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Abstract

This study was conducted to evaluate factors affecting tea quality with
analyzing shoot quality and inorganic elements in some cultivars at different
harvesting seasons and shoot growth stages. Shoot growth stage, shoot part,
and stem part were classified with five growth stages from one and a bud to
five and a bud, seven shoot parts consisting of a bud, 1st leaf, 2nd leaf, 3rd
leaf, 4th leaf, 5th leaf, and stem, and three stem parts of upper, middle, and
lower, respectively for all three cultivars of Saemidori (early maturing),
Yabukita (middle maturing), and Hushun (late maturing) grown at Jeju,

Korea.

Total free amino acids and theanine were similar in tendency of content
levels at different growth stages of three cultivars with different harvesting
seasons and these contents were the highest at the 1st crop and decreased
gradually with growth stages. Total cathechins contents were the lowest at
the 1st crop and declined with growth stages. Caffeine contents were similar
at the 1st and 3rd crop and showed the tendency to decrease gradually with
growth stages. Tannin contents were little different among harvesting seasons
and decreased with growth stages. Vitamin C contents were the highest at
the 1st crop and increased with growth stages, whereas similar at all growth
stages of the 2nd and 3rd crops. There were no differences in crude fiber
contents with different harvesting seasons, whereas they increased gradually
with growth stages. Cultivars showed significant differences in contents of

these components with different harvesting seasons and shoot growth stages.

While evaluating inorganic elements of new shoots at different growth

stages of three cultivars with different harvesting seasons, total nitrogen
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(T-N) contents decreased with growth stages and were not different among
cultivars. Also, they were the highest at the 1st crop and similar at the 2nd
and 3rd crops. K and Mg contents did not show significant differences among
cultivars, harvesting seasons, and shoot growth stages. Ca contents showed
the tendency to increase with the growth stages, whereas did not show
differences among cultivars and harvesting seasons. Differences in Fe
contents were not great among cultivars and growth stages and Fe contents
were a little bit low at the 3rd crop. Cu and Zn showed similar levels among
cultivars and harvesting seasons, whereas slightly declining tendency in
contents with different growth stages. Mn contents were the highest at the
3rd crop, followed with the 1st and 2nd crops in order and had an increasing
tendency with growth stages. Na contents were the highest at the 1st crop
and similar at the 2nd and 3rd crops with a little bit small differences among

growth stages and cultivars.

In evaluating yearly variation for three years in shoot quality of Yabukita,
tendencies of contents with different growth stages and harvesting seasons
were so similar. Total free amino acids and theanine contents at the 1st, 2nd,
and 3rd crops were the highest in the year of 2011, whereas at the 4th crop
in 2010. Total catechines contents at the 1st crop were the highest in 2011,
whereas at the 2nd to 4th crops in 2010. Caffeine contents at the 1lstm 2nd,
and 4th crops were the highest in 2011, whereas at the 3rd crop in 2010.
Tannin, vitamin C, and crude fiber were components having very small
yearly variation in contents with different growth stages and harvesting

sSeasons.

Quality characteristics of different shoot parts were evaluated at different
harvesting seasons of three cultivars. Total free amino acids, theanine, and
caffeine showed very similar tendencies of contents to decrease from a bud to

lower shoot parts and the content at stem was higher that of the 4th or 5th

_iv_
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leaf. However, the decreasing levels differed depending on cultivars and
harvesting seasons. Total catechins and tannin contents had similar tendencies
to decline slightly from a bud to lower part, whereas those contents of stem
were considerably lower than those of the 5th leaf unlike that of total free
amino acids. Vitamin C did not have distinctive tendency of content at
different parts, whereas the content at stem was the lowest. Crude fiber
contents increased from a bud to lower part and then stem and the 5th leaf
showed similar level, irrespective of cultivars and harvesting seasons. The
contents of all quality components at different stem parts were at so similar

levels to those of shoot parts nearby each stem part.

From analyzing inorganic components of different shoot parts at different
harvesting seasons of three cultivars, T-N of macro elements was at the
highest level, followed with K, Mg, Ca, and Na in order and Mn of micro
elements was the highest level, followed with Fe, Zn, and Cu in order. There
were significant and distinct differences in T-N and Mn contents just at the first
harvesting season in different cultivars, while little in the other elements at the
other harvesting seasons. T-N and Zn contents definitely decreased, while Ca
content increased at lower parts. The others were hardly changed at different
shoot parts. The content of Fe, Mn and Na was definitely differed at different

harvesting seasons.
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AU (Camellia sinensis L) &9 uF-3to] &éb= ofdiAd vhd A A= 4
E2A, A s ofAJole] F ARl Q1o ofMAHE xFE T A
i A el ok AP EAd ddE 4EA JduKim F, 1998; Oh 5,
1995). 2= QIFE™ LdH A S22 AE2E S FHTOE ATEo A
AA 71z AFow Auidstar, Fd4 Aot g3t 7tes Tkl T3
Aoz A A HATHKIm 5, 1998; Oh 5, 1995). 53] x= 7 - =
o A 3 7IEAE T stuoln HZol= dAXAFoR A Eo AH|[7L
o= FAl ol vH(Kim, 2009).

-

A7 A Eo g 43S W= o]f Qo] 7oA Aol wWol Ho]97]
ot} 3k Eoll = dakst &k gt 289 FHEIZ] Aol 12~18%, AR
3t A Bz ZAgo S FEol 06~0.7%, 7] O 2

W75 A Z&9 BEk C7b 150~250mg, TFE AR A= AFH 7 o9

A E, B4, ofd 5 %8 B Fo3 AREo] n=A dfFstar o 2 o

=
FeuEtel A B o] 8281 el A 2ak FEel A AT 7150] o], 2
Avi = 1,200 9] 21 AAE ZEar 9lok(Choi, 1998; Kim, 1998). Ab=r Al 7] o

gugss Fo FRelM At 299 F weAgds At wgste] v

ojoj gkt b Auj7t AP Ao m o] Fo X 7] Al A A2 FH Sl 1980 Ao =
Ul kxRl FriEo] BAS JHAWHA F53] F7Fske] 2010 3,264hac] o] 2
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THKim, 1996; Muramatsu, 1991). =3} Foll&= 309 52 ofu=ito] EA)sl=d|
1 % dopd, ofxuellAk o227, M Fo] 90%E AAFE Aoz U
A JtHKim, 1996).
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AN EFYEolER FAYE
= ow 44 Adrt 7HE
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4702 e ok 7S dubd o R {E ¥ 2uS e, o9
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2. AUFe 2= U 2370 BE FINE =4

AUHRE FES ol Waw s ABolWMAE, Falol WP G 542
AT Gtk AUTE ofd A% FH AN BEL AT o}, £ FA
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o] s v K 27,362~30,112 mg/kg, Ca
2,430~2,919 mg/kg, Mg 1873~2,261 mg/kg, Mn 355.9~548.7 mg/kg, Fe 156.
0~1655 mg/kg, Zn 54.7~959 mg/kg, B 27.6~33.6 mg/kg, Cu 9.2~13.0
mg/kg, Na 315.3~370.7 mg/kg, Al 289.6~333.6 mg/kg, Si 54.0~684 mg/kg,
Ni 195~256 mg/kg, Cr 16.1~175 mg/kg, Sr 4.2~6.7 mg/kg, Co 1.5~2.2
mg/kg, V 1.6~1.9 mg/kg, Se 0.06~0.27 mg/kg HIE 44 AtHKo %,
2010).

S, b E EE W Sl WE Az vew wolgrel ws
Be S @rras vvse, sjae] AE AFEAGe] mgse] A

=
Q= 2AF Aeluelsh BAF T EFol U@ AT wast Aol gl A
o,

ro

Xg e}

_—
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m Az %X 34

ANAAgE= AFSEAAE 7<=

(o
>«
jg

GEAdFA(lEs 88 A @l
3k 350m) =Al EFO] A 21(180 cm x 40 cm x 2€)® 7~93 A Alel v =] (A
L), 71 HFAE), $E(WHAF) 5 AUF(Camellia Sinensis L.) 3% &S &
Alatth AlREAe] A4 - 1A T drdE el A ARj#e s A5
H = (7d A ; A& 60 kg, Q14F 20 kg, 712 30 kg/10a)& 7]&=o 8 EAGE %
E1E A Au 71l Fske] AASAT(ERA, 2007).
5 2 38 ASEAC wE ARAHE 20108500 1HAE 49 279
FE 5¥ 17¢71A, 2¥ A= 649 219 5-H 7€ 8U7HA, 3= 8¢ 1
24474 A 3A1 71 A A AF S oF Rt TIY FF Y] A4 SA4WstE AT
T AsdAe g AEAHE 193H20099)E 13- 49 24U 5-E 5€
159744, 292 69 24959 7€ 7TA7HA, 3WA 8¢9 13U H-E 849 249U7HA 3
Al71ef, 2:d 220108 3)= 19 AF 49 27458 59 17¢71A, 283 69 219 5-H
79 847kA], 3W A 8Y 109 HEH 89 24A7kA], 4 A 99 269 HE 10¥ 18Y
THAl AN 7], 3@ AH2011W) = 1 AF 49 279 5E 59 244717, 2H =2 69 27¢

B 79 1297b4], 3 AF 8¢ 114 8¢ 24U7bA], 4W A} 9€ 269 H-H 10€
18U7EA] 4A] 710l A A =3t

Aol A 14 149

el (Fig. 1), 54 A7 Q74
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FEgt=ad H3 th Cone. HoSOs 5mlE 7HeE thy Aol Al HO2 0.5me]
= YowWA WAy BHE wjiztx] ke e v, A A (Kjeltee 2400,
K(%), Mg(%) % Ca(%)}
m #9129l Fe(mg - kg '), Mn(mg - kg ), Zn(mg - kg ') 2 Cu(mg - kg HE, 2
g 71E 4F Na(%) & dAA(T-N)o 452 (H:0:-HoS0s) FalH o=

=eE ARE Ads SRTR AN dAFs SFBEA(AAs 700,

(i
i)
oo
ol
ol
£
M
1%
ol
ol
2
id
v
ol
o,

Foss, Denmark)Z&

i
e
o
ol
ol
2
M
1%
ol
ol
32
id

Perkin elmer, USA) &H] =

4o gl BRewn 441 s, g
GhbE 8719 4~108) F4 EFAE AH719 27HauganE o] &3]
HE 15 cmilele] SN AW 4kEe] more AAW F Eete] Fa8
2,2 mm Aol BEA0 MA)E ERAA 2AGAT o5 EFAR o

34 BAel ol FEAEY EF U ABARN o] BAsAT

o

(NIAST, 2000).

E% pHel ECE pH "WE71E o438t FAEY 5g& 50me Hlo]Ael| 3}l
THF 26mE he F wuR feleor AoFHA 1A A £ 603 el
S8 F71EOM)2 249 EYAE 01gs 250m¢ 42k Zek==e &t
ol 10ml¢] 04N TAFIZFATEF LA S 71 ths 2% Zu7]E € 200
T Axe] =AL daaaA 7tdsiqiet. Eebaa nidol A 7]x7F B s
AlzRste] 5E3E #9 thy AR § SRHF oF 150mE hvh oF Smee] 85%

HPO:# 5649 A Aok 7Faha 09N 4 A1dd Ry $ g0 A4s

HT
0%
o
P
i
b

(T-N) (%) A9 THEY Sge AdEoiadd Y

A EFEE 5g7% Conc. HoSO, 26mE ¥ & E3ediv. 39 o2
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= wAllE AR Zaete] WA tE S B0mE ¥ 4L de

N

AT =] (Kjeltec 2400, Foss, Denmark)S ©]-8 A3t th 71EF 234 ol
o QRS FHAEY S5ge 100me AzrEEA A Yal, A& H(IN-NHOAC
pH 7.0) 50m¢E 7Fsto] 30&%F &3 ths No2 o A= o33 vhg AAE
F B33 =74 (AAs 700, Pekin Elmer, USA)E #2&}it}.

A gy FoX HAL SAS T 213 (Package relwase 9.2)& ©] 8319
p < 005FFoA FdstATt. Hirzb Wla= Duncan® Yo A& (Multiple

range test)oll °|s&] 213}t
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Fig. 1. Tea shoots harvested at different growth stages. A, one and a
bud; B, two and a bud; C, three and a bud; D, four and a bud; E, five
and a bud.

Fig. 2. Each sample part separated from the harvested tea shoot. A, bud;
B, 1st leaf; C, 2nd leaf; D, 3rd leaf;, E, 4th leaf, F, 5th leaf; G, stem.

Upper

Middle

Lower

Fig. 3. Each sample part separated from the harvested tea stem.
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1) A& FA5H

AFAGNA EF L F3)0] whE YFVAR F e opvleit e W
s} Fig. 4o UEbd vk 2Tk B e obulnat g RE EFA 193
bR A ek, 293 3NARG G243 gaste] ok selxe 4Y
& Uit e AswAE uw asle] xakEe A A7 kol
5 QA oA Aol o5 Aol oAl EE7 Aol s e

A ggkod, Atelm e FEES AFEATE molAdR FFol =A #AEE

Tanaka(1989) oF-7th 1WAl A 5 fre] opvlicibe] 3ol @9lol et
%(Tanaka, 19898tk Rustgled ¥ Q7259 §A8H £8 Saba
9 Takyuu(1998)% oF%7)th FEol 4 2wae] ofuliat gake 3aznct 47
U vl s=stthar 3 Bl fASES T 18y Tkeda 5 (1993, 2006)¢] 1HH x}eo] &
$2l obmledt ol EEo] wel 147-507%] WA Aol A wn

of W& AFAE dHobd FwFe] Wal= Fig. 59 2vh RE

FzoA dobd FES F frel obmlnaby §AE WEh FAS mATh 1H%
oA 7Hg Ekan, WAL 2 thgo® wekow, 2Watel A b okt 2wt

o} 3w} 7he] B Aol Aoy, 1MAel 2-3W Ak 10% el Aol
—_ 14 —_
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Fig.4. Total free amino acid
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7h Aok A weld = AQge] =@ FAA 0w Fidtes TS
et oy 3 Aol oM s 878 #5 ol Aozt Al 53], 19
2ol A Abellv=g FF2 sk gel EAHE =2 AVIZHARE dHobd I
°of W7t Aoy, ¢ FEFELS WS AR Holda, ot T AR
£ Ho] FAH.

Tanaka 5(1989)2 oF#7Ith FFolA dHobd ghako] &A1 717F =ojdF=
, 2RAE SRR 1WAbe] 12 el Ehal Has gl
AFAzel w- FAskd ek 2y Park 5(2008)0] A@lFol A dlopde] ghak
o] 2 F&7|7F 3 FE7|HTt %t = YEEthE Baske tha Aolskdd
Jobd 9] obn=it ke A, A57] 2 AHlgE T3 22 &

z7o] webd gabd 4 ka4 A UrhAnan 5, 19915 Saba 5, 1998).
53] dotde] AF AF71Y g Aol AmIF FFl weEl depxivia B
(Saba ¢} Takyuu, 1998)€ v} Itk 2B =2 2o} 3HARES] 3h&F Afo]+=
wEI S wEkA ta derd e Ao®m Az E A

o
ro
)
)

N

5 2 #3870 w2 ASSAE Jhezl dhEke] WS Fig. 69 YERSL
o 7R S AsaAZE A Ee] A]io] =odAsE st Aol
ey obniAbdtks Gyl 1WAkl A 7 wkekar 2W Aol A TR =k o
Fol Are 2HAtA 7HE 3438 ol Folxth FFol wet = s87)o A
A FheFat ZLAle] sk el dolA Aozt A=, Abellv =] FF
o Fg7] kel ztol7} M AR, T FFol FE7] wE Fo] JpE A
Uebgth Az HE 5 g3 Table 13 2oh A xe] e 9lo
)
epicatechin (EC)9] o= =A ey F87]d Adofx= EGCGS EGC7}
BE FFoA 2L AFge nyd, 2HA A 7 gk, 3, 1HAF o)

Atk olek gl EC= 3W Aol M 7Hd =9kaL, 2k, 1A ol it

N

Ho
T b

H

4l —(-) epigallocatechin gallate (EGCG), —(-) epicatechin gallate (ECQ),

ol opt7|Itt FFI =l A TolA THEIZIe] A o] EGCG, EGC,
ECG, EC9 o2 =t Hil(Iwasa, 1997; Park &, 2008)¢} WY $A], EH7}
g, ofF-7Ith B Thupopn| ] EFol M A G Aol wel & THE 7 gkl
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Fig.'_5. Theanine content of] new young shoots plucked from three different cultivars at different growth stages and

harvesting season%. V(e)rtical bdrs indicate the standard errors.
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Fig. |.8 Total catechin content of new young shoots plucked from three different cultivars at different growth stages and

harvesting seasons. Vertical bars [ndicate the standard errors.
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Table 1. EC, ECG and EGCG content (%) of new young shoots plucked from three different cultivars at different growth

stages and harvesting seasons.

EC ECG EGCG
Cultivar Growth stage
1st crop 2nd crop 3rd crop 1st crop 2nd crop 3rd crop 1st crop 2nd crop 3rd crop
Saemidori One & a bud 0.28 d” 090 ¢ 1.19 ab 3.32 a 3.89 a 3.63 a 113 a 134 a 126 a
Two & a bud 0.28 e 1.05 b 112 b 312 a 352 b 3.46 a 106 b 123 b 119 a
Three & a bud 096 a 1.27 a 153 a 2.60 b 283 d 2.07 ¢ 9.7 ¢ 105 ¢ 109 b
Four & a bud 0.66 b 1.04 b 1.20 ab 264 b 293 ¢ 2.04 ¢ 91d 96 d 10.1 b
Five & a bud 0.57 ¢ 061 d 1.10 b 258 b 270 e 255 b 8.0 e 85 e 9.0 ¢
Yabukita One & a bud 0.36 ¢ 1.18 ¢ 156 b 328 a 390 a 3.55 a 116 a 138 a 125 a
Two & a bud 0.42 ¢ 1.36 b 1.32 ¢ 329 a 353 b 3.46 a 114 a 119 b 118 b
Three & a bud 1.16 a 167 a 1.80 a 2.16 ¢ 274 d 2.46 b 89 b 101 ¢ 115 b
Four & a bud 0.84 b 121 ¢ 152 b 256 b 295 ¢ 252 b 92 b 9.7 ¢ 11.0 ¢
Five & a bud 0.69 b 1.08 d 1.80 a 250 b 293 ¢ 2.26 ¢ 78 ¢ 85 d 8.4 d
Hushun One & a bud 0.44 d 1.38 ¢ 213 a 296 a 407 a 318 b 11.7 a 14.1 a 115 a
Two & a bud 037 d 151 b 155 b 2.88 a 376 b 3.56 a 110 b 128 b 110 b
Three & a bud 098 b 167 a 1.98 ¢ 233 ¢ 3.04 ¢ 2.04 e 10.7 b 109 ¢ 10.5 bc
Four & a bud 1.16 a 137 ¢ 1.36 d 232 ¢ 3.02 ¢ 218 d 9.8 ¢ 104 ¢ 10.2 cd
Five & a bud 0.71 ¢ 0.75 d 0.63 e 250 ¢ 2.76 d 3.07 ¢ 82 d 9.0 d 9.7 d

“ Duncan’s multiple range test at 5% level.
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A%t B a((Iwasa, 1977; Nesumi 5, 1997)9b+= F-AFSEATE. A G A 7] 9
weEtd = Sl AAEe A DAkl A ZHE Wk 2vAh, 3HA or E7
e e (Park 5, 2008), oFF-71th, frER7UI =Y, Alofrirted] #E T 4
4 FTY A= 1HAlA 7 wgkov, 2 Aket 3 (Hell = 2ol 7t ¢l
g3 B3I (Nesumi 5, 1997)d v} e=d, & A4LA3= ] AT 42
= 2, 43 S48 FFA dEhves AE I FASE T ey, ol ek Ee
d A FA4 FER] okt MR JHHERL A gl EGCG, ECG,

EGC, EC9 <o 2 v Hal(Saijo, 1981)% U vl olE 7 1Y ko=

rie

>4

off 1o

ol = AE bRt FxlA AQwA weA gasn 437
roll = Aol 7} flvhE= B ai(Park 5, 2008; Anan &, 1991)¢} HjuLsl] & uwjj Afoj
Mwd EFRAAE dAsgo) bRtk e FEOAE ok ve Aol
Ak ey FE 293 5L FxolAe] AAT Ae Fee] 0
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Fig. 8 Tannin content df new young shoots plucked from three different cultivars at different growth stages and harvesting

seasons. Vertical bars inflicate the standard errors.
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oAl YEd gde] Wst A2 ofFrint FFA A7t
=olds Bdd EYdse el #HAsAvs= Ei(Anan 5, 1991
Tanaka &, 1989)¢t= HX|ste= AEeldou, Ul AHFe] 45 AFEA
mebs = dasty G A7l wekb s Sbek Tt Bal(Park 5, 2008) 9=
UE Aol o= Alxe] AsaAet AFAIZIZE AAEH= AL ofy ]
wol Wetys 2tz Hopxu b FFel webs] g kel xpolrh
(Ikeda &, 1993; Tanaka 5, 1989), =87]o] mZ g=&F Zol7} #FF
Azbzre]l Wol&= yehal glojA(lkeda 5, 1993) FFol whE 4o dig v

Tanaka 5(1980)& obR7|th E3ol4 1HA7} oM Anc} §ao] Ekon 1
WAl s QA el wE Aolsh Qe AL okt Padrn
sl B ArAnes waadn. 2ed 2y AdFAA 817 %
o)A FeFol vroph o) Aol wE Fadrie wa(Park 5, 2008)9
= Fol7t Uitk B Ikeda S(2000)& £ EFAME AR WolE e
Ua, 7 gEe] Aolw chEcha sgle v B AT Al fhe] el o

FE b Aolek FAHAAE Aow A7}

p:
32
at
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Fig.§9. Vitami? % C@ntent of new young shoots plucked from three different cultivars at different growth stages and

harvesting seasons. Vertical bays indicate the standard errors.
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of wWetA = Yol BWoeldas HAa FUteke AdFE UEUIT ol
Tanaka “5(1989)¢
o2 AAHAL

1o
I
R
o
ft
i
N
_0|L
i
o
ok
S
52
ay
=
e,
Lo
o
L
IS
e
Y
i
i
M

7t FF 9 7 g ASaAd Az Fd4 ko] WEE Fig. 11
of e wiel 2ok Axe] FAL FHFS FEY] el 1WA 4~6%F =9k
i, 2WAke} 3 A= 3.0~55%% HSdt A S YERU At FE7tel= FEls
2ol 7b dom, AAGA N E 14 190 7FE =kar, 14 5907 AS
& ge wpep Fglo] vrolx= Aok A H Fuy Ao AL TS
3~6% WelZ ®i(Park %, 2008, Kim %, 2000; Oishi, 1988)5 o] gt=dl, 2
ATAAME frargh AR, AFA A o7t FFANAE 5~6% e 3t
ZFo]l Hi(Kim &, 20000 vl ity 2B 3 Ao 3] 3t AolE
Aefetd 2 A S o] AufA Qle] By AA #AASE Ao R HolTh

B

kA, &5 $dI AME 21 E ZA 5 AHHd e A

=g R T mE ASEAE gFda] Mgel % W3l= Fig. 139
2o Mg %2 01~015% WelzA K &e of 1/10& e
RAFEA Tell= Apol= A fl9laL, FF Itell= 1AM = Fmo] BEo]
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Fig. |_11. T-N content (%)| of new young shoots plucked from three different cultivars at different growth stages and

harvesting seasons. Vertical pars indicate the standard errors.
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Fig. 12. K content (%) of new young shoots plucked from three different cultivars at different growth stages and harvesting
seasons. Vertical bar§) indicate fthe standard errors.
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=E B g7 mE AS5dAE v Fdid] Feol FF W3S Fig. 159
x} 150~240mg/kg, 29 2k 130~210mg/kg, 3 %} 80
~130mg/kg Welcoz W Ao, AsdAdAE 14 393 14 4594
A gtolA = RS BARE iAFom ghake] & Wste gl ol= old 9
AF+H 3 (Etsuo &, 1978, Hirotsugu 5, 1985; Katsunori &, 2005)¢} wi-<%- A}
g Aol
=5 B TV nE ASsEAE vEFdad Cud g WS Fig. 169
Yet Aok Cudl &S 6~16mg/kg Weldldl, FF3F Aol AR, 43
%!

7] B AsdAdAE g Hdadhe

EFZ 9 F3)o wE ASAAE v Fdae Zno TFF WIE Fig. 179
YERQATE Zne] e 40~80mg/kg W@l ® FF ttoll= Aol7t gl +5
7] el 1A, 3 AR, 2 A ooy Apole A Fskth AF A A=
AAA oz 14 19004 =gk, 14 5902 Ao xagd ue} volx = 7

Beith ol @F WelA FulAd Hu(Ko 5, 20108 73 A

o
o
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o AXo|A H I (Katsunori 5, 2005)F oFR7|t} EF9] dFHTIE =2 A
o] At
wE H g wE AS5aAE vEdadd Moo & WEE Fig. 1801
UEF AT Mne] -2 33 250~420mg/kg, 1 200~380mg/kg, 2% =F
160~280mg/kg Wel ol om, ASdAqAE Aoz 14 195 tE 14]
502 Aso] Mg wl EolxE= AFES BHATh FF Dol 1A 2
AApl M= ofF-7Ivk FFo] EkaL, Atellve] FFo] ¥ B Bidou
3R A= Abelln] 8] FFo] oA AL off-r|th FFo] HopA= AEds R
At o]l= YE A oFiy|tt EFEA HIi(Etsuo %, 1978; Hirotsugu %,
1985; Katsunori &, 2005)¢ ®-¢- fFAFetA T 2Bz FE3F Aol =3
Ao w A7tE Sl

Na st=F2 19H Ao A 400~600mg/kg, 23 3H = 100~300mg/kg el &S o
Efulo] 1Akl A 7 =A YEREa, 39 A, 2/aF ol tk(Fig. 19). % 2
AsaA o= F83 43S BHolA &gt o= Ko 5(2010)0] AFA9 =
zke]l F71AE ExEEAAA AEAS Na 35 315.33~370.69mg/kgeh H 1<}
= gy 1HAE ofgh =okar, 2WiAkel 3wAtel A W S Btk 1
Aot HAo A= Ao wE Na e W7t e AKim 5, 2000)S =

st th F71E FEF(g/ke)S 49, 9¥H 109 450~500g/kgo &2 v = 4
Fol o, 59 8¥7HA = 320~380g/kgTwo® AASHA FAEHAT. 2
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Table 2. Soil chemical characteristics of tea plantation in the year of 2011.

Ex - cmol /kg

pH Organic matter EC T-N Cu /n Mn
Month

(1:5) (g/kg) (dS/m) (%) K Ca Mg Na (mg/kg) (mg/kg) (mg/kg)
Apr. 5.28 450 0.095 0.35 1.55 1.87 1.09 0.13 1.67 0.38 21.8
May 513 364 0.097 0.27 1.66 2.23 1.24 0.15 1.63 0.34 179
June 5.01 362 0.094 0.25 1.47 1.98 1.18 0.12 1.52 0.39 11.3
July 5.01 388 0.141 0.23 1.39 1.99 1.13 0.12 1.51 0.46 12.3
Aug. 5.10 326 0.139 0.24 1.21 1.86 1.09 0.13 2.36 0.51 10.9
Sep. 5.09 486 0.140 0.32 1.28 1.83 1.01 0.11 1.46 0.83 11.6
Oct. 5.08 503 0.141 0.29 1.17 1.81 1.07 0.12 1.28 0.71 10.6
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MekE B, AFAGNA b wol AWEE obRrIt FEL Bt

200958 20119714 370 &t FASA S 248k

% fo) obviedt Fel WSk Fig 200 Uebd vhel gk & fo) ol
A OFHe 3N BE ARA 1A g A deea, deos 4udg

om, 2Atel 3 A= BlZEkth AARRE W)= ARl A = 2011 X=7F 2010

=
ol 7F itk o= AU A7l 243 FiFo] Aol depAv] it
Aoz AZAY. A wetds B5F 3] 14 19dA =%k, 14 59
ow g Hol wmelk A3 vobxlow 1WAel 2wt A ASHA YEut
AL, 3RSl A AFel A = kel A srolA] = A EkS dERTH

oFR7ITH FF AAH F fFEl obnwAt SA i deAA ettt
Tanaka 5(1989)2 oFF-7Ith FF 9] 1HAA T frgfobu|=ql Shako] ¢ 9o
uel fgagtra sed 2 AFA3et fASER T 3§ Saba$t Takyuu
(1998)= oFf-7Ith FFollA 2/ate] ofm|eql Shake 3wt A7y v s2e)
i sled 20119 s A9 e U A A= FASE FaFs Bt 1
uh, 1HARl A 3d7F F frE] ofw| Ak FhEFe] 4.0~50%%0 2 AT
Ikeda 5(1993, 2006)°] A=xFe] F el ofv|i=ql ghako] FFo wel 147 ~
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o lolA= F87] kel Apolzk ASUTE ARt = 2 Aol A 2011 =7} 7
=okot, 2010 o= 2H Ao} 3UA BTl A 7Hd A JERSE

dlobd $hF2 Ak el opmgbFell A 7HE Bol 50~60% HEE AHA Sk
A& (Chaturvedula®} Prakash, 2011)0.8 A Fo] =S+2 nga= Ay a

o, oAe delde] A Sqo AU wke Wi 48L 8] §Eol

Lo

th Lee 5(2004)el oJstd sk Ajufel A dobd a2 0.83~2.31% H2
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FHE 1S WEtstth= Bal(Muramatsu, 1995)9F 7o) A<l
of FFI A BB A Aol wepA va g F de AR A4HAT.

AxpE F87] B AsdAd wE F 7 e WstE Fig. 220 UE
ol & 7HeZ gHEe & el obv Ak Sk o] Axpxbel] Egle] 370
doset AsaAZE MdEo] o] =odFE FHadte Aot 2y

2] o matdb= FE] 2ARel A ZHE ok, 1 Akel 49

o

FhEIZ1S BE Auol] etk EA)stu Al 9ol 12~18% 78 &= 3t
= Aog delx dedl, Park 5(1997)¢ F7¥ 2M A} 9.12~13.36%, 3H =t
9.07~13.90%, 1312+ 8.41~12.02%°] &= FAFeAH. ZL2fy Lee 5(2004)
o] FF 9 FI7|H FEFlA 1033%~13.85% HH=E 1HA 11.57%, 2HA}
12.59%, 3 =2} 1290% = Al7|¥ =2 #4435 F7Fstthar gk B 319F Muramas(1994)

=
¢} Kim(1996) sl 7belzl &2 &%=7F Assta sidlo] & uf Ao

| %2
Hol AdHdons suZel 719 @tk waush e ok Aold A
2, ol A7 BAA 543 FF 2n, Fel A g D AMBA 4%
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s3tE 2 EC, ECG, EGCG, EC 4T/FE & & Jd=d, 78z T7EZE Lee
5(2004)0] R E=2F EC(0.68%) <ECG(0.94%) <EGC(2.0%) <EGCG(3.07%) <o =
stk W3yl QduksE Ha o7 ti(Iwasa, 1977)¢F =W A #HZE(Park %,
2008)°ll A1 Zrelz1e] A& F2Fo] EGCGy EGC) ECGy EC9 o2 &ute B
al Ak AdE Bk B3 87l wEbA = Park 5(2008)0] = Al
g A 1HA A 7FF wheka 2W AL 3WAF o2 = YENTE Bal
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Table 3. Yearly variation in EC, ECG and EGCG content (%) of new young shoots at different growth stages and harvesting

seasons of Yabukita cultivar.

EC ECG EGCG
1st crop 2nd crop 3rd crop 4th crop  1Ist crop 2nd crop 3rd crop 4th crop 1st crop 2nd crop 3rd crop 4th crop

Year Growth stages

2009 One & a bud 156 b* 173a 133 a - 167 b 308 a 307a - 131 a" 126 a 120 a -
Two & abud 177 a 161 ab 106 ab - 158b 285 a 325a - 115b 116b 119 a -
Three & abud 18 a 154b 095 bc - 145b 265a 308a - 98 ¢ 101c¢ 106 b -
Four & abud 18 a 155b 07l c - 214a 28 a 29%a - 79d 72d  94c¢ -
Five & a bud 180 a 172a 089 bc - 216 a 279 a 257 a - 72 e 78 e 79 d -

2010 One & a bud 036 ¢ 118c 156 b 066 Db 328a 390a 355 a 1dlc 116 a 134 a 125 a 120 a
Two & a bud 042c 136b 132c 076 a 329a 353 b 346a 1d2c 114a 119b 118D 118 b

Three & abud 116a 167a 180 a 083 a 216 ¢ 274 d 246b 129d 89b 101c 115D 10.7 ¢
Four & a bud 084 b 121c 152b 039c 256 b 2% c 252b 179b 92 b 97c¢ 109 c 95 d
Five & a bud 069 b 108d 180 a 058b 250b 293c 226c 249 a 78 ¢ 85d 84 d 73 e

2011 One & a bud 059 c 132c 147c 091 a 286 b 349b 289 a 328c 105b 129 a 117 a 111 a
Two & a bud 086 b 112d 158 b 072b 244 ¢ 376 a 273b 332c 117a 128 a 114 a 111 a
Three & abud 098 b 147b 173 a 018d 228c 300c 227c 398 b 100 c 109Db 101 b 105 b
Four & a bud 015d 158b 169a 034c 337a 2156d 216c 417 a 10.7 b 85 ¢ 91 c 105 b
Five & a bud 125a 238a 158 Db 062b 203d 180 e 199d 226d 8.0 d 71 d 83 d 92 ¢

“ Duncan’s multiple range test at 5% level.
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Table 4. EC, ECG and EGCG content (%) in different parts of new young shoots plucked from three cultivars at different

harvesting seasons.

cabAl Parts of EC ECG EGCG
new young shoots Ist crop 2nd crop 3rd crop 1st crop 2nd crop 3rd crop 1st crop 2nd crop  3rd crop
Saemidori Bud 0.30 a“ 0.34 ¢ 0.60 ¢ 3.20 a 380 ab 371 b 12.05 a 13.18 a 13.14 a
1st leaf 0.30 a 053 a 0.79 a 2719 b 351 b 314 ¢ 9.26 b 12.56 a 1230 b
2nd leaf 0.30 a 0.66 ab 0.79 ab 2719 b 2.86 ¢ 2.93dc 9.26 b 10.63 b 11.34 ¢
3rd leaf 0.29 a 0.29 e 012 e 256 ¢ 401 a 432 a 882 ¢ 959 ¢ 10.29 d
4th leaf 0.22 ab 0.73 a 0.63 bc 234 d 257 dc 2.85dc 7.86 d 9.49 ¢ 10.22 de
5th leaf 013 b 0.57 bc 0.40 d 253 ¢ 244 d 218 d 7.68 be 832 d 9.63 ef
Stem 0.20 ab 0.40 d 038 d 253 ¢ 245 d 216 d 735 e 790 d 9.30 f
Yabukita Bud 039 b 041 b 042 a 320 ab 392 Db 341 b 1332 a 13.13 a 13.40 a
1st leaf 047 a 0.80 ab 055 a 302 b 370 b 3.30 b 1219 b 13.27 a 13.30 a
2nd leaf 0.41 ab 0.92 ab 042 a 2.76 ¢ 318 ¢ 3.04 ¢ 11.68 b 11.08 b 12.01 b
3rd leaf 023 ¢ 0.78 ab 0.35 a 267 c 417 a 4.06 a 951 ¢ 971 ¢ 10.24 a
4th leaf 047 a 098 a 0.58 a 3.36 a 290 d 2.89 ¢ 727 e 955 ¢ 11.09 ¢
5th leaf 0.29 bc 0.90 ab 043 a 240 b 277 d 3.01 ¢ 798 d 854 d 9.80 de
Stem 0.31 ab 0.63 ab 042 a 222 b 283 d 3.02 ¢ 6.52 f 8.08 d 9.32 e
Hushun Bud 049 a 053 ¢ 0.40 dc 346 b 367 ab 363 b 14.15 a 13.20 b 13.14 a
1st leaf 0.48 ab 092 a 0.67 a 3.20 ¢ 357 b 347 b 1296 b 13.93 a 13.46 a
2nd leaf 041 abc  1.00 a 051 b 3.05 dc 322 ¢ 3.06 ¢ 1181 ¢ 12.20 ¢ 11.93 b
3rd leaf 0.38 bc 0.76 b 0.48 be 2.89 d 3.84 a 461 a 10.26 d 992 d 11.01 ¢
4th leaf 0.30 dc 0.87 ab 0.47 be 262 e 292 d 3.01 ¢ 828 e 10.37 d 10.80 ¢
5th leaf 0.44 ab 051 ¢ 032 d 379 a 258 e 298 ¢ 6.91 f 881 e 997 d
Stem 022 d 042 c 0.18 e 244 e 258 e 3.10 ¢ 7.35 f 819 f 9.21 e

“ Duncan’s multiple range test at 5% level.
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5, 1991; Tanaka &, 1989)¢} w9 fAFSE A &o|l oy, U A E2] 5 A
AeA weEtds Zastd AFA 7 "t s F7hed v Ra(Park
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sF(Hirotsugu %, 1985; Katsunori %5, 2005; Etsuo %, 1978)% wi$%- A3k &
o] i Tt
Mg &% 0.1~015% We=A 7] 2 AFaA gtel= Aol A gl

Katsunori &, 2005; Etsuo &, 1978).

Ca®l FF& 004~0.11% WA Z 587 7oz 2 2ol7h glo] 1WMA7} 25
B AN, AKVANAE 14 198 14 5902 Age] Aggol o
o o] Holt 4TS RATh HA S4elA AelA g 22 2
5 Frkehe Ageldot, ol 1AAelA FesA ehba 2dts 3UR
2 25E AR AoAE eItk FEI G wuel AL ofRs|th FFol
=8 ol 271 RRAA e APt o de AFnust vwy w %
ol A okt BA e AL AdSH Qe % 2879 Age FAeAT

Feol #Hare 194 150~240mg/kg, 294 130~210mg/kg, 3W3 80~130

mg/kg Helso =z e Ao, AsdAdM = 14 393 14 49004 o

BEgS HAAR A A o= sheFo] & Wl AT o= o] AT

B 3 (Hirotsugu &, 1985; Katsunori &, 2005 Etsuo &, 1978)¢} wi-$- +A}SH
Aol At
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Cu®l &2 6~16mg/kg WIS, #F3F Aol= Ao, 87 2 A5
SACN A= ot At AT FHEAME 2~10mg/kg HISH, #F
T Aol= A9lem dAd R FEvlol whEk oft ashs Aol o
E o] d 9o o+ H i (Hirotsugu %, 1985; Katsunori %, 2005; Etsuo %, 1978)¢}
w3~ FAFS} T

7Znol ke 40~80mg/kg WOl R F287] ztel= 1WAk 3HAE) 2W A ol
oy Aol AA FUT AFEACdAM = AAAeR 1
5o lage] we} vroAl= AFS HArh FoE A A Al
F3letA vEbgth o= FulelA Hi(Ko &, 201008 FF3 dAstd o, o
oAl ®il(Katsunori 5, 2005)% oFF-7|the] R s £ Holddth A9
2 FE71H A g A E ol Hil(Hirotsugu 5, 2005; Etsuo %, 1978)¢F AL

Mne] ShaFe 3w 250~420mg/kg, 1M13F  200~380mg/kg, 2¥WA 160~
280mg/kg el wollen, AFaAd= A4z 14 198 d= 14 59

o2 Aol e weh molAl= AFE BT FF3tel= 1

s Sty AdA s A9 1-29 FEos ke
ANA 7+ S7FEC] Ao v ol 1WA, 3WA o
ok FEZF Bl A= o7tk Aten kg FFo] FE FFET =2 T
= YEUAT o= dEolA el ofFTv EFFolA K il(Hirotsugu s, 1985;
Katsunori 5, 2005; Etsuo &, 1978)% A3} w9 FASIA Y. T8 2 £%
b Aol #Hek Zloz Ay7hE Gl

Na &&2 1A A 400~600mg/kg, 2 2 32+ 100~300mg/kg W& Y
Efuo] 1 AFo A 7F = A vERa, 3 AL, 2/13F £t o] & Ko 5(2010)
of AFAA JAke] FIIAHE FESAANA 1A Na & 315.3~370.7

mg/kg 2h= Haeh vlad u 1A= Bk ofzE seokal, 2W kel 3 A}

=
r
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