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Antimicrobial Activity of Korean Wild Tea Extract
According to the Degree of Fermentation

Ok Ja Choi*, Haeng Jae Rhee and Kyeong Hee Choi

Dept. Food & Cooking Science, Sunchon National University, Chonnam 540-742, Korea

Abstract

This study was investigated to determine antimicrobial activity of the water and ethanol extracts of Korean
wild green tea, semi-fermented tea, and fermented tea. Antimicrobial activity was examined against 8 kinds
of several microorganisms. The minimum inhibitory concentration (MIC) of the water and ethanol extracts
of green tea showed the most active antimicrobial activity against B. subtilis 0.2 mg/mL in Gram positive
bacteria and P. fluorescens 0.3~05 mg/mL in Gram negative bacteria. But the extracts did not show
antimicrobial activity against lactic acid bacteria and yeast at the level of less than 1 mg/mL. Antimicrobial
activity got lower as tea got more fermented. Antimicrobial activity of ethanol extracts from green tea, semi-
fermented tea, and fermented tea was stronger than that of water extracts. Antimicrobial activity of the water
and ethanol extracts of green tea, semi-fermented tea, and fermented tea was not destroyed at 50~121°C,
and pH 3—11, which proved to be very stable when given over heat, acid & alkali treatment. The ethanol
extract of green tea, semi—-fermented tea, and fermented tea was fractionated in the order of hexane, diethyl
ether, ethyl acetate and water fraction. The highest antimicrobial activity was found in the water fraction,
but not found in hexane fraction, while antimicrobial activity of fermented tea was not found in ether fraction.

Key words: green tea, semi—fermented tea, fermented tea, water exiract, ethanol extract, antimicrobial activity,
minimum inhibitory concentration (MIC)
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Table 1. Microorganisms used for antimicrobial activity test

Bacillus cereus ATCC 27348
Bacillus subtilis ATCC 9372
Vrrrﬁﬁqrprhylococcus aureus ATCC 13301

Escherichia coli ATCC 15489
Salmonella Typhimurium ATCC 14028

Gram positive
bacteria

Gram negative

bacteri

actena Pseudomonas fluorescens ATCC 11250
Eacnc.ac‘d Lactobacillus plantarum ATCC 8014
acteria

Yeast Saccharomyces cerevisiae IFO 1950
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Non fermented tea, semi-fermented tea and
fermented tea (100 g)

EtOH (1 L)

EtOH extract J
Hexane (1 L)

| I

Hexane layer H20 layer
Evap. under Ether (1 L)
vacuum

Hexane extract

[

H,O layer Ether layer
1 EtOAc (1 L) ‘ Evap. under
vacuum
l ] I Ether extract
EtAOc layer H:O layer
Evap. under Evap. under
vacuum vacuum
EtAOc extract l ‘ Water extract ‘

Fig. 1. Fractionation of ethanol extract from non fermented tea, semi~fermented tea and fermented tea.
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Ao E5EEA TR B subtilis®} S. aureus

Sofjof| e =K} Y 2 LEX} FESQ BoH Y = ASA AR 27171 247F 201 mm, 197 mmZ $FE
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Table 2. Antimicrobial activites of water and ethanol extracts of green tea and fermented tea against several microorganisms
Clear zone on plate (mm) 38 mg/disc

Strains Korean tea Chinese tea
1V 2 3 4 5 6 7 8
Bac. cereus 195 18.0 159 9.1 189 18.3 16.7 8.7
Bac. subtilis 20.1 18.1 159 9.2 19.3 185 16.8 88
Sc. aureus 19.7 18.0 15.8 9.3 19.3 18.3 16.7 87
Water : E. coli 189 175 14.4 8.7 184 17.9 15.2 84
extracts Sal. Typhimurium 185 17.3 14.2 85 18.2 17.5 15.2 85

Ps. fluorescens 194 177 14.4 9.0 186 180 155 8.7
L. plantarum - - - -
Sacch. cerevisae - - - - - - _ ~

Bac. cereus 20.0 19.1 159 9.2 19.2 19.2 17.1 8.8
Bac. subtilis 215 19.2 16.2 94 19.8 194 17.3 9.0
Sc. aureus 20.2 19.2 16.0 9.3 19.6 19.3 17.1 88
Ethanol E. coli 195 18.0 14.7 89 187 184 156 86
extracts Sal. Typhimurium 19.0 17.9 14.5 87 18.5 18.0 154 85

Ps. fluorescens 19.9 183 15.0 9.2 18.8 19.2 158 89
L. plantarum - - -
Sacch. cerevisae - - - - - - - _

. Green tea (non—fermented tea, small leaf, 095).

. Mild fermented tea (fermented for 10 hrs, small leaf, 30%).

Medium fermented tea (fermented for 17 hrs, small leaf, 60~70%).

. Strong fermented tea (black tea, fermented for 24 hrs, small leaf, 80~90%).
. Chinese green tea (non-fermented tea, small leaf, 0%).

Chinese semi-fermented tea (Arisancha, large leaf, 30%).

. Chinese semi-fermented tea (713 Chawang, large leaf, 55%).

. Chinese black tea (small leaf, 95%5).
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Table 3. Minimum inhibitory concentration (MIC) of the water and ethanol extracts in green tea against several micro-

organisms
Water extracts Ethanol extracts
Strai Growth at various MIC Growth at various MIC
rans concentration (mg/mL) (mg/mL) concentration (mg/mL) (mg/mL)
0 02 03 04 05 07 1 0 02 03 04 05 075 1
Bac. cereus +¥ 0+ = - - - - 04 + o+ o+ - - - 0.4
Bac. subtilis + - - - - - - 0.2 + - - - - - _ 0.2
Sc. aureus + + + - - - - 04 + + - - - - - 0.3
Korean E. coli + + + + - - 0.75 + o+ o+ £ - - - 05
tea (1)""  Sal Typhimurium + + + + + - - 0.75 + + + + x - - 0.75
Ps. fluorescens + + + + - - - 05 + o+ - - - - - 03
L. plantarum + + + + + + + + + + + + + +
Sacch. cerevisae + + + + + + 4+ + + + + + + =
Bac. cereus + + + + - - - 05 + + + - - . 04
Bac. subtilis + + o+ - - - - 0.4 + + o+ - - -~ _ 0.4
Sc. aureus + + + - - - 05 + + - - - - - 0.3
Chinese E. coli + + + + £ - - 0.75 + 4+ o+ 4+ - - - 05
tea (5)” Sal. Typhimurium + + + 4+ £ - - 0’ + + o+ o+ 4+ - - 0.75
Ps. fluorescens + + + £ - - - 05 + o+ + - - - , 0.4
L. plantarum + + + + + + + + + —+ + + + +
Sacch. cerevisae + + + + + + + + + + + + + +
V1. Green tea (non—fermented tea, small leaf).
95, Chinese green tea (non-fermented tea, small leaf).
+ growth, = uncertain in growth, - no growth.
gld&Ado] Ak =9k} Park $(36,37) % 53 &3&53 gitExtel 20t OB 2FEEQ FAXMNSsT
o &r-&-F& 5o A E coli7} S. Typhimurium®.t} 3724 MR 7F30% AESl AL SRR Ao} S5 bR A}
o] &gty B wEte] o, Yeo 5(3)-2 b el vl ol ofel4bate) EFEEH A EFEEL] A oA TESE
E. coli® 3@ o] drha sholvt F553= U4t of £ 3 A= Table 49} ol 54l ot g 44 B35 F 9
Ashact AeANEEA 6 A deht 3 0B AxAaEse 29N T B subtilish 04 meml.2
o) GFBAo] H& Aol Hal=rh ke s dehe 2 g oA L 12kepd # B cere-

Table 4. Minimum inhibitory concentration (MIC) of the water and ethanol extracts in mild fermented tea and semi-fermented

tea {(Arishancha) against several microorganisms

Water extracts

Ethanol extracts

. Growth at various MIC Growth at various MIC
Strains concentration {mg/mL) (mg/mL) concentration (mg/mlL) (mg/mL)
0 02 03 04 05 075 1- -0 02 03 04 05 075 1
Bac. cereus +¥ + o+ - - - 05 + o+ o+ - - - _ 04
Bac. subtilis + + 4+ - - - - 0.4 + 4+ o+ - - - . 0.4
Sc. aureus + + o+ o+ - - - 05 + + + =* - - 05
Korea E. coli + + + + + - - 0.75 + + + + + - - 0.75
tea )"  Sal Typhimurum + + + 4+ + £ - 1.0 + + + + + - - 07
Ps. fluorescens + + + + + - - 0.75 + + + + - - - 0.5
L. plantarum + + + 4+ 4+ + 4+ + + + + + 4+  +
Sacch cerevisae + + + + + + + + + + + + + +
Bac. cereus + + * - - - - 0.4 + + + - - - - 0.4
Bac. subtilis + + - - - - - 0.3 + + + - - - - 0.4
Sc. aureus + + + £ - - - 0.5 + + + - - - - 0.4
Chinese E. coli + + + + + - - 0.75 + + + + - - - 05
tea (6" Sal Typhimurium + + + + + - - 07 + + + + + - - 075
Ps. fluorescens + + + =+ - - - 05 + o+ o+ + . - _ 05
L. plantarum + + + + + + =+ + + + + + + +
Sacch cerevisae + + + + + £ + + 4+ + + o+ o+ o+

D9 Mild fermented tea (fermented for 10 hrs, small leaf, 30%).
P6. Chinese semi-fermented tea (Arisancha, large leaf, 30%).

3y growth, £ uncertain in growth, - no growth.
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Table 5. Minimum inhibitory concentration (MIC) of the water and ethanol extracts in mild fermented tea and fermented

tea against several microorganisms

Water extracts

Ethanol extracts

Strains Growth at various MIC Growth at various MIC
concentration (mg/mL) (mg/mL) concentration (mg/mL) (mg/mL)

o 0 02 03 04 05 075 1 0 02 03 04 05 075 1

Bac. cereus ¥+ o+ o+ = - - 075+ 4+ o+ o+ - - 05

Bac. subtilis + + + + - - - 05 + + + - - - - 04

Sc. aureus + + + + + - - 0.75 + + + + * - - 0.75
Korea  E. coli + 4+ 4+ o+ o+ = - 1.0 + o+ o+ o+ o+ - 0.75
tea (4" Sal Typhimurium + + o+ + + * - 1.0 + o+ o+ 4+ 4+ o+ - 1.0

Ps. fluorescens + + + + + - - 0.75 + + + + + - - 0.75

L. plantarum + + + + + + + + + + + + + +

Sacch. cerevisae + + + + + + + + + + + + + +

Bac. cereus + + + £+ - - 0.75 + + +  + - - - 05

Bac. subtilis + + + +  + - - 0.75 + + + = - - - 05

Sc. aureus + + + =x + - - 0.75 + o+ o+ o+ =+ _ _ 0.75
Chinese E. coli + + + + + * - 1.0 + + + + + - - 0.75
tea (8)” Sal Typhimurium + + + + + + - 10 + + + + + + - 10

Ps. fluorescens + + + % + - - 0.75 + o+ o+ =+ . - - 05

L. plantarum + + + + + + + + + + + + + +

Sacch. cerevisae + + + + + + = + + + + + = %

4“4. Strong fermented tea (black tea, fermented for 24 hrs,
8. Chinese black tea (small leaf, 95%).
¥y growth, £ uncertain in growth, - no growth.

small leaf, 80~90%).



Table 6. Effect of temperature treatment on the antimicrobial activities of water and ethanol extracts in green tea, semi-

597 - oA - HA 3

fermented and fermented tea against B. subtilis and E. coli

Strains

Clear zone on plate (mm) (38 mg/disc)

Heating temperature (°C)

Sample Control —7 60 70 80 90 100 121

Water extracts | BAc subtlis 200 201 201 200 200 200 200 200

o E. coli 189 189 189 186 187 189 187 187

Ethanol extracts  Bac. subtilis 215 215 215 215 215 215 210 210

E. coli 195 195 195 190 195 190 190 190

Water extracts | Bac. subtilis 181 181 180 180 181 180 180 180

X - 2 E. coli 175 175 175 175 175 170 175 170

orean tea Ethanol extracys  BAc. subtilis 192 192 192 192 190 192 192 190

E. coli 180 180 180 178 178 180 178 180

Water extracts | Bac subtilis 9.2 91 9.1 9.1 9.1 9.0 9.0 9.0

A E. coli 87 87 8.7 85 87 85 85 8.7

Ethanol extracts  BaC. Subtilis 94 9.4 9.4 94 93 9.3 9.4 9.4

E. coli 89 89 89 89 89 8.8 8.8 85

Water oxtracte | BaC subtilis 193 193 193 193 193 191 190 190

. E. coli 184 184 184 182 180 183 182 184

Ethano| extracte  BC. Subtilis 198 198 198 198 195 198 195 198

E. coli 187 185 187 187 187 187 185 185

Water extracts  Bac subtilis 185 185 185 185 185 184 180 184

Chinese tea 6 E. coli 179 179 179 179 179 175 175 177
mnese tea

> Ethanol extracts  Bac subtlis 194 194 194 194 194 190 190 192

E. coli 184 184 180 184 183 184 180 182

Water extracte | Bac subtilis 88 88 88 88 88 88 88 86

o E. coli 8.4 8.4 84 84 8.4 8.4 8.4 8.0

Ethanol extracts  Bac. subtilis 9.0 9.0 90 9.0 87 9.0 87 89

E. coli 86 86 86 86 86 86 85 85

"Refer to the legend in Table 2.

Table 7. Effect of pH treatment on antimicrobial activities of water and ethanol extracts in green tea, semi-fermented tea,

and fermented tea against B. subtilis and E. coli

Clear zone on plate (mm) (38 mg/disc)

Strains pH
Sample Control 3 5 7 9 1
Water extracts  Bac subtilis 20.1 20.0 20.0 20.0 20.0 20.0
» E. coli 189 186 189 189 189 189
Ethanol extracts BAc subtilis 215 215 215 215 215 215
B coli 195 195 195 19.0 195 19.5
Water extracts  Bac subtilis 18.1 18.1 18.1 180 18.0 180
Korean tea 2 E. coli 175 175 175 175 175 175
Ethanol extracts B¢ subtilis 192 192 19.0 19.0 192 192
E. coli 180 18.0 18.0 18.0 18.0 180
Water extracts Bac. subtilis 9.2 9.2 9.2 9.0 90 9.2
4 E coli 87 85 87 87 87 8.7
Ethanol extracts Bac. subtilis 94 94 94 9.4 94 9.4
E. coli 89 89 89 89 89 89
Water extract Bac, subtilis 19.3 19.0 19.0 19.2 19.3 193
5 CS B coli 18.4 184 18.4 18.0 18.0 184
Ethanol extracts Bac. subtilis 19.8 19.5 19.8 19.8 195 19.8
E. coli 187 185 185 18.7 187 185
Water extracts  Bac subtilis 185 180 185 185 185 185
Chinese tea 6 E. coli 17.9 179 17.9 175 17.7 17.7
Ethanol extracts  Bac subtilis 194 19.0 19.4 194 194 193
E. coli 184 18.0 184 184 18.3 184
Water extracts  Bac. subtilis 88 8.8 8.8 8.8 88 88
8 E. coli 8.4 8.4 8.4 8.3 8.3 8.2
Ethanol extract Bac. subtilis 90 9.0 8.7 9.0 9.0 9.0
acls g coli 86 85 3.6 85 85 85

YRefer to the legend in Table 2.



HEA = o FHAL ofgA FEE] FEEA 155

ojte] =AY ER e A A
st sietal skl

ASE Dol o3

wENTO| WE YEAle BFY SW pH kYA
w3 Y WREA, BEAY FFEET R EFEE
FH5el Qe B %}*g%w Pl 9 E SR Ak

Table 73} Zt}. p

tilis®] 7% S H3ke E5E2EF dREFEE A
A 27 2T A G g TY E

coli A= BFEEJdA+ 186~189 mm=E tj&7F 189
mme} FAFR oL, ABEFEEY] Fx 22 Pl
ok SlAE Pt E RS} P E RS RS, dHEEE

7 9% pH 3~11 W9 el AS-A s3] A7)+ A2 A
slolc). A Ha, b a A, Tale] Ao o AHgs

d

[s5

Table 8. Antimicrobial activity of solvent fractions of ethanol extracts from green tea, semi-fermented tea and fermented

tea against several microorganisms

Clear zone on plate (mm) 38 mg/disc

Strains n-Hexane extract  Ether extract Ethylacetate extract Water extract
Bac. cereus - 12.3 14.5 15.9
Bac. subtilis - 12.7 14.7 16.0
Sc. aureus - 12.5 15.0 15.8
v E. coli - 115 14.2 15.3
1 Sal. Typhimurium - 11.0 135 154
Ps. fluorescens - 11.7 14.7 154
L. plantarum - - - -
Sacch. cerevisae - - - -
Bac. cereus - 9.5 14.0 14.2
Bac. subtilis - 10.0 14.2 14.8
Sc. aureus - 95 14.0 145
Korean tea 9 E. coli - 95 135 139
Sal. Typhimurium - 9.0 135 14.0
Ps. fluorescens - 9.5 133 143
L. plantarum - -
Sacch cerevisae ~ - - -
Bac. cereus - - 9.0 9.3
Bac. subtilis - - 88 9.2
Sc. aureus - - 9.0 9.4
4 E. coli - - 87 89
Sal. Typhimurium - - 85 9.0
Ps. fluorescens - - 9.0 9.2
L. plantarum - - - -
Sacch. cerevisae - - - -
Bac. cereus - 105 14.3 16.0
Bac. subtilis - 10.2 14.3 15.9
Sc. aureus - 11.0 14.4 158
5 E. coli - 10.2 14.0 155
Sal. Typhimurium - 9.8 139 15.2
Ps. fluorescens - 102 14.4 155
L. plantarum - - -
Sacch cerevisae - - - -
Bac. cereus - 9.8 14.0 14.6
Bac. subtilis - 10.0 139 14.6
Sc. aureus - 9.7 13.8 14.2
Chinese tea 6 E. coli - 9.6 134 139
Sal. Typhimurium - 95 126 13.6
Ps. fluorescens - 9.8 135 14.0
L. plantarum - - - -
Sacch. cerevisae - - - -
Bac. cereus - - 87 9.0
Bac. subtilis - - 8.8 9.0
Sc. aureus - - 87 9.2
] E. coli - - 8.0 8.8
Sal. Typhimurium - - 86 85
Ps. fluorescens - - 8.2 8.8

L. plantarum -
Sacch. cerevisae -

URefer to the legend in Table 2.
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