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(Choi & Choi 2003, Han et al 2005).

b= Ao (Theaceae) ol 520 Ay (Camellia  sinensis
L. O. Kuentze)?] A& AF&3le] wte 2o F/H= AAHo= 9F
30&l 1,10001 FF7F Ed, ofdd] 2 2di Ao EFxea 3l
(Kim & Nou 1998). xupi-9o] FA4bA = ez 5 7 38=7bA]
AuE o, AFw 7] 13Told Aol 1,300~ 1,500mm ©] 7
L Aol Al A= = o) Ark(Je et al 2005).

HabE AuERe] Aoy g AlxeA Foll HEATIA Fa 7h

Ae] 7198 A9 27004

oM AREACl A FESAWIE AR FHAUNWH(HEE 2004,



Yoshikawa Masayuki 2001, Koide Motoki 2005).
el "o, oAl AAMEA G EK) 7 A5 TA T
= 71Ee] von, TAFEEEA, MEARERK)A ostH ‘AE

ppAE AbgRe 2 stolw o] Al st vigs S v 7

ol 9la, 7194 1066 TF=Ay CGERBGR A= AE T
o] AFom HAFATULTEH 1992).

o]

o
iy

FTaol A AlZbE 2= 2200 WIEW, wckn, 2o )
o2 AHEAa, 805 LR T A RZS(RiEE AFoR
1187-1191d o o] Abo] (A i) A AL7b Abo] A=W & Heh7] A&k
o FHeRE Aud AL 1747 2 Udd=E ot A 5
Ao o]o] oz FASATHAIL 2 1980).

el 2k Aufel #I Hx4 7152 ZropAld FA1d(AD 48
W) s AR S S ERHi Rl 1k obfErof
(Ayagdhya)=rell A var. assamicazZ FA %= 2 TAE 7FA ko=
7123 et F994 3d(AD 8281)91 8231 ARAl o & (6 AR o]
Frtetel A 7HA-e 2 NE Aol AA sHA A Fe sET 3
AAGERED L ol B2 27 A skl Auf s 7] Al 2s vk
7150l ow, dZA7(HAFK) st xivo] HSF(gLW] K5
5397571)13d el M Ao A (523-533)0] wal(E)IY 5 169 9
dE ~dE57 gE Bu &35 A9 & 58 nts 7] 5]
Utk B dEe FUACGR A &5 () ofskd, B (rhk) et
WA ] ol AR A KEHA e Ao Agsts 3
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UFE Ados 7150 TG A2 1944).
o] ¢} o] - utgrel 2 AulE 1,200~2,000: 2 71 A}

AA T AL 5F EFstH 1 F 70%7F tea back FF©l
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=

2 AME T Jm GeA 7% A4 Aoz 4
Hol Gubetel A ZAxe A AE Aelirel Ao gleln Ay 8,
A A B, FAAA F= AMHAD AHAEE 199, Kim
et al 1996, &&X1&% 1987).
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e 5 oy, b durAel BRE AQ AV, HEAE, 2o A

o] ABO-55%E)S Z2Foolong tea)d} 3Hrh. T E A= AU S
FAIZE H ARl m A= A8S Wol T dEwstE o
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2), FEAHUGHEAR), SAFHRLK), SAHGRAK) S 6t A=
n Bo

ong Jeun 1998, #eH 2 1992).

< 7FA 2 TG 1991).

b ARG TS 75-80%°lH, A= AFREoE Ho QT
olgfgt P =Hol= 300 7HA S AEo] FRrHANeH, FoAE
© 2= tannin, o} =4k, caffeine, G5, @A, A4 (cellulose) 2}
¥ = 2 (chlorophyll), Z&}5 = (flavonols) %=
A A, ged gl BrjEE Foln, & A& Hle w©dRFQl
catechin¥} caffeine2 H|%3}o] oln w7/ ZH(K), E4(F), ofd
(Zn), ¥zH(Mn), HlEY C, HlEIY] E 55 t&F /3t AtHKim
et al 2004, Akihiro H 1998). o] & 34 E =2 o8 714 A&
I ok EgdE UeWe AR Hiuya gt

Tannin& xfol] QlojA 2231 W8S s Adoz FEAdE 7}
AW oy F&53 whEste] AN A5 T EdAS FAHstE A
As 7HA L o FFE, AMAAVIE, HRe] FF, dXxAY A
oo we} Y Aol 7b rp(4ln A 1985, o A4 1991, Kiyoshi I
& Hideichi T 1982). 1A¢} ZF Fw=oA dgfoly sWAs} &

NE Ao gAAg, A Ae] AL dAlste] w5 WA 24,



2000)
=3 Qe A Ak F o 20%E Aeelolw 1 9le] AxstFE
2 olulwal, wME @A Fo| gtk BMAe AEARY F

I At AY 7FEe 93 SaEo 53 HE =
A ko) olnnAte FgAolERE 83w o] 2 bl =LA T

frh. PR HALEE HAER] amidert FFFH wHol Qa

o FTole= A &

theanine, glutamic acid, arginins 2] olv]x=AF & stako] mj-¢-
a3ty Ao Ak gke theanine % 2 7]EF ofn:=AF ko]
BeTE oto] Folxity= ®avk 9l

2 ofnlw=2kel oF 60%E AFA Sk theanine Aol F8o A&

oM 4T ®AAFE 1 FFol B tannine] Ho] Hf FL

oS U sl BS54 5 ulo] FU). theanine Al 4 Al 7] 7}
=S5 HojAH, B FAAFHA F7]E AAH o2 FHolrhA
M Az} catechine. & W3tEATh d3S 2uat

2 dEE ZF 2 Kol =d 2 AR
theanine©] ®eo] &% o] 2l th(Krishnamurthi 1993).
ol ezt g FEst AdRor d#x GABA(y-aminobutyric

acid)= W& d FA ot to 7 Abghol Al o= A, DY



7} olmn] Al#E 1 vt (Masaaki & Kazuhiro 1998). catechin F+

bl FoAdwolH AdWeoly of Ay BANE 4F T,

{
o~

FaelA 2§, W floradl A 2§ Fol waA gon oy

0.

Absh, B A 2R A AeHRR 1991).

Catechin# = AFell dolA A7z} sro] #hojdk vk ofyel 7]
4 ofg] #A&o] Hold EetZolvh (R 1991). Mo Z= E2hE 0]
7, stems vl g E Ao Adrl AR T 53] ®2 v
o Fo AHEoz AA W 728 (Cho et al 1997, Kim & Jung
2005, Simonetti et al 2004, Zhao et al 2001, Park & Cha 2000), &
2k3} Z8(Sung KC 2006, Sung KC 2005, Chen et al 2001, Chen
et al 1998, Luczaj] & Skrzydlewska 2005, Leung et al 2001, Chen
et al 2003, Hasan & Nihal 2003), 328 (Seo et al 2003, Hong &
Yang 2006, Imad et al 2003, Sachinidis et al 2000, Lin JK 2003, 4
ddA A (Hwang et al 2001), & 9 HAYF28(Lee et al 2003), 3=
2+8 G A S, SX AL R A (Jin et al 2005 Lee et al 2005,
Yang et al 2002, Li LT 2003) % =3} A28 (H <& 2003), W=t
dule] 3t (Kao et al 2000, Hegarty et al 2000, Han et al
2003, Kazutoshi et al 2003, Tankred W 2003, Yang & Landau
2003). Catechin®+ polyphenoliF % 3}8+% © 2= (+)-epicatechin

(EC), (-)-epigallocatechin gallate(EGCG), (-)-epicatechin gallate



(ECG), (-)-epigallocatechin(EGC)e] 4 FT 79 F2 3TE 99
(-)-gallocatechin gallate(GCG), (-)-catechin gallate(CG), (-)-cate
chin(C)¢] & 7F/7F €A dow I vl & FR77F SA434.
Caffeine> 1820 A& =7 o 1827d 9 =2 Qudry’} =
A lol A B ko] theineol 2t B e d&Eo] 7HAd Y 22 Ed=

SF o] AE AT TaT ARow o make] AuA

AR, aflatoxin A AA S &37E AlS greixa glew dF

U 2HE Aesdel Jde Aoz dHA IR 1991). = 29

24 AAHeR 4 del 4 HE FEAe) shfoln] F34
DEANBAE A=s= AHEo] ol AdEdFS HAsH 44, olx
A, f1diEr S0 5o AAWe AEoR JrmIE VA Aoy
=3 9 2¥E vEbd o (Hirsh K 1984).

Theobromine< caffeine - theophylline ¥} #%¢] Xanthine alkaloid$!
Methylxanthine ©]A| Rt FFA A Ao Ojg FE2-8o] oFsh vty o]x 2
o] A3 Holth Tsujida 52 A ¢ AAS 2B5CTE AX s 48471
F o= caffein 47%% 7}t theobromine2 7FAgtthar 49tk

1 whol 2] 7T EZFE+E alkaloidol] 39St theaflavin



(TF)3} theaflavin-3-gallate (TF3g), theaflavin-3’ -gallate (TF3'g),
theaflavin -3,3'-digallate(TF33'g)E X 3} theaflavini7F o™
flavonoid®] A7} A Fxbeo] FACOKE)S] 5 A0 XA A

¢l 9] catechin¥ 7}

5
ke

i)

polyphenol oxidase®] 2ZF&o] 2o]3te] Ak3} - FTetE o] AAH= =

olt}(Hong & Yang 2007). 3|, FHLolx= Zxlo] a5 o
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%2

o
rlr

theaflavin—3,3’ —digallate”} tyrosine receptor kinaseZ <A 3t
Hurh glo] o] Zdo] &ebatg 3 B =A o ek #ilo] Eof
AL QT (Chung et al 2001, Sah et al 2004). =+¢] Ao st A
To o5t dRkH o m mAtol= 30~42%°] catechinf7F &9 2
ow ZAb = 3~10%9] catechinf ot 3~6%2] theaflavin® 7} E°]
A BEFH FAUFEF  theaflavinF o FraFo] Wriam g
(Nagawa 1976). T3t g3+ 529 =422 Epicatechin®. ot &
T Ak #Eo] 150-250u) olel TS YEFHUH(H A 3] 1999)+=

Bazk v
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Fig. 1. Chemical structures of catechins, theaflavins evaluated in

this study
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Akl AbgH HZ7](Doori TEC)A A 30837+ H %3kl poly
ethylen bag® = Mg X7 stk 2 5 A5 ANEe EH7(F=
2 A FM-680W, (F)stdx7)& Zolx 60 ym Al FAAA AF
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Fresh tea shoot
y
Ist pan firing
l
‘ Hand rolling ‘
!
2nd pan firing
l
‘ Hand rolling ‘
J
3rd pan firing
!
‘ Hand rolling ‘
!
4th pan firing
l
‘ Hand rolling
!

Heating Drying

l

Cooling Drying

l

Cooling

l

vacuum wrapping

Temp : 270+10C

Time : 5 min

Time : 7 min

Temp : 130+10C

Time : 4 min

Time : 6 min

Temp : 100+£10C

Time : 3 min

Time : 5 min

Temp : 90£10C

Time : 4 min

Time : 2 min

Chamber temp :

Time : 30 min

80T

Temp : 60C

Time : 15 min

Temp : 20+1TC

Time : 5 min

Fig. 2. Preparative process of non fermented tea
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Fresh tea shoot

l

Indoor withering

gentle hand rolling

l

Hand rolling

l

1st fermentation

l

Hand rolling

l

2nd fermentation

Heating Drying

l

Cooling Drying

l

Cooling

l

Temp : 25+2C
Time : 17hr
Time : 10 min
Temp : 25+2C
Time : 120 min
Time : 10 min
Temp : 25+2C
Time : 120 min
Temp : 80C
Time : 30 min
Temp : 60T
Time : 15 min
Temp : 20£17C
Time : 5 min

vacuum wrapping

Fig. 3. Preparative process of 4hr fermented tea
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Fresh tea shoot

l

Indoor withering

gentle hand rolling

l

Hand rolling

l

1st fermentation

l

Hand rolling

l

2nd fermentation

l

Hand rolling

l

3rd fermentation

l

Heating Drying

l

Cooling Drying

l

Cooling

l

vacuum wrapping

Temp : 25+2C
Time : 17hr

Time : 10 min

Temp : 25+2C

Time : 120 min

Time : 10 min

Temp : 25+2C

Time : 120 min

Time : 10 min

Temp : 25~27C

Time : 120 min

Temp : 80T

Time : 30 min

Temp : 60T

Time : 15 min

Temp : 20+1TC

Time : 5 min

Fig. 4. Preparative process of 6hr fermented tea
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Fresh tea shoot
|
Indoor withering Temp : 25+2C
gentle hand rolling Time : 17hr
!
‘ Hand rolling ‘ - Time : 10 min
!
. Temp : 25+2C
1st fermentation — ] .
Time : 120 min
|
‘ Hand rolling ‘ - ‘Time © 10 min
|
) Temp : 25£2TC
2nd fermentation — ) )
Time : 120 min
!
‘ Hand rolling - Time : 10 min
|
) Temp : 25+2C
3rd fermentation — . .
Time : 120 min
!
‘ Hand rolling ‘ - Time : 10 min
!
. Temp : 25+2C
4th fermentation — ] .
Time : 120 min
|
Heating Drvi Temp : 0T
eatin ryin —
& Living Time : 30 min
!
Cooling Drvi Temp : 60T
oolin ryin —
& FIvine Time : 15 min
|
. Temp : 20+1°TC
Cooling - . .
Time @ 5 min
l
vacuum package

Fig. 5. Preparative process of 8hr fermented tea
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©
=5
N
H
N2
>
-2

oX
M

wA AL Aleke  (-)-epigallocatechin  (EGC),

=3
AN

(-)-catechin(C), (+)-epicatechin (EC), (-)-epigallocatechin gallate
(EGCG), (-)-gallocatechin gallate (GCG), (-)-epicatechin gallate
(ECG), (-)-catechin gallate (CG), theobromine¥} caffeine SigmaA}
(St.  Louis, USA)°] AF& A&3U  theaflavin (TF),
theaflavin—-3-gallate (TF3G), theaflavin—-3'-gallate (TF3'G),
theaflavin—-3,3' -digallate (TF33'G):= WakoA} (Osaka, Japan) A%<
AL-8-3F A

o] 54 w2l acetonitrile> HPLCE 3} <l2k(phosphoric acid) =
analytical grade ¢ Junsei(Tokyo, Japan)® A& A& on 1

whel Aeke EFAIkE AHgsAT
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1) stelel kg A

uhg alo] AUk e AOAC Hoel wat BEA5A0. e
105C A47teg Axw, ZAWE soxhlet F&H, uwzae

semimicro kjeldhal® (Kjeltec 1030 Auto Analyzer, Tecator,
Sweden), &3]+ AF 3oz FAHsH o™ (AO.A.C 1995),

o] & uil

g::l_’

filo

G T 100% A e =AW B 23]

Ny
f

o2 Yeh .

2) A2l o] catechin, Theobromine, Theaflavin F% %9 FZ&4H

W § 2} = Friedman et al(2005)2] ol wel &3 0% o &2

rok
o

@)

filo
o

2 FESAY. B FEHS AEE do]Ad 15 g o
100CE v]SAA 90C=E A3 250 mLe SHF4 = magnetic stirrer

2 587 &3%3 5 o] 3% (Whatman filter paper No. 2)& o] 3}3&}

$=7](reflux condenser)®} 1724

%
AlZ1 250 mL flaskell €31 80% ol &2 &< 50 mL 7}3F 3 60T <
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ZHo 250 mLY Tt Row g AlEE o fujox] 7o

WHor F 33 AR F Uk FEST. SHA FEAL o HA
s

0C)el ¥o] ®¥skatt.
3) Catechins, theobromine, theaflavins &4 W

29l Az eo FEH=HE  HPLCHigh Performance Liquid
Chromatography) © ¢]&to] Table 1 ¢ #& ZHo =z EA3A}
= WA FERE 1243 AR A2l WA 5 045
whatman nylon menbrain filter(maidateno, Enfand)®} 0.50 m
PTFE(Dizmic-13TP, advantec Japan)® o] ¥3ste] HPLC °] 10 mL
T sk

A48 HPLC+ Jasco HPLC 2000 series system® 2 A, Jasco
PU-2089 Plus Pump(two pump gradient system), Jasco UV-2075
plus UV/vis dector(Hachioi-sh ; Tokyo, Japan), Column Oven
(Waters temperature contral Modules, USA)¥} injector(Rheodyne
V77251, USA)E 74 5 At}

Column-2 Agilent Extend C18(4.6x150 mm, 5 um zorbax, USA)
5 AF&stA T o] 42 HoO(H20/85% Phosphoric acid @ 99.95/0.05
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v/v)Z} acetonitrile(AcN/85% Phosphoric acid : 99.95/0.05 v/v)< A}

ol F A ZA L Gato et al(1996), Bronner & Beecher(1998) ¢ #+
WS FA3o] Table 33 #o] catechin #412 gradient method =,
A5 52 HzO/acetonitrile (93:7) & ¥AGsHAl &&=A17 5 18& 714
= 90/10, 2327kA 85/15, 287k 80/20, 35iE7bAl 75/259] Ml& =
acetonitrile ¢S A FT7F Al713L 40E7-A &= HoO/acetonitrile

75/25% dA st

A &Eskdt. ol &4

Lo

=2 29 1 mLE st3e

H Ad &%= 40TCTE FA39 Y. UV/VIS detecter 32 231 mm

Theobromine 241-& theobromine #41%H (Goto et al 1996)L 4
Aatol BAEATE o] A = H.O/ acetonitrileS(93:7)S A AE A &

=A1713 A9 &5+ 40T, F%(flow rate) 1mL/min, A& 33

Theaflavin 4] A3 52 HyO/acetonitriles 80/20% U A a4
FAA 712 208744 HoO/acetonitrile = 75/259] W] &= acetonitrile
A}
HoO¢%} acetonitrile 75/25%2 YA &A1 AT AH =%+ 40T,

A2 (flow rate)& 1 mL/min, 206 nmol A z}z} 2413}t

o2
fljo
ot
o|N

7}A1 71+ line gradient S A&l om 25871XA] &=
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Table 1. Apparatus and analysis conditions for HPLC

Instrument Jasco HPLC 2000 series system
injector : (Rheodyne 77251, USA)
UV/VIS detector
(Jasco UV 2075 plus, Tokyo,Japan

Column Agilent Extend C18
(4.6x150 mm , 5 gm zorbax, USA)

Solvent H.O (0.05% phosphonic acid)
Acetonitrile (0.054 %, 85%phosphoric acid)

Column Temperature 40°C (water temperature control modul, milipoe USA)
Flow Rate 1 mL/min
Injection Volume 10 b

Detector Wavelength Catechin : 231 nm
Theobromine : 276 nm
Theaflavin : 206 nm
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Table 2. Component elution gradient program

TE Time Flow Rate H20 ACN Wavelength
A5 (min) (mL) (%) (%) (nm)

5 1 93 7
18 1 90 10
23 1 85 15

Catechin 231
28 1 30 20
35 1 75 25
40 1 75 25

Theobromine 15 1 93 7 276
5 1 80 20

Theaflavin 20 1 16} 25 206
25 1 75 25
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4) Catechins, Theobromine, Theaflavin®] A %3 %4

HPLCel 9J3] 8%F 9 catechin, 479 theaflavin®} 1%/ 9
theobromine& =2 31H7] ?] 3k T A o theobromine,
(-)—epigallocatechin(EGC), caffeine, (-)-catechin (C), (+)-epicatechin
(EC), (-)-epigallocatechin gallate (EGCG), (-)-gallocatechin gallate
(GCG), (-)-epicatechin gallate (ECG), (-)-catechin gallate (CG) %
theaflavin(TF) theaflavin-3-gallate (TF3G), theaflavin-3’-gallate
(TF3'G), theaflavin—-3-3'-gallate (TF3-3'GQ)E 27 049 mg~2.36 mg

7HA sl A Feted 2 mLe 50%9] acetonitrileel] &3iAAH ETA

52 A& Catechin 2 theaflavin®] ZFAIEE 34 8te] &
¥4 =¥ (extental standard)ell & @ HEFHAS FHAAIL F

Stepwise™ & Gradient™ (Kim et al 2006, Lee & Row 1997)° 2|3
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AOACHH(199%) =

b

<
!

polyphenols

=
)

el

of
<

)

~N

e
;Q..._

ca

241 ZF

7}&

500 mL = A&, o3}

KR
=

5 300 mL

Nlo

5

ko3
T

A& o] o] Folin-Denis 4] ¢F& 7}3l

Fl et

S

NEE ALg
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N
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fite]
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o] A Z A7l % phenylisothiocyanate/methanol/water/trithylamine(20

]

o

pl, 1 :7:1: 1, v/v/v/VvV)&doeg FEAS 51 A 8E 94
AxAZ T o47]e] 200 uLe] °o]&7% A(l.4 mM sodium acetate
3H-O, 0.1% triethylamine, 6% CHsCN, pH 6.1)°] &3|A#A
microcentrifuge A%l ¥ A5 ATkS FHolo] 045 ul filter= o ¥} %
HPLC #4& A&=2 A& At HPLC:=  Hewlett Packard
system(Hewlett Packard 1100 Series, USA)S Al&3tga #24
column< Nova-pak Cigz column(3.9x300 mm, 4 pm)< AF&3F30 S
H, olF A4S 46ToA % mL/mine® 3R ow, o it
254nmell A A Eedit. ol ol T dE olF At olFd B(60%
CH3CN)E AF&3}9] linear gradient® 30 &< o4 B/l ==

shel 24 shlrh,

zbel AR E 15g ¥H o F 100CE Hl53 250 mle] =
FTE 90TC=Z WY F magnetic stirrer2 53 &3 & oJ7X

(Whatman filter paper No.2)Z o33t & FEZA5E5 pH
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meter(Metter, Delta 350, England)® =7 3} ] t}.

ANRE HolAY 15 g& FF F F 1000 HEAA 0T

an

2138 250 mLe =F4E magnetic stirrer2 5%7F £33 T o 1}
A (Whatman filter paper No. 2)& o] #3lo] FZ%3to] 3 cm HET
gslel 10 mL & A9 2 At

A 2} Al (Colormeter, JC601, Japan)® ™ &= (Lightness)E e =
L3k, A2 %= (Redness)E UWEIH = azt, M E(yellowness)E WERY
Fof s
Lgko] 97.37, agto] -0.43, bzko]l +1.98%1 calibration plateZ

= stlvt

= b 33 W& =4

o,

oz stk o] W] FEEAE

off

o

==
- —

FH

s HU7he HE A AR 15g2 = 250 mLE 100C= #

NC= A7 =l Y 3280 A= F u& &7 &2 F 744

o

Wl Al 27 (217 50 mm, Z©] 55 mm, &% 80 mL)ol 60 mLA %= ¥

=]
0
of
1o
o
e
)
<
{i
=
X
i1t
>
ol
ol
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(Chun et al 2005, Yang et al 2004, Yang et al 2004, Yang WM

2005, A -5 2000, °]=&5 2002, Akihiro H).
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Fig. 6. Photographs of fermented tea leaves (90C)

S N: non fermented tea harvested in April
S 4:  4hr fermented tea harvested in April
S 6: 6hr fermented tea harvested in April
S 8  8hr fermented tea harvested in April
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Fig. 7. Photographs of tea color infused in hot water (90C/3min)

S N: non fermented tea harvested in April
: 4hr fermented tea harvested in April
bhr fermented tea harvested in April
8hr fermented tea harvested in April

wwnw,m
0 O W
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Fig. 8. Photographs of tea leaves soaked out from hot water(90C)

SN
S 4
S 6:
S &

non fermented tea harvested in April
4hr fermented tea harvested in April
bhr fermented tea harvested in April
8hr fermented tea harvested in April
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Table 4. The Formulation of madeleine substituted by fermented
tea powder at different level

(Unit : g)
Ratio substitute level of fermented tea powder

Ingredients (%)
Control SN S4 S6 S8
Flour 98 100 98 98 98 98
Sugar 100 100 100 100 100 100
Whole egg 100 100 100 100 100 100
Butter 100 100 100 100 100 100
Baking powder 2 2 2 2 2 2
Salt 05 0.5 05 0.5 05 0.5
fermented tea 0 9 5 9 5

powder

Control : madeleine with 100% wheat flour

SN : madeleine with non fermented tea powder of 2g
S4 madeleine with 4hr fermented tea powder of 2g
S6 - madeleine with 6hr fermented tea powder of 2g
S8 madeleine with 8hr fermented tea powder of 2g
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Mixing bowl

l

Mixing & Whipping

|

Blending

|

floor time

l

Panning

l

Baking

|

Cooling

Whole egg

mixing at 2 speed for 30sec

mixing at 3 speed for Z2min

adding sugar and salt

whipping at 4 speed for 1min

adding flour and tea powder

and baking powder
melting butter in bath
blending at 1 speed for 30sec

18C 30 min

170/180°C 15min

30 min at R - H

Fig. 9. Flow chart of madeleine preparation
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4%, A% 29, 49, 79, 99 ek AFFHAA vhEAe] FA o)A

2) A= 5.24

Hg A re] e wE A JHFE et Axd nrEds A
Z ARy A 2d, 49, 74, 99 F<F 20T A FSHA AW
3= =437 9l MEA (Colormeter JC-601, Japan)E o] &3},
Aoz 03cmzE Zek L, a, b S 33 wrE =AHso] H

G G
THs A}k ool &M Lakel 97.83, agkeol -0.43, bakol

@
N
)

)
[
oX,
Ay
o,

ANgE 15x15x2 cmZ LASA 2} texture analyzer(Stable
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micro system, SYS, TA-XT2i, England)E ©|&3}o], 2 o] 2em<!
prove® mwEd 2 A4 (hardness), - 2ZA (adhesiveness), %A
(springness), < A (cohesiveness), #A(gumminess), R

(chewiness)& 33] ®tE A3t Hdgks 3513tk o] ol graph

o

type2 force & time® & 3}%1 11, force thresholdE 10.0 g, option<
T.P.A(texture profile analysis)® #] A 3}¢] strain 30%, test speed 3

m/sec® =74 3},

5. TAA

ZF & mE Am B4 SAS(Statistical Analysis  System,

version 8.1, SAS Institute INC., USA) program= ©]&3fo] EAHEAY

Ho

(ANOVA)S 2 A3k 3 Duncan’s multiple range test® 7z Al 5 7F9]

& 5% FEAdA ASTFATHEAZ 1996).
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1. 3o ARt £

2 Aol ARk E-2 Table 59 #3ktth 2 ek 32.94%, =
AR 0.85%, 3]+t 6.4%, BFr3tE 59.81% Ao, A1FAF3E (2001l o5t

o thFstrtar stlom, vkt 3tele] A B4 HET 08~51%% A
ol7b A= A2 Aele] AAFe wel FAHo] FrFsk=EH A 71/l drhaL
FSATH
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Table. 5 Proximate composition of fresh tea leaves(April)

DB (%)
Compositions Contents
Crude protein 32.94
Crude Fat 0.85
Crude ash 6.4
Carbohydrate 59.81
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2) Theobromine, catechin¥, theaflavin ¢ 7] ¥ Az 7

Theobromine, catechin¥, theaflavin®] retention time< Fig 10~
120 YEtit}. Fig. 10914 H+= vFe} 79| theobromine®] retention
time= 2.95%9°]W,  catechinf++= EGC+= 5.45%, catechin2 7.04%,
caffeine 858+, EC+ 13.63%, EGCG+ 14.16%, GCG+ 17.65,
ECGE 26.05%, CGx 26.76%°] &=% AL, theaflavine Fig. 12%}
Zo]  TF+ 12.08%, TF3G+ 1539+, TF3'Gx 17.25+%, TF3,3'G+

A1l M Z2h 22 §E5 A

—_
o)
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950§y
9,003
8,500%
8,000
7,500
7,000;-
65003
6,006
5,503
5,000
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2,000+
1,503
1008
500

eobromine(T.023ppm}8.0A [A]
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Retention time (min.)

Fig. 10. HPLC chromatograms of standards theobromine
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21,0004 w/ [CATEGppMZDATA)
20,0003
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17,006%
16,0003
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Fig. 11. HPLC chromatograms of standards catechin
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Fig. 12. HPLC chromatograms of standards theaflavin
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3) Theobromine, caffeine, catechins, theaflavins 2| st ¥ 3}
(1) Theobromine, caffeine ¢ 3%
D & 3= 2 & 39 theobromine, caffeine ¢ 3=

NG Al7ISE EEAIZF] B E EEAE & F
caffeined] 35S Adst A= Table 73 2t}
theobromine< 0.67~1.49 mg/g WY ol v waxel WSNo| 1.49 mg/g=
M =8 FEE Ueden diAF oz W Agte] daE vhe s
UER T 9€el A) ¢ WFE2 0.30~1.11 mg/gel
L11 mg/gs A9t S mpz7tA = g Agto] Aas e daFs
ElSdeh Aol AFQ2005) - 1459 =4l Haa(EAhHE & F
%319 theobromined &S w43
059 mg/go 2 FAHATHL B35k

d=o we} theobromined w2 =Fol7) U= Aoz AlmHL)

W

99 AP @ Firel Wi B0l 07 mego 2 2/ UEwton ox
Ao £33 AzHg F BEAR AojdlA Qe Aoz Amd
=

Caffeined &2 4499 A 3 WSl A WSNS 2852 mg/g, WS4

[.

28.32 mg/g, WS6< 27.00 mg/g, WS82 26.80 mg/go.=2 W@EA|Fte] A=
914 (p<0.05) 2.2 ol A= Ade el o) 412009 el
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of wEAES] WE f94(p<005)3 BFL molx @ty AwHow

WSs#o] WEs#ol H]a]l A theobromine®} caffeine $#o] =& #HAS & F

et al(2005)2 methylxanthin % theobromine 2| §#o]

1A
e
2
3

caffeine®] 3St#EFRT} dAASA o} =i, ¥ 2, FA+=  caffeineol

methyxanth®] A& el Edolgti sty on 2 AdoixxE WS+ WF

Hir

7 B theobromine®th= caffeine®] o] =A A ¥o] Kim et

al(2005)¢] &3 LA sk
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Table 6. Content of theobromine and caffeine in fermented tea leaves

extracted with water

mg/g
Sample Variable Theobromine Caffeine
WS N 1.49+0.08™ 28.52+0.36™
WS 4 0.85+0.20™ 28.32+6.51™
WS 6 0.67+0.06" 27.0045.01""
WS 8 0.68+0.12" 26.80+1.46™
F-value 28.57 %% 0.13
WF N 0.94+0.08" 21.98+1.22""
WF 4 0.72+0.12" 24.11+1.88™
WF 6 1.11+0.14% 23.59+1.59™
WF 8 0.30+0.07<" 24.87+4.13
F-value 3371w 0.73

1) A, B, C:Duncan’s multiple range test in teas according to degree of fermentation
2) a, b, ¢: Duncan’s multiple range test in teas according to period of harvest

WS N: non fermented tea harvested in April

WS 4: 4hr fermented tea harvested in April
WS 6: 6hr fermented tea harvested in April
WS 8 8hr fermented tea harvested in April

WEF N: non fermented tea harvested in september

WF 4: 4hr fermented tea harvested in september

WEF 6: 6hr fermented tea harvested in september

WEF 8. 8hr fermented tea harvested in september
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o

@o et F= W 3F 29 theobromined} caffeine ¢ ¢

ANFAI 7164 LAl e BEAE PR F=F ko] theobromine
3} caffeine®] &S Adst A3= Table 73 2t}

Theobromine §F#F2 49 9 3k ESvollA+= 1.07-1.92 mg/gel W
o™ ES8°] 1.92 mg/g ¢ ESNo| 1.83mg/g, ES6¢] 154 mg/g, ES4°] 1.07
mg/g® WEAb] whe} 254 Frbelbe AEFeldloy, 9¥el A 3 EFS

AN FANA FASAAT. ot B FEW waAel @ 2 Aoy

i)
ol
Q
lo
Q
-
o
(@]
o
9
=
i
i,
kl
ies
rlr
—_
=~
N
N

T
fol
_>;L
lo
=
)
ffo

2
-
=2
>

r
©
2
24
incs

o
2

T

o
o

e
ot
e
2S]
!
Lo,
o
£
L
-0,
—
w
w
&
~~
I

2 v EAES YER AT

Caffeine alkaloid®] Y& o= ko] An] A FolA FF 25 o]
w BAE kS ESN, S40]4 41.1 Smg/g, 41.11 mg/g®E Hv]<=3 HES B
Ao, ES6, ESSAE 6298 mg/g, 62.78 mg/g= H=3stAtt. 7hH| ¢l St
o] =&FE A uto] Uis 7z =vF ST 4 A 9 tH(Yamamoto et
al 1997). EFT-el <& EFN, EF3<S 43.88 mg/g3t 47.75 mg/g, EF6S 30.74
ng/g, EFE 2896 mg/go. @ WEAIZM we} zaste 43S vedo] A
d Aol wE Mz e S B dubdow gL e i}
LS, AHAAZI7E wEFE Wo] o e Ao deA AHAF
F2004). A T(2004)°] ATFelAE MG AT 2T E dAste 4TS

UERI AL, 2 AFelM = 490 MY 7 ESwelA 9€el A 3 EF
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B =2 %S Yeidlo] 22 A3E YERAT
Theobromine ES8AIZ7F 192 mg/g= 714 ®Wol FEFH e EFN
Alg+ 1.86 mg/g, EF8AI R+ 0.36 mg/g= ull-$- stol g4 ol & F&

Agol Ha) e AR FEFo] ¥ Ao ey
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Table 7. Content of theobromine and caffeine in fermented teas leaves

extracted with ethanol

ng/g

Sample Variable Theobromine Caffeine
ES N 1.83+0.48™ 41.15+0.80™
ES 4 1.07+0.05" 41.11£0.29"
ES 6 1.54+0.24" 62.93+£2.93%
ES 8 1.92+0.18™ 62.78+1.36

F-value 5.56" 193.35™
EF N 1.86+0.08™ 43.88+2.59"
EF 4 1.45+0.16™ 47.75+2.77%
EF 6 1.67+0.09* 30.7441.88"
EF 8 0.36+0.07" 28.96+1.88""

F-value 12660 49,27

1A, B, C: Duncan’s multiple range test in teas according to degree of fermentation

2)a, b, ¢: Duncan’s multiple range test in teas according to period of harvest

ES N: non fermented tea harvested in April
ES 4: 4hr fermented tea harvested in April
ES 6: 6hr fermented tea harvested in April
ES 8. 8hr fermented tea harvested in April

EF N: non fermented tea harvested in september

EF 4. 4hr fermented tea harvested in september

EF 6: 6hr fermented tea harvested in september

EF 8. 8hr fermented tea harvested in september
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(2) EGC, catechin, EC, EGCG, GCG, ECG, CG &

F= o FE A9 EGC, catechin, EC, EGCG, GCG, ECG, CG

e

=i
=
&

AAA 71 HFEAIZFES FYete] Az BEAE B FET TEAY
(-)-epigallocatechin(EGC), catechin, (+)—epicatechin(EC),
(-)-epigallocatechin gallate(EGCG), gallocatechingallate(GCQG),
(-)-epicatechin gallate(ECG), (-)-catechin gallate(CG) ¢] &g FA3k
A¥= Table 87

BE AR9 catechinfr %2 warl dojd4s Fastgon EGCG
kol 7 =okvh 2y dEAgte mE HAES wlg AA WSS,
WE8e] 74 Z+2F 098 mg/g, 052 mg/ge= =AA HAsAT. S
catechinfr ¥ EGC9 CGE A 9lgt Firel B & catechinf HTU} =2
TAE Bt 53] EGC= WFA 59 gaFo] 7H =ko k(2425 mg/g)
WE8A 5ol A= 020 mg/go 2 7FAste] WS8e] FHaf# n]22(0.21 meg/g)st
At

Epigallocatechin(EGC)9] 7A¢ Z}ellA] £k 7171 7 Sl 7+4 %
B3t gatkslHo] e e B Hi ti(shiragi & Hara 1992) FNO
A M =2 T 2425 ng/gE WERW AL Sl A= SNol 9.72 mg/g S4

£ 0.69 mg/g, S6& 0.32 mg/g, S8 0.21 mg/gE 9 A (p<0.05) 0.5 ol A
o & 28 ALV 2S5 gEe volxlon ojygt Ay G Al

=
7F 99l Bfol® mld AFolder Fol Ade Wswrt =2 o
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N
N
rlo
o,

EGCGE U= ECG o] o =4 yelloen WFze] 79

&S eI
WS¢ WaAzte] W& ECGE %
shero FASHA 7HAadte] WSSA| & A+ ECG, EGCG & 7tz 1.16

mg/g, 098 mg/gl 2 743Utk WF e 72 %% ECGE#He gzt

el bkt Al FHastal EGCG @2 WF4olA FA48HA a8l en

ksl A AR oL EGCGE

rlo

WF63 WE8el A ECG, EGCG®] &2 A= Hls=atqlt.
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Table 8. Content of EGC, catechin, EC, EGCG, GCG, ECG, CG in
fermented teas extracted with water
mg/g
Variable
EGC, Catechin EC EGCG GCG  ECG CG
Sample

WS N 9.72 0.84 3.76 52.91 3.41 12.69 0.83
2208 £018%  +0.70%  +569%  +0.14% 059 +0.32%

WS 4 0.69 0.25 0.82 5.93 0.21 3.52 0.72
+0.30%  +0.05"% +0.35""  +3.07%*  +0.19" +0.97%  +0.88*

WS 6 0.32 0.13 0.47 1.98 0.21 2.42 0.33
+0.12% 008%™  +041% 217" +0.14% 117" +0.17*

WS 8 0.21 0.08 0.22 0.98 0.20 1.60 0.42
+0.05%  +£0.03%  +0.11%*  +020%* +0.17%" +0.13%"  +0.20*

F-value 4853w 34.86%%% 41 42%%% 161.92%sx 205 29xsx 118,820  0.71

WE N 2425 072 6.56 4591 2.26 11.26 1.28
+10.49% +0.24%  +£193%  +806™ +0.43* +055*  +0.66™

WE 4 6.73 0.30 3.49 17.88 0.76 6.39 0.44
+1.10% +0.06° +0.08"* +7.76" +033% +191%  +0.21™

WE 6 9.49 0.50 2.71 4.46 057 4.89 0.40
+1.48% +0.09%4 +063%  +556%  +0.05% +1.29%%  +0.07%

WE 8 0.20 0.13 0.12 0.52 0.05 0.51 0.59
+0.07%  £0.02°%  £0.03°*  +0.25°*  +0.02“® +0.19°> +0.265%

F-value 1092 1117  20.40%%x 27.84x%x 3582#%x 4157+ 357

1A, B, C:Duncan’s multiple range test in teas according to degree of fermentation
2) a, b, ¢: Duncan’s multiple range test in teas according to period of harvest

WS N:
WS 4:
WS 6:
WS &
WF N:
WF 4:
WF 6:
WF 8:

non fermented tea harvested in April
4hr fermented tea harvested in April
6hr fermented tea harvested in April
8hr fermented tea harvested in April
non fermented tea harvested in september
4hr fermented tea harvested in september
6hr fermented tea harvested in september
8hr fermented tea harvested in september
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@l &

CGe]

o

F=3% ¥axe] EGC, catechin, EC, EGCG, GCG, ECG,

1%

K

AAA 71 FEAMS Yt AxI WEAE dEE FE
EGC, catechin, EC, EGCG, GCG, ECG, CG ¢ =S =H3 Axs=
Table 93 .

HE Al89 catechinfre WaE7F dojAG55 7Astgom EGCGe &
F(112.85 mg/g, 159.90 mg/g)el 7H& =koh WEA e WmE 1 FaE
2 uj$-AA ES8, EF8e 4% zt7 6
ATk oo} o] WEIVF Wol XAHFE JHEIZ o] FActe AL
Shihoko 5 (1987), Yamamoto &(2001)e] Ao} #otom o]zlst ghako
spolm 24= o] BRI} sssttan @t oh(Shihoko ef al 1987)

EF+¢] catechind &2 GCGeF CGE A& gk Svte] R+ catechin
Ho £ $XE Byt 3% A59 catechinf THFRT= d8E F

A7 FFe] dAsHA E=ow 53] EGC, EGCG #HS EF=

>,
1o

2-3u19tt EF62] catechin & %2 EGCG>EGC>ECG>EC>CG>catechin>
GCGe oz %wotonw EFZ3F EF6y W43k 43S et EFS
< EGCG>ECG>CG>EC>EGC>GCG>catechin®® &E3F&3%+ EF8¥ U &
A4S Bt

AFA2005)2 11F9] =4k HEgxate] oebs FE=9 catechin &
HE gy S EGCG 35. 59 mg/g, ECG 17.34 mg/g, EGC 883 mg/g,
G 2.43 mg/g, EC 1.15 mg/g, catechin 0.79 mg/g, CG 0.16 mg/g =°] At}
2 A AME ESw EF EGCG, ECG, EGCEo & EGCGe] el 7}
=

zol Aol LA stk 9ol &3 Ao HEREE, S FEE
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T3k EGCG7F 7Hd E=skoy, ESw 3+ 2 EGC, ECG & 7t thao
zhol 7k Ak Ay oz wdrg el wrgxk B catechinf ol A EGCG,
7F b B2 s deigdlen we e wEk EGCGY dEel #9

A EGCG
TEgk AlEol
B

& Fre

Hog ZHAaFA A5A2005) oete FEA] catchinF
= 46-585 AASEA AL sklon, B A= EGCG7T
Sue] AF 34-64% Fom, 99
A1(1993), 2(2004)5, o &

k)
)
N
o
Sy
Jo
[40
o)

o 3lo

30-60% A =2 A PSS Folstar). o=
(1995) 3 %= 22 A3
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Table 9. Content of EGC, catechin, EC, EGCG, GCG, ECG, CG in

fermented teas extracted with ethanol mg/g
Variable
EGC Catechin  EC  EGCG GCG ECG CG
Sample
16.54 1.54 6.31 112.85 4.09  29.38  3.36
ES N +0.20%" +£0.12%" +0.40™ +4.21%° +0.87% £2.12* +1.19™
5.34 0.66 3.53 37.37 144  16.61  0.87
ES 4 +0.67" +0.12"" +0.71"" £2.08" +1.87"* £2.87% +0.51™
1.47 0.55 1.68 1198 109  9.71 1.12
ES 6 +0.05°" +0.06"™ +0.13°> +0.31°" +0.34% +0.82°> +0.33%
0.86 0.36 1.11 6.12 131 7.15 1.21
ES 8 +0.10“° +0.07°* +0.21°* +0.96™ +0.65°* £0.62°* +0.35™
F-value  1271.14™ 94.76™ 91.22"° 1253.16™" 5.00° 86.01"" 8.38""
72.47 1.84 16.68  159.00  3.06  84.33  1.93
EF N +1.86™ +0.10™ +0.39* +£7.76™ +0.94™ +1.35% £0.28™
38.79 1.33 8.31 112.27 176 2157 155
EE 4 +1.99% +0.10% +0.36"* +6.19"* +0.45"* £2.12%* +£0.14%*
30.50 1.12 7.64 7749  0.62  20.11  1.18
EF 6 +2.43 +0.08“" +0.41°" +5.49“ +0.12°% +£1.02% +0.34"
0.34 0.11 0.51 1.31 026  1.20 0.63
EE 8 +0.20" £0.09™ £0.19" +0.78" £0.18°* £0.34“" +£0.50%
F-value  786.68" 190.34"" 1091.17"" 414.10™" 16.85™ 299.34"" 7.94™"

1)A,B,C: Duncan’s multiple range test in teas according to degree of fermentation

2)ab,c:

ES N:
ES 4:
ES 6:
ES &
EF N:
EF 4
EF 6:
EF &

non fermented tea harvested in April
4hr fermented tea harvested in April
6hr fermented tea harvested in April
8hr fermented tea harvested in April
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non fermented tea harvested in september
4hr fermented tea harvested in september
6hr fermented tea harvested in september
8hr fermented tea harvested in september

Duncan’s multiple range test in teas according to period of harvest



(3) TF, TF3G, TF3'G, TF3-3'G9] 3= W3}

O© & FEE9 TF, TF3G, TF3'G, TF3-3'Gel &%

HEare] 549 theaflavine T2 24 FF4ko] o] E0%e &4
% polyphenol oxidase®] 2ol o|&] 4tsh, 9o S/ AFHot &

Ao Zy ¥ S 2ttt} o]# 3k theaflavine 8139 EC9 EGCEH-E
Fador g Sgste] AAs = v FAY f-EAke] FHHZ o
o vl EAQl FAETE A2 AL olg Al 7]A¥tHLee & Son
2002). AAFA 71 EE A o] vE B FE3 w329 theaflavin(TF),
theaflavin—-3-gallate(TF3G), theaflavin—-3'-gallate(TF3’'G), theaflavin-3-3'-
digallate(TF3-3'G) &= 233 2= Table 103} #Th

EE A8 TF3GY & daAzte]l Aojfo met Srtste 43
oj1em 1 9]¢ theaflavinol % Wik LA FFS HERRX
U WSt WEE o] g Zpoli= FelshA] skt

7 5(2005)8] Aol A= theaflavinf = el wh A ATt 2
v vk 2 Aol A= v E Al WSN, WENe = H&Ed AL Alx
goll A ofztel ol fjxpAgel A ofzkel Eavt dEs & ¢ AH

(fig. 2).
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Table 10. Content of TF, TF3G, TF3'G, TF3-3'G in fermented teas

extracted with water

mg/g
ariable
S\\ TF TF3G TF3'G ~ TF3-3'G
ample

WS N N.D.® 0.05+0.09" N.D.Ba N.D.“
WS 4 0.05+0.01* 0.07+0.0284 0.03+0.014" 0.10+0.01%
WS 6 0.02+0.01%° 0.11£0.02842 0.03+0.014° 0.07+0.03"
WS 8 0.04+0.01%4 0.16+0.03** 0.05+0.02* 0.21+0.04%
F-value 17.20%3% 2.92 9.5 32,54k
WF N 0.02+0.03“ 0.01+0.025 0.01+0.02 N.D.Ba
WF 4 0.06+0.025 0.09+0.02* 0.05+0.01" 0.09+0.014
WF 6 0.12+0.04" 0.12+0.04" 0.09+0.02%? 0.13+0.03*
WF 8 0.08+0.0284 0.14+0.02% 0.05+0.01" 0.12+0.02%"
F-value 7205 12,385 8,79 29,99

1)A,B,C: Duncan’s multiple range test in teas according to degree of fermentation
2) a, b, c:Duncan’s multiple range test in teas according to period of harvest

N. D : Not Detected

WS N non fermented tea harvested in April

WS 4:  4hr fermented tea harvested in April
WS 6:  6hr fermented tea harvested in April
WS 8 8hr fermented tea harvested in April
WEF N: non fermented tea harvested in september
WF 4:  4hr fermented tea harvested in september
WF 6: 6hr fermented tea harvested in september
WEF 8.  8hr fermented tea harvested in september
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@ d®s F&=E9 TF, TF3G, TF3'G, TF3-3'G4 3=

gallate(TF3'G), theaflavin-3-3'- digallate(TF3-3'G) 3 %S 233 A=
Table 113 2t}

Swoll A TFO| 32 S60] 0.56 mg/ge= 7HE =okal thF o == ES8
o] 042 mg/g, S4L 0.36 mg/g, ESNS ND.Z UYesor, Fio A=
EF6>EF3>EF>EF8> EFN =02 UElyt}

ESAI: 9] EE theaflavinf &3 WA gto] Aol e} 6A]7F &
A= STt RE 8ol fAEkE A EFo|UTE EFAIET Y
TF3'GSF TF3-3'Ge @a 6417 At R AojdG4E fastdoen TF

S TF3GHFE W& 6NNAAE S5ttt Wi sANA dadts 4

=

3% 93 teaflavin® TR} o 8L FZEo]| o3t o] AAF] =
& S Yt TFIGY e ES6AIE7F 1.93 mg/glo 2 7Fd =9k
o ESSARE 161 mg/glo = YElYt TF3'G, TF3-3'G: 22 Z3=
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Table 11. Content of TF, TF3G, TF3'G, TF3-3'G in Fermented

teas extracted with ethanol

mg/g
ariable
S\\ TF TF3G TF3'G ~ TF3-3'G
ample
ES N NDP? NDP® ND? ND?
ES 4 0.36+0.05°>  0.91+0.14“*  0.55+0.12%  1.81+0.28™
ES 6 0.56+0.02%*  1.93+0.11% 1.0£0.21%  4.15+0.51"
ES 8 0.42+0.03%  1.61+0.03%*  0.77£0.04%  3.57+£0.21*
F-value 221.29" 265.29" 38.62° 108.80°
EF N 0.05+0.09% NDB8 ND*? ND®
EF 4 0.59+0.11%  0.77£0.28%  0.77£0.11%  2.24+0.07*
EF 6 0.61+0.29*  0.9240.23%  0.64+0.21"*  1.3940.32""
EF 8 0.29+0.11%*  0.78+0.14™  0.47+0.07"  1.33£0.14"
F-value 751" 13.81 22.44 82.77"

1DAB,C: Duncan’s multiple range test in teas according to degree of fermentation
2) a, b, c:Duncan’s multiple range test in teas according to period of harvest

N. D : Not Detected

ES N: non fermented tea harvested in April

ES 4:
ES 6:
ES &

4hr fermented tea harvested in April
6hr fermented tea harvested in April

8hr fermented tea harvested in April

EF N: non fermented tea harvested in september

EF 4:
EF 6:
EF &

4hr fermented tea harvested in september
b6hr fermented tea harvested in september

8hr fermented tea harvested in september
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Fig. 13 HPLC chromatograms 13 compounds extracted with
water from fermented tea leaves harvested in April
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ethnol from fermented tea harvested in April

_64_



w

®
Theabromine

e ~\

1 2 3 4 5 6

RT [mn]

theobromine F

(BT 25 L ORTA]

=
g
k.
J 3
i
:
"
AM,!’( S e S o)
10 12 14 16 18 20 22 24 -3

)
28

catechins F

RT [min]
= 1 2 3 4 5 6 2 8 9 10 1 12 1 1415 16 1 18 19 A 2 22 23 M4 25

theaflavin F

Fig. 16. HPLC chromatograms 13 compounds extracted with
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4) % polyphenols & =F

s e A de Z2xH A= 22 WA A= sy

2] flavonoid¥+, catechin¥, tanninF S22 IA TEIF(Kim et dl

2003) HEe] AL mE A9 F HEFFS tannic acid= FAH L
w 4] A= Table 133 2t}

E A gkl Aojo] wep F dHEdEFe] FFAste] SNAIZE 18287
mg/g°l ™, S8& 7358 mg/gl & 25 Hl AE AUt SN S4of =
oAl Aol7t gl oyt HEALETE 2 S6, S8e® A wel
?l Apol& FAsteE Ao® UEFSR O™ catechins®] WE o] wE 3 A

o} Zt}. o8 g A= Yamamoto et al (2001)¢] thokal Wy o2 A %3t

g}
ghfol Aadthe Hael Aol AT 2ok F(2007)2 =4+ F79
]

g e 10.0~158%01H, T+ 7.0%E stgom, E Ao AEs
SAIZF & 2} polyphenol & &#Fo] 73%=A 7.0%% FAF 3 A3tE B
pras
B 2 (tannic acid)2 84 02 gallic acid7} FA ol HEEF
e

A, A5, wre] BEH &
21t
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Table 12. Changes of polyphenols contents in fermented tea leaves

mg%
Samples polyphenols
SN 182. 87 + 2.36%
S 4 182.04 + 1.18"
S 6 147.73 + 8.45°
S 8 7358 + 571¢
F-value 190.02™"

AB,C: Duncan’s multiple range test in teas according to degree of fermentation
S N: non fermented tea harvested in April
S 4 4hr fermented tea harvested in April
S 6: 6hr fermented tea harvested in April
S &8 8hr fermented tea harvested in April

_67_



AFof A slolyy w@ule F=8 ofu=igbol] o) gt} Abglel] I w
o] ¥ ofn| =4S theanine ©]W = ¢ alanin, arginine,
glutamic acid &°] Ztr}. oln=AtF= Bl AP 3F AU @wor
4 7}A opm| w=4bS A%k A ¥ = Table 13 3 #Z

kol A 715 A, 7ls A e R FHEI Y+ gultamic acid, GABA
¢} argininex =g uwgt FUstE AFdo|loem 53 GABAS

arginine< 9|27} = A YEFW S theanine #H4 78 o]t

GABA®9] &2 SN 49 943 mg%, S4A 5+ 1011 mgxoez &
kol & YEF Al eFSkout SEAIE A SAEE L EAIZte] Aojdys 7}
ZF 1452 mg%, 1966 mg%l® FAsHA Tt AS E & AJTh

GABA®°l A =2 d7|4H, 7I|A4 £, cold shock, heat
=

ol

shocks ] HE-g o

=473 7ttt = ®Ha7b ) tH(Cholewa et al
1997, Mayer et al 1990, Ramputh & Bown 1996). 2] = A3 A A

EAS AT stress7t s W Ala2E ] pHE FAH A 7] 7]

o

2%t mechanism® & 4] glutamate®] decarboxylation(2 &4k 2F8)
o2 GABA7F ABAEM GAD(glutamate decarboxylase)o] 242
2Hd pHell Al F7F dtohbe Aol d# A At (Crawford et al 1994,
Snedden et al 1992). AfoAE By AFte] AdojHA4= pHI}
oA = Ao Td3 A3%E HE T

A (200402 49 AP =2e] GABA 3 EH theanined &
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mg%® ¥ XA
Arginine ¥ TEAIZFe] Aol whel 2.23 mg%, 513 mg?%,

11.73 mg%, 29.09

v o] =2 S WEhe] R E AR AojHgE F45)

A neth ol Ash H2003)9 AT MEEAel %27t b
8

i

342 Aoz a Ao Arwr)

HS

Theanine< L-glutamic acid®} ethylamine®] *Eg]olA A H F

o7 ol5sl=d, Y% Sloll A glutamic acidz #3 = 7] wiEol =3

2

v Al Sheko] Z7}3lt) 3EF theanine TEFS xpo] EAS AAF =
83k g9lo] W, gy} duks Yeidle Aol B AFeA =

H 32kl SNg AlQlgh 4A17F TE Xl S4e1 4 66.16 mg%, S6+

ofy

58.09 mg% S8% 52.29 mg% o= S4oA 7 =& dHS HAT F
oF #(2003)e] ATelM= THaxtet AdazielA ZH7h 1437 mg?s,
1500 mg%e.z2 2 A= ko] xlolE B¢ ow o]= Thr+theanine
o] g EAlA A=art HAA FAhH f9k E2 AUt v AL

2 Atsdr)
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Table 13. Content of free amino acid in fermented tea leaves

mg%
Samples Glutamic acid GABA Arginine Theanine
SN 16.74+4.71% 9.43+0.07 © 2.23+050°  75.67+7.67"
S 4 16.14+2.25% 1011073 ©  5.13+1.43° 66.16+575™"
S 6 17.14£254%  1452+098 ®  11.73+1.98"  58.09+4.98"
S8 1821+1.17%  1966+150 *  29.09+1.70"  52.29+9.28"
F-value 0.26 47 68 370.26%5 5.69

ABCD : Duncan’s multiple range test in teas according to degree of fermentation

S N: non fermented tea harvested in April
S 4. 4hr fermented tea harvested in April
S 6. 6hr fermented tea harvested in April
S 8 8hr fermented tea harvested in April
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Fig 17. HPLC chromatograms of amino acid in the non

fermented teas(SN)

Fig. 18. HPLC chromatograms of amino acid in the 4hr

fermented teas(S4)
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Fig. 19. HPLC chromatograms of amino acid in the 6hr

fermented teas(S6)

Fig. 20. HPLC chromatograms of amino acid in the &hr

fermented teas(S8)
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Table 14. Amounts of pH in fermented tea leaves

Samples pH(24+17TC)
SN 6.58+0.01%
S 4 6.53+0.02*
S 6 6.34+0.06"
S8 6.25+0.03¢

F-value 61.13%%x*

A B, C : Duncan’s multiple range test in teas according to degree of fermentation

S N: non fermented tea harvested in April
S 4: 4hr fermented tea harvested in April
S 6: 6hr fermented tea harvested in April
S 8 &hr fermented tea harvested in April
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Table 15. Levels of color in infused tea with fermented tea leaves.

Samples L a b
SN 6.60+0.14% -2.25£0.50" -0.3520.13"
S 4 6.040.29" -2.15+1.04" -0.39+0.11"
S 6 5.89+0°" -2.01+1.04* 0.50+0"
S8 5.52+0.32¢ -0.21+2.10% -0.29+0.37"

F-value 11.90 1.66 5.85

A, B, C : Duncan’s multiple range test in teas according to degree of fermentation
S N: non fermented tea harvested in April
S 4: 4hr fermented tea harvested in April
S 6:  6hr fermented tea harvested in April
S 8  8hr fermented tea harvested in April
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Fig. 21. Sensory evaluation scores in teas according to

degree of fermentation

S N: non fermented tea harvested in April
S 4:  4hr fermented tea harvested in April
S 6: 6hr fermented tea harvested in April
S 8 8hr fermented tea harvested in April
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Table 16. Sensory evaluation scores in teas according to degree of

fermentation
sample
) SN S4 S6 S8 F-value
1tem
A uniform & 9.0 85 8.63 .75 0.48
car— R
bb impurities | +1.07%  +0.76" L0520 +1.04
n
ance 875 85 8.83 8.50
tea leaves color A A A A 0.30
+1.16 +0.93 +0.64 +1.07
. 8.63 8.75 875 9.50 ”
ALY 41060 zom1® +0.89 1,074 '
Taste of | consistency 9.0 9.0 9.0 9.50
- A N N N 0.58
tea &durahility | +1.31 +0.53 +0.76 +0.93
mildness &
9.0 9.0 8.63 9.38
smoothness A A A A 0.82
. +1.07 +0.53 +0.92 +1.19
in mouth
. 9.0 9.05 9.13 9.5 060
armon .
Flavor of Vo s003r 076 +0.99" 076"
tea consistency 8.88 8.63 9.13 9.75 573
& durability | *1.25°* +0.52° +(.8354 +0.46" ’
| 3.88 3.88 9.50 9.38 e
color of coor 0830 0640 +0.534 +0.924 '
tea | 8.63 875 9.0 9.95 075
I .
cea L0020 071 +1.07% +0.89
Inftused uniform & | 9.13 863 863 8.50 040
ca impurities | +1.13% 092" +1.06" +1.69° '
leaves
mean 88+8.69" 87.63+3.54" 89.25+658" 92.0+821% 0.55

A B, C : Duncan’s multiple range test in teas according to degree of fermentation

SN

non fermented tea harvested in April

S 4:  4hr fermented tea harvested in April

S 6:  6hr fermented tea harvested in April

S 8  8hr fermented tea harvested in April
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Table 17. Moisture contents of madeleine prepared with fermented tea
leaf powder during storage (%)

Storage period (days)

sample
0 2 4 7 9 F-value

19.7 17.10 15.43 15.77 16.43
+ 2.86" + 0.17" + 0.64% £+ 1.20% + (. 72™

20.93 14.97 15.85 14.75 16.15

cont 4.01*

SN 0 1 0,06 4 1.63% 4+ 0.92% + .50 14-8ZF
o 17.77 16.50 15.05 15.80 15.60 L 27
+ 1.43" + 217" + 1.34% + o™ 4+ .98
s 17.03 14.3 15.0 14.6 15;40 5 99
+ 1.59"™ 4+ 0.58% + 0.49% + .71 0 7—13Aba :
s 16.20 14.47 13.65 14.33 14.80 5 95
+ 1.42" + 0.32% 4+ 0.92% + .59 + (.28 -
F-value  3.10 4.56 1.35 1.57 3.33
1) a b ¢ d

means in a column followed by different superscripts are significantly
d1fferent(p<0 06) by Duncan’s multiple range test.

ABC means in a row preceded by different superscripts are significantly
different(p<0.06) by Duncan’s multiple range test.

Cont: madeleine

SN: non fermented tea harvested in April
S4:  4hr fermented tea harvested in April
S6: 6hr fermented tea harvested in April
S8 8hr fermented tea harvested in April
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Fig. 22. Change of moisture contents of madeleine prepared with

fermented tea leaf during storage

Cont: madeleine
S N: non fermented tea harvested in April
S 4:  4hr fermented tea harvested in April

S 6:  6hr fermented tea harvested in April
S 8  8hr fermented tea harvested in April
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Table 18. Hunter’'s color value of madeleine prepared with fermented
tea leaf powder during storage

Hunter Storage period (days)
value 0 2 4 7 9 F-value
73.06 71.83 71.66 74.21 72.12
cont Aba Ab Ab Aa ab 4.68+
+ 0.41 + 0.58 + 1.53 + 0.57 + 0.66
59.05 59.83 58.14 59.04 57.19
SN Cha Ba CBbe Ba Dc 10.23
+ 0.37 + 1.12 + 0.18 + 0.46 + 0.10
59.77 59.75 60.30 59.89 60.13
L 54 CB B: B: B: B: 0.12
+ 0.32" + 2.45™ + 0.93™ + 0.37™ + 0.17%
57.31 57.77 57.00 56.55 55.74
56 Da Ba Cba Cba Eb 3.05
+ 0.61 + 0.63 + 0.52 + 1.22 + 0.66
60.16 60.01 59.04 59.90 59.34
58 Ba Ba CBa Ba Ca 0.78
+ 0.777 + 0.157 + 1.747 + 0.86 + 0.15
F-value 440 6755k 60. 063> 81. 165 252.01#s% 682 70k
0.80 0.46 0.98 0.58 0.80
cont Dba Ch Da Db Cba 3.17
+ 0.15 + 0.06 + 0.36 + 0.21 + 0.08
4.55 4.05 5.69 4.40 4.03
SN Ab Ab Aa Ab Ab 5.03+
+ 0.17 + 1.11 + 0.28 + 0.15 + 0.10
2.63 2.88 3.53 2.64 2.50
a 54 Cb Bb Ca Cb Bb 13. 120
+ 0.21 + 0.27 + 0.24 + 0.11 + 0.05
2.99 3.12 4.28 3.23 2.99
56 Bt AL Be Bt gy 10.62%kx
+ 0.09” + 0.12% + 0.01™ + 0.39” + 0.117
<8 2.46 2.32 3.93 2.43 2.63 6.79
£ 0.19° 4+ 0.06" £ 0.31" 4+ 0.49° £ 0.56" '
F-value 190. 523 19. 99 110, 97 61. 80k 60 . 29
32.11 29.65 27.20 32.38 31.10
cont Aa Ab b olc Aa Aba 9.55
+ 0.53 + 1.01 + 2.12 + 0.60 + 0.98
22.16 21.29 19.08 21.53 22.15
SN Ba Bb Be Bba Ba 30, 49
+ 0.53" + 0.38 + 0.12 + 0.52™ + 0.30
20.58 20.33 18.70 21.20 20.56
b 54 Cha Bb Be Ba Cba 20. 76w
+ 0.20 + 0.14 + 0.65 + 0.28 + 0.27
20.27 20.38 18.21 19.97 20.23
s6 ) . . ) o 14,23
+ 0.06™ + 0.05™ + 0.61 + 0.58" + 0.40%
21.67 20.82 19.17 21.65 21.69
S8 . . " b, b 142400
+ 0.29™ + 0.45™ + 0.71 + 0.30™ + 0.61™
F-value 037 . 42%xx  173.23%xx  36.94sxx 346,08 184,78
1D a b ¢ d

means in a row followed by different superscripts are significantly different(p<0.05) by
) Duncan’s multiple range test.
2ABC means in a column followed by different superscripts are significantly different(p<0.05) by

Duncan’s multiple range test.

S N: non fermented tea harvested in April
S 4: 4hr fermented tea harvested in April
S 6: 6hr fermented tea harvested in April
S & 8hr fermented tea harvested in April
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Table 19. Texture profile analysis parameters of madeleine prepared with

fermented tea leaf powder during storage

Storage period (days)

Texture
parameters O 2 4 7 9 F—value
864.0
586.37 950 37 101894 115065
My geegc T xsaes™ T qypape 4O
Y o538 T 185247 = 200
550.35  842.25
961.44 1117.07 119033
SN + + + + N Wl 559
156.65" 148 10™ 177.37  335.86M * 131.63
530.41 7.5 1141.86
. 998.31 1036.75 :
+
Hardness  S4 + 40 86" S 136.43% + 53.07 + 98348]" 5.16
203.31%
728.33
539.92 M9AL ey o) 863.92
86 + Ab i i + 47 14Aba + Aa 206
+ 58.04 196, 35 180 16f2 T A0 + 8547
578.22 704.42 1124.09
- 2 N 773.02BAb 1108.57Aa % 1910
+ 16.09 , T 279177 £ 70.457 £ 18253"
240.79
F-value 0.22 0.47 2.98 1.20 0.89
. 0.65 0.62 0.56 0.53 0.48 —
O 4 0024 + 0.01® £ 002  + 0.03% =+ 0.01%
0.68 0.62 0.61 0.59 0.47
SN Aa Aa Aa Aa Cb 534
+ 0.0 + 0.13® + 0.08 + 0.03% £ 0.01
ness + 0.01™ + 0.15"™ <+ 0.02™ £+ 0.02® + 0.02%%" '
. 0.66 0.60 0.59 0.50 0.50 g
+ 0.04% + 0.01™ <+ 0.01™ + 0.01% =+ o0.01%|
0.66 0.66 0.60 0.55 0.52
88 A; A; Ab BAb Ab 417
+ 0.01™ + 0.11™ <+ 0.02" <+ 0.02 + 0.02
F-value 0.46 0.96 0.46 3.80 9.37"

1 a, b, ¢, d means in a row followed by different superscripts are significantly
different(p<0.05) by Duncan’s multiple range test.
2) A, B, C means in a column followed by different superscripts are significantly
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different(p<0.05) by Duncan’s multiple range test.
Cont: madeleine

SN: non fermented tea harvested in April
S4: 4hr fermented tea harvested in April

S6: 6hr fermented tea harvested in April

S8: 8hr fermented tea harvested in April

Table 19. continued

Texture Storage period (days)
parameters 0 2 4 7 9 F-value
495.75
. 383.15 486.22 488.03 601.12 —
con + )
+ 48.20" + 99.67"" + 76.02™" e T 26.20M
109.70™"
584 .92
366.11 497 .52 521.27 546.25
Ab Aba Aba BAa - 2.97
+ 86.17 £ 64.60™" £ 94.24™ £ 48.58 BAa
166.85
- 364.73 406. 18 477.99 571.55 o275
Gumminess . . n . - . N + 9 39
+ 44.93 wa T 05.3277% £+ 77.78 BAa
192.93 151.09
294 .46 371.82 377.86 403.34 439 .83
Ab Aba Bba Bba Ba 2 . 60
+ 61.47" + 20.59™ + 62.93 + 89.84™ £+ 73.79
446.02
380.17 464 .36 581.73 612.08
Ac * BAbc Aba Aa 6.17
+ 11.24 i + 21.68 + 89.77 + 27.38
112.82"
F-value 1.51 0.60 2.45 2.45 1.75
460.29
376.17 428.75 478 .47 532.91
cont e Abe + BAba a | O 83%H%
+ 13.65" + 69.06 e T 49,257 + 27 97
65.64"
34.32
331.66=% 475.88 513.40 551.36 g 75
17.13% . t55.33%% + 56.33% + 4.95" | 7
Chewiness 116.33
330.09 553.95
469.92 484 .75 508.13
84 - Aba Aba BAa * 4 . 04*
I S b + 55.45 + 53.87 "
43.99 151.45
290.71 349.97 374.36 389.88 422 .74
Bb Aba Bba Bba Aa 3.32
+ 43.69” + 30.81™ £ 23.60 + 80.777% £ 47.04
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350.10 413.60 426.70 533.52 511.98
Ab Ab BAb Aa pa| 9-70
+ 9.12% £ 44.58" + 17.31 t 24.99" =+ 69.21
F-value 3.01 1.08 1.92 2.56 1.52

1 a, b, ¢, d means in a row followed by different superscripts are significantly
different(p<0.06) by Duncan’s multiple range test.
2) A, B, C means in a column followed by different superscripts are significantly
different(p<0.05) by Duncan’s multiple range test.

Cont: madeleine

SN: non fermented tea harvested in April

S4: 4hr fermented tea harvested in April
S6: 6hr fermented tea harvested in April

S8: 8hr fermented tea harvested in April
Table 19. continued

Texture Storage period (days)
parameters 0 2 4 7 9 F-value
. 0.55F  0.22% 0.20+ 0.18+ 0TTE [
RS
©Omt 001 0.003®  0.01% 0.01% (.01
0.27+  0.21+ 0.24+ 0.23 0.16+
SN Aa Aba Aa Aa Bb 4. 11*
0.05 0.01 0.07 + 0.04 0.002
0.24+  0.28+ 0.20+ 0.18+ 0.17+
Resilience > 0.01" 0,12 0.01" 0.003*  o.omv | 20
0.23+  0.21+ 0.20+ 0.17 0.17+
S6 Aa Ab Ab Bc e |24 64wk
0.02 0.01 0.01 + 0.01 0.004
g 0-25F  0.25% 0.20+ 0.19 0.18+ )1
0.01% 0.09" 0.01% + 0.01%  0.01% '
P-value 1.19 0.99 0.87 4.72 4.37x

1) a, b, ¢, d means in a row followed by different superscripts are significantly

different(p<0.05) by Duncan’s multiple range test.
2) A, B, C means in a column followed by different superscripts are significantly
different(p<0.05) by Duncan’s multiple range test.

SN: non fermented tea harvested in April
S4: 4hr fermented tea harvested in April
S6: 6hr fermented tea harvested in April
S8: 8hr fermented tea harvested in April
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Table 20. Sensory evaluation scores of madeleine prepared with
fermented tea leaf powder during storage

Teas powder according to degree of Fermentation (%)

Sensory
evaluation . ¢ SN 54 S6 S8 F-value
onearan 4.2 4.8 5.6 58 5.4 0 58
ppedrance g st 4 1928 4+ 1.14 + 1.30" + 1.95° -
4.4 4.4 4.8 58 6.0
Color 4 40 4152 + o088 =+ 1.64 + 0710 9
4.0 4.4 4.8 5.6 58
Flavor | 1 oov 4 130" + 1.14* + 2.19° =+ 0840 48
3.8 4.2 4.6+ 58 5.6
Taste | a3 4 130" 167" o+ 0.84' =+ 0890 >V
4.4 1.6 5.0 5.0 5.2
Texture o,y oot 4 1340 4 193 £ 158 + o4t 99
Overall 3.2 4.4+ 5.2 6.2 5.6 5 Qs
quality £ 1.30° 1.67% + 0.84% + 0.84" =+ 0.89% -

1 A B, C means in a row preceded by different superscripts are significantly
different(p<0.05) by Duncan’s multiple range test.

Cont: madeleine

SN: non fermented tea harvested in April

S4: 4hr fermented tea harvested in April
S6: 6hr fermented tea harvested in April
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S8: 8hr fermented tea harvested in April

Overall acceptability Flavor
Taste Appearance
Texture
—O©—cont —&A— SN —X—S4 —l—S6 —A— S8

Fig. 23. Sensory evaluation scores of madeleine prepared with fermented

tea leaf powder during storage

Cont: madeleine
S N: non fermented tea harvested in April

S 4: 4hr fermented tea harvested in April
S 6: 6hr fermented tea harvested in April
S 8 &hr fermented tea harvested in April
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