours 
in a hot water bath to give ethanolic extracts. The etha-
nolic extracts were partitioned between EtOAc and 
water. The concentrated EtOAc-soluble fraction was 
chromatographed over a silica gel column using a 
CHCl3-MeOH to give twelve fractions. Fraction 3 was 
further chromatographed on a silica gel open column us-
ing CHCl3-MeOH (92:8 to 89:11, v/v) to give com-
pounds 1, 3 and 6. Fractions 6 and 7 were combined 
and further chromatographed on a silica gel vacuum col-
umn to give compounds 2, 4 and 5. Compounds were 
monitored by TLC patterns revealed by a UV lamp and 
10% FeCl3-MeOH spray. Complete identification of the 
isolated compounds made use of various physical and 
chemical methods, including EI-MS, negative FAB-MS, 
UV/Vis, 1H-NMR, and 13C-NMR spectroscopy. All com-
pounds gave characteristic phenolic color reactions 
(purplish brown with FeCl3, yellow with NaOH, yellow-
ish orange with Mg-HCl and pink with Zn-HCl). The 
structures of the compounds were identified by compar-
ing spectral data with published data (3,18). The isolated 
compounds were determined as (-)-epicatechin (EC, 1), 
(-)-epicatechingallate (ECG, 2), (-)-epigallocatechin 
(EGC, 3), (-)-epigallocatechin-3-gallate (EGCG, 4), the-
aflavin (5) and quercetin (6) (Fig. 2). 
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Fig. 3. Coupled oxidation mechanism for theaflavin synthesis.

Table 2. Antibacterial activity of major phenolic compounds from Camellia sinensis L. on pathogenic microorganisms1)

Strains MIC (μg/mL)
1 2 3 4 5 6

Staphylococcus aureus ATCC 29213
Streptococcus pyogens 308A
Escherichia coli ATCC 25922
Escherichia coli 078
Pseudomonas aeruginosa 9027
Enterobacter cloacae 1321E

12.5
50  

100 
50  
25  
50  

50  
25  

12.5
50  
50  

12.5

12.5
50  
50  
50  
50  
25  

100
100
12.5

25 
50 

100

100
200
100
200
100
100

200
100
100
100
200
200

1)Results are expressed as MIC (μg/mL). 

Quantification of major phenolic compounds among 
tea varieties

HPLC data of the individual compounds in ethanolic 
extracts of green tea, chung tea, and black tea revealed 
remarkably high major catechins. The contents of major 
catechins ranged from 13.81 to 1.33%, with compound 
4 being dominant among tea varieties. Remarkably, 
non-fermented tea, green tea contained a high concen-
tration of total catechins 1～4, while fermented teas had 
shown the reduction of total catechins 1～4 and increase 
of compound 5 contents (Table 1). It can be explained 
that the fermentation of tea leaves induces enzymatic ox-
idation of flavan-3-ols and leads to the formation of ma-
jor pigments, theaflavins, in black tea. Compound 5 can 
be synthesized by fermentation procedure by coupled ox-
idation mechanism, and encompassed molecules contain-
ing a benzotropolone nucleus formed by an oxidative 
reaction between the vic-trihydroxybenzene and or-
tho-dihydroxybenzene of catechins. It is formed by oxi-
dative coupling of the B-ring (3',4',5'-trihydroxyl) of 
compound 3 or compound 4 and B-ring (3',4'-dihy-
droxyl) of one compound 1 or compound 2. It has been 
ionized by protonation and formation of adduct ions, 
classically described for flavan-3-ols and proanthocyani-
din derivatives by MAL.DI-TOF analysis (18).

Table 1. Concentrations (%) of major phenolic compounds 
from non-fermented, semi-fermented and fully-fermented tea 
varieties

Compounds
Tea varieties

Green 
tea1)

Chung 
tea2)

Black 
tea3)

(-)-Epicatechin
(-)-Epicatechingallate
(-)-Epigallocatechin
(-)-Epigallocatechin-3-gallate
Theaflavin
Quercetin

0.71
3.49 

 2.10
7.51

-
0.40

0.38
2.07
1.92
4.92

-
0.22

0.10
0.10 
0.46
0.67
2.10
0.09

1)Non-fermented tea. 2)Semi-fermented tea. 3)Fully-fermented 
tea.

Compound 5, the most important phenolic pigments 
in black tea exhibited good inhibition rates of approx-
imately 85～90% for antioxidant and scavenging activ-
ities of free radicals and protected COS-7 cells against 
apoptosis or damage caused by stress, such as cadmium 
and copper-oxidative injury, free radicals (19). Recently, 
the coupled oxidation mechanism for synthesis are pre-
sented (Fig. 3). Upon enzymatic synthesis of compound 
5 from compound 1 and 2, trapping of the O-quinone 
intermediates with glutachione demonstrated that en-
zymes rapidly oxidized compound 1 and 3 to EC-qui-
none (1a) and EGC-quinone (2a), respectively (20). 
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Antibacterial activity of compounds 1～6 
In the present study, the antibacterial activities of ma-

jor polyphenolic compounds 1～6 were evaluated. As 
presented in Table 2, Each of the compounds inhibits 
the growth of the microbial strains including Staphylo-
coccus aureus ATCC 29213, Streptococcus pyogens 
308A, Escherichia coli ATCC 25922, Escherichia coli 
078, Pseudomonas aeruginosa 9027, and Enterobacter 
cloacae 1321E. The MIC values demonstrate that com-
pounds 1 and 3 were more considerably toxic against 
Staphylococcus aureus ATCC 29213 than compounds 2 
and 4. Compounds 2 and 4 were inhibitory against 
Escherichia coli ATCC 25922. Compound 2 was more 
active against Gram-positive bacteria than Gram-neg-
ative bacteria. This is likely due to the significant differ-
ences in the outer layers of Gram-negative and Gram- 
positive bacteria. The modes of action of bacterial agents 
depend on the types of microorganisms and are mainly 
related to both cell wall structures and outer membrane 
arrangements of microorganisms. Gram-negative bac-
teria possess an outer membrane and a unique peri-
plasmic space found in no Gram-positive bacteria (21). 
The resistance of Gram-negative bacteria toward anti-
bacterial substances is related to the hydrophilic surface 
of their outer membranes which are rich in lip-
opolysaccharide molecules, presenting a barrier to the 
penetration of numerous antibiotic molecules. Such re-
sistance, also, is associated with the enzymes in the peri-
plasmic space, which are capable of breaking down into 
the molecules introduced from outside (22). Otherwise, 
Gram-positive bacteria would not have such outer mem-
branes and cell wall structures. Antibacterial substances 
can easily destroy the bacterial cell walls and cytoplas-
mic membranes, resulting in a leakage of the cytoplasm 
and its coagulation (23). 

It had already demonstrated that green tea showed in-
creased antimicrobial activities against bacteria and fungi 
when used in combination with butylated hydroxy-
anisole. The increased antimicrobial activity of green tea 
was related to an impairment of the barrier function in 
microorganisms and a depletion of thiol groups. The in-
creased role of green tea as an oral antimicrobial product 
was discussed (24).

Plants with antibacterial activities have become more 
interesting, some of which are part of the arsenal of mod-
ern antibacterial nutraceuticals and drugs. Many people 
are increasingly aware of problems associated with the 
over-prescription and misuse of traditional antibiotics. 

In this study, the antibacterial activities of phenolic 
compounds from non-fermented tea and fermented tea 
was investigated for the supplementation in anti-biotic 

nutraceutical preparation and daily uses. Further research 
is required to provide more in vivo data to identify the 
antibacterial mechanisms of major compounds of tea 
varieties.
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