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Antibacterial Activity and Antioxidant
Power of Green Tea Extract and its

Utilization

Eun-Gyeung Seo

Department of Food Science & Technology, Graduate School,
Pukyong National University

Abstract

This study was conducted for evaluation of antioxidation
activity and antibacterial activity of green tea extracts. Green
tea extracts were prepared by extraction with ethanol, hot
water and cold water. All the three extracts from green tea
showed antibacterial activity against food poisoning bacteria,
and then ethanol extract was more stronger than those of
others,

The antibacterial properties of the extracts were different by
the kind of bacteria. For example, the growth of Bacillus
cereus, Listeria monocytogenes, Staphviococcus aureus, Vibrio

parchaemolvticus  and  Salmonella  entertidis were  fairly



inhibited by adding 25% of green tea extract to the tryptic
sov agar plate medium, but Escherichia coli was not inhibited
under the same condition.

The number of B. cereus, Staph. aureus and L. monocytogenes
were reduced by 2 and 4 log cvcles by treatment with ethanol
extract for 3 and 6 hours, respectively.

[t was observed by TEM that cell wall and cell membrane of
Bacillus cereus were damaged by the treatment with 2.5%
green tea cxtract for 3 hours.

The antioxidation activity of green tea extract with ethanol
and hot water were 8000 pM measured by FRAP (ferric
reducing ability of plasma) method and those of both extracts
were stronger than that of cold water extract by 2 times.
According to the experimental results, the quality of the
mackerel treated in 8% brine containing 2.5% green tea extract
for 60 days was better than that of control. It was cleared in
case of comparison of acid value, volatile basic nitrogen,
organoleptic test scores of TMA odor of the mackerel between
treated one and untreated one, even though the bacterial

counts were not significantly different between both samples.



AAH o w WA AHFs AP RS Alfol ofgk Ao
TE o dew Al EFE i uvkekete]  (Heintz  and
Johnson, 1993; Hardt-English et al, 1990; Korsak et al, 1998;
Park et al, 2003; Park, 2004) =ttt FAH &2 E3tm Ao
(Todd, 1989).

L8 21101]}: NE7RS AR e Maglel wAS SrbkebaL, 4
FeddE 3 l webdel wel AFe] fu dRrh ofg Htel
Avk webs, Ao dig AW AAREE A& ke A9
e e ’\}J—% Ao 4 vk (H 5, 2001; Maguire et al,
2000: ] ‘&, 2001; A %—, 2000). @uiclel AgEde ol vlste
ARt ATl B etal S EAbE ZaskA) o
Aem HFH AR LoL Ay §}XP = L8]y A STkl A
ehail Waska qlvk (%, 2002 dh AlF e ekEehd A, 20()2)
Park 5 (2003)3F Park (2004)9] il 98}l $-z|ufe} of & A o)

TS e ® 14 AAFAE HAS A 7tdeiA] da H}i
HAsh HrBEde 7ForRy diFgte] Hd 4E5&L 2%
(166/763)%] ©.14, /:}t\'th' o M = ZHZF 38% (41/109)9)F 31%
(341092 H A& 2o 34 =doy, wid 9 2Fe] FH/o
upba} zfpel 7t 9l f’% o2 (89510009 AFAHSEHA A At sh
A ]88k 2]191 1.3 loglO cfu/10cm (Solberg et al, 1990) o]42] o
A7 AR, oot o) AFLY, HEFETRY st
2 CHAT A so® Qldlo]l HYUA Alafe] 2% AF=Alie] ¢



E.S} Adkol Fals] A3l vl (Brewer et al, 1994; Gould, 1996).
go] gk Qltiis &9l (55, 1997 i ol,
2003; 4k 20000, & (A S, 1997), 52F (Senji et al, 1989; #F 2
A F, 2003), gekAl (e]g} H, 1998); 9F &, 1998), U]'*‘ (Kumar
and Berwal, 1998, Yin and Cheng, 1998 2. &, 2002, 4, 2002), ¥
Fd (A 5, 1998), AgF k3 #1997 ¥ 1998) —@ioﬂ gt W
HalEo]l Quf olE A&AESE dbae s A= A Eew
Mol 7halE QAR e (7 & 1998 Dapkevicius et al,
1998) @M AME V|3 ehrAdel FA7E gle FHesE Q1AL
Ak 1L FolAME = fotEet HEEY gt AU MR E S
5 o.

Se grleh o ey o g8s i)

el

o}ﬂ
r O

= H2 o E 5
Aew gom QR AEa V3 E FolA 5 AEF
vhebar AdAs A QJv) Hirasawa®l Takada (2000 =2F 74219
et Abgo] hsle] gk dstelA] JHEZlY FFES pH °l &
Mol pH 70904 156-250 mg/Le F5olAM Candida albicans®)
A5 90% oAt W wEel vl Amarowicz & (20000 =32}9)
Ze|dlm AdEol Escherichia coli o st 23 3L VER]
b "aspd o 1 gjor =ma #5559 E coli O15T:H7H
Salmonella tvphimuriumol st i az (b vk 2002), @ H
Aol gk ehtad (4 5, 2003 &4k (4 5 2001 v
5, 20015 7+ %5, 200D gk

upeba], o FolAE HAE FoAAM A FAFdAI 2o o
AA L 717 249 eag Ho o

=2 vl

Ol

8
94 B

r)~

[sf

=

shatslel & Hrhellon], 7F FZE AFE MY (Badllus
cereus, Escherichia coli, Listeria monocytogenes, Staphylococcus

aureus, Salmonella enteritidis, % Vibrio parahaemolvticus)®l Ul
A8 2AE 20 nustid e



1. A& 53
YL FEE wAE AR Q= PG GHF)9 5

A skl 4§

= 2ke] gt E S A7) fjdte] 2 A de AR FAIVT
©  Gram YA Bacillus cereus ATCCI1778, Listeria
monocytogenes KCTC3569, Staphviococcus aureus ATCCE538}
Gram <4%47t¢l E  coli ATCCL1229, Salmonella enteritidis
ATCC13076, Vibrio parahaemolyticus KCTC24718 AR&3E3lch

2

. u]}x] n_l A] ok

o A5 v A 2= Difco Co. (MD, USA)ZH-E #9lstad AL
stk L mon()cytogeneq—J -2 ¥WlA] = Listeria enrichment
hroth, Staphylococcus aureus® =8 w2 = 10% NaCl& #H
7}st tryptic soy broth (TSB)E, Vibrio parahaemolyticu®l it
£ WA= peptone medium (1% peptone, 0.5% NaCl)= A}-&3}h
Ao 12 5 FFL tryptic soy broth (TSB)E Al&-3}
Ak FFH HAAolAMe ey FALO T tryptic soy
agar (TSA)E Ap&stgrh

shakzlal 248 A9 (tripyridvltrizine, ferric chl orlde ) 42
L2 A& Sigma Co. (St. Louis, MO, USA)&E FE E5i
°F2 T AUk AREsEA

o

4, 23y



el AW Fig 1o ey

= 2
FEEO ALl %35 g WS 200 mLel @7
|-

= F
F 200 mLell #7Fsta 70°C water bath Aol A 10%7F 53}
o} oolEe FEEE HA 5 g 0% AES 200 mLol
I 70T water bath Aol Al 10%-3F F&6to] d¥5 %7

st -F, "R 200 mLE 488t ol o] FE2H 7
A FEeesd HFHeE 045 pm milliporest o ¥ 'E

WA e BashH A ALESEA

1-2 39 A3

4-2-17 §vd 5559 4834 54

At " B cereus, E. coli, L. monocytogenes, S. aureus,
D Sal tvphimuriumE TSB 10mLe) 2tz HF&a 37Cel 4 18
APZE oS thE ol F 4T A A (7000 xg, 2032)5ke]
e o olgA & fHoizx #AlE 10 mLe phosphate
buffered saline (PSB)ell @¥ste] A og Apgsict o g
I mLEZ 9 mLe 25% %a F2&E (Jd&gg F&2&5 YT FE55
T de FEE) HESE el Ed
12*]7]‘ 244 7 7+ A
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Ethanol (70%4)

+ sample (5g)

Boiling
for 10 min at 70T

Evaporation

under vacuum

Fig. 1. Procedure for

Ilot water Cold water
+ sample (5g) + sample (bg)
Boiling Leaving for 10 min
for 10 min at 70C at room temperature
i
Filtration

(0.45 um millipore)

Storage at 47T

refrigeration

green extract



HE FE7F 05%, 1.0%, 25% H 5.0%7F S =25 Az =53t

T 9 mLel vt ¥l | L:‘i g skl Aol Al 3412
Al %, pour plate method® &&E&E a8 SHsERH §
= s AT

4-2.-3 521 FE5E A2 $9o Ax #F

F3 A A9 A (Transmission electron microscope)el] 2|3
udAe] BAFE Wang (1992)¢] Wl Fspdoh H3 FE1
(25%0)el TAE HES 3AE Fol, A2 (3000 xg, 15%)
o Adojzl Aol HARAR A FHFS HAASHAT dETEA
PSBell sdatA #AE HEste] AAstdct iz F3

5 #g Tl dojF FAHE 25% glutaraldehydes h
= 0.IM phosphate buffer (pH 7.4)011 aAsH T tHe] YR
1x1x3 mme =Z7] & sliced e 4T A 14]7F SoF 134
3, 0.1M carodylate buffer (pH 74)= FA% 4T A 19 OsOq
ol M 2A17F w9t AT olE & AR EEAoR Ao

R

e Tl

O
e

Ilm

f

Ol
—1—‘

methanol = ¥ <=A] 7] 3L, polypylene oxide® 30 7F 2| 3HA1 71 5
polypylene oxide®}t EponZ=%&x 24 7F ZEAZTH oA & v}
Al Epon 8122 FHFAIA 37CAA 12417, 45T A 12/\1{}, 6
0CelA 48212 & FFA0 F, 05~10 mm F7¢] semithin
sectiond WFEUT. 1 ¢]& LKB ultramicrotome (Nova Co.,
Sweden) 2. & 60-90 nmel sectiongd  AFEHN oW, Uranyl
acetate®} lead citrates double staindto] YAV A
(JEM-1200 EXI, JEOL Co., Japan)o. & 7}& A<t 80 KV s}l
A FRRSE S T

4-2-4 FA3e A
<) =L Benzie and  Strain (1996)%- 2] wHlol =3}



A Al 300 mM accetate buffer (pH 3.6)¢F 40 mM HCl=}
10 mM TPTZ (2,4,6-tri—(2-pyridyl)-s—triazin)”}F £3% 20 mM
FeCly - 6H:O& 1001018 v& & &§sto] FRAP (ferric reducing
ability of plasma) 42 wETL o] FRAP &9 29 mL¢} /\] =
a1 ng- 283k g o5 37C water bath#tolA 90%
FES-AP 7 3 503 nmoll A FE T E A5 o, ascorbic acidE
ARG A Ao st & Aste vt (Fig 2)
4-2-5 %2 FEES o838 12599 BE AHY

=ake] W FEE (25%) o NaCle 8% =5 H7kgh 89

o] (Scomber japonicus)s dFF v A A F -2

0Tl HAslHA] Alat4, volatile basic nitrogen (VBN), acid
value (AV) B 5 HAME dAlste] HER RS HEE



FRAP solution 2.9mlL
Sample 0.1mL + (300mM acetate buffr, 40mM HC],
20mM FeCl» - 6H20)

|

Reaction for 90min at 37C water bath

Measurement on O.D 593 nm

Fig. 2. Procedure for FRAP assay
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3 =2 =559 B cereus, E
coli, L. monocytogenes, Sta aureus, Sal. enteritidis EL
parahaemolyticus®ll gk skt 288 F AL U,

B. cereusel Wgk st EAE Fig. 37 Fig. 4o e A}
=zt FEE (25%)0 B cereus® HEBFAL Ao A sl A
AP R e WEtE 2Arg 43S Fig 39 vehddoh %
19 7F 54 logio cfu/mLel ¥l Aol J[ap FE 5o WAigh 34
7F qboll oF 2 log cycle@astg e, 1 F2 24X A T
sk glodvr (Fig. 3). 2724 AMS58d & dE
gtel Al g e} vt ot 24417k A] ] A " o
b} @htt) (data not shown). ¥, %3 FE2ES HF ¥
7} 25% HEE Hrbste A £33 TSA Hu| Ao B cereuss
ssle] e & F4 AdAadgs d#2d AES Figo 40 e
Woloh =2 520 Hr7td H ufAE gl v W
E FEEYN} d FEIEME dol dEHA #vey
W FEEd A= ol g HAEYUrh 4 5 (2003)2 =k
= e 1-3% W 5 uAE0 B osubtilis ATCC6633, B.
pumilus KCTC3348, B. cereus [FO12113 5] 23 ez o3|
vty W uEE o Roh 5 (1996)% w2 25 500 ppmit
1000 ppmoll A B. subtilis ATCC66332] 8o AaAlx At w

g vk gle] ¥ oddye] Astet AT

E. colidl thet 24 S Fig. 59 dehidd. Z7]#571
6.5 logie cfu/mLsiew, 3417F o 2 1 log cycle #4890
o] it 24A 7t 7R F 4 WHEleE Aol flol nokdt gt

el Sl o] Aafl= =21 228 1% T E coli
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Fig.3. Antibacterial activity on Bacillus cereus (ATCC 11778)

of green tea extracts.

-@- : ethanol extract, -O- : hot water extract, -¥- : cold water extract
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Control

Ethanol Hot water Cold water

Fig. 4. Inhibitory effect of green tea extract on Baciilus cereus
(ATCC 11778)
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Log cell number(log CFU/ml)
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Time (hr)

Fig. 5. Antibactenial activity on £. coli (ATCC 11229) of green

tea extract.

-@- : ethanol extract, - O—- : hot water extract, -¥- : cold water extract
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OL57H7o] AbEErbe W 5 (1998)9) Bt} tha abo]7} o
Atk L. monocytogenesol| theh A8 Fig, 63 Fig. 7ol G}
EFU AV 27 35 75 log cfu/mLel Al Al 4 8ke] o ghs &
%C’W = At Agdew faste] 2447 Aol 5 log cycles
Ll L}jT oA AA1ZF Ho °F 3 log cycles

ey
=3
age Ad gduon, 45 589

b
;1
L
iyt

2 o o oy

m}o =2
Mr
A
1o
N,
).
-
o:
flo
o
<
N
=
42
Ol
S
X
L
Aus
%ﬁ
1
=
52
[ije]
&

o
r\:
Ay

TEE,

@ o b

=
AT

WAl A L. monocytogenes= 7 & % A

o3
e
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=<3
(2000)2- L. monocytogenes® 45, =z F2 5
% FEAAM AIrae st o AMEE A e e
Ak Aok Heeh, aby) & (20000 % A} B t
5 1-2% %M L monocytogenesS A &% =
ol AbEEQVEAL Bk vf Qluy o] 5] dipes 2
et dxlgit}, mebx], s FEEe] AR U
Aol B8] L monocyvtogeneso| tslAls= =lofehs o 4= 9l

o,

e ot o
i
e
i
e

i

@ i o o= e

ro §
il
o jrq

N‘—

Staph. aureus®| ™3 FF &AL Fig. 82} Fig. 9o vhehid
b, 2719 7.2 logw cfu/mLSE #o] 6A17HA o] o ©E FE
EolXMi= 5 log cveles, W FEEANM= 3 log cyclesH4&stH
on olFrE wae] FAAFYE e, dF FEEdAE
el Zadde] vlekeleict (Fig. 8). std, o&tE FE5E, WF
FEE W AP FEES AU BE gy A Ao FA o]
gAs] AAHAG. o9 e A= KA1 B FEE 1% =
A S aureusel W3 ZAE AS A4 d4S et B u

o vk (2000)2] A3t} fFAFSHA Y
Sal. enteritidisdll W gr &y S Fig. 107 Fig. 119 YEY
AT 1707 75 logw cfu/mLEyl Zeol dgd FEEA =
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Log cell number({log CFU/mI)

0 L i Il 1 [ ]

0 5 10 15 20 25 30
Time (hr)
Fig. 6. Antibacterial activity on Listeria monocytogenes
(KCTC 3569) of green tea extract.

-@- : ethanol extract, —~C— : hot water extract, ~¥— : cold water extract
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Control

Ethanol Hot water Cold water

Fig. 7. Inhibitory effect of green tea extract on Listeria
monocytogenes (KCTC 3569)
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Log cell number(log CFU/ml)
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Fig. 8. Antibacterial activity on Staphviococcus aureus (ATCC
6538) of green tea extract.

-@- : ethanol extract, —~Q- : hot water extract, ¥~ . cold water extract
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Control

Ethanol Hot water Cold water

Fig. 9. Inhibitory effect of green tea extract on Staphylcoccus
aureus (ATCC 3569).
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Log cell number(log CFU/ml)
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Fig. 10. Antibacterial activity on Salmonella enteritidis (ATCC
13076) of green tea extract.

-@- : ethanol extract, —~O- : hot water extract, ~¥W- | cold water extract
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Control

Ethanol Hot water Cold water

Fig. 11. Inhibitory effect of green tea extract on Salmonella
enteritidis (ATCC 13076).

-@- : ethanol extract, ~O - : hot water extract, -¥- : cold water extract
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A &H o @ Aas] gto] ghaske] 24417 Aol 3 log cyclesTha
sk e W REEY 95 %é’:a—oﬂm: el g A
B gt (Fig 10). @8, olge F589 45 FEES ¥
he A AR A e 4ol @asl AU et, Us

[

: srol A&¥ <t (Fig. 11). 3t
Hoo 5 (2000 532 FE5E 3%NA Sal typhimuriumel Al
So] dAEATriL Harshar glo] & =] Axpe) fAkekdv)

V. parahaemolyticusoll t3gF &t &d 2 Fig. 129 Fig. 139
et d ok 27197 8 logie cfu/mLol AW Aol 3AIZE vl

RE FEEANA 7T 6 Iog cycles A=, 53], k2

FE2E2S FH7e st A o)A =

1% % 1"1 124 7F 2ol 26 log cycles?Asloiviy B sl

o, B A AN A H2 FE2E5S V. parahaemolyticus©l]

&} o ‘1.54 o] (2003)7} Baigk &) Oﬂ BHE &5 Ho #4
38 GEads dehia itk gebd, o F A mnele 4F
g o 3/ AY WobE EE oM ofF andd A
o5 A7hEn

— % o 1:1 - e} }\f
v A pHol M= @yt dAde] Fashs Wb, =3 FEFEL F
3 pH G olF WRER B 2 pREn 45% 4
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Fig. 12. Antibacterial activity on Vibrio parahaemolyticus
(KCTC 2471) of green tea extract.

-@- : ethanol extract, —O- : hot water extract, "¥- : cold water extract
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Control

Ethanol Hot water Cold water

Fig. 13. Inhibitory effect of green tea extract on Vibrio
paraghaemolyticus (KCTC 2471).
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FaEoll A% FEE Alsle B Ao e

2= Y35 V. parahaemolyticusel gk bk shrEtAl S LERY

22 AEE g g & Firste] PBS 10 mLoll thA]
Edl 9%, 1.0%, 2.5%, 5.0%)5 3
JZo| Al 3AIE bR B ARt

B. cereus® 7% dldle] o &hE i*?f% PIE iﬂ%’% L R
H2b FEE

o Fhd & ey 9—] 2} ] o

L. monocytogeneso| w3t Hap FEE
ol s A Z3E TFig. 159 el IYE L. monocytogenes
A =2 FEE9 FLi7F 05%9 1.0% ¢ v« FaEA4
o] Aol gldon 25%¢°} 5.0% EXxolA= 3AIZF W 3-4 log
cycles v ZFA3te] FEo| & Aolzt AA YERRT ook
& A=, 3 FEES 05% HUE Al e e oAl
Aol YeEbA] 2ot 1.0% ol d7bstH 30A14F Tholl of 2
log cycles T7F ZAsdvial Bargk vb (1998)e] H 1z
1.0-20% FXAAA L monocytogenesS A Le A Fm Mt
ades oJxstgel ®arsk 2y 2 (20000 e A}
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Log cell number (log CFU/ml)

Concentration (%)

WM Cthanol extract
Hot water extract

Fig. 14. Antibacterial activity on Bacillus cereus (ATCC 11778)

of green tea extract.
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Log cell number (log CFU/mI)

Concentration {%)

W Ethanol extract
77 Hot water extract

Fig. 15. Antibacterial activity on Listeria monocytogenes
(KCTC 3569) of green tea extract.
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Control

Hot water Cold water

Fig. 16. Transmission electron microphotographs(x15,000) of
Bacillus cereus (ATCC 11778).
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Table.l Comparision of antioxidant power on various green tea

oxtracts
Antioxidant power
Solvent
(UMD
Ethanol 3084
Hot water 7932
Cold water 4956
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Zhezle] ksl AE&E AFe At w5 gHEiFle] in vitroot

in vivodll A AR E gulH o s AAsivtar ®arsk wf
Ao 4 5 (200D5E FHae] dusg FEE0 & FEE OHU
e Fe] Arulabet galksls F3 g¥37) stk ®alst

ATk olelgh A= ofgtE FEFEo Akt A 935G
the B A7 239 dAsa dn

A FEwe Fvada dbstEe 2 Ao ARERH
golglglonz umd Azt dojrpr] & ojFEol wZo]g
HEdd Zge] AP AES sdh 5, 9% 8% 53 +E
& 25%2 Bl ugelg s AASY oqFe ais AA
3 & WFgzaste] 20Tl AFsiHM WEITHE 2A A3
S Table 2011 etttk B 609 A Ald Tk iz ok
A= Zb7E 16%10° cfu/gdt 5.4x10° cfu/gs 27 2hel b 919

G AR @ALs e BT A2 678 a2 em,
w:fu; b7p 329 200 dzdl vl WS ReiTh BH,
FANA, dzTel A A% AWzt A Hd e, g
H-c Rt A8 AE A gk olsh 2o AwbE %
o MEANE A RN A e, s e
HEEds dg 5o wolgm vk W 5 QDS W3
o] 84 FEEZ 05%, 1.0% ¥ 50% 247}0}4_ 60°C ol 4 3t
WA, 27h SabEE7h TBARS 24 43, dzve 43
Ao} fre7igtel 204¥elglom, 05% YT 238%, ID.0%
A7b e 2498, 5% Asbr e 25RO R HEY 7}01 247} ¥ Tof
3}

4»
31
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Table 2. Quality evaluation of the brined mackerel with

addition of 2.0% green tea exiracts

AVC VBN AV Sensory
(cfu/mL) (mg%) evaluation
5 Strong
Untreated 1.6x10 6.7 3.2

fish smell
Treated with

25%green tea 4 ,
54x10 5.30 2.0 No smell
extracts

The quality of the brined mackerel was evaluated at the 60th day at -207T

AV(C : acrobic viable cell, VBN : volatile basic nitrogen, AV : acid value
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