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LA A7 =2k dek AR e 2 19.8~30.0e%, =AY
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=

8
M mahe] AugR gel vag

A A7 FHake] F8 v e the ) 2ol vERgth WA Ft
B7 e Al1A7] 16.73, A247] 17.18, A3A17] 17.58 A4A]7] 17.83,
A5A1 7] 18.96g% = FEFSETE
Z7He7) e ASA (7Y skl 18.96g%E 7Fd ®ekoew, EGCg,
EGC, ECE A5AI71(7Y st)oll 71 Bavh S7Fel] 2 A A1717F
=odTFE Frkete A3dEs EiTth
T8 FHERIe] 22 AS Al7]el #AIgle] EGCg> ECg> EGC> EC9| <+
o2 gfEo] At e FREE AHueks w, 9 A1717F RojH el
uel S7bske AL GC, EGC, EC, EGCgolH, #4adte A& C, GCg, ECg

o

3. A A7) WE FEZYdE B4 AyE 22.71~26.46g% 7HA] EH-E o
AT, FEZEdE FFE ARG AV =oAXHA FoH ZAE YERT

4. A A7l w2 A R RAAIE AN 273, A247] 248,
A3A7] 2.41, A4A 7] 2.16, A5A7] 2.15¢% = LFEFGTE FhH ol Fhere &
A (p<0.01) o2 A 7|7} =o)Z5E Axp FAsE Aoz vEly)

Collection @ sungshin



5. AF Al7lel wE dobd e Al1Al7] 1.75, Al2A7] 1.61, A|3A7]
1.56, Al4A17] 1.38, #AI5A17] 1.00g%= Yebwtl. dobd e A A7)
7 =l wet §94 2HE e (p<0.001), A&HAH R A= Ao
= Yetstth S, A A wESE dohd Fopn st Fhke] @kt

6. ko] AP Al7lel wWE Vitamin C g2 A 1A17] 344.43, #A|2A]7]
407.26, AI3A7] 294.94, A4A17] 245.99, #A5A7] 165.29mg%= FEFRLTE
Vitamin C &S A2A]7]9] 407.26mg% = 7FF @ekov, A2A]7] o] 3,
A X717 = A HA FA A2 Kol (p<0.01) #astE Aoz el
=3

ARG A7E H3 FEE SuiE B E 82 Methanol F& 35
o] 33.70%, Chloroform #3&E9°] 12.02%, Ethylacetate #+&E&9o] 1.15%,
n-Hexane #38&o] 9.85%, Butanol #3&o] 565%, Water #3E09]
1.64%%3t}. 53| Ethylacetate +8&E3 Water &8 &E0] o}l W& &5
Bt
8. A A7IE &+t EAZLS AHE&H F 97HA] #Fo U] &3 Methanols
AN A7IER AHE i g2 A3AI7IGE dFe)7F water FEEI
Methanol F&&°] %2 s+ TS HolH, F24(p<0.05, p<0.01)o =

= YERs T

9. Methanol F% ®IEH=Z 4 FA4H A zZHS AyE Ay}

Collection @ sungshin



Ethylacetate =8 & ASAsNZ] A7E AHARWA, Escherichia coli 7t
12.67£0.23mmol A, Streptococcus sobrinusv= 13.73%£0.33mmolA F24
(p<0.00) 2.2 et 1 th& 02 n-Hexane S8 &0 el = a4 &
A5 YebATt.  Staphyviococcus aureus 7V 8.1991 4 Porphyromonas
gingivalis 7} 9.467F4 9% (p<0.01 ~0.0001)2.& }E}%ETE. Butanol #3
Eo M= Streptococcus mutans 7V 7.799 A, Salmonella choleraesuis 7}
8.76 0.5 o4 (p<0.01) 2t= <kt &4t a7t vrebstt,

Chloroform #3 &3 Water ¥3&ZoA+= & a7t Yepubx] o
Methanol % %

P

=
AEA o] A a5 HH-l

10. Methanol F&&9 7 #38&

oM, EGCg7} 7H¢ Weol H&HJow, ECG> EGC> ECY o= HAEY
¢t} Ethylacetate 3 & <o 71 Zlo] vtk EA8HS gelskit}.

olg T3 Hake] dwt 5AHE ze ARel 7MY F$ EGCg, ECG, EGC,

EC 92 A 2% 5 9tk

¥ HPLC 4 Z3}, Ethylacetate &8 &
[e3]

11. Qo gk kg A3 a5 25l diste] gst ez veryiet
AeA Y] A7) 40ToAA 110CHAE L5271 Zol | wa} 71 =7]7}
o7k ] AA YEhY 3 o] 73S Bglow, g 130CE EolX

12. pHell 3t P4 pH 7oA 22 wopgel wel, & pH 94 pH 1
2 Folgle] wel AFA S A7t FAH(p<0.0D) R FAdE

—

ox
ot
o

_iv_

Collection @ sungshin



pH 2, 5, 7,9, 11 Afolol A <fzte]

N
N

Btk a8y 9% #=

o2 e

14 e

9

olut, A= pHell o

7} =& EGCg, ECG, EGC, EC &%

"

Ry
AS5A 712 vYetsth 28y Ak F2 E

I71E = 7 T &

A

24

13.

Kol
=

324

A 7)+=

ol 74 FA et A 7)17F A3A 715

|

Al H o

S

ASAI 717} et ehs Aol 5

- o
&

]

?;sjl-%l:o

ECG, EGC, EC

)

2 Alg g}

.

ABAAL A A71e A7) Gl e 7F

-
T

oro 7ol AFF A Fol glo]A

strsjojop & 7|2AR7E Hojok & Aoty UM 7]eAd

A AFvieke) 7150 %

bol A2

S

MR

&
N

o]

o)t}

el 3
=

A#A polrtef

= Al

3

oot

A Q1

R

i H

9]

2 9

o] o

Ay

]

sl . =w

el

il

RRass

714

=
=

AR 2 &85

=

Collection @ sungshin



L. A B et 1
1. FFLFEE i s 4
1) O] AIEBFA B A e 4

D) ZFLQ] A Q] crveerernereee 4

3) ANHY BETD cerreeemeeesseess e 5

4) ZFQ] QIAFR] OF B e s 5

0. ZFO] F) YT} L SR e 6
1) ZFQ] 7] AD o s 6

D) ZFO] GIA]  cersreeseess et 6

3. ZFO] BB et 9
e NSRS 11
5. ZFQ] BFBF A HL o 13
1) ZEE] T L5 coerrererreeesmees et 13

D) TR O] wreeerreersersrresssessessers ettt 15

3) OFTI] LA evesersseessseess st s 15

4) B BRI S et 16

Y T | D e OO RRNROS 16

B. ZFO] T]I5 A wrereereeseens et 17
1) BFTE HF8 cereeeseessesssents et 17

2) BFZ] L FFGLE] BZFB e 19

3) BPAFBF LG oeeereeesseess et 19

4) BFOF BF g oottt 20

— i -

Collection @ sungshin



21

22
23
23
23

©

26

ZHE_ 1;.; Hg-lﬂ

II.

- 26

1) /\]JEJ_Q/] ;q]}_

A
o
<

26
28
28
30
- 30

il
g

7o
)

—

)
o)
oA
<

30
33

o
"<

SRR

methanol % &

=1
=

& F=

24

3

X
oy

e

;.oo

- 35
- 35

il
o

5) Methanol F&%&

37
37

Ar

7) %73‘” ﬂfﬂ

38
-39
- 40
- 40
- 45
- 48

il
ze)
e
oW

9]

Hr
g

AF A7

1.

i)

%o

13
=

|

~

1) 7+H

4o

!

2) FZA=

3) ZHIR

4o

13
=

p—

50

!

4) dlopd ¥

- Vi —

Collection @ sungshin



5) Vitamin C SUL%]: ....................................................................................... 53
3 AT A7) B2 F2EE0] FFA ZAD 55
1) &t HAE Methanol FE=E & FHEQ F& s 55
2) A A7 E=2} FETE] G E 56
3) —g—ﬂﬁtg %Q%g Clear Zone(xgj%— ;(—‘I:GHQ—) %X‘j .............................. 61
4) Methanol %%%Sﬂ 7_}— %Q%% HPLC 71:_;};1 .................................... 65
5) O‘goﬂ EHz'Ls} Q}—X‘j/\é ...................................................................................... 70
6) pHoﬂ E]]%L]- ?l—Xé/Kc—)] ..................................................................................... 73
IV. B 77
Reference
ABSTRACT

~ viii -

Collection @ sungshin



Table
Table

Table

Table
Table

Table

1.
2.

3.

4.
o.

6.

Table 7.

Table &.

Table 9.

List of Table

Classiﬁcation Of LEOS  reeeeessecsectectentantatiteiteitantatttttteitantaettetttttatansanssnasantane 10
List of Microorganisms and media used for antibacterial activity
LOSLS  seeeseeressrestennctenntinniienitiniianitieeiioeitieestaecioestsenstenisssnstancssestssssssessasassanacane 29
HPLC analysis conditions of catechin, caffeine and amino

acid ............................................................................................................... 31
HPLC analysis Conditions Of Vitamin C ............................................ 32
HPLC analysis conditions of solvent fractions of methanol
extracts from green tea leaves ............................................................ 36
Comparison of general compositions in green tea leaves according

to harvest peI‘iOdS .................................................................................... 39
Comparison of catechin contents in green tea leaves according to
harvest periOdS ......................................................................................... 41
Comparison of total polyphenol contents in green tea leaves
according to harvest periOdS ................................................................ 46
Comparison of caffeine contents in green tea leaves according to

harvest periods ----------------------------------------------------------------------------------------- 47

Table 10. Comparison of theanine and total amino acid contents in green

Table

Table
Table

Table

Table

11.

12.
13.

14.

15.

tea leaves according to harvest periOdS .......................................... 52
Comparison of vitamin C contents in green tea leaves according
to harVGSt periOdS .................................................................................. 53
Yield rations of extraction of green tea by solvents s:esseessseeeeees 55
Antibacterial activities of water and methanol extracts from
green tea on Several microorganisms .............................................. 59
Antibacterial activities of water and methanol extracts from
green tea on Several minOOrgaHismS .............................................. 60
Antibacterial activities of solvent fractions of methanol extracts
on green LEQ  sreeeeeerererettnitiitiiitiiiitiiitiiitiiiteiiitiiteiiiteittttittitttiitatasatestatnnns 64
~ix -

Collection @ sungshin



Table 16. Antibacterial activities of methanol extracts from green tea on
SEVEral MICTOOTGANISINS ++seresessssrssssrssssssssssssssssssssssssssssssssssesessesassesanns 64
Table 17. Antibacterial activities of solvent fractions of methanol extracts
from green tea on several MICTOOrGANISITIS wwwssessssssrssssssssssarssassanes 65
Table 18. Antibacterial activities of solvent fractions of methanol extracts
from green tea on several MICTOOTGANISIS wrersrssssssssssssssssssnees 69
Table 19. Effect of temperature treatment on antibacterial activity of
methanol eXtracts N Green tea rwsswssssresssrsssesssrssssssssssassssessssanes 71
Table 20. Effect of pH treatment on antibacterial activity of methanol
EXLTACES 1N GTEEN LEA wwerwrsrrrsssssssssssssssssssstsssstsststsstssststs st st ssssssnes 75

Collection @ sungshin



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

List of Figure

1 Green tea manufacture PIOCESS  seeeressessnnassessssssnanncssssssnanncsssssnanscossssnannaccs 12
2 Structures Of CAteChING seeseesreesserscersctentieniienitaniiieitiesianiicnitacictenciasisestsncsens 14
3 Tea plant JEAVES  seerecrecrectantiiieiiiiiiiiiieiiiiiieiieiieiititeittitttaetietieitatanitniteitantaes 27
4 A stone pOt .................................................................................................... 27
5 A farm of tea plant Setting an example ................................................ 27

6 Scheme of extraction and solvent fractionation of methanol extract
from green tea leaveS .................................................................................. 34
7 Schematic diagram of sample preparation of the determination of
EC’ ECG’ EGC and EGCg il’l green £EQ  eereeseeeseecsentanitttititaittitaeiteiannans 36
8 Comparison of catechin contents in green tea leaves according to
harveSt peﬁOdS .............................................................................................. 42
9 Comparison of total polyphenol contents in green tea leaves
aCCOTding to harveSt periOdS ..................................................................... 46
10 Chromatogram of standard amino acids and theanine, catechins,
Caffeil’les, Vitamin c ..................................................................................... 47
11 Comparison of caffeine contents in green tea leaves according to
harveSt peﬁOdS .............................................................................................. 49
12 Comparison of theanine and total amino acid contents in green tea
leaveS according to harVGSt periOdS ........................................................ 52
13 Comparison of vitamin C contents in green tea leaves according to
harveSt peﬁOdS .............................................................................................. 54
14 Antibacterial activity of the methanol extract and the solvent
fraCtiOH Of green £@Q  teeeeeeeeeseectettetanittittetitiitniatittitaetatttentattttitattatttantansttatans 62

15 HPLC chromatogram of catechins extracted from green tea - 68

_Xi_

Collection @ sungshin



Fig. 16 Effect of temperature treatment on Antibacterial activity of
methanol extracts in green tea ...............................................................
Fig. 17 Effect of pH treatment on Antibacterial activity of methanol

extracts in green tea .................................................................................

= Xii -

Collection @ sungshin



stz wgEE A7t

S

LA B

o= AFolAl oA 7HE edld &5 <9

A

4 A7}

13
of

of tHa

Ry

=K

g

A o3 Ag7]

1

b AAEAL oy, v

=

o

-(151_

=

3 7]
[e}

hyA
ar

B AFOoRA 1 o] §EI} oA m gt e
Aol Age] Q¥ HWA o

ATHE Y 2004).

-

[e)

7]

i

Hin

El

[e)
RN

X 2006). 1# 7}

]

[e)
k4]

TR

o

21 2009).

o)

oF

[e]

1T

ox

M

el
700
T
J|

o

B

™

5ol o

&k, ®A

SR

In

Collection @ sungshin



™

1981). 7] S Fd xFe] 7lsAdd & 43S H R

o] 2ko] 7lsAel ek A= AW o % A g5 ofyA A&
A= =52 8o g AdaA dg B bl tigh oW ZIHCKIRIET
1987), & Ayt 2 H3o] thgk @3} (Shengrong S. 5 2005), &t a3}
(Weisburger & 1998, Hibasami & 1998, Liao, S. & 1995, Kuroda, Y &
1999), #}eo] &F¢efA| ¥ (Sugiyama & 1991) =] St

53] 29| 71712 @Abeba-8(Ho Chi-Tang 5 1992) ¥ &9zt =)
FZ=A9 Aol A AL #8(Chung YS 5 2001), Hx2F HEds/y d=
dwle]l axk(Lin, J.K. 5 1995) Z12jal 2% A5 fefel ddd AF F=
o At LY T 1999) T A @A g A7t v

<

R4

-

r

FH o= H2 HAE 5 L-theanine? relax % 2Ed 2~ 43t a3 (Lekh
RAj Juneja et al 2008), =2} 7he|71e] 2=/ 2 QIZF Q1 ZFdAnulo]g

Ao 918 A (Song, 2008) § TFE A7} o] FoiA: glrk.

Collection @ sungshin



a8 Zbd el Az Aol tisk AT R et Hap FE 9
&3t Z8(Kim YG 1995), 4% F3lldol digh = |
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7 &74(Choi OJ & 2005)% g A= AT Wstel g+ &4 (Shin GH

Lo

3o 3 AT (Park JH % 2008, Kim SH % 2004)¢} <x¢ 7134 #d
A (Takayanagi s 1985) 5°] U},
T 2ot A AR BAC I AT RE 53 ZEdEe] ) 23 4

Wb 7k 747 S &3 (Christine D. 2005)9F X5 A8k Aol thgk 53}
7 e 719 A g 3o tfgk o-(Masaaki Okamoto 2005) s°] Ut}
g 2HE o] &%t AE MES f% AF=E HAFEE HUFeE F5-(Jung

JY 2000)¢} t}2le] AlZe] tak A5 (Choi OS 2009, Kim 2009), 7F&35xk
2 A8 Ad(Park SI 2006), "ol #7138t =271 EAd] nx= 9 8(Kim
JS 2000) o] Ut}
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1. Ay

D AEe 48sy 54

A= A3 (Theaceae), 2F5CRE) 2SR o= A E32 Ay
(C.V. Linne)®] & ol%, £o] Jtde|ol(Camellia)t UloH Thea)’t =&
HAou, dAAE FANEEEH AAdd wet Camellia sinensis (L.) O.
Kuntze® &A% &% 3l

-guete] AQYgE AU thdgow oo FE I Fulo] gl Fo =
o2 2 gdgelr, 3~10cm 4E2 7PgAeldl AAYE g 22 9~114
of =t 2 Holw, Ao g HF 5U7h9 ERkxlo] Qlal, ¢k syl
= BAs wom Sadolt, dule ol vhsol WeH, BHE A Fo
oF 1em@l Agto] 2~37) &t} gl Az 7[5 2 A-i % W tm

Al W 7hs 224 ol o

2) #ke] A9

2R = IS Camellia sinensis (L.) O. Kuntze® Qo= wrEo|z AL

ekt 2] ol oS wA HAY T AY daAvE 5o tYgs
3} A

AZUHE FalA wrEoldth ol@A wEold At AdH, AEH B
webq 2 el el s s 2 ol g el dhea.
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2. 7e) 7193 1 Ak

1) =] 7194
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= Pyt w] &97F & AR, Tea Classic)dlAd A5 mlAl+= AL
AENZHE AT ST o] 2 A 2] 7] Yol AlFtE A= V)
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2) A9 A}

#AAL Sl AW A5 de] v deA
A A7 gl ol FE HeR dEsith
TolM = Ak AR S stuE olgHN e, A= HA Ay =
Al ZeaA HA 1zke] aF Kol Adxd viAl= SR17F H A
b= IR 35T AAE, Ay A5 Fo A a%s 4A HWA AE

2o wpAZ] AJARE 2L Ak QIR AmebHel A AMET, 53 ]88
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5FOoR Pow hEt Aol HYw, FANNE 27, %3} o] A=
AFL W7 ST olel® F - Fuie] A thE hetste] Rl st
5 Fod 0o 8% Fo Sz uete $2d Aol F71% sk
AUGEADe ol2ef A o wel A3 94 W At B HAs
i wa Qrh 53 FYobAlobE nRE fENEe 448 el A7t
Ae) A 8 el o] A7 Ao ARELh Ed P Fuish gel iy

o erEAT] ohd SR} LA Ash hFsl olgEE AL B S

il
i
)
o
oo I

Collection @ sungshin



ATH.

B (O EAAHEA AA7E THEo R 7] Al ST 2HCL S HolA Ee
= AltkHe] mAstEon, b Gusi)dl ol A5 U] wiAA H
At o] FAl Fuje ©x(ELK) e Yol ddo] | o] F 2 Fufe vt
= QA HA Eak ).

A= dakeh A T 2F A GellA] kst abvb vkEol ATk £}
b L FAE wEoA AL, ] Holxrl S mAAE F Akl Attt
QoI Z dAE 74 gkt

o]y gk FaolAe] A Aty theket WS Zh A o] apAYbA| el A BHA|
A HkAlE T8 AE AAEHA U 2t 28 TEe dAse
o, ol& <la] AHEste] WS b2 ke EH e dolrth

7% frdell A A A 17H7] R2EF
3 Zhsol M HA Tt sHAIRE 1 7 o] YR vAA tiFstE = of
elgol Wokth ek zbel tidk Fa7f

Aol wiz wEl 2 A ofd Aol
184717 H9A fome] 2 Fele 6% wdsdgen, ooy Jws)
AEU Ao} SolA FATL ARANA FF olele] FNE A7h AE]

At 223 o] 47 fHer FRANUA fdd TALI} A

i
oo

3

o5

L

Fyuete] A= Aled A9 632~647d) wWiFEH AR, &
(828) i CKAR)Ol Fo2FH 2 TAE 7hA ek A 2ite] AA
AufstAl = Akar g

e

o

Collection @ sungshin



il

=

=

| Ha- s et =7k <))

gl o, 194170l % o]

S

O]

LA
S

a4

S

A A3

T

§‘I_\__

)=

oo} At

=

=

<
1 Aol

be
=4

A

3% =0 or m oK % i
) O o 3
° 5 W G 5 % o
H o N G S oA
~ ,wm N N = Mﬁ_ ) LGS
> kT T ow ) i
NG N om0 ™ = B
=) _M_uoﬂ A w aow T i an
) ) ) o
= @ U o O T
S Ax_ =0 —_ _
UT 3 N Jl
oL X v ﬂ ,Ul o
x X Zw Vo - G
A - S g
- =) ur K e
PIEET . pc Iy
Mo = i T >
' fr—
T op oo &P T e
T o2 © X O g CES X U
% o !
< - W %o = o o %o
T OB 2 . T o
e o TN Ty Vg o
OT_ lﬁl i
& T T ™ Mo T
o) Mnm_ = m 50 ob AR T ‘Dl
(G- iy X W =
0 . o)) T W
o N8 T T T o O
N e o= T B b
T W o 5 X " 4dr -
sEIisz ¢, EF
NY nRUu 3 0 0 )i ™ =
=3 8w ) 2 w T o+ B
N CERAL e = X
o s B o= o L2 7 X
io- w oS o p N )
° 1 T T o o DR IF

Collection @ sungshin



BMEAdE A4} A o5 A2 W FBAG
W, 3}, 34 5o ra gk
E @79 B ARE Wt AsEE gRe) P FA Hol
Ava k. g AAE AGste A7) we S Al A7]e] wet
A, AA, A, F4, U4 TR % i
Table 1. Classification of teas
Matcha
Gyokuro
Steaming
Sencha
Unfermented tea
Bancha
(Green tea)
Bancha
Rosting Gylkuro(Japanese tea)
Longjing(Chinese tea)
. Withering
Semi—fermented tea ]
semi—-fermented
Fully fermented tea Chinese black tea
(Black tea) English black tea
Fungal fermented tea | Anaerobic fermented tea Miang
Flavoring tea
Tea bag
Processed tea
Instant tea
Can
— 10 —_
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Fresh tea shoots

.

3nd pan firing

Temp:120C+10C T: 10min

1nd pan firing

Temp:280C£10C T: 10min

. 2

Hand rolling (5min)

. .

a

Hand rolling (5min)

.

1st Heating Dring

Temp:90~110 £ 10C T: 30min

2nd pan firing

Temp:150C+10C T: 5min

. a

. B

2nd Heating Dring

Temp:70~90C £ 10T T: 60min

Hand rolling (5min)

{0

. B

Green tea

Fig. 1 Green tea manufacture process
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5. ko] 58 4%

Ao Fo R AuRe FF, EF VT 5o AA#Y 2 Auzd, A
g A7 AR 9 Sl dpelo] ek T vhebd,
gol wste] TelslE, PRI, A

A
A4 ol wel FHuol i Aol SHelth, n@YRL A2 $Y

Fo] = ZFelZ](catechins)Fol

_<'_D’_
HFHol At o] M F= A FrkspAl e 2k AAHY das), &

Gy Fdad 5 520 vgF VsdEs dYste 7 Aot

O_u

=

zkele] ZelHs S 659 Y 1 FRAR 9T FAkddE o]

7Fel71 %  -epigallocatechin-3—-gallate (EGCg), -epigallocatechin(EGC),
—-epicatechin-3-gallte(ECg), —epicatechin(EC) 5°] = SH% o] <t}

yl 7HA 7R F &8s W= 78 @ JHIX(EC, EGO)S Al wet &

Hsl7b gloy, 23 gouks Y= o 223 7 71(ECg, EGCg)S HEA}
B F=xF, AlEAke] ghFo] 53] smobxith
_ 13 —
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ko] &sh Wens vehied, el BE AAN g g

=t} (Weisburger JH 1997).

OH

Fig. 2 Structures of catechins. For EGCg, R; = OH and R, = galloyl ;

for ECg, Ry = H and R. = galloyl ; for EGC, R; = OH and R
= H; for EC, Ry = H and R, = H

_14_
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2) 7H

AN Efol 20 A, A4S, oAl g, FAAES e,

Aol Fo) Al R kel wls) FFol wAW, AE

[e)
o
W 60~70% AEwro]l S-2lur] wEol F b ghEQle] AHFES A9

o)t wak Aol Fo ol A7l ARl o8 Ful F4v)
A e ggo] oAEs] Wi, Frh SgA sl s @abol
so] s A7) epdo

3) ofv] At

FE, 9B F Ak R FF Sl w ek

b Fols 1~5%9] fre obuliate] FfElo] glow, of 28%9] oyl
mom Pl gk e Fo obulat G AG A7), Abiel R,

8 ol =it % theanine¥} glutamic acide= & ofn|w=Alo 2 2}e] ko

2 9gre Fd. 53] dold(theanine) AR AQA7} wh2w 1 ofw)

Ab gkl =2 Ao=R dHA vk dloldd Camellis species,
japonica &9 ¥ FoAwt LALE ofn] Ao 2(Chy, D.C. 1997) =9
obde  glutamic acid®} ethyl amineC. ZH-E A FH o], 2 Ef9 7w

Gt 7R ojg el aptE o Aol FAaEY Apele] A H i,

S Y A& JtEzler Wit n Buso} QIuk(H 1981). o] & o]&

2]
of g Aujste] wbE 27h wbR wAkelvh e S Al7IZF whE a1
a8 S 2, Eeate] v gy o] .

_15_
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o=t & JEtRI o 2= vEd Bardt C, P(FE)7F i, #-84 HE
vlow HIEWl A, D, E, K7} vk, HEw Co &2 v& AMav 3
vl A d5s] =2 HolH of Wb g Auie S2Apt g

5) WvE ALxd

kel T mulE &S 4.2~6.2% AEE ZFK), ZH(Ca), A@P). 7t
% (Mg), ZHMn), A(Fe) JRol FF5lo] Qrh. 53] BAMES B, 2
o] thE AEl val wol Fhlo] gort B YRS FFol Ak

2 Sud W YEHE Fo) AR o 2971 Selud, 4% sox 4

gdsks #HEol Slol EakE vk W, ko] ASFGRfr EE) FAOl o
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6. 2+9] 7154

2p7F kst a v, ot d 3H(Suganuma 5 1999, Seo 2003), & (Liu
Ting Li 2003), A7 2A A a3 Min, 2003), &= &3 o] A

of ¥EAIHA VlZFmRte] obd 1A 5= A fHal 3l

O

T1ERE Aol #E AT 2] F AH[AQ] A3
Reou, I 7lsAde] e AAA FHToll= FHI v
Ay7E B e

o= H29 7T AEY Txok 2, AA s e e wWiE
ok ol gheFet AN Liu Ting Li 2003), 58 293 o] 83 29 in

vitro A& (Seo 2003)S &3 =39 7S THsAL AU
1) &+ FH&

Hara s (& 1989)2 WxEAQ ASE5tel gk 2k 7 279 &+ 4=
HAa AAs=MIOEA Tt 2 A3 & FHHI R 2T
(Staphylococcus aureus), Wilchiixt (Clostridium perfrinfgens), cereusyt
(Bacillus ~ cereus), VB8] (Vibrio paraphaemolyricus)s — X3%t
Vibrio%s 3w, Plesiomonas shigelloides ©| tjste] F818k g+t A4S o}
B AT

T Y AA" 7 7R, HobEehWl = B. botulinusvt EAHERE ofy

Y FdFAEA st e FrEs 7HAva Baskgit

Toda 5(1991)& MRSA(Methicillin resistant Staphylococcus aureus) ©l
g 2 FHHRY A 8-S Hausigit. of7]e] 9sH EGCgw

_17_
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250ppmel gt @& FEE MRSAC tigte] Fw3] A 23dE uddva
Ela=y

AB pgFIst o dtH-9] Shimamura S (EFEE 1992)2 =} 7M1 F7F &
7] e Yl ol WA (Bordetella pertussis)Yr  Mycoplasma
pneumonia F#7A el Y2l <l Vibrio choleraed] &+ A4S YEh =

AE WUl tl.  Shimamura 52 #Fe] A Fole EHIF2, dgo, =@

]

S HAE I THKim 1996).
53] Yukiko (20059 AGE AHRWH, AFH5AQl Escherichia coli

0157: H7<tel Wigh =2t =29 oA a345 ZAslH. =4 5
5

O
}o
Sk AEH 9A] 1,000ug/ml o] FHEIZIS Efele w

- -
o2
o)
o
=2
o,
L
ol
12

S o), 500, 200ug/ml 9 FHEIZ] %A 24A7F ®

o] S4% AH5S A SEsteE Ae dSdvar s
&

o] M o]Ael A -(Hara -Kudo 5 2001)¢} $HA 549l Hx} &80 A}
Hol AstrAelA HE Wt FAY ASS A R4S 1
g 4 9l
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2 e SA el e & Zgoll thete] Sakanaka 5(1989) ¢

BHa7F 9o 4579 HE 28 FL9 A S8 F=X 1 (Streptococcus

K
[J
offl
o%
o
i
o
re
it
_\:L_I‘
S
ofN
lo
o
bl
rlr
il
_>|~1_‘
v
¢

Q
2

mutans)< &5}
0
el A to]l 1AZF & ks ApEelgit olu f-Fxfol= ot A

S Blh

& Eo wah Teldwel MYFHEA 7o T3 Aok wHe] Py

t}. 1 A3}, Streptococcus mutans® w 20l 1.25% FES
=
=

o

=
=
=

transferase(GTF)E o Alst= Aow WA H3 S88 F3 do = &
1

3) tsta-§

2kl F ol FHEl A2 A8 Aol tidk Faksk Zgo] lEol BarHgd

o Hara(f) 52 27HHIZ1e] A 7150l ek Abspd] aa Ao =
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el 71 10ppm H7bl o&] E=ZH =S 200ppm 28 A3HkA] g 3= e
Wtk dksE & EGC> EGCg> EC> ECg> a-EZHE =02 73 it
sta s Yepdoka SoHKim 1996).

=kl BEE a3 Ve FE2 Ao g g 2 E
A8 o2 AGfFAY AstE WAls ALY AA AFE gBAE WA g A d

AgHAl = A 3EAkdel W sk Al AR E AL I

-tocopherol, dAIE & &rtsiA|el ML Ayl dicts]

F97F YERRTHChu & 1997).

AA WM E Sk st gakstE S Yebdnh Aol A ditks)
o]

1
k)
v
N
o
0
o
>
)
)
il
rlo
o
o
£
el
2
e
o
o
N
=
)
)
=)
&
R
)
b
i)

AAZ 2 S8AES B S8AE0 vlste] AAE o]3t&o]
uks] g th(Weisburger = 1998).

rlo
"y
(0]

4) I &

Oguni 59 93 A} A3}, QR A A=ose] o AgEe] 3
T g@A e we WS Gk AdA wape] G Bk FHWS] AgE
ATE. 1969\l A 19829 14dzte] ¢k AbgH| o] F3E Hluo|A =AE
A% A el folH o A4H,

=248 ol g AA Wel M) G Ago] BF ATE nE AU F F8
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AiQl EGCgol HAlEet 55 Ay Rds o] &3 A5 &3l w427k A%

ek, v-e] T, AYAS d Y T A4S el dis) Ax 54

o A ¥ AET} AFESte] ko] WA xa) B o] matel] o) o A|H

g st (Weisburger 5 1998, Hibasami & 1998, Liao, S. &

1995, Kuroda, Y 5 1999). ol Hio]A =3 Fte|Z1e] dEaAwoe] 2
3

3e 73 Aee ¢ 5 Atk Aol sl el ot viA
3}

% HChen, ZP. & 1998).
Ao giFEe] T T4 Aol i PAdo] et =xk¢]  EGCgeol
oAl FE EHOE o] H|Ao] JAH= Zlo] W AT Ay ALLH
EGCge H& Aol Jx5 2~-3384% viigds W] s%=3HCao, Y. &
1999).
AR AFEE AL Sl AAIEC] dEE SAEET oy} Az e #F

gohe] Hahgol Aetnm Age] Aol Bi AAAA YHE 2 Holr.

5 ¢ A% JdAZE ¢ #AAEY 28 o a7

]

DA

i
P

o AR AlZIAGAA A AEe AR ol

B>

7

o B Vtaw
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w23t 7] Agsld y —amino butyric acid(GABA)7} E% xFe] 10~30
Wi o AAdET o] RS uger e &yl Holu dEgAME
GABA tea AlFo2 /s 7|54 22A s glom, T3k we o

=AW AES 59 Akst LDL2 g3 dolA FHzeEs F450 v
AstE et old s Ao Al owety] 9= AksA el 9

2
I
34:
o %
i
v
S
e
!
)

AE AT vhAE AGe AE vhAA RAG 7HE vhAE Abgel wlste] B

AEUY A W Ee] AstEths o] dgEAlA AFHA

25 42 FE359] LDLY gk dikstaAd s Atsk 23, 39 A
YoM X%+ LDLY 237 A w2tk (Maramatsu, K. & 1991).
T 53 AR EGCge 49 = FU2HE w29 LDLEFU2HE 5%

Al FWGsA 7] A F gisH ZA o] del tigh dayE e
Aoz WAL 5 1987, Zongmao 1993).

rl

6) ¥Fx &

T ddl Apslel A o] MAstE WEnA dEem deA gtk
A HE el 2 o] a-obdEAl, a-FFIAIUA, A% 5 dE 3 2
2 29 FE Ashdoeny

e =
st mxel BHL Al 2% o
i
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7 ¥LHAET) FHE

del2s)e Sl we e At FEe), ng, B4 olsldl 4t
< AFgs7lE $th. Sugiyam & (1991)2 9] EC, ECG, EGC, EGCg ¢
slzehel £ oA YL FEF A3, EGC, BGCgS FE AAZ§S

Elllor &z d27] A 5A R AFEE = tranilate}e] Hla AFHAAME ¢

NNEEAE AFHE ol AE diEd BlE] yEeAnSEde] o
iAol 2.4~9.1Wi71A]  FTbeRRl o, FhlA HE

20~79%7 A Gttt ol VFREatE AFHToZA UEHANTdELY] &
st R F77F AsE7] W] Aow FEHEm Fatel e Aol
7F WEH g ds FAske] Aty W2 &

A el

!

9) vFe g =&

A sajsh wekel Aol A Ao catechin Aol Fwel 7 443

Collection @ sungshin



o] Aol

1

th((Makhtar 1992).

1

#el Bz A

pEA

T

0]
yal

Ape] Aol 2]
Al mE 2

=

A ©1tH(Oguni 1992, Danno, K. 1984).
o

[
HahA 2 A

}e] catechin

oz g
A

]

Y

X
HAr

i

-

NEsaR

-

T

nA]

=
=

|

=

=

oo v R kol

= o} Sl

N
Mo

&3t

° A
= 1

ol =z} 712
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=

dEER R EEE

A

il =3 = A

9

7] ¢
J5oll whel Be Abgtel Al &84

ojvt 7 A
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Zeo el H5 Aol 9
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=

Zb 2ke AFA}AT A AZI= ALAZI2009d 49 179), A2A71(5€
6), A3AI7I(5Y 28%), A4A171(64 229), AISA7I(7L 23YU)o]}.

2 AER ARE RS A A L Hu AxAE HeHoR
=34 whEe] ARE AHESYT
He At swel Wew fdem wsolid. 3 W §es 28001

0CollA 103 H2 +, 587 95 stat, 7 WA 552 150C+£10TC
A 5EAE Hal oA 5 R 5, Al WA HES 120TC~130C+10C el A
1087 g3 5% 54398 aglth. 183 90C~110CT+£10C oA 3087 A
Z %, 70C~90T+10TAA 1A Ax2E A ZEH AT

=
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Fig. 5 A farm of tea plant setting an example
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2) A1 2 7T

54 ;

=2k A 93 ¥+ catechin(C), epicatechin(EC), epicatechin

gallate(ECg), epigallocatechin(EGC), gallocatechin(GC), epigallocatecnin

M
o
rot

gallate(EGCg), gallocatechin gallate(GCg), theanine, caffeine, Vitamin c¢
+ Sigma chemical Co.(St Louis, MO, USA) A%<, methanol, water =
|1l HPLCE& 22 Mallinckrodt Baker Inc.(Phillipsburg, NJ, USA) A&
<, meta-phosphoric acid & I ¥¢ A2 AleF 555 A8

FZo°| A}-&3%F methanol, n-hexane, chloroform, ethylacetate, butanol<
Duksan(Duksan Pure Chemicals, Korea)A}F2] A& AF8-3F3I T}

paper discyx  Whatman(England)A}e] AFo®2 A7 6mAEL, fliter

paper Whatman(No.2 England)A}¢] A|&S AF&-3}d ).

3) FATEF E A

A Azl AFS-%E Tryptic Soy Agar(TSA)i= Difco(U.S.A)AMS] AlE&
ARESIATH AFEE e SR AERSAEHAA AF5dTet SXATE,
A=A AE =2 R0Y FHAEFE EFol Altiste] 37TAA 24~48A17F Y
Fate] &A3AA AEsEltH(Table 2).

A5 Escherichia colfl KCCM 11234), Salmonella choleraesuis ssp.

AL

choleraesuistKCCM 11806), Salmonella choleraesuis ssp. choleraesuis(tIKCCM
40763), Staphylococcus —aureus ssp. aureustIKCCM 12256)E, X<
Streptococcus sobrinus(tATCC 27351), Streptococcus sobrinustATCC 27607),
Streptococcus mutanstKCCM 11823)&, TS Porphyromonas
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Collection @ sungshin



gingivalis KCTC 5352)9} Prevotella intermedialKCTC 3692)5 AM-&3}it}.

Incubator?] &%+ 34 9592 §A]35F9) ).

Table 2. List of Microorganisms and media used for antibacterial activity tests

Sample Strains Media used Temp.(C)
Escherichia coli KCCM 11234
Pathogenic Salmonella choleraesuis KCCM 11806 TSA 37C
Bacteria Salmonella choleraesuis ~ KCCM 40763
Staphylococcus aureus KCCM 12256
Streptococcus sobrinus ATCC 27351
Oral
e ) Streptococcus sobrinus ATCC 27607 TSA 37C
Bacteria
Streptococcus mutans KCCM 11823
Black- Porphyromonas gingivalis  KCTC 5352 TSA 37T
pigmented
. Prevotella intermedia KCTC 3692
gram negative
_ 29 —
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2. A% "y

DS EOR R

AG A7 ] A e

A.0.A.C el we EAegl. =aud

=
2 Semimicro Kjeldha® (Kjeltec 1030 Auto Analyzer, Tecator, Sweden)

A2

]2 AA F3H(A.0A.C 199502, & o
=Regth Bratze] e 100%94
2 Sy 3

& W oo ik
2) XY F2 ¥ 4
ARG A7IER AF s e =

= =ake] Fo AR I
AEo g2 FHEIZIF, ofbu] Ak FHH|Q,

o
Ay
o,
ol
o
2
iy

(1) 72, 7H9 0 € dopd A
FHEZ1, Fhe] 2 dlobd AHHES $s } 1goll 50% ethanol 100
mLE E§3ta, 30TColA 12087 wk =5 5 ojylsle] B4
Z734& Hu 59 W
detector (MD-2010 Plus)& #

AR A
£33t HPLC 4%

& 3lo] multiwavelength
Z}+5)

-1

HPLC system(JASCO Co., Japan)<
0] 83}o] XTerra RP18 column(3.5 um, 4.6<150 mm, Waters, Milford,
Massachusetts, USA)S AF&3sle] &3t o u

ol 54 0.2% ortho
phosphoric acid®} methanol®] &=-wjol] 23] 40Tl A

o5 3o 210 nmollA HE=3FS T}

4 1.0 mL/min
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Table 3. HPLC analysis conditions of Catechin, Caffeine and Amino acid

[tems Conditions

Instument MD-2010 Plus (JASCO Co., Japan)

Column XTerra RP18 column (3.5 ym, 4.6X150 mm)
Buffer solution 0.2% ortho phosphoric acid, methanol

Flow rate 1.0 mL/min

Detector and wavelength 210 nm
Column temp. 40C

(2) Fohv|x=At AF

kel ARl wEl 9ol Alm of el polyvinylpolypyrrolidone
(PVPP)Z 7F&ll #&slar, 30 #3F AX] & o33t ool 1 mLE screw-cap
tube (15 mmx125 mm)ol] 7}8tal ninhydrin €9 (ninhydrin 5 g/ethylene
glycol monomethyl ether 250 mL9} 0.4 M 7442 2 N NaOHE AF-&3)
pH 522 ZH3 pH 5.2 74 4589 250 mLE =3 &) 0.5 mL
9} SnCl €9 (SnCle2H20 50 mg< pH 5.2 74 9458 25 mLo] &
d) 0.5 mLE 7tsl & &3 F, 80T FF=olA 3087t 7hd F, 4l
&3] Yztsle] 3|49 (isoprophylalcohol @ H:O = 1:1)E 5mlL 7}s] z &
S0l F 570 nmol A FHEE FSHSAY. old opw] Al e glutamic

acid® AHgsl AFAS 448 F arstgl,
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)

3 ZTEZEHE AF
2] dE %2 Folin-Ciocalteu H (3ol wek Als 0.1 mLAl S/
6 mL, Folin-Ciocalteu A% 0.5 mLE 7}sle] &% 3sla, 8% Fo 15%

ﬂl

o
it

Na:CO3 2 mLE 7}sk & 10 mL= #H-&3lar, 2A17F W] o] 765 nmoll A

A r2 =A3d] gallic acid® 2bsle] A=slg ).

(4) Vitamin C A

zko] EAH(2)] whet A B 1gS 100 mL flaskell FH3 2% wlERQIAE
& 80 mLE 7half AolA 30#%F F=3ke] 100 mL= A& ¥ o3,
0.45 ym membrane filter § HPLCE $J3t ®Agdoz A&33rh.
HPLC #4%7% multiwavelength detector (MD-2010 Plus)& g
HPLC system(JASCO Co., Japan)< ©]83}o] XTerra RP18 column(3.5 u
m, 4.6X150 mm, Waters, Milford, Massachusetts, USA)S AF&3l4] 1%
meta phosphoric acid®] F%9A <% 1.0 mL/min&=2 st} 30TCelA 242

nm=zZ A &3St}

Table 4. HPLC analysis conditions of Vitamin C

[tems Conditions

Instument MD-2010 Plus (JASCO Co., Japan)

Column XTerra RP18 column (3.5 pym, 4.6xX150 mm)
Buffer solution 1% meta phosphoric acid

Flow rate 1.0 mL/min

Detector and wavelength 2492 nm
Column temp. 30C
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tot

3) 3 A AL % 2 methanol F& B E9 %A

ZF A 7R AFHFFe] "= 319 methanol FEE ZAl= 247 +#9]3

1 |
29 methanolS 1 :10 (w/v)8] v &R &3slo] Ao A 24A]7F F<t

>,

=
EYERA, Japan)® 90T F&Abo| A 7ot s=31% ).

olgA FE3 B FEFE methanol FEEL 4T WHao] HAEHA

offt

=

_%_
4=3

‘(‘5‘
=

]_

Oll

18]3l  methanol FEEZHE EIES A7) Yool FAel uwE)
n-hexane, chloroform, ethylacetate, butanolS Fig. 63 Zo] &=xx o=

w8ttt
WA methanol F=% 10mo] 10¥1¢] SF5-(100m)¢} n-hexane(100ml)

2 H7pste] 839t =d3 HH 0= chloroform, ethylacetate, butanol
S FH7bste #3835t HFEAHSZ water T8ES AU BEE2 4T
o] Bystas AEssivt
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Camellia sinensis L.(O) Kuntze leaves

extracted with MeOH
concentrated

{

Methanol extract Residue

suspended in Hs O
n-Hexane : H; O (1:10)

|
| |

n—-Hexane layer Aqueous layer

chloroform

chloroform layer Aqueous layer

Ethylacetate

Ethylacetate layer AqueoLs layer

Butanol

Butanol layer Aqueous layer

Fig. 6 Scheme of extraction and solvent fractionation of methanol
extract from green tea leaves
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4) Ag AN71E 4 29 7Y

Al

<!

Zk Al71H 2 2FH st TFE =3 methanol F&
dolr 7] 9fdte] paper disc method& ]88ttt WA 2 #F 1WgFol&
F3te]l 10mle] brotholl HE&skar, 37CAlA 181t &<t HjFste] &4 3hA|
Zo. o] @49 0.1mlE FA7F 4~5mm<l TSA #jA|d] ZEgshar, Haf
6mm filter paper disc(Whatman AA Discs)E& 1.0mg/disce] sx= 7} F

T

i
ps!
i
Jot
e
o
otk
=X
)
filo

=2g 57AA F= &WE ATl F 5 plate W SO Fof 37
o A 2417t FF vttt

i % disc 99 A5 A3 (clear zone)?] HF(mm)E FHsto] It
ER-SLIRuAS e )

Aol G B0 welshs ARG FA517] S18kel methanol F%

o]Z & WA methanol F=E 10mlo] 10v19

n-hexane(100m)E H7Fete] E&sitt. #dd WO chloroform,

ol
B
:L},
S
(@)
g
B

ethylacetate, butanol, water & #&slo] Ztzte] REAFEES A
olE TIA] 45T T84 A Y 553t n-hexane AFEFE(GEIF=
2)S 49y, 293 FEFEES 0.45um membrane filter® A3 3
=]

Table 59 7o & HPLC 4<% 33t} (Fig. 7 #%)
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Table 5. HPLC analysis conditions of solvent fractions of methanol

extracts from green tea leaves

Items Conditions
Instument HP1100 HPLC system
Agilent 6130 single quadrupole Lc/ms (U.S.A)
Column Zorbax Eclipse Plus C18
(HT 3.0%100 mm, 1.8 micron 600Bar)
Column temp. 30T
Mobile phase 0.5% formic acid
Flow rate 0.25 mL/min
Dring Gas Flow 11¢/min
Dring Gas Temp. 250C
Nebulizer pressure 45psi

Methanol Extracting

Evaporating

1y
Residue
I

Filtering

J

HPLC

under vaccum at 45°C in water bath

with 0.45um membrance

Fig. 7 Schematic diagram of sample preparation of the determination

of EC, ECG, EGC and EGCg in green tea

_36_

Collection @ sungshin



6) € ¥ pH ¢FA =4

ok 1 % 3 |4 1A1ZF &9t whx] st
782 ZF3AA pH 3~117b# ZZAse] &
FAHNE] AES 54 vlusglt. 23]
=

) TA A
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%7} 1mg/disc 7} H %=

X198 SAS 9.1(ver.)S A3 o
AT, BRE SAHeR fovgk AfolE

Duncan's Multiple Range TestE& A A3} A3t}

i

ok 9

= paper

, AR A (ANOVA)S o] &3]

th &



A AR RE Sae Aw JRe] FHs

e

A3l A3+= Table 63

oA kS 19.8~30%, Al1A7]el 30, A24]716] 28.6, AI3A7]l
28.7, A4A 71l 19.8g% AA AL ASA 7Ol 23.6g0. % LEFRH
olejgt Aol A A4A7]e] T HaE FwtE Qg Aoz Azter)

Choi % (2003)9] HaroA Zetwde] e 37.31go 2 2 AH) =
A YEbst oy, Park 5(1998)¢] 23.88~30.5g3 = Ao & oz UE
b

ZA A1A7]el 0.23, A2A716] 0.26, A3, A4, A5A7]e] 0.19g%
et Whang (2008)¢] 0.85¢] Hletd A& o=z yeyth Kim
(1996)& 2o FZ, Ad, A A7, 715, Au 71 Sl weh o]
thFetttar spolnt. vheket hele]l A F4E HdET 0.8~5.1g® AFo]7F Q)
ol Ztdlo] At BAHe] Frtsh=d wErhal skl

GrstE2 ALAI7]] 61.77, A2A 716l 62.34, A3AI7]el 61.41, Al4A]7]
of 68.11, #A5A 71l 66.61go.2 YEbth. A Al71e] A 61.77~68.11%,
Whang (2008)9] 59.817 AFAE3%(2007) =kl 53.4gHth @Wol iy
o] J&S Kol F1 g

L A1A 7], A2A 7], A3A 7= 5.3, A4A 7= 5.8, ASAI7IE 5.5%
2 YElgth. Jeong (2005)2 5.0~5.21%%, Shin 5(1995)¢] 4.50~5.17%
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T TS HEWl e, Choi & (2003)¢] Hare] ]38 5.3%%F vl

9 U o

ol .

4
SO

Table 6. Comparison of general compositions in green tea leaves

according to harvest periods

Sample
Compositions
1" 2 3 4 5
Crude protein (g) 30.00 28.60 28.70 19.80 23.60
Crude fat (g) 0.23 0.26 0.19 0.19 0.19
Carbohydrate (g) 61.77 62.34 61.41 68.11 66.61
Crude ash (%) 5.30 5.30 5.30 5.80 5.50
Moisture (%) 2.70 3.50 4.40 6.10 4.10

v 1: Harvest 18, April 2: Harvest 6, May 3: Harvest 28, May 4: Harvest 22, June

5: Harvest 23, July

T2tk Whang (2008)9] 6.48. k= 22 FFFo|tt. ofdl Ao =S A
A A7lel wet 2 Apel7t §le Ao R AlnErh

mape] RS A4A719] 6.1 ol9dllE 2.7~4.4% AEZ e A4A]
719l 6.1%= A A7l AFo] AupE Qg 7|5 203 $A & AT E
FAAFo] 710l VERRE ATt Fgol| A o] oFghe] muH|Fro R Q1% AR Alm
o}

Jeong (2005) 4= 30| 5.45~5.96%2ta sto] 2 Anc} =4 e
o™, Choi & (2003)9] Hire] ofgh i e 3.292 & Ayet & A
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ol HolA &

AAH oz AG A7 Kol AWA WA 2ATe AR Fashs 4
=
[e)

e Holi, 3 edt=e A
o] Fket o] A AgulE Q1% o w AZE) o)t AnE
ot A Al7lel e make] duk AR e Aol & A1 4 AT

2. A AI7IE 529 F8 AE

D 7 &%

AR A71E

be] 74E|Z) B4 A= Table 73 Fig. 8% gt %3 7}

=
-
H71e] 2 AR #2838 EC, EGCe esterd EGCg, ECg 5 4F79 7}
)=]

Hzle] if-2& AAEL des & 4 AT

make] F7HEI S ALA7] 16.73, A2A17] 17.18, A3AI7] 17.5
A4 7] 17.83, A5A7] 18.96g% = EFRTE ©]i= Choi & (2003)¢] =
oA F7FEIZ] FL 14.18, Park & (1997)9] 14.57 3} ®lws3ls o
& T Aol & wola gt

FHEHT FFL AINEE FE)> AATIGE 25> A3AVGE
£)> A4AZN6E FE)>ABAZI(TE ) wow Frhsked, 24 AlY
2 Ao A BYlth(p<0.00D). S7HHIR FE A AZI7E =eldg
S7bete A Balth

o] Muramas(1994)¢F Kim(1996)¢] 7712 %71 5atar 3iHlo]

& o el FAH MGV mees o] Brhal 7 Halsk dA

At
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Table 7. Comparison of catechin contents in green tea leaves
according to harvest periods (MeantS.D)
Sample (g%)
Composition F-value
v 2 3 4 5
GC 0.14+0.002"  0.19£0.002"  0.18+0.002"  0.23+0.002" 0224001  210.28"
EGC 1162002 205+0.01  255+0.01"  281+0.00° 240012  17767"
C 0.31+0.002  021£0.001™  0.13+0.002"  0.12+0.0004"™  0.1320.01" 119807~
EC 051+0.017  0.80+0.004°®  0.79+0.003°  0.89+0.04°  0.75+0.04 = 59.05"
EGCg 1020£0.05*  996+0.03%  1044:021*  1069£0.28*  11.22+057* 5.16
GCg 050+0.01°  0.36+0.001F  0.31+0.01" 031002 0412003 = 5279
ECg 391£001°  362+0.004°  3.17+0.04° 3.29+0.21" 3.83+0.43" 455
F-value 68373.2" 137704™ 4140.28" 1536.64 492.19"
Total
, 16.730.06 17.180.06 1758+0.27 17.830.33 18.9621.20 431
Catechins

Y 1: Harvest 18, April

5: Harvest 23, July

GC: gallocatehin

EC: epicatehin

EGC: epigallocatehin,

GCg: gallocatehin gallate

" p<.001, 7 p<.0001

abcd @ Means with the same superscripts in a row are significantly different from among the content at

p<.001, p<.0001

EGCg: epigallocatehin gallate,

ECg: epicatehin gallate

2. Harvest 6, May 3: Harvest 28, May 4: Harvest 22, June

C: catehin

ABCD : Means with the same superscripts in a column are significantly different from among the content at

p<.0001
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21 I
18 _ _ T ace
] z[3cs
—~ 15 .
g C
S .5
= 12 EEC
c HEc
[ i 9
£t 9
S a9
6 HEeq
3 O7otal
J cat echi ns
0
1 2 3 4 5
Harvest time

1: Harvest 18, April  2: Harvest 6, May 3: Harvest 28, May 4: Harvest 22, June
5: Harvest 23, July

Fig. 8 Comparison of catechin contents in green tea leaves according

to harvest periods

T8 Y 242 AG A7l #AGle]l EGCg> ECg> EGC> EC ¢
o2 hfrEo] QIATh ol Choi % (2003)¢ EGCg> ECg> EC> EGC
AFolE ®HITh & Lee (2003)¢F Choi & (1992)2 EGCg> EGC>
ECg> ECO wollth. ode] 7o T3 3 2ol i (1989)
d FZFolet®E AwiAY Au) 23 Foll wek AZhe] g WEetial &
Pt E Lee T (2007)2 #ke] A7k AHE Thaets Wl Abolel
udt g=2m, I AR T dAksksel 9
ECG, EGCg & A = AthaL sl

r_{

o

off

ol
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ZH7] FH5E e gAE EGCgZF 54~55%, EGC 20~21%, ECg
17~18%, EC 4~5%, C 1~2% <ol vH(Park JH & 2008). (Fig. 8 %)

GCO A%, A A7I7F =1l wet Hak Frkste S vehie,
oA A& HATHP<0.0001). A1A7I] A5, GC el 0.14°014 44
715 0.23g%% 7FE ko, olF ASAV|= AmbR tha Yol Zow
Atz T

EGCe 4%, A1AI7]el 1.16°1A4 A2A1 7]l 2.05, #A3A 7]l 2.55, A4A]
71e] 2.81g%, A5AI71el Thah W& 24002 yERRTE AS5A] 7)o wolzl
2L AutE Qe o R AlnHrh

Ce A%, A1A7 el 0.31914 A2417] 0.21, A327] 0.13 A4A7] 0.12,
A5A7] 0.13g% % A A7I7F = des adte ¢S JERE fe
2 A2 B THp<0.0001).

ECol 4%, A1AI7]el 0.51e14 A2A7] 0.80, #3471 0.79 #4417
0.89, AI5A17] 0.75g%= AT Al7|7F ZoAd45 Hap Srtsle 4&FS e
Ud, §94 22 BHH(p<0.001). A5A 70 Yol AL Fulz A3 A
o7 Az},

EGCg®l 75, A1A7]el 10.20014 #2471 9.96, A3A7] 10.44, A4A]7]
10.69, AI5A17] 11.22g% = A A|717} =olHel wle} Z718hs ol =
Ao, BAHOR froH A5 UERA] RapbHA thget WstE Bt

GCg® 7%, A1A7]el 050014 A2417] 0.36, A3A17] 0.31 #A4A]7]
0.31, AIBAIZ] 0.41g%= A A717F moAdF= Faste B3-S Ui,

Fo4 A2 JERJAtH(p<0.001). T-E FHEINES A5 710 Fntz 14
st A HlE] 238 FEUAA F74ES Joih

ECg®l 74, A1A7]el 3.91, A2A7]4 3.62, A3A| 7]l 3.17, A4A]7]
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3.29, A5AI7]ell 3.83g% %= AFAI7I7F =olAHA Haste S vEbdY
TAASR frolA aE Holx g oYtk 1#v GCgst #e] Awlhe
FFS W A5A 7ol TIEI S BT
2 oA A¥, HE7 THREE AERgs W A A7I7F =oifel w
2} ZF7ksh= A GC, EGC, EC, EGCgolH, 7tash= A2 C, GCg, ECg=
vrebs T g Abe] A A7)l wE FHEIZ FFe] Abelvt £93] ASS

53] d4kst v 5 A a3t Hold EGCg o ol HAl JHH)
el 50% o3& At Ay ol Lin 5 (1996)%  Lee YJ &
(1998)°] EGCg 9| o] 7Hd a1, A o= Yelstths dykel 29t

ko] 7HE F F8d EC, EGCHu} #3F &
=224 ester?l ECgot EGCg7F Wow zpuke] kS nxivhar vkl
P8 1981). Lee & (20079 A7elAx= =z}, $ExF, F2t
EGCgel d&o] 7H xskor, Hadss I o] Haskes A= Yew
H(Peterson  2005).

B ATl Ae] JEg] Fa 4R FAHN §Fol B wa
1
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zpelol AP A7l wE FEZYdE ¥4 A= Table 83 Fig. 9&

FEZuE e AN 7 22.71, A2A 7)o 23.98, A3A 7]l 24.24,
A4r 7)o 25.28, A5AI 7]l 26.46g% % SN, AA A7|7F =AW
==

A sZddE ¥He MR, AVEEE f94 AE e

(p<0.01)
=, A A7 =dES ANTIEE T < A2A7IGE 22) < Al
3AN7I(5YE &) < A4A7I(6E F) < ASAIZI(TE 3o so® FEE

zke] EElEe A, 7], ot SOl S T FAERSE flavanols,
flavonols, leucoanthocyanins, phenolic acid ToZ FaHH, o]F
flavanols &2 #=9 F8 AR o2 75.8%E AA gt}
2ol ol kst 2 B ARl vl AH o ZpdolA A A
o ol gk A7F et o] Fol X Unt
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Table 8. Comparison of total polyphenol contents in green tea leaves

according to harvest periods (Mean=S.D)

Sample (g%)

F-value
v 2 3 4 5

Total polyphenol  22.71+0.32° 23.98+0.39™ 24.24+0.60° 2528+0.51" 2646+0.61" 15.99

Y 1: Harvest 18, April  2: Harvest 6, May 3: Harvest 28, May 4: Harvest 22, June
5: Harvest 23, July

" p<ol
abcd @ Means with the same superscripts are significantly different from among the content at p<.01

26 |

25

24

Content(g/100g)

20

3
Harvest time

1: Harvest 18, April  2: Harvest 6, May 3: Harvest 28, May 4: Harvest 22, June
5: Harvest 23, July

Fig. 9 Comparison of total polyphenol contents in green tea leaves
according to harvest periods
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Fig. 10 Chromatogram of standard amino acids and theanine,

catechins, caffeines, vitamine
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3) 7HA &F

A Aol whE FHEQ] §HE
AR 7] 2.73,
g% YEtskom, FheQl TS
2 Az gAaste AES YR

)=
A A=,

A A7

Table 99} Fig. 113} 2t}
A2A 7] 2.48, A3A7] 2.41, #A4A]7] 2.16,

b Rl 4%

A5A17] 2.15
2] A (p<0.01) 2

o] Nakagawa 5(1975)°] A A7|7} =S5 &Fo] fgasiotar st

n3s} AR

Lee (2003)2} Choi & (2003)2 Z1#|Q] &0
=ake] 7k Q)

o1}, Kawasakami 5(1987)<

BaEa Qe=d, olzfst 7tHQl o] Aol=
= Aoz dHA JrhKawasakami 5 1987).
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Table 9. Comparison of caffeine contents in green tea leaves

according to harvest periods (Mean=S.D)
Sample (g%)
F-value
1Y 2 3 4 5

Caffeine  2.73+0.06°  248+0.03"  241:0.01"  216£001° 2154013 27.86

Y 1: Harvest 18, April 2 Harvest 6, May 3: Harvest 28, May 4: Harvest 22, June
5: Harvest 23, July

" p<.01

abcd @ Means with the same superscripts are significantly different from among the content at p<.01

Content(g /100g)

1 2 3 4 5
Harvesttime

1: Harvest 18, April  2: Harvest 6, May 3: Harvest 28, May 4: Harvest 22, June
5: Harvest 23, July

Fig. 11 Comparison of caffeine contents in green tea leaves
according to harvest periods
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D Hohd 8 Foprwit %

A A7l 2 dobd g2 Table 10, Fig. 129 £t} dlold g2
A1A 7] 1.75, A2A1 71 1.61, #3271 1.56, #4471 1.38, #5471 1.00g%
2 A A7 ZolAWA A&EH R s AES YERH, o4 2
2 JERIATHP<0.001). o]& ALA7I4YE F5) > A2A71(6YE 2%) > A
3217159 &) > A4A7I(6E 8k > ASAZ(TYE se)E YERE = 9l
=3

dlobd el g=ke Choi 5 (2003)9] 1.21Kt} ¥ 43S Bolw, Park JH
5(2008)7 Kim 5(2004)9] B9} A48 A7Hs VeI

L3 Folu it A dlotdo] AAstE AEE 61.7(A17] 4¥€ T,
74.9(A27] 59 Z£), 75.1(A371 52 <), 75.7(A47] 6¥€ Bk,
57.4g%(A57] 79 st)E 50% o4& AHAs geld 4 AT

-
=2t e F

o

i

O

Pl sl SheFe 1.744~2.803g% =, 49 o 7Hg ®
o 3hFrEol T AATIAE FE)> A2AVIGE Z25)> ASAIZIGE
sk)> A4A 7169 dke)> ABAIZI(TE dk)e] wom, Y A7I7F wES
= 71 gheko] ®gkt). o] Park JH 5(2008)¥ Kapahachi 5(1988)9] <1
TollA A A717F =oAdGFE Fobr Ak ol F

A
Atk E Nakagawa 5 (19752 A A717F =old 5 Fopr| =it §hako]

T3k Nakagawa 5(1975)9] Halo|A Folw|iite] 3k w2t 5358
I 1.66~3.03%, =5 0.80~1.77%, A+ 0.63~1.01%
Ae)o] A= 1.74g% o) o2 AE AZ7F uFd &avin B 4 9y

Theanine® # 5o 7AW Gure /e ofnlwmite] dFow ol

u
iy
my
29,
e
o
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A AS Aol FHQItH(Sagesaka, 1949). Glutamic acid®?} ethy amine® &
8 Y%= Theanine WHlo] Apghe|o] AR Aol AP OZHA 2
o] FA a1l o] Y H$ catechin® @ WA Hrfal HilEo] g)

(s 1981, /K 1984, Kim 1996). 7|7} W& HExfo| vz Hol
ghf-wo] vk FH(Kim 1996 p.161, @il = 1986). = Theanine©|
caffeined] Z8& AAAZITE Hu7b Yh(Sagesaka 1991, k4 1987).
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Table 10. Comparison of theanine and total amino acid contents in
green tea leaves according to harvest periods

(Mean+S.D)

Sample (g%)
F-value

Composition 1 2 3 4 5

Theanine 1.75+0.0001 1.61+0.04™ 156+0.05" 1.38+0.11° 1.00+0.04" 4750
Total amono acid ~ 2.80+0.07%  2.15+0.04" 2.08+0.12" 1.83+0.04° 1.74+0.001° 78.61°

Y 1: Harvest 18, April  2: Harvest 6, May 3: Harvest 28, May 4: Harvest 22, June
5: Harvest 23, July

* p<.001
abcd @ Means with the same superscripts are significantly different from among the content at p<.01

w
]

N
(%, ]
I

N
I

B Theani ne

=
(0}
|

BTotal anono
acid

=
|

Content(g/100g)

g
(%]
I

o
|
il

1 2 3 4 5
Harvest time

1: Harvest 18, April 2: Harvest 6, May 3: Harvest 28, May 4: Harvest 22, June
5: Harvest 23, July
Fig. 12 Comparison of theanine and total amino acid contents In

green tea leaves according to harvest periods
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5) Vitamin C &%

A A7)0 WE =52F2] Vitamin C %2 Table 11, Fig. 133} #t}.
A2A71(5E 2 407.2600.2 7 Wol gf-Eo] o, A5A7](7
4 3ske)oll &= 165.288mg%n = 7HE AA shEol AdAd. A28 7|(6E %

> A4 FT5)> ASAZIGE dke)> A4r71(64E sh<e)> ASAI 717

ofk

4 )9 oz, A2AY] olFRE AP A7IVF RoAWMA Hadhe A
S wolon, AR foHel A5 HE A THp<0.01).
0 A2 A2 A7) 3telo] oA wA

H
of Helol 4%e JHE HolEWA Viamin Co FFo] 7bg ol

;

Hy
0%
)
2
2

W odgto] Ayt Kapahachi 5(1988)¥  Tsushida 5(1980)¢] Vitamin

ol 171.5~364.9mg%= A X717t =255 Tl Aaddoe
Haeke o b2 Ad3E Hlth

w3 Lee YJ & (1998)¢] 101.6 ~ 87.5mg%Ht} =

ou, Fil % (1977)
°] 90~393 FHHAUTHE Bire] W o ®F LAk
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Table 11. Comparison of vitamin C contents in green tea leaves
according to harvest periods (Mean%S.D)
Sample (mg/100 g) F-valu
I 2 3 4 5 €
Vitamin C  344.43+59.22" 407.26+2.96" 294.94+10.70™ 245.99+6.14° 165.29+1.28% 23.31°

U1: Harvest 18, April 2: Harvest 6, May 3: Harvest 28, May 4: Harvest 22, June 5: Harvest 23, July

* p<ol

abcd @ Means with the same superscripts are significantly different from among the content at p<.01

450
400
350
300
250
200
150

Content(mg/100g)

100
50

3

Harvesttime

1: Harvest

5! Harvest

Fig. 13

18, April
23, July

2. Harvest 6, May 3: Harvest 28, May 4: Harvest 22, June

Comparison of vitamin C contents in green tea leaves

according to harvest periods
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2. A A71E =2 29 a8 A

mE & Ee &2 Table 129 2t

methanol 38 E ©] 33.70%, Chloroform #3%E9°] 12.02%, Ethylacetate
8 E0] 1.15%, n-Hexane +8%E0°] 9.85%, butanol #&&°] 5.65%,
Water 8 E0] 1.64%°|t}. Ethylacetate #8 &3 Water & Eo] t&
T&S BT Methanol, Chloroform, n-Hexane, butanol, Water,

Ethylacetate ¢ +£22 F&o] @A YElst}.

Table 12. Yield rations of extraction of green tea by solvents

Solvent Yield(%, w/w)
Methanol 33.70
n-Hexane 9.85
Chloroform 12.02
Ethylacetate 1.15
Butanol 5.65
Water 164

solid in extract gr
Extraction yield (%) = < 100
raw material gr(dry weight)
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Zt A7 R Aste] W Akl = FEEY fus FEE uE
249 549 Ay Table 13, 149 &k &4 A A8 F 9714
ol tell 23 mgs FEE0] e T et 24S Bl

5 FEEA XN Salmonella choleraesuis (KCCM 118016)7F 12 gt
ddow AsAHAEe A7I7E FolFd AE HEATHP<0.01). 53]
Salmonella choleraesuis (KCCM 40763)% A3A17] ASA&8ke] =7]7}F
17.95% o4 A& YR A (p<0.05).

Hets FEFEAAMNE Escherichia  coliSt Salmonella choleraesuis
(KCCM 11806, KCCM 40763), Porphyromonas gingivalis, Prevotelia
intermedia 7} 214 (p<0.05) A= H.olW, Streptococcus sobrinus (ATCC
27351) ERF ZF A A7IEE o4 akE HERR ATHE<0.01D).

WerE FEEA Escherichia coli = A1, A2A] 7] LA 8|8k 7]
7} 17.92, 17.96% H9% A& Hola  JrH(p<0.05). Salmonella
choleraesuis (KCCM 11806)2 14.83, Streptococcus sobrinus &= 354
sgkel A7)7F 20.13% g+t o] 7 FelFow =A YRS TH(p<0.01).
Streptococcus mutans 21472 AT A7|7F FoF 25 HolH
(p<0.05), & A& Holal Auh. Porphyromonas gingivalisi= 16.50 52
A712 934 AE HolW(p<0.05), & &S Hola Aut. Prevotella
mtermedia= 21.119 A7|=2 F94 A5 Ho]H(p<0.05), & A& Hola
Uk AF7EA O] Aol A ATt gl ATEas 7HA AL
2, o] 7VSY Bacillus subtilis, Staphylococcus aureus’} 7338F a4 S H

o] A (Choi OJ et al 2005), Escherichia coli7} 733 A4S Hol:= A
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9 THCho SY et a/ 2005).
52 FEEY FAAFo| dEk FFge Ao ulgl zolrh o

Kim (1995)& Escherichia coli= & 34 #8-S el AL A9l oA

%

-
BE AS 7t Qllew, Streptococcus mutans 5L ¥ I LS U
R AT SR S(1989), /MEF(1992) <F M S(1994) o ostd, 2 71
710] Streptococcus mutans ° Wal Ak vt S FoEM FAE 9
AstAY gt = kil skt

B ATNE WMge FEES o8

b4

ol

Z2 49 Streptococcus mutans

(No 11823)9} Streptococcus sobrinus (ATCC 27351)7F p<0.019] 94

AR et o] 7Y E2 AeE YERET B Park(1998)2 w4 5%
50| Staphylococcus aureus °| Wale] 733k st A S YEY, 1 F4
AA A= HI7MS I3 EFEEY R vdHdda itk ol

Escherichia coli o 3t 8¢ AL o Ho 7 e, o] E o9

A APER AR gt @42 A4AT6E )9 B FE

=
TFH w(Porphyromonas gingivalis, Prevotella intermedia) ©| W&, e

FEE 9ol = A FZH(Escherichia coli S)o &l 2 A (p<0.05)o.&
A el 28y A3AI 79 & FEEY ASAESe] 7 ol giE)

o] X Hepxut FEH o AA vepd A& B 5 o

7§|
@%@ Bol BA Uit 99 %29 J)5de 2AdE o
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A Fob £ gtk o] AU FHE FF2 e AW EGCg

= GF Bl B AV FAEA ARl b B ASANTY 3

1=
©)7F obd As duE ul, Aol JHR FFre] vl o7k ANk of

o] Suganuma (1999) °] EGCg 52 A ¥Ed gt ol XEA A F =28
o] ECol 95t gedom FEate o wHid Adrn & 5
o] EC¢ &+ EGCg 7} Alx2 Eoj7te A& HXlete 3o2 A7Hu
At(Jeong 2005). & @t FS AT Fgol MR FHE0 wE A%
59 #go] BFAoE HHst= Aow AztHr,
Ikigai 5(1993)2 Zhelxlo] 24 AEo] Ad olFHS HIAIZoRH 9
=8 S FAleh= AEe Yol AAHol AlxrE ApEITA S
A3H (-) -ECg -EGCg7} 7gh &tz
S @oha skl JhelRl #2F % B-ring®] 3, 479 $1Xel 3719 OHY
b EAEE AolA AR FwEs dEdina stk (Hara 5 1989,
Sakanaka & 1989).
el Ads BY, Ao g o]l FA THAd AFE F
Streptococcus mutans, Streptococcus sobrinus, Prevotella intermedia®) 3
o ZAol A dEhd Aow Wol Ao &S AEIIvd A9
dpgel a37h gl Zew Helt EF EGCg & dRo= AdFse Aun

catechin £¢= 2 %22 AH = Ao 8¢ Aoz dAddn

sl

-~
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AR A7 et 2Ade SAHZ 23, = FEE9 AFAHSe] 48 o
Foll el H Aoz A yehd Al7IQ A3A7I(6E sk AlRE A
st o] ARE HEE 5 §F Y83 oA AE =l FHA &
st Ao Fotls T, B FEEY @3 24 23 5 P A derd
AI71E A8gk Bloltt

A o] A3A7IY AlEE UHA] WEE FESke] S AdEs SA 5
UH(Table 15 #x). 2 A7]+ 8.83~14.76mm 7}A 2 g+t o] A4
E} 5kt

A HAZ 85 &l n- hexane 0.2 oA UAZ FE5 £9 &

=

2eds &Y
&t AR Fgste] HFoll= water %Q%% A Ak

o|FHA sto] FAO| WghE FEEC 7 & BEES 9L F, disc
plate method o we} A5 A&fghs S48kl 2F d5o 3 S+ &4 <
A 23E AT 1 A3 Table 16, 173 T},

gt 4 A 2aE Av9E Ad, dus FEE 5ol A
Ethylacetate #8&9 AFAsfsko] A3 5 HAFo) il 3 3t ax
= YErATH

71 B9 E n- hexane w8 =4 Ayt ZIE YERNRN S, Butanol
S Z A= ke ot FA WSS XY 1gE]3l Chloroform w38 &3
water & EAA = S E37F YRR et

Ethylacetate 8 &A ASFAMNSES =Z7|=  Escherichia coli A
12.67£0.23mmol Al Streptococcus sobrinus 13.7310.33mmO. =2 24 o
2 e THP<0.001). ©]= Ethylacetated| Al &8 F&H o] 7HeR1C
= 9t Aol FA Ut AR Asdn

I YFOoF n-Hexane w8=° dl&eixE 3 48 HeERATL

mﬂ
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Staphylococcus aureus 7t 8.19mmol X Porphyromonas gingivalis 7}
9.46mm7HA 4o 2 YEFSTHpP<0.01~0.0001).

Butanol &8=olAle 9fghe] 4t @t YEwWT.  Streptococcus
mutans 7tV 7.79mmol X Salmonella choleraesuis 7} 8.76mm= 2402
UEFSTH(p<0.01). 18] chloroform &8 &3} water 8ol A= &

o &b vEhA sk

KM 11234 e 11 kol
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Fig. 14 Antibacterial activity of the methanol extract and the solvent fraction
of green tea (A: n-hexane, B: chloroform, C: ethylacetate, D: butanol, E:
water) : 1. Escherichia coli (KRCCM 11234) 2. Salmonella choleraesuis ssp.
choleraesuis (KCCM 11806) 3. Salmonella choleraesuis ssp. choleraesuis
(KCCM 40763) 4. Staphylococcus aureus ssp. aureus (KCCM 12256) 5.
Streptococcus sobrinus  (ATCC 27351) 6. Streptococcus sobrinus (ATCC
27607) 7. Streptococcus mutans (KCCM 11823) 8. Porphyromonas gingivalis
(KCTC 5352) 9. Prevotella intermedia (KCTC 3692)
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Table 15. Antibacterial activity of methanol extracts from green tea on

several microorganisms

Clear Zone on plate

Strains Clear Zone diameter
(mm)
Escherichia coli 4+ 13.90
Salmonella choleraesuis + 8.83
Salmonella choleraesuis ++ 9.63
Staphylococcus aureus +++ 12.59
Streptococcus sobrinus +++ 14.17
Streptococcus sobrinus ot 13.95
Streptococcus mutans +++ 14.76
Porphyromonas gingivalis +++ 12.74
Prevotella intermedia +++ 14.11
- ¢ No inhibition (6mm) + : Very slight inhibition (6~9mm)

++ : Moderate inhibition (9~12mm) +++: Heavy inhibition (12mme®]%})

Table 16. Antibacterial activity of solvent fractions of methanol
extracts from green tea on several microorganisms

Clear Zone on plate (mm)

Strains n-Hexane Chloro Bthyl Butanol Water
form acetate
Escherichia coli 9.16 - 12.67 8.16 -
Salmonella choleraesuis 9.11 - 12.51 8.76 -
Salmonella choleraesuis 8.38 - 13.25 8.07 -
Staphylococcus aureus 8.19 - 12.66 7.81 -
Streptococcus sobrinus 8.67 - 13.64 7.83 -
Streptococcus sobrinus 8.90 - 13.73 8.12 -
Streptococcus mutans 9.36 - 13.10 7.79 -
Porphyromonas
S 9.46 - 13.14 8.60 -
gingivalis
Prevotella intermedia 9.22 - 12.97 8.47 -
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Table 17. Antibacterial activity of solvent fractions of methanol

extracts from green tea on several microorganisms

Clear Zone on plate (mm)

Strains - Hexane Chloro- Ethyl- Butanol  Water
form acetate
Escherichia coli ++ - +++ + -
Salmonella choleraesuis ++ - +++ + _
Salmonella choleraesuis + - +++ + _
Staphylococcus aureus + - +++ + _
Streptococcus sobrinus + - +++ + _
Streptococcus sobrinus + - +++ + _
Streptococcus mutans ++ - +++ + _
Porphyromonas . B s . )
gingivalis
Prevotella intermedia ++ - +++ + _
- : No inhibition (6mm) + : Very slight inhibition (6~9mm)

++ : Moderate inhibition (9~12mm) +++: Heavy inhibition (12mm ©]%})

4) Methanol FEE9 Z} £8E¥ HPLC &4
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P2

HA 2 B35 €1+ n- hexane 02 o|AE F=HE £ F22Y
= ke #FAPolvk. 2y ¥ dAFelA  n- hexane =9 XA
EGCg, ECG, EGC, EC7} g7 HA=HJT. ©]Z4 n- hexane #3 =
disc plate method& ©]&-3t Clear zone(AB S A3 Aol Ad #5 9
ol thaete] 8.38~9.469 A7 3y EHE Y=Y, oA E8E
%9 7HH71 & EGCg, ECG, EGC, EColl 93t Z o2 HPLC &4 dA 2kl
AT
Choi OJ s (2005)# Choi 5(2005)¢] n- hexane #&&E2 It A4S
Holx| okgyr}. E Aet v Ay, ol 339 3 AAHAHE A
=

%)
T8lo] A o} n- hexaneol| ZhH|Zlo] AgFo]lX|uk &3El Ao = A}

ol

71t} Chloroform &3 &9

an
!
—

C XM= 7Hele]l AE=H AT
Chloroform #3&%&29] disc plate methodE ©]&3+ Clear zone(B5 A 3%h)
Ao A A5 Asfsko] FAEA FeS 3t Chloroform 8+ &9 7F
#Hlo] gt ZIE 2HA] X3e & 5 UAATH
7123 Ethylacetate &% &< HPLC &4 23, 7}H7] & EGCg7} 7
@ol A=¥en, ECG> EGC> ECe o= A=A Ethylacetate
= Ho FHHZo] vF EATS S
T3t Ethylacetate &8 =9 disc plate methodg ©]-&3%F Clear zone(A 5
AaE) Aol AF FF 9F EFo] tiste] 12.51~13.73mm A9 &
o 3= yed Fo] EIE &9 77 F EGCg, ECG, EGC, ECell ¢
8&59 HPLC &4A A2 49 EGCge EGC, EC7}t

=il
AZ&HArE. o]Z4 butanol EFE9 disc plate methodE ©] &3+ Clear
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Fig. 15 HPLC Chromatogram of Catechins extracted from green tea
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HEeS FEE9 7tdd mE ASFAG 3] A7)+ Table 199} Fig.

9% #EL 40~110T7HA =X wz} oF
of ¢ret o & EbRttt.

AR e A7)= 40CoNA 110C7HA = 57} Holde wiet 1 =7)
7b Rzt o AA e el S7HHS Beoldh, 130T E ok = o
I AaEE S B o)y A MEE FEEC HA] molxwA

b Zo R AZtET e e o xde] zka

Y

o Wahe wol} A= I

rlo

99 HE S Escherichia coli ¢+  Streptococcus sobrinus (ATCC
27607), Streptococcus mutans & p<0.019] F94 == Yehglon,
Staphylococcus — aureus, Streptococcus  sobrinus (ATCC 27351),
Porphyromonas gingivalis & p<0.052] +94 & e AL

A1) Streptococcus sobrinus (ATCC 27607), Streptococcus
mutans, TH 1< Porphyromonas gingivalis E°l ™3l stiAdo] =4 et

1
N

B AyE 53, A5 9Py FEe 2o A wkx] ¢kal 90T o]
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Fig. 16 Effect of temperature treatment on antibacterial activity of

methanol extracts in green tea
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6) pHol g <Hg74d

Sk Wegbs FEE9 pHA wE ASA Y A7]= Table 207} Fig.
172 e
A5 AR A7)

rlr

H 704 22 Yo}z whe}, & pH 994 pH 11&

Ao, Fo4 AH(p<0.0DE HEHHA
RF s &FAdE Heolal vk =, 99 52 pH 2, 5, 7, 9, 11744
2719 Wakes wolu thAl R pHell ¢H43 Aoz eyt

E3| Escherichia coli ¢+ Staphylococcus aureus, Streptococcus
sobrinus (ATCC 27351)2 p<0.01%, Streptococcus sobrinus (ATCC
27607)% p<0.05% o4 A& Hola 3t}

A ZFEtQl Escherichia coli 9 Salmonella choleraesuis, Staphylococcus
aureus ‘s pH 29 5olA Fo4 A& HEEH(p<0.01), Aol M= 3+t
de 2te Alow yeEth

Kim 5(2003)¢] 7ol X= pH4~9 WA Escherichia coli 5° RH
H A= A3 27171 Fdsirhar sqlt.

Park(2000)#} Cha(2001) ©| Escherichia coli ©| 7%, Ade] =
dAuld 2d0A ASo] o AAHAY= W& dAFTaL s

Park 5(2000)2 HxtFZ5ENA Escherichia coli , Staphylococcus aureus

= pH7} 555 AsZoA Aol 4 AAHAT= A 22 &=
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Fig. 17 Effect of pH treatment on antibacterial activity of methanol
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oJAFE Frlele AFS Btk Fo Ee 242 A A7l B
] EGCg> ECg> EGC> EC¢] A

EGCg? 7%, #A1A 71l 10.200014 A2A17] 9.96, #A3A7] 10.44, A4A]
71 10.69, AB5AI7] 11.22g%= A Al717F =olgol wet S71ghs Ztobl
FE Qo SAXCE o)A AE vEhA Xt

A9, A A7I7E =il wet HAak Svlebe AES VERM,
o4 2HE B THp<0.0001).

GCg2 7%, A1AI7]el 0.5091A4 A|2A17] 0.36, AI3A7] 0.31 #A4A]7]
0.31, AIBAIZ] 0.41g%= A A717F =oAdF= Faste B3-S Ui,
o4 25 YERIATH(p<0.00D). o]F % =kl MY Al7lel we e 3
o] zpol7}t 1 E]

FHEIZ] FRER AHESLE w, A A7IZF =olfel wet Flehe A
< GC, EGC, EC, EGCgol™, 7F43l= 312 C, GCg, ECg= YEFRT.

7R S ASAIZI(TYE ske)el 18.960=2 7HF wekew, EGCg,
EGC, ECE A5A71(7Y 3t)ell 7HE w3kt

3. G A7l wE FEYVE A AdE 22.71~26.467H4 - E o
VS B 4= Ak A1A7)e] 22.71, A2A 7] 23.98, A3A 7] 24.24, Al
4A 71l 25.28, AISAI7]Ol 26.46g%= A 717t FAAX WA FEEdE FHE
718, 94 A5 JER A THp<0.01).
2= dFe A5A 7Ol 26.46g%= 7HE wWekew, A Al7I7F

4. G A7) e Fhe|Ql ek B AuE A1A7] 2.73, A24]7] 2.48,
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A3A 7] 2.41, A4A7] 2.16, #A5A 7] 2.15g% 2 LFEFGTF. Tl ke &
A (p<O.0DNC R A7|7} ZALE Hxp 7H4adte A
4 el e A1A 7o) 2.73g% = b Bgtorw, A A7 HolA4E

=] =} O 2~
Aaste S B 4 Adddoh

<

o
°
o
k3
32
o
iy

5. A% A1l @ dobd feke AN 175, A2A7] 161, A3A7]
1.56, A4A]7] 1.38, #A5A17] 1.00g%= G A|7]7F =X HA X&EH o2
Bashs ATl F94 AE HEHIATH<0.00D).

mabe] gy Foln|wal S 1.744-2.803g% %, 49 Tl M

5

of FfElol AT AQ A MBS dopd Fopu sk go] Wk
. =, =ae] A AL 2ol el wheh opmlite] ke Hasilr)

6. =zkel A A7l whE HERD C @2 A1A7] 344.43, A24]7]
407.26, AI3A7] 294.94, A4A7] 245.99, AI5A7] 165.29 mghE ERE
ok HlER C e Al2A7lell 407.26mg% = 7HE w@okom, A2A]7] o] &
2o AG AZI7E =AM i S 2l

7. AFAVIE H52 FEE SvE £8E9 82 Methanol & 8 E
o] 33.70%, Chloroform #¥&E°] 12.02%, Ethylacetate =& &°] 1.15%,
n-Hexane +%&9°] 9.85%, Butanol #3Eo°| 5.65%, Water 3 E0]
1.64%°]3tt. 53] Ethylacetate 8= Water 8 =0] ofF @2 F5&

RS
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B FE8NAME Salmonella choleraesuis (KCCM 11806)7} & &+
st o g AE Aeste A7]7F 794 (p<0.01) A= YERN AT

Hets FEEANXMi=  Escherichia coli®t  Salmonella choleraesuis
(KCCM 11806, KCCM 40763), Porphyromonas gingivalis, Prevotelia
intermedia 7Y YA AFE B O (p<0.05), Streptococcus sobrinus
(ATCC 27351) 3t 2zt A A7E=E A5 Ao a7t fo94 25
YERH ATHp<0.01).

NG A7 R e gt 242 A3A7IGE s B FEES T

AN

w(Porphyromonas gingivalis, Prevotella intermedia) ©| t3l, Methanol
FEE JoNME AFEH(Escherichia coli ) el Fod o= =4
A

EFtH(p<0.05).

g=9
Ethylacetate =& &olA ASANEe] A7 Escherichia coli oA
12.67%0.23° A Streptococcus sobrinus 13.73+£0.33mm= Fo & o=
EFtH(p<0.001).

I v& o=z p-Hexane w8Eo usix: 3+ A4S JeERIQ .

oot

Mt &g oA anE AvE A3

M

9. Methanol F&E9

Staphylococcus aureus 7V 8.199 X Porphyromonas gingivalis 7} 9.46mm
M fre]l A o2 YEFATHP<0.01 ~0.0001).

Butanol #& &A= Streptococcus mutans 7V 7.79°91 4 Salmonelia
choleraesuis 7} 8.76mm= 214 (p<0.01) 2= °Fzte] &+ a7} YeElbS
=3

Chloroform & &3 water &8 & o= s+ a7 yehvx &
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ST},
Methanol &
of e AT Y 2F Aol
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e
o
lo
M
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ol
RS
odk
£ ™
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1
2

10. Methanol %9 7} 23 &¥ HPLC #4 Z3¥, FEthylacetate &
SlZoA, EGCg7l 714 ®o] A&Hern, ECG> EGC> ECY +£o=2 4
=5 2t} Ethylacetate #8 & <o 7Hg7l0] vk &3S <153t

w3l n- Hexane #3E3 Butanol & E9¢ HPLC EAZAdAM%=

=

T3l o] Ethanol F& Aol A9t o] Methanol FEEIJINAE =|fol &
Lol gt &% &a oE &

2 Wol @ 7h4 ARolemths oe 4¥e] AR BFHoR Y 4§

=
b
o
%
5
e
2

11. el gk S BSANY] A7]= 40TCoA 110T7HA = ==
7b obdell met o1 A7)7F oz o A dEhd @] TS Belu
bl

At okt ashe 4%E B,
12. pHol @ 444 pH 7ol4 22 wobgel weh, w pH 9ol A pH
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112 Folyol we} o1 A7|7F 4
(p<0.01), FoAS Holx Utk F, 9% 752> pH 2, 5, 7, 9, 1174X]¢]
2719 W wolu hAE plol Hdd Aow ekt

13. Methanol F%&°] &8 £9&5 HPLC £4S & 23, A9 8

A Tt Z23E zte 3lo] 7HE F EGCg, ECG, EGC, ECeolH, o=

aYu g =2 $EA s8te A B FEE gt @] A
A vebd A7I7F A3A7IGE ste)eke AdE HaEA S W, H39
g4 FA4S YehlE A E<9 EGCg, ECG, EGC, EC o] & 754 7]7}

ohjeks Aol FeF Bask vk F, G B0l A FFol wew
2 Ed Aduw EGCgel 49,

AA A7E B B FEFS Holm drl Ed|, ECY EGC, GCY A,
AS5A71(6E skl 7Hd wWol vehd AS E 4 Y}k o5 EC, ECG,

Streptococcus mutans, Streptococcus sobrinus, Prevotella intermedia®

gt B4o] BA et AoE not Aol £82 YASIHA FAsh 74
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ABSTRACT

Analysis of main ingredients and antibacterial characteristics

for harvesting time of Korean green tea leaves

Hyun—-Sook Lee

Department of Food and nutrition
Graduated School of

Sungshin Women's University

This research intends to analyze amount of major ingredients 1n
green tea enhancing biological availability for harvesting time, and to
find out antibacterial characteristics in green tea. In addition, this
research is carried out to acquire basic data to be utilized more
systematically in order to develop various tea products using suitable
harvesting time and find how to utilize it. Sample for this research is
acquired by harvesting tea leaves for each season at a tea field
located in Gurei, Jeonnam and then making them mixed green tea. For
major ingredients of green tea, their amount of catechin, total polyphenol,
caffeine, total amino acid and Vitamin C are measured using HPLC.

In order to verify antibacterial characteristics of green tea for each

harvesting time, water extractions of green tea and methanol are
produced. And antibacterial activation is verified using clear zone for 9

microorganisms (Escherichia coli, Salmonella choleraesuis subsp.
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choleraesuis, Salmonella choleraesuis subsp. choleraesuis,
Staphylococcus aureus subsp. aureus, Streptococcus sobrinus(ATCC
27351), Streptococcus sobrinus(ATCC 27607), Streptococcus mutans,
Porphyromonas gingivalis, Prevotella intermedia).

In addition, extractions from methanol are separated by each solvent
and its antibacterial activation of each separation is examined and then
analyzed using HPLC again. And stability of heat and pH for
antibacterial activation substance which was proved to be a clear zone

1s measured. And finally the following results are acquired.

1. The amount of general ingredient in green tea for each harvesting
time shows crude protein of 19.8~30.0g%, crude fat of 0.19~0.26g%,
carbohydrate of 61.41~68.11g%, crude lime of 5.3~5.8% and water of
2.7~6.1g%. And it is proved that there is difference depending on
harvesting time by comparing the amount of general ingredients for

each harvesting time.

2. The amount of major ingredients in green tea is shown as following
for each harvesting time. First of all, for total amount of catechin
shows 16.73g% for the first harvesting time, 17.18g2% for the second
time, 17.58g% for the third time, 17.83g% for the fourth time and
18.96g% for the fifth time. The amount of total catechin showed the
highest point with its 18.96g% at the fifth time (late July) and the

amount of EGCg, EGC and EC also reached at its highest point (late
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July). The total amount of catechin shows that the later the harvesting

time is getting, the higher its amount is getting.

3. The total amount of polyphenol for each harvesting time has been
proved to show 22.71~26.46g%. As the harvesting time is getting late,
total amount of polyphenol has increased showing a meaningful

difference (p<0.01).

4. The amount of caffeine for each harvesting time showed 2.73g% for
the first harvesting time, 2.48g% for the second time, 2.41g% for the
third time, 2.16g% for the fourth time and 2.15g% for the fifth time.
The amount of caffeine showed that its amount decreased as

harvesting time is getting late with meaningfulness of (p<0.01).

5. The amount of theanine for each harvesting time showed 1.75g% for
the first harvesting time, 1.61g% for the second time, 1.56g% for the
third time, 1.38g¢% for the fourth time and 1.00g% for the fifth time,
which means that the later its harvesting time is getting, the little its
amount is continuously getting with meaningfulness of (p<0.001). And
the earlier the harvesting time is the higher its theanine and total

amino acid amount is getting.

6. The amount of Vitamin C in green tea for each harvesting time

shows 344.43 mg% for the first harvesting time, 407.26 mg% for the
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second time, 294.94 mg% for the third time, 245.99 mg% for the
fourth time and 165.29 mg% for the fifth time. It reached at the
highest point of 407.26 mg% for the second harvesting time, and after
the second harvesting time, it showed the decrease as the harvesting
time is getting late with meaningfulness of (p<0.01).

7. A total of 9 strains used to search antibacterial characteristics for
each harvesting time all showed antibacterial characteristics against
water and methanol extractions. Antibacterial activation for each
harvesting time showed high meaningful point against water and

methanol extractions for its third harvesting time (p<0.05, p<0.01).

8. For effects of inhibiting antibacterial activation for methanol
extractions, the size of clear zone for ethylacetate separation showed
12.67x£0.23mm for Escherichia coli and 13.73x£0.33 for ({(reptococcus
sobrinus with its meaningful level of (p<0.001) And then separation of
n-Hexane also showed antibacterial activation, its size was 8.19 for
Staphylococcus aureus and 9.46 for Porphyromonas gingivalis with its
meaningful level of (p<0.01 ~0.0001). Separation of butanol showed a
slight antibacterial effect with its value of 7.79mm for Streptococcus
mutans and 8.76 for Salmonella choleraesurs with a meaningful level
of (p<0.01). Effect for inhibiting antibacterial activation of methanol
extraction is proved that clear zone of Ethylacetate separation shows

a strong antibacterial effect.
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9. As the result of HPLC analysis for each separation from methanol
extractions, Ethylacetate separation showed a order of EGCg> ECG>
EGC> EC. Through this analysis, antibacterial substances from
ingredients of green tea are proved to be EGCg, ECG, EGC, EC again

among Catechin.

10. Stability for heat and pH is proved to be stable for all
experimental strains. Although antibacterial characteristic showed an
increase as the temperature is rising from 40T to 110TC, it was a
little decreased as the temperature has risen to 130C. For the stability
for pH, antibacterial characteristics has decreased as pH is lowered
from 7 to 2 and gets higher from 9 to 11 while it shows a meaningful

level of (p<0.01).

11. The highest portion of EGCg, ECG, EGC and EC which have the
highest antibacterial effects among catechin for each harvesting time
has appeared at the fifth time. As people take green tea as
water-mixed and boiled liquid, and given that the highest antibacterial
activation is the third time (late May), it is necessary note that time
when the amount of EGCg, ECG, EGC and EC for antibacterial
activation is not the fifth time. In other words, it is believed that

antibacterial activation of catechin is not determined by its amount.

From all mentioned above, it is proved that there is difference in
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amount of major ingredients in green tea for each harvesting time.
Based on this analysis, it is expected that tea industry is expected to
be more advanced as long as manufacturers identify best time for
harvesting tea meeting functionality of tea products and produce tea by
acquiring effective system.

In addition, this research is expected to be used as good material to
let people know various functions of tea preventing various diseases
and expedite tea drinking in people's daily life enhancing people's

health.
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