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corn poisoning) - T FHFARZ I 18 T 5 5 [ S VCHE (1 B 00 2 AR IS (e &2 » IS pkER IR |
HUTHEEAR > B 8SIRE G EESE T » BNV Butler 782 f 5 S 0 B S #(LIE
(equine leukoencephalomalacia, ELEM) - E %I 1971 4 Wilson 1 Maronpot {§ A A4 55
ELEM Hy# 4R Ry & ASRFEE B AR 594 2 FORETDRIATS [HE - 32 RR T & Eas
AYBS VB EE B E (Marasas et al., 1988) > 4 JRer i s 5 AR 7KHE (Gumprecht et al.,
1998) ~ REHHF - FHEE SR (Gelderblom et al., 1988) % » DU @ MR % 28052
TSR ENZE  EEFHEBEREEE TSR ESE (Chatterjee et al,
1995) o HAiFFEIRME HFEIE R P EIRBES R R Y S B RS AR > e
BATEZFRTANEYAR - WEmRIE > TR ATEIEY » HRAFEEHZ
EHERTGIER (BFEESE 118 mg/kg) FrliEsl sl (Rheeder etal., 2002) - iy
T B R E R S P A& - PEIT 1988 5 & H §5# F moniliforme MRC826 (Y
Fokrp B RS SREFESR - HEFTA RZAZEAHY FBs (Fumonisin Bs) o1 » DLFB; Fy
gt E 2 A > HEM RS 0 R&EEE FBs &2 70-80% » HUK FB, » &L
15-25% - 1] FBs HI[f% {5 3-8% (Rheeder et al., 2002 ) - FB, NMESHIREEK F » Jidr
HIREEMEY) > EFEK » AFRZE ~ P - 58] (Kimetal., 1998) f35E (Abbas
etal., 1998) ; &2 » LIFIE (Bhatetal., 1997) K EPE (DaSilvaetal., 2000) ; 4% &
41 W&k (Tseng and Tu, 1997) -

TER G fE R M EEH 2 BRI ] o BB hngs ~ RNInrE (BiERAKRIE
RIR) KEERTIE « fIEE R ESREER 2 H 172 AR 2/F% » Murphy
FEA (1996) fEHEFEREHEFERE /KARSGEREN T RINEAZE 150CHFH S
I ATLLARR R BEZRRE - {2 Sydenham 25 A (1995) AR A REHfHER 2R
FEAGA G R B AR Y « FRA1 - Bennett (1996) S5 AR LK E/KLRE DY) » /]
ZIFEZEZZNR > HFERABRESHAEZE AN - WHREROEZGLE
PEERE TR AR o SENIIYYE ERERE I 29t E FORTERIE B oRTHES AT &
nixtamalization - 5% ##1% Kol FoRFRE R MY E N S LESBLIIEL » TR BURIESUR R
SALSEEE > 1% » AR FBL HYEE (Murphy et al., 1996; Park et al., 1992) - Lu
EN (1997) FEHBRESFERNWIEIRE T fructose FEFE - WTHHZAH(K FBy &
5 HEHEREERL fructose (ERIT&IY FBy K} » WS HEE MG HEENER
EELE - Murphy 5 A (1996) &3 T &A% 8 & 2 ToRUIB AL E SRR SN E R
o AN EREZRE

A FBy 2 SRSt > BT SHENOERH > I R A s S s B B R R
REFFEAESRTASL - IR BRI R MO AR DUERRR B - — ke st HHEER
Z AR T 4y Ry B ~ LB R AP MERT R B o Fanelli 58 A (2003) 5 H 0 22 E B
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(resveratol) B AHEE B TERAVIERIRCR - SUEMFIRLS - ASRSCET ] DU (K
FBy Z RANAIkfmiEe - BERUH A0S h S HUS 2 M RS BRE5R - ZRAE IR &%
MRS T /K e Z A RIORY - TR AE T B K H AR E BRI E R 4 T4 — e
A (R R BEABE R - I DA RS A EAVIRER - RE PR EZREALE
Aoy BEA SN - kg - EEERMOE oKy - BEWE - R - RKILEY - &
HE - 248 - Bis - $ERE  BEOBEEE - ARIVEZRE - REE
HEPRORER SR E(LEE) - EERERBAN SRR rT & A 3R (5%
T B~ BB (BAE BR8) MeRiEk GRED -

EEELTTENNREERRE IO EESE - Hr] R &M R Tk 24 2 &
HEVERR - SRS E RO HAVIER T e Y)Bei 2 REREERS ' > BT F
[FEIZ SR R R 2 TR -

MR TTA

— REHRMER B BERENEEE

[EIREREHN - Rk R - DL 18 48 H 2 $8ET #E » HU 10 5 in Il A ZBE  (Acetonitrile,
Sigma-Aldrich®) : FifiE (methanol) : /K= 1:1:2 ZFiK 40 ZFEEH > A EE 3
8% > B 3D EEigEsE% 30 474 > L 6,000 rpm BEEHE, 20 478E 0 15 EIEK o

TRREZEHL : R RERE g S 1R 3 7ri > B 3D Bz as =& 30 734 L 6,000 rpm
BRIEHE L 20 7758 » 15 FIER -

HY 3 mL #fm E3FRAIA 8 mL ZHfiE (3) : /K (1) A& (solution 1) - JE&S 5
&1k pH {EE 2 6-9 [ - DUREHkfEZALEFE (fumonisin clean-up column, Romer
Labs”) #2EN#Z > FF2L 11 mL [solution 1 (8) : HiE (3)] (solution 2) JEifradifLER: -
2Ll 10 mL 2 FIEE (99) © BElL (1) JEEAE (solution 3) - RHAESEHEZR HAIL
B o R R R S > DU R4 7 U R SR s 2R FRA
1mL 2 ZRE /K SRR G /AR BIARFH -

T S0k AR &7 HLZE  (High-performance liquid chromatography, HPLC) SHIZE(R
BiIERZ a8 ((TEFEAE > 2004) - Riikam BIEREL 022 oom JERHEIEE -
TS R 50« L et siEs . 2 SR - AR — FEE SR (OPA &) 50
w Lo JRER A 30 7 » KOBTTAE(LERE 3 SR FTSLTAEY) - BERVET S RUREENT
(HPLC) 737 - eSO AE AT HIE i« () JEMTEAE - RP-18-5 pm> K 4.6 mm x
15 cm s (i) Bytintas © BEERE & 335 nm - R R 440 nm ; (i) FEENEZER ¢
B2 2 0.1 M Bl —S@is iR L 77 ¢ 23 (viv) EEBIRS) - DIsilkaa%E pH £ 3.351% »
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L 0.45 um 2R (Millex HA) 38 - IR LA & I RR R 30 min 1% » A2 EAH
VR (iv) BERHHIRER © 1.0 mU/min o BEEERIREURIRACTA BB - TLRIETER

HPTAEMIR 20 p L EASRCRHRETES - SRERIRFET T - siTEbter
EARERER IR AT R 2 i IR ] (8 —) T DAELRE > R By R[] Ky 8-9 sy f]
FMFHEEE LR RIFT A Z ARG SREE R - ik ESOKH AT REHREEER Bl 28
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o slBREE = -

= - RS RSO E B, 2

PR B AR BRI 2 2 B RS D B BB (LB R + AR
RHEE ~ 5500 - INRRETI - BB - B\ SRR G - 3 8 7 - R =
SCIREEE U 0118 » UL IN SRR {40 N BB EE pH (875 6-9 il » FI LA
SRR HIE & 0 £ FBL 2 59 - ORI

V0~ IR RAR B SR 3 2R By ol
(—) FREFEREHAEER B

e 1 5%~ 25k 12 5%~ 22% 13 5F ~ 25% 17 355 O SRR B p AN 34
H oy SEWEA R SR 2 2552 3 9 » JFksK 150 ml - i 5 o34 - HUEZES 1.5 ml i
A 15 ml FB; 10 ppm FEER - AR ERIE 30 73 > URRERRULE T4 b S
BURAHIEATAMIE FBy 2RI - PR ERECR IR FBy ZAE T - SBREE =K -

(&) FREERMTTHEARERMER B

HUOREET £ RSy - WESRRERE (theanine) ~ BITELA (caffeine) Kz \fl5d2c &R
[ (-)-epicatechin (EC), (-)-gallocatechin (GC), (-)-epigallocatechin (EGC), (-)-epicatechin
gallate (ECG), (-)-epigallocatechin gallate (EGCG), and (+)-catechin hydrate] 7 fZi#E 5,
100 ppm > HY 1.5 ml A A 1.5 ml FBy 10 ppm 2 > AR GRIE 30 73 - LURRR
ZERI A TAAL S s BORAR TEATANE FBy 2RI - PRl [RS8 B2 R A IR FBy 2
REST > SBREE =K -
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AaE R A [E] e SR A [Fl S BAR R R B 2 20581 FBy R &5 1% » HIE
R FB YRR « 455 (R—) BURMRK FBy ORI ~ fr i B AR 24 13 9REp 2
S ~ 0B R B SO R 1 R M SRR S REE D
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U~ SREE FE R RS SR 3R By IR
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WERl (caffeine) ~ (-)-EC ~ (-)-GC -~ (-)-EGC ~ (-)-ECG ~ (-)-EGCG K, (+)-catechin hydrate
LN R R AR A FBy IR G 1% - IR FBy YRR - WA %
BB oy S 7 5 T IR - 4558 (EVY) BURDAUZERE B rE B R Y
R FAAE > AT 34%[ERE 733 » HAE EGCG » Hf FBy Z[E(RARL 23 % » HE K
Ik ~ GC ~ EGC B catechin hydrate » fEPHfE{L &Y% FBy 2 [E(EAREYAE 15-20 %
T ECAth PO e i P 2 B3 2 5 o 2 Al B 10 % -

TERMIREAR FBy skl - F(K FBy SRR R HEA =8 » G 8 NI K
a8 S MLICREE Ty » BRI ~ YRR B R RS EIE(R FB 38R
alBE o G REUR RIS oy SRR W R RHE R 2 BUER A E - R E LA SO TS
o ZREENEHE R R RR A A B L G A s (B » 2002) » BSOS (E FB, 5
rhEESREEEE - BUHE R N FBy A E AR A -



6 EETCEYE R 55 341 (2015)

&

2004 4 EE B IEREYI RN & B A F AR E 2 sk 5 [ =R T2
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TEgakHe RS - TEERREEEE By P » LHEERERFREH Gk
FB, & H & iRElRm » & LAAE S T falHR AR Y - bR T SR @ s 3
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Tablel Effect of tea liquor on reduction of fumonisin B; for 30 min at room temperature

Treatment Average reduction rate (%)
Non-fermented tea Chingsing 16.04 bc
TTES No. 1' 13.47 he
TTES No. 12 24.5 be
TTES No. 13 54.33 a
TTES No. 17 23.31 abc
Partially fermented tea Chingsing 40.67 ab
TTES No. 1 53.83a
TTES No. 12 18.38 bc
TTES No. 13 13.7 be
TTES No. 17 35.96 abc
Fully fermented tea Chingsing 0.82 ¢
TTES No. 1 10.94 bc
TTES No. 12 33.37 abc
TTES No. 13 8.01 bc
TTES No. 17 0.65 bc

' Cultivar name : Taiwan Tea Experiment Station (TTES) No.1

"Values (n = 3) in each column followed by the same letter do not differ significantly (p =
0.05) based on Duncan’s multiple range test.

Note: Fumonisin B; analyzed by high-performance liquid chromatography.
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FB;
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o) 5 10 B o) 3 D

Rdetion Tiee (o)

f&l— ~ Fumonisin By 248 5 2L HPLC 3 AT [ElRE
Fig. 1. Chromatography of fumonisin B, standard by HPLC
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FB4 conc.(ppm)
w

PG RI UR M co OA NB W H BW

Cereals

[~ MERSEAREHEER BIHEE (PG &K - Rl B2k » UR T fiEK
MI @ /K > COf EoK » OA © 328 » NB @ #1128 » WH /N R BW @ E2K)

Fig. 2. Investigation of fumonisin B, content of commercial available cereals (PG: purple
glutinous rice, RI: rice, UR: unpolished rice, MI: millet, CO: corn, OA: oat, NB:
naked barley, WH: wheat, and BW: buckwheat)

Note: Fumonisin B, analyzed by high-performance liquid chromatography
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1.6

1.0

0.8 -|_ -|'

0.6

FB, conc. (ppm)

0.4

[T

0.0
Pfa-M Pfa-L Sf Bf Cff AF-e AF-mf AF-p

Different kinds of feeds

= - BT AR B i % By 2 3 - (Pfa-M : hRRETR > Pla-L  KREEDH
S+ AR o Bf  AAFRATEL - CFF | pUBESTR: - AF-e  BBEGTDR - AF-mf : &
H fagaft - AF-p © B fasae)

Fig. 3. Investigation of commercial available feeds contaminated with fumonisin B, (Pfa-M:
pig fattening meal-Medium, Pfa-L.: pig fattening meal-Large, Sf: sow feed, Bf: boar
feed, Cff: chicken fattening feed, AF-e: aquaculture feed-eel, AF-mf: aquaculture
feed-milk fish, AF-p: aquaculture feed-perch)

Note: Fumonisin B, analyzed by high-performance liquid chromatography
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40

30

FB, conc. (ppm)

Treatment

[T ~ SR R R R ~ OiIEA] ~ ST SR R R S i 5 R B YRR

5F L BHE AR EEESS (non-fermented tea, NFT) ~ (572825 (partially fermented tea,

PFT) KoK

Fig. 4. Effect of major ingredient theanine, caffeine, (-)-epicatechin (EC), (-)-gallocatechin
(GC), (-)-epigallocatechin (EGC), (-)-epicatechin gallate (ECG), (-)-epigallocatechin
gallate (EGCG), and (+)-catechin hydrate of tea on reduction of fumonisin B; for half

hour at room temperature
Note: Controls are non-fermented tea (NFT), partially fermented tea (PFT) and water.



3t

14 RTS8 34 (2015)

N\

Study of Tea Ingredients for Reducing
Fumonisin B, (FB,)

Shiou-Ruei Lin®  Yu-JuHuang®  Tien-Lin Liv®  Jia-Ru Dai'”
Summary

The contents of fumonisin B; (FB;) content of cereals and animal feeds which are
commercial available have been analyzed by high-performance liquid chromatography (HPLC).
The result showed the FB; content, 4 ppm, of unpolished rice was the highest one among nine
cereals. FB; was normally present in eight kinds of animal feeds, especially it was higher in cattle
and poultry feeds. The ability of detoxification of certain non-fermented (TTES No. 13) and
partially fermented teas (TTES No. 1) were higher than other tea treatments. Theanine could be
the key ingredient for detoxification. According to the result, it could reduce the toxin uptake
from foods in human body by drinking large amount of certain non-fermented and partially
fermented tea. It seemed not only to reduce the toxin but increase the dissolution of FB; to
exclude human body. It could also eliminate the health injury caused by FB; of raising animals
by adding certain tea supplements into animal feeds and cut down the economic loss further.

Key words: Tea, Fumonisin B4, High-performance liquid chromatography, Theanine
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b AW LALZRHEY)- LSRRI AE YT WA E R RV STE A - BiREEEI (e
FAE R R S PR s FER B B 2 AR - bIFT Pl B e 208 Ry - ok Bl
SEEE MR © SSRERECR 2 NAERE BRI A AR - 2 28.18% » HA%
T2 WA BB BER B ERY 5% MR MBI ENERCR Z HEE - SR5AH
HEEBEAFERERENAEZE  FNBHNEEESZ/VRR « A3E2E (GF)
o aEEE (2%~ AR - 28E (G0F) - SUENERS B ANER ZFERE
PR - TREEBECRHOBRVIOR R IIR BN EM AN EER - BURECREEEVKOR
MEIAEANARREEES - WAENEEFEHEE FE o mAER - IRMANER
EAHRCEE R B - ARE AR H R B B A 50% - HEMEYITES (species) AR
Camellia sasanqua Z 4 HEHEL C. japonica 'S& + TEEA 4 B 7 BER BUE PR RVE
(ffiie) =ICAHRR > WA R BERRIIMA N B FE BRI - 272 90%2L L - 1)
C A7 WA HE P RR A R AE S Bt Y5l
BASRT © NAEERE - LR~ REREE - SR

WAHE (endophytic fungi) Ryt iE i EY)ES A~ & i sk BN 5 3 B 2

L TEItREZBEGRENRY BEMRE - 28 HE -
AR R {E 2014 FAESSEIPE(HARE R FLIRTIERCR -
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4%y (Wilson, 1995) » 1 H i 58 i e 0V &+ ZE & P9 (Ascomycota) 2 £ [ £
(Clavicipitaceae) ~ E[E (Luis etal., 2008) - EEAMEY)H - —fRARERIA A HL B Ko T2 EL(EH%
(vertical transmitted)(Clay and Schardl, 2002) » [H-fE{ERE =R ABLIS F @ — B2
Z¥ERA(%R (Herreetal., 1999) » 28 > FEE A » NAEEEFIEITAET H—KE
AT R E 41T B (Clay and Schardl,2002) - A 4: L $27 EAEY)A i UE RS
RENIEPREEBEBIERE J) » A05IREE ] (Arechavaleta et al., 1989) - #785EHA Er L s
S FHEY Bl (Breen, 1994; Rowan and Latch, 1994) - ¥i4R&h/&E (Pedersen et al.,
1988; West et al., 1988; Kimmons et al., 1990) KITEE MR E (Gwinn and Gavin, 1992;
Bonos et al., 2005; Clarke et al., 2006) - AHE A EAKE ) A A BRI 22 B - EoAth 24
WARAREEL AT ] HAAEERE F/KRERE - BINAEERREAHR R MRS (Herre et al,
1999, 2005, 2007; Arnold et al., 2000; Van Bael et al., 2005) - #£ 7T ARFZE HEL0 - G &
(emergence) Ky HEE KR EMEPIAHE (endophyte-free) - i — 2 = ] n] RAERET
Hh 2R FEF-PR (spore rain) » B 53 EdE T PR HE - BRI T RN A EE 0 MEAME
B REER% B (Arnold et al., 2003; Herre et al., 2005; Van Bael et al., 2005) - _F#lth3e45 5%
Bl Xu [REE A (2009) ZiA5eat ARG TS Y - ZMei T 2P SR na S8 A R fie N AR LIRS -
BEETEF i RBFOREE R A B 235 » S8 2 NAE B RV IERINE 2 1271 &
HHEESRERIE (Guignardia mangiferae) {ERCAEE R HY 7R ] 73.5% - MEE R AVE
F&E ~ RS R P PR 5 B4 L 2 A7 B B T KB A 28R 2 N4 E ) G. mangiferae
JNAT E BHREE B RS (Xu et al., 2009) « 1% [F—%F TV RIE S 2 A4 HEHE 2 A
FIEE » (0u] A A G NAEERE TEER Collectotricum ~ Botryosphaeria ~ Xylaria
Kz Phomopsis » {Hfgfi > N4 E R 24J& Clonostachys k Trichoderma (Luis et al., 2008) -
WA E R 2 S (F ] EFE BRI R 2 LR 5 - R S 3
HEAESE  BEEEAEE A THEYEADTEES] (Aneja et al., 2006; Bailey et al., 2006)
I IEMERY T 2y EREYIEA N AR B 2 AR RERA (R - 09N A R B AT - R B R B 2 58
HAEH » A AR H IR IEME A Y a2 SRgH5E (Herre etal., 2007) -
KEMEBBITTEIREZ B g5 At E 2 mIHEE - RAEEVTRESM
EIRE - BB TEE: - TEAKHEIHZE FER TR S MATT AR - 0Kt
FEKEETEE L » BRI A BANIMAR &R ER R EEE BN A R 2 5t S EH
Z HHY -
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%p S VS A
— ~ AR

k- BEEBTERZ 5 DNA R HEE Y SRR ERER (R—) -

ik

(—) BEZBCZH 2 251 DNA FF ITS nrDNA fungal specific primers, ITS1F
(5'-CTTGGTCATTTAGAGGAAGTAA-3") e ITS4 (5'-
TCCTCCGCTTATTGATATGC-3") (Gardes et al. 1993) g - #4ilE 5 B4 5 700
bp -
Master mix:
Taq 12.5ul
PCR water 6.5ul
F primer 1.0 ul
R primer 1.0 ul
BSA 3.0ul
FF 1 LA Master mix 500 S f— TR AR B — 2 IR L 0.5 {EERZS -

DNA 1.0l

PCR fi&(F: : 1418 ITS RIS ELN T » Jefii#E 95°C 2 70 - 55 1 255 35 1B &y
94°C 30 #0:50°C 30 01 72°C 45 b » B 12 FLL 72°C [ 7 53 > Bf& (S 1EfY 4°C
R HET TIABR B Ik T

(=) FIFH MR A [F] DNA Rl A ESH A T
s :
1. no.32 (EHI5HLSHER HEZEIER ) ~ n0.34 (CR#Z-H7K) ~ n0.35 (GREZ-
FESRR) -
2. Power Soil Kit }z Qiagen Kit o
T3 R EERUR H) DNA R _ B4 7575417 PCR -

(=) BT
U 1.2 % Agrose (0.9 g Agrose + 75 mL 1X TAE buffer)(Tris Acetate EDTA) » B{ 3 ul
PCR EY) > #2222 (Marker) % 2ul dye + 3 pl ladder » L 125 v EEERHIRE 25 474 - BB ES
LLEtBr Zuf 25 oy » ARASERD - EITIRE -
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sl

HEE 2 10 ARz (FBD)  MHEEIE RN R - sl N 2R HAER
FEIEFERES Rl EZE ~ 4555 GRE) ~ O UEMEE ~ Sz - BER - F
HEANG - LLEFE ~ &IUALEE ~ H BEAL RS EER S -

FRREE 3T © FIRTRRE ST REZ - HL 200 ug ZBEELL Qiagen Kit ifiHY total
DNA - F]A ITS nrDNA fungal specific primers » ITS1F K ITS4 #E{TH40E -

RATNAEREHRE - NAEREE TR LR

R R KR BVKIRERE -

(1) A/KEHE  REZERELUS/KREERIR A -

(2) BUKHE © DEHFVKERERMIREZ > 3 ATUREZINA 250 270K > 1%
5 SRS EIL -

BOLREHE

(1) R A BRI F—BE5 o BIBR AR SRR R -

(2) HREREELL 70 %HE R B - MEE R noE /AR AR T - 1 S SRR
R -

(3) LA 0.5 %Clorox (10 ml Clorox + 120 ml & 7K) 2Bk s » ST

TERRGF > 2 7 s RF s H K EIRR -

(4) DURE/KESR 3 K EEETAEA/KEY (B%) 7TLURE /K555

R WEERE 5%57@%%7
(5) FERGL 2R EREGE I AMERE R L RS - e

%‘ELBZ/T“*

o raheisE AL (Malt Extract Agar, MEA medium) S -

HY MEA 555 33.6 g Il A—ATH# /F7K AR EEMATIIAG > 2L
121°C » 15 BT E RS BERE & A AERFEE 60CRmbieER
Streptomycin 2 Tetracyclin » fFF-E2EENN 1 Z2FHUAEER - BIEHEEM - F1A 10
NOTEBREREEN - & H AR IR ERTEN 4CKHE -
NAHFTHERE
(1) BRI EER Z N EFEERE S T - DECVEEBRIEEER FHE

B9 > FEIEUNELT 2 x 2 mm’ KUl EERIRA SN » S 17

MEFEM > R MPCARREENE » NER FEEEE -

(2) BIZ2 : itk 13~ 5 RBZE—0 EinER LEAME SRS

HIE) ZEHSE -

(3) 5 & 7 KRBT E N EHVEIS Z 8 MEA BRI REE (4E) » difbie
BHRNEREEMEBDIARYI SR - WHRHERLE -
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(4) GRS EPAEEL (morphotypes) - TECEREFIRERE R 252 HE A FPAE
BB EL -
(6) EEFZERUEEKETRE - B ERRERE

= UBSENAEREMEREE @ NAERE B bR g
AR+ B 4 i B SR L LS AEAE AR - LR SufE (Camellia sasanqua, C. japonica)
J\ERE A iniE (R~ B ) -
Jivk
1 BRELREDNH OB AR AR N AEHE A -
2. NAEEBETHERE -
AZE 1 GRADHER 2 MmN R ERAE & T - DIBVHE BN TR ER &
BET 2 FERR/INSEAY 2 X 2 mm? KUl > BRI 6 /NF > By 7N EE
o FHEEE/D 100 B 0 BERIDUARBEEE > P8 TR -
B.fR : KRN HR 2 RN IR & T - DIEVS BBV T RAR TR
INEEZY 3 mm K FBEEIUA 6 /ME > By 6 B8 S 100
B > ERIIDVEREEE » =R TS -
HNAEREBER IR N A BT RRTE -

&R

— ~ REZEEFE B B e i 2 SR P

A Magcore %% H B2 FUEE A AU 7 fsf DNA FIF B — M5 [T HHET TN > 4551
BUREE R FT R ARAT DNA ERREHRIENE - MZKE R Z DNA RIBgIE R A5
HUECEEDART AR - A Qlagen EAHATREREIREER NAERRE R B - BUR
Qiagen E4H¥HMHUREE R SR Z DNA SCRE]Y Magcore £ B BIZZHUEE -

= BRI T

S B P PGS B S LA 5 AR 1 - P 2SR sty 1
S IFEHETREH B 80 - 10 TERERCET - bR E AT ACRBE RIS - 6
O FFICH B B (AP 2 LA TREAE » O R AU SO RS « (156 - BRS ~ Ll
BRES  ALEHE  LLATHS © TSRS © ERUCER R EAS - TLIE 13 T
BN B OB T EETEE - BREERC T 2 EER S (VA6 118
R BRI Y B P T -

PR Y2 LB 5 B L3R+ & TR SO HEEH IR - RN
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LU R Z A5 PR (MEA) (T S5 RWR = 718 7 ROk
TOBERNARR - BERESOIERET - B R Sk ALSEE ~ mIALR R E
RS Hp X PlaZriRas FrieNAERREBER S > 31 31 P /18R R 28.18%
HALRGE Z ST BER T 0-3% - SEREIRE R B NAERBAE SR - HPEEXK
SrEEZ AR 31 k- HPRRAISE 30 1 - 2KH B RN A HE R E & PR e — -

FEFRFZEBVKRERETNE R E 7 BEBRE R BUR » R8O KR Loy
% - FrARECRERADEHR BEALEFHBES&T R SSRBKA AR Z

=~ WIZIEN A EETSE
WZSTER B EE > N A B E T BER AR SR UNER - R 2 NEEFETBEREAE 50%
DIl > Er Ll Camellia sasanqua 5 6 {ESAEAYNAE EE o EER RS > B 70% - BEI8

NAEBEREDEERE 12.75%2 99.04% > 47EE2RE 18 90%HY il A Leslie Ann &% Yuletide
Red » HiZ 2 fhfEfE Rk R ~1 8 B 30 If /54 - Falling Star White & Grace Albritton [ 2 Ff#
ZRER R/ N 0 T HA AR E B 7 M A AR > Ep{ECS 40% -

IFAENAE B R Z AR EE PR R R B &SRR N » B— iy B i B i
100 /N = BLLUSRAEIRER o BErS 2 N A E R s Bkt 591 #% » HpAEAY I 300 & » & infd
Z PR (MR ) BHA5E 33 2 50 7755 6F ~ 8B - 9E B 9F ~ 10Y ~ 13B »
13R ~ 13R ~ 15K ~ 15K » HEZRELIE = » Hrf 8B ~ 9E ~ 9F k¢ 13B % IEAI AR A
P (HHNESR S HEZRER S HE S BAEZ A NAEERHEE T EHS
3£ 302 Sk Sk 2 P REZ L 158 ff - & dnfd 2 T2 ARRY B 9% 33 2 50 77515y As
Y~-C-BHIC-C-~C-F-5D (M) - /£ 8 flsliptE Y F R FEaETEEES C 2N
A HE - NAE C. sasanqua fElHHHY 6 YA TUfELl C PRI ER BT ZH 2 N4EH
» 3% 4 FE 5LFE A Leslie Ann ~ Our Linda Pink ~ Winters Charm Pink & Yuletide Red -

EN

FEEAZESHLEY) o TSR INEH SRR BB )T &R E o
PHEAE R E T 2 IR AF S P BR A AU RELLER > 45 RBUREL Qiagen fZ 2 HLE
SHAERRIH AR R SRR - 11 Megacore H BIAEHUERANG 2 R AL EE
Vo BEESTEHH U SHERE L Qlagen R AR B I TIZIAZEHL > DURFHA M
WH5E 2 S RE N -

FERCRNAEREFET > E#ELL Qiagen Kit #E{T5REZ DNA ZEHY » 5S8R T H A
AL ORRE (IS ELE DNA 51> Hofth 9 Bt R RE LU T A VIR E A H W 217
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£ NBEARENEZ TR S > HiE DNA BIREAR[E > H DUR S5 > = ke
PREEER R A A 2 Hi DNA & (DLEKBIRT 2 52 S HIR0) e HoAtl 8 F&ERk
75 R B #BEEZ PRV SOBMESS ~ BERAS - SIUEEER - 50 - EEREEER
FFEANFKZEH DNA & > 2Rk 2 S UL EA N - S EE DNA Ef#;
HAEE R/ ) R EIFAEE (B 7)) N as S BIRCA RE > S5 B H H DNA
E UL KRR E B BT R EE R NG 2 N4 EE DNA 21K - (H
FEE Rz 2 H I DNA & BNAEE - BURBGEFIR A /KRR Bk - LEREDEE
HHEEEREEER - FAIHSAMEI AR 2R TSR TRCENAEER
ZoriEE SRR RGP A O ENAERER K XU AR BRI NEE R
% > G 3Lk > TR Ey 28.18% - M HANTERCGE 2 WA EF 7 BER AR 3% - B3
ZNEEFERRBIREES A > U5 30 PR > HERE H MG 2 WA EEEEEIR
THEE - EER S 2 NEERET T TAEYEE -

S NAEEE SRR A5 e NS IERIRARE - B 2 B B At
FAEBIRY ZE RAT AR Z "R B O NI B R IS R AT A s i K E R 2 B i
B RE(LEEE - EMBSENARER - il AFMES H R EEE R B BETRE - N
A HFERFRRE AR EE N EMRTE - NRARZANEER BRI =R
FERANEERECYERELZUE  SUE TR/ OB HUERR HE T UETREER
2o SRS REUN 10 R BBV R B R B SN A EE » SEEIHR A H
BB A S AENAEER T - HERESHAVKRE 2 205 E H S 2 5t -

TEUZFIENAEEESCEER S - o5 ULZFERE e 2 WA RELE 303 % HIEES
Ao EES 161 1% - HEURSUBREARR I N A BB 7 R BLfES (species) AR > WAEEHR
JrEZAE Camellia sasanqua fE £ 2 fRE[ &g s 1~ C. japonica» H 7y B 70%L |
TEE WA H R B AIEE RN (161H0) BOERERE - HR Ry tERAY Falling Star
White 5z Grace Albritton 27 N4 B 70 HER BN 40% ; fEfRA/INME 10-14 I5f~ Cecilia
White ~ Our Linda Pink Jz Debutante Pink ZEXLN 4 B E 7 EERHITE 42.31~50.69% 7 [H] 5
14-18 I}y Winters Charm Pink BEE[ PN 4= L 71 #fE% fy 66.67% 5 Misifid A (ks
24 I5}) 7 Leslie Ann i1 Yuletide Red EF PN 4 E B 7y BRI 90% s E N A HFEFELZ
{EZ BB EEER Z B MM - NAEERETEk 2 P REAIEI 2G5 - BRE Bk
ZNABEEESRERRGS - BHEKRE itk HgEtfR=2E0n > MEESN
LHEEERABEOREE - oS RBNEERPEEETEEE/D - (HEESN
A EE T EE PRI DL C RIS IR A & dnfdE - X C BUARE 43 C. sasanqua 2 F5E N
HAER - RESTEARFEE LS EZ 2 B0 FER A -
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FERGRNAEREIFE T SRBEHNEEE 2R AR - Hh R P SR e
FENEERE G - HREIE ] $HEER AR foR B R 2 (b SR e
WARRE 2 FEFEIERANIT - MR Z N AR E BRI amE B (R R E 5T
T3l - FERGENAERE AR E L - FrARCREER/ORE T R - BIEN S
ERNAERER @ S —REVOMEZ R EE TREAGANEREEFEEERS T 58

UPRTEN A HETHE 3R N A H A N A HE T EERAERE R ES S A A FEZ
R HARMEUCREZ N ERMHE BRI A 2R - IREASBREREUR Camellia
sasanqua 2 A4 ELE S3EfERE C. japonic = > HEET AL AR iR/ D HOARES - i e
HR OB ARG R AGAL - AN FRE 2 LLRAE B i) oy EEfS R —FEE R - 40 C. sasanqua FRZHAY
URTEERNAEREF EEFE SR E R C &, HEPRAZ NAERRFES MR AH
BRUZRAEd - 0 C BINARE KUSKIEh Z ERNEREEH Y — iR C A
A HEE TR SRR NS TEZEREULC e IEZ A -

ATHERTEG 2 A RE ] LU TR B LR FHMEY) (C. sinenesis % C. olifera) py4:
HEMRE - B AEBRE RS 228 PR TN EERS R B8
Hi s BAYIINAB I WAt H 2 BEE -
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Table 1 Materials form Taiwan

25

Rk TR S AR s
Code Type and resource Note
12 dEE 55K 12 5F DNA
18 Hag Bk 18 5% DNA
20 Ha5 Bk 20 5% DNA
23 5 HILSRE DNA
24 FfEELL S HE DNA
25 e w1 DNA
26 W EH 2 DNA
27 W5 INRHR DNA
28 Ha5 IUEH DNA (2425 R
29 Hah R DNA (2575 H
30 BRIY 64 12598 DNA (2575 H
31 ERITY 64 18 5% DNA 2575 R
32 ERDE HOEHE DNA 2575 R

x SBEECRE R

Table 2 Profiles of testing made teas

8 Code FCHERELE Tea type

‘ifE Cultivar

33 SCUEfER
34 =B

35 FERAS

36 (SRR

37 4LSHE

38 [SIIEIRAS
39 EIERESS
40 HiEH

41 H HEALSS
42 EW eV

21358
HE
HLSHE
HLSHE
R 1258
FLSHE
RAI
LA
R 21 5%

B0k 12 5%
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K= BORNAERRDEER ~ ik PR A
Table 3 Investigation of endophytic fungi isolation rate, amount of isolates and its morphotypes

of made tea
AR WA EL B s TYBERRER JREAIEY
Made tea No. Endophytic fungi Isolate code Amount of
isolation rate (%) morphotypes
33 1 (1/100) D101 1
34 28.18 (31/110) D1~31 30
35 1.67 (2/120) D201, D202 2
36 0.95 (1/105) D301 1
37 1.90 (2/105) D401, D402 2
38 1.81 (2/110) D501, D502 2
39 2.72 (3/100) D601~D603 2
40 0 (0/120) -* 0
41 0 (0/120) - 0
42 0 (0/120) - 0
el g 42 40
* o S B -
=~ SAEREYER-LLPRAE
Table 4 Profiles of testing Camellia plants
‘o tEY)miE (Rt
RS R it (F) PR
) Plant variety name .
Code Plant species . Plant size (inch)
(Commercial name)
43 Camellia sasanqua Cecilia White 10-14
44 C. sasangqua Falling Star White seedling
45 C. sasangqua Leslie Ann 24-30
46 C. sasanqua Our Linda Pink 10-14
47 C. sasanqua Winters Charm Pink 14-18
48 C. sasanqua Yuletide Red 24-30
49 C. japonica Debutante Pink 10-14

50 C. japonica Grace Albritton seedling
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Table 5 Endophyisolation rate of roots and leaves form Camellia plants

ERRST RAEEE R (%) (/)

(AN sEptE Y e e 4 . : S
. i Plant size Endophytic fungi isolation
Code. Plant species Plant variety name .
(inch) rate (%)(Roots/Leaves)

43 Camellia sasanqua Cecilia White 10-14 87.25/50.69

44 C. sasanqua Falling Star White seedling 72.62/12.75

45 C. sasanqua Leslie Ann 24-30 86.27/90.97

46 C. sasanqua Our Linda Pink 10-14 80.39/42.31

47 C. sasanqua Winters Charm Pink 14-18 98.04/66.67

48 C. sasanqua Yuletide Red 24-30 77.45/99.04

49 C. japonica Debutante Pink 10-14 55.88/42.59

50 C. japonica Grace Albritton seedling 58.82/39.05

TN~ UBRAENAE B R BB T P R AR &
Table 6 Investigation of the amount of isolates and main morphotype of endophytic fungi in
Camellia plants

& Root & |Leaf
ok TR AR FEPREA TR REAY FEPRER
Code. No. of isolate/ Dominant No. of isolate/ Dominant
No. of Morphotypes morphortype No. of Morphotypes morphortype

43 95/59 6F 62/29 A

44 58/32 8B 13/12 Y

45 95/47 9E. 9F 35/14 C

46 64/41 10Y 58/43 B.C

47 85/41 13B 16/9 C

48 83/38 13R 19/13 C

49 53/29 15K 67/44 F

50 58/37 15K 32/21 5D
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+ BB B N B R RS MR AR
Flg. 1. The endophytic fungi morphotypes of white teas
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CeciliaWhite

45 OurLindaPink
LeslieAnn

WintersCharm Pink  Yuletide Red DebutantePink ~ GraceAlbritton |

B~ SERLULCRATIERR
Fig. 2. Testing Camellia plants
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= ~ WTEREN A B ik 2 P Re Y
Fig. 3. The dominant endophytic fungi morphotypes in roots of Camellia plants
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Fig. 4. The dominant endophytic fungi morphotypes in leaves of Camellia plants
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FEEBER(ER)
¥ > mE > HB > EB
FrEEr(ar 6ER)
ENER > #iE
AES iz znER >EE >HER > BB

Fir AR

A ) "
% >EREA BEE > HE
#Hi = -~

&~ A EZREZ R

Fig. 5. The processing chart of various teas
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Study of Endophytic Fungi in Theaceae Plants*
Shiou-Ruei Lin*
Summary

Endophytic fungi normally exist in plants. Endophytic fungi not only symbiotic live within
plants, but also promote plants growth, increase the tolerance of stress from environment and
protect plants from pests. There is very less research about endophytic fungi in Theaceae plants
in Taiwan. In this short-term research, Camellia sasanqua and C. japonica were considered as
modeling plants for endophytic fungi study in order to apply in the research about C. sinenesis in
the future. Expect to achieve the goal which is to enhance the tea plants growth and decrease the
damage from pests. Among ten kinds of made tea, the endophytic fungi isolation rate in white tea
is 28.18% the highest one. The endophytic isolation rate is usually lower than 5% in other made
teas. Detection fungi DNA in made tea by extraction and PCR showed that the fungi content in
made tea influence by tea processing. The fungi content was reduced gradually as follow
non-fermented tea, partially-fermented tea and fully fermented tea. According to this result we
support “Rolling” in tea processing is the key factor influence the survival of endophytic fungi in
made tea. However, there was no endophytic fungi isolated from the made tea after steeping in
boiling water for five minutes. Endophytic fungi types are differ from different tissues. The
morphotypes of endophytic fungi in roots are more than in leaves. The endophytic isolation rates
of roots are more than 50% and correlated with the plant species. The endophytic fungi
morphotypes from roots of C. sasanqua are usually more abundant than C. japonica. The
endophytic isolation rates of leaves are increased with the plant age. The endophytic fungi
isolation rate in leaves are usually high even more than 90%. The dominant endophytic fungi
morphotype from leaves of testing Theaceae plants is C.

Key words: Endophytic fungi, Theaceae, Tea processing, Rolling

1. Assistant Researcher, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
* This short term research had done in Western Illinois University, U.S.A., 2014.
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FRESHNIYEAER F AR - SRR ARG A& (AT - (R RSy — TR A -
BES ARRELS —ERVEITE - I (RRFRIERRAE B o H IR > 2 8B R E -
ECIIRER & B B B 2 AR A (IR TR 7 7R 2 — o SR B T i Ay FH L I = S DA
R (WIEHREERZE 2-5%) > S A/ VEAVAT A (GUEREZE 0.05%) FIRER (KUEREIZE
0.002%) » SZUMYEA G BRI ATEEY) - TRERDMA S FAETRLE ~ ROSLOBE ~ FUREEM - A5t
I EE H AR A IR BREE M R T i % 0 3t 124 flEanfE (R) > HUHE - RRESTRE > HIE
OAPGELA] ~ R A i S ol 2 o &S RBURIYEA K Al il 2 E Uk E iR e BEFE R HERlK
e EEEEE R anfl (R) LR 28 H A A Z R ol Kt U7 b 2 Z e
GEYB =M BRE 4 <2339 mg/g - 55 4% 23.39-29.85 mg/g  £5 =4 >29.85 ma/g ; FKIEE
—4k <24.70 mg/g - 5 4% 24.70-31.56 mg/g » FE=4K >31.56 mg/g ; BILE—4k <24.34 mglg 0
4 24.34-31.28 mg/g - FF =2 > 31.28 my/g - SR ~ KK - B E T CEIYRA S R R
18.01 - 18.93 ~ 19.26  19.53 mg/g - fFfrA anfE (%) SHEFY 20 mg/g - BE(RONYEA Z anf -
BREET ¢ OER - R TTETR - SR - FRAR RS

i

Al

FRERERRSY » V6 - LEEEEY) - SERE - BYcE - AR - XEER - KHAME
BrioaE  BABRERMEIEE - AVBELEYAEL - FIIR - e A4 E B S EE TR
REFFEEYIR LAY T RMYEA » (52552 2~4% o EyERAR SR A g A
AR R AR - iiykRE TR SIS A YIRS - H AT AR sE R iR —
% (phosphodiesterase) e ELARE HEHETRE (adenosine blockade) » 5 [iEE FHAE (AL 24 HY SLEE 1
Fi o mmelR 2 AL SIS AR g (URER] ~ 280 - T odg) T A RoR > TP e A B R - ok
R N &g [ pkE R SR E R E  (Oarrsgh et al., 1979)- 5 [FEARE - BER W& .00 (Finn

TBEEZBE RN RS BIEE - 28 HE -
THEEZEE RN RS PEITE - 28 HkE -
THEEZ BGOSR R LY BEE G - 28 il -
THEEZ G REN R It aFHRE - 28 HkE -
 TBIRREZEERENRY VIS EFGRE - 28 HE -
HEEREE -

* Ok WP
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and Cohen, 1978) i &2 EHIEIR © Wbt SR BURINYEA & (e LL 8RR - &SR BT i
ks > ERLAEY)(GH (Mitoma et al., 1968) - IiIWRAI A IR LLEEY) (RUFEHR EF4 -
LB R T UCAR) BIPERT > e SR A% OB ARG RORE RS I (Kwon et al., 1985) - BAHSE
ae BRI & 5 [RE rhag KB Adfs (Collins et al. 1983) [N L4 L IERE R A & R EA
HYEIRE - FEIRFE AT FEE SRR A (B0 > OB ) FERE ek S IERAY IR -

H AHEIEAZ EIBFE T3 15 73 51 R A OSBRI ZE L (Sakanaka, 2003) » CO, ihEFRZEHL (Chang et
al., 2000) - ZREIENEENIEG R (B - 2009) 5[ - ARGERIAERUAZ N AARER « —
RSB =G TN 2 250 (EERE PAERIEH 2 DGR RS - JI_ EITEsRe
W80 - SRR EIEZ TR - NIt E AR SHIE S IEERR &Y L - 1
CO, R ZEHUAMEAN A A B E T 2 ik & 8 - (Bt & AR ER R HIRRER
B EE » A& A IR Z &8 A 2s - 2003 48 H AR N BHFERSIFRE
fli (gene knock-out) 3% Hi—fE{EoHEARY A RS ke - FonmkA & 8 fER 2 kA AR
AE > (BRI D 7096 HIUMEREA o IR S E ] F LR IR S PR R i S R T AR IS LA
JR/V EmER & 8 o DUBSEi R 25 il SRS (SRR - 1 8 TR RO T DA% R & R s
[E] > e teds  BAEEN LN EER T RIER T SR EEEAERMEZ A - HARE
TEENRE ~ B BRI E IS I A dh % 2 (EinF > fEPEIS A 319 {Ein % > $HELm A HAE HHY
703 (B ik ZETERIGEN & B3 o SEREUR > 7 7 8 B AE #iEAn 108 Eds A FERYIYEA S
EERY 2% > B RHYE R 1.85% - HAHIIMEA S & (R s B LREERCES 1005 (8 BEARIR A -
H RN & AR 1.7%0975 8 f[ - AT R 1.42% » BALRERIAKH sP B2 M o ey FL AR
BAPR - HINYEA S 8 B 1.63%-1.64% » HAEEST 7R BN HAT SR HyaEs - e EEE
10 {lEBEpk - FLomEA & R 0.42-1.05% ([ > 1998)  AGTEMEITEINRREIMIE (%) UIYRA ~ wH]
g KR e BT AEE AR R T i % o W AR BRI AR Z an i (R) > |
il By TR S (IR A & R R Ak -

PARERTT A

— ~ alEpikl - AR 124 el (R)(FER—)  GETA R il F Ot T A o PR
BEE - UEREFEE (—LE) -
-~ HER7E BT BE R TS ARG AE A -0 C UKFE N T AT - RS R R EE /)
Iyt (F) HRUER ~ R AT R RS o FEEL 0.5 g /2 EAR 456 - A
10 mL &ii7K > 7> 80°C /KBl HH IEAREHY 30 73 - fra ik 2 Al £ 50 1% > E & % 100
mL > &L 0.45 nm PVDF JERE#EET% » LsRURMEEIT &N » i T -
SRCEAH =M (1200 series, Agilent, USA) ; & FF & Discovery RP-Amide C16
column (Supelco, USA) K/NEy 4.6 mm x 150 mm x5 ¢ m; &4 A ortho-phosphoric
acid (85%) Ea4fisK (0.05:99.95,V:V) &8 B : Z#5 (acetonitrile, ACN) » #&h1H
PR iR B E ABERR Ry 20 uL > Jfi 285 0.8 mL/ min » JHIE R & 5 210 nm »
Wl J57527% Lietal. (2008) -
SRR T EERS BRS¢
1. 0-4 (min) > EfjfH B (ACN)(%) : 2
2.4-21 (min) > EhfH B (ACN)(%) : 2-9
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3.21-32 (min) > EfH B (ACN)(%) : 9-23
4. 32-45 (min) > Bt B (ACN)(%) : 23
5. 45-55 (min) > @ffE B (ACN)(%) : post run
= HEthE  BEFEHSHEREAEELRE () 2 R=E%S 0 DRl A% Z <-0.8 (20%) -
B4 -0.8<Z<0.8(60%) KEFE=4 Z>0.8(20%) -

AEbagsalmid (R) RS mERE AR - 4 124 EREniE (R)  BEalRARes
e ST A RO E R R IR — B BRI RIS Y 2011 A 7 A A (B -
9 HA] (FkZ) ke 2012 42 AHA] (BF) -
— ~ REARREEEA - FT TR R R R T Bk

IR G R Z (Caffeine synthase, CS) EslIWEAI & RIGRTE (WIE—) "FRYBAREEFZR 2 — - ofl
e R F B & %R € B xanthosine = 7-methylxanthosine—>7-methylxanthine - theobromine -
caffeine - CS Z{EH FfE{b 7-methylxanthine ##/{Lk theobromine » T theobromine #E A LRK
caffeine - CS 1A [E H (IR E IR E 75 4 H05 %] 9 A HAfE CS fEoReh A EIE iR E (¥
oo B BT - W RETE) BEh 10 AR EIRRSE 3 Afre o B YR & SN
(Mohanpuria et al., 2009) - AMHFTELILE - KFEREZ=FEMEAFNGEL . 2HLE () 2
e & &L - S5 R AR HF 37 (EE =RENE B A HE S nTLA R 37 i (R) #
Frb8 ez mmid (%) Fh HegmEibkR e & kERE - EFRZ - FFa/) » #5358 Mohanpuria
FEFRRGER B MR & EFELRER TS 18% - EFRLEF 5 14% » #EHIF1 CS 71
FEZREERBEAZEAR  MHRREENER S 2R FEx/V it #miE () H
nikER & B R BEZRERRIM ML - TN CS fERERIRI B A EURESS A MR A - EeE—4
WgE - Al S E 2 B LR = MERIIYEN —20 MERE - BEERZ » HRH/b - #EHT
CS HBIEAR > g bR - RIFIZREIHE MR M -
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ol 0 o g c 0
atabolism . ﬁ N N H;(C \N E
COp+ NH; =€ ==& ) [T sresrmemmmmemnee e - [0 e X i »
Q % N o) 1\11 N NN
|
CH:
XKanthine ; CH;

3-Methy Na.nthme Theophylline
g A

o — g

CH: & O CHy

o Q HLC, _CH;
N : N Jk,
GLE—'PGU&IIOSI’HC-'I-HN)TN} — 5 N y\,[ — i‘I >y o— NI e i I
o*N N o N N o7y N o"NTN 07NN
H  Ribose Ho e o5, CH<
Xanthosine 7-Methylxanthosine 7-Methylxanthine Theobromine ',( Caffeine
i i "
2 Q  Cl "\ HC, O cH
HN N HN N- 3 3 N 3
PR e i (e 4;I>
07NN o” NN
H  Ribose-P H o fiser
“QET 7-Methyl-XMP Paraxanthine
O
Purine HN N\)
biosynthesis =@ | lN
de novo N fixbo!‘l’
™MP -

[l — ~ ZEREA A S pRE (Kato et al., 1996)
Fig. 1. Pathways of caffeine biosynthesis (Kato et al., 1996).

T SRR YRR ~ AT AT R e 8 2 PR

A 5 H By Ry B s EIRR ~ m] AT g Kokl e iR (%) o RIS REURPCR Z ik
R AT A & 8 B =N B R REA NI IR ~ BT Rl g foclin  Ztetontd (F) < EiE
FELBCR Z s BadE Ry - AT ARSEEDR (BREE - 2009) - HARTEEIRE ~ BrEERB-RAI&I0hrS |
/\u%% 2 (Bl & PP RS A 319 (i & SIS S & S H A EHIHY 703 {8 5 2 TR SRR

B o EREUR A 7 EHEAESHAEN 1 EHE S | AFERIYER & 2R 2% 0 RRAIE R
1.85% » AEAER WA RIIYER & & 20 molg 2 imA 0 E F A ERMIYER 2 fiE 0 BEEROS - U
SR AR - R Bk RS AT E I E YA 2 it o BiER S &yl s 18.01 -
18.93 ~ 19.26 & 19.53 mg/g - ME- B A= & 57 Al Fy By 1.89 ~ 0.45 ~ 0.25 K7 0.27 mglg » KA ina =
%}“JJ/% 0.31~0.11 ~ 0.16 f7 0.31 mg/g -
= RBfentE (%) FEIOREA ~ mT AT Rl S AR

AT A B AR T MRS 192 AT - PHROMRERIE 5.3 A% -
6 RS IR T 7 40 2 30 molg » PHAER AL 150mg IER - i B R A
REEHUYEAAE R B 300mg » fZE ~ 8147 R L f 2 B IR RS A BB - R itk
BIOHEFREPNYER S E B ER - IR ERE 2 25miE () FraiyeR - mTa)g
FormgE B L (2) % 2 B={E%40 2 h Ry —4 Z <-0.8 (20%) 55 "4} -0.8 <Z < 0.8 (60%)
REE=4 Z > 0.8 (20%) - WA S | FE 4 < 23.39 mglg » 55 4% 23.39-29.85 mg/g »
=4k >29.85mg/g; PKESE—4 <24.70 mglg > 55 4k 24.70-31.56 mg/g > ZE =4k > 31.56 mg/g ;
BIRE—4R < 24.34 mglg > FE 4% 24.34-31.28 mg/g » FE=4% > 31.28 mg/g - Bl O] =R B
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FE—4h <0.81mglg 5545 0.81-1.91 mglg » ZE=4% >1.91 mglg > FKEEE—4% <0.95mglg > F
T4 0.95-3.13 mglg » EE=4K >3.13mglg ; HEE—4k <0.72mglg > 5 4% 0.72-1.48 mglg > F=
f > 148 mg/g ; FKigEEHHE - EZXE—4k <0.09 mg/g » 5 4% 0.09-0.90 mg/g - F5=4F > 0.90
mg/g > FkFE—4k <0.15 mg/g » 55 4 0.15-0.46 mg/g > Z5 =4k > 0.46 mg/g* HFZXE—4k <0.0078
mglg > &5 4% 0.0078-0.38 mg/g > &5 =4% > 0.38 mg/g (40F=+IH)

Mo~ REZESMEZELE (R) YRS E R

IIYER A T - RGOSR E Ry 2 — - (EBRSOEIE RS HAR R R 21
TR BERENYE (br 1996) > REZHE (&R ~ AL RSHERY) MR R EER 2 (B2 AL
TR A AEIE] - A S BUEAT A 2 B AT E SRR R IR 1 - YRR B2 TR A & R S
Y1 SRR BRI DR A "cream” » [ By RIE Z AL Rt 2 — o R R = (ERET B A HL
Bz (R) > KEmE (R) BERMES RE B (E) - SR SEER (20 (#) ~ 405 (9 1) %
=R L =R iR = S E SRR A BB R & R Sk R 27.76 £
472 mglg ~ HFEFREEFES R 26.82 £ 218 mg/g ~ 4125k 29.22 + 4.72 mglg » =& &=
AR (WED) A =AM SRR E R > BERME > FAEEMMEE T
MR & B AR SRS » SRR EERRERER K -

S

_f>«l-

SETEEFEEY) > B A ESEUR Y — » T REEE E A AR R R A B A E
17 R E BN BT - LRI R e sk % - B T 3G 250825 A\ RS R IE ek >
NSRRI ATER AL - R ERngE RS A HOSE T - AstECVEPERED 4 [EnyER & 2870
2% EIMHER ERtE () » ARAGREFT IR S E o InyER s a ml g & Db s
FERZ  BHERIR ARAEER RS R A EE S A i 2R a1k -
W28 H RIELA A s ROt 7 i 2RI R & 8 o B = 4K YRR & 8T ¢ BEARE—4k <
23.39 mg/g > BE 4% 23.39-29.85 mg/g > EE=4F% >29.85 mglg ; FKZSE—4K < 24.70 mglg > F 4K
24.70-31.56 mg/g > EE=4F% > 31.56 mglg ; HEE—4 < 24.34 mglg > 5 4% 24.34-31.28 mglg © &
=& >31.28 mg/g - FEHHEE KoK R EE TR B 2P YA -

SE R
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Selection of Low Methylxanthine Tea Cultivars

Chien-Ju Liu*  Chiou-fang Liu?* Yen-Shuo Su?*  Shih-Kai Lo®
Chui-Feng Chiu*  Hsien-Tsung Tsai*

Summary

Caffeine acts as a stimulant for the heart, respiratory and the central nervous system and also a
vasodilator (relaxes the blood vessels). There are certain side effects to the human, including the
stimulation of central nervous system, sleeping influence, increasing blood pressure, enhancement of
Rheumatoid arthritis's prevalence rate, as well as causing babies to be prematurely delivered. Consumers
prefer low caffeine tea, which could maintain the tea flavor and the nutrient. The breeding of low caffeine
tea is one of the methods. Tea contains the methylxanthine, which was mainly contributed by caffeine
(2-5%), with the few theobromine (approximately 0.05%) and the theophylline (approximately 0.002%).
The theobromine and the theophylline are precursors of caffeine, and they also stimulate the functions of
human body, central nervous system, palpitation and diuresis. We expected to select the cultivars or lines
of tea trees with low content of caffeine, theobromine and theophylline, and then we could formulate the
caffeine rank of different cultivars and lines of tea trees. The results showed that the content of caffeine
and theobromine were the highest in autumn, followed by summer and spring. As for the content of
theophylline, there was no significant difference among seasons and cultivars (lines). Compared to the
preliminary Taiwan's existing cultivars and local strains caffeine contents were divided into three levels.
In summer tea: the first level < 23.39 mg/g, the second level 23.39-29.85 mg/g, the third level >29.85
mg/g. In fall tea: the first level < 24.70 mg/g, the second level 24.70-31.56 mg/g, the third level > 31.56
mg/g. In spring tea: the first level < 24.34 mg/g, the second level 24.34-31.28 mg/g, the third level >31.28
mg/g. The caffeine contents of Gao-Lu, Wu-yi, Jin-gui and Wu-Gu-Zi were 18.01, 18.93, 19.26 and 19.53
(mg/g) were less than 20mg/g of all cultivars (lines), which were classified as the cultivar with low
caffeine content.

Key words: Caffeine, Tea, Theobromine, Theophylline, Methylxanthine

1. Senior Agronomist, Tea Research and Extension Station, Taoyuan, Taiwan, R. O. C.

2. Assistant Agronomist, Tea Research and Extension Station, Taoyuan, Taiwan, R. O. C..

3. Assistant Agronomist, Wunshan Branch, Tea Research and Extension Station, Taipei Taiwan, R. O. C.

4. Research Agronomist and Senior Secretary, Tea Research and Extension Station, Taoyuan, Taiwan,
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5. Research Agronomist and Section Directo, Tea Research and Extension Station, Taoyuan Taiwan,
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42 EESCEYI e 55 34 H (2015)

2 SEmiE—ER

Table 1 List of investigated cultivars

o niEATE JEA L fmoE A iEA T JEAd M

Code Cultivar Cultivar type  Appropriateness of processing Code Cultivar Cultivar type  Appropriateness of processing
T1 215 NLHERCRE 415 ~ JE - BHER S43  4LLVEHE B UWSTESEN SRES

T2 B 25 NLHESCHE 41k ~ JBOR ~ SRR S44  HKCS EUPATIREN SEER

T3 23R NTHEACHE  405% ~ JBoR S45  RESHE T E SHEA R E - SR
T4 B4R ANTHEHE 4055 ~ B S46  FHILSRE USSR SREAR R

TS 255 RIGESCHE a2k ~ BfEE ~ RRESR S47  Bk{AE T E ESHEA R AR

T6 =X 657 RO Sk ~ 4% ~ BHER S48 FHLKAT EUPSTEEN SRERERE SRR Z
T7 BRI BEPREEL SRS S49 KR T E LEAS

T8 =X 85 BRI S S50  FHE EUPSTREN ST

T9 2RO NIFESCHE &R ~ 405% S51  HLERE EUPTIRES LEAS

T10 =105k NLHERCHE &Rk ~ 4D S52  /NEEPTHE T % ST

Ti1 =5k 1157 NTHEACHE &k ~ 400K S53 RS T % SR

T2 =R 125k ANLHEscHE  BfES - BRER S64  rEE UPSTEN EPN

T3  2Z7% 13 5% ANLHECHE B - BHESR S55 K T % SFN

T4 =R 145k NLHEscHE AR - BRER S56  /NEERREE UPSTEN SPN

T15  2Z75159% ANTHERCHE  SRES ~ BOR S57  &IRfF T % SEN

Ti6 =X 165k ANTHECHE  FRmEH - BREERT S58  fHffF (%) UPSTEN EPN

T17 2R 1THE ANTHERcHE  SREs - FE S59  fiifr EUATREN SFN

T8 =185k NLHESCHE &1 S60  ALLNKRAT UPSTEN EPN

T19 =% 199% NTHEACHE B aslEsR S61 & EUPTIEN ST

T20 EXK20 5% NLHERCHE By 3l S62  HlEEik UPSTSEN PN

T21 2R 215k ANTHESCHE 400 S63  ALLEE EUPATIRES IS
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(487%—) (continued)

S25  fHEfH AT E N (NS B4  ZE295% RIRFERL AR

S26  AfEfE AT BRER B5  Z/Z 3355k ANTHER AP

S27  HiEIFfE AT E N RS B6  ZfE 402 5% NTHERZ QRS

S28 i AT BRER B7 =8I RIRFERL RS - RS
S29  Kf7 AT E N BRESE B8 %121 NTHERZ B - BRER
S30  EETfF UATTRE N BIREZE B9 %122 NTHEAT RS - RS
S31  FHLEHE AT e SHERE B10  fh% 125 NTHER BRER  BRER
S32  filfE BUATEN ST Bll %34 NTHER B - BRER
S33  HEALALL» BUPATTREN SHERE Bl2 fh% 69 NTHER BRER  BRER
S34  HEM BUATEN ST B13 1% 1732 NTHER IS

S35  HLEHE UpATE SHERE Bl14 % 978 NTHER QRS

S36 RTHIAER HIHEER ERER B15 1% 983 ANTHER APTS

837 EfF AT e SHERE B16  fh% 1511 ANTHER QRS

S38 i BUATEN ST B17 % 1529 NTHER AP

S39  KMEAER HHEZR ST B18  fh% 1793 NTHER QRS

sS40 FHEH 7 m & SHER B19 /% 1835 NLFERR RS

41 B AT e ST B20  fh% 1854 NTHER QRS

S42 BEMR UATEN SHESE
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KT FA - BERREPCGEMYEREE (mg/g) bRk
Table 2 Comparison in caffeine content (mg/g) of tea leaves harvested from spring, summer and fall seasons

et BA RS EN et BA RS DCS
Cultivar Spring tea Summer tea Fall tea Cultivar Spring tea Summer tea Fall tea
HE 15.37 (-2.87) 18.48 (-2.01)  18.01 (-2.36) HL SR 28.08 (0.06) 25.73(-0.22)  23.3(-1.13)
Fiha 19.51 (-1.91) 18.57 (-1.99)  21.20 (-1.62) Assam 28.10 (0.07) 31.61 (1.24) 29.75 (0.38)
indigenous
i R 19.79 (-1.85) 25.67 (-0.24)  21.18 (-1.62) ZRIUgk 28.41 (0.14) 30.39 (0.93) 35.44 (1.71)
WEF 21.85 (-1.37) 26.55(-0.02)  27.11 (-0.24) ITHRRIUN 28.43 (0.14) 25.96 (-0.16)  25.06 (-0.72)
=E=3 21.93 (-1.35) 24.87 (-0.43)  30.44 (0.54) 4T EE 28.46 (0.15) 25.85(-0.19)  22.41(-1.34)
BZRA T 2227 (-1.28) 28.14 (0.38) 27.50 (-0.15) HER 28.49 (0.16) 29.69 (0.76) 30.71 (0.60)
A 22.37 (-1.25) 26.54 (-0.02)  26.49 (-0.38) PN 28.58 (0.18) 26.17 (-0.11)  29.46 (0.31)
RN 22.75 (-1.17) 26.83 (0.05) 26.49 (-0.38) INEE SR 28.86 (0.24) 29.00 (0.59) 31.33(0.75)
fh% 978 23.91(-0.9) 31.99 (1.33) 30.17 (0.48) s 1732 31.05 (0.75) 28.17 (0.38) 36.34 (1.92)
Eof O fE 25.01 (-0.65) 23.6 (-0.75) 27.03 (-0.26) HLEEE 29.22 (0.32) 24.16 (-0.61)  26.12 (-0.47)
KA 25.26 (-0.59) 25.6 (-0.25) 25.12 (-0.70) b LA 29.36 (0.36) 24.3 (-0.57) 23.95 (-0.98)
K 25.51 (-0.53) 21.49 (-1.27)  27.94 (-0.04) % 69 29.73 (0.44) 27.63 (0.25) 25.2 (-0.68)
| 26.57 (-0.29) 27.32(0.17) 27.83 (-0.07) SHEE 30.42 (0.6) 27.56 (0.23) 27.47 (-0.15)
LA 27.01 (-0.18) 24.5 (-0.52) 28.41 (0.07) 2 Uk 30.76 (0.68) 31.86 (1.30) 38.03 (2.31)
T (&) 27.08 (-0.17) 26.54 (-0.02) 31.55(0.80) KEEH T 31.48 (0.85) 26.94 (0.08) 31.00 (0.67)
Manipuri 27.37 (-0.1) 27.35 (0.18) 31.57 (0.80) 2519k 32.20 (1.01) 33.76 (1.77) 35.94 (1.82)
SHhE 27.46 (-0.08) 22.54 (-1.01) 25.60 (-0.59) EARE0E 32.50 (1.08) 25.55 (-0.26) 34.82 (1.56)
G 27.55 (-0.06) 33.58 (1.72) 29.39 (0.29) ity 32.76 (1.14) 33.77 (1.77) 32.33(0.98)
XUIKEE  27.73 (-0.02) 27.00 (0.09) 27.22 (-0.21)

RIS B Z {8 (Number in the bracket is Z value.)
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T= o HA  ERKMCRAT SR (mo/g) B

Table 3 Comparison in theobromine content (mg/g) of tea leaves harvested from spring, summer and fall seasons.

‘L& Cultivar H4E Springtea  EZX Summer tea  FkES Fall tea ‘nfiE Cultivar 2 Spring tea BHZE Summer tea k2K Fall tea

) 0.04 (-2.26) 2.71 (1.96) 6.63 (3.35) PN/ 0.98 (-0.26) 1.28 (-0.12) 1.27 (-0.56)
T () 0.17 (-1.98) 1.46(0.14) 2.69 (0.47) =E:3 1.01 (-0.19) 1.23 (-0.19) 1.89 (-0.11)
SHE 0.38 (-1.53) 1.33(-0.04) 1.39 (-0.47) U5 1.04 (-0.13) 1.48 (0.17) 1.50 (-0.39)
FA 0.74 (-0.77) 0.95 (-0.59) 1.12 (-0.67) ERRZS 1.04 (-0.13) 1.06 (-0.43) 0.02 (-1.47)
=R 0.76 (-0.72) 0.69 (-0.97) 0.81 (-0.90) % 1732 1.07 (-0.06) 1.67 (0.45) 2.32 (0.20)
T L 0.77 (-0.70) 1.01 (-0.51) 0.79 (-0.91) fREfE 1.07 (-0.06) 1.48 (0.17) 1.35 (-0.50)
HEMR 0.78 (-0.68) 0.87 (-0.71) 1.57 (-0.34) R 1.15 (0.11) 1.94 (0.84) 2.39 (0.26)
Uil 0.78 (-0.68) 0.88 (-0.7) 1.86 (-0.13) i % 978 1.16 (0.13) 1.86 (0.72) 3.78 (1.27)
Hf% Al 0.79 (-0.66) 0.69 (-0.97) 1.16 (-0.64) bilez] 1.60 (1.06) 1.47 (0.16) 2.57 (0.39)
=i 29 9t 0.79 (-0.66) 0.08 (-1.86) 0.90 (-0.83) ERHE 1.61 (1.09) 0.14 (-1.77) 3.02 (0.72)
= XA 0.95 (-0.32) 1.16 (-0.29) 2.24 (0.15) KA 1.62 (1.11) 1.00 (-0.52) 1.52 (-0.38)
oK 0.95 (-0.32) 1.05 (-0.45) 1.19 (-0.62) sz R 1.29 (0.4) 0.95 (-0.59) 1.47 (-0.42)
ZHA T 0.85 (-0.53) 1.25 (-0.16) 1.92 (-0.09) HL SR 1.30 (0.43) 0.55 (-1.17) 0.95 (-0.80)
HHF 0.89 (-0.45) 1.41 (0.07) 2.35 (0.23) KESEEER  1.33(0.49) 1.27 (-0.13) 2.72 (0.50)
N 0.90 (-0.43) 1.18 (-0.26) 1.14 (-0.66) 275Uk 1.35 (0.53) 1.80 (0.64) 2.42 (0.28)
g 0.90 (-0.43) 1.34 (-0.03) 0.95 (-0.8) E 1.39 (0.62) 1.57 (0.30) 1.89 (-0.11)
HOEE 1.17 (0.15) 1.17 (-0.28) 1.51 (-0.39) L FE 1.4 (0.64) 0.99 (-0.54) 1.33 (-0.52)
SHETE 1.18 (0.17) 1.07 (-0.42) 1.48 (-0.41) ERAE 1.41 (0.66) 1.50 (0.20) 1.94 (-0.07)
HfEeHE 1.18 (0.17) 1.07 (-0.42) 1.7 (-0.25) E5T5E 1.42 (0.68) 1.42 (0.09) 1.73 (-0.23)
SNEEGS 0.99 (-0.23) 1.52 (0.23) 1.81 (-0.17) fhi % 69 1.42 (0.68) 1.17 (-0.28) 0.97 (-0.78)
RIKE O 1.00 (-0.21) 1.19 (-0.25) 1.30 (-0.54) % 125 1.44 (0.72) 1.69 (0.48) 1.51 (-0.39)
Manipuri 1.00 (-0.21) 1.19 (-0.25) 5.64 (2.63) = 335 4yt 1.68 (1.23) 2.94 (2.29) 4.33 (1.67)
Assam indigenous  1.14 (0.09) 1.51(0.22) 1.91 (-0.09) AN 1.75 (1.38) 1.44 (0.12) 1.62 (-0.31)

FEOMN S B Z {8 (Number in the bracket is Z value.)
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Table 4 Comparison in theophylline content (mg/g) of tea leaves harvested from spring, summer and fall seasons.
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‘L& Cultivar

FHZE Spring tea

B Summer tea  FkZE Fall tea

& Cultivar

FHZS Spring tea

BHZ Summer tea £k Fall tea

% 978
S N
e N i
TIERTE
HIE

B

Kyang
RlzedE
HORR
(Mg

S
BRI
NG

fn % 69
REEO TR
SH

EZ Ik
2R
fHfF (=)
% 1732
AR

BIKF L

-0)
-()
-0)
-()
-0)
-()
-0)
-()
0.05 (-0.62)
0.07 (-0.53)
0.07 (-0.53)
0.09 (-0.44)
0.09 (-0.44)
0.09 (-0.44)
0.09 (-0.44)
0.10 (-0.40)
0.10 (-0.40)
0.10 (-0.40)
0.2 (0.03)
0.11 (-0.36)
0.11 (-0.36)
0.13 (-0.27)

0.7 (0.40)
-()

0.44 (-0.11)
0.13 (-0.72)
-()

1.94 (2.86)
0.22 (-0.55)
-()

-()

1.13 (1.26)
0.15 (-0.69)
0.16 (-0.67)
0.36 (-0.27)
0.53 (0.07)
0.99 (0.98)
0.75 (0.50)
0.3 (-0.39)
-()

0.88 (0.76)
0.32 (-0.35)
0.46 (-0.07)
0.57 (0.15)

0.17 (-0.06)
0.11 (-0.09)
0.72 (0.18)
0.31 (0)
0.24 (-0.03)
0.31 (0)
0.31 (0)
0.25 (-0.03)
0.29 (-0.01)
0.27 (-0.02)
0.36 (0.02)
0.22 (-0.04)
0.3 (0)
0.08 (-0.1)
0.29 (-0.01)
-()

0.65 (0.15)
0.79 (0.21)
0.45 (0.06)
0.21 (-0.04)
0.13 (-0.08)
0.31 (0)

LSS
% 125
e
EUd
ERTUR
KLOEE
FA

B e
UtESE =S
2R 89
INEESEE
PN/
I F
Z/E 335 9%
&M
22 402 5%
¥
Manipuri

= XA
O
FhpE e

0.14 (-0.23)
0.14 (-0.23)
0.15 (-0.18)
0.16 (-0.14)
0.16 (-0.14)
0.17 (-0.10)
0.17 (-0.10)
0.17 (-0.10)
0.2 (0.03)
0.21 (0.08)
0.22 (0.12)
0.23(0.17)
0.25 (0.25)
0.37(0.77)
0.41 (0.95)
0.43 (1.03)
0.51 (1.38)
0.52 (1.43)
0.82 (2.73)
0.98 (3.43)
1.04 (3.69)

0.07 (-0.84)
0.25 (-0.49)
0.42 (-0.15)
1.27 (1.53)
1.35 (1.69)
0.72 (0.44)
0.38 (-0.23)
0.51 (0.03)
0.47 (-0.05)
0.98 (0.96)
0.69 (0.38)
0.72 (0.44)
0.77 (0.54)
0.6 (0.21)
1.68 (2.34)
-()

-()

0.18 (-0.63)
0.51 (0.03)
0.72 (0.44)
0.14 (-0.70)

0.02 (-0.13)
0.2 (-0.05)
0.16 (-0.06)
0.2 (-0.05)
0.55 (0.10)
0.27 (-0.02)
0.38 (0.03)
0.25 (-0.03)
0.28 (-0.01)
0.24 (-0.03)
0.14 (-0.07)
0.31 (0)

0.26 (-0.02)
0.69 (0.16)
0.29 (-0.01)
0.29 (-0.01)
0.2 (-0.05)
0.27 (-0.02)
0.3 (0)

0.26 (-0.02)
0.34 (0.01)

FEOMN S B Z {8 (Number in the bracket is Z value.)
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R~ BRI EE (mglg)
Table 5 The caffeine content (mg/g) of summer tea

fhfE Cultivar WIELA dnfE Cultivar DR st WIREA] sirf WREA]
Caffeine Caffeine Cultivar Caffeine Cultivar Caffeine
ANyl 14.38 O FE 24.5 =8k 26.92 EiT 29.18
HEZC 15.94 E-uE 24.69 PN {=ESy 26.94 h% 1793 29.41
illfeE 16.42 [ 24.87 RO S 27 S 29.44
A 16.74 I=h 24.88 EIRE 27.12 ERAYE 29.61
A1 18.48 ihZ 34 25.05 KA 27.18 HE 29.69
Fh 18.57 FEFE 25.14 = YAGEE 27.32 Kyang 29.72
N2 19.31 HLERE 25.2 Manipuri 27.35 EXA- L5t 30.08
BT 20.03 = 09 B 25.26 M fE 27.44 =2 i 30.39
e 20.16 EIN 25.36 BEAZ AT, 27.49 B 402 B8 30.54
K 21.49 Hig 4% 25.42 S 27.56 h%, 983 30.6
11 22.05 By 25.55 I} 27.57 zE 30.95
SN =EEy 22.27 KA 25.6 s 27.58 BEENE 31.02
N 22.38 BT A4 25.67 h % 69 27.63 % 1529 31.05
SE 22.54 S T L 25.67 = 335 Bk 27.64 JNBERABE 31.26
MHT 22.72 HERE 25.73 % 1511 27.66 = VAV i 31.36
b %, 1854 22.73 40 EE 25.85 = 2022 B8 27.89 hZa 122 31.45
K5 23.09 =2 S 25.86 JNEE S 2% 27.96 Assam 31.61
indigenous

/KRBT 23.45 HEUTHA 25.96 B EL e 28.04 B EE 31.86
Hpg s 23.6 %KL, 25.99 E5 5k 28.14 h% 978 31.99
EhZs 121 23.68 2 S 26.02 h % 1732 28.17 =\ Bk 32.48
#dk 23.92 KL 26.17 AN = 28.2 =2 lif: = 33.42

s 23.93 A 26.54 BNt 28.28 B4 204 5 33.44
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(4872 71) (continued)
= 24.11 HHF (&) 26.54 B 28.43 =g 33.58
= 24.13 MIESE=S 26.55 =101 58 28.6 S 33.76
=S 24.16 Sh £, 125 26.74 Z2X1=5 28.67 4t fa) 33.77
&y 24.3 FH\ 26.83 EXFHYE 28.98 Shan 34.22
i %x 1835 24.47 LEE 26.83 ke 29 Jaipuri 34.67
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TN BORIIEAE R (mglg)
Table 6 The caffeine content (mg/g) of fall tea

ATav Ik A ATav nEER] TRy IEER] TRy IEEA]
Cultivar Caffeine Cultivar Caffeine Cultivar Caffeine Cultivar Caffeine
FREELLZE ND =1 25.68 EIKF O 28.04 = 32.19
i 18.01 fh% 1529 26.08 =Y 28.13 KAl 32.25
ENG ) 18.93 fh % 1511 26.11 P 28.13 LR 32.31
&% 19.26 HOEHE 26.12 e 28.41 &) 32.33
== 19.53 HORTT 26.15 13F9 28.55 ZKAl 32.34
T R 21.18 Ealn 26.18 I 28.72 =5 )\8E 32.42
FA 21.2 REEFE 26.37 1S 28.75 i [E| 33.3
ST 22.41 KN 26.49 ER+9E 28.92 EXFHYE 34.4
HE 22.54 e ALE 26.49 £ Uid 29.39 BRI 34.82
HO BB 23.3 SIS 26.67 KL 29.46 ERT=598 35.1
= 23.41 &G 26.89 Assam 29.75 ET U5 35.44
indigenous
fhZs 14 23.54 HpEEoiE 27.03 E 402 98 30.16 EAT5E 35.94
= NERE 23.71 WES 27.11 %, 978 30.17 b= 36.05
Hiz4E 23.8 UIKES 27.22 =E:3 30.44 fhZ 1732 36.34
b FRfe 23.95 HLSHE 27.29 ERTIE 30.7 ER9% 38.03
s 09 5k 24.69 ZE 335598 27.3 HEMR 30.71 =X 5% 38.24
FHF 24.72 fhZa 125 27.35 KEEEERE 31
st 24.73 s 27.47 Kyang 31.02
N 25.05 B8 275 BER 31.08
TN 25.06 FHE 27.55 fitp et 31.1




(455 73) (continued)
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RAT
fn % 69
(MES
SiH

25.12
25.2
25.47
25.6

Uil
EiF
=R
K

27.58
27.74
27.83
27.94

NSRS
fifr (=)

Manipuri

i

51
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FEWT TR

Table 7 The caffeine content (mg/g) of spring tea

25 34 H (2015)

fufE ) 1E[ 37N cufd Cultivar — DfIEEA| fufe ningEA fnfE ningEA
Cultivar Caffeine Caffeine Cultivar Caffeine Cultivar Caffeine
BE 15.37 JEL 25.82 EEE 1Tk 28.41 Kyang 3187
FA 19.51 % 1835 25.95 S AN 28.41 =R 32.2
L L 19.79 T 25.98 B 28.43 Bt 32.42
EN S 19.89 ST 26.18 % 1793 28.43 S i 325
B AR 20.28 = XK 26.57 =29 5k 28.44 % 121 32.71
= 20.95 HORE 27.01 ANy 28.46 &) 32.76
HH 21.29 T 27.04 EESY 28.49 FETE 33.01
IS SS 21.85 % 34 27.06 K55 28.58 s 122 33.04
HIE 21.93 M (5) 27.08 INEESRE 28.86 B 33.12
KIEEEFE 22.21 Manipuri 27.37 BERZATL 29.06 =2 S 34.31
BT 22.27 S 27.46 KA 29.1 204 B 34.79
s A nE 22.37 EUd 27.55 HOEE 29.22 Shan 35.66
TN 22.75 BIKFEL 27.56 FiA; B 29.36 4 335 % 37.53
i 235 XUITRES 27.73 M 29.5 Jaipuri 37.76
h% 978 23.91 s 27.8 AL SRR 29.52 = A02 YE 38.96
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(4873 T) (continued)

HEsE 2473 JKELSC 27.8 £F 20,61
EZE 24.77 EE 1015 278 % 69 29.73
8 4t 24.98 il 27.92 5% 125 30.22
it 25 SLLAAT 27.96 SHITE 30.42
HizQE 25.01 (GE=2 28 EXRIR 30.76
KFT 25.26 % 67 28.02 %1732 31.05
RFHIA B 25.4 HL SR 28.08 FHLATT 31.48
Sk 2551 Assam 28.1 Pt EES 31.48

indigenous
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EEE S R

T/~ BT (mglg) =&
Table 8 The theobromine (TB) (mg/g) content of summer tea

25 34 H (2015)

AT e T T g T e Al AGfE B B B
Cultivar B Cultivar B Cultivar B Cultivar B
EET 0.02 R 0.97 gk 1.26 o zE 1.69
%, 125 0.08 L 14 0.99 s 122 1.26 /= 1.70
22 29 5% 0.08 HLFiE 0.99 KEgHERE 127 EZLIU5E 1.71
BN 0.11 il 1.00 PN/ 1.28 fh % 1793 1.71
ERHE 0.14 RH FE 1.01 ER G 1.30 BER 1.72
Lt 0.39 L 1.01 =gk 1.30 AN 1.72
il 0.50 KR 1.05 SHE 1.33 E5 5k 1.80
&% 0.50 SEAK 1.05 P& 1.34 LR las 1.83
MOKES 0.52 FfH 1.05 ZEHH5 1.38 i %, 983 1.86
H0ERE 0.55 a7 1.06 T 1.41 i %4 1529 1.89
i % 1854 0.57 HE4E 1.07 EuE 1.42 WIESE=S 1.94
)1 0.58 SHBE 1.07 AW WAV 1.44 =101 58 2.01
AN 0.63 RS 1.09 M () 1.46 ERNGE 2.02
ELOKRAT 0.69 NHIE 1.10 i [ES] 1.47 e 2.09
HfEHTE 0.69 PR 1.13 ZXTHIRK 1.48 2 204 5% 2.11
e | 0.72 = 1.16 GiE=NE 1.48 i %, 978 2.34
L 67 0.74 HLEER 1.17 = 1.48 B 2.42
RFTIAERE  0.79 INEETTEE 117 EXTR 1.50 =2 AN 2.43
2% 34 0.82 &N 1.17 ﬁ;ﬁgg‘nous 151 Er=ue 253
HEE 0.87 h %4 69 1.17 EIT 1.52 B 402 9 2.64
b % 1835 0.87 FEiE A LE 1.18 JNEE S % 1.52 &) 2.71
FESC 0.88 Manipuri 1.19 EXRT =97 1.53 Shan 2.74
= 0.88 KO 1.19 BEAZ AT 1.56 b % 1511 2.78
T A FRLfe 0.95 RETE 1.22 2 1.57 Jaipuri 2.88
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(4&7%/\) (continued)
B 095 5 1.23 B 1.67 Ef23355:  2.94
HEHE 0.96 JINFEET 1.23 2 1732 1.67 Kyang 3.60

i 121 0.97 BT 125 B 20225 167 Lz 3.68
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Table 9 The theobromine (TB) (mg/g) content of fall tea

FEWT TR

25 34 H (2015)

vl A A g TRy A AT iR e A AT g rri e Ay e AT AT
Cultivar B Cultivar TB Cultivar TB Cultivar TB Cultivar TB
FREFLLZE ND e KEE 1.14 AWIYE S 1.62 = X 2.24 LR 3.95
HEfFFR 0.02 HEEaiE 1.16 2R T=5% 1.65 fh % 1732 2.32 335 g% 4.33
&% 0.25 SEAK 1.19 HEEeE 1.70 T 2.35 Bk 4.48
SEF 0.27 e 1.19 2598 1.73 UIESE=S 2.39 275/ 4.75
=gl 0.44 KR 1.25 % 1529 1.74 E5 Uk 2.42 Manipuri 5.64
fEVCS 0.45 HOARST 1.26 2 Nk 1.76 S 2.47 ity 6.63
ZKA 0.55 KN\ 1.27 YRR 1.77 NIES] 2.57 Kyang 6.66
e 0.63 FRAKFE L 1.30 ¥ 1.77 i 2.60 N 6.68
HwH 0.77 L 1.33 Ealy 1.81 7 (=) 2.69

HH 0.79 =T 1.35 INEESRIE 1.81 mn % 1511 2.70

=LSHE 0.81 SHE 1.39 = 1.86 KEBOERE 272

PN 0.85 s Az FRLAe 1.47 RE 1.89 A 2.78

PR Ad 0.87 SHEE 1.48 =fc 1.89 ZRTE 2.83

% 14 0.88 KA 1.48 ﬁ;ﬁgg‘nous 1.91 ot 2.87

= 29 9k 0.90 £ tid 1.50 E5RX+58 1.92 ZREE 3.02

HLSHE 0.95 HLEHE 151 M7 1.93 K528 3.14

g 0.95 % 125 1.51 ELAYE 1.94 =SSk 3.29

it % 69 0.97 il 1.52 AN 2.07 HENR 3.38

LS 1.07 palllsa | 1.57 FHERE 2.09 = 402 9% 3.68

A 1.12 HER 1.57 e 2.15 it % 978 3.78
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Table 10 The theobromine (TB) content (mg/g) of spring tea

AR FF B s IS R o e () 2 i 25

ri e AR o B E] e I EEE AR AfE T E] i
Cultivar TB Cultivar TB Cultivar TB Cultivar B Cultivar TB
peaillld 0.03 B8R 0.85 [ 1.01 HOERE 1.30 Shan 1.92
k| 0.04 FHLAT 0.86 Eam| 1.02 =101 58 1.32 = 40258 1.93
7 (& 0.17 YIIKREE 0.86 =i 1.04 KEEOEHE 1.33 Kyang 2.88
SHH 0.38 2285k 0.86 DEARRE 1.04 BEAIUGE 1.35 =2 Ik 2.92
HfE 0.62 FETE 0.88 i s 122 1.04 i 1.39
i1 %, 1835 0.72 /INFE BT 0.88 fi % 1732 1.07 HRAE 1.40
=3 0.74 T 0.89 fep S 1.07 L E ik 1.41
WOLEE 076 HUEASE 0.90 Assam 114 EEAE 142
indigenous
1 0.77 UUE= 0.90 EfF 1.15 fh % 1793 1.42
HEW 0.78 RFTLAER 0.90 7KAl 1.15 mh % 69 1.42
= 0.78 GESAN 0.93 UEE 1.15 % 125 1.44
HgE ot 0.79 5 1 0.94 fh % 978 1.16 Kig 1.47
ZE 29k 0.79 = X F 0.95 HLEHE 1.17 = 204 9% 1.59
B4 0.80 SEAK 0.95 SRS 1.18 eS| 1.60
i % 34 0.81 % 67 0.96 ] 1.18 > S 1.61
&HH 0.81 KN 0.98 L0 SHE 1.20 KA 1.62
BRI 0.81 RESHE 0.98 VS 1.22 S WAV 1.64
% 121 0.82 NS 0.99 Jaipuri 1.28 e 1.68
BERASZ 410 0.83 FRAKE L 1.00 TSRS S fE 1.29 2 J2 335 5 1.68
KL0ARAT 0.84 Manipuri 1.00 fitp et 1.30 ANWEES) 1.75
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Tt BORORR (molg) 2 &

Table 11 The theophylline (TP) (mg/g) content of summer tea

e Zelm e Z i e Z i Fir e Zelm i Zelim
Cultivar TP Cultivar TP Cultivar TP Cultivar TP Cultivar TP
LOKRTT ND Hlizeik ND 2 ki 0.30 it % 69 053 EE8HE 0.98
ER A ND e Uik 0.05 i % 1511 0.31 BEAZ AL 053 KEELER 0.99
b % 122 ND HRATAE 0.07 L 121 0.31 % 34 054  FHfF 1.01
EE 402 9 ND K 0.08 h % 1732 0.32 Jaipuri 054  ZEE101%E 1.09
Z5—uE ND =5 \BE 0.08 % 1793 0.32 Shan 055  friE 1.13
BEIX=5 ND EH 2022 %8 0.13 MOKEES 0.32 FRIKFF L 057  KfT 1.17
EEF® ND  AEEAE 013 T 034 EEIBH 060  iE 118
indigenous

Erugk ND HIELTE 0.14 KEsE 0.36 EEONYE 0.63 % 1529 1.20
BEIE-HYE ND iips 0.14 09 0.36 ks 14 0.67  BEf% 1.27
BN ND i % 1854 0.14 FA 0.38 JNEES 068  RHIF 1.30
ZXE9t ND PR 0.15 152 0.38 FhRE 069  EXLAHE 1.35
HEE ND SHHE 0.15 2 St 0.41 b % 983 070 B4 1.44
RN ND ih% 978 0.15 Uil 0.42 ST0NEEE 072 HEENH 1.54
INEEPTTE ND ES 0.16 i S 0.42 HLFiE 072 HEWE 1.68
/NEBT ND RFVIHERE 018 a5 0.42 KA 072 FHLEHE 1.86
A ND Manipuri 0.18 E5 5k 0.44 SE 075 HE 1.94
HEE ND HLSHE 0.19 b [Ee] 0.46 HH 5 077 KR 1.95
FEBAS ND ERTIR 0.20 IESE=S 0.47 Z2X%+t9% 086 EBET 2.14
Bl ND Kyang 0.22 &4 0.49 = 0.88

EfF ND 28 204 5% 0.24 Ay LA 0.51 M (32) 0.88

il feE ND i % 125 0.25 = X F 0.51 FETE 0.89

At ND i 0.29 % 1835 0.52 4L ERE 0.90
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Table 12 The theophylline (TP) content (mg/g) of fall tea

TRy Z i f e Z i t e Z i t e ZE rir e Z i
Cultivar TP Cultivar TP Cultivar TP Cultivar TP Cultivar TP
FREFLLZE ND =H 0.17 AWy 0.27 Kyang 0.31 = 0.58
SHE ND E 0.19 s 0.27 PN 0.31 FHLERE 0.63
BER ND 2R f+—5% 019 XITRES 0.27 KA 0.31 EXRIUIE 0.65
R TR 0.02 b 125 0.20 eSS 0.28 SBIKF 0.31 25T =5 0.66
1] 0.02 EfF 0.20 ZE 402 B 0.29 EEfT 0.31 E B 335 5% 0.69
P 0.07 =Y 0.20 KEEHERE 029 KFT 0.33 ERT R 0.72
i %4 69 0.08 % 1732 0.21 HLEEE 0.29 HEoE 0.34 EXF U5k 0.79
E W=7 0.08 S 0.22 HEM 0.29 UEkeR 0.34 HIE'S 1.32
Assam 0.09 S 0.23 HFOATT 0.29 = 0.36

indigenous

KR 0.11 prailind] 0.24 S Nk 0.29 SHIE 0.36

e el 0.11 = 0.24 =Gl 0.29 7KAl 0.37

BRI 0.11 =2 AN 0.24 RESFE 0.29 KR 0.38

a 0.12 ZH 20 B 0.25 #b 0.30 ¥ 0.38

RS 0.13 HlEedH 0.25 K 0.30 BR—AE 0.39

15F9 0.14 b LA 0.25 VA= 0.30 AN=XEE 0.41

/NEESE T 0.14 HFiE 0.26 L 14 0.30 S 0.43

fhEfE 0.16 T A 0.26 = XA 0.30 ¥ (=) 045

% 1511 0.16 M5 0.27 e AT 0.31 7KAl 0.45

ot ] 0.16 % 1529 0.27 | 0.31 =L EFE 0.54

bh% 978 0.17 Manipuri 0.27 B2E 0.31 EXRTFGE 0.55




60

b

BT &S

F+= - FL5 0w (mglg) 2=

Table 13 The theophylline (TP) content (mg/g) of spring tea

25 34 H (2015)

it e Z t e ZE riri e ZE riri e Z i
Cultivar TP Cultivar TP Cultivar TP Cultivar TP

s ND HiLEHE 0.08 T 0.13 T 0.22
i % 978 ND E 0.08 7KAL 0.14 TN 0.23
i ND ELLARST 0.09 PR 0.14 BEAS AL 0.24
ZRT— ND S 0.09 % 125 0.14 SR A 0.25
B ND K 0.09 (GE-5 0.15 /INFEBT 0.25
e RIE ND 22 29 5% 0.09 BRI 0.16 o VAN i 0.26
HEE ND 5hZ.-69 0.09 =i 0.16 Jaipuri 0.30
L agiles ND KEEHER 0.09 EXRHIR 0.16 oK 0.31
| ND %, 1793 0.09 +IE 0.16 = 335 g 0.37
e ND EHIOKRST 0.10 FEAS 0.16 HER 0.41
EFH ND $E 0.10 LR 0.17 = 204 BE 0.42
RFIIA B ND EXRIIR 0.10 FA 0.17 22 402 5% 0.43
B2HE ND Assam indigenous 0.10 A B e 0.17 FAF 0.51
Shan ND EZ1 Uk 0.10 EZE 101 58 0.18 Manipuri 0.52
Kyang ND i %, 67 0.11 () 0.20 4L0VSHE 0.56
HEeE ND h % 1732 0.11 K EE g 0.20 pailyid| 0.59
LR 0.05 SHEE 0.11 WSS 0.20 KUIKES 0.70
Ef# 0.07 KF7 0.12 EEguE 0.21 =Y | 0.82
Pyt 0.07 hZ 121 0.12 HLERE 0.21 O FAE 0.98
ST 0.07 fhZ 34 0.13 fhZ 122 0.21 & ) 1.03
i %4 1835 0.08 ST 0.13 INEESE 0.22 HE o fE 1.04
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Table 14 The grade of tea leaves harvested from different seasons based on the contents of caffeine, theobromine
and theophylline

B FHR E=H
The first grade The second grade The third grade
mER Caffeine B2 Summer tea <23.39 23.39-29.85 >29.85
Pk Fall tea <24.70 24.70-31.56 > 31.56
FH4E Spring tea <24.34 24.34-31.28 >31.28
n] \]fE Theobromine X Summer tea <0.81 0.81-1.91 >1.91
PZE Fall tea <0.95 0.95-3.13 >3.13
HZ Spring tea <0.72 0.72-1.48 >1.48
Zim Theophylline BHZE Summer tea <0.09 0.09-0.90 >0.90
PZE Fall tea <0.15 0.15-0.46 >0.46
HZ Spring tea <0.0078 0.0078-0.38 >0.38

HORBR Ry 108 {iE © PRRAALE S 88 (i 1 HIR bR 84 1 -
The sample numbers of summer tea are 108; the sample numbers of fall tea are 88;
the sample numbers of spring tea are 84.
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Fig. 2. Compared with caffeine content of different appropriateness of tea processing
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Drought Injury Factor and Its Effect on Shoot
Growth of Tea Tree

Hun-Yuan Cheng* Chin-An Yu Horng-Jey Fan'
Summary

This study was aimed at investigating the cause of drought injury and its effect on
shoot growth of tea tree (Camellia sinensis (L.) Kuntze) in Hualien and Taitung in 2007
and 2013. Climatic factors change of drought period was analyzed and recorded during tea
tree injury conditions, and also to investigate the effects of other non-climatic factors of
drought injury and its effect on shoot growth, they may be the management, adjustment
and tea tree production references. The results of this study showed that the primary factor
causing drought injury was the climatic change, and the location of tea garden, tree vigor,
cultivar, tree age, model of cultivation and management, pest and disease were all factors
that affect the heavy or light injury of drought. Tea garden has a good ecological
environment, planting drought resistant cultivars, drought of shading, pruning before the
drought, was able to alleviate drought injury. Internode diameter was larger and shorter
during drought season. Leaf area was also small. The leaf inward-folding degree of
non-shading treatment was larger than those of shading treatment, the leaf greenness was
lower in contrast. The leaf inward-folding degree of drought season was obvious for wild
tea trees in Yung-Kang Mountain, and the leaf area was smaller. It was showed that
self-adjustment ability on drought stress may be higher than other cultivars, the autumn
tea production was significantly lower after drought season than those of non-drought
season.

Key words: Tea tree, Drought injury, Shoot growth

1. Associate Agronomist, Assistant Agronomist, Associate Biochemist, Taitung Branch,
Tea Research and Extension Station, Taitung, Taiwan, R.O.C.
* Corresponding author.
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F— > 2007 £ 7 A RERERE RS LB REFLLEL
Table 1 Comparison of climatic change during drought injury of July in 2007 and previous
years at Luyeh tea district

ERZE =S
Non-drought Drought

P e de -4iN 2003 2007
RERF Climatic factor Mean Max. Min.
SEHERAE (T) 27.4 28.3 26.7 29.4 29.0
Mean temperature
s EReE (C) 32.6 33.7 31.8 35.1 35.4
Mean max. temperature
HimFom (C) 35.3 38.2 34.0 39.2 38.9
Day max. temperature
>35C H# (days) 1.8 8 0 15 21
Days of above 35°C
THENRE (%) 83.9 88.3 79.3 74.0 72.0
Relative RH.
HI&#EES (hours) 204.7 233.0 184.5 285.4 274.0
Accum. sunshine hours
k&% (mm) 118.2 135.7 102.0 190.3 226.3
Accum. evaporation
[k (mm) 268.4 479.5 159.5 90.5* 4
Accum. rainfall
[k H ¥ (days) 11.4 14 7 4 3

Days of rainfall

*:7 H 21 HE 23 HFAFFEREE - 7 H 22 ~ 23 H[%5 30 ~ 58 mm

Max.: Maximum; Min.: minimum; RH: Relative humidity; Accum.: Accumulative
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2007 £ 7 AR FHE R E RSB LBFEFILE
Table 2 Comparison of climatic change during drought injury of July in 2007 and
previous years at Binan tea district

JERE FH
Non-drought Drought

T EE EE 2003 2007
RERT Mean  Max. Min.
Climatic factor
SEEEE (C) 26.6 28.2 25.7 27.1 28.3
Mean temperature
EEEE R (C) 315 33.4 30.6 33.1 33.9
Mean max. temperature
HizmRom (C) 34.2 36.4 325 36.6 37.3
Day max. temperature
>35°C H# (days) 0.9 7 0 3 5
Days of above 35°C
THENRE (%) 81.9 90.1 66.7 81.5 73.0
Relative RH.
HIEEFEL (hours) 1483 1788  120.6 234.2 228.4
Accum. sunshine hours
Z&E% 2 (mm) 3418 3700 3084 461.9 441.34
Accum. evaporation
HEt = (M.]/mz) 99.4 114.4 86.4 113.4 159.7
Solar radiation
[k (mm) 311.1 637.5 1835 101.5* 26.5
Accum. rainfall
[k H 5 (days) 11.8 16 8 4 3

Days of rainfall

*:7 H 21 H%E 23 HFAAAHEEEE - 7 B 22 ~ 23 H[%pg 11.5 ~ 81.5 mm

Max.: Maximum; Min.: minimum; RH: Relative humidity; Accum.: Accumulative
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Table 3 Comparison of climatic change during drought injury of July in 2013 and
previous years at Juisai tea district

IERF BF
Non-drought Drought

AR T 2011 2012 2013
SEHEECR (C) 26.3 26.1 26.6
Mean temperature
S E R (C) 32.3 32.2 32.9
Mean max. temperature
HixmwRom (C) 33.6 344 35.4
Day max. temperature
>35C H#; (days) 0 0 4
Days of above 35°C
[%rR= (mm) 100.5 339.0 435
Accum. rainfall
FErg ¥ (days) 12 9 6

Days of rainfall

Max.: Maximum; Accum.:

Accumulative
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Table 4 Investigation of drought injury for different tea cultivars

HZ - HA & e AR TER R ER
Duration of Tea location Cultivars Investigation Injury ratio  Mean injury
drought number ratio
%
2007/7/10-8/10  FEEFEEH -~  FHLJSRE 10 10-50 >20
K
E5 12 5 10 10-30 10-20
HEER HLSHE 4 20-40 >20
2512 58 1 0-5 <10
KR 1 0-5 <10
FHLARST 1 0-5 <10
Rzl HLEHE 7 20-70 >20
2007/7/21-8/10  FHfEAMETH  KIELHEE 8 30-40 >20
HAEEES FHLSRE 5 50-60 >20
RESHE 12 10-20 10-20
IS =3 5 0-5 <10
FHLRS 2 0-5 <10
2013/7/21-8/10  EafEAFFIH  KIEERFE 8 10-80 >20
B EES RESFE 19 1-60 10-20
B 12 9 12 0-50 <10
HE 2 30-40 >20
FHLAST 2 0-20 10-20
HLSHE 5 0-20 <10
IS =3 7 0-5 <10
=718 1 0-5 <10

>20% : ErEEZE (Heavy injury) - 10-20% : thZE22 (Medium injury) °
<10% : ERfysz 2 (Light injury)
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Table 5 Comparison of drought injury on the different cultivars and manufacturing

adaptability
ffie HrAE M AR wER O wEmE  2ERM
Tree Cultivar Manufacturing  Investigation Injury (> 20%) (< 5%)
age adaptability number ratio Heavy Light
injury injury
Year No. % %
6 WromfE  EAmiE 21 47.6 0 42.9
5 eE AR TE 18 88.9 50.0 27.8
EiFaridi=>ay 59 32.2 34 25.4
v
AL hmid 8 50.0 0 50.0
BN 9 11.1 0 0
20 Wroofd  2ZmiE 19 42.1 10.5 31.6
WoHMmfE ANESo@EE: 13 84.6 23.0 385
i 63.4 16.8 35.1
HEA 32 -0.360*
(fet7e)
6 ¥romfE 2 FmiE 19 52.6 0 47.4
HoTiefE  RlEsr@EssE 13 46.2 15.4 30.8
R 49.4 7.7 39.1
HHEA 32 -0.209

(B )
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Table 6 Effect of cultivation practice on the drought injury of tea tree

ReEstE R fLfE Cultivar
Cultivation Treatment = =t K F 5 Kk AVeAS|
practice JU - 17 # E B Mean
T8 T12 HP SY HO DO YK
%

BriEily #H 45 5 2 0 - - - 13.0
Pruning 4t 45 10 5 5 - - - 16.3
BERiEE 70% - 0 - - 10 5 0 3.8
Shading 50% - 5 - - 30 10 O 15.0

I - 0 - - 40 30 5 283
ke <] 0 0 - - 30 0 0 6.0
Hedge 4 50 15 - - 60 50 5 36.0
fftie 6 4 2 1 o o0 o0 3 - 1.0
Tree age 20 0 50 0 5 5 20 - 20.8

T8 1 B2 85F ~ T12 + 27K 12 5% ~ HP : FHLAST ~ SY & - HO * HLGHE

DO : RIESHE » YK KR
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Table 7 Effect of drought injury and shading on the shoot characteristic of tea tree

ekt

REFMIRZ 8

HIFE E RS i
100-shoot weight Internode Internode length
diameter
e BE  #HE & W aKE R - - - -
Cultivar Drought Shading Fresh Dry Water Shoot Ist 2nd 1st 2nd
injury content length
% % cm mm cm

HNEHRE ki3 70 48.0b 11.1c  76.8ab 8.0a 1.32c 146b 0.88a 1.92a
Chin-Shin 50 50.0b 11.2¢ 77.6a 8.4a 131c 150b 09la 1.94a
Oolong CK 54.7b  12.1bc  77.8a 8.2a 141c 162b 1.09a 2.05a
7 10 76.7a 20.4a  73.4c 7.6ab 190a 2.08a 093a 1.33b
50 68.5a 17.7a  74.2bc 7.1b 1.8lab 2.05a 0.9la 1.29b
CK 55.7b 14.4b  74.2bc 6.1c 1.74b 192a 0.85a 1.06b
REESFHE f# 70 104.0c 24.1c  76.8a 12.1a 153c 1.80b 1.53ab 3.43a
Dah-Yah 50 122.0bc 27.7c  77.2a 13.0a 1.67c 193b 169  3.88a
Oolong CK 109.3c  259c 76.3a 12.1a 166c 1.88b 1.76a 3.33a
B 70 141.2b 383b  72.8b 9.7b 207b 228a 1.32b 1.62bc
50 168.6a 44.4a  73.7b 10.7b 227a 2.48a 1.53ab 2.02b
CK 98.9¢ 26.2c  73.4b 8.1c 2.04b 227a 0.89c 1.14c

81
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(4875 t) (continued)
2512 5% fE 70 65.3d 1l46¢c 77.7a 8.4bc 1.41c 1.65c 1.0lc 2.17ab
TTES No. 12 50 71.3cd 15.7bc  78.0a 9.2ab  1.47bc 1.68bc 1.13abc 2.43a
CK 78.7c 17.0bc  78.4a 10.0a 159b 1.80b 1.39a 2.68a
H 70 106.6a 30.2a  71.6¢c 9.3ab 1.88a 2.06a 1.18abc 1.61bc
50 93.9b 26.7a  71.7c 9.1ab 1.87a 2.05a 1.32ab 1.78bc
CK 72.7cd 18.9b 74.0b 7.7¢c 1.78a 1.96a 1.07bc 1.48c
KFELLZE fE 70 79.3a 17.9a 77.5a 10.8a 1.37b 1.65b 1.07ab 2.37a
Yung-Kang 50 80.0a 184a 77.1a 10.5a 1.43ab 1.68ab 1.08a 2.10b
Wild tea CK 82.7a 18.6a 77.6a 10.2a 1.48ab 1.76ab 0.93abc 1.79c
H 70 68.4a 19.3a  71.9b 8.4b 1.70a 2.00a 0.86bc 1.25d
50 68.5a 21.4a  68.7b 8.7b 157ab 1.83ab 0.83¢c 1.29d
CK 35.7b 109b  69.0b 5.7¢c 1.42ab 1.66ab 0.45d 0.76e

1 RPETAMESSCFRERTZIRE 5% BE

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD.

2. 452 (Non-drought) : 2006 &£ 7 H ; 52 (Drought) : 2007 &7 H
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Table 8 Effect of drought injury and shading on the leaf agronomic characteristic of tea tree
®R R HEHE HE
Leaf length Leaf width Leaf area Leaf thickness
SRy BE g - = - = - = - =
Variety Drought Shading  2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd
injury
cm cm cm? mm
HOERE it 70 4.1bc b5.a 15ab  2.0a 4.3bc 7.7a 0.227d 0.260e
Chin-Shin 50 4.0c 5.3a 1.6a 2.0a 4.4bc 7.5a 0.227d 0.260e
Oolong CK 43bc 5.la 1.6a 2.0a 4.6abc 7.1a 0.240cd 0.277d
<] 70 4.8a 5.4a 1.7a 2.0a 5.6a 7.7a 0.275a 0.346a
50 46ab b5.la 1.6a 1.8ab 5.0ab 6.5ab 0.267ab 0.330b
CK 4.0c 4.6b 1.3b 1.6b 3.7c 5.1b 0.250bc 0.300c
KEEEHE it 70 6.1b  7.9a 2.2bc  3.1la 9.3b 16.9a 0.227c 0.260c
Dah-Yah 50 6.1b  7.9a 2.2bc  3.0a 9.4b 16.4a 0.237c 0.280bc
Oolong CK 6.1b  7.3a 22bc 2.7a 9.2b 13.9a 0.243c 0.293b
V<) 70 6.4ab 7.6a 2.3ab 2.9a 10.5ab 15.5a 0.290b 0.350a
50 6.8a 7.7a 2.6a 2.9a 12.4a 15.8a 0.307ab 0.357a
CK 5.2¢c 5.5b 1.9c 2.2b 6.3c 8.4b 0.327a 0.370a
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(88%%/\)(continued)

2512 5% 4t 70 4.3c 5.9ab 1.8¢c 2.7ab 5.5b 11.3ab 0.213b 0.243c

TTES No. 12 50 4.7bc  6.1a 2.0bc 2.9a 6.7b 12.2a 0.223b 0.247c

CK 4.4c 56ab  2.0bc  2.7ab 6.1b 10.6ab 0.230b 0.270b

5" 70 5.6a 5.9ab 2.5a 2.7ab 9.9a 11.3ab 0.273a 0.307a

50 5.2ab 5.5b 2.2b 2.5b 7.3b 9.8b 0.267a 0.300a

CK 4.3c 4.4c 1.9¢c 2.0c 5.6b 6.1c 0.277a 0.303a

IKFELLZE 4 70 6.2ab  8.2a 2.1ab  2.9a 8.8ab 16.6ab 0.170c 0.190b
Yung-Kang 50 6.5a 8.5a 2.2a 3.0a 9.8a 17.6a 0.177bc 0.207ab
Wild tea CK 6.6a 7.7a 2.2a 2.8a 10.1a 15.1b 0.183abc  0.227ab

5" 70 5.8b 6.7b 1.9b 2.2b 7.6b 10.3c 0.197ab 0.230a
50 6.1ab 6.7b 2.0ab 2.3b 8.7ab 10.7c 0.200a 0.220ab

CK 4.0c 4.6¢ 1.3c 1.6¢ 3.8¢c 5.3d 0.163c 0.190b

RPETAMRESIF A RORERRE 5 BE

Values within column followed by the same letters are not significantly different at a=0.05 by LSD.
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Fig. 1. Pedigree of TTES No. 22
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1 afE@ Rt - Wi 22 SRET I an il 20k 12 SRNERRIEIR T A 13 AR (B MHiREUR
T ) > HEE B TE R - ERMIRRIE (1) B 278 2 50RET 1 25k 12 3t A 1REIE]
12 (2) FERMEIR © 225 22 SRRk - E0% 12 SR Rl ¢ (3) TEELMBIN © 258 22 St il > 25 12
FRE (4) TR 2R 290K (< 72593) 2R 12T (7-10 2%7) 5 (5) HER/AEHLL -
28 22 50 Rh (2.0~25) - 25 12 8RN (< 2.0) 5 (6) HEIEEIZIN - 5% 22 H il - 2558 12
Sekyth () WEER IR 20k 229 R (= 25 ALl h) 28 1250kt (2-25 ~41)
(8) S MIEHEHE - 2% 225t R% (LD) » &7 12 57k # (SD) 5 (9) HAZFH - 22K 22
FelF o B 1298 R ¢ (10) JREFEURE 25K 22 SR R ek > R 12 SR Rk R (1)
SRR BEOR 225 Ry (10~15%) - 2% 12 5 Ry/0 (< 10%LLT) ¢ (12) oA « 255k 22
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2. —EME ¢ EER 22 BRACRAE 2008 £ 2013 R HUBRINIE - 1t 2013 SRR sliRH 26 50
WEBREIERT - BREFEPER 20 WREF2EIR 2 BY > HHEEZ 15 REa%HE
tRep > MEARSS R — 8 MAERAE - HEE RS B -

3. FRENME + B2 22 SRRME 2008 2 2013 FAeteE st BRH - HEIE T A D PR T e
¥ BAERR R MIRERIRT & — S EE B R A e BR RIFAVRRENE -
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Fig. 2. Comparison of agronomic traits of (a) tea buds and (b) mature leaf between TTES No. 22 and
TTES No. 12
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B 22 i A\ B 2 EIHE

TAEHH BEAR
sTENTHEE MAH ~ BRGA ~ BRZ - £261E - ISR RER
FRAGER PR~ 2 RETR
RREEG FELR - I RETR
e 1Y FEE - SEHE - OPER
Motk E R FETE - SEHE - GEE - BT - 5k - IiER
FREERYF R BRI - BREN(E
TPk 5 AT 5t~ I
JBVE it BREG(E - 155758) - =hE8% - BRES - prEth
HrinfE a2 B RS SR FETR ~ BHRER - IR MhE - IPEE

ZeireranfE T 2% 22 5% ) 8 1996 £ A\ THERRREYA » 2 2015 il nfd a4 o WAL TEE -
FEEAGIGAT 20 SRR - AR ERA /D AR EMC B 5E ak - B ARRIRI R - MR 2 EE I H A
AR > EARFER IR  BEE R - WAERATE 2 BTS2 R EEERE L ReTE -
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Breeding of Taiwan New Tea Variety ‘TTES No. 22’

Tair-Chyang Lee' Chui-Feng Chiu® Kuo-Jen Chen®  lou-Zen Chen?
Chih-Yi Hu®

Summary

The new tea variety, TTES No. 22, was generated from a cross “TTES No. 12” and “Chin-Shin
Oolong” bred by Tea Research and Extension Station, Council of Agriculture, Executive Yuan in 1996.
Through individual selection test, lines trial, and DUS testing, TTES No. 22 was approved the Plant
Variety Right in 2015. TTES No. 22 was cultivated in Tea Research and Extension Station which was in
moderate and low altitude area. The plant type and vigor of TTES No. 22 are similar to TTES No. 12.
Besides, TTES No. 22 was an early sprouting variety. Its shape of mature leaf is situated between
Chin-Shin Oolong and TTES No. 12. In the yield per season, TTES No. 22 was greater than TTES No.
12 and Chin-Shin Oolong. The disease resistance of TTES No. 22 was akin to TTES No. 12. Also,
Paochong tea made with of TTES No. 22 had intense floral scents and sweet taste. As for sensory test,
TTES No. 22 had higher score comparing to Chin-Shin Oolong and TTES No. 12. Considering TTES
No. 22 possessed the characteristics of strong flavor and superior growth potential, it could be developed
in moderate and low altitude tea garden, which would increase the diversify of tea flavor, and provide for
the renew of old tea gardens, increasing the tea farmers’incomes.

Key words: Tea, Camellia sinensis, Hybrid breeding, Paochong tea, TTES No.22
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Table 1 The breeding stages of TTES No. 22

BB H BRI B BE

1 AR 1996~1998 FRIE R E R
2. HpREE 1999~2005 FFEY RS A AR

3. A bhEE s 2007~2012 FEN R5mFEEE
4. VEiR e s 2012~2013 FEN R5mFEEE

T RFEL R 1996~1998 SEHARIMEIT 2 M & ~ B

RIS BR T R

Table 2 The cross combination, planting number and survival number in individual-plant trial at
Tea Research and Extension Station (1996-1998)

FERCEHE  FESCHE D HERSE SRR LS TEFEIREL R 4
1 1996 5-3 HLSHE 24k 12 5% 21 21
2 1996 5-4 212 5% HLEHE 9 8

3 1998 5-5 B 125 & 15 6

4 1998 6-3 B 125 & 20 15
5 1996 6-1 2512 5% HLEHE 14 14
6 1997 6-2 FHLARTT 2417 5% 22 20
7 1997 7-1 FHLAST =T B 30 27
8 1997 7-2 HLSHE AV} 8 6

9 1998 7-3 B 125k 5 15 11
10 1998 8-1 B 125k 5 55 38
11 1998 9-1 B 125k 5 55 45

& B 264 229

a1 2125k 12 11
$HE 1 HiLMSHE 8 7

it 10 FEACEHE TR 1996~1098 SEHETT - FEACHIEERIRAY 1999 FEAEE » WA FRAEH A S EL -
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T= - HERENGER R R EMIREL R
Table 3 The agronomic traits of 6-1-22 in individual-plant trial
BRI EifE " =

HIfE Fr—IR =
® % (@00 — (cm) i i

- E & E (m E ® & (m)
1~2 2~3 1~2 2~
) 3 3 (cm) (cm) (mm) (cm) (cm) (mm)
6-1-22 752 0.15 0.19 1.10 2.06 437 199 025 6.09 553 265 0.29 10.24

Z7512% 847 015 0.18 1.03 1.96 437 202 023 6.17 551 273 0.28 1054
HFOLOEHE 730 013 0.17 1.05 1.92 424 159 024 472 493 194 0.30 6.69

F 1 FHAHAR 75 2003~2005 4F -
ik 2 1 6-1-22 RyE22% 22 Sl FHECHS -

U ~ BEEHGAER  fE S S AR TR R
Table 4 The tea quality and yield of 6-1-22 in individual-plant trial

2005 FERGE A HE Zi?ggff ff 2005 4 2003~2005 4
ft 5% == sy EPRESECE BT
(2N =V BN = SNV 5 N (2377) H(A5)
% 1)
6-1-22 65 63 137 455 720 69.6 322.0 305.5
ZZ12%; 62 64 138 420 683 67.6 159.3 139.0
FLERE 71 66 138 391 66.5 66.3 72.2 71.8

a1 FHE R &y 2003~2005 4 o
it 2 1 6-1-22 RyE2fc 22 SR H S -

R~ bR EEEEAER 2 AT E E LR
Table 5 The yield of mature 6-1-22 in lines comparison trial

B2 oyE 2011 4 (A5e/10 #%) 2012 4E (/5510 1)
AN 9 i i - - 0 - i - - e

SR HX OB OBE AR &

6-1-22 4038 2353 337.9 3005 12865 4174 4392 7108 7604 23278

EZ512%8 3048 1785 406.1 3642 1,253.6 382.1 2748 6330 5904 1,880.3
HOEBE 3825 1805 296.8 3546 12144 399.2 207.3 259.3 3176 11,1834

51 FAEHARM fy 2011~2012 4 -
ik 2 1 6-1-22 JyE22% 22 SRIE FHECHS -
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TN~ i F bl ERE A R B A P
Table 6 The aroma and taste of tea quality of 6-1-22 in lines trial

B2k 2011 & (%)) 2012 & (47)

VY TR mE Bor Aok P BR BE BoE KR P
6-1-22 423 446 46.0 45.8 44.7 47.1 43.6 45.6 459 45.6
E7X1259% 423 411 43.0 43.5 42.5 44.1 39.3 42.6 440 42.5
FLEHE 40.7 423 40.5 43.0 41.6 40.5 38.5 41.1 41.8 40.5

ik 1 BRELAR ALY Ry 60 57 -
ik 2 1 PHA IR B 2011~2012 4 -
ik 3 ¢ 6-1-22 RyEEok 22 SRR UES -

=t mAathEeB TS EHE
Table 7 The pest investigation of 6-1-22 in lines trial

T . e e . Bkl
L eme g BN FE . FE R i -
fi 2 U8R %gf BB 4R Tiee 0 OB gy g A5 TR
2011~2012 FHZE
6122+ SR +
R+ ++ + +
BLEE ¢ 4+

2011~2012 FEE 2
6122  ++  ++ 4+

B 1258 + +++ +++ +
BHOEE + ++ +++

2011~2012 4EFKZE

6-1-22 +

EE 1258 + +

HLERE + ++

2011~2012 ELZE

6-1-22 + + +

B 1258 + + -

HLERE ++ + +

1 RWEIEER + +REWER + - REmEDS S+ + + RERE
+ 4+ REEIFERE -

5F 2 ¢ PREHAR & 2011~2012 4 - 6-1-22 Fy ik 22 SRR FHEAHE -

53 1 BTN RGBS
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SRELH I SRR 12 SR MR te e 45 SR bR

Table 8 The agronomic traits between TTES No. 22 and TTES No. 12 in DUS testing

MRt ETH E 222 5% 21258

— -~ KRIP

1. tERREME R AR

2. Bt FER TR

3. RS 58 58

= AR

4. EHR HAEE H 28 HAEE H2e

5. HEHE &% &

6. TP aTisi7 fEER

7. AR e 4

8. HLEME FEH FHE

9. FEEMEAR i

10. #E& W SR T W H SR T
11, HEm/iREE o S

12. ¥R (< 7257) tr (7-10 22497)
13. #EH t (3-5 247) t (3-5 247)
14. EE 1 (0.3-0.5 mm) 1 (0.3-0.5 mm)
15, FEMfHE /N (<20 S T5897) /N (<20 S T5897)
16. HEAREE tr (10-7) r (10-7)

17. BEREHLE tf (2.0-2.5) /N (< 2.0)
18. TEANHTEE (%) fr (10-20) r (10-20)
19. EEFREIZAR i a8

20. #EZ (%)
21. TERE

22. ER

23. TEfFEAEG
=R

24, WEEE EER
25. WEEE
26. WEEE=EER
27. WEEE=FEH

FHEIL (35°-75°)
H
f1(0.2-0.6 277)

& (=54757)
i (2-25 257)
& (= 62477)
" (= 2529)

HHEIL (35°-75°)
A
fr (0.2-0.6 247)

£ (2 545)
(225 25)
£ (2 6%)

" (2 254%)
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ARFTEfEE & 22 5L DNA 4 3 Fx gjF
2B

' FEtel’ blieE e 2

K

Lk

&y

"W =

2R 22 SRR R AR MR AR AE o 7Y 104 iR L TERE o AR S
EVETRHan R ETE 22 SR B AN T B T 13 hnffi 42 SSR K CAPS f54X[ERE - £ 41
EHZ UM SSR yFEEET - GAHS [T AR 6.2 (FEHEAR - SF45 PIC F 0.64 » BERIW{E S
JEZAUMERY SSR 3 Tt Al S8 M in e - 1£ 39 4% Al CAPS 7y st » F4H5 7P H{H
M 2.4 [EEHEEAN > P45 PIC £ 0.32 > BEFRIFL(EI%.0 CAPS 7 TAEsE ke LA Rl o e - At 5ehd
SR ) TR S (B R > IS BB a i SR PRI i i T 0% - R LA PR A 7
oefR ISR - S R SR - ] pl Ryl B e R ORot 2 IR AR -

BREET oS - B2 22 9% - DNA 37858 » SSR #2536 ~ CAPS #2356 ~ DNA 54057

i

Hi

EZIR22FR M AR RTCE - EAREIRL2SE > CARE LERE @ MBI ERE AR
o5 > EEE - BRI R R RERI29E 2 > = (EanfE AR - AT BT ARG -
SHEIRE S TR - ARG AUE AR B ARANLE RS REE S SRS H 25
FomEER (FEER > 2015) - BE2R225F AR RGE REI1024E2 a4 - W/ REJ1044E1E
FIBBEEA > W EHFSHT L AERE -

TR RS R U T Y iR RS ) ROARIKES - TTHIETR SRR Dl
fite € R iREE - H AT E AR NI E R /L - (8RN - RAELE - BE&IEERE
EFEEREIRE - HIRRE B2 EAMEY) - anflite e 2/ 0 EEZERORE - 1615 HEIT R R
MotRtRE » RS B A (RIRE - 55 R 2R mT B RIRY S NERMIRATR - BER T MIRE 52 BITR T K %%
B BT - ATHEKDNASY T IRRERTS e - PRty T XAV AR EE - EHBI RS E TT
% B R B R > DNAST TS ] USRS MR MEIRA TRAVE BT -

DNAZ> T BEEEE T AE R A [F] e 2 Y DNAZE 8 f 38 (H B g Y — 8 (55 (Collard et al,
2005) » HAMEES « ZAMEE ~ i B(EE NS - v EEYIA R4 SRR R A AU -

1 TR B G AEN By Bt B & - BEE R - 28 i -
2. THEEZ G REN R It aFRuE - 28 HE -
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2 VR R AR BIR AR ~ /D S St o] AT 265 T ~ RS P PTG R S o S e LAt = ity
Hig s 2 ErEES(EEL (Powell et al., 1996; Collard et al., 2005; Jones et al., 2009) - DNA%> T-1ZzE
F] o7 RS B LB My TR o I F IR N S [N e B — RN R EA5 [+
e M - BB BEES > BE o TEEEN -

FAEEEM S iEsE T > BHEEEE RS (simple sequence repeat, SSR)(Gupta et al., 1996) FI[FH
PCREEHSE » (LG5 [T R s [ HIEGe e HEEEETS] (SSRs) EFBi ([HEE
MEEAIDNAFEF! (short tandem repeats, STRs » = ff# Fyvariable number of tandem repeats, VNTRS) » §&
RERE T REHHEEARAVEE R (repeat unit) AVEIH BAZE » SFEES SN0
HEEFFIRA A RTFIFY > o LIRS Bt [T/ TPCRIENY » &M F B RS
PRI B H 08 St k4% - DB IE 22414 FP %1 (cleaved amplified polymorphic sequence, CAPS)
(Konieczny and Ausubel, 1993) FI|FIPCR#&ZLEL R FfG U] E Fo A0 - Jedt ¥ ki EDNAR
B (XAEFFEFPSINLES - sequence tagged site, STS) #EfTPCR » FF AR GBS £ infE Y DNAFF
Hl| 7= RBLEI TR VIS E - B iais HIBR ) R Beiv R 2R -

ER225F S i RE - AR 9E 15 HAY BB E N Z545225% 2 SSR 2 CAPS DNAZF
HE T R > A R BLE MR A SR AR IS B B > BRI SEEEY - ] Ryl B R CRE R
RS -

MRS A

— - SEE

SEPTR R R 22 WRILEA (FAREEA 1238 AR LSH) DRSS B ATRISER
BRI (%) HEFTHUE SRS G EE 22 WS AR B (Rrp B T )
§h + ELESFIFLE P BSOS (BT IE TG - AR Rl S S AR A%

.~ R DNA ZHL

HCRS ¥R DNA B ER {4275 Doyle and Doyle (1990) iy CTAB J% » IGAH{EEIL » 4P
ERATEAZE A (2004) -
=~ SSR 5t

KoMz SSR 5[ FEFdiE RNz — - B aEE R HEA e (PCR) 248887 10ul > A& 60ng 2
s fEH 2 DNA ~ 0.5uM ZZEE5 [T ~ 1.5 mM MgCl, ~ 0.2 mM dNTPs &z 1U Tag DNA polymerase
(Invitrogen by Life Technologies) - PCR (7 & 7 {&fF By 94 CiNEN 5 474 - 218 94°C » 307D 5 &8
J& (annealing temperature) X5 |7 AREMA— W0F 2 Ta> 30F); 72°C » 30 #) - L5 40 XX >
Bef% ks T2°CF > 10 5388 » RIESS T DL AC IR R EE I LAHEEE IR 34T -

BRI AR E B R OHTE (HDA-GT12™ Genetic Analyzer, eGene, Inc. USA) » &
K5y B R EER A QlAxcel” DNA High Resolution Kit ; 5 ABESHEEEE B 5 T-(REF » F748 10 7 5 38k
BEFER Ky 3 TR - Bl & 700 70 5 Bk o7 #E(% - {EFH BioCalculator 3.2 #0AS (QIAGEN) 73#ft

TRB LI R AT EEHYE R » SCEREHE TR i 2 SRS - 1| PowerMarker v.3.25 515 &
{853 FREEEAY EL PRI g ~ HEELRSL K, PIC {5 (polymorphism information content) » BAEETZ 53 HT i
TEAYHIRZ B E 70 TRt ©



ZEhEr L E 2 22 5% DNA 2 T8 E i > B s 103

Y ~ CAPS Tt

KI3HBSE CAPS 73Tt R UGBV EE DNA | B (STS) » Aallarry STS 5 F 2%
o1 B RS ARG EZ N B RS - B R RES 2 STS 5[ B2l (2004) 1Y 2 4HIELRRS K 7 4HI4R
RS RINES [T - XN EREE 2 STS 5[ FHlEK 54 4H » Horr 4 4H2+°% Kaundun and Matsumoto (2003,
2004) » 5 50 4H HER B Z A3 irE .0 (National Center for Biotechnology Information, USA,
http://www.ncbi.nlm.nih.gov/) i EST &ikHeEE (dbEST) T#k4Stsiny EST %l » A6 fH#kE Primer3
(http://frodo.wi.mit.edu/) EEtTiRL @ SFAHERIAIR= -

KB laZE 898 - G 129% - B 135% - 62X 18598 - 6 1958 - 572 2059% - H LS
BE R UZR 55 8 ffdfF Fy STS 5[+ W)V i~ #k} - PCR [ fE4EASTE 38uL > 2 80 ng DNA~0.3uM
51 ~ 4.7 mM MgCl, ~0.27 mM dNTPs 5 1 U 2 Tag DNA polymerase (Invitrogen by Life
Technologies) - PCR ZJELL T-Gradient Z\EIR 7 fESS (Biometra, Germany) 17T » KFEGR{EE BiELE
94°C » 4 38 FELL94C » 301D 5 FEEIRIE 55~60C (k5 [FARIEM-A~—) » 307> ; 72°C » 30 %) »
HAEER 40 25 fxf% 72°C » 4 773 o

PCR $Eb8 FE Y28k o » B EY B A MR ERE 2 ZAMEEY) - AT ERE(E STS
TTEEEEEEA - RN EY) R 1 kb AYEE—R% - AIFIA ABI PRISM 3730 DNA Analyzer
(Applied Biosystems, USA) #7177 Fr 73 #fr = A [E fnfE Y &€ e ERHH H kRS SeqMan Pro v.7.1
(DNAStar, Inc., Madison, WI, USA) Lh¥HE =Bz (SNPs) S ABkEide 82 (InDels) » 3 1| FH#K
g SNP2CAPS (Thiel et al., 2004) ¥R CAPS 731 HEaE » FHAI AR G 22 s S T R B V) S g e
BT Z BEUIEAY - PCR SZMEAERSHE 11.7 ul » NE 1x Taq 4E{EK ~ 2 mM MgCl, ~ 0.27 mM
dNTPs ~ 0.26 uM #4JiE5]F ~ 1 U Tag DNA polymerase (Invitrogen by Life Technologies) kz 40 ng
DNA - PCR X JFELL T-Gradient Z0/5E5 < fEES (Biometra, Germany) #1T » 2 FEGRH- FiEds 94°C » 5
JreE s FELL94TC - 30 - REEIRE 55~60°C (K5 [ REMA—) » 30 &b » 72°C » 1 738 - f5EE 35
R BARFR 72°C » 10 738 - $EIEEYI DL 2% Agarose H#ETTER K 0 - R G HEY) - BN EY
RIS TR AR BB R - % a5 S FE R (FER )12 - FFLL 2% Agarose AETTEE VK7 » DATE
VLAY -

TR K BT SO ek B o ik i 2 BE UIEE Y - o —SHMEE RS R B — 350 R HAREE
BN AG R EAEES - SCH RS VISR DL B — 3 P RO - TN AR RS 5 A8 88 - Fr ARG D)3 2Y Ry e
(&S FREFRR < FIIF PowerMarker v.3.25 STRESHE 77 FIEsSHTEAZIEY ~ BHEARE U PIC {H
(polymorphism information content) » 21753 ffr S HYHIAZ O E 7 F1EaE » MRS HE AR A & -

GERERETER

— ~ SSR Zy FAEEE Z A HTéE SR

ATRHFCSHTHY 41 4H SSR 5| F-r» 4HRR BE (i /&7 di-nucleotide repeat 75 22 4H - @A tri-nucleotide
repeat 4 7 4H > & penta-nucleotide repeat 75 1 4H - J&}® hexa-nucleotide repeat 7 2 4H - J&
complex-SSR markers 75 8 4H -

S5 41 4H SSR 5 (1% 13 {73 Afr it - SL(0HI%] 255 {EEHEER (A7) - BgH5 TP
M 2~12 (BT > P95 6.2 (B HA DUt T31 5| FAHE IR 12 [EEHEER  DIERAE
RFE > HAEHIE] 285 [ - EEET [ F4H A (EH 2~ 11 {[E - S5 7.0 (& > HARDUMLEE T30 K& T31 73 F
REEE R 26 11 (EAR A fE 2 BIMEEEHE (polymorphism information content, PIC) #7347 | »
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% PIC>05 I » 2% HRIE B R S RIM: » 0.25 <PIC < 0.5 B% » BRI » PIC < 0.25 B3 (&
& 28U (Botstein et al., 1980) » A5 8y 41 4H5 [ F-¥ 7 » PIC /7 0.19~0.86 » S35 5% 0.64 »
Horp 33 (E A= S 2 M - 7 (8 Ry RS 220 - 1 (8RR 2801 - SRR S ey TR S A E
B (RIU) > SRR AR RS o S ERE A E—

EEHEEAL (repeat unit) K/NFy 2 [EBELNT SSR 73 Fiist - BHEREREM R BREEER/N i
AMEZES 1 {EEE L (2 bp)  [ETBEBAS FIREAE A B3 A an K » SRR T TN 5y T
o HEEFEE AN E 3 EEREELL FAY SSR oy FHEEE o fEAS M 14 455> F1EEE (TO06 -
T10~T11-~T15+T16 -~ T17~ T18 ~T20 -~ T21 -~ T23~ T27 ~ T28 ~ T36 K T39) F&ILI&M: » FifR
BELAIEENE (PIC) MU HTAEE - BERASELRIMERN o PRSI E 24 22 98K 12 (HZ8 %56
TS > SBUETRWI(E Y TS - RIv e 28 e - SRR Rt T18 B¢ T27
Sy FAEEE o BT 13 (SR AE SR 9 R 10 Bf > BRGNS T20 B¢ T17 o FE2st - HIeTRATA S imdn
fESE R - mHEM S TSt T et Mk 2 F -

.~ CAPS 73 FEE5E Z S T4l S

Kigeeatiy CAPS 3Tt B 14 B IE B RS RAZ N RS2 - [EAEEREEE T K
W7E L E 14 {[E SNPs K 14 {E InDels firfki CREUREFAER] - A0S 3 4HEELRES CAPS 7+
Tt (CO1~C03) f¢ 7 4HKir4#G CAPS 73 Fiiat (MO1~MO7) « o1 - AbFFEILEREE 54 2HEZ N AL
RS+ 27 AFFE THRI RS HIE - HiR 27 HmiEy EY SRy E s 1 kb MHEFRF% - 15
27 T ETHIHRER S [+ - 11 4AfFr 2001 - 3 4HEEA SNP - (HAREG UL 8L - Fifth 13 4HXA
FeAI|tha] 45 90 {iE SNPs k% 4 i InDels fir®5 - n]Bd&¢RE 2 4H STS (PAL and F3H) % 27 4H CAPS 47
THREEE (G01~G27) - [E BB A L ANEE A BN DNA FF51 » [8 = Ry B U8k E -
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AR B B i SR E RO B R A i U5 02 RFRRTEEgean T -
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Development of DNA Identification Technology for a
New Variety of Taiwan Tea Trees, TTES No. 22

Chih-Yi Hu' Shih-Kai Lo'  Chui-Feng Chiu?
Summary

The variety TTES No. 22 suitable for making Poachong tea was bred by Tea Research and
Extension Station, and the Plant Variety Right was approved in 2015. The research was aimed to develop
DNA fingerprinting for 13 tea varieties including the new tea variety, TTES No. 22, its parental lines, and
other prevailing tea cultivars in Taiwan by SSR and CAPS markers. Among 41 polymorphic SSR
markers, each primer pair could detect 6.2 alleles in average, and the average polymorphism information
content (PIC) was 0.64. Using selected two core SSR markers could identify 13 tea varieties. Within 39
CAPS polymorphism markers, an average of 2.4 alleles was detected, and the average PIC was 0.32 per
locus. For 13 investigated tea varieties, five core CAPS markers were sufficient for effective
identification. Both of the markers had their own pros and cons. As a result, the choice of marker should
depend on the equipments and operations of laboratory. The results of scientific identification could be a
testimony to tea varieties, and used for clearing the ambiguity.

Key words: Tea (Camellia sinensis), TTES No. 22, DNA molecular marker, SSR, CAPS,
DNA fingerprinting

1. Associate Researcher and Assistant Researcher, Wunshan Branch, Tea Research and Extension Station,
Taipei, Taiwan, ROC.
2. Senior Secretary, Tea Research and Extension Station, Taoyuan, Taiwan, ROC.



108

T~ AIHTHY 13 {H

EETCEYE R 55 3411 (2015)

G B R A DR

Table 1 The information of 13 tea cultivars used in this analysis

5% EEEE S LA
B 229 EA125% x HLREZMESE Hi T EERE

B ERL2%E B8 YE x BERALL MO AT W5y I

c HLER TR 05y S4B A

D BZE 138k EERGALL x DR 80 SR MSUEETE W5y I

E B0 EX 129 x HLBRIMSOREE W5y I

F B205E  HhF2022x FLEHEZ SRS 5y BT

G IE e LUVALEES BN

H BEORTT  HIEE 5y TR - K

| BEOMITE MRS “k

J BEZLT79: Shan BRRESHE S

K EX8HE  Jaipuri B ETE B S

L =ro18%:  Burmax BRI ETE AR

M zyco1%:  Kyangx 392 FKKLSERAVESCESE 4126
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Table 2 The information of 41 SSR primer pairs

g 5T F7 SSR BT Ta" 2%FY]  2E R
e P ——

- RSO o oo s
st A ——

T04 :LAC(:C;TCCTGA%:LCCTSSCCATL’;G (TO), 50 CV014628 ({7343

T05 ;::éigziﬁgiégﬁﬁféiﬁﬁg (AG), 55 C\V014703 H{Taksf

T06 :::Tc'éigﬁégéiﬁéﬁgiﬁicp‘ (TTC), 50 CV014452 [f73ks

TO7 :::ggggxgliigcgfg& . €T, 50 CV013630 [{73%3

T08 E%ﬂgﬁi@égﬁgﬁiﬁé% (AG), 50 HO118276 [H{734st

T09 E::ETFL/Z(;’ZTA(;A;CACTAAACECGACSQ ., 50 GW342756 (17343

T10 E::TFEETT@LCT/;E@??AA?SETCAG (GAC), 50 GW316972 ({734

o SIS o g oo
et M PR

T13 ::gégi;iz%ﬁiﬁiﬁé%fg (GA), 55 C\V013870 Sharma et al., 2009
T14 :::EEAT%ELCTQTAZ?AAG%AAAAATTACG (GA), 55 C\V013686 Sharma et al., 2009
T15 E}iﬁﬁiﬁiﬁﬁiﬁiﬁﬂﬁﬁi (CAG), 55 CV699671 Sharma et al., 2009
T16 E::igglizziggfggfffciic oAoan, 85 CV013752 Sharmaetal, 2009
T17 F.GCGACATCATCACCAGCTT (CAAAAA) 55 CV014280 Sharma et al., 2009

R:TTCCTTGGTAGAACTCTGCTT
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T18

T19

T20

T21

T22

T23

T24

T25

T26

T27

T28

T29

T30

T31

T32

T33

F:CAGGGTTGCAAGAAGTACCG
F:ATCAACCGTATGGGCAAAAG

F.CACATTGTTGCGTGTTATTAATTT

R:ACATTGGCTATCTCTCATCATGG
F:GCTTCCTCTTCTCCTTCCCC
R:CCCCTCCTCCTCTGTTTGAT
F:GCTAATGATAGACCATCTGCTCCT
R:GGCCATGCTCTCAATAGTAGAACT
F:GAGCATCTGGTGGGTTCA
R:CAGGCACAAGCCCTACAC
F:GGGAAGGTGCATAAAATACT
R:TGCGACCTAAGATTACTAAA
F:GCTGAGCTTGGAGATTTTGTT
R:CCTATTGCCTACGACCATTTC
F:GAACCAACCCAGTCTATACTCC
R:AGCACACGCCATCCAATC
F:GGGGAATTTCATCACTCAAAC
R:AGATCGGAGTCACCGTTGTA
F:CACCGCTTGACTAAAATGG
R:AAACTATCAACCGTATGGGC
F:CACCCCCTTCCTATTCAAA
R:AGGTGGTCACTTCTTCAACG
F:CATTTCCTTCTCACCCCTAC
R:GTGGGTGTGGGACTTGAATA
F:AAACTTCAACAACCAGCTCTGGTA
R:ATTATAGGATGCAAACAGGCATGA
F:CACCGTCGTTTCTCCCTCTCTAAA

R:GATTCCGACGAATGGATGAGGAT
F:GGCCCAAACCCTAGTCCA
R:AAAGTGACACGTGCAAGAGG

F:GGGGAATCGAAAACACAGAG
R:CTTAACTTGGGTACCGCCAT

(TTC)

(TG)n

(AATCC),/(CGC) ,

(GGT) , /(TGG) ,

(€N

(CA), (AAAAAT) ,

(GA)\

(GA)\

(TC)n

(TCC),

(CCA)n

(GA)\

(GT)n (GA) s

AEEHA

(AG),

(AT)n (AG),

50

60

55

60

55

50

55

55

55

55

55

60

60

50

50

ENELE]

AJ621798

CVv014485

CVv014001

FF682745

ENELE]

ENELE]

CV013680

CV014798

CV014352

CV014588

CV013831

AJ621790

ENELE]

GE651348

GE652112

%% > 2006

Freeman et al., 2004

2009b

T

2009b

T

T+ > 2009b

Ueno et al., 1999

Ueno et al., 1999

Sharma et al., 2009

Sharma et al., 2009

Sharma et al., 2009

Sharma et al., 2009

Sharma et al., 2009

Freeman et al., 2004

= > 2007

B Ta%s

BT
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F:GGAGCATTGAAGCGAGAAAT

T34 R:ACGCTTCGAGTACTCCCTGA
F-TTTTATGTAGGGTTTCCGTTCC
T35
R:GTCGTACTTGCGCTTGTTGG

F:GTCAAGAAAGCTCAAGGC
T36
R:AAGACCCATACAAAAGATACT

F:CACATTGTGGCGTTTTATTAATTT
T37
R:ACATTGGCTATCTCTCATCATGG

F:GAATCAGTGAATAAAGCGTGTA
T38
R:TGAAGTGGCGGCGGAAGA

F: TAGCTCGCACACAACACCAC
T39
R:TCCAACGACACACTCTCTGC

F:TGGATTCCACCCAGAGTCC
T40
R:CCACCGACTCGATGACATAA

F:ACCTCGAAGCTGCATTCTGT
T41
R:ACAATCATTGCCACCACATC

(TC)n

(TC)n

(TTTTTA),

(TG)n

(€N

(GGAAA),

(TG)n (AG) s

(TG)n (AG) s

56

52

56

56

51

63

53

52

CV067063

FE861172

CVv014473
CV699727

AJ621798

CV014172

CV011305

CV011305

CV014397

%% > 2006

2 - 2009a

Zhao et al., 2008

Freeman et al., 2004

%5 > 2006

%5 > 2006

%5 > 2006

%5 > 2006

*Ta: #5&7EE (annealing temperature)
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Table 3 Primer sequences and restriction enzymes of 39 CAPS markers

Annealing Nuclease

Marker  Primer pair Reverse primer Size (bp) Temp.

co1 GAGGGGAAGGATGGATTGTT GTGCCACAAATGACCTACGA 677 557C Tagl
co2 GAGGGGAAGGATGGATTGTT GTGCCACAAATGACCTACGA 677 557C BsrDI
Co3 GAGAGAGAGGGATTCGAACC GTTTTTGGAGCTGGGATGAA 659 557C SfaNI
Mo1 TGGTGAGGAGCATTGTTTTG GAGCAAACACTCGAACGTGA 836 557C EcoRI
M02 CCAATTTTTGGGCCAATTCC TCTCTAAAGGGGCGTAAGCA 610 557C Hincll
MO03 GCCGGAAAAATAACAGACGA AAAAGGAAGGTTGGGTGCTT 458 557C Bbsl
M04 GATAGGAGCATTCGGTGGAA CGGTAACCAAAGCGTATCGT 844 557C Hphl
MO05 ACAGCACCTTTTTCCCCTCT CATAACACGGCTCTCCCACT 686 557C Xmnl
MO06 TGAATGAATCCCATCCCCTA GGCATACAACCGAAACGACT 413 551 Rsal
MO07 TAGCTATGCCCTGCTTGGTC CCTGTCTGTCGTACCGTTGA 667 557C BssSI
GO01 TGCTTTGCGTCAATAACTGC TGATACATCCTCGCCAACAA 647 557C Hphl
G02 GCCTATCTAATCTACTCGGCTTTCT ~ AGTAACACTAACCCACCCAACAATA 834 551 Fspl
GO03 GCCTATCTAATCTACTCGGCTTTCT ~ AGTAACACTAACCCACCCAACAATA 834 557C Aval
G04 GAGACAGAGGACTACTTCGATTCAG GAATCAGAAATGATACAGAGGAGGA 721 557C Msel
GO5 GAGACAGAGGACTACTTCGATTCAG GAATCAGAAATGATACAGAGGAGGA 721 557C Rsal
GO06 GCCTATCTAATCTACTCGGCTTTCT ~ AGTAACACTAACCCACCCAACAATA 834 557C Ndel
GO07 GCCTATCTAATCTACTCGGCTTTCT ~ AGTAACACTAACCCACCCAACAATA 834 557C Hphl
G08 GCCTATCTAATCTACTCGGCTTTCT ~ AGTAACACTAACCCACCCAACAATA 834 551 Avall
G09 GCCTATCTAATCTACTCGGCTTTCT ~ AGTAACACTAACCCACCCAACAATA 834 557C BstUI
G10 TGAGACAACATTATGGTCGATAGAA ATACTCCTTGCAAACTTCTGAATTG 750 557C BstYl
G11 TGAGACAACATTATGGTCGATAGAA  ATACTCCTTGCAAACTTCTGAATTG 750 551 BstUI
G12 ACGACTACAGCTTCTTTCTCTACCA  ATACACCTCGTCGACATACTTCTTC 824 557C Aval
G13 CCATCAAATCCATTGGGAAC AAGACGAGCCAGGAGAAACA 580 60°C Mboll
Gl4 CCATCAAATCCATTGGGAAC AAGACGAGCCAGGAGAAACA 580 60C BsrDI
G15 GCCTATCTAATCTACTCGGCTTTCT ~ AGTAACACTAACCCACCCAACAATA 834 557C BsaJl
G16 CCTACAAAACAGTCATAAGCCAACT  ACGAAAACACTCTTGATCAGTAAGG 572 557C Bbvl
G17 ACGTGTGTGTTTCATTTGCC AACCCAATGATGTGTAAGTG 556/401 557C Mboll
G18 CTTACGGCTCTCGCAGAAGA GAACCGTGATCCAGGTTTTG 1100/930  55C HindIll
G19 TGCTTTGCGTCAATAACTGC TGATACATCCTCGCCAACAA 647 557C Hpall
G20 ACGTGTGTGTTTCATTTGCC AACCCAATGATGTGTAAGTG 556/401 557C Hphl
G21 ACGTGTGTGTTTCATTTGCC AACCCAATGATGTGTAAGTG 556/401 557C Tagl
G22 CTTACGGCTCTCGCAGAAGA GAACCGTGATCCAGGTTTTG 1100/930  55C BstYI
G23 CTTACGGCTCTCGCAGAAGA GAACCGTGATCCAGGTTTTG 1100/930  55C Bbsl
G24 CCAGGAACACCAACAACCCGT CCATGCTGCTTTCTCTGCCAA 958 557C HindIll
G25 GATCCTTCAGACATGCAGAGC CACTTCCTCAAGTGATGCAAA 960 557C Rsal
G26 CGACCATCCTGCAATTTTCT AACGTCATTAGGACCTTCAATCG 299 551 Tagq!
G27 GGTGCTCAGGACATGGTTTT CGCTCTATTCCCTGCAAGTC 377 557C Hphl
PAL ACGTGTGTGTTTCATTTGCC AACCCAATGATGTGTAAGTG 556/401 55°C -

F3H CTTACGGCTCTCGCAGAAGA GAACCGTGATCCAGGTTTTG 1100/930  55C -
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Table 4. The number of genotypes, alleles and PIC for each SSR primer

b FRNAIE HHERNE AR
TR AN

No. of Genotype No. of Allele PIC
TO1 9 8 0.79
T02 10 11 0.82
TO3 6 5 0.72
TO4 9 5 0.71
TO5 10 9 0.84
T06 9 5 0.68
TO7 9 6 0.70
TO8 8 5 0.68
T09 4 4 0.32
T10 2 2 0.18
T11 3 3 0.44
T12 6 7 0.49
T13 7 7 0.71
T14 9 7 0.74
T15 2 2 0.26
T16 5 4 0.55
T17 5 3 0.46
T18 9 6 0.72
T19 8 8 0.72
T20 8 6 0.68
T21 5 4 0.44
T22 8 6 0.74
T23 5 3 0.50
T24 6 7 0.66
T25 8 8 0.76
T26 7 7 0.76
T27 10 6 0.70
T28 3 2 0.37
T29 6 6 0.65
T30 11 11 0.86
T31 11 12 0.85
T32 5 6 0.66
T33 6 6 0.60
T34 6 6 0.64
T35 6 6 0.57
T36 4 4 0.51
T37 6 9 0.70
T38 8 7 0.74

113
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(4&71) (continued)
T39 6 5 0.58
T40 10 10 0.84
T41 10 11 0.85

Mean 7.0 6.2 0.64
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Table 5 The genotypic patterns of SSR markers
RIgE A B C D E F G H I J K L M
L EAR OBR AL ERX OEFR ER L OBL BER ERX BER OEX
S gpur 125 B 135 10% 203 LU0 Ay MHE 7% 8% 183 213
T01 HH DMH FH BIF DMH CH BIF CH DMH GIG FIG FIF Al
T2 AIA AB AE AB AB CD AE BE BD AH G IK FG
T03 BD BD CID BID BIC CD BD BIC BD BE AE AE AD
T4 AIC AC AD CIC AIA AB BID AB DD CIC AE DIE AC
TO5 HAO HO BIG AJ GI  AJ BN  BI CN Il AF EG FIG
TO6 BIC AB AB AC BB AB BB AA BD AD DD DE DD
TO7 FIF FIF BIF EF FF BIE BIE BIF AF DIF AC AD CIF
T08 DD AD BID AC DD AD DD AB DD BB EE EE BIE
T9 C/IC CIC AC CIC CIC CIC CIC AC CIC BIC BIC CIC CID
TI0 AIA AIA AA AIA AIA AIA AIA AA AA AA AB AB AB
Tl AB AB AB AB AB BB AB AB AB BB B/IC B/IC BB
T2 E/G EE EE EIG EE EE EE EE EE BID BE AE CIF
T3 BD BD BB CD BB BD BB BB AD EE EF EF GIG
T4 FF AF BIF FF AB BIF DIF AF CID FIF GIG EE CIG
TI5 AIA AB AA AB AB AA AA AB AB AA AA AA AA
T6 C/IC C/IC DD C/IC CD DD CIC CID AA AB DD DD DD
Ti7 CIC CIC AB AC AIC BIC BB AC BIC CIC CIC CIC CIC
T8 C/D B/IC BIC B/ID C/IC BIC CIC BB BIE BIE AE FIF EE
T1I9 FH FH DH FH DH FH BH DD BH HH DIG AE CH
T20 DIE EIF C/IC CIC CIEE CIE CIC CIF AF BIF EF FIF EF
T21 AIA AIA AIA AIA AIA AB AA AA AA BID B/ID BIC AD
T22 B/IC B/IC DD BIC BID DD DD BID BIF AF BE EF CIC
T23 BIC C/IC C/IC BIC CIC BIC BIC BIC CIC BB BB AB AA
T24 AG GIG CIG AG GIG CIF CIG GIG CIG AG AG BMH EE
T25 C/G C/IG DIG CID CIG CIG DID CIG CIG BIE DIF AD AMH
T26 DD AD DD - AD AA - DD AA BB CE CE AF
T27 C/D B/IC BIC BID CIC BIC CIC BB CE BE AE EF EE
T28 AIA AB AB AA AB AB AB BB AA BB BB BB BB
T29 DD DD FF DID DIF DIF DIF DIF BID CIE AA AA FF
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(487% 11) (continued)
T30 AF BIF CID BF AC CH DMH DF FH FH L EK AG
T3l B/K BM HK LL FM FM EK EK AM I/M JM GM C/L
T2 AE AE EE AE AE EE AE EE AE DIF CIC CIC BB
T33 BB B/IC CIF BIC B/IC BIC BIC BIC BIC DF CIE AC BB
T34 AD AD AD AD AD DD BB DD CD DD FF EE AD
T35 B/C B/C BIC BIC BIC BIC AC BID BIC CIC EF BIC BB
T6 CD CD CD BIC CD CD AB CD CID CIC CD C/ID CID
T37 HH HH EMH HH EMH HH BB EH BB EH CI AF DIG
T8 AE AE DD AE DE DE DE AD AE EF CIF EMH B
T39 AIC AIC AA BIC AIA AC AA AA AA AD DD DD DIE
T4 BH DH CIG DH BB DH DF BID CIG AF 1/J HJ EMH
T4l BID BIC AJ CH AC CH AC BJ AC IIL DK EMH DF
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Table 6 The size of marker codes in the patterns of SSR markers

fEzEgE  Size of marker codes

TO1 A: 231, B: 227, C: 225/229, D: 225/227, E: 223/227, F: 223, G: 221, H: 217, I: 215

TO2 A: 165, B: 161, C: 159, D: 157, E: 153, F: 151, G: 149, H: 147, |: 143/147, J: 143,
K: 141

TO3 A: 164, B: 162, C: 160, D: 152, E: 150

TO4 A: 254, B: 252, C: 250, D: 248, E: 236

TO5 A: 174, B: 172/174, C: 168, D: 166, E: 164/166, F: 164, G: 162, H: 160/162, I: 160,
J: 156

TO6 A: 264, B: 258, C: 255, D: 252, E: 249

TO7 A:184,B:174,C: 172, D: 168, E: 166, F: 160

TO8 A: 242, B: 232, C: 226, D: 224, E: 202

TO9 A: 241, B: 237, C: 235, D: 221

T10 A: 338, B: 336

T11 A: 238, B: 232, C: 226

T12 A: 348, B: 344, C: 342, D: 338, E: 336, F: 334, G: 330

T13 A: 211, B: 209, C: 207, D: 201, E: 199, F: 193, G: 191

T14 A: 148, B: 144, C: 142, D: 140, E: 138, F: 136, G: 134

T15 A: 211, B: 199

T16 A: 127, B: 122, C: 120, D: 110

T17 A: 146, B: 140, C: 134

T18 A: 174, B: 138, C: 132, D: 129, E: 126, F: 123

T19 A: 208, B: 204, C: 198/194, D: 196, E: 190, F: 186, G: 182, H: 164

T20 A: 145, B: 143, C: 140, D: 134/140, E: 122, F: 119
T21 A: 188, B: 185, C: 179, D: 158

T22 A: 190, B: 188, C: 184, D: 182, E: 172, F: 170
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(48 75) (continued)

T23

T24

T25

T26

T27

T28

T29

T30

T31

T32

T33

T34

T35

T36

T37

T38

T39

T40

T41

A:

A:

A

A

245, B: 239, C: 237

366, B: 362, C: 360, D: 358, E: 356, F: 354, G: 352, H: 350

: 108, B: 102/104, C: 100, D: 98, E: 96/98, F: 96, G: 92, H: 82
: 256, B: 252, C: 246, D: 236, E: 220, F: 212

: 148, B: 115, C: 109, D: 106, E: 103, F: 100

1251, B: 228

: 148, B: 142, C: 140/144, D: 140, E: 136, F: 132

211, B: 209/211, C: 209, D: 205, E: 199, F: 197, G: 195, H: 193, |: 187, J: 183

249, B: 239, C: 237/239, D: 233/239, E: 233/237, F: 233, G: 231/233, H: 227/233,

I: 227, J: 223/231, K: 223, L: 221, M: 213

A

>

> >» >» >» > >

A

250, B: 248, C: 246, D: 242/246, E: 242, F: 232

1402, B: 392, C: 388, D: 386/388, E: 384, F: 382

1193, B: 191, C: 185, D: 183, E: 173, F: 165

141, B: 139, C: 133, D: 131, E: 129, F: 127

: 156, B: 150, C144, D: 138

202, B: 198, C: 194, D: 190/194, E: 190, F: 184, G: 178/186, H: 178, 1: 176
1 325, B: 253, C: 249/253, D: 249, E: 245, F: 243, G: 237, H: 233

1196, B: 194, C: 188, D: 184, E: 177

171, B: 165, C: 155/171, D: 153, E: 151, F: 149, G: 147/151, H: 147, |: 141/147,

J: 139

A

302, B: 274, C: 268, D: 264, E: 252, F: 248/244, G: 234/230, H: 234, I: 232/230,

J: 232, K: 252/234/230, L: 264/248/244

i R BRUNATRERE R E iR ss S REMAZE R - (EREERM R EE 2 RE
(FHEEEAINAE) -
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Table 7 The number of genotypes, alleles and PIC for each CAPS marker.

PAR R AR BRI PIC
co1 2 2 0.13
Cco2 2 2 0.13
Co03 2 2 0.23
MO01 2 2 0.23
MO02 2 2 0.34
MO3 2 2 0.34
MO04 2 2 0.34
MO5 2 2 0.29
MO06 2 2 0.29
MO7 2 2 0.23
Mean of cytoplasmic 20 20 0.25
markers

Go1 3 2 0.36
G02 3 2 0.36
G03 6 3 0.58
G04 3 2 0.37
G05 2 2 0.32
G06 2 2 0.32
G07 3 2 0.34
G08 2 2 0.07
G09 2 2 0.07
G10 2 2 0.13
G11 2 2 0.18
G12 4 3 0.35
G13 2 2 0.07
Gl14 3 3 0.43
G15 6 4 0.65
G16 2 2 0.07
G17 3 3 0.35
G18 5 3 0.59
G19 3 2 0.34
G20 3 3 0.45
G21 4 3 0.51
G22 6 4 0.61
G23 5 3 0.59
G24 2 2 0.29
G25 2 2 0.18
G26 3 4 0.35
G27 3 2 0.38
PAL 2 2 0.18
F3H 2 2 0.32
Mean of genomic 31 25 034

markers
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F/\ + CAPS 43 Tk Sy Bk iy
Table 8 The band patterns of each CAPS marker used in this study

g A B C D E F G H I J K L M
i 25 EX FL BERX ERX BEX IE FHL FL ERXT 2R EX EX

225% 125F SEE 13%% 19%% 205% H KT fiF % 89%F 185% 215%
col A A A A A A A A A A A B A
co2 B B B B B B B B B B A B
CcCo3 B B A B B B A B B B B B B
MOl B A A A A A A A A A A B A
M02 B B B B B B B B B A A A A
M03 B B B A B A B A A B B B B
M04 B B B A B A B A A B B B B
MO05 B B A A B A A A A A A A A
M06 A A B B A B B B B B B B B
M07 B B A B B B A B B B B B B
G0l AB AB BB AA BB AB AB AB AB AA AA AA AA
G2 AA AB AA AB AB AA AA AB BB AB AB AB AB
G03 AC AA AC AC AB AA AC BC CC BB BB BC
G4 BB BB AA BB AB AB AA AB AB AB AB AB AB
G5 AB AB BB AB BB AB BB BB BB BB AB AB AB
Go6 AA AB AA AB AB AA AA AB AB AB AA AA AB
G07 BB AB BB AB AB BB BB AB AB AA BB BB AB
G08 AA AA AA AA AA AA AA AA AA AA AB AA AA
G0O9 BB BB BB BB BB AB BB BB BB BB BB BB BB
GI0 AA AA AA AA AA AA AA AA AA AA AB AB AA
Gl1l AB BB BB AB BB BB BB AB BB BB BB BB BB
G2 BB BB BB BB BB BB BB BB BB AB AC AC BC
G13 BB BB BB BB BB BB BB BB AB BB BB BB BB
Gl4 FF FF AF FF FF FF AG AF AF AF AF AG FF
GI5 AA BC AA BC BC AC AA BC CD DD CC CC CD
Gl6 BB BB BB BB BB BB AB BB BB BB BB BB BB
Gl BB BB AB BB BB BB AB AB BB BB BC BC BC
GI8 AB BC CC AC CC AC AC AC BB AB BB BB AB
GlI9 AB BB BB AB BB BB BB BB AB AA AB AB AB
G20 CC CC DD CC DD CC DD CC CC CC AC AC AC
G2l AA AA AB AB AA AA AB BB BB AB BC BC BC
G22 AB AC CC BC CC BC BC BC AA BC AA AA AD




ZTET TR 22 %k DNA 45T i B ds 121

(8872 /\) (continued)

G23 AC BC BB AB BB AB AB AB CcC AB CcC CcC AC
G24 AA AA AA AA AA AB AA AA AB AB AB AB AB
G25 BB BB BB BB BB BB BB BB BB BB AB AB AB
G26 DD DD BD DD DD DD BD DD DD DD AC BD BD
G27 AB AB AB AB AB AB AB AB AB AA AB AB BB
PAL AA AA AA AA AA AA AA AA AA AA AB AB AB
F3H AB BB BB AB BB AB AB AB BB AB BB BB AB

I~ CAPS SERIRAR A B AN 55

Table 9 The size of marker codes in the patterns of CAPS markers

Marker  Size of major bands (bp)

Cco1 A: 677 B: 552+125

C02 A: 677 B: 483+194

C03 A: 659 B: 449+210

MO01 A: 836 B: 509+327

MO02 A: 610 B: 385+225

MO03 A: 458 B: 308+149

M04 A: 805+35 B: 492+313+35

MO05 A: 686 B: 443+243

MO06 A: 413 B: 309+104

MO07 A: 667 B: 460+207

GO01 A: 647 B: 441+206

G02 A: 834 B: 645+189

GO03 A: 834 B: 729+105 C: 501+228+105

G04 A: 721 B: 447+274

GO05 A: 721 B: 571+150

G06 A: 834 B: 749+85

GO7 A:510+147 B: 468+147+120+57

G08 A: 443+190+134+67 B: 324+67

GO09 A: 575+204+55 B: 455+204+120+55

G10 A: 750 B: 590+160

G11 A: 750 B: 470+280

G12 A: 824 B: 527+297 C: 325+202

G13 A: 580 B: 449+131

Gl14 A: 359+221 B: 455+125 C: 221+218+141 D: 260+195+125 E: 359+125+96
F:

455+320+260+125 G: 260+125+99+96
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(%572 71) (continued)

G15 A: 546+288 B: 318+288+228 C: 546+183+105 D: 318+228+183+105

G16 A: 309+263 B: 263+166+143
G17 A: 556 B: 455+101 C: 300+101
G18 A: 1100 B: 930 C: 650+280
G19 A: 619+28 B: 463+156+28
G20 A: 556+401 B: 401 C: 319+237 D: 237
G21 A: 556 B: 460+96 C: 305+96
G22 A: 930 B: 680+250 C: 510+420 D: 680+420
G23 A: 1100 B: 930 C: 600+330
G24 A: 958 B: 550+408
G25 A: 960 B: 605+355
G26 A:310B: 299 C: 290 D: 277
G27 A: 377 B: 198+179
PAL A: 556 B: 401
A

F3H 1100 B: 930

T14 T4 T4 T4 14 T4 T4 T14 T4
TC6 T2 lmmR T3 T8 T20 PRZEH oAt HOHHF
co3 C04 C12 cos co9 Cc10 Cco7 C06 c11
5000 500.0
4500 4500
4000 400.0
50 3750
3500 3500
325.0 3250
3000 3000
2750 2750
2500 250.0
2250 2250
2000 2000
1750 1750
1500 ________ 150.0
1250 1250
1000 100.0
750 750
50.0 50.0
B9 158 1 1 1o B
127 27 T27 127 127 27 127 27 27
Tce T2 BOEE T8 19 120 S FOKRA  FAT
D03 Do4 D12 D08 D09 D10 Do7 D06 D11
500.0 500.0
4500 4500
400.0 400.0
3750 3750
350.0 350.0
3250 3250
300.0 300.0
2750 2750
250.0 250.0
225.0 225.0
200.0 200.0
175.0 1750
150.0 150.0
125.0 | | 1250
1000 T | " 1000
750 750
50.0 50.0
50 450 150 250

fEl— ~ SSR 7> ek T14 Je T27 NIk B (LT RS [ RommfdE 5% -
FEA AR R bR AN - B A bp)
Fig. 1. The band patterns of SSR markers T14 and T27
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ITCGCGAGCCITCACTIGCCCC

T TCCCTITITCTITCGICCGTICCACL

123

ITCGCGAGCCITICRACTGCCCCY)----FTCCCTTCTITCGTCCGT CCR
ITCGCGAGCCITICRACTGCCCCY)----FTCCCTTCTITCGTCCGT CCR

&~ et AR Y 25 AU DNA FPH IS SR A G (F A B 26 88 5 > InDels) » A2 B {7 B Fy CAPS M06
Sy TR 2 B AR « I8 By 5 (B S AEAHL SR RS FF E @15 > fEPY DNA 751 £ GTAC »
PR G ZR Real EH—MERGY) - 1ASE 05 W E s s AR B SR FUAMERY) 0 T UT=
{E st A H P - AT — MR Y] -

Fig. 2. DNA sequence variation (InDels) between tea varieties. This variation could be revealed by CAPS
MO06 marker
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Fig. 3. The cleaved fragment patterns of CAPS G04 and GO5 markers
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A B, CDEFGHILJLKLM

MO02 -
LK L M \ A,B,C,D,EFG,H,I
J K, L M \ A C,G \ F | BDEH
o2 ) (601 Go1
| —— | I 1 I 1
K L A, G \ c | D B, H E
G04 604
| —— | | — |
A G \ B H

|
BV ~ 23 anfEAE CAPS i Z iR A2E - [BFE(CER 5 (8% LA o F et TIERERS R
e ST
Fig. 4.

The flow chart for identifying tea cultivars using CAPS markers. The circle frames represent
marker codes, and the square frames represent cultivar codes.
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FasAT AfARELFY

BERET BT ZIROT ZF Y EapLt o S2ER°

m =

ARG DU Sy RN B AU (PLA) ~ BCEEls (PHA) ~ BT g T —iF (PBS) - ¥
CUARE (PCL) ZE&AH - R0 20 ~ 25 ~ 30%HYZSE » 20%H 2 Ke 25% ks » (REARIGRE « 1E
e3R8 ~ G P BB EE /S (B mT T TRYEC 77 BiE U - IRIZSE RS iR M » BLR e R &Ry
PR A&y 30% - BUpk /HE BB & BT AR B & B vl s R BB i h B & B AT - KB
REH  AEECHEESmBRET  EhESeERESBEE SR NEE  EAER TR
20%%5y AR HLE R o R REIERE I N o A5/ ME T 0 NI 20055 AR - #EZR T
BRI SR TR BME PR BN R E R H AR - HA R R TR e B A AR
EAEEE RS TR0 30% AR - 718 hind B A RBEEN = N A R - R0y
INIIZS AR » 55— ZCRINEs - AR S B S IR - RS BV AHERES - 25E
HRTERS RS - MRE - IRERREIARERE AR  [EABEACENINELEIE b sy inrviEs: - 5
GER IR A INIZSEN HEAEFE LS E7 B NEEIME SR B AR ERE e
] MR EE 3-4 K - (FRBEEAT R BIEE A L35 - R EERET > iR E Y
GETRES > BEEE/ UM A REAYIEREE T2 o £CHE 180 RVENER » IRIIESE RIS U o 2 FET AT DL fi#
ST o HANIFRAE AR  FUESEORIVRIE T R BB e E S M EM O A EAMNE T » K2k
e FR4ERE SR R E i > BRI A R A BE A R P AR NI i - $2 e e (EL DR D B ER & g -
BRSRT 208 - IR - U

Al B

R AA A R Ry RV H AT S W st A S R SR A AR T B S
HY BB R B A B P PR X R T o (EL A FR YR S 5 B (o P ERIRIL - i S B ASm BR A TT

THREZEGICEL RGIHEIRE - &8 P& -
THbREZ B REN RSG5 BERA - &8 i -
TEREEZ RGN RS BIURER - 278  PE -
EIVEARERAIRAE HxREH - 58 7Tk -
THEEZ B GREN R It aHRE - 58 BkE -
 TBIRREZEERENRY VI EGRE - &8 HEE -
HEEREE -

*o gk whE
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o BREEGNER G EEAHRE A LT NEANGRL  SRlUEEYHEHEMNE - 58F
EREE—EAT AL DNH AT > HEURSRERRRE  SFEON=8 W B4 TRE
HIZRTE > RN T R E A A B IS R AT A - A — A H HERE B SRR B i S (R HERE
R ATRRAREEEE - RIS ESATRT - S a8 - LIRS sEE RN ZIEEY) -
HATE A M AZCESFEA - HAERBAT AR AR > KRR AT HY
FREBCHEAN I SEAAE B A AR s ER VAR B > R o Ry B B EE A T - P o BB B e
MHBIEM EATZHE » ZLATOREN) - BB - AR - BRSSO T ZRAMEER
JFRBOR SN — AR 2 Rk > AR Z IR ~ e - Ul B  REEZIMEE - B
B EA LY R R E R BRI S IE - (BERE RS R » 495K —IEREHY 2-10
BELAE » AR BERORES S AV RN - ST E EAVIERE - TEEY R iR R - AE
B AR SRR v EREE A L eI ASERC % - (SRR i ] DLSHE R RIS

MRS A

— ~ FBS
1. BJEES > 5508 F S R ~ BotE K& L5%LAT) FiffEs (300mesh) 1% » BELR[E A] 4y
fige B B ficEbg 20 ~ 25 ~ 30 ~ B5UIRIE S 1% - HIEH G IR Z HhIsReE ~ IE%E - BB

BRI G 2 U7 R r] Sy PR BEEL G BUEk 128 A% > LUK 25%I808 il By S IR4H -
2. FER B AR TR R 1% 2 AT 08 - 55k oK B BRI B E AR h 2 FEE R - thit

I E 88 E T THRHZ 1% 105 TR P TR AR ) R d g o
3. Al EELIRE AL, (PLA)  BRCEGelE (PHA) T & T —f% (PBS)- CAls (PCL)

LB T o M R RRER T - DUTR DU s A B B (0B R -

- wEBTA:

A] S EEIEEL 5 LU 20 ~ 25 ~ 30%55E  20% 55 R EE 0 25% Bk i B B E o DA
BWUEERET - BN EES > SEEE=E » EERR > 2@ (CRD) &g
et EHERCH 9 [HEE - £ 5 m&E R R RIS 2 7O DUERE ~ $8A £ R B AR
EAN SRR - BRGEEMELET (CRD) EGGT > 5 EHE - SR B HEINE R FFE - 57
& EA R ET - /1B [ FA7EE KLASMANN JEfE £ °

~ MORES AT
1 BRI BB RESEER:

BHsER%R 27 BB RSN TR R o FF 049 BEERE N TEE T > FIIA
10mL B - SREE > BFEEE 0 DL 100°C N2 - FEREEAERIRES - DU 20-30 SysETt
i 50°C Z BRFEINEAZE 350°C » 4EfF 350°C M FE hIZA 2 [E iS4y i AR IR AR & > A
2mL30% 2 S L@ iR (KIF5 20 438E) - KBS - AIEEDER A 285 Bk > B e
BRI DEFEBETKE 2 ISR - B fRts 2 50ml E &N - E& % 50ml
SREYE - BEE BT R TR BE - 88 85 - BERER - 85 8 B - GRS
EEBEOR -

2. FBERF BB 2 BB R e e

S S AR EILLEIZEE RS S A RIS E ROt h & fEES

BrIER > RIEYI IR E i 2 FERS T T A I T 53T (55 > 2000) » FRULT% 53 AT HE B

[1]
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FEHIRAH 7 BEERE L B 0.4 SUfR BN AR E T > FIIA 10 ML RIRBOE &9 4 © FFEH
& EHLSERR > B fE oM LRE A SomL EET - iEE Y - FFIA ICP-OES
ItfAcEE T 2~ 8 85 EETERGR -
3. FRIB R R
SHEREEE R RRIIEIE - AR A IR - AR ERORE o R
PR eas R - BEEEa nl REAVIR B 550 - B BR Y 0 ~ 60 K 180 SRikfiy iz H + 398 o
AEP 2R - EE R EFOREN W - 50 - B2 FFEEE DI E RS -

V0~ gt 5 A S TR T Z 8% - F SAS (statistical analysis system) &iatificiEf T5 RE T

i/ N Z= L (Fisher’s least significant difference) 4347 » B HHR/KAE By 59 o
GE SR EEET

- BUEREE RR

S L U T SRS B 14 FlR » ZOBWIAUKRE 12.00% » KEERYAESIE
B + 49T 100mesh (0.149mm) » £ /K AT 1.02% - Z/KRIBEN » BIaT SRR A
SRS+ DR RACBINS - SKRIEE LSBT - MR LU ]S - FOE AT
ELBIBCHSAR - EF B R LU B ISR » ik ASTM638 IbE » LT SR A
BEJ7 o HHEC Y (Young’s Modulus) 2 AE(#%  HL3 3 FIERRGAT B 2 MBER B0 CRR P h
(PP) — 1500Mpa / ¥ _HEE 2 —fis (PET) — 2200Mpa /Z# 2% (PS) — 3150Mpa) HkEEH
BRI 6 (ECTEITER (B  AKGEERMELGIRE 20% - 25% - 30% » SRAILL
[l 35%0F » BHEITERIR R ST 2 I - —JTHIER - HEORIECS - Jon AR
DA » R - B B T EL G TR » B BRI LA 30% Kl -

TEBROBRE PRI B S AR - DRI TR THES - SR 2092 A L 257K 49 1.5% -
ST 259 AR & /KT 2.5% » FRAT 0% BRI 2 /K4 13% » o B R ESSUS IR G
- HEIREL] - ZOBELEIBRET - BISEEE S OAHEEE » DIEERHE K VIR Eg
MRS BRI T RS R 2 A - IRASE R R - SRR IR
IS ETR AR R AT AETIIT - HIEETRIG - Iy e EATs ROV EIR AR FE95 R UKD
)L TR s 30% - — R URIBUIE 96 FLIHEES » HPHERE By 0.7mm » FAJS R & T 5B
BEH7 ELAB G 0 ~ (MR BT (5 IS AT TTAE R - A ZOHM B R S 1

0.8mm -
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T~ BECTUUIBRRE ~ MR KAy A E

Table | Tensile strength, elongation, and Young’s Model in different formula

i SYaRR%ii AR RIofEERE ORAE R DUIBRE R IR

A B
(%) (%) %) ()  (MPa) (%) (MPa)
Z58 20% 35 45 20 0 27 6.4 1517
%y 20% 35 45 0 20 23 3.0 1639
Z98 25% (1) 35 40 25 0 18 1.6 1629
Zf 25% (2) 40 35 25 0 30 2.6 2192
Z% 30% (1) 35 35 30 0 23 1.8 1904
Z98 30% (2) 40 30 30 0 28 1.9 2306
BEE (PP) - - - - 33 700 1500
TR %
7 E (PET) - - - 85 4.0 2200
PR ZSH
*S) - - - - 40 2.0 3150

Zo A KBS TTRER

FE R B RN LBt 2 Bl S > A A RN BRME T > SOREE g BEE
A R - IEAERE Al oy B B S S A HAVEE B R B R R FER G TR
S DR AP ] R 2 R (R2)  EEEBRET » HyUES 2810 IREAXR
ZEE:  TRE i REEPURAET Z TR SRR = - SEREUR > ARECTHY VBAEM X EE
BETPH/UEPEISENESESESR IR > EFEERET  HEHRHA A &
FERCTT AN 20% 8 AR B - oo Kot SR TR I N o MARIRASCR R HIEC YT > HoX
i ohge - A S B e SN HA R B R  BAERK 128 £ BRI & S B ] oy AR
BEMAEEE - MEEMREE > AR T BEsE Rt P Er s ESBaEE
RARE  FONMEFEERET > HEHRHA A - EERTTRI 200558 Hpm - Hog R
e EARBRE T T - ARIPRESGRHIECTT - HXl s - SR & B g S HAEE -
EFEVER -

R BRI RBEE M E R o B

Table 2 Standard for heavy metal content from degradable plastic products in each state

JLR ¥ £l E i i K o $H il i #

Bi% (mg/kg)

HA 150 375 25 05 50 05 50 1 075 35 100
g 100 23 15 03 30 03 30 - - - -
FEE 1400 750 210 17 150 85 - - 50 205 -

=% 100 23 15 0.3 8.5 0.3 30 - - 3.5 -
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Table 3 Change of elements from plug produced with tea dreg and tea powder for different seedling

129

treatments
o8 0 5 B O 8 0 8 W 8 &
[SAVAN: =1
(%) (mg/kg)
F—R B A 02b 20b 33c 79c 2c¢ 9c 26d 1c 6.9a nd 3.la 0.1b 6c
BHE&R B B 06b 33b 25c 121c 7c 7c 24d 1c 54a nd 23a nd ldc
Z5% 20% 5.3a 245a 263b 1286b 627b 47b 366b 74b 7.4a nd 3.1a 0.3ab 509a
ZK8 25% 6.2a 302a 236b 1681a 674b 43b 444b 97ab 3.6a nd 1.2b 0.4a 619a
Z5% 30% 7.5a 365a 377b 1903a 933a 66a 525a 126a 4.4a nd 1.6b 0.5a 734a
75k 20%  5.1a 282a 673a 912b 702b 37b 68c 70b 1.0b nd 0.4c 0.2b 154b
B WA 03b 44b 27c 244c 3¢ 13b 44c 3¢ 6.0a nd 28b 0.1b 37c
BH4EHE B 04b 40b 25c 189c 5c 22b 24c 1c 2.8b nd 23b nd 24c
754 20% 5.8a 268a 204b 1569a 806a 64a 36la 63b 0.9c nd 0.4c 0.4a 52la
5 25% 6.3a 31la 227b 1822a 640b 47a 429a 90a 22b nd 09c nd 613a
754 30% 7.1a 36la 332a 1916a 621b 69a 502a 115a 6.5a nd 2.8b 0.5a 695a
75k 20%  5.1a 289a 376a 1095a 499b 34a 94b 59b 7.3a nd 4.7a 0.2b 155b

it BTSRRI FORORE SRE K -

= HEERNESTREE

FEMI R E B 1% 53 BIBREA FIRC )T 2 R R EZ (R EREE AT 0T - HE RSN R PR HET T 04T
EEREUR > BB RSSO E R EE RN > ME TS TR S BB R R
I AE BRI EIEC T B8 i ey & MEBTEE MR TR B R IR A SR
% > HEVERVZEAREERU Y - HA S BRI - RIIAOE 30%H R EH S M E Hdna L
= RS (RIY) - IRIN 20%75 kAR EE o SEZN) R ThIRSTE &8 T - (B
FE RN RSN MR - fEHARHE R ST RS B RS A2 R (S5 BRI - R0
30%AEA R - Ho VB T ina BEARFENE N M - FOREREE(L IR ER S
PR R - ATRE S ARt > FERIHTAIEAEC T - IRI0 30% A s B AL SR IS KL IR TR A RoK
(ISR K oy 13% - S E] Sy FRYERETRIN 30%AZSERIER] » CiAE2EE AWM
EFRFEAEFRM - AEMEAGATELSY - FEM TERICATEE R - 55 JERICATIE AR — TR IATIE RS - BEZR
A RIFHEME > EEIHE & BAREIRE — KR FERIIZEREH - 25 R ERYR > TERE
e RN EIRA - EHEREE S B A HERS - EERI S By > WIREAES KR
R = R HAM R A (R T -
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Table 4 Contents of medium nutrients and elements in each treatment

% 34 H#A (2015)

o o8 W 85 B W B S 88 R 8| 8

(%) (mg/kg)
F—X E A 5.7a 1749a 375a 9204a 243a 868a 720a 30a 21.7a nd 6.7a 2.la 677a
BHmsEHE B B 5.7 a 1940a 386a 9258a 195b 855a 643a 29a 15.1a nd 4.5b 2.3a 676a
& 20% 5.7a 1927a 418a 9651a 201b 849a 617a 34a 14.4a nd 3.5b 2.3a 679
Z 25% 5.6a 1803a 353a 8889a 241a 780a 626a 33a 16.8a nd 5.2b 2.2a 668a
Z% 30% 5.9a 1878a 342a 8654a 290a 795a 674a 34a 13.0a nd 3.6b 2.1a 690a
Z5fy 20% 5.7 a 1718a 394a 8998a 24la 798a 749a 36a 16.8a nd 4.4b 2.3a 722a
E A 5.1a 1810a 353a 8717a 239b 718a 808a 32a 9.1b nd 2.0a 2.0a 824b
BHsEHE B B 6.2a 1940a 355a 9592a 206b 721a 794a 3la 14.0a nd 3.1a 2.la 777b
7574 20% 5.4a 1662a 309a 8201a 165b 607b 614b 28a 14.0a nd 3.9a 2.0a 779
Z54 25% 5.8a 1753a 338a 9294a 187b 744a 649b 29a 12.8a nd 2.7a 1.2a 655b
Z% 30% 5.2a 178la 339a 8745a 322a 653a 700b 31la 10.4b nd 2.4a 1l.la 913a
Z5fy 20% 5.6a 1927a 352a 9500a 191b 754a 744b 34a 13.0a nd 2.7a 2.3a 791b

5 BTSSR E B RO SR KR -
RO BRHMPEEEYMMETESR
Table 5 Contents of plant nutrients and elements in each treatment
EA = 5 B woOB s 88 RO OR #h #m
tEAS

(%) (mg/kg)
B EA 6.0a 3320a 7578c 5196b 1169a 2387a 4la 39b 3.4b nd 1l.1a 0.la 37a
BEEsSHE B 6.8a 3142a 12416a 6328a 937b 2246a 3la 30b 0.2c nd nd 0.2a 37a
545 20% 6.4a 3007a 11938a 5847a 1046b 2011a 46a 63a 6.0b nd 2.4a 0.la 39a
757 25%  6.2a 3080a 9852b 5107b 1023b 2327a 46a 54a 5.2b nd 1.9a 0.la 33a
Z57% 30%  6.3a 3094a 11873a 5319b 1092b 1999a 64a 49a 3.0b nd 1.8a 0.la 29a
50y 20% 6.9a 2741a 12224a 5420b 616c 1596b 58a 58a 8.9a nd 2.0a 0.3a 32a
E B A 7.2a 368la 12789c 6006c 1990b 5797a 44a 35b 2.9a nd 2.3b 0.1a 34a
BEEsSHE B 7.2a 3490a 10432c 6231b 1892b 3875b 43a 35b 3.3a nd 3.la 0.l1a 3la
545 20% 7.8a 3019a 23592a 6219b 2840a 2756¢ 57a 48a 5.8a nd 3.7a 0.2a 34a
545 25% 7.2a 3177a19018b 5616c 2380a 3314c 45a 41b 3.0a nd 1.9b nd 34a
Z5% 30% 7.9a 3301a 20856b 6691a 2686a 2921c 3la 44a nd nd nd 0.la 27a
Z5ky 20%  7.2a 3321a 20097b 6308b 1873b 4107b 30a 46a 0.6b nd 0.3c 0.1a 30a

it BATHOCT R ERE TR E SR KA -



ESBIA] R 2 SR 131

VU~ e e A RO

FERI BRI > U G RBIF AR 0 % By R MR S IRAH AR S AR B Ry
& EREEEER  EREE  BRERRIIEE G iTA S Inaess » BIrREBEEZR - R
EHE VA HEESS > B IIRA R BIRE hI8s A 1S hORvEEEs - nTREZ A Ry L (E RV EIE A S0
(29 80 KX) - B AR RBEZEFIBTEAVRER (FRN) « RACHT gl ol B EH R R TRa s s 1
HURI e B B - T ey B i AR e ] e (ea e AR RIS ATV E -

TN~ AEEHEELEESEEEE (25 #£719)
Table 6 Growth of Fushan lettuce in each treatment

Ho BEORE g e

(cm) (cm) (9) (9)
F—X ek A 3.4a 9.5a 0.06a 0.04a
BH&E R itk B 3.6a 9.8a 0.07a 0.03a
Z5 20% 4.2a 10.4a 0.05a 0.05a
58 25% 3.9a 9.8a 0.06a 0.03a
7585 30% 4.7a 10.3a 0.07a 0.05a
Fky 20% 4.4a 11.2a 0.07a 0.06a
FX ek A 3.6a 10.2a 0.06a 0.06a
B itk B 4.2a 10.4a 0.07a 0.07a
Z5 20% 4.5a 9.9a 0.08a 0.06a
257 25% 4.1a 10.5a 0.08a 0.07a
ZK 30% 4.8a 10.3a 0.09a 0.07a
Zoky 20% 4.6a 10.6a 0.09a 0.09a

it BTSRRI RN AR R SR KL -

h o~ RAESE R

HIRNZRER AL H LR S - 27 IR AT RBAVBHE - EAZEHR(E - i
MERJEEAE(H FHEE 3-4 K - R I8 = RE P E IR IS 328 sERE R E R = T - S —
f e P AE B e A R BEE IR T RERIR B T - — ik PRI ARIERE ) HUEFRBAE LML - &
i 180 K AT PASE 4= o0 fif - sl 105 45 1 A 30 HpAsam - 105t 60 K (3/30) K 180 K (7/30) I
REE IR RHEAC 2R K - BERERER R - &ORE L - B2 R TPE - S8R0 0 R
B 60 RALFVEE - AVNIIACE KRR R B - S (£ 25 P BR ] HL 0 A B R IRy O R B R
TRCEFE 38 RHERC R B - IR AIRIE KRy Y AR 11-26% - IR A HY iR &R ) 6% > i
BAEREARIE - HEHVE R RRREHE K > 49 4-5% - mI1% 180 RIGFFE » HlafE TR
HERE VA BRI EA P s 0 i - iy R I REELNE > QORI A5% A G TR
BREN R > OB E - R 4-6% o RIS o €5 60 R&YSE 11-26%
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& R R G IR D 5E o > Fi DAR] 3 A SRR AN NI A Bt T R A 7 Ol > ARk D s
A EREEYE S 2 DB -

Rt~ FUBRMERE IR ~ EHE ROR =R B AT

Table 7 Degradation of plug buried in soil, compost, and green house for different days

SR P Rt HERE o
FRRCRE ]

60 180 0 60 180 0 60 180
x)
JUREE (9) (9) ©)
e (20%) 1481 1400 1345 1489 1275 680 1470 1416 1427
e (25%) 146.6 1372 1327 1472 1373 748 1474 1423 1451
83 (20%) 1333 975 00 1351 913 50 1345 1297 1295
ZE (20%) 1332 1044 0.0 1336 991 39 1337 1281 1299
8 (25%) 1305 11563 28 1306 1081 82 1299 1245 1259
ZE (30%) 1416 1181 78 1423 1078 6.0 1426 1363 1349
AR

RESERHRERE N /R A S B S B R RS E KRR A BRI
Bk )RR BRI W HAS &S5 B AT i MBI - B IR DU e SR m] i 28
FEEEM - WIEANEE 4 I LI RAEAC 0] LLSE Y73 R - AEBUERAR BT BBy By
—RRZEBHY 2.5 {5 > SR FORERRERHIIERE N 2 T RGP ER - SUASTE S 10% - NA/NE
A - BAERERY ~ By ~ RIRIVERALRCA SR B A E - ERAWTIEEREUR - FRESCRRHR
IHERT BB R E H EEM LEAERAVES  RAA AR RS R o AR A
FEIF FITEE AL RIS o~ $ e 2 Ik S BRI S 0

SE R

%
5
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Study of Tea Dregs Add to Degradable Plastics for
Plug Manufacturing

Yen-Shuo Su'  Shih-Kai Lo?  Chiou-Fang Liu* Chien-Ju Liu*"
Shun-Hong Wang*  Chui-Fong Chiu®>  Hsien-Tsung Tsai’

Summary

We use biodegradable polyesters include polylactic acid (PLA), polyhydroxyalkanoates (PHA),
polybutylene succinate (PBS), polycaprolactone (PCL) and other materials, add tea dregs 20%, 25%, 30%,
20% tea powder and 25% starch, according to their tensile strength, elongation, Young's modulus, to
select formulations to manufacture six plugs. Due to the physical characteristics of tea dregs and tea
powder, the mixing ratio depends on the upper limit of 30% with the polyester. The heavy metal content
analysis of plug has not yet exceeded the heavy metal content standards of States biodegradable plastic
products. After two nurseries, the nutrient content of different formulations and heavy metal content of
plug were not significant. The potassium and phosphorus content have decreased over time in the
treatment with 20% tea powder. In media terms, although the content of phosphorus and potassium in
plugs decreased in the treatment with 20% tea powder, but the phosphorus and potassium content of
medium were not higher than other treatments. There are no significant differences in the content of each
element among the other treatments, only the aluminum content of the medium in the treatment with 30%
tea dreg is significant higher than other treatments for the second harvest. The potassium content of the
medium in the treatment with tea dreg is higher than control check for the second harvest, the trend of
phosphorus content is also same. The plugs added with tea dregs are more fragile, but do not affect the
operation, they could be reused up to 3-4 times. We imitate the possible handling ways those farmers
aimed at abandoned plug at the end of the nursery. Plugs added with tea dregs and tea powders after use
are buried in soil, compost and placed in a greenhouse, then they almost completely degraded after 180
days. The results show that biodegradable plastics added with tea dregs and tea powders and production
of seedling materials have application potential. Related products should develop continuously, use
effectively by products produced in tea production, increase production value and decrease the burden on
the environment in the future.

Key words: Tea dreg, Degradable plastics, Plug
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PRORFHERFREZ L FFR
A 25

Rkt IR MBS BEER BHEIE

"W =

By TR KERDREHES R S Bk &' 2 8k > AWSEHIA 7 /KE » BiEssE
K (FEE A)~ BAOK (3 B) - iiEEISEHK (B C-G) fImEadiEREK (8 D-E-F)
BHESCET TR K 40 DUT K E S B R4 A B = A - slBRdS SRR > LIB~D M1 E
KEBEZ 455555 » H EGC ~ EGCG fI4{E R E e B BE N HAngEE - (52 GC -~ C I
GCG &= AlEnHAEE ; DL B~ D fil E /KESE 45455 - EEGC ~ EC ~ EGCG ~ ECG Al
HEE RIS Z A EEEN A~ C~F~ G- DIANUKEVE 2305 » BEE S i faayigin » GC ~ EGC -
C - EGCG F1 GCG HMEZM N > 22 20 /NEFES » 53 Bl Ry ¢I4a HIE Y 82.10 % ~ 76.71 % ~ 87.61 % -
75.22 %7(188.37% - ifif EC Al ECG RIFHEMEE - 225775 99.50 %71 98.66 % » HIr DL H A AKEL
WS HESPWREAZEASEARBEN - HEME 22 pH FIEE Y3 ER 2R -
BT - KE - RS

Al S

TR KR Z M ERIERE (McKay and Blumberg, 2002) » HLER FI(E {E /& 22 48 /K YA i T
B (2055 > 2002) « F55HHYZS 2 B ~ WIER AR RS IR 2 R 0T B SRS SR R Bk A R (255
2013) > SIS ATAHR &2 F 3 EAT7K S (Khokhar and Magnusdottir, 2002) ~ JHuaggRER (Xie etal.,
1998) ~ ZX/KEEM (Astill et al., 2001) FI/K'E (5055 » 2002 5 ;T4 » 2010 5 7% » 2011 ; &% > 2012)
FRFHIFE  KEGHEFRIERLHUH A5 35 £ S1FH (Mossion et al., 2008) -

SRR AR E P R E L TR - SUSZTTEY R 48 S & HY 75~80 % (H - 1984) - A
HETFPIEAAER - 42X F3EEZZE A (-)-epigallocatechin gallate (EGCG) ~ (-)-epicatechin gallate
(ECG) ~ (-)-epigallocatechin (EGC) #1 (-)-epicatechin (EC) - iZbRAIGIR T AR T MHIRSEY)
Wik IEFR BRI SSE » %0 (-)-gallocatechin gallate (GCG) ~ (-)-catechin gallate (CG) ~ (-)-gallocatechin
(GC) #I (#)-catechin (C) (Ananingsih et al., 2013) « 28 T ZA RS s 6 IR R 2 2L ERF

TR REZ ARG REN R B R - 28 PE -

TEIEREEZ R G REL RS Bt ARECRERR & - 208 HhE -
TEIEEZ B RN RIS RMS BIZE BRI & - 28 Mk -
TEIREZ R REL RS B - 28 PE -

HERIEE -

e
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5 EGCG ~ EGC >>>GC ~ EC>ECG ~ C » HfisHIsi 552 EGCG FLFEEI %52 EGC & &
5% 4 HYEEEE T0%LL | (8% - 2004) -

FREAEKAH Z SRR IE MR B R E AT pH - Wang and Helliwell (2000) #2545 HHE A 74 &
fEEnRF g REM(LIEN > H FEEINREREBINES » EEAKGLArK T EA S
EFFRELER - BAOK T EEFAUE RN pH B2 Bl B BN EER T - #UH B 3K
WSS AREB SR A REMLIEN > NG E - JT% (2010) EabFRasE - RE/KE
S AR AR BIORHIR e o 1 1 s B B OH B > P R 1 BB P v Y ) AR /K R B BV &R 2 BIORHE ek 2842 h

 FGTEE TR SEINRALE - RRRBE THRIEE A - mESED > ST -

bR T/KE 24N MR BRI B S P R EE R B8k - T A &5
HFASEERL AL BR7K h & i ISR BHZEE TN EYE - 3058 SR Ryt - 819
OB E (BRI - 2003) - HETE/KEHER 2SO - FEEDEVOMER T » RIELARDT
SRR AR B KE B E305 2 LBy 2 522 WL B 7 722 B -

PSR TS 7A

— ~ Bk

()78 - AL =& 2 4k (BIRE) - afdE A i OFHF » 2013 AR5 -

(C)HE K - #2FEK (R A) -~ HAROK (RE B) ~ miEHELEHK (B C - G) fmEais

BESRK (RH D ~ E ~ F) Sy -

T AR
DL 233 7K AR By /2 /S 7K FEEL 3 A FERT 2 AR B 7 A B 150 Z A (G/KERBI 1 :50) Fi

200 ZF+ (F/KEEBI 1 @ 100) 7Y 4°CKK - WHRE 4'CoOKFEAT > 2EiFEAs2-4-6-8-10-

12 ~ 16 /N - RS ETTIRVE dLat - IR 20 -

=~ REKEE GBS IS LB Y 2 &

(—) BVl © DUREESTEE PR AHAES THOM - R 3 A TTAREELL 150 ZF0/KHE 5 08tk » ARG wR

AAG e o ETRER R AT -
(Z) 28 3 AFAREEN 150 Z2F 4CAKH > [HE 4CKFES 4 /NF RN - TR
pARAX I

MY~ REZKE LA EVEZES P E R AR Z A & 2 e i 2 5Re

(—) 3 AFEEEAT R 150 ZFFE 2 087 /KB H A KO 5 4388 - Fris 2 355344l
L 0.45um =z PVDF (polyvinyldifluoride) #4/5 i% & i i ) - DA S B8 MH @ #r 0% (high
performance liquid chromatography, HPLC) 4347 » i S R{FEAE 4°CARBE T » SRR 7~/ [E] Al
1K 5387 3 R MEAZE 5 R iR E R AR E 1

(Z) 5 3 Ave&rAt DL 160 =2 H /KA 5 4388 FTfe 2 785224l BL 0.45um 2 PVDF
HIEREAEE - DL HPLC Z3Af » BRI B ORIEAE 4'CAREE T - fHRE 4 /NIF[El ] —2] > 227747 6 20
GRS HARAREN -

B~ ot EE R ITE
(—) pH : L pH-meter JHIE > -
(=) fEI e AR HIE (fE1EH CNS 15022 N 6384)

2Rz L 0.45um 2 PVDF #JghiR g% - DL HPLC 73#fr » HPLC Z 3 Afrfir{F4n T
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Column: Merck CART 250-4 PUROSPHER STAR RP-18(E) 5um
Eluent A: 0.1% formic acid
Eluent B: acetonitrile
Flow rate: 1 mL/min
Detector: Agilent DAD
Wave length: 280 nm
Injection volume: 10 pL
(=) 4EUFraERzEEmE © DL Ninhydrin 2605 ME >~ (Ikegaya and Masuda, 1986) °
(M) KETTESHT (B1EE NIEAW312.51C)
Hy 225 mL &mEda B BAbKE: - BERNEARBREEE ZHLRE « REREES o
A 2.5 mL GRIEE: R B LR E ACH LR B I EEE R E R R E R 4y 10
STEENAIEEE 170 + 5 °C - WiAEZomE NERFINEL 10 7388 o BB boepids - U LG
MEMRMEA - WAFE LA R E A E RN - DEARIKME2EZE % - DL 0.45um 2 PVDF
AR E 0 AR R DARUEAR S AT E EE A€ (Inductively coupled plasma-mass spectrometry,
ICP-MS) HEfTHaH] -
i~ &Etoath
LA CoStat (version6.4.0.0) #E1T4E515747 ©

— ~ BRESEE RS FOG B

B AR B ZKE B R AR [E) AR RS 4 C /KRR A T4 - SRR - B
BSR4 BT 0 ZS/KERMILL 1050 By 0 1100 SEMRARE  ATEBSERE L 4 /NI B R - RIS 4 NS
RIS R IARE (BRI - MUAZEKEER] 1:50 » 406 4 /NFE B2 B2k B -

DLtz i /K4t B B OBAR 585 2 BB A S iTdS SR AR — > FSR 25HUZ LA 70 ‘CZEHYL 20 43
$ 0 SR 4 CHYA/K ~ ZOKERBI 1:50 » /%0 4 /NEF 5 BOR R LUK 5 788 - FKERfE] 1 :
50 o FLEEHIFEEA I $E GC~EGC ~ C f1 EC 1478 4 /NFRE 73 Bl o B0E 5 4381y 16.67 %~ 148.15
% ~136.17 % ~ 134.13 % » {555k 22 B = HY 8.05 % ~ 47.45 % ~ 58.18 % ~ 46.24 % ; figAI 68 5525 EGCG ~
GCG Fl1 ECG f£/47f 4 /NI# I 43 Al By B0 5 47§11y 53.39 %~37.74 1 49.38 % (555K 25 HUEAY 14.77
% ~ 17.39%71 16.81 % » SAZSEIEHUAMSIZ R HVE L] 73 RV > 55— B EUAAEERT (W EGC A1
EC) > S—RIERUAARF RIS (40 EGCG - GCG ~ ECG)(Labbe et al., 2006) » (R4 /0752 0
i FTLA35H EGC F1 EC & 22 » il EGCG A1 ECG RAIFE s Ei Z s « SR8 /2048
A /NIFFIEE 5 738 55— 5 2 SRl A A A AR HI 57 7l By 30.88 mg/g 1 34.73 mg/g » 43 HIEZS
K ZEEENHY 27.60 %A1 31.04 % - (Rt - B EBEUR KRNV HEZEE > ol KR BRI =2 aiF R
SRS ADRE g 2 S Z AV HE  (Zimmermann and Gleichenhagen, 2011) -

Bt A4 NS SRR IR S R VKR B 438 180.5 % o (HASK FEENERY 80.75 % 0 ik
BilZp (2005) ZaBetshAHlE] > /40 2 /NIFIFRIBEZ RIS RS N AV 5 8 BRI A
R Z/KORFE  ELZARERTARY - 408 4 /N 2 InyER & & RHEVKORE 5 478807 32.09 % - {5
TR AEEEAY 25.87 % > [RUAIIYER 2B EUK > #UE ST A H R

AT HECE IS Y FOS T/ R AE] » BLEFTAH 2 ALE R S EA R - SRR
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B G ZS R LB SRS R B A B Y Tk R - BIpese Y S RO T (8858 > 1990) » [N >
AR EABRAVEEEL SRS E ~ YRR R S r AR R AR & . TE RIS RS AR A
ZHEHERA -

T REKE S EERNA IS A LB R oy 2 2

ABp/ KR #2EK (RE A) ~ BAOK (R B) ~ iEEEEEAHK (E# C - G) i
ERAEEEK (BHE D~ E~F) FLENR » RS TEKENEREE ST - REVKEEEERS
%2 pH EEENFR = NERRVESSE > f£A~C - F~ GEH Y pH (E Bl H AR K -
B R M 7 K BER SIS pH (B &2 20 A /K4 fETRE T2 2% HLE5 Mossion et al. (2008)
ZRERGERAEE 0 A~ C~ F~ GERME 2 BUEAASS pH [EARE2EE > /0K 0.1 {EEAr > pL8l
Z2 (2005) ZatEai At - ol R R BV ERE SRR EE R T S IR I B ARk A~ C~F -G
ZKERERERE > BTAZSS pH E 8 LicHAR > i B ~ D ~ E 2 /KBRS - 255 pH EE(LE
HEAFHI4RERES] > # B ~ D ~ E pRIREAHEIEE - 7E(E R AR EE > BVEREAREKE R IEA
B - D fIE R EGC - EGCG FMI4(ERFH RS EFE N HA R - 7] GC ~ CfIGCG & &
RIS EMpEEE - EC ~ ECG i1 CG fER MR AR ZR RIN) : A EFRIEN B -DAIE
JEHRY EGC ~ EC ~ EGCG ~ ECG M&R{EH WA ESEEEN A~ C~F~ G HEHEMAZRAKAE
(FH) ; BUnim pH KB FREN/KE » FAERAESEREE SR ERSTHAZRNEE
B - D fl E [ 2 /%4552 EC fl ECG JREZEAMIBRIEK » BIRCHESEEAE » R AT > H
FrE— TR -

O R A AR R S i =~ Sy AT SRR S - YRR E K E AU R ¢ A S =2 - E
1E4/EZ5RILL B f E SR MR FEAr i AL S 5 A EREVEECS B STIER
FEARE/KE R ML A EE N E R  BURGO SRR 2 B H A G2 5/KE 2 2 - BUiZE
F05 2 YR E R & R A E/KEM A EE N AR - RIS (2013) 254 EMHE
R EEH KRR - Wy RAENRHERE I E - T AR IR 2 2R 8
= AT YRS KEREMAZ R - HERBM > JRER#E— 5T -
=~ RE/KEEER BSOS E R A Z YR & 818 e M 2 BRaT

R 2 15 7K B R AL 2 SR 520 5 TRR E MR MIE, > B S ORAFAE 4 CARRE S » EREFES/ N
BE[EDH—ZR > L5307 =20 &SRR LR - DngEKfE 2455 » GC ~ EGC ~ EC ~ EGCG -
GCG ~ ECG HYEE =ZCHIEAE 57 B A5 — I E(E Y 96.3% ~ 98.1 % ~ 101.1 % ~ 100.3 % ~ 100.2%7(1
101.6 % ; M LAEAKHEZ 755 > GC S &M - 55 =TOHIEE A5 —JCHIEEHY 106.4 % »
EGC 2HZM NEVHE  FE=TCMEERE—ITCHIEER 81.9 % » EC 5B =THIEE HEE—ICH
TE{EY 96.7 % > EGCG Fll GCG JREIRZ M NS, » 55 =JCHIEE 5 7 B s —CHIE(ERY 80.3
%71 90.6% » ECG 55 = ZCHIE (B 55 —JCHITEERT 98.9 % » HE/R HAUKHE 2 255 » B+ EGC
1 EGCG HIfE{R{FAE 4CARRET - 2V WRED - T GC & & fEZE EGC AR EM(LIEH
FTisRny » IYERAE RS S T 2 B EE - PhEl gl st A E -

By T T RS RE LI B AR EIAR S R B BT BT 255
L HPLC 434f » £ 4 /NEF[E[H—Z% » 38455541 20 /Nig » HEs (L gstanZe )\ » GC ~ EGC ~ C »
EC~EGCG - GCG ~ ECG » F] 12 /NI » 77 Rl Ry wIHGHIMERY 79.42 % ~ 88.46 % ~ 91.51 % ~ 98.34 % ~
85.56 % ~ 99.79 %1 101.0% » & 20 /|NIEHE » B4 Bl Bl 4a HIE Y 82.10 % ~ 76.71 % ~ 87.61 % - 99.50
% ~ 75.22 % -~ 88.37%71 98.66 % : GC ~ EGC ~ C ~ EGCG ~ GCG &SRR fin » JHME ZH R
ifl EC #1 ECG FaiE MEd(E » 2 20 /NIFIF{T5AH 99.50 %71 98.66 % - 1B Zhu et al. (1997) 7 s{En4s
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Effect of Different Waters on Chemical Compositions
of Green Tea Liquor Brewed by Hot and Cold Water

Jia-Ru Dai' Tien-Lin Liu® Shiou-Ruei Lin*" Meei-Ju Yang®
Kuo-Renn Chen*

Summary

In order to understand the effect of different waters and temperature on tea liquor compositions,
seven kinds of water included reverse osmosis water (A), tap water (B), commercial packaged drinking
water (C, G) and commercial packaged mineral water (D, E, F) were used to brew green tea by hot and
cold water. The result showed that green tea liquors brewed by hot water with B, D, E treatments showed
lower content of EGC, EGCG and total individual catechins than other treatments, while the content of
GC, C and GCG were higher than others. Green tea liquors brewed by cold water with B, D, E treatment
showed lower EGC, EC, EGCG, EGC and total individual catechins than A, C, F, G. When green tea
brewed by hot tap water, the measurements of GC, EGC, C, EGCG and GCG in tea liquor were decreased
with increasing time. After 20 hours, GC, EGC, C, EGCG and GCG decreased to 82.10 % ~ 76.71 % -~
87.61 % ~ 75.22 % and 88.37% while EC and ECG were relatively stable. The data showed that catechins
were highly unstable in the liquor brewed by hot tap water. The main reason might be the combined effect
of pH and ions in tap water.

Key words: Water quality, Catechins, Tea liquor
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Table 1 Contents of chemical compositions in green tea liquor brewed by hot and cold water®

Chemical compositions  Extracted with tea Cold water Hot water
powder

GC 4.10 0.33 1.98
EGC 34.56 16.40 11.07
C 1.10 0.64 0.47
EC 8.50 3.93 2.93
EGCG 55.45 8.19 15.34
GCG 1.15 0.20 0.53
ECG 7.08 1.19 2.41
Caffeine 27.72 7.17 22.34
FAA? 39.71 32.08 17.77
TC! 111.9 30.88 34.73

'TC=GC+EGC + C + EC + EGCG + GCG + ECG
2FAA, free amino acid.
3Results are shown as mean of triplicate analysis, expressed in mg/g.

R KEZHEARWE T

Table 2 Quality parameters of different waters

Water oH EC Hardness Ca Mg K Na Fe

type (uS/cm)  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
A 6.17 1.60 1.16 0.35 0.07 0.68 0.43 0.089
B 7.98 219 92.4 2454 756 1.32 5.17 0.104
C 6.40 14.1 4.46 1.28 0.31 0.57 1.06 0.083
D 7.54 138 49.8 1281 431 0.97 8.83 0.079
E 7.58 256 105.7 23.97 11.13 1.55 6.94 0.070
F 7.14 28.6 10.6 2.89 0.82 0.47 1.93 0.069
G 7.27 44.6 10.7 1.57 1.65 212 2.45 0.070

A, reverse osmosis water; B, tap water; C & G, commercial packaged drinking water;
D, E & F, commercial packaged mineral water.



T= o NEPKEEER S REVEARS 2 pH 81k

Table 3 The pH value of green tea liquors brewed by hot and cold water with different waters

R EKE R B R 28 2 TG BB Y Z 5

Water type’ Cold water? Hot water?
A 6.39° 6.24°
B 6.94° 6.96°
C 6.31° 6.22°
D 6.73° 6.72°
E 6.77° 6.81°
F 6.42° 6.32°
G 6.34° 6.21°

A, reverse osmosis water; B, tap water; C & G, commercial packaged drinking water; D, E & F,
commercial packaged mineral water.

“Results are shown as mean of triplicate analysis. Means within each column followed by the

same letter are not significantly different at 5% level by Duncan’s multiple range test.
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Table 4 Effect of different waters on the content of individual catechins in green tea liquors brewed by hot

water®

Watfr GC EGC C EC EGCG GCG ECG TC?
type

A 39.7° 221.3 9.41¢ 58.6" 306.7° 10.5¢ 48.1% 694.4°
B 47.3° 91.38¢ 16.3 58.6" 81.37° 20.1° 42.2° 357.3°
C 38.3° 215.9% 9.80¢ 57.6" 307.8° 10.6° 47.2%® 687.2°
D 75.0°% 183.2° 14.4° 66.9% 198.5° 18.3 48.8% 605.1°
E 71.5° 158.3° 14.2° 66.5° 165.6° 18.1° 42.7° 536.9°
F 41.7° 215.7% 11.1° 62.4% 315.4% 13.4° 50.4% 710.0°
G 38.0° 229.8° 11.1° 61.8% 339.3° 11.3¢ 52.8° 744.1°

A, reverse osmosis water; B, tap water; C & G, commercial packaged drinking water; D, E & F,
commercial packaged mineral water.

’TC=GC +EGC + C + EC + EGCG + GCG + ECG

¥ Results are shown as mean of triplicate analysis, expressed in mg/L. Means within each column

followed by the same letter are not significantly different at 5% level by Duncan’s multiple range test.

The content of CG in tea liquor was trace, so its data does not show.
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Table 5 Effect of different waters on the content of individual catechins in green tea liquors brewed by

cold water®

Water ¢ EGC c EC EGCG GCG ECG TC?
type!

A 6.5 328.0% 12.9° 78.6° 163.9° 4.00® 23.9° 617.8°
B ND 109.3° 13.5° 61.3° 56.0° 4.46% 19.8° 264.4°
C 6.2 315.3% 13.3 78.1° 165.3 3.48" 24.6° 606.1°
D ND 197.6° 12.4° 67.4° 92.0° 3.84" 20.7 394.0°
E ND 215.7° 13.5° 70.0° 95.7° 3.74" 19.0° 417.7°
F 7.1 340.4° 13.5° 82.5% 170.9° 3.62" 25.2° 643.3%
G 7.2 317.5°% 12.9° 76.9% 156.0° 3.33° 22.9% 596.8°

A, reverse osmosis water; B, tap water; C & G, commercial packaged drinking water; D, E & F,
commercial packaged mineral water.

’TC=GC +EGC + C + EC + EGCG + GCG + ECG

*Results are shown as mean of triplicate analysis, expressed in mg/L. Means within each column followed
by the same letter are not significantly different at 5% level by Duncan’s multiple range test.

The content of CG in tea liquor was trace, so its data does not show.
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Table 6 Effect of different waters on the content of caffeine and total free amino acid in green tea liquors
brewed by hot and cold water

Caffeine? Free amino acid?
Water type’
Hot water Cold water Hot water Cold water
A 446.8° 143.4% 355.4° 641.7°
B 456.5°% 120.9° 3725 606.9"
C 441.5° 149.2° 367.9° 635.9%
D 496.7° 129.7 380.0° 657.6%
E 472.3° 118.0° 387.5° 623.6%
F 451.4% 147.9% 385.1°% 659.8°%
G 476.7° 137.7% 394.7° 662.0%
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Table 7 Effect of different waters on the stability of individual catechins and caffeine in green tea liquors
brewed by hot water®

Water type!  GC EGC Caffeine EC EGCG GCG ECG
First determination

R-1 27.2 221.0 381.2 56.4 344.4 521 55.1

T-1 46.9 124.8 361.5 42.7 193.3 10.8 45.5

Second determination

R-2 27.9 2145 3826 56.5 345.2 5.32 55.8
(1026)>  (97.1) (100.4) (1002)  (100.2)  (102.1)  (101.3)

T2 49.7 115.5 361.0 41.7 174.8 10.2 45.8
(106.0)  (92.6) (99.9) (97.7) (90.4) (94.4) (100.7)

Third determination

R-3 26.2 216.8 383.0 57.0 345.3 5.22 56.0
(96.3) (98.1) (100.5) (101.1)  (100.3)  (100.2)  (101.6)

T3 49.9 102.2 361.7 41.3 155.3 9.78 45.0
(106.4)  (81.9) (100.1) (96.7) (80.3) (90.6) (98.9)

IR, reverse osmosis water; T, tap water.
“The value in bracket was the percentage with First determination.
*Results are shown as mean of triplicate analysis, expressed in mg/L.

T/ BAOKEER RV S T EB R R 2 EREE 2 21t

Table 8 The stability change of individual catechins in green tea liquor brewed by hot tap water*

Hour GC EGC C EC EGCG GCG ECG

0 29.21 172.41 10.01 50.05 298.26 14.53 40.92
4 30.96 169.03 9.85 49.84 290.50 14.49 41.04
8 24.32 162.81 9.56 49.60 275.58 14.44 41.30
12 23.20 152.52 9.16 49.22 255.19 14.50 41.34
16 23.76 142.60 8.91 49.25 239.78 13.11 40.91
20 23.98 132.25 8.77 49.80 224.34 12.84 40.37

'Results are shown as mean of duplicate analysis, expressed in mg/L.
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Table 9 Effect of drought injury and shading on the leaf downward-rolling degree, inward-folding degree and greenness

52 013 T &kt SPAD
Downward-rolling degree Inward-folding degree Greenness
et wE — - = - - = — - =

Cultivar Shading 1st 2nd 3rd st 2nd 3rd 1st 2nd 3rd
HIERE 70 5.8a 17.3c 4.6bc 12.3e 6.5cde  15.9ef  49.6ab  64.6abcd 70.2abc
Chin-Shin 50 2.1bcd  22.0bc 5.2bc 22.0de  4.2de 25.3bcde  49.6ab 62.8bcd  71.5ab
Oolong CK 5.5a 39.0a 6.7ab 39.2abc  7.6bcd  345ab  41.4b 58.5de  62.7d
KEEEFE 70 1.3d 25.0bc  6.6abc 17.7de  11.1b 18.7def 51.2a 69.1ab  74.1a
Dah-Yah 50 2.2bcd  27.9abc  4.9bc 30.0bcd  9.7bc 20.2cdef 51.2a 70.5a 76.7a
Oolong CK 3.6abcd 39.7a 10.1a 39.0abc  16.3a 29.5bc 52.1a 66.5abc  74.6a
ZEF 1257 70 5.0ab 29.2abc  3.0c 13.5e 4.0de 12.5f 41.6b 58.3de  64.3cd
TTES No.12 50 2.8abcd 31.7ab 3.8bc 20.3de  6.9cde 13.7f 46.1ab  61.4cd  67.3bcd

CK 1.5cd 40.1a 4.0bc 41.1ab  4.3de 24.3bcde 44.1ab 53.1e 61.7d

AEELLZE 70 3.labcd 18.4c 3.1bc 27.7cd  3.4e 26.4bcd  23.7c 33.1fg  42.9ef
Yung-Kang 50 2.7abcd 28.6abc  3.9bc 28.6bcd  3.4e 26.1bcde 25.9c 39.1f 47.2e
Wild tea CK 4.7abc  33.3ab 4.0bc 45.2a 6.7cde 44.2a 22.4¢ 29.5¢ 36.3f

TP ET AR BTN AR REE S%#E
Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
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Fig. 1. The average prices of diesel fuel per year in Taiwan
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SRR\ B E (BT 7y BVREICE AR > R R R H EDRE 2 R S B A
P o EBVEUR S ZE T H AR S Z R RO PSR - IEIE B Ry PRR B S
[ > SOMPRRER I T T SOEEHRAE - & BVECRE RNECERE - AIZEBHRSH
PRIBEREIIE > BVECRE S i soE a E HIRRERA - (NILPRHD e Rk - Hias B
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FAEE A HIERIMRE R DR » BT R B - BRIt -
HRHTHEE R -

. MR SRR Ry ik VAT 2 ZE 5RO - HERUREE (BF1) BUn > S9mik

BEPRRLEN R - SRR IB Y ZE RN R P N AVARRE - HEZtR R 2E P 1 8
AR R [E— M > SO ROREA 2 BT REEss - KR B AYREIHE S
TRBRERAT SRR A > BT EARZIERIIZE SR B - [EET (o BV - BB RS

- WRIRRESRORE RS MIAEE - BERPEIIH R - PABRERORE (BI1) B

o B B A BRE BRI AT - FonBSR ST nEE 1%
BMH RGO > R PAGEENEEIRIR - SOV RE SRR E (I > TR PR B B SR
[E2 BTEE) - JRIEATEERAT - (EAPREY) - FORNEGCRIER > SO
PEBRRAPRAR R D - FeI PR A RF RIS 0 - B DR E RS - HR . B JRE
B APERFEEL - BUREVE [ECA B BVECR R TR T HEDRE - (REESE
SHUPRERI LR - BOPREERE SRR FE R -

- aaRrh © HPRHCEFER (B - BTN E E AT B R A KRR B R

B HEFEEINHEREE K > SERPAGEIRIE N R SR R RS -
LI G AL FRR T A e 72 5 - NS DAY B 2 SPIa PR AE E ~ R0
[ ~ SPIRRBERE SRORIE R e R TG > BlBREROR—FrR - GH A Z°F
PHE RO BER B AT AT - MRRHE B RUFETIAY 10°C - SPI RN RE R0 K
49 35.2°C » BRI/ DR ELY 7.89% K 17.9% - B2 RS R I RS IRER 5L
DEEEVEESCE > ST Z B PRHAY HHY -

- WRHBA B R E AL - (RIREOREAEIRE (2014) Sat ZNMEHE R A

{EIRPERE S8 (A N1 250) STREFROH A R G RRE - LAz
CRAEEIT 8 200 /NRF K2 300 /NRF(ERL > SEERANFR . » (RIGHREIRFTR - 82k
Z I I % - TR A EEGS - RIERREIRBRAT SRR - G2 B
R i) o

(1) S=5m4Er(E © 30.85 (NT$/L)

(2) S —F LR E © 2.606 (kg/L)
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Fig. 6. An improved continuous-flow type tea dryer
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Fig. 7. The temperature of hot air in tea dryer
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Fig. 8. The fuel consumption of tea dryer
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Fig. 9. The temperature of input air in tea dryer
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Fig. 10. The temperatures of combustion exhaust gas in tea dryer
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Table 1 The comparison of improved efficiency evaluation for tea dryer

155

PEERORE PR RORE ERME PR

(C) (C) (L/hr) (%)
P B A 36.5 140.8 5.82 0.0
A 37.2 105.6 5.36 7.8
B 46.5 105.5 4.78 17.9

it R DR DU B R PR R Ry T AR E -
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T~ HZIRPRINR A kD B B A EE R

Table 2 The comparison of fuel cost and carbon reduction evaluation for tea dryer

FERRHEA (OT) FERRE (k)
FEEIFE 200h 300h 200h 300h
T ] 0 0 0 0
BRFE A 2,799 4,198 236 355
BFE B 6,408 9,612 541 812
&

AbTFE ABOR S B E A 2 MBSt R R e B AAS A S A g =00
TR IR AT ESHARS S B0 0 BRI B - M EAE TR RE S s PAG EEER - (508
GERBEUR - BRI SR O B ACCHARS SRR BV B SE - 3 T 2 BIEAE JekbAY HAY
HEZRE 2 SR RIS - BRAR B SCR BAEE - B RIE R B TR AR - []
W H PR - PTAAY B B aalis » AT AC R 2 Becitgs KBRS DSET T
HARZERERE R H A2 a7 777% - TR REA - B A R I i Ay
4.5% > pa B HIBENISAERALY 1096 o RACH gREACHAZSH TR E T 5 BV B AT EE B
HE— US> FORBHEAVH S BURER] > DURT IR RATIERE > HANBRL FLAT R 2
T REIR A DLRORT A 2 ZRTERZ IR R, TMAETSHTSE - JHREIRD RETRBFE B (A
A > IEFEETRE ke 2 13 -

SE

1 fRIEHE  HTRE. 1984, GRERSRERBILE. \BERSEEREHIIREN,. B¥EE
BB EA TR, pp. 24-25 -

2. fRILAE. 1993, BRCREEZEIEK. JREER 4:35 -

3. Wit ~ ZEMNN. 1995, B0 SRR EOREA TS, RARER R 44(2): 83-90 -

4. FRIRIE. 2012. (4R ALHMA IR 7 BRSSP BRI AR 32
145-158 -

5. &URERRETR R BRE 4. 2014, HUE
http://web3.moeaboe.gov.tw/ECW/populace/home/Home.aspx
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iR ERIANM 2P
L R e S O

A EONI == 3 [ R
MFERE Y REEE wELT BEET BRCE!
EEST piEw
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"W =

HU R R AR ELIERE 2 8 - (B FH Dy 25 B o (TR L SR B T R B0 R IR - i
A ERZ YR E BRI AU RS - SEREIRhUA 4B BT 2.0 m A
RERGIE > WIESH IRV EMES FAEBETREENE > WFHEFTE
DrariidsshEs - EEIE ST RIIIERES « REPaI & SR S0 - nEERr
EENEMERAEIEE Z O EifEEEE OB SRBEEA il - EFYE
arprasRET - R T AR RARERRSN  HETIRERARBZAFE  ®n
MRS S B ] (ER & A RRYERF P - TR T c & B M (h (8 AU P0G
W > AWTFEERE RN ~ HURSZICERIRRREE )75 > (hEEeR - RSD H
LOD - LOQ & B4R » BHAM SCRILZ M 7AW A S B oot 74T > e
P 2 B R SRR B Al
BISET © bid - SYRGIER - BEERY

B B

BB ERER E AL - SRR - B e A o H AT iR
4940 AU - FREERLY 30 AN ETE R EER R K P EERER > B RIDUBRECA
& - it H Rz B 0 F S5 2 30 1l > (ERRAEEITEaE T Al R AE IEMESETR & E
SEAERRE > FEECRBI AR sE 3R (LR - B0 A TRl Ao 2 an iy i tHER A

CTERRBRRGREN RS B A - 28 PE -
CTEPRERGREN RS BIVITE - 2E BKE -
ATBRRERGREL RG0S BIE AR SR - 28 b
ATBBRREG RN RY RS IENRA - 28 250k
ATERREZE G EN R R LIFHEERE S - 28 mihs -
ATBBREGREL RS I EHRE - 28 PkE -

N EE

OO O B W N



160 ZEAE S, 55 34 (2015)

GI&ET - Ik T H B RAYR S E SR A IR ARG EIN - HI7tR s E IR T
AN A E L R E 2 EEHER - 2N HAl A S RErE s 2 ks 7
% BT RIS R SN R R AR R B S RORE B - KECEEERIE4 RV -
HOA ST R AR R s ST E AR E KA (LR - WAF R R g 2 /A
EEFEE  DUEVL SRR 2 b A A E R E A - SRR REIEYE A - T R R
SRR 2 R\ o

EYEE S E R E AN SR EPIEE R - SRS SR TR R S e
TEMR (7 0 2000) 5 BERCKENL PRI EA B (B 1989) » REMBEIL G TElh S 2k
FEICEERG (A 2002 Kol 0 2003) 5 FIFHE /K a2 5 (BR > 1989) 5 I AHEHALAIN &
FREENE (B 0 1988) » KA AR EA/ NEIEIE SR (R 0 1997) 5 BEHIRENE
ERMTEREERAN IR E R o Er R SR EIEN AE - EMEErEETE
EEREHE - W HRMENIEREN AP PR aEN e 2% -

T Ry B IR BNV EE o H R - KR RAETT AR e R Al i s > (LE2
478 By 3-dimethylaminomethyleneaminophenyl methylcarbamate » 4584205 C1iHisN3O, » 47
FER 2213 FEiK > sEiiss - T2 R EEH RHH ZERIEREEAENE - Eks
FRAEaRaVHERE T 5 - ERIm M BT RAVEIR BIREE a2 (BIADRER SEHR) ~ L
PRERTE KPR ALAZ 15 - 5B E E FTREEE « A 404, (WHO) a2 i &
PEERHE By class 1B » R EA=ERENYE -

15 B bt S f2 2 Y R B R B Ao b FH A o BB R R o3 AR D7 0% - B [EIAH 2R HL
(SPE) ~ [EHH{SZHL (SPME) ~ #EEFLMAGZHL (SFE) ~ BRIz HL (USE) ~ fRuRz Bl Bh =< HL
(MAE) ~ PsATIZEHL (ASE) ~ EYEEMH Bz iR lr (MSPD) ~ S22 sl (GPC) %
(Lambropoulou and Albanis, 2007; Papadakis et al., 2006; Ramos et al., 2002; Stajnbaher and
Zupanci¢-Kralj, 2003; Valsamaki et al., 2006; Wardencki et al., 2004) - ZX{fij > 4TS LB H
BIFEENERNR: - B> EEHT RENFEEARAT] 2% H 5 EpBERE54s -
DT —(E PR - fHEE - B B DL eMBRERYE N T /EA—HEeE S EEE -
AR LS RORHEENTE (high performance liquid chromatography, HPLC) ##ifs: = g PUfR
FREIHEREER (triple quadrupole mass) HYREEEGE R 7 AT N ImESE8 8 U505 » DAEHR
HESHINU P IR E L - R AL LSRRI AT 2 2% -

AT e SRR b A A T - BERE[EINRE - HAVEN A HER &R EE
R AR I A2 EE I LA EE T 2 8 A SRV AR BE ORI $R M EBBE 2 e

[y
E—’ﬁuuﬁ °
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PR TG
— ~ U EYE ST E BRI B E T RO R ¢ R RS T R i A B R
PNl

(—) SV B RERT (Integrate pest management, IPM)
1. EMEH -

(1) WEEH - s RIER - FIRBEBLS - fiRREE - i o &4
LHIDCEL A=
(2) mEEH

() A (~7NH) © Bl - Sraa %ol + /8

SIS 3 KPTa1% - B
ISR o
(i) & ON~TLA) - Bl o REs ORISR E WA &I
ks TR S E G -

(i) SREER R © EHOHEGE 2 P76 - RS -
3) fEL * B 3~4 PETHUNTOTAF - BHIEZFRE T 5 AR - 2L E U
LFEZX -
2. FafeH
(1) WEEH - A RIERN - FIRBEBES - bR > i - &40
HHLA R BRRE5 06 -
(2) sEEH
() /NEEIE P s kAR EE (kb ARsa -
(i) TEE - BRI -
(iii) WFzs (10~11 H) : BERPG
(iv) IS © ghEa(EFHERITE » a8 E05E -
(Z) BT A - IR R Z B TR -
(%) HEFSRIMELRE

1. J73d4EtE - sREERY R - LSRNt - SRR RIESS © HEEBHRRELL SR EE 30 I - 7
B 8 B = et s T BT 3R I &

2. T (RO - BHERR0 ~ 0 A - R EeEEEIE - PR
EREA A ISR - B HIE 3 ifas - FR AR e F L
SRR R 1 H -

T WU R I SR R A MU T AR T B
(—) sEAOE} - BUREEE SZAE
() slBanger|
Iy PrEE i Ry 7 i (formetanate) - 4fifE 99% - Y Merk AFE] - ZkE
(acetonitrile) ~ ITECM5E (n-Hexane) K PAfE (acetone) » FHfE (formic acid) ~ f#/K

i ik 8% (magnesium sulfate anhydrous, MgSO,) - Jif i£ #4 (sodium acetate,
CH3;COONa) A4orhrak » g Merk &) » N-NEEZ —f# (primary secondary
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amine, PSA) ~ G2 L% (graphitized carbon black, GCB) W2l A

=] o

(2) BRmAYRERBLF b
1. BHisgfelt

FEEY 10 g 35S fig fEE 2 50mL L& A 25mL Z 5 (& 1%H %)
=% 30 ¥1% > A QUEChERS ZEHUEL » 2% 1 4348 » DA 3,500 ##k. (s 10 57
8 o By FJEXEEUE 12mL % 15mL d-SPE 3 L& » &% 1 5v4% - 2L 3,500
B 10 438 o B AmL BBREURERE T > DIREEEE 40°CIR B2 IYEZ -
DLZBEPK (1:1) EZ - BA ImL geoE > DL 16,000 ##5EE0) 5 4388 > HL L
[EZEUR 2T SO B BT E R ST -

2. HUAFZAE

fridRz tatBi © FFAL 3 g Hgin K2 50mL BetyE o > JIA 21mL /Kl
FFE 20 8- ILA 24mL 25 (& 1%MEE) A2 30 #2- il A QUEChERS
ZEHUEL > 2 1 7 0 DL 3,500 #EE Ly 10 S - UL AEHUR 12mL % 15mL
d-SPE LB > FIURER 1 738 - A0DL 3,500 #igk 0 10 534 - HL 4mL [
BRI ZERE T - AR ERARELL 40°CIREREMEZ - LLLREIK
(1:1) EE > BEAImLEOES - DL 16,000 #Eigk s 5 o8 - U EEREHUR
FHERRT > SO ST E R T -

(1) e arEdfs

S 7 I SRR > ARy 99% - sy Ec#Y 1-25-5-10-25 -
50 ~ 100 ~ 250 ug/kg FYZ IR S - IS A 4 A B S R e
Fitpmay o Bl 1+-25+-5~10~ 2550~ 100 - 250 ~ 500 ug/kg HY7E i
ARV - NN EZIE A B E T BUERZ RN IR E 4R - o0 Al HUiC By~
ANIERREREAER] 10uL J3: A SRR Rl E s - MG DAHRAE By x i -
RETETEFy y ol - SOEER P ITRIGIEIR S LR c y=a+bxa~ b REE
H i B4 E (8 (Coefficient of determination) r? 25 A A 0.995 « W HAZE (1
s/ 128 B BE R T 702522 [RIOHIE, -

(71) [EIH L

HrEENTUR AN 5~ 10 ~ 20 ~ 50 Kz 100 ug/kg 7 RURITER > RAERNUA AN
H110 ~ 20 ~ 50 ~ 100 Kz 500 ug/kg F78 b e o

(R) Frtfrses kRt

A ERURAEE AT € (Agilent Technologies 1200, USA) &8 Ik &
(Agilent Triple Quad LC/MS 6410A, USA) - {iF§ C18 JEfEFE (Agilent
SB-C18, 100 mm x 4.6 mm, 1.8um) - #2&)fH (mobile phase) F1 A ~ B Wi H
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4HEK - EHH A & 1%H R R REE o AE B RTR Z05 » DARTLRG AR a1
R Tl () o SRR E MRS F 50°C - HERFGHE 10uL - HE)H
PR IE B AT L - 3 LRBETT 40 psi» FZREFURIE 280°C fiZf 7 L -
min™ > EAIEEEE 4500 V o LIS EREEIIERET TR TR TR
VNSRS (retention time, RT) - ##3UZREEER (fragmentor voltage) ~ flifFEAE &
(collision energy) = () -

#F— ~ LCIMSIMS #5153t (514
Table 1 The flow rate of LC/MS/MS

Time (min) Flow (mL/min) Solvent A (%) Solvent B (%)
0 0.3 99 1

2 0.3 80 20

15 0.3 1 99

18 0.3 1 99

20 0.3 99 1

F -~ B R ~ iR ER - MEAERE - MRM B 28U E R
Table 2 The optimized LC/MS/MS MRM acquisition parameters of formetanate

Compound Retention time . Fragmentor Collision
. MRM transitions
(min) voltage (V) energy (V)
222.1—165.1% 108 13

Formetanate 4,15
222.1—120.1 108 25

®The ion with m/z =149 is used as a quantifying ion.

GEREARTER

S DB al S ESEROR = FYR S EEE M e E 2 8RR
RETTHEEE S - (BRI S PRI - 15PEAT S &8 BT DUERE— e (R
& - HEREUR - BESVRSHEERV GRS K DR KEUNBITHERIVEF
£ > ForniZ AR P 2R - BT lEEREEER (RY) o EFEE
£ 9 A AR S A - £ 9 ARRIEEETRFEHEN 3 & RIS SR EHRR
AR o SR PRURTEEE T E R A EE > HETREERER ZEOBESNE
PR E T EHEYEE - IRE S EGR (R 88 EFVREWEHRYE
ARG - HBEBENETREE - EESAEMA RN ER  IRENBAEET
RAEE AP ARERE « FRESHFRLE > HBEECIIRE S - MR
R OAREARERZE - UeRIERESR (RN) BURRAERIIERE 9 HAT > HF
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s G E R A S A 2 S DN BITRSE - VUM IR ERRESR (RD)
o FERGE A MM R E R R SRR > AR AR CRIRimER) 2
FE - MRS SERE RS ROFR )/ —ERikE e EZhei et > HE
VR G M E ER P B B B TR H AR S = A I -

ANTFE{SE R R R AT R i = B DU ER I B R - DA R R el (L el U7 =0
ST FE AR - T RN A IR AE T 2 BV E B T 50 » i e
LW NE R % o FE R B R i R R A AR R E E T EL (mass to charge
ratio, m/z) HYBET > GESSFIREHSCEMESH T o B YIRTIR miz AUBETHETTIE -
it DO ER AR A 7 i 5 — IR VA Ay B 88 HH BEBE T~ (precursor fon) 1% - FEANARIHEAE B 4L
A8 R VURAT B 8 1 T (product ion) ZfepkiBE DU T EEIE] - 2R (£ A R ES AU
RIRFE] ~ RSNERER R - iR B E 2 MR bsrE R R © R AR AR E
4RI ARG (R~ JTAGUHIREIR (LOD) ROFEERMR (LOQ) HUIFIFR -

AR E LR ~ JTE IR UEZAT ~ SEf02 e SRR - AT HE R
§ 1,000ppm SR > DAABRIECHE (1:1) #ETZPHREE - REDHIfA 12255210~ 25-
50 ~ 100 ~ 250 ~ 500 ug/kg - WAL FREELR - LEAL > SSDLALEA FIREAR TS E A
s~ 10~ 20 ~ 50 Kz 100 pg/kg - fi4gHZ{E R0 10 ~ 20 ~ 50 ~ 100 Kz 500 ugrkg) - LAHET
BEITIESY AERZAE R S E i (S HIAER (LOD) Al (K &R (LOQ) - sl Fa
o FUA S A i SRR MERIE Ky 1-250 polkg > fpEararit iiE Ay y = 14580.26 X -
10675.75 I EAHITE (85 r” = 0.9999 o i 4547 1E A B IR BRI ATE K 1-500 pglkg > 1%
BE 2 y = 14018.09 X + 17701.27 » i GRHIE (B r* = 0.9996 (F1) © {ERHEMR
HIfERR (LOD) J5id > AR 2.5 ng/kg > fAgizE R 5 nalkg » M (S EMIR - A5

PURBEA BT HZAE > WIE B Fy 10 ngrkg
PRI P BRI A RO T AR AL - I AITH T AR - BEEREHR R

PRSI 0 o TR EDRFERIRAIN » DA SEfC T [OUR4T 80% » fH¥ R
B4yt (RSD) %y 0.35-3.77% - Wisgiz LA R ImAT B % Ry 70-92% - M Z R T S7Eh By
0.95-14.64% - AsABn{g L9 HE(T =81 » H RSD /12 0.35-14.64 % (£+) « AT77AR
SN SO NUAERZIC - B RIFAYEIEE R RN - TS BRI AT 7 AR L i
BEEH] A5 S0 HRED (SANCO/12945/2011) -
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FENHAEENT > ST L LI ARS R e TRy E s - FEHRERE T eVt
Rl - AfERERGRIFEE - FERESYR - EEVR S EEEm e T Eami e
PRERIERT A0 - B ATERTE —EMV RS - H e sREEy ddag B 3 AR e ] > mTDAFHELAE
BRRERH - FaRETD - DHESYRSIEERERMmITaE rl S 3RRE > RS/ NE
fEREZ: ~ BERRE P ROR ERAHTE N - MAEET RIS S 3R — SR tE i -

SREE R AR A BRI R IEH > —ARIETTRE TR RE N S - SREEREATIE
PR B R AIRER I - FFCHIBGRIEERE - ER ARENRERRL g%
BN R E=TACRIRE B ETTRSE - SRS EHERM  aEAyIRE
P (e A B R RACHIRERE BT (B EE YR ETROEE - B RHEERTER
SETEEM BUSREICREITE - AR SRS RS = A amE -

DU S B R S R E B T ROE & ke BV R S EER D e s i E =
o RN R EEhEE R - HiisUR e e 5 AR Shikryea I Ba s -

A B R A s 4l AR T E TG - B ARG © sk R a ek
RIS R I 7RO A S A 2 RIaTk - FREEIRYIE - e EREiRR S - &t
TR E AP B 5 B ST » BT AR WTHALASERE RN 06 © EERTHE (WU~ S H) Ht
-~ Wk ] RSSO BRSNS 3 K61k - WRERCERIRITG - BRI OS~TLH)
Hwl ~ J7dERE IR IR TG - SR ER I EE - e RITEEIE SRS ¢ IR
FER SR DIZE O S 2 RP7E1% - FRELRYTE o ERTH] > A1 AR EkhReE e
KhARRTG © Bl R sa ORI e B50G © IR 2 4heE eI H - e A8 5205
A RIS A O NS 2 R561% - ARG

AHEFE Ry T & BRI A (R (o FIAERUA B G S - NIEERRZE S A AT ~ BidgHzet
FEILIIAT T - SBREE IR > WIS AYRTA AT ~ MU RZA LR B AT U702
[E]% - RSD {H ~ LOD ~ LOQ &4 BAFEIN » SUAMIFEEIL Z 3 )7 E TSI A S B R
IITITIES > RERT U 2 R R A R ot -

BEAN - AWIZE R TR R S e E 2 2 - el R R RE T
EHE > QUBGETRES EIRERN - SRR G EERMD G fh it (T R 42
YRR EITHES RS A R I - HATREE 0.03 ppm FEHE o SAEYIRS
MWEBERMYE 1 B FY 7 e EE e E SRR 2 By S EE e el
fEAEMEE -
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SHEIR

1. BROCHE. 1989. HHR I A= REBLEERIT)G. 3 EaaRy sk, pp:214-225 -
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4, FEE 4. 2002, EB RS Mallada basalis (Walker) ffja25E i Oligonychus coffeae
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T= o AR AT A
Table 3 Population investigation of thrips (Thrips nigropilosus)

H VR e ERERlaE B TRdEE
(date) (IPM practice) (Traditional practice)

F £ F £

(buds) (leaves) (buds) (leaves)
4127 2! 0 0 0
5/23 75 6 2 0
6/10 62 (9)2 39 (1) 1 1
6/22 24 (4) 1 0 0
717 20 (1) 1 58 0
7122 50 0 51 0
8/9 39 0 16 0
8/23 83 (2) 0 15 0
9/15 22 0 19 0
9/30 13 (6) 0 16 0
11/1 7 (4) 0 13 0
11/15 11 (3) 0 0 0

F TER¥K /30 (H) BEsk (H) -
2RI N EE TR E S K- NEACIES (Oriussp.) 538 -
Note: *Insect number per 30 leaves/buds.
*The value in bracket was the number of natural enemy (Orius sp.).
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U ~ fidg )T H4EGETE &
Table 4 Population investigation of lace bugs (Corythucha marmorata)

HHA EVEE G E R M E & BT RS
(date) (IPM practice) (Traditional practice)
o ® ZF S
(buds) (leaves) (buds) (leaves)
717 o' 8 0 18
7122 0 19 0 20
8/9 0 9 0 33
8/23 0 0 1 45
9/15 0 26 0 0
9/30 0 0 0 0
111 0 0 0 0
11/15 0 0 0 3
A tERE /30 (H) BEsk (@) -
Note: *Insect number per 30 leaves/buds.
Fh -~ i ESRREn R E
Table 5 Population investigation of whiteflies (Bemisia argentifolii)
H FHYE G E TR A HEITRdTE
(date) (IPM practice) (Traditional practice)
f i3 ¥ 3
(buds) (leaves) (buds) (leaves)
8/9 o' 0 0 0
8/23 0 0 15 89
9/15 0 0 0 276
9/30 0 72 45 398
11/1 0 230 10 960
11/15 23 4,500 56 14,800

RETERMY /30 (H) EEE ((E) -

Note: ‘Insect number per 30 leaves/buds.
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TN~ b EastEk g
Table 6 Population investigation of aphids (Macrosiphoniella sanborni)

H EVR e EHER N aE B TRdEE

(date) (IPM practice) (Traditional practice)
F ¥ F ¥
(buds) (leaves) (buds) (leaves)

9/15 4t 1 8 0

9/30 7 0 69 0

11/1 0 0 0 0

11/15 0 0 0 0

BE TEREY /30 (H) EE ((E) -

Note: *Insect number per 30 leaves/buds.

RL - PSR HERERRE

Table7 Population investigation of mites (Brevipalpus obovatus)

HHA EVREWETERPaE BT
(date) (IPM practice) (Traditional practice)
ZF i F B
(buds) (leaves) (buds) (leaves)
8/23 o' 0 0 15
9/15 0 34 0 32
9/30 0 130 (6)> 4 106 (1)
111 0 11 0 16
11/15 0 0 0 0

E U ERE /30 (H) B () -

PN SR R E f KR ICHETEY (Amblyseius womersleyi) ## -
Note: *Insect number per 30 leaves/buds.

“The value in bracket was the number of natural enemy (Amblyseius womersleyi).



170 EETCORIIURR 55 34 1 (2015)

R\~ BRI A
Table 8 Population investigation of noctuid

HEA R SRRk Rk
(date) (Spodoptera litura) (Spodoptera exig) (Helicoverpa armigera)
5/23 435" 19.0 8.5

6/10 24.0 125 4.0

6/22 4.5 115 2.0

717 45.0 40.0 125

7122 72.5 52.5 11.5

8/9 38.5 115 15

8/23 20.0 (41.0)2 12.0 (9.0) 0.5 (0)
9/15 30.0 (48.0) 10.5 (3.0) 1.0 (0)
9/30 25.5 (22.0) 4.0 (7.0) 0.5 (0)
11/1 33.5 (41.0) 9.0 (13.0) 0.5 (0.5)
11/15 21.0 (22.0) 3.5(7.0) 5.0 (12.0)

o El Sas e
PN B FNE I TR S R
Note: ‘Insect number per trap.
*The value in bracket was the insect number in traditional practice area.
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T BRIENUR 2 ACRIBETCRE S A AR B AR AR P I ~ 401 ~ MERA (5% (R®) - LOD (SIN
=3) & LOQ (S/N =10)

Table 9 Linearity, calibration curves, limits of detection (LOD), and limits of quantification
(LOQ) for formetanate pesticide under study

Linear range  Linear r? LOD LOQ
(ug/kg) (ug/kg)  (ng/ke)
Fresh flower  1-250 y = 14580.26 x - 10675.75 0.9999 2.5 5
Dry flower 1-500 y = 14018.09 x + 17701.27 0.9996 2.5 10

Tt~ AR CRIEZCRR RO [F1 R 7R i 25 B [m] U3
Table 10 Recoveries of formetanate pesticide from the fresh and dry samples spiked at different
concentration levels

Spike concentration Fresh flower Dry flower
(ppb) Recovery® (%) RSD (%) Recovery (%)  RSD (%)
5 81.65 0.61 - -

10 80.55 3.77 70.00 2.18
20 79.78 1.67 92.60 14.64
50 80.72 1.37 83.77 5.39
100 80.27 0.35 76.80 0.95
500 - - 82.25 13.17

®Results are shown as mean of triplicate analysis, expressed in %.
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Study of Health Management and Production
System of Chrysanthemum Flower: A Case of
Tongluo Township, Miaoli County

Shiou-Ruei Lin' Chin-AnYu* Hsing-Kuang Tseng”’ Chia-Chang Wu’
Chiou-Fang Liu*  Yu-Ju Huang®" Chui-Feng Chiu®

Summary

Chrysanthemum is a kind of natural and healthy beverage. However, farmers usually rely
on pesticides to control pests. Therefore, it is an apprehension about pesticide residual. In this
study, we applied the integrated pest management in chrysanthemum production. The result
showed that bud-picking repeatedly could reduce the pest populations effectively during
chrysanthemum growing period. Utilizing non-pesticide materials including Bacillus
thuringiensis, sex pheromone and natural enemies were used to control moth larvae, moth, aphid,
mite and whitefly for yield-maintaining and non-pesticide detecting. Subsequently, it could reach
the goal of protecting consumers’ health and increase the quality of chrysanthemums. The
extended use of Formetanate to control mites in chrysanthemum, in this study, the developed
pesticide-analysis method can be applied to analysis the Formetanate residual in chrysanthemum
from the results of the recovery ratio, RSD value, LOD and LOQ.

Key words: Chrysanthemum, Integrated pest management (IPM), Pesticide residue
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A Study on Heat Efficiency of the Improved Tea
Dryer

Cheng-Hou Chang*  Wei-Yang Hwang®  Yi-Hao Lin?
Ming-Chun Liu®* Chia-Chang Wu*

Summary

The continuous type of tea dryer is popular and important machine in tea processing,
but the excess energy consumption and heat lost in tea processing operations should be
improved. The study would improve heat efficiency of the tea dryer by improved heat
exchanger and recycled partial hot air and then operated preheated test for energy
consumption evaluation. According to the results of experiments, the average temperature
of combustion exhaust gas in tea dryer with improved heat exchanger was decreased 35.2°C
and fuel consumption was reduced 7.89%. In tea dryer with recycled hot air, the average
temperature of input air increased 10°C and fuel consumption reduced 17.99, that showed
the improved tea dryer which might increase heat efficiency and decrease heat lost. So the
improved tea dryer could reduce fuel consumption and carbon dioxide emission.

Key words: Tea, Dryer, Heat efficiency
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Effects of Different Cutting Days, Medium, Cells of
Plug on the Rooting of Chrysanthemum Cuttings®

Guo-Zhong Hsiao®  Siao-Yi Huang®  Meng-Chin Hsiao®
Jai-Wei Lee*  Jyh-Shyan Tsai>*

Summary

This study was focused on the cutting propagation of chrysanthemum (Chrysanthemum morifolium
Ramat.). The cuttings were cultivated with 7, 14, 21 and 28 days. We found the root number and root dry
weight were low when cultivated with 7 and 14 days. After 21 days, the rooting of cuttings turned better.
Cutting media experiments including peat moss mixed with perlite (1: 1 v / v), peat moss mixed with
vermiculite (1: 1 v/ v), peat moss mixed with sand (1: 1 v /v ), sand and two kinds of commercial culture
soil showed peat moss mixed with perlite stone and sand have benefits to root of chrysanthemum cuttings.
But sand medium was difficult to transplant because loose. The cuttings remained 4 or 6 leaves were
cultured respectively in the 70 or 128 cells of plug. A combination of remained 6 leaves and cultured in
70 cells had better rooting (p < 0.05).

Key words: Chrysanthemum, Cutting, Medium, Plug

1. This paper is one of part of the research of first author’s Master thesis.

2. Master, Department of Tropical Agriculture and International Cooperation, National Pingtung
University of Science and Technology, Pingtung, Taiwan, ROC.

3. Associate Biochemist, Taitung Branch, Tea Research and Extension, Taitung, Taiwan, ROC.

4. Associate Professor, Department of Tropical Agriculture and International Cooperation, National
Pingtung University of Science and Technology, Pingtung, Taiwan, ROC.

5. Assistant Professor, Department of Horticulture, National Taitung College, Taitung, Taiwan, ROC.

* Corresponding author



180 EETORNIURR 55 34 ] (2015)

AECHENIPN Frdtg 14 K

Frs 21 F e

B — ~ FHEE A FE R U SR 2 5P (2014.3.20-2014.4.16)
Fig. 1. The rooting conditions of the chrysanthemum cuttings on different days after cutting
(Mar. 20, 2014-Apr. 16, 2014)
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Table 1 The effects of the different media on the rooting of chrysanthemum cuttings

(Apr. 2, 2014-Apr. 22, 2014)
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il R FREL R [T FREZEE
(n=6) (R) (fR) (mm) (mg) (mg)
JERE + HEEG 8.010.9° 105+2.1%® 3903+11.6% 354.8+453% 4.4+21°
et + EA 73+08%°  11.8+22° 345+ 11.8%° 3359+44.8° 3.2+1.3
JERE + Hb 6.8+ 0.8° 10.0+2.8%  437+126° 3425+226° 28+1.1%®
h 7.3+1.0% 12.3+ 3.3 285+ 0.0  350.2+47.3% 41+14°
TR 1 H 75+1.0%  7.3+46" 23.3+4.8° 317.3+554% 1.8+1.2°
meEEE+ 2 75+08°  85+38" 43.3 + 4.9° 339.4+40.8° 3.9+1.3°

Data represent as mean = SD. Means with different capital letters in a column are significantly

different by LSD testat p = 0.05.
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F - REVE A REHE 2 2% (2014.4.30-2014. 5.20)
Table 2 The effects of the different media on the rooting of chrysanthemum cuttings
(Apr.30, 2014-May 20, 2014)

J ERE FREY HEIRE e LA IREZEE
(n=6) (R) (tR) (mm) (mg) (mg)

JERL + EX¥FAE 6.8 £ 04 153 + 4.9° 497 + 152* 319.8 + 36.5° 3.0 + 0.8°

Rt + 65 * 05° 133 +39® 308 + 105" 3066 * 144% 25 + 0.6®

Bt + Bb 70 £ 06 127 +24® 238+ 75° 3171 +242° 16+ 05%
b 6.8 +04% 117 +1.8* 243 +69° 3156 + 31.9° 34 + 16°

THEREE - H 6.7 + 05* 88 1 13° 245 + 50° 3086 + 243" 1.3+ 0.3°

mEEETL 70 £ 09° 130 + 2.2® 485 + 17.1* 3294 * 148 33+ 0.7°

Data represent as mean = SD. Means with different capital letters in a column are significantly
different by LSD testatp = 0.05.
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JepRt + HERO

mEEELH mEEELL

&~ NESE AR 2 8 (2014.4.2-2014.4.22)
Fig. 2. The effects of the different media on the rooting of chrysanthemum cuttings
(Apr. 2, 2014- Apr. 22, 2014)
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B ERE L2

= ~ R [ESE A R R 2 22 (2014.4.30-2014.5.20)
Fig. 3. The effects of the different media on the rooting of chrysanthemum cuttings
(Apr. 30, 2014- May 20, 2014)
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F= T A NI TEEE H B ARSI Y 2 (2014.4.2-2014.4.22)
Table 3 The effects of cell size of plugs and leaf number of cuttings on the rooting of chrysanthemum
cuttings (Apr. 2, 2014-Apr. 22, 2014)

7oA HER# 8L mRIRE KR TREZEE

(R) (%) (mm) (mg) (mg)
go)jf(n _6) 8.0+ 0.9* 82+ 12° 355 + 17.7°  253.7 + 459* 2.7 + 1.2°
iz):i (n=6) 6.2 £ 0.8° 7.7 + 4.4® 267 £ 13.7%° 2209 + 21.7* 16 £ 1.2®
joif(n _6) 48 £ 0.8 43+ 24" 245 £ 13.7* 1781 + 303" 1.1 £ 0.8°
igi (n=3) 40 £ 00° 33 +12° 213 * 155 1747 + 88 06 t 05
TERETE R B ek *x NS - *
TGN el NS NS NS NS
TSRS 8

NS NS NS NS NS
VS, TURg RN

Data represent as mean + SD. Means with different capital letters in a column are significantly different
by LSD testatp = 0.05.
NS, non-significant; ****** significantatp = 0.05, 0.01 or 0.001, respectively.
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FVU ~ JRTAE RN LA TR EE R B U At S8R 2 2% (2014.4.30-2014.5.20)
Table 4 The effects of cell size of plugs and leaf number of cuttings on the rooting of chrysanthemum
cuttings (Apr. 30, 2014-May 20, 2014)

JFaAi HER# 8 mRIRE KR fREZEE
(R) (%) (mm) (mg) (mg)

soif(n _¢) 6.7 £ 05° 123 £50° 315+ 11.1* 2496 + 21.7° 17 1.3
iz):i (n=5) 6.6 £ 0.5° 8.0 t+ 46% 212 + 13.7" 2401 + 185° 1.0 £ 1.2®
3£§(n _4) 48 £ 05° 6.0 t41° 105 £ 3.7° 1827 + 213" 02 £ 02°
iz@i (= 4) 50 £+ 0.0° 7.5+ 33® 29.0 £ 95° 1951 + 20.7° 06 * 0.4®
FRIEEE R 8 ekl NS NS Fkek NS
TR NS NS NS NS NS
fii?jﬁ% NS NS * NS NS

Data represent as mean = SD. Means with different capital letters in a column are significantly different
by LSD testatp = 0.05.
NS, non-significant; ****** significantatp = 0.05, 0.01 or 0.001, respectively.
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Fig. 4. The effects of cell size of plugs and leaf number of cuttings on the rooting of chrysanthemum
cuttings (Apr. 2, 2014- Apr. 22, 2014)
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4 RTETOHE 4 755 128 %

B 7L~ 7R A NI EEEE R SO Ui SR 2 528 (2014.4.30-2014.5.20)
Fig. 5. The effects of cell size of plugs and leaf number of cuttings on the rooting of chrysanthemum
cuttings (Apr. 30, 2014-May 20, 2014)
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T 2007 F£7 AREHREREEZZE
Table 10 Effect of next tea season yield during July drought injury in 2007

wE Ryl 2006 JEF 2= 2007 B3¢
Tea season Cultivar Non-drought Drought
————— g/plant-----
HE EFX+ 5% TTESNo. 12 86.0cd 156.3a
Spring tea HHEEE Grafting Oolong 62.4d 105.0bc
LS Chin-Shin Oolong 84.0cd 127.3ab
S E55+ "% TTESNo. 12 123.6a 87.2b
Autumn tea HHEEHE Grafting Oolong 74.2bc 49.6d
L SHE Chin-Shin Oolong 77.7bc 56.2cd

RPHMFESS TR Z IR SNEE
Values followed by the same letters are not significantly different at 0=0.05 by LSD
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E‘ﬁﬁ’ -—'%-’%‘*ﬁ‘%h 1 5,;._,2"- 2 %fu

ETE®E

2Ryt REIEt FWIEEY @EL’ &S
S BhEE EVEPNS

"W =

BN S R TP BUREES [ERAGTEE - S2RHITEAF RERIE T S8R E R > I LA
KOBZEE > HIEAEMGEZ > s BER - M EEERERTE > BREONEE SR
FIARBE—8 > ARG G R I RS RIE T an A E SR - BfERETEmAT 2014 & 11
F 24 BEfES - EXaak T 2B 15, T EEBNA 255,

ZEH 1 9SS 2 SRS IEEIRTE > Ry WREIE MM anfE > anfEfErREEE 1L R
SOFRES > RO OHE > WERCAERIEIREEL  SNEEDALIAIR AT - FIftk - 28
LSRRI EA - RIEFRVEIRfCE T - 28NN 2 9N mbifR S - Sty Ret -

AN 1 PTG - ERBMG0 > RGRED > BRE - RSHK 2B 2 9tk
BEIOEREET  FRGRE - BRES  RSEHUKEER - DIBETHR 7528 - HISHI4E % Tl
sk 8y - 28 2 5iENEE8iA 15t 28ENER -

FAENUHIEEERZ T L - BIEEA > 52 EETH - BER R EREE - 11~12 A%
HEZFIEH - W A& AR - TE4 52 MEEEE T B - BRI R -

BT © B4 - ZENIA 1 9% - =28 2 5%
e
Al B

#1485 (Chrysanthemum morifolium Ramat.) A%5%} (Compositae) JFERHFE 2 L4 ~ 261
FIEY) (FE%E > 2009 5 B - 2012) - BHEAERS | AZEMEE - HiAEEEEFEL R A= - 3
ERERIE=MIEE (GRAIE » 2010) « 27EH1% 2= 1 T AT 1 TSRl S 2 R Z 3T ~ REET

TR R B IS B - DTS R - 68 ki -
TRIRHE B O R BB MR - 208 S0 -
FTBIRET BRI B0 IR B R 20 il -
TR B RE K B BRI - B8 S -
EEABESEERES R KT - B I -

HEREH

ok wh e
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PR AR - DAEPERASRAT USIN FUR  B D - BEEREIIIAY 10~12 AR EEA
FE Bt g ERBALZ IR EAE - HE A EAEY R FECREAER - SitmiR
HETAE Mm% - EENIAETHE 2013 F£E LY 26.69 N (BRHE#E &N - 2013) » EELY
2.5 N > Ry NHIfERGE Z TR EY) - EUERAT 6 SEMELIARAT LR PII4Y 100 AN (REH
GEEER > 2015) > HHEL AR AN R - AR Z 2= > HEEEEERAE « KERE
AL Z R -

iR LR S BRI A

— . TR

(—) 2 : Chrysanthemum morifolium Ramat. -
(Z) BEcan YRS © QeI thsg -
(Z) BaeamaMm 2R « 2EMELNREVY - AHFERELANE PEIREES [# > 284 1

SN 2 SRESPREL B i SRS 2 st 7 e
(MU) EEEHEEE - ERERSERY - R RS -
(f1) BroantaZamfEfadE

R A S, R,
2Lie b 15 A% (BaiXue)
Bt b 2 9% #4:% (Huanglinlu)

(ON) R EEEHE
A EBERBEENRRR 15~28 C » —f° 4 AEERFIGTEE - EATFREEIKR
%~ pH {E 5.2~6.7 AYRVETIE + Rl © BTN SR I K > BE S 30 em DLERH > DURC Y ZE R 4:
TEFE Z TTHREESY 60 x 60 cm » HEIFEMKRE.OE 2 A B2 « AREBHIRORER S » {CPEE - &
DUtERAE AR S > DL 2 i H 2 B IS i A - W A CI & T A SRUiRe & 11 H )ik
BHBEE] NIRRTt E R TR > FEREE LR B RdE  C S ORI eI Z e
BRER EREENN 1 g Gt GERn G - ZESNEE - 2B 2 SiAIRES
EIRTEBA R - B EE N 1 SR -
() BRI
FUAIII LT A3 R PRIUR - BRI REEZ E27KE 5 %LU T 2B 15t (31E)
RORRRINBIEBR T - FGED - BRE > RGHUK BB 2 5F (FE) REREEE
WONERI R—80 > INIL > SR RBIC E SR T > RG3GE - BREES - REHKEHR -

BRI -
(—) EEGEERSERT ¢

102 46 7 H L APEEFTHEG 3 FETE (it e FFRR S T FFRREE 60 cm x 60 cm o 458 H i L%
R0 2 2K 0 3 A 0 N 16 1 0 UNEEE 5 m > BEEE 110 om (R AEER) » 507 = AR -
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RCBD - Jii AR © S HEEF 57 HE 20~40 kg ~ BEAT 15~30 kg ~ $FHC 20~40 kg - SEE BTG © AT
TR e EEEELTE -

FEIERIAE - EERSUERCH (REHBEF R/ NORERY) Si—#1T - FEE 10
PRETTIRNE » TR (L2 MR K RHS BREFIGZALS: » WIETIRHERES - FHEE B
pp.210-215 -

() HidgRzeRftamE

1. WiAHAEETTE

EICABINE 8 4 WEREFLATIRUL » HEA- P EZ B2 E > fE4<E 8 0.33 g/em? BL

T BB 2 A8 > A MRS - ez 2 (R 25 - e uRiRe - DIBVERZ

M (A7) SY-40) 55%7E 50/60 C#% 5 /N ~ 60 'C 10 /NEF ~ 35~80 ‘CH/NKfHEE 5 CHEES

A JTEEI TR BACAHIR R B/KE 5 WL T @ RAR IR BN EEE » IR

TREZRIRET -

2. WA meEITE

o B B T ABRIBEVE et T XEEE N IME Z TR ~ B0 ~ Kt TR EREES

ARy 150 mL S EMAE » B 3 g R IEIRAEREREE 2 A TE281% - R ARZKIZE 5 78

BERIHEF A5 B AGEEMRA » W ea e REOE 2 B2 CA TR R 2 18D FHETEZR 5K

&~ BRIEE - sPEP R IR R A 10 73 ~ JKEalh 20 73 ~ R FEHRE(E 30

7y &tk 100 75 -

3. MR CA T B & T

(1) sBgJ77% © HU 35~80 CHNfHEm 5 CHEETREEI ~ RaECA: - DUTBERE iR 1% i
H{ 059 DIEBRZK (100°C) 45 mL Z2HY 5 oy ##1& 155 /2 1808 - WiE & % 50 mL » S {EpR B AT
SEMW AL -

A, HEZITRPANE ¢ RERREHREERIL L mL - fi 1 mL A REESK (Ferrous Tartrate Solution)
Je 3 mL WhEESTERGEENR - 2 R LT EEEHIIEAE 540 nm 2T - 5521 Ethyl gallate
Bty - MBS T B REZYEE ot (Iwasa, 1975) -

B. Rl AR = EE (Ikegaya and Masuda, 1986) : i B4R IFAER 2 FCE © HY 0.025 g JiShs

BE DL IOKER 2 50 mL » /&% 500 ppm ZAFEAER - FFLL T IOKMRERE 10 ~ 20 ~ 40 ~ 60
80 ~ 100 ppm > E&E % 10 mL M -

BEamEL 15 mL i A 0.15 g 2 Polyvinylpolypyrrolidone » DAREZ 25/ & 30 7388 7577 S fE
% » DL Advantec #1 SRIEAEIES » R A JOKHRE 12 (5H5H -

AHIECE © BHBLRENR (2 M, pH 5.2) : 19 g CH3COONa + 3H,0 J&7L 500 mL %K% »
HA 36 mL JKEERE > DL ZKEEZ 1,000 mL = SnCl, 725% © 0.1 g SnCly A 50 mL JiEfis 42
&01E o Ninhydrin 725% © 3 g Ninhydrin j7557* 100 mL 95% 7. fig -

BEmoHlZE © B L mbL A AR KR iR 0 RKAIA 0.5 mL 22 SnCly /5 )z 0.5 mL 2
Ninhydrin 7% - /> 100 ‘C/Ka#HhIE 15 758817212 » AA 10 mL 50 %55 - LAOr e
SHRIE 570 nm ZSERE » B SRS RO IE IR i B SRR P4 B 7 MEAE i S LA el e
At a8 -

C. &kFMe = BURE RN AR - (IR EEREIFI R EEEE (CNS) 15022 %i5% N6384 " & i felhs
ESRRZAE ) Z e RIEEAIENER AT T 0 AT - B i Merck CART 250-4 PUROSPHER
STAR RP-18(E) 5 um ; Eluent A: 0.1 % formic acid - Eluent B: acetonitrile ~ Flow rate: 1 mL/ min ~
Detector: Thermo UV6000LP ~ Wave length: 280 nm ~ Injection volume: 5 pL » 3 M5 S04k R G
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FRAE LI 2 ORI THIE - DA PR andg AR & - SRR 258 -

CERASEP SN S

- i RAE  EEHATRGE 28 | RN R RS E o BRSO —

B ZEhAEAEME > SR A > SIEMARTEREE > SAEFIA ISSR 73 FHil
BEE > M S EEEE RN > BEMSEARREREEEA T A - HEE E T
R B R SUE YRS, > BRI TEE A L E AR - AP 10 45 fE B E M 440 R
Fo IARGBESEERENT - BY - RS NEHIE > HERESRNAHAIEE > R
WIERBIEEETH S FREFE L 2 EIRREIE - HAIEKH I TR R - R E2555
R RIFEAGEASH AR - ARSNGB ALAIENEERT » RIEGRAREE
RN — 2B ARFEdaARAARTIA -

ERLER
) HERRE BRI FR— -

1. BRE (&)

ZENH 19 E % 36.97 cm > BEEEEESE - ERHEIL 0 A 23.21 & > HiffME - TE
KoM 4.27 mm > 15 EIBHE RS ESEE  GELEFE (B2)  HIREEARE 48.93
& B JESHAN - fy 1.86 mm > fESHEE 5.76 cm > & o

BN 2 5519 38.10 cm - RSB SN ENL 0 A 23.67 £ BifE
A 4.25 mm > B ENBHOASOEGEE > FRFICEER (B ) I EEAE
4543 & > FFrpE  (ES4 > Fy 1.66 mm s fESHESE 6.10 cm > L% -

2. T (E=)

BN 15555 BA 6.07 mm 138 K/ Rrh%E  BER 555 em J@H % TEH Ry 4.85
cmo B BR EEILE > EEPE > EREMANE - EEIEGSH 455 (137A)
T —THZIR  SZETIR P E > SRZIEE RIS - B3R GBI - EEER
[EIEETRI - BRI -

BN 2 955 R B 5.45 mm T - K/ RS BE R K 6.55 cm > 5 4.60 cm >
¥R BER BEILK  FEE 047 mm > B BEREMANE - E&EEH > Ee
(N137A) » = —RFZIE - FAEHAREE - FZIEE I - BE3UR SR o1
ERIARBIEETEE - B0 -

3. 1t

BN 152 ER (BN) - HIEFPRERMAL » TE4E/N - .16 cm > fE45=E Ry
1.53cm > BhsE > EIHAEAY > 4EE R RS 5 SRl T o YRR R VRN EIRTEM - KRB
AN ESRICAR BT RS B T EIRTEAEE T - 0.59 em > IR TG AL & (Eysls i P Y] »
{EMFEREER > BH P 233 (| EIRTERIMREREM - ®E%E > REIME > EEHE > Hik
{ETENRIREY - TE452255 8 S H TSR M S IRIE T =B A (NN155B) » Nl EiRTE
FEEGO A BB)(ET)  ERIEREEREE - B ER/N (4.3 mm) - fEFCR e E
I -

ZENH 2 5INELACR (BX) » HIEFRE RN » TE4ER/N > 337 em s fE4-EE
B 1.54 cm > [FhEE > EIRERL > JAET R ERE S ERLA T > BB R QAR ERTER » KR8
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f N e IR ESE B AR By P > EniRTETEERIEAT » 0.56 om > FiRTEREfE B TEHMEER i A
M- TEMRERE IR - BH P9 2.2 (8 > SIRfERSMmRER - WETE » RELK - FEH
ERTETRIIZARIENY - TE4422E 8 S FIRES Mm iR E EZB O /@ (6A) Wi ikfEE
FEO R (L2A)(ET) > SIRTEREEHFE - fEFEE/N (4.37 mm) > FEFEiR & E
SESCSEITER -
(Z) BUARZHRTE AT E
EENUH 1SR ARRRINEBR L Ry a - 2 3R Al Ry st (B)\) RS RiksEd (B
) - 3 TEEZERE R ER ST CAHTEIR ~ /Kt - FREEMEEER (R EHHROE
KI5 BRI - FIF] 35~80 CHEEFRERIRYT 2 FEAL i ez CUR RAIZ AR R
HE RS DUR—RE 60 CRRr /NS Rk GRORA - (B HAOZ R IE 2 e R 22 R -
(2) PAERRTER BT B B OITER -
1. Zothra gy - 28 1 9158 R 30.65 mo/g - 28 2 HiliA 37.08 mglg (F=)
WEZRETEER - BUREMEE . ZTHaER R EN6 7212125521
2. GlFEEN A, (Free amino acid) &y © BN 1 5E 28 K 36.80 mg/g - E2/E 4 2
HEAIF 35.60 molg - {E S A BIE AR -
3. &k[5f% (Chlorogenic acid) [/ © ZENi4 2 S BELS > w2 4.59 mo/g © ZEHiA 1 5;
SETE - (£ 2.62mglg - WEEFEER -

U L 9ER 2 SEFEREEE L - G OEEE  WEASEMREER  ERBETE A
¥ e > A OHE > EOLEO LA RBIRICF RIS > THA - EE4 3 em»
ERTEMENE - AEEE - (LS 8 AR - 1 9N E EZE G R E & (NN155B) - 4
i iOINE EEER O BB (8B) » 2 BEANmAI NG TR E EHBAGE R (0 > 2 anfEIEIRTE > B
FHRHL 8 HEATLHF b - 9 HAHRATRICE - BATEHIE 11 Ay -

FOREREEN R 1 IR G0 - EEN 2 B EHeR G BREE > Waliiisy
Rk et RETTIMGH IR R & B 28N 2 9K 1 ote QU A I & B e E M

SHARIH e TAEABRSRATT
HEWRY BN ~ DR
L s TIFEE o R SR L FERSE
EREREN RS PRERST
2. e TIEERFA HREURY 2By
3. Wik BS Siqek: BIRKTT ~ SR ~ HE
HRERRGERTY; it

PR R B RalllZE
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Chrysanthemum Cultivars - Taiwan Hang Ju No. 1
and No. 2 Selection and Nomenclature

Chiou-Fang Liu' Hsun-Yao Chang® Chih-Chun Kuo®” Meng-Chin Hsiao?
Yen-Shuo Su*  Chih-Yi Hu® Chui-Feng Chiu®  lou-Zen Chen®

Summary

The chrysanthemum culture of Taiwan was come from China. The dried flowers were used for
traditional Chinese herbal medicine or beverage. Even though chrysanthemums had planted in Taiwan for
many decades, there is no coincidence for cognition of the ‘chrysanthemum’ naming. Our station worked
with the Miaoli District Agricultural Research and Extension Station to name chrysanthemum. White and
yellow lines have officially named the "Taiwan Hang Ju No. 1" and "Taiwan Hang Ju No. 2." on
November 24, 2014.

Taiwan Hang Ju No. 1 and No. 2 have no tubular flowers. The seedling almost was taken by natural
division propagation. These two cultivars show stem erect, green leaves are serrated, dorsal leaves have
white hair. The plant traits of them have similar appearance before blooming. After flowering, ray florets
of Taiwan Hang Ju No. 1 are white, the fold ray florets are yellow. Ray florets of Taiwan Hang Ju No. 2
are yellow even it were open up.

The dried flower color of Taiwan Hang Ju No. 1 was light brown, the liquor color was yellowish, the
aroma was evaporated, the taste was sweet; the dried flower color of Taiwan Hang Ju No. 2 was golden
yellow, the liquor color was light yellow, the aroma was much evaporated than No. 1, the taste was clean
and sweet. Use drying mode of stepwise heating, then compare total polyphenol and chlorogenic acid, all
the data show that Taiwan Hang Ju No. 2 higher than No. 1, and have significant difference.

Farmers have proceeded to do pinching repeatedly, this practice has caused large canopy surface, and
the stems were fractured easily by wind damage, so farmers should be appropriately to set up a fixed net.
Because rainy season started in the north area of Hsinchu on November to December, to avoid poor
quality of flower during main harvest period, we suggest that farmers should not conduct outdoor planting
in these areas.

Key words: Chrysanthemum, Taiwan Hang Ju No. 1, Taiwan Hang Ju No. 2

1. Assistant Agronomist, Senior Secretary, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.

2. Assistant Agronomist, Taitung Branch, Tea Research and Extension Station, Taitung, Taiwan, R.O.C.

3. Associate Researcher and Chief, Wunshan Branch, Tea Research and Extension Station, New Taipei
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Table 1 Survey results of Taiwan Hang Ju No. 1 and No. 2 traits

JEWTTEAR 5534 1 (2015)

Fegt

Number Traits

ik

= HIfEAE
Measure
standard

FAEAES (RERD)

Character code

BN 1R
Taiwan Hang Ju No. 1
EERE

AT i

Investigation - er
value

PR

(cm)

2 PREL © 6

Zsis)

(mm)

© iR

s
iA
B

[ep]
4
@

t
H
uf/;

EUAETESS
TR =

ATTESNE|
TEEFEE
=MITEAE
& 5 i
Z= 15 #f
FEERRLL 10
SEMTEFE T
5 15 (Dih
15 &5
10 &) &fifE
g
TEETE
15 Eifi &

» JOERER
EE Ui
15 A&
HIZE 10 &

el

Ny

i

36.97+1.00 %%

2321+289

1333+1.32 4§

427+046
12 (148A

152AB)
9 H

B 2 5%
Taiwan Hang Ju No. 2
EESNIEN
ST 1
Investigation — ~ ~ " er
38.10+ 041 4%
2367+281
1244+ 158 5i
425+047 th
(148A -
152AB)
H
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FrEAES (RERD)

N e

BRI L9

N e

ZEN A 2 9%

|52 Mo EAPRAE Character code Taiwan Hang JuNo. 1~ Taiwan Hang Ju No. 2
M B B
Number Traits stae:j:rrg Eﬁﬁﬁ . = EEET.E . HEpE
1 3 4 6 7 Investigation Character Investigation Character
value value
. - HEFET
e | o rope 2
7 S B 10 1 N 40 60 A 4893+383 tf 4543+397 tf
A ()
F &
¥ TERERHA 3
8 am;biﬁm g BIREH 4t 2.5 5 HH 1.86£0.06 4 1.66+0.18 4
TETEESE
¥ JAfEESH THESE _
9 - ] 5 10 E 576+ 0.67 6.10+0.84 tf
& (cm) Atz *
EififE
e . e A
10 B ERE N N 5 10 K 6.07+053 545+047 th
(mm)
[£)
(E—= A)
11 D EEE (cm) = OHIE R ) 6 12 E 555+ 041 4§ 655+1.11
R
(E—= B)
12 T BEEE (cm) SHIE PR % 4 8 ik 485+036 460+043
hEZHER
13 EERT if:ﬁﬁ%u & 1.2 16 = 116+ 0.01 & 143+0.22 &
14 L BEE (mm) b 0.4 06 = 0.43+0.02 047+001
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. FRUAEAES (FE50) EENA 198 =B 2 9%

52 MO MR Character code Taiwan Hang JuNo. 1~ Taiwan Hang Ju No. 2
Measure 5 N

Number Traits Eﬁﬁﬁ . = EEET.E . HEpE
standard 1 2 3 4 5 6 7 Investigation Character Investigation Character

value value

15 5 EEEH wWE #E8 1 A'E 1 RE
ERZM
ARLATEAE

16 N S T 15 4 h itH 7 itH 7 itH
(E7X)

. B PR " . 4ren S3cs)
: PETS 4F Bbtk

17 R it RS (i 24 & e 5 s7a) (N137A)

18 Y —REZ (E) ] 025 05 E 232+012 E 234+003 E

19 B HZEEAR (E=) Rt FE EF 2 hEE 2 hig

20 i FZEEzEE () fie 1 fie 1 fie

i BRIRGE -
21 ROREREE g NPT RE 1 i1 5318
5

2 moEEEmEHR @D 00 A% AF BE W R %’f # 6 JepttE o Jee i

23 i EhmEAL () R L HER 2 LI 2 LI

24 1€ - fEF ARG (&) Wy B EEE WP 4 57 4 17
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. FerEAES (GERD) 28 197 ZENIH 2 5%
|52 Mo EAPRAE Character code Taiwan Hang JuNo. 1~ Taiwan Hang Ju No. 2
) Measure S P
Number - Traits standard 1 2 3 4 5 6 7 8 9 Investigation i Investigation T
value Character value Character
DT
it
25 8 PELI% (0 fE S o 7 8 o 2 % 3.95+014 /b 3.67+008 /b
A ([E) e
S
- : S Tans Vicd
26 '(Tsm)’fb*E T &+ 7N 4 =5 6 VN 3.16+021 /) 337+ 017 /I
o . o }—L?
27 gcbm){b* = E+= ® 15 3 = 153+006 154011  tf
o o [=1=1 iiﬁ%
28 E - fE8Y i i I 3 I 3 EH
20 1€« 886 dmE L EAEg)] 447+ 0.23 LE 4.04 + 054 L E
(i) CEY &b /b
e : Z—l—i— SEEA
30 1t +:€LH TR 4 5 1 i 1 i
EIRIER
£+ REZHEIR
SO A eI S NI TR 2 o2 $
IS "
1€ By MR
32 s B SN P PNl BB TE 2 F 2 ¥
& -
— : N e e
33 e SIMUER  gge o o2 B4 B 0.50+0.08 i 0.56+0.04 4G
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N FEMEARES (FE50) ZEhH 157 ZENIH 2 5%
e M uk EvliE s Character code Taiwan Hang Ju No. 1 Taiwan Hang Ju No. 2
Measure 5 N
Number  Traits standard Iﬁﬁﬁﬁ . M IEEE{.E . i
1 2 3 4 5 6 7 nvestigation Character nvestigation Character
value value
&+ HIRTEREAE
34 B A & 7N L 1 M 1 M
B
16 * ERAEEAE
35 B mE Eiis 9 H 9 H
BEEIR
{E * HIRTEEH 252,75 + 254,79 +
36 71 150 250 % 4 %
(1) - i ~ 23.84 > 29.74 >
{E * BEFIREH
37 1 2 3 AR 233+027 2 2.20+0.16 2
(&)
& HIRTER _ _ ~
38 E+HZ A &g 2 o 4 L& 1.36+0.04 &5 1.39+0.01 =
SMRERE Cm) ©
39 f ;iﬂmbﬁ E+#> B 22 5 th 10 & 424+038 = 474+030
MRS (mm)
& HIRTE [Eil .
40 . & 5 th 10 = 278022 & 262020 &
Hb A/B 1=
16 * EikAE A M . . .
41 o S 0.3 o 05 = 0.12+0.02 4 015+0.02 &
B (mm) IRAEIE -
16« FkAS ~ i N . _—
42 &+t KRl B &k Az 2 ElP 2 Bl

TR AR
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FrEAES (RERD)

BRI 15

N e

ZEN A 2 9%

g MR B Character code Taiwan Hang Ju No. 1 Taiwan Hang Ju No. 2
Measure 5 N
Number Traits Eﬁﬁﬁ . = EEET.E . HEpE
standard 1 2 3 4 5 6 7 8 9 I\%ﬁztlgatlon Character I\%isetlgatlon Character
16 T 8
AR .

@ mEMEUMR  RMSE  BE D0 KR 46 BE HE 4E 8e K 1 . s (68)
ERTE E 2B
1t AR 8 . £ o

“ pERBAR RHSE AR T RE 46 BE HE G0 B A o e O 128)
ERTE E 2B
1t SMRERTE psar =5

45 WHIBEE (% RHS{H A DT e e Be HE Ge 8e B L =t (6B)
1251 @ (NN155B)
& PRIk E wsaT

46 MRS (8 RHS A B é 2 e B =t 4t Gt Hith 6 it (8B) 6 = (6A)
43 K E))
16t L4025 10 w34 A €

47 B EIEEE RHS & B é 2 e B = G fJe Hit 1 (NN155D) = (6A)
EOIRIE N R

w L TNEEE TR 1 E 1 it

49 e LAt S8 B2 & 430+044 I\ 4374033  /h

(mm)
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N FREARES (GE50) ZEhH 157 2B 2 5%
" ‘ . HHEEE  Character code Taiwan Hang JuNo. 1 Taiwan Hang Ju No. 2
F?E/L fi ILH( Measure N a
Number Traits standard Iﬁﬁﬁ . = IEEE{.E . HEpE
1 2 3 4 5 6 7 8 9 MVeSUGALION oy oracter |NVESHGAUON oy rocter
value value

e e T = [ . . =B =
50 eI B VEIE P SEE 4 mEE 402 aE

@" S geand =,

RELES 188 + 59 193+ 14

51
(kg/0.1ha)

fet  AREMEINER © AR B E RS R — T ST S e R T AN S E A A it T A MR B RS R | -
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Table 2 Effects of different process on the sensory evaluation between Taiwan Hang Ju No. 1 and No. 2

fide . . .
HoRREE IR [EENE Kes R AU Ky
Chrysanthemu .
treatment  Appearance Color Liquor Aroma Taste Total (score)
50~60 C 75+05 a 75+x05a 135+05 a 225+05 a 235+05ab 745+15 a
B
15 No. 1 60 °C 75+05 a 75+05a 150+10 a 245+05 a 220+10b 765+05 a
BEREFE 80+00 a 7.8+03a 150+20 a 220+10 a 250+00a 77.8+13 a
50~60 C 80+0.0 a 75+05b 155+15 a 225+05 a 230+00b 765+25 a
g g
LNk
= 60 C 80+00 a 80+00ab 140+10 a 235+15 a 215+05c 75020 a
2 5% No.2
fEEFAE  85+05 a 9.0+x00a 160+20 a 215205 a 250+00 a 80.0+20 a

Mean * standard error (n=3). Means within each column followed by the different letter(s) are significantly
different at P<0.05 by Fisher’s protected LSD test.

R= -~ BB EERT SRR

Table 3 Comparison of chemical component contents for Taiwan Hang Ju No. 1 and No. 2

=E A Lt Total Polyphenol Total Free amino acid Chlorogenic acid
Cultivars (mg/g)

15%% No.1 30.65+0.71b 36.80+ 1.58 a 262+0.10b

2 %% No. 2 37.08+0.57a 35.60+0.8la 459+ 0.07a

Mean * standard error (n = 3). Means within each column followed by the different letter(s) are significantly
different at P<0.05 by Fisher’s protected LSD test.
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) 0 .
&% 1 9% Taiwan Hang Ju No. 1 E# % 2 9% Taiwan Hang Ju No. 2

N N

&l — ~ EEHUIER
Fig. 1. Plant of Taiwan Hang Ju

ZE %5 1 9% Taiwan Hang Ju No. 1 28149 2 5% Taiwan Hang Ju No. 2

B~ EEHUHIEEHED
Fig. 2. Stems of Taiwan Hang Ju



ik fl- 2B 1 9t 2 9R B Blar 207

A

8N4 1 9% Taiwan Hang Ju No. 1 =814 2 98 Taiwan Hang Ju No. 2

B =~ =GR
Fig. 3. Leaves of Taiwan Hang Ju

[y~ Z2E A 1 9RREE P
Fig. 4. Blooming condition of Taiwan Hang Ju No. 1
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&7~ =& 1 ST
Fig. 5. Petals color of Taiwan Hang Ju No. 1

&l ~ 2B 2 SR EEE
Fig. 6. Blooming condition of Taiwan Hang Ju No. 2
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t{eee

Rt

Bt~ ZEUE 2 SECBA T

Fig. 7. Petals color of Taiwan Hang Ju No. 2

ey sy e

B4 1 9% Taiwan Hang Ju No. 1 &% 2 9% Taiwan Hang Ju No. 2

[\~ BB HARC RS NE
Fig. 8. Appearance of Taiwan Hang Ju dried flowers

281145 1 9% Taiwan Hang Ju No. 1 =845 2 5% Taiwan Hang Ju No. 2

B - 2B ARSET
Fig. 9. Liquor color of Taiwan Hang Ju
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(—) FetE R - BRERE - IR E R -

(Z) #AEleH - FRRIER 4 H~6 Aip -

(Z) FHEME  IEMZREL 5~10 cm Z EESIRERH VT - FHEAICLUREBIN S - &
EERINBL R R - BUE ) BRI Z E 3 R -

(1) FAEEH BT BIT ZRSEET - AUEEE © 60 cm x 60 cm > & AL —
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B CSEIST Y 34:217-228 (2015) 017
Taiwan Tea Research Bulletin 34: 217-228 (2015)

EEAGFREALZ AR BT

FEIER 2

w =

BINSNE AT FEE L EER () RAERT 1~ 2 JERIEH AL EA @ AR lrErR sy - EE
WZREOR T EAIE RO R 24 > EZONEE RFERA - ABEREFM " I8 ) BE R
GHERE TIP3 A B RSB e 201345 T W BB S e M E i e 300 BTG
TR ER - B TEECS > 250 0 NEFETTOR G ISR R R - ATHRE HavhiRet
FEABRRTERRE - IR (B8 2HY EZEHI RECRIAR) ~ BCRBERFER ~ TIHEET;
2 SREERH B BRI S AR (R L LM S - ARIR LT SR R A RR SRR - A SRR A
th 8 Tekm e Bl - WA E S SO SEANRR B AL 2R ~ HERR SRS E R R BT E 2 2% -
BRERT  EEERA - BUR - HERE

il

Al

BT RIE 13,486 N HH (2012 £F) » AEFERZR 14,902 A > HYEFAR S BMELFRE
HEERE 2011 F/DEE 2,408 A - SRE K E B THEIEIRE MRS > B EmiaE A
IRV © AT > BOREGRAREE - Q2GR CUBRITEAS ~ AR ~ BER) - 40%
EALRIRBAAAIETT - (E LA A R SR B 0 SR R AV E & > BG4 LM - i s i
BEERECSE R AEL oy SRS > SRR E ABRIGE RS, HRIRZRER - L TR EFH
HEES SRR oy SR Bk > B DCRRIAELLR B A2 SRR © 1B/ S 2 B (L e 2 Y
FERZ— (EIEF ~ BAA > 2013) -

BN ERNGS - B - BRERNIALRS - ST ARIFIENE R K - AR L R
MISHER B E - ARG Rl - (RBEERSEFHRGETEREUR » 2012 £ 2 KRBT &
B zEEiR  OFLT - PRESRELS - R(EEE ZEE) EE - SR EEE IR AR I i - f
WEHT - M - FZERGBLUEEHUtE LT AERmRRAEHER D 215 - A8
EETIOREAERMAE AL SUEI T AZES/NR ST - T A7 EE A i Pk
[~ R A o et EE4T7E 2,000~3,000 AME [ o E =SSR AR
MEEMERERBE AN BN B R BN EN T

EEH SRR AREMBIER /] > FRERE - fEYe FREEE - MEMTHRE BA
BRISEE > M RBRAEEAAES > HIL - BAREHD T EEREE BT ICREAREE  BOR
i~ RAUEORR otz DR R TE IRt &4y - AU E 2 BUE R BRI S SR
B BHASEN RS MIIGELE - T FEA e FE—0 RN — N O b TR R L

1 ASCE YA Gt 2014 42265 11 JE P bET G (BOL &R IRARS) (FBER S -
2. THIREEZ AR RS filE - 28 HkE -
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T L R B R 2 AR D S U B - I SR B B R N - IO e
T TR S BB  SPLERE - S DA CE (EIER% > 2013) -

BB E LN o EONE R M 23,516 A » AN RE AR > 2014 4
ShGHR (R 3,737 /AW - [ 1975 (% - ISR ISR EICR B BRI - AR
SOREERL - FEES N PRI AY  WE  BE RS (RN R
SRR - FRBARAL £ SRR AT BT 1971 £ 0.27 /0T JRAHE] 2014 45119 1.87
AT -

BT A RS - R S B BT RER AR A S e - B
T~ BRI 0 AR, EEE RO ENEE SRR  RUHTHERT
ERBORRIR P2 3 - EEPSHPEERAR, (SUR @EEA0R) 1% 1989 MR WIBIE - A HL2 1992 4
S T TS TRATN » RIS BN, 1993 E R KRIER RIS » ¥ 10 45
SR AR BAR T BB - EASISER ] 2008 LEDIA » SURMIR T IEMARSAVELL - (%
OB RRGOR STAIER R (S5  2012) -

ORISR 2000 E5ETHEAE 8 [RATHE » 20102012 A AEUERFE 9 (AT (T
BRSSO 5 5 ) (2013 47 4 0] WRVS 3245 1 308 \SRIBIE 0.5 (ATH6K) -
LA 42,896 - ST 17.696 WA 14.29 » BSHEAS 9.0 - 148 2011 475 55 M8
SRS L BRI TS S B AT EE S 400 (R0 HEEEFFARDL 80 IIRIEAERLE - BMBEIHCHA
T 240 (BT » Hop AT 125 (0T - (TR AR IR R PRI 2 K BP -
F RIREEEARARRITT) 50 (7T » AR RIRREATEEE 2096 DL L - (B s QUM InR AN ATl
51+ USRI BRI ST G AERT R - BRI (2013) SRR RACRHITT (5 R A a0
K ETRRE R ERHITR - BRI LB AR AR M - 228 B A6
PRI HCE e BIZE BRSPS 2 0% - BERCH - EHHS (2015) IR SBANES
R B 2T DR M LR SRR AR <

BAR - BHEFER—EEN - ER—EE - ST - S E I AR
A - FERORAN - SRR ST RS RO e A % » AR SR
A A G LR - TP SR RS - SO - RN S ABLRIRMETE
SRR A —E R - Ho5E - 0 SRR AR TR IR TR - B ARBS
/DI » F A B SR S MR T Rk A M 2 A RS
M T T - MO - A B M (RS (OB - BB - BEYEN - 2008) -
b QORISR ST A 5 - BT AR - SRR ARIAT R S A BRI
AT E S - B ETERIEE SIS MRT - REERR - OB R AR ST
RGN - FEEESW  TENE B ASTFEETREYE - Bt - RS A
ERAGEREBIAE IR < BT T - B R (R SREOTR > ER IR
FERATABSFTE (F2E > 2012) - B THECK © 2580 BEBRARAEESEH, |

HEZABIANE S HIAIR A () FOERT 1 2 SEEIALIR S B 3 A R A
G5B I  4EE SRS BRI T 22) - (BEIPS ORI AR — AR 24 5
FEE| 240 (BT - T LAPE AR & PR RO » R RS I E 0 - AR
BRI  SURBSMIE R (2014) SAEAUERS AR FRR P AR S R A
SEABRARAERE 92 — » IR T B R — B ERBE - 257 TROOE %
0 5 WIRERETER R IEE S (o B R A (A R A BHA S SE R - 6 (45—
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B 8 FEEIEES SRR BRI SR i 15 S B SR S R B B A - AE DL 4R

B N5 38 0 9238 5 R B R 5 0 SRS
FTONRE 2% -
SRRERE

R Smith 1 Churman (1997) MERVE > EHEHENE B EMEACRER T oo o 1R
o] DL A E E BRI B (FRE ST HE S L ENEVESREE - it T HA, 2—#ER
VG RREE - A FERAER E RN A B ENE T A THY - TR A LS
HIELAS WIS ERMEEE - RIS TH - S AN B2 TE - FrLl Al AN XY
ﬁ%&* o WEN Y B AEETHAE 25 5%E] 5 RIVEFE - HOF - %E - it 2mE
NE/VEERE » ISR EI S 2 HE A VE R iy » $ERTE R - SRS S8
%ﬁfi Him LSRRI AIEERE (855 F 58 > 2008) - Williams 1 Page (2011) £ ‘Marketing to the
Generations’ TAZEHERR Y A 16-33 5% - 16 pRLA TRy Z A - ZERZESE (2006) = " AFHE AHY
SR OHUEZE . —mflEg e | BTN E AT 45 BT « R (2006) f5HH ST A 4H 8%
1993 FEEE " H/VHE ) (adolescents) AYEEHSSTHY 10-19 % > MAEEE A (young people) HYAEHES /1A
15-24 F)‘ZFB? Nt EEEHVESIETEE/NSGFES - Bt -~ S RERENEL » DU EFZEN
[EiEgES SYNEI
HAEE 3 i T & o B e e s R R S R R T B 7 S B B B i
HIR AN AW © — R R E— 8RN - ?ﬁu =2 i=p = EcTan) =N =|
CHYEE” ~ T ~ “RAA ~ EIZ Ry IEREERS R o BRI 4R M & S I SRR EE” ~ i
mnfY“MERE ~ BB - “BREVAVEETEERERG T o FTEEE L BIREE BN EmEP S K E R E”
AV IR R 2 e e o 5 T (BRER” ~ S M L 38 8E s s o RINE 2BV E R R (BERgL
HEHERR > 2003 ) o JbAh o BB AMIATEE RS - WA SE A= EET E 7 E0VEE - AbstnsE
AT BB E L AR TS - AGE AR 53857 - B AAE - B84 E BV HVE mEis » —EZE
IEE%/UEK‘K@FHE’J}\ (Z A BE S R AR A E] > 2005) - FES 1S FERARERE 0 2R
A ER LAV - FIRGHEE  HENEM 2 EEAE RS - ERERHEE R E
E’m%%ﬁx BRIV 5 (1) - NEREENHE MG > REMAEHS - BAEEN - ARl IH
HPRE SR R R AT & R B R AR Y B 5 A JE¢)\ BB EFER (LR R B R
12 BFEEEE - 2 - B - B ERR E R RNETRLL - IREES - HEEE - HEER
FHVLEE AT R > R OHEDEE ~ AVEEIERETTETRAVERE (85 0 2008) -
RS2 HELT BT EIAFEE S - 2R (2008) tHITHE HIE P4 (ERE 1 G LEEF - 0F
B RS R AR D M BB R AN AGSHFAE E R B BT 28 B0p [ - i v B2 A4 R T =URE RGN
ST IRE BT pEAFHE R T B U THRZENFE (1) A ERN AR LERZE
(2) HEUEHRZE  (B) HE ~ BRIHEBERZE - hE4LHEH AN FIERE - 72 LRSMNAZE
HVEEEITERT @ A e T M A RN SRS - M E R - 5§ B HE R SMEROHE R
5 o BT - B4fiTE (2008) WHSTIEH KA B —(ERIRNEE RS - MBS E I AR K
o OHE N T EEREMLLS BB T KRB EMH RS O EREZE THIH - HER
FURHAW RN HE T 2 35 P EAYH - BEANEE TGS IR —(E R R g2 S A
HEFH —ENVHERT) - $HENUNKE AT ERRE21%N ARIREE 8K - 72%H AR HEE



220 EETCEYE R 55 3411 (2015)

FEIS > T AFRRIER XSS » REAIGRIGZS > BIEORAZW AN AAEMERNE - KRELFSER
EAME -

FOEEREEE Y T ERZ A ZE A - BRI SR RIRER > [l ZRERVER g R ER -
ZREf ~ IEEAR E A AR (BEE) - 1992) « FEHZ R Bl g 21t N8 E L RE
EmEERN > ZWPBCCUEES - MERER - RIERESR ~ SIS - EERE SR
f o S B EEE TR - RIASRERFKEMRE - S5 KEEMWE - 3
ZSHEREAEEMAALN - AEESCEHRE/ERAL—ER > BERESR - B MR -
“EEH TG M R (EAS B S (FFEM > 2003+ BRER(E ~ MRl > 2003 ) o FHARF N E 2K
MEALS @ THAEZEMEIIEE - HDEEE G AL ES - B i EORE - 8%
T > 2001) -

ZEMEERLEILE ) 25030 FET: > IEEGNEREHEEREEEN R SERE
AESWESR > BMUIREREEE » SUERZERIT - A AFERE TUEHERRZFE R > £
IR EE RIS AR HPINEE BRI T > AREESS - BN LB i As S
BN RGEERZE > MM AEERA 0 HSEIERED - R ~ R EAE M-
MR BN EER ROk » RIL AR D R B R AR » MRS 2R/ IS
ER BV AN IARESS - T REEFEF IV EERE R ERSE - R mE 2
EEERE GREN RS 0 2001 5 [HE(ESE - 2003 5 SAEEsE 0 2002) o

SHEEHOGE S > CHMENE— > B D AMEEN SRS TR - (CIEE a8
X BT EE BT A B R I ER T (ESER » BRI R EE S 2 &SR8 =
RIS - 125508 iR &R TR K C S & & A e i SE TS e i - & E1%
AT Rt B DA KARERE (DraBe ~ fafok il ~ AR - 1992 ; =& EHEE N e » 2000) - F )
L (2002) 5PAy 21 MACHEIHEP A ER L TS SRR EZALUT %66 - a0 - 28 -
BaoNIIE -~ I - H BT - REREEN - i L TEEEE - 46 21 Hagr3s
EH WA AR - X REF G HORBT ARG - AIAR BB SR
R E B DAE 3 88 B AS S Ry T - MERES M & B KRR S 2 (LR TR oK > — EbE Rk 2 5%
en AR RS ~ fEEEHESS (GABAtea) ~ ZEHARAS ~ BEHALA ~ EEH A ~ HR ~ A - HFFER
NEFELLSS > WEREHBREET WA ENHE T o FI0f EILL TS b/ N EfE S
HEHE OSREMTER Y 2EES - EYILVERR RIS ENR RARES - BIHSHERATER
IR EE - IR AR EUEFAVER NS —1& 5k e > o ERE - WAREE T TERE
PR (FPEEEE: - 2010a) -

SR —AEAERAN > BRI - BRI S S E A4S - MAFERR - RIS G4
& T HIK (B45% > 2008 5 BT > 2010) o HHAE] A AR A EE i {2 R - 738 2008~2010 fEAf i
REBR T 2 S A AR © 2008 (RIS ISEE RS T E540A 20 87T > 2009 S8 2 40 (8T
HEET Ry > 2010 FFEAER AR - A Pl aE B 50 8 » &2 60 {27t » LHZE 755 2010
DL 654 %HVE NRER  FHEVEERRENT S g (P EIFFE - 20100 5 TR§EHEz > 2010) -

Fo—TEEAF AR OB I E G EUAA TR IEER o« RS THEEBHRET » 5
EREEZE HEeEEMS IRELE = NESE HIMERE + IRESE - AEREEE =
HANE © BRREE - aFWPIEE - fEaE (BRI - BEERY - ey - AETE A’
VESE)  IMERBERREEE - NTE - IMERRGSE =EE—A0 §h— B HEEPTERN R
e 2 WEREHECEESTHVREATE  AETEHEN - RAE OB EERER
i EISE—ESF A HIEIR - WRENT KBS AT K - it > S EZR LR E TN £



RGN BRESIR SR A e o R e 221

RS B GURE R an e > R anhE TAE (225 ~ BI4LIE > 2001 ; Pettigrew, 2001) - 27
—EL{RGHARE - B TS A AR B AL A IR - AR N AR AT -
HEHOFREE —BNIEE 8 TN EENEERENgAR A2 BHEEEED
EREPUA - HECNBEERSE - MRS ST &NEE SN ERIRE - T IVEZ N8
HYARBEE N AR - B NE NVEVSEERORE T  HECERK TF XSS - KL
JEZATIHEE - RS E BRI E R (IR - trat ~ Ba A > 2013) -
EERFECHBTERER  BRWE - EASHIORMS & - 178 - B > &2
ENERERAR - S E DR B SRR - EONEE NS - ERER S bR
& > fohf - BERBHTIH DI RO GEEE KON B E R VIS - Z2ft > DS B ERERE |
BAEES > BEIDHBEEHELNEE > BRSO ERER > MAESE "HL . B
FOHEE D0 BTG o (BRIETIHEE S LHIRE (FFE 0 2004) - EXCH AR AR E BT -
MR EEIHGRE - INIEFTESR 2GR (BEER) HE S S RESRERmE - I T aiEd
FRAVE (B0 > 2002) - T EROEE QMK | B T ISHER ) BORERT » 2B R ERSE H Bl
BIAPEE MG ALHEE - M HER A KREBDCE R BN = RETRES (5 R - 2R
%) - HAMRZ AN A Lt sEFRIRE R REIE T B 2R B SRANEAE - 1 HE R 2 By
o R E AT R AR ARV ERE AR (BIERR > 2001) - DI ESR 2B SRER A IVRRES » IR R EZRS1
PR AR ESS - (HEESREAMEtHE—KME A E S HFEsEgs - THER
TERRRE ~ RBEREE - FIFEZEmIE - 5olr - Sy " 2N REEPFITREEN "2
BUSHESR o AR — TR > BRI T (LRYSLE 24 - BT SR SR i E PRaE R s
CREVEEISEER  METHEIEARE T IR H EE B AR 2 ExUS ARSI B A &
0% - INFECREDH B B i s - R EBK B 2 S SRR 5T - T2 B EES N
JRERA HACCP 5258 (/&35 AT EL B S ZE ilRE Za470) (BRENI(E ~ £k 4 ~ &/ ~ #F4E > 2005) -

AIEFEEF A GRS T UEE R > H S PA E G PR F BB s 5 Fr A AR
LRl ~ 45HE (coding) 7% » FIIFH SPSS (Statistics Package for the Social Sciences) #E77&HT
Gttt (KETBC ~ RITHRESE) -

(—) BETMGHEESR -

1. SHEFEOEERGTRGHESR  MERER-FAER IR (semi-structured open-ended
questionnaires)(Patton, 2002) - [t N AVELEE « ZRBEM ~ BRI (BIE25HY 32 2R K AR -
BRASHIEMRRA ~ 2B T EE T - BE B R EH RIS - R SRR RS
M R -

2. HEEARHERSE - (HFIH T ILEHEE . (purposive sampling) U7k 0 FEH T ILEHNEE | 2
TR E R SR AR B B E B S (TREE > 2011) - Bt » ABEEELMRE S
RRER B R B RECE MG K4 MGHRER SR LEME 7 EBRNSIEET Y4
WSS M2 ARG T 28 S S B E R 300 AN 2011 4F 7-9 A ETMEHEEIEE
&t e

(D) RGBS - GrEaMEGREIITEER > #DIEL & U B B S TE T8 K
a5 [ L NS EEMHZE SO 2% - S 8ETEL 210 {7 HIEE 197 (5



222 EETCEYE R 55 3411 (2015)

HRBEA o [T RARA 197 firds » 5574 109 iz ~ Zoi 88 {ir - AFi J71H] * 13~20 5% 163 {ir ; 21~30
% 13 4ir ¢ 31 pRLAE 21 fir ((REREBREFEEE 9 BEFE) - BEEEITE > HTFTATLl L 10 iz 2 K
H(E) 1 mh (BEeeik - ST =) 1107 B 160 {7 - -5 EHCIRGERL - Aol arEg
NSUEAE 5~45 5% > (HHNE B REIRE0R KRR SRR N BB A e S AR - S4B
TRE&TF AT KB BIERHERERNREEILHBNER > NEEAIZER T EE A FUELE 13~30
B o

ATHREGEREUR - (EH ST VRV EE GG 7 Bl - EHEIGIRAVRERBIRT R © 40%
- SR B -~ SRERME - IR T EERAE R T o RAYEZ TR ¢ FIRISREDE -
N BTG g i #oEs ? 25 2 IHEREFERRT R © (1) SECRAVEIAT RZ% ~ () 8RR
ST PRI (WFRFIEE ~ FRESE) St T EER OF) 2% ) FIEARIRZEGERRATE- ORI
BAEEREBANE & 0k B MERENS BRI - TSR - fRE OS5 T —REEA
ZR g BNAAERZFEANSEER OF) 7% Zaiad b ERFERRRE R - (1) AhiHE - %
FFPEIEHE  (2) KEH AL > ERIGEER () REGEEE : Q) 588 THABAA G 5 2
Hinks (1) ZEEYCRING (2) ZEEEESRERENVR OE T A URAER S [FEAISEER ()
o o RS [SEECNIEENER OF) o > Z &S REUFARHEL A FENIER T YA aRECR - (REZE Y
ARy (1) MIREEERN ¢ (2) ZFEEYCRIIMEETTENH  3) ZEEREMBEN -

REAEEA

AWTFEARE Ll A G R RARRE SORE R > BRI TS 8 TR Bl - IRk
SEMRBHEL AT I -« HERACSRBUCE A BUE R T RE 2 2%

1 SHEFEONEERE - ERUCREREELM - 1Ot (2006) WIFERUNFIRE S HE B R E
SRR BB Z L PR - B E (2009) SHETREUHEEF R (LEEFRALFEN)
B TOREEANAO ) R T REEA R IEMEER A | BERZ FROR AR E VA2 5 - i IR B AN AT I8 S
BN EERARHRORSS > P N EEREHBVEA » E SR E (FREVAE) K(EkE
RRK - FEREBRIAF ZERARSGEER OF) & - ZeiER B EERRRT R (1) 7+
IR ~ FREFTEIE © (2) KEASHAL  ERIEEER (F) RESEEE: Q) &8k THAEAS
UESR g (4) RAEEREEAL S (5) AAIEANTE TR ¢ (6) FAIESEER (OF) RALECE Cf
BIORE) AR - G EEE R A R R E TR EORERRER > 5 E CE Tk 0 IR
Rz —BIE T FHERVE0E I DRSS - AR ECBITE > bt & B EEoag -, (ME
2011) - FHEEREASOEHE (2006) ZWIFREEFARTT -2 5 & N RGNy T Z RN A R HmiE -
72 BRI ANEE - A7 52 K R BORT 2 1 B N S RO GO IS AR R ] > Ry IR
ng Rz ibie o [ R (2014) FEHAFHBIFTREDS - A7I%HHAZEE HOAEREEE - S
PlEtbfE 2 AR AR E FIRERTSELA] (10%) RiE - AR EZERE HALSK - 589%LL
b BORAEFFEEIASG29% I EEANFERE " FERICAA EAT 5 (54%) " i
B (38%) - HAMEA G A SEOSHEVEUR B R IFRRI LSS - R EE AR TIFEFRRA - &
155 (2008) SRR ACTERE M R HUS R R - 587 - BRI mE AL - WU BHISE
BENCRORMEEENRIESRESS L - BER (2014) fHHFEHREE (1025212055 H5H) FHE R
REIEAEN S - SRR ARG B EE HRR A2 ~ BUERY R - KimE g R B AE iR a3
PPN PN

BIHT ~ MIRECHT (1997) WHFEEHIE S (18~40 j%) BR(EDHEFHE TE SR K - FAHY -



RGN BRESIR SR A e o R e 223

FEAE (2008) WEFEAERETT - FEUHEEER AR R o PEEE R RS - B3k
e~ FIBAEEEHHE RY - REREEK BB e Z I RMERHET R - REETIE
it (2012) J> 2012 42 9 H it —T %M Y 4 (25~34 5%) #E(TM 2012 4 Y (A TIFEENE
GRS Y RER AR MRRERECHIPER > 7l 3 AikF R T EH T EE - TAE -
PR R B EFT MR R B R A - LI Zehm f 2 M R A RFE TR AY IR - FR R0k - #7525
EE > BVBHE B Y BRAVFEEARES IR - ERRE RS T BRI RS AT
% o BT —PRERE VRS - STEEE— RS RAVES  WEEMTER S - U O R YT
BTER > RreimE SR EER A LI A AV RS (BRASHY - 2011) -

PRIt - R s | B AR N S S A S 2B (00 RO 1 278 1 Y HE & SRS 41
() B (EWTERYE R - BUER) - RESEEB S EEAE N 2 B AT - 2otk
FIF ~ BRI R e S B ERERINGR ¢ (2) B0 SR (QUEE ETTHEE - BRIREE A RRE
BRI - WRER R R - BT EEE > (F—ERURAVECE - BIA0ZEUS B ATE
TR I SR TR R S I > R R H— By 7 =R bl - 58 LR i AT S5 el 13
BB E M E R REERN R Z g > WL A IR EREIHERE © R BT 7R ZE ki
(wheel of flavors) YT - bk 7 BERAVAIRE Z ST - A FH B AGAT A= T ATE Bl AR A0 EAY 7 SRZER
% NSRS IRERE  EMARRE LEER O (RERE  2013) FER (2014)
so ] AEBE B EE T AT 1A% > A FEBRIRIEA - G AT AT fh 7ok
HIEETRIRRL - BTURE S A BB B LV L= 2 E0% « 16 H A TP AR5 8 R I T DAE
HEEASENE LG - SRR - BREIE (2013) " M2 R B S R SRR AR Z 5T
HIEE SRR R~ R B n AR S &k ERDR S BB Ry 2 EUER (R S s AT 4
IRFFEIFR IR IE B > PREEFRRCASN - FEIRHIRE R ZIETR S E 2 & SR - Hpa Ed—#
TS &~ Apa % > HUR SN E TS - SEERERER A - fEft—ROH g HEH
JRA] > AT R BN EE S BB et . B EALRE - (OSBRSS E 2 -

2. BIEEESMTIHECER « T BRSO  Jane Pettigrew 22t 2008 £F 4 [ SRR o RS IR
THEEREEBCETISIAIE K ER - RERRAI R LA AEA (= E4H > 2008)

() —dnts - HATEERN G EEMN > BUNEREC A ENESRE -

(2) $RECHEEBESHIZE © P77 ABYCIRERBEOR ~ R » R EECES -

Q) EFHEENE L « FHEE T REN M E 2R -

(4) BB R E | [EEECRPEEGRETS - DU B HEAN -
fER - B IEF RS R -

(5) WENITSHEAE M « ZEEABFENVEM - SRPEFEIIR - WA AAFH - Hg
JREER— TR 1 RTTHIRE - E—BERERER - 1o/t TIRSREHER -

(6) ELFENVEEE - DUEESE - BHSSAVBRE RI R AS B IRIRZIRR EN 52 - BLRAT -
RF 5 4R -

Rt > SRR SE R R A A HERS B 2 i RS e E ] SR B R (ks > DAL 6 (&R

AN A A2 E 2 -

3. HAZBURGAEREMCIFGH Z IR © MESFFEEOHEEE - fHEABLET S
AP SRR BB R - RS L) R B GSEFRR B L E S E - FRORE LIRS e R
SRR B REFR—RBN ] - BHRZ FH/ DGR - IR AR SR 2 SRR 2 R S R 2
EEERESHBENE - & 58 iRt — - BFEEGRAVERE AR 2R TR Ay
e R TAEAYE (RS - AAE R RS A B B Rm e AR T B S EHE



224 EETCEYE R 55 3411 (2015)

HEERATE - B — (AR B S ERA R IERGS DRI B U E R B - B U2 E
BRI BTt R (R D B i e DM A Y S TR I EOM B - TS IR TR SR I SR RE
R e B SRR E RS JE T U aFE NS LEI SR - £ LIRS
‘FEEE GRS EE OB R T - BB TA T HERVIES  EE R T ERBEETES
(GrBAZE > 2001) -

BB MG E RS S ASDHEE RIS | JTRENIZR R SRR 2T [E] TR M & SR 3R
SIERHIESBRAREATER > HEEFEEERE AL EENRRTAE EEWENEE
RS AR ERYZESE (£ > 2008) - AGAZEHER R RS ELF/VAE (16111) » "/E0 R T b
BAE s 3T HEEAE o rERRS EEEAISEER () KRBT RIRALS 197 o PhEEREEE
M > FETRR AR ANAETE > e A ~ A THYZRE (545 > 2008) - |
FERMMINEIHESUREARRERERS N 2EASEEFVF 0 HPARIREA S IF
O HPHIHESRES - SUER RSB RAES - NI A BB RS AR -
S AEREDHE & ik Z AR AT ESE -

4. EERFERESTTIZRE « ATEE S T 2@ OF) 5 BUREE AR Z 8GR FATE-

PRV BN ERARIE ~ & 0k P TIERE A LBAEREE @ FESTEE - R0
h—BESLZ R g RERES RIS - BAEEIREE R - AFTa] DIESSRAVIT TIEZ 8% >
PEE AR - FERRACREEYS - S REER -~ BRI - 5940 REE MR E
SR FIZBEAER - (RHIE R MR E - TP > BURRy BBV R - Ko f
E S A R AR OB SRRV BTN R INAR » St & A ~ S8 e ~ BRI S
It > FEATFHERERRE 2R - ERRS - BORRERRENES) - EEE HE AR
NELE ZARIEE Y IR ITER AR 5 [ B 25 SRE A 2K - BIAIAT SR AR R R A SHPLAE R | PR AR R
B FRIEE  FREE S P EGAVERES - 5 —BRURBDOCRE - BUAE AT SRR
PORHIE S BLER - RAER O H ARRE T ZH 1 -

5. R EREHE RERRERREFE « REEFEE A NGRS EZER T
7% AR B BRI T WS A AR M AEE VAR E R EARR A IR (e
e SR BB BB HE R T REREE | JRRIRYRS R A ER B BRI - H BN YRR -
pan : BB SR EOEEIE T - RERERZILE - REV\R(EELE - REARERIEE - 2Ok
B (BEREL T bR B FEDR IR 40) ~ BEEhels  REESEEE) - REREAOR (B
AN ~ BRI BRI EEET - BOMEREE -

HEPRATERAS > B R B TR E TIFE S - RoREs ET/ B E - R EC e
INHTEENZS » R RS B R BT — (22 - R AR 2RI —RE AIReRRA
WEAE ~ BTEANE - BRAGREANE - REMHBIENS ~ B e ~ IS E e - iz Em]
(BB G R ATE S & T 07 1 H2RE0S  RESUETARE KB TEEHE GRS
GBI RAIREE N R Z &R ER & BUFEE PB4 & AR U b L B =Pk

AR BRI REA HR R SR i R AR B EE N - &4 BB AR BR AR ~ BR3Pt ~ #E

EHEWISWNGE > PIEIIZERE - snRAIERrENE - PIRRHORE: ~ B BEURE ~ o
ARER ~ FERARHCRE: ~ B RS ~ REHERRT - SRS - RBEARSEE - REEHEHD
4 TR R EIEIR R A - BUR AR SR A 0 8 R 5E RO SR M BRI R S il 5 L - e HLR R
an'E BUBERERE ~ ZRFEITH ~ ZITEAI A R OREDI S - B > WIREE S RERERIE P2 » #
IEMES PRI SRR (4% - G AR AR S E RO S 2B ok -



RGN BRESIR SR A e o R e 225

6. HEREEZ EAECR - NN EEIERFUEE | HAlZERMA S SR 807
A WREEHERE - ARIEEMEIIRE - AT eRRMBOR - BERAEEFEBCR - BRI
BRI AR - HR BT S - STHARS M SRR EN: - FSEONEEIRE - H5
HEHFE NATERERMUE P HVHE (RIERS - 2013) - BIRSIFEEAIGEER (OF) 5% > AWt
FeHHE A we R BURN A B B (LRI T S MESECR  REZME AR ¢ (1) DIsREZERM - (2)
ZEEHRIYRSTTEHA + ) ZEEFTEMBIEEN - IEL - FREEL {4 S AH BF B (i e 40
SR SRR N R AU I R RHE I - R Ry oM B 2o e - B M B R i e
E G AAHECRONE S "B VLBl TR (URER] - RS I EEIRE § LIRS RN
FE T EME NIV SRR - AR SRS - B E e WEER
HRRERAZEREE ~ [Hig B T ERGHY ) - BFGEN (2014) RABEERRICRFEE
it e SRR T RE ./ EHE R R AV R R fe SR EERF - BEICR Z R - SEHECR
B E B RKIRERRI S B8 KA RIRERA » s B B B RER G » EIHORSREE
ey 1 s YR AR AL P A (o LR 558 ~ B ~ B 0 ~ IR IEVEINR - DU BRI IE R R TR
e AE - EREREERELSS > MEREREREELEATRERNIRE -

BEAh - BR TR - RS - TRV E IS - R IR BB NSRRI RE OB EE
H o (HREA AR BEESUE - Mg EK - NI RREUE A B B AL ER S R 2 biE
B RFEEHETEAT G (W0 KRG - WRDE SRR - BT RN - RS
TUAEF AT R AR T ) ~ FRERAEE G - RIS R MR EHR E T - #E DR
BB BRI IR RS 1 -

7. RASEEBRMEREE AN - WS FEONEE R ESEEEEREEII TR (L -
Bt > DUREAERA > fEad Bl iR e - FlFthE R AN EBR M AvaE ST - RS DHEE
R - B AT AR Z TR BN AR R TEE R A R R AR
R ARAR SRS E AT £l SR LURITRE A« WEREE R A - FE RS ARSI
{ER P2 FENE BRI A F R O - AIRFIRRERS (AT BB AR AT -
BN SRR OB BRI S IR FNE B4 - REAh TR A FITT 858 B RS R bR B - #F
SR HBEETRRMES ST - Mogee ~ TR (2015) BREAEEREE - [RERIK - ZiBSM
SR BRI ARy B 0 AR E AT S B P& -

8. N NECRARRE M ETT Rt ot  BRTE SR (2005) WSefs i EMECREEZHEED
N R RE L RAPREYERTE - B L Z B S - RS — SR O M B
F o PR R B 2 IR S GEERZREIOR S 7R AL RS R EIORY) - SR ARE 2 (e 2 8k
AL - FEEAAPHET e —EEMATET R EMEREE SAVEERS  HE OB EN: -
RESWERNZAR @ mEESMZHgPERNERE (R - HEEE) - ZERZAHY > h#S
HHERNZRATRE - Wit - B5 EFE NESUNE > sl /AR B OB T RATHRINZ - [NEF)

H(5RIEEE > 2000) o SRRy BRE AR K EHRFIEAGCR ZH B LB AT By > LABL B AR
BAEFEA BRSSO SEEER OO - BUSKEERCE R ETIHRE 225 REMRTT

e T T RS N BRSMHRE Z OH BT B9 o s ¢ OB EAE  (consumer decision making
style) ~ WEETT R4 ~ OERHEIN E MR 8 - HELHE  HBERE - HEERBMERK
HENE o [EUHEBEE R ERUHETT A3 (conformable consumption psychology) ~ J#
LSt (consumption vision) ¥{T RRERE 7 SO -



226 EETCEYE R 55 3411 (2015)

© 0k wnE

10.

11.
12.
13.
14.

15.
16.

17.
18.
19.
20.
21,

22,
23.
24,
25.
26.

27.

S 3Ak

TRl 2010, HEREZSENE SBAL ~ DR2EHE. 201048 H 12 H -
FHERE. 2002. 21 HHACHSERE SER R TR - 21 AR TN EID ARG, Jofmil 24(4): 43-44-
HHERHF Hz. 2010a. [y BLOLAT ST O DA, RGN 2010 £ 7 H 26 H -
hEiF . 20100, 5 REEN T Frindtar. 2010 28 H 9 H -
BB SHRE N MRS . 2000. Z%SEAEHE SEBIRE /7. hitp://www.tcfa.org.tw
F#5. 2008. DA P-O-X PR SR ABRE ANRE - SR BRETEERIIR 4. Sk
B A&y 25:29-50 -
27 B B R RS RE T R {0 A PR N E] . 2005, Al HT 4R A #E 22 . Enspyre ¥ N E T
(http://paper.udn.com/udnpaper/POH0028/79528/web/). £ 46 H (2005/07/01) -
Aot 2006, EEHEERBUHEBIFOREHEBAE (REFEALRSD). TEASEamEEAL
VIR % E9 -
BiBA ~ kil ~ SREEAD. 1992, ZALMHE B BUSROT R Ao BN B ARG A . 210
i CREREAKAH S EEEE -
A5 4H, 2008, AEIE AR EHEEE CROBRE L. BIIBra kB eampsem. =it
ik
= k4H. 2008, ZESE EFURPT. SRE 865:4 -
RBA%E. 2001 {EBEGEFERFFULHEE. FHEME 11 16-19.
B ~ AIEECET. 1997, (EHERRE4ERE S - B - T - ZEEFAVHEE. FEMIT 9: 45-48.
Prge TfF N REsE. 20120 A Bl & W R £ — A EL. (Cheers) 145 Hj
(http://www.cheers.com.tw/magazine/magazine.action?id=1013) -
SR k. 2002, SRERSHEAS (T). JSaH 792:3-5 -
SOMES. 2012, ZREA{EET  BASZRORHE & R AR TERIRE BB BEEOK. CRIEARIE15/0).
{CREEAR PRI 2P, Frdl -
g8 ~ M. 2015, EEE T EE R, BaniiHEH 104(7): 4-12 -
FOhE ~ BHALE. 2001, SREOHBETORBURAEFE ISR, REREE 21(1): 17-20 -
FEACER ~ T - R4, 2008, RSECCTEEL ARGIERE. BEARUIE 102427 -
FRHEW RS, 2001, WipgEiinssiEafE (SFE) ARILERFEEGHCH (0FET7TH26H) -
theaa. 2011, ERIREEILEE FACRLE MRS CREMIAEL RS0, FRAREZ R G b
FEAT. HIET -
S 2003, EERERVEGY. HEH RETHEORECUEVETEETT - IR - BRE)
(E4). pp. 10-19. HEE : FFENEL -
FFif. 2004. {5 H A B i@ BRI, BRI 148: 54-50 -
5. 2012, AJ4E ~ ok - RO 7 EUH 10: 26-27 -
/D, 2002, 117 GABA [ZIfEE. 2L JURAR thhktt -
PRIESE. 2001, E/ERESAREEMIPE Z EZ AT ORISR LR 50). B B R EHE
EHE IR, 2 -
BREE(E: - PRt 2003, EMECER AR HREE N E A B 2 Y. SRR 91 R4 3
pp. 178-181 -


http://www.tcfa.org.tw/
http://paper.udn.com/udnpaper/POH0028/79528/web/

28.

29.
30.
31.

32.

33.

34.

35.
36.
37.
38.
39.
40.

41.

42.
43.

44,
45.
46.
47.
48.

49,

50.
51.

52.

FERS N BRSO 25 e 221

PRER(E: ~ 257K ~ @/ D1 ~ FFAAE. 2005. 8 SRR LS BRE P A a 88(L. FEXARY
93 fF4E#H pp. 186-200 -

PRASFP. 2011, fEASg f b ACHHIE A 7250k, 2011 £ 11 H 30 H  SARHTIHE -

PROME. 2011, ERRHIE SRR ElFE 425 2011 £ 12 H 6 H 5 Hirfd -

PRt B~ ARt ~ BRE A 2013, it BT i BEE 2 E R EI WA HE B
—EACERHIET G EH o B - BU78 (G4W). pp. 351-357. BKE : FCEM RS -

Bifz . 2014. BEEEEORIRE HAFR NG R B SN E. HE "B @i sEtraatstea
B o SRR BREE (G4R). pp. 277-286. BEE : FKEXRS -

BReER. 2014, SRR AEMAEEREN TURT R AMER © #HEESOUL - $ETHHE. A8
HesEEE TRk, 55 190 HY (2014/05/21) -

FOIEE ~ BRENME. 2013, FIF2 P AR SR B AR 2 W98, Z2EACE e s 32
129-136 -

TRFEE. 2000. SRiEFEHEIT /HIVE - ZEMHBERER. FHEHEER 1016-19 -

wHCR - £2 M. 2015 2B GBI R e Bamris &l 104(7): 13-18 -

SR~ AR, 2003, fRZESIBf . KO ¢ KA FE Rt pp. 78-83 -

BIEERR. 2001, ZEHIA WTO (&R EER R AB FIERRAESE. FEHEER 37:9-12 -

JBLTHE. 2010, RFEsRER $aE S —af. BIEmEH% AT 288 & -

PEsEh. 1992, EESREER TR ABZEE. HE “REEMKHSGER" - bukH
FEIERE ~ BN (&4). pp. 51-57. BhE @ ZREM RS -

PReHE) ~ FEIERT. 2009, SREDHEEEMNF K MR, THETREZEE 2009 FRHGHEIIR
e - TEREZRGRELRS -

PIEERE. 2008. EEAHE JTAAYS [ EREMIT ORI AREE 5w 00). T ICAT#EEAES -

ZERA 2L ~ BRT-05 ~ SR IO - ZRHEHEA. 2006, FES ARSI LA ZE Y —RblR s, AEEE: 21(10):
290-295 -

BRF5E . 2014, PR AE 2 tPEfoRSE. SRt 1:37-40 -

FEAAN. 2006, BREAETERGE (e /DA, SRR EEH T 16(3): 50-55 -

FEIERT ~ B A 2013, BN SRR BIR S, SECE SRR 32: 103-128 -

BRIF ~ B4hoL. 2008, {ENURERA B RO M B BT, R EREENN T 1: 13-16 -

RETEEE - S~ BlGRT - 5R1%. 2005, PRERG RITRECHE LR, BRI TR
#Efl 3(4): 6-12 -

Patton, M. Q. 2002. Qualitative Research and Evaluation Methods. California: Sage Publications, Inc.,
349.

Pettigrew, J. 2001. One hundred years of tea. Tea & Coffee. 173(8): 52-66.

Williams, K. C. and Page, R. A. 2011. Marketing to the Generations. Journal of Behavioral Studies in
Business. Retrieved July 7, 2013, from http://www.www.aabri.com/manuscripts/10575.pdf

Women’s Royal Voluntary Service (WRVS). 2013. Brits drink nearly 11 million gallons of tea a day
(April 23, 2013). Retrieved June 5, 2013, from

http://www.royalvoluntaryservice.org.uk/news-and-events/news/brits-drink-nearly-11-million-gall
ons-of-tea-a-day



228 ZETEYIIURER 5 34 1 (2015)

The Survey of Tea Drinking Conditions for Young
People and Its Application in Extension®

Cheng-Nan Lai®

Summary

Many research reports from many countries have showed that hot-brewed teas could extract lots of
beneficial components from the tea liquors of first and second brewing. But the market value of tea drinks
is 2.4 times for general teas, and major consumers for tea drinks are young people. This survey use
purposive sampling method to sample randomly three hundred consumers from mail lists of extension
booklets, activities and visitors. Then conduct questionnaire surveys to collect data. The objectives of this
survey are to enquiry their understanding state of tea types, tea-drinking conditions (including the major
types and drinking frequency), reasons of whether drink teas or not, marketing & propaganda methods,
resource of tea related information and other suggestions for young people based on health appeal for
“Drink teas constantly that is good for your health” and an increase in sale volume of Taiwan unique teas.
This research has complied and concluded eight reviews and suggestions based on research results and
related reference information. We hope these information could supplied as references of guiding and
extending tea industry for related units, and supplied as references of drawing up marketing plans for
proprietary of tea industry.

Key words: Young people, Tea drinking, Extension

1. The partial parts of this paper were reported orally in 11" Symposium on Chinese Tea Culture, 2014.
2. Junior Specialist, Tea Research and Extension Station, Taoyuan, Taiwan, ROC.
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Table 1 The results of questionnaire survey of purchasing Taiwan teas from mainland China tourists

il A P 2013 4 2014 4 Tatol
SESEIE fass 787 396 1,183
P EAYAEE (BHEEE) B W 5t S o
(1) PerEEL 719 91% 340 86%  89%
(2 HE=E 6 1% 5 1% 1%
(3) Mg 4 1% 2 1% 1%
(4) Hesthos 58 7% 49 12% 9%
EEREEEN (EEE) X B W 5t S o =
(1) BCE 617 78% 289 73%  77%
(2) %18 517 66% 231 58%  63%
() fEac= 28 4% 23 6% 4%
(4) HEH® 5 1% 3 1% 1%
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o mFsiiais

Table 2 The result of regression analysis

o= 1 o= 2 o= 3
N =787 Beta t-value Beta t-value Beta t-value
PR 0.119 3.385** 0.115 3.304** 0.108 3.107**
e
<25 0.037 0.953 0.042 1.097 0.038 0.979
26~35 0.116 2.441* 0.105 2.202% 0.093 1.957
36~50 0.236 4.465%** 0.236 4,510%** 0.231 4.423%**
51~65 0.078 1.464 0.078 1.476 0.075 1.432
EEOREHD
H g 0.065 1.749 0.060 1.613
® 18 0.177 4.811%** 0.164 4,445
(= -0.009 -0.256 -0.013 -0.362
LU R
(kS 0.070 1.966*
B 0.079 2.248*
=1 0.007 0.196

*p < 0.05, ** p < 0.01, *** p < 0.001.
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The Study of Consumption Behavior of Taiwan Teas
for Mainland China Tourists

Yi-Hao Lin®  Wei-Cheng Pan’  Ting-Mei Kuo'  Jin-Chih Lin®
Cheng-Nan Lai®  Ku-Yuan Lee*

Summary

To understand the situation of purchasing Taiwan teas for million mainland China tourists in every
year, we have conducted sampling questionnaire survey of purchasing Taiwan unique teas for mainland
China tourists in departure hall of International Taoyuan airport in 2013-2014. The results of 2013 show
that 60.59 of tourists bought teas, everyone pay average NT$ 8,665 to buy 1.545 kg teas in 1,300
recovery questionnaires. The results of 2014 show that 569; of tourists bought teas, everyone pay
average NT$ 6,695 to buy 1.183 kg teas in 708 recovery questionnaires. The average purchasing volume
of teas in 2014 has decreased 0.362 kg, and the average cost of teas in 2014 has decreased NT$ 1,970
than those of 2013 respectively. We infer that these results should be related to the implement of the
Chian Tourism Law. The major purchasing Taiwan unique tea is high-mountain tea for mainland China
tourists (accounts for nearly 86 9g). The major purchasing place of Taiwan teas is surrounding areas of Mt.
Ali led by tour guides (accounts for nearly 899;), the minority areas are scenery areas, airport and tourists
bought teas from anywhere by themselves. The major purposes of purchasing Taiwan unique tea are
drinking for themselves and presenting a gift for someone. These results show that mainland China
tourists have a very high interesting for Alishan teas. Above survey results could let us understand the
preferences and characteristics of purchasing Taiwan teas for mainland China tourists, they also could be
a reference for planning extension & marketing strategy of Taiwan teas in future.

Key words: Unique Tea, Mainland China tourist, Purchase behavior

1. Assistant Researcher, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.

2. Chief of Industry Service Section, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.

3. Junior Specialist, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.

4. Adjunct Assistant Professor, College of Liberal & General Education, Chaoyang University of
Technology, Taichung, Taiwan.
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FELUE BRI TR A ST (1583%) - iR BilzZ M4 H (A TR (RilrfR4iy
IFE92T (A x K)o NFTAIRAEI RS T n SRR (8 BAVASE (RS S A B B 5 - FIBERT
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T ADFBRAIRA & AR

Table 1 The results of questionnaire from the survey of man-power requirement condition

Ml (f&H) [FEEi e EHE% =t
FHEMEHE (N= #&E) 133 112 245
SEHEE AN FHE 2.9 3.1 3.0
AR HRTE AT xRE EE RE B tbx

(1) FEERE (T) 41 31% 31 29% 30%
(2) waf 83 63% 68 63% 63%
(3) At (T) 8 6% 9 8% 7%
FESERRA N JIEE KA

VDIFEFE 33 26% 24 22% 24%
QF=H 56 44% 44 41% 43%
()% 33 26% 33 31% 28%
(RN 3 2% 5 5% 3%
B)IFERFEH 1 1% 1 1% 1%

i T ] R S BSURT 0 rT  B o

(1) FEBREERRII AT IR Z 65 55% 40 49% 53%
(2) BOTEE AT T RS2 50 42% 28 35% 39%
(3) BEZE A EIENS [N ES T 61 51% 44 54% 53%
(4) THEHE KR 40 34% 18 22% 29%
(5) #EfTE T ASI8E 45 38% 28 35% 37%
(6) Al 4 3% 1 1% 3%

i AER TR A (TR ™

(1) PEARLEHIE 69 58% 30 37% 50%
(2) BrE %8 34 29% 11 14% 23%
(3) B R H A 95 80% 52 64% 74%
(4) TJZEHHREESE) ~ RO E 46 39% 38 47% 42%
(5) ARFfHEAEBHAMER 48 40% 36 44% 42%
(6) A 2 2% 4 5% 3%

*TEIIE Ry HEERE > BT IREEFRATASY 100%
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R B ANTHE (FRI) BRI MHGHEESR
Table 2 The results of questionnaire from the survey of man-power requirement condition for the most
needed items (tea-pluckers)

& (Fah) P A A s
B A TR FHRLT FHT -
Z LN EMGHE 115 100
2 TR A e BE L am R
(1) REH 5 5% 12 13% 8%
(2) PR 11 10% 6 6% 8%
(3) KR 92 85% 77 81% 83%
Z TIARL PR
(1) FeifFF etz 82 74% 87 81% 7%
(2) AR 18 16% 13 12% 14%
(3) AR 9 8% 6 6% 7%
(4) HAth 2 2% 2 2% 2%
#Z LA R R
(1) &FEH T 21 19% 23 22% 21%
(2) FMFEZLIERC B 2 2% 6 6% 4%
(3) 4MEZ L 0 0% 1 1% 0%
(4) AR 86 79% 74 71% 75%
W EZ TIHA >
(1) BRAF 22 19% 34 34% 26%
(2 HCET 40 35% 32 32% 33%
(3) ERAFfEHA T 15 13% 19 19% 16%
(4) AR E T 91 79% 87 87% 83%
(5) Hfth 2 2% 3 3% 2%
FER LT = %5
(1) PILEHE (MEH0E) 29 25% 9 9% 18%
SEHHET T 1,576 1,261
() DEstE (MEHE) 81 70% 78 78% 74%
E (AT T 62 60
(3) DAsEtE (&8 7 6% 1 1% 4%
Sy (BN ool A 150 150

*TETH IR B > STRECHRAIAN 100%



242 EETCEYE R 55 3411 (2015)

BRI H AR BH T

()
7%

FEFB(T)
30%

e A
63%

fEl— ~ REFERR TR (R Ea &)

Fig. 1. The labor-shortage condition of tea industry (Nantou & Cha-I counties)
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Fig. 2. The man-power requirement degree of tea industry (Nantou & Cha-I counties)
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Fig. 3. Percentage of preference for tea-pluckers’ source (Nantou & Cha-1 counties)
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Fig. 4. Percentage of how to find the manpower in the past for farmers from Nantou & Cha-I counties
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Fig. 5. Percentage of farmers from Nantou & Cha-I counties hope government how to
help them to solve the problem of labor-shortage
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Fig. 6. Percentages of generated benefits after the problem of labor-shortage being solved
(Nantou & Cha-I counties)
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The Survey of Man-power Requirement Condition for
Tea Industry

Yi- Hao Lin*  Wei-Cheng Pan'  Ting-Mei Kuo®
Jin-Chih Lin?>  Cheng-Nan Lai®

Summary

To understand the condition of man-power requirement for tea industry, this study use questionnaire
survey to explore the tea industry most needed items for the work of man-power is hand-pluckers (87%)
in spring, followed by tea manufacturers (5%), most of the times are all needs in April belonging to a
seasonal labor-shortage. The majority of hand-pluckers are temporary workers, they are called in mainly
by plucking teams’ foreman. The good skilled hand-pluckers of Nantou & Cha-l Counties which
possessed the largest tea planting area are about 92 (man x day) per hectare in April. More than half of tea
farmers (about 53%) hope that Farmers’ Association to set up human agency services platform, and the
Council of Agriculture to negotiate with The Ministry of Labour to solve the problem of labor-shortage
through the introduction of foreign workers.

Key words: Tea industry, Manpower, Hand-plucking
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