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R~ AEFRFEEF A E B EREMIRZAHRA 2T (2008)

Table 5 Correlation coefficients for yield and agronomic characteristics of Taiwan native tea trees in different tea

seasons (2008) _ _
JESN & H ER B2 X NIHRZE
CH Early spring Spring 1st Summer 2nd Summer Autumn Total
LN 0.702* -0.233 0.748%* -0.101 0.349 0.348*
SL 0.668* 0.186 -0.184 -0.077 0.604* 0.277
PL 0.133 0.391 -0.149 0.117 0.608* 0.194
ID1 0.407 0.590 0.546 0.403 0.067 0.333*
1D2 0.184 0.388 0.467 0.390 0.460 0.307*
IL1 -0.335 0.118 -0.002 0.575 0.726%* 0.276
1L2 0.178 0.200 -0.230 -0.016 0.776** 0.172
LL2 -0.173 0.422 0.012 0.422 0.325 0.076
LL3 0.544 0.130 0.169 0.207 0.380 0.326*
LW2 -0.350 0.496 -0.067 0.283 0.332 -0.125
LW3 0.445 0.208 0.411 0.291 0.456 0.237
LA2 -0.258 0.643%* -0.022 0.380 0.343 -0.042
LA3 0.507 0.233 0.298 0.272 0.433 0.320%*
LT2 0.252 0.592 0.259 0.106 -0.032 0.104
LT3 0.313 0.731%* 0.382 0.055 0.186 0.246
L/W2 0.143 -0.162 0.021 0.145 0.094 0.226
L/W3 0.136 -0.093 -0.254 -0.145 0.029 0.178
SPAD2 0.783%* 0.215 0.214 -0.072 0.075 0.337*
SPAD3 0.701* 0.310 0.313 0.242 0.325 0.403**
TH -0.022 -0.159 -0.255 0.013 0.356 0.013
™ 0.824%%* 0.341 0.277 0.315 0.709%* 0.471%*
SD 0.461 0.211 0.233 0.057 0.390 0.266
SW 0.227 0.543 0.225 0.315 0.607* 0.288%*

ZBEZEZE n=9  0.05=0.6021, 0.01=0.7348, *,** denote significance at 5% and 1% level, respectively
RE3%ZE n=45 0.05=0.2875, 0.01=0.3721
The signs of characteristics are same as table 1, 2, 3

TN~ ARFREER A MR 252 A% (2008)

Table 6 Coefficient of variation of agronomic characteristics of Taiwan native tea trees in different tea seasons

(2008) _ _
JESIN 5 & =1 52 X ]
CH Early spring Spring 1st Summer 2nd Summer Autumn Mean
%
LN 153 11.9 8.2 13.6 10.0 11.8
SL 15.7 19.1 18.3 20.7 24.1 19.6
PL 10.0 8.8 15.6 11.9 13.0 11.9
ID1 11.9 5.0 10.7 9.6 5.0 8.4
1D2 5.5 5.6 11.5 10.7 6.8 8.0
IL1 37.0 17.0 33.7 22.2 28.6 27.7
1.2 23.1 24.6 28.0 23.5 27.1 25.2
LL2 10.1 5.5 9.8 11.0 13.2 9.9
LL3 8.7 11.8 11.8 15.6 153 12.6
LW2 7.7 6.8 7.0 11.7 11.8 9.0
LW3 9.4 10.0 10.7 15.7 14.2 12.0
LA2 16.4 8.9 14.5 223 23.7 17.2
LA3 16.4 17.9 19.9 27.7 26.8 21.7
LT2 6.6 8.6 10.6 11.0 9.2 9.2
LT3 7.6 8.4 10.5 9.2 7.6 8.7
L/W2 7.7 8.6 8.8 8.2 9.9 8.7
L/W3 6.8 10.9 9.0 8.0 9.3 8.8
SPAD2 24.7 14.6 19.7 8.8 7.7 15.1
SPAD3 20.8 18.3 19.9 13.0 12.0 16.8
TH 7.6 8.5 11.1 12.4 9.7 9.9
™ 18.0 15.4 17.6 18.0 19.6 17.1
SD 21.0 19.5 25.1 23.6 21.2 22.1
SW 14.8 17.0 29.7 25.6 19.8 214
SY 57. 30.0 36.5 60.5 48.3 46.5

The signs of characteristics are same as table 1, 2, 3
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T NEZEFALUGIERRBEMINZ 2 558 (2004-2009)
Table 7 Coefficient of variation of agronomic characteristics of Taiwan native tea trees among tea seasons
(2004-2009)

ERIN Uk ER Eh BE gEE 2 MR BE KE MY
CH SC MY DHS FH LT LY NF MC YK Mean
%
LN 11.1 11.6 12.4 10.3 9.4 12.7 10.8 12.1 16.2 11.9
SL 21.6 21.8 234 13.8 13.9 26.0 18.9 16.0 15.8 19.0
PL 11.9 11.0 153 13.2 9.2 17.5 10.7 12.7 13.5 12.8
ID1 8.6 6.0 8.9 11.4 7.8 6.9 6.2 7.4 11.9 8.3
1D2 8.1 5.9 10.8 10.0 8.2 5.9 8.5 7.9 8.7 8.2
IL1 345 31.7 32.9 30.9 17.7 32.1 223 25.5 355 29.2
1L2 34.9 315 32.8 36.7 16.1 41.0 22.1 26.6 29.0 30.1
LL2 7.9 9.7 11.9 10.8 9.5 14.4 10.6 9.5 9.4 10.4
LL3 9.9 14.5 11.3 7.5 8.3 12.5 10.6 8.9 10.8 10.5
Lw2 9.0 9.2 11.9 11.3 6.3 10.4 11.9 11.1 9.7 10.1
LwW3 8.9 14.7 9.6 7.3 7.5 9.2 12.0 7.4 8.4 9.4
LA2 14.9 17.4 235 21.9 14.8 244 20.9 19.8 21.4 19.9
LA3 15.7 244 20.1 13.5 14.4 20.5 21.4 14.6 17.8 18.1
LT2 8.3 13.2 7.9 10.5 10.9 10.9 10.6 8.2 8.3 9.9
LT3 7.8 11.3 7.6 9.3 10.4 11.9 9.8 9.3 9.1 9.6
L/wW2 11.3 9.7 52 7.5 7.4 7.4 7.5 5.5 54 7.4
L/W3 11.2 9.8 6.4 73 4.9 6.9 8.2 6.0 5.8 7.4
SPAD2 133 6.4 16.1 10.6 6.2 14.9 6.2 8.1 20.0 11.3
SPAD3 13.5 6.5 10.8 3.6 10.2 13.2 2.1 10.5 12.9 9.3
TH 6.8 2.6 11.6 5.6 5.8 6.6 34 6.2 9.1 6.4
W 8.0 3.6 6.7 3.2 3.9 35 2.9 34 14.5 5.5
SD 153 10.2 28.2 3.7 16.3 4.9 12.1 13.0 7.5 12.4
SW 15.9 14.4 243 17.5 16.4 20.9 23.8 15.0 13.8 18.0
SY 39.7 51.7 24.0 42.8 28.6 59.2 20.5 44.4 36.2 38.6

The signs of characteristics are same as table 1, 2, 3
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Appendix 1 Shoot characteristics of Taiwan native tea
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98
105
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77
80

105
134
131
80
136
88
96

84
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89
84
78
68
72

Gy

The signs of characteristics are same as table 1, 2, 3
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Appendix 2 Leaf characteristics of Taiwan native tea trees in different years and tea seasons
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The signs of characteristics are same as table 1, 2, 3
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Gilf§5E— (Appendix 2 Continued)

TEAR T aE Iox Bk et B BeR 2287 Ml TR K
CH TS Year sC’ MYy DHS FH LT LY NF MC YK

5 & 2004 — 0.176  0.221 0.167 0.188 0.174 0.184  0.188 0.188
A =] 20041 — 0.218 0.220  0.200  0.188 0.226 0.178 0.210  0.208
LT2 2007 — 0.198 0.210  0.179 0.179 0.174  0.183 0.199  0.207
(mm) 2009 0.204 0.196 0.210 0.162 0.222 0.200 0.200 0.200  0.192
Kk 2006 0.196 0.168 0.186  0.158 0.180 0.164 0.172 0.184 0.188
2007 0.166 0.170  0.192 0.150 0.176  0.166  0.162 0.190 0.188
20072 0.162 0.168 0.184 0.147 0.177 0.166 0.147 0.178 0.185
2009 0.187 0.216  0.228 0.185 0.195 0.199 0.215 0.212  0.227
=S 2006 0.170  0.188 0.200 0.156 0.162 0.156  0.190 0.194 0.192
o = 2004 — 0.204 0.260 0.196 0.218 0.202 0.214  0.218 0.210
] =] 20041 — 0.244 0.272 0.234  0.232 0.248 0.214 0.254 0.274
LT3 2007 — 0.232 0.254  0.208 0.213 0.207 0.210  0.238 0.249
(mm) 2009 0.232 0.240 0.258 0.198 0.244  0.254  0.238 0.252  0.230
Kk 2006 0.234 0.196 0.220 0.178 0.200 0.182  0.198 0.208 0.212
2007 0.198 0.194  0.232 0.178 0.198 0.204 0.190 0.220 0.216
20072 0.199 0.203 0.222 0.170  0.206 0.196 0.183 0.207  0.219
2009 0.234  0.255 0.271 0.219 0.238 0.236  0.256  0.252  0.265
=S 2006 0.194 0.204 0244 0.186 0.196 0.172 0.218 0.224  0.242
o __ % & 2004 — 3.0 3.2 3.4 2.5 3.0 2.9 2.7 3.3
EB/IE =] 2004 — 3.0 3.1 3.9 2.5 3.2 3.2 2.9 3.2
L/W2 2007 — 3.2 3.2 33 2.8 3.1 3.1 3.2 2.9
2009 3.0 3.2 33 3.6 2.7 3.0 3.3 3.1 2.9
Kk 2006 2.9 2.5 3.0 3.2 2.5 2.6 2.9 3.1 2.7
2007 2.9 2.9 33 33 2.7 3.1 3.1 3.1 3.0
20072 2.7 2.7 34 3.4 2.7 2.8 3.1 3.1 2.8
2009 2.8 2.6 3.1 3.2 2.6 2.8 2.9 2.9 3.0
=S 2006 2.7 3.1 2.8 3.2 3.0 2.9 2.8 3.0 2.8
=i = 2004 — 3.0 3.2 3.2 2.5 3.0 2.7 2.7 2.9
RB/IE =] 2004 — 2.8 33 34 2.5 3.1 3.2 2.9 3.1
L/W3 2007 — 3.1 3.1 34 2.8 2.9 3.1 3.0 2.7
2009 2.7 2.6 3.2 33 2.6 2.8 2.6 2.7 2.8
Kk 2006 2.7 2.4 2.7 3.0 2.5 2.7 2.9 2.8 2.9
2007(1 2.6 2.7 3.1 3.2 2.7 2.8 2.9 2.9 3.1
20072 2.5 2.5 3.2 3.1 2.6 2.6 2.7 2.8 2.7
2009 2.8 2.4 3.0 2.9 2.6 2.5 2.7 2.9 2.9
S 2006 2.5 2.6 2.7 3.1 2.8 2.7 2.5 2.9 2.5
The signs of characteristics are same as table 1, 2, 3
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Appendix 3 Shoot yield of Taiwan native tea trees and large leaf cultivars in different years and tea seasons

P = 3y W EE b BB FEE 4% mE O eE kKB Z8  Z I8
Tea

season Year SC MY DHS FH LT LY NF MC YK T8 T18
---g/plant---

5 2009 209 340 245 113 144 88 240 307 235 152 189
Spring

=l 2009D 69 140 326 113 202 38 185 223 260 104 56
Summer  20092) 96 150 264 95 160 68 195 140 385 66 113
k 2009 213 300 267 236 242 160 236 350 325 — —
Autumn

£ 2008 256 140 183 95 239 68 245 307 335 77 86
Winter 2009 153 200 219 73 147 40 182 133 200 100 182

The signs of characteristics are same as table 1, 2, 3



SR A KRR R 25T

-y

- BB AU CER » 'R RS (REZER)
Fig. 1. Plant, canopy and tea shoot of Taiwan native tea trees ( From left to right )
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4&[E— (Fig. 1. Continued )
LY @ ZBHF 1125 ~ NF @ FBEILLZS ~ MC @ 18828 ~ YK @ kREELLZE
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Study on the Variation of Agronomic Characteristics
of Taiwan Native Tea Trees

Hun-Yuan Cheng Chin-An Yu'
Summary

This research aims to understand the plant and shoot growth of Taiwan native tea trees during the
tea season and the adaptability of cultivation on lowland, and to explore the variation of agronomic
characteristics, so as to be used as a reference basis for germplasm conservation and evaluation,
development and utilization, and selection of breeding materials. This experiment was conducted in the
Lungteng, Luyeh district, Taitung (22°54'37" north latitude, 121°07'25" east longitude, 175 m above sea
level) from 2004 to 2009. Investigation and analysis of the ten years old tea tree variety garden in the
Taitung branch, TRES. The Taiwan native tea trees that participated in the experimental investigation
include Shan cha, Mei Yuan native tea, De Hua She native tea, Fong Huang native tea, Long Tou native
tea, Le Ye native tea, Nan Fong native tea, Min Ghai native tea, and Yung Kang native tea, with TTES
No. 8 and TTES No. 18 for the control cultivars. The results showed that in different tea seasons, the
growth of Taiwan native tea trees shoot growth most vigorously in the summer tea season. The shoot
characteristics of Taiwan native tea trees and large-leaf cultivars were significantly difference, namely,
internode diameter, internode length, leaf area, leaf thickness and leaf length/width ratio. The agronomic
characteristics of different Taiwan native tea trees also show difference. De Hua She native tea, Long
Tou native tea, Nan Fong native tea, Min Ghai native tea and Yung Kang native tea were strong and had
good adaptability for cultivation on lowland and had development potential. We can continue to evaluate
their economic cultivation benefits. Regardless of the tea season, the yield of Taiwan native tea trees was
positively correlated with most of the shoot characteristics, but only a few characteristics were
significantly. The coefficients of variation of shoot length, internode length, leaf area, bud density, 100
buds weight and yield of different Taiwan native tea trees and each tea season were greater than other
characteristics, with the largest variation in yield.

Key words: Taiwan native tea tree, Agronomic characteristics, Yield

1. Former Associate Agronomist, Assistant Agronomist, Taitung Branch, Tea Research and Extension

Station, Taitung, Taiwan R.O.C.
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~ 14T E R EE R AR B (arbuscular mycorrhizal fungi, AMF) B2 SR T AR & OBy UL
2 HHREFEH AMF B R BHT AR A R - AR BN B R =TT - st
{EFE B i R 2= 2% 12 5% - AMF [#f8 5y Rhizophagus clarus < 1F 0.5 &% ~ 1% k¢ 1.5 {555 3 fdifi
AEET » P40 Ry 6 THERH © (1) $10 1B RELE 5 (2) HHaE/ME BEADETEAE AMF S (3) HH4&E/T
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1992 ; F > 2006) - ZAIfF (1984) FH&ZERE HIEFHY AMF &4 7fE - f1#E Gigaspora nigra
Glomus fasciculatum ~ Glomus clarum ~ Glomus mosseae F1£5{L Acaulospora sp. - =& 5 EfR & 115
H AMF fi-f@85H » 20 Glomus sp. BE#E K% » T 0E 3RSV AT FE(R > FBIRED
EIREFRIEZIMELL (GRAIS - 1992a)( " JRFEZS | (colonization rate) BARICREIREFRAME » AF
SRR SRy TRV ) - SF 22BN T AR B A R B R R AV R SR R [EIRY > AL
colonization Hif{, infection » SA S 7 AR B DIFRIER TR < ) o WIRAYIEERIDhRE & 2 5] 1 581Y
HRK ~ K5y - Bl - TS A E - TIERE  EaBNRESEHENEE (Entry et al,
2002) - 5RAIH; (1992b) stEasESREUR - AREEFRIAH 1 - BEE AMF Bk B 50 =& [F] R
HHEOERERER 12 95T £ RPN AR © I m R 8 - B ahiE AMF BUATRE -
AN 12 ST 2 AR 0 WE O BRERIECA A - 5 W B [F R R A A (e A O S RERL
2% 12 SRR AR R o BT RIATRCR - WAL (P2Os) Jiti &8 192 AT /AR 42 AMF
T8 2 BLEBHR SR B AR POPE R » B i SRR 48~96 /N T /A » m i AMF EEEESE (SRR
1992a) - FHBHEAERI ST/  BEfE AMF Tl SN2 E SR EIRE AP R(LRE ST » (REEREESHETT
Tige @ FEK W EFBIEGE - (CEREIER - WM GFS > 2017) 5 $EFH5cR
PREfEE e EARE S (5 » 2018) -

TEHESUKERENS H - YRR E A2 =G A ERET - T AMF A58
Z HEERRR A S R, SRR R 2 24 RIREAE - WL AT &
~ PP B R R EAR S R T AR R R UL 2 BHRERE N AMF BETE(E SRS
i AR -

PRHEETT7A

—.  FMEiE  E=A 125% 0 BUHURRNER G E L B 12 SRELRIE R ddiE o TR RE4Y 5~6 A
OReg A bl —3E > HeriER 596k - WATLE N T2k > DI E8EiEsR s - prsEtEiE
TETRNRAREE £J5 0.5 ANoypRaysF » FEETAIRs 45° R8T (RIB975 RIS ELEE S SPAT) - DA né
IR R T
. EACEREEDE Sl AMF RS Rhizophagus Clarus » AETE & R oaRg 1t -8 -
BRIt -
AR A e & SRR 250 (E7aF - K =0 AMF BB BUR P
HE -
u. HERMESUSEHE - DA 1A R SR (N-P0s-K,0 = 26-13-13) il 400 T2 -
IREE 30 271> IbR 1 (EHACE - NI S RRRHGHE 7% (202055 H 8 H) »
EH—R - 0.5 (EMEATEEL 1.5 EHEACE 7 B R EHE 15t AR S DR 800 (57 267 £% -
TikE 0 =271 FEM—X -
T wolBRaE
(—) B LER - 05 (HEACE (U9t FL) ~ LEMGACE (X8t FM) ~ 1.5 (EHEHCE (fC9% FH) »
FEIAFEES HEES AMF AR E R 22 -

(5) EfREREE - o3 RARERE (U8R M1) Rng A R (U5 MO) MifsnEH -

(Z) FEFHEEE AMF A [E R A - £ BA 3 AL E TR0 AT 6 R -
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Table 1 The physical-chemical properties of growth media for tea cuttings

P K Ca Mg Fe Mn Cu Zn Al

Growth HZ EC?
media P (ds m?) mg kg™
Red soil 438 004 210 624 257 7.36 535 27.8 040 122 1226

Peat moss 3.74 0.09 128 129 1269 924 508 174 020 103 264

? pH and EC measurement (growth media : water 1 : 10 w/w)

T AR - FHEYE R E IR E B T Rk S s B BT o
Table 2 ANOVA of the influence of fertilization rate, growth media, and AMF inoculation on the height
of tea cuttings

Source DF SS MS F Value Pr>F
Fertilizer 2 1034.19 517.10 532" 0.0065
Media 2 322422 1612.11 16.59" <.0001
Inoculation 1 243.60 243.60 2.51 0.1169
Fertilizer X Media 4 411.85 102.96 1.06 0.3813
Fertilizer X Inoculation 2 108.13 54.07 0.56 0.5753
Media X Inoculation 2 497.22 248.61 2.56 0.0831
Fertilizer X Media X Inoculation 4 797.28 199.32 2.05 0.0939

R= AL E ST Y E ST R e e
Table 3 The influence of fertilization rate and growth media on the height of tea cuttings

Factor Mean of height (cm)
Fertilization rate

FL 41.21°

FM 48.73%

FH 45.78%
Growth media

RS 45.94°

PP 38.22°

PPRS 51.55°

Means within each row followed by the same letter are not significantly different at
5% level by Fisher’s least significant difference (LSD) test.
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Table 4 ANOVA of the influence of fertilization rate, growth media, and AMF inoculation on
the shoot fresh weight of tea cuttings

Source DF SS MS F Value Pr>F
Fertilizer 2 163.42 81.71 8.44" 0.0004
Media 2 216.08 108.04 11.16™ <.0001
Inoculation 1 22.62 22.62 2.34 0.1298
Fertilizer X Media 4 14.81 3.70 0.38 0.8206
Fertilizer X Inoculation 2 23.71 11.86 1.22 0.2987
Media X Inoculation 2 45.57 22.78 2.35 0.1008
Fertilizer X Media X Inoculation 4 92.79 23.20 2.40 0.0561

R~ HERCE R AT E B it A

Table 5 The influence of fertilization rate and growth media on the shoot fresh weight of tea cuttings

Factor Mean fresh weight of shoot (g)
Fertilization rate

FL 9.02°

FM 11.72°

FH 11.54°
Growth media

RS 10.64°

PP 9.09°

PPRS 12.55°

Means within each row followed by the same letter are not significantly different at 5% level by
Fisher’s least significant difference (LSD) test.

TN~ HAEER ~ FHEE SRR R R AR T R e B L BT A
Table 6 ANOVA of the influence of fertilization rate, growth media, and AMF inoculation on the shoot
dry weight of tea cuttings

Source DF SS MS F Value Pr>F
Fertilizer 2 13.59 6.80 523" 0.0071
Media 2 38.35 19.17 14.77" <.0001
Inoculation 1 3.51 3.51 2.70 0.1036
Fertilizer X Media 4 3.27 0.82 0.63 0.6422
Fertilizer X Inoculation 2 2.53 1.26 0.97 0.3815
Media X Inoculation 2 3.30 1.65 1.27 0.2853
Fertilizer X Media X Inoculation 4 11.10 2.78 2.14 0.0826
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Table 7 The influence of fertilization rate and growth media on the shoot dry weight of tea cuttings

Factor Mean dry weight of shoot (g)
Fertilization rate

FL 3.16°

FM 4.00°

FH 3.77%
Growth media

RS 3.75%

PP 2.87°

PPRS 4.32°

Means within each row followed by the same letter are not significantly different at 5% level by
Fisher’s least significant difference (LSD) test.

2/ THAEE - FHE B R R E R B S T e I T AR R B E T
Table 8 ANOVA of the influence of fertilization rate, growth media, and AMF inoculation on the
root fresh weight of tea cuttings

Source DF SS MS F Value Pr>F
Fertilizer 2 0.03 0.01 0.01 0.9890
Media 2 39.49 19.74  17.33" <.0001
Inoculation 1 9.82 9.82 8.62° 0.0042
Fertilizer X Media 4 4.69 1.17 1.03 0.3970
Fertilizer X Inoculation 2 1.77 0.89 0.78 0.4622
Media X Inoculation 2 5.55 2.78 2.44 0.0933
Fertilizer X Media X Inoculation 4 3.56 0.89 0.78 0.5407

TS~ FHEE RN ERE PR T it N E

Table 9 The influence of growth media and AMF inoculation on the root fresh weight t of tea cuttings

Factor Mean fresh weight of root (g)
Growth media

RS 2.62°

PP 1.97°

PPRS 3.44°
AMF inoculation

MO 2.38°

Ml 2.98%

Means within each row followed by the same letter are not significantly different at 5% level by
Fisher’s least significant difference (LSD) test.
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Table 10 ANOVA of the influence of fertilization rate, growth media, and AMF inoculation on the root
dry weight of tea cuttings

Source DF SS MS F Value Pr>F
Fertilizer 2 0.08 0.04 0.78 0.4636
Media 2 1.90 0.95 19.36:* <.0001
Inoculation 1 0.53 0.53 10.73 0.0015
Fertilizer X Media 4 0.16 0.04 0.82 0.5152
Fertilizer X Inoculation 2 0.23 0.12 2.37 0.0992
Media X Inoculation 2 0.02 0.01 0.24 0.7870
Fertilizer X Media X Inoculation 4 0.28 0.07 1.42 0.2337

Tot—  FHEE G E R E R T T e E s

Table 11 The influence of growth media on and AMF inoculation on the root dry weight t of tea cuttings

Factor Mean dry weight of root (g)
Growth media

RS 0.59°

PP 0.45°
PPRS 0.77%

AMF inoculation

MO 0.53°

Ml 0.67°

Means within each row followed by the same letter are not significantly different at 5% level by Fisher’s
least significant difference (LSD) test.

Fzt=- E@HEE &7 YE R AR B R T e ot B0 N i S L 2
- Viparil
Table 12 ANOVA of the influence of fertilization rate, growth media, and AMF inoculation on the

shoot/root dry weight ratio of tea cuttings

Source DF SS MS F Value Pr>F
Fertilizer 2 57.30 28.65 15407 <0001
Media 2 24.60 12.30 6.61° 0.0021
Inoculation 1 14.65 14.65 7.88" 0.0061
Fertilizer X Media 4 21.33 5.33 2.87 0.0276
Fertilizer X Inoculation 2 14.75 7.37 3.96" 0.0224
Media X Inoculation 2 7.21 3.60 1.94 0.1500
Fertilizer X Media X Inoculation 4 5.50 1.37 0.74 0.5677
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Table 13 The influence of fertilization rate, growth media, and AMF inoculation on the shoot/root dry
weight ratio of tea cuttings

Factor Mean dry weight ratio of shoot/root

Fertilization rate

FL 5.48°

FM 6.82°

FH 7.19°
Growth media

RS 6.73"

PP 6.91°

PPRS 5.82°
AMF inoculation

MO 6.86"

M1 6.12°

Means within each row followed by the same letter are not significantly different at 5% level by Fisher’s
least significant difference (LSD) test.

F+-VU ~ HEHEE R T E SR _E S SR N B L (R R SRR
Table 14 The interaction of fertilization rate and growth media on the shoot/root dry weight ratio of tea

cuttings
Fertilization rate Growth media Mean dry weight ratio of shoot/root
FL RS 4.99°
FL PP 5.97°
FL PPRS 5.47¢
FM RS 7.08"¢
FM PP 7.34®
FM PPRS 6.03"¢
FH RS 8.10°
FH PP 7.44%
FH PPRS 5.97"¢

Means within each row followed by the same letter are not significantly different at 5% level by Fisher’s
least significant difference (LSD) test.
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Table 15 The interaction of fertilization rate, growth media, and AMF inoculation on the shoot/root dry
weight ratio of tea cuttings

Fertilization rate AMF inoculation Mean dry weight ratio of shoot/root
FL MO 6.00™

FL M1 4.95°

FM MO 7.54°

FM Ml 6.09"

FH MO 7.03®

FH M1 7.31°

Means within each row followed by the same letter are not significantly different at 5% level by Fisher’s
least significant difference (LSD) test.

TN~ TEACE ~ F1HE0E R R AR R R AR e b B S S BT A
Table 16 ANOVA of the influence of fertilization rate, growth media, and AMF moculatlon on the
absorption of aluminum of tea cuttings

Source DF SS MS F Value Pr>F
Fertilizer 2 6.87 3.44 1.11 0.3415
Media 2 35646 178.23 57.43" <0001
Inoculation 1 19.58 19.58 6.31° 0.0166
Fertilizer X Media 4 1.92 0.48 0.16 0.9595
Fertilizer X Inoculation 2 0.83 0.42 0.13 0.8747
Media X Inoculation 2 19.64 9.82 3.16 0.0542
Fertilizer X Media X Inoculation 4 35.85 8.96 2.89° 0.0359

T TN E R R E R B

Table 17 The influence of growth media and AMF inoculation on the absorption of aluminum of tea

cuttings

Factor Mean Al absorption of shoot (mg/plant)
Growth media

RS 5.86

PP 1.88°

PPRS 8.09°
AMEF inoculation

MO 4.68°

M1 5.88"

Means within each row followed by the same letter are not significantly different at 5% level by Fisher’s
least significant difference (LSD) test.
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Table 18 ANOVA of the influence of fertilization rate, growth media, and AMF inoculation on the
absorption of nitrogen of tea cuttings

Source DF SS MS F Value Pr>F
Fertilizer 2 24680 12340 44237 <.0001
Media 2 5507 2753 9.87" 0.0004
Inoculation 1 580 580 2.08 0.1579
Fertilizer X Media 4 869 217 0.78 0.5460
Fertilizer X Inoculation 2 530 265 0.95 0.3963
Media X Inoculation 2 1170 585 2.10 0.1375
Fertilizer X Media X Inoculation 4 2739 685 2.45 0.0632

TIL ~ MEACE AT /B BT it LA s 2

Table 19 The influence of fertilization rate and growth media on the absorption of nitrogen of tea cuttings

Factor Mean N absorption of shoot (mg/plant)
Fertilization rate

FL 57.31°

FM 89.06°

FH 109.3°
Growth media

RS 77.98°

PP 78.16°

PPRS 99.49°

Means within each row followed by the same letter are not significantly different at 5% level by
Fisher’s least significant difference (LSD) test.

T MRS ~ FHESE SRR R R T e b BRI S B B T A
Table 20 ANOVA of the influence of fertilization rate, growth media, and AMF inoculation on the
absorption of phosphorus of tea cuttings

Source DF SS MS F Value Pr>F
Fertilizer 2 298.52  149.26 42697  <.0001
Media 2 71.66 35.83 1025 0.0003
Inoculation 1 5.05 5.04 1.44 0.2373
Fertilizer X Media 4 71.49 17.87 5117 0.0023
Fertilizer X Inoculation 2 16.65 8.32 2.38 0.1068
Media X Inoculation 2 16.58 8.29 2.37 0.1078
Fertilizer X Media X Inoculation 4 62.63 15.66 448" 0.0049
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Table 21 The influence of fertilization rate and growth media on the absorption of phosphorus of tea
cuttings

Factor Mean P absorption of shoot (mg/plant)

Fertilization rate

FL 6.21°

FM 9.76"

FH 11.90°
Growth media

RS 7.66"

PP 10.03*

PPRS 10.17°

Means within each row followed by the same letter are not significantly different at 5% level by Fisher’s
least significant difference (LSD) test.

T AR E A Y E ST st b BB SRR
Table 22 The interaction of fertilization rate and growth media on the absorption of phosphorus
of tea cuttings

Fertilization rate Growth media Mean P absorption of shoot (mg/plant)
FL RS 5.43°

FL PP 5.75%

FL PPRS 7.44%

FM RS 8.55%

FM PP 9.42"

FM PPRS 11.3°

FH RS 9.01%¢

FH PP 14.9°

FH PPRS 11.8"

Means within each row followed by the same letter are not significantly different at 5% level by Fisher’s
least significant difference (LSD) test.
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Table 23 The interaction of fertilization rate, growth media, and AMF inoculation on the absorption of
phosphorus of tea cuttings

EEAEMTURER 55400 (2021)

Fertilization rate Growth media AMF inoculation Mean P absorption of shoot
(mg/plant)

FL RS MO 5.66°

FL RS M1 5.19°

FL PP MO 5.67°

FL PP Ml 5.83%

FL PPRS MO 6.92°

FL PPRS Ml 7.96°%

FM RS MO 6.75°

FM RS M1 10.4%

FM PP MO 7.17°%

FM PP M1 11.7%°

FM PPRS MO 12.2%¢

FM PPRS Ml 10.4"%

FH RS MO 7.36°%

FH RS M1 10.7%

FH PP MO 17.0°

FH PP Ml 12.8®

FH PPRS MO 12.1°%°

FH PPRS MI 11.5%

Means within each row followed by the same letter are not significantly different at 5% level by Fisher’s
least significant difference (LSD) test.
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Table 24 ANOVA of the influence of fertilization rate, growth media, and AMF inoculation on the

absorption of potassium of tea cuttings

1=PA
s

s Ysbsrin

Source DF SS MS F Value Pr>F
Fertilizer 2 2085.65  1042.83 21277 <.0001
Media 2 967.47  483.73 9.87" 0.0004
Inoculation 1 88.52 88.53 1.81 0.1874
Fertilizer X Media 4 183.44 45.86 0.94 0.4545
Fertilizer X Inoculation 2 59.10 29.55 0.60 0.5527
Media X Inoculation 2 216.90 108.45 2.21 0.1242
Fertilizer X Media X Inoculation 4 399.85 99.96 2.04 0.1096
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Table 25 The influence of fertilization rate and growth media on the absorption of potassium of tea

cuttings

Factor Mean K absorption of shoot (mg/plant)
Fertilization rate

FL 30.2°

FM 41.7°

FH 44.5°
Growth media

RS 38.5%

PP 33.8°

PPRS 44.1°

Means within each row followed by the same letter are not significantly different at 5% level by
Fisher’s least significant difference (LSD) test.

RN AR PR Rk R R TR R 2
Table 26 Effects of fertilization rate, growth media, and AMF inoculation on the root colonization rate
of tea cuttings

AMF colonization rate (%)

Treatment

FL FM FH
RSMO 92+ 12 95+ 8 80+ 23
RSM1 97+3 9%5+5 42 £ 17
PPMO 0 0 0
PPM1 30+ 40 65 16 + 23
PPRSMO T4+ 42 65 + 37 29+ 29

PPRSM1 95=+1 6721 62+9
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The Influence of Fertilization Rate, Growth Media and
AMF Inoculation on the Growth and Nutrient
Absorption of Tea Cuttings

Jia-Ru Dai'  Su-Chen Lin®
Summary

Mortality rate of tea seedlings might be high due to the high temperature, drought, and soil-borne
diseases in summer. In this experiment, influence of fertilization rate, growth media and arbuscular
mycorrhizal fungi (AMF) inoculation on the growth and nutrient absorption of tea cuttings were explored.
This experiment was conducted in the green house of Tea Research and Extension Station (TRES), the
test cultivar was TTES No. 12 and AMF was Rhizophagus clarus. Tea cuttings were treated with three
fertilization rates namely 0.5X, 1X, and 1.5X. Under each fertilization rate, there are 6 different
treatments, i.e., (1) growth medium was red soil, (2) growth medium was red soil and inoculated with
AMF, (3) growth medium was mixture of peat moss and pearlite, (4) growth medium was mixture of peat
moss and pearlite, and inoculated with AMF, (5) after new root was initiated in the mixture of peat moss
and pearlite, cuttings were transplanted to red soil (PPRS, peat-pearlite-red-soil), (6) after new root was
initiated in the mixture of peat moss and pearlite, cuttings were transplanted to red soil and inoculated
with AMF. Fertilizer used in this experiment was Taiwan Fertilizer No. 1 (N-P,05-K,0 = 26-13-13).
Fertilization rate 1X was prepared by 400X dilution of Taiwan Fertilizer No. 1 and 30 ml of diluent was
given each pot per week. The experiment results indicated that the plant height, shoot fresh weight, shoot
dry weight, nitrogen and potassium contents of tea cutting shoots were mainly affected by fertilization
rate and growth medium, while the root growth was mainly affected by the growth medium and AMF
inoculation. The absorption of phosphorus of tea cutting plants was not only influenced by the
fertilization rate and cutting growth medium, the cross interactions such as fertilization rate X cutting
growth medium, fertilization rate X cutting growth medium X AMF inoculation were also significant. In
this study, the cutting plants showed the best shoot growth in 1 X fertilization treatment if compared with
the others. Nevertheless, PPRS was the best cutting growth medium in all treatments. The Rhizophagus
Clarus inoculated in this research exhibited a significant effect on promoting the root growth of tea
cuttings, and a good symbiosis effect with tea trees.

Key words: Tea cuttings, Arbuscular mycorrhizal fungi (AMF), Colonization rate of AMF

1. Assistant Researcher, Tea Research and Extension Station, Taoyuan, Taiwan. R.O.C.
2. Associate Researcher, Agricultural Chemistry Division, Taiwan Agriculture Research
Institute, Taichung, Taiwan. R.O.C.
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DL 39.5%:$k 5 Far /K SE AL IR I 2. 2. 15% R T #L 7 Bz 30% 05 kA5 7K#EH 5 58 — Kfr et -
HREEVEE MR Z 85 R R i s > St R iR — TR 28]
(10.2%F 22 RIGAR]) Z(EA ¢ 25 =FFERE A LR bR R AL IR aR T & Rl SAR R (T
ViiG - B _F0R T 2 ALER AR R T IR A 44.25% - BB 2,766.1 JT 2 AEEERGA
EAFZFE SR ERHBES AT/ 1,166 A T(EFATAH 25 7T ) AT K/ 26,384
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TC o HE(HTTRE IR IR R B RS G A E/KE 1.2 1E - MRBE S A EHEER K 2% 0.8 A
Mg > BER A T THIAZERY - HUSHE BRIRIFIY - BEEEE RN el A ol —
FHEER] (HFEE 0.14ppm) FBRY - MERERFAE 3 MEmIEHm (WFRAREL) -

T MESTEERI TERE(HE P S S HLEER - FreiET N — R SR E I 5 - B0 F 4
RYFEFANFRR - AEFEEET T HNFORK S » /N EES RGN & B34
AR BRI =JOR D — TR 2 i - AT R LB R EEARUR T EHZER
8.7% - A HTIIEK 386.9 L2 A A - IEEEFE T HWiHE A SR HIRE G A H
N 644.8 AT (BAFHGE 25 Jo) - MEAERAHE &S IRE T DU/ 16,506.9 JT

(644.8x25 + 386.9) - REERFAfNIES 7 - slBRlE AT = TR EEEERITE Y » /7Rl 3R
5382 0.10ppm ~ Z%7FF 0.92ppm Kzt 233 0.09ppm 5 ¥ Al i i 6 FRELZEERY - GG 5
0.11ppm ~ Z33E=x 1.82ppm ~ ) EE 0.05ppm ~ #45Eg 1.07ppm ~ AR Z53% 0.16ppm 2 2R
0.06ppm - &ERFUTEERE ME A EAARNEEE - RELeETHEE LS -

ZER /K SR DA IF AR E ] DUERRREE 2 208 - M ARG ERE 2 IE » sTEHARE
i B AR E fiEE 2 KERE (800 AFHAEH) » MR A A IR E &R - BECEE
FEEEE N E > FRESSCEAZHERELSL - A AR SR B RS S8R 2 5 A
SEETEY LERER - AR HBEBHHEE - 2PRKCGHERDSE =Rt EE 1y —FHEER] -
TREERR 8% - (EAREE R MU R — ISt n AP ERET S (R E /N E
sxas B AT - REGEDFEESSE - DOBHEE  EgFESE 2 HE -

ol s GHEUREEEHAE T IR RAERES - FAgREES - B 4EE
T e A5 ER - MER SRR IR E R ROHE S 2 (&R -

FREREE L S BRaE S R E R

107 FAEIREER i < sBp B e Rl AR & A5 SRS I 40 U el B lE - BBl
4 H 11 BESS  fERAFWEEIESE  $SRENREERER 1 T E W ER 7183 fr o
HIRERR R 1 S EHUE & 725.3 T > M@ ERRET -

4 H 11 HERSR R - 4 A 19 H N F2RBIR% » B8 1 2GAEg > 1726 H 10 R 12 HERSE »
GEIREUR 0 JREEEIRERC 1 i E U E Fy 420.0 T HIREHRERL 1 73R F U E fy 531.0
o BEEEFSF W ERZE - 5 H 25 HEETAREIZ > 6 A 7 HETREMINEE - HEER
BWARTRELER BT > WamERED -

6 H 12 HERAS R » TS el 0 12 8 H 2 HERSS » SERBUREEE AR 1 /3HiZs
FUE K 583.3 T HHAEIRTERL 1 5L E Ry 470.7 o JREEEZSH W E S R H IR -
KRG T H 6~ 20 HEET - RAEREZ - 7 B 27 HETREMWRGEE - HEEREHARE
FREMRERRE  HaFEEED -

8 H 2 HEXZ5 > 8 H 3 HIZEIR » #THE =265 > AT 8 A 10~ 16 k& 29 H#ET=
RAERBZE > %R 8 H 16 HAZFCHAH) -

GreDl BHEEGER - HEEBRIRE Y RFWEEE - S TG - EER S

ot/

%

P33

PERE R RN ERK -

10754 512 H=E 11 H 15 H - fEVUESRFHE > BiTHEZ SR FE 3 £ 4 70
KU 2 2 4TRSS > SL{HA] 42 MR EE  REEBPRIEE—RFHEI E4 0 GRNE 1 £ 3
fRBE > SL{H 30 fHEREE > HIEEEETHE DA 1 EEEE - i/ DEESERE A2 28.6% - (&
SN T.7%
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107 FEAF LRI Z5E 12 SEETTAERE 0.33 AH - BITAE 4 FXFEBEECE 9,275
TC 0 SRR EE S fCE 5,675 I 0 Hi 38.8% 2 EMA ; 4 (HEAELAEAEES 0.1 AHETHE
1,270.6 A7 (507 2,112.7 /7 » SUERIREEMIE 1,368.0 247 (5572 2,280.0 /) » B 7.9% 2

=)

= .

108 AR EIREER T < sl BE g AR 2R E R 12 9EAMORE - |k 033 2
b EEEA TR 8 2 9 4 CHMNERSE) - DARTHIATIE 7% » ~P9 1 549 600 £ 720 A7 »
EEBRLIR 660 T © BKFI 8 H 6 HiRK - (HEHIRRENGEMYIE - Ml TEI AR
TTAREER - SRR E SR B8R -

GRETREEERIE - AR - REIREE AR R . 2 TR EEERZ - WEER
Rz o B R R JETDR DR 30%LL [ o RRT A EE R S R IR
KERA > HR RS AIRE R - SR E R a E SR K E R R E %
AR - A A SR AR BT NI S AR TR R > RO IB R e I M B S AR
SEETTIREFRDN - BN TRREERE - WE SIS  (RBR A ERER AR
¥ EE-EEA SRR T - SRR AR A R DU B A - B AL TR L R
TEEHRIER ~ RETHERSEBOER > ERBZAVREE 2. BITRAR AR ER
TTHEERTG - (EFHERFESE BT > SEpERE AR SR - 3. BRI LR s s
APER]  RACEECR ARSI I - AE A BRI R 5

AW B R AT > WEFTHCR B

1. FEHPRPECHE S E B R R e B 2 5T - JREE B B SRR RS m] ek D HE R
BIRERE 2R - TSI REOER RO DRI 2 g - A AR 2 HAY > Tl
4 v R LB R A A 2 AR Y R IR K B 2 1T - & 3 A B > B
IRGH AR - ENE 2 N - & 3 BEEitis 4 - e AR RERY > DFEEEE > o
PREERHEN B A ZIEA] -

2. PRI e IR LA R AR 48 s Bas S REBUR - B 2 R B et
BN SHGERERE - B HE SV AE 3-8 R ERE M SIS - PR A LE
EHh o AR REISUE IR IE AR R - R REFREEE - B ERERIA NN SOH
AFIEL TR e FORIFE IR & 2 B - w2 (A

3. MEHZREREE A B O R S A BT - R B TS IE
B BRI AR M e 25— I i ) S A R 5 B S ) SUIME J e B — R i o s e ) > R SR
B R EARTBEE R T - BRI VIR AR 30%LL L -

4. HEES—FRFE R L2 R & 36.63% (£ p.43) ~ slBR & B & LAt K
LIMEF 5 fEgEmErThismBEE s > Al —FREF LR LR E 50% (f£ p.44) ~ 81T
FRE—EIE 5-6 YO HAERFE T 1-2 KEFH BT ERR ERRSE 0 6 AU LR &
Fil > JREEAREIATEER] 20%LL (£ p-44) ~ SUBRERC & S EEHEAC R DU 3-4 FREERIE T
EEEH - Wi 1 TIHMLEEEMHA - (LI EERIEARE 2 40%2LE (TE p.44) ~ 5B
G S EEHEAE s LUME A 4-5 MEZER TR E o Al — TS A E LR R AR
37.5% ~ 50.0% ({£ p.44) K IRFECHENREE E B SR o R Rl i 2 SO B EERET L - FHE— I
fE 2/ VLB R A I & 25%~50% (1£ p.44) - RIESRGEVAh B R gy s/ R 45 (A 30%LL
EZHPEE PR -

GRETREEERIE - AR  REREE AR R . 2 TR ERIL R A

Vel o RS E RS
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Fo— -~ MR ERRERIPR AT R S SR R b
Table 1 Changes in Weed coverage and weed species before and after treatment with friendly herbicides

RS (%) FEEEEE (%) R
&A1\ FEEH 5H23H 5529 H 8 H20 H 8 A23H
FEERAH (A) 31.7a 4.2b 85.0a 10.0b 8 Rl 10 f&
$#1E4H (B) 25.0a 31.7a 83.3a 81.7a 8 f 10 f&

it + RIVNES TSR > FoRE R SNBTE /A -
it EE RS H28 He 8 H 22 H -

T MR A SR ER R HE AR R 2

Table 2 Changes in pH value before and after treatment with friendly herbicides

TR
&HA1 \ FEE HEH 5H 28 H 5H29 H 8 H22H 8 H23H
FEEEAH (A) 4.35a 4.67a 4.97a 5.02a
HHE4H (B) 4.70a 4.02a 491a 4.89%

it ¢ RYVNEFSLF R - FonzZ2 R EE SWHHE KL -
it B H A S H28 He 8 H 22 H -

==~ BEMEEEERS Acid-phosphatase Kz i /b Arylsulfatase I {E
Table 3 Absorbance value for Acid-phosphatase and Arylsulfatase

B M AL
(Acid-phosphatas) (Arylsulfatase)
ZHA 0822 0823 0822 0823
PEIRZH(A) 1.76 1.75 0.66 0.54
HFHELH (B) 1.82 1.72 0.53 0.58

ARFINBUEAE PR H ] KA [F) H I 22 52 B R SO0REE /KEE -
k- AERLIOL(E 400 nm HIZ -
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VU ~ TSR 6 B EEBRE (FAC 8k

Table 4 Management records in Hukou Township of Hsinchu County on pesticide reduction test for

summer tea
EITE B
NEFEAH BFAEFEHR
o BT o TR
I ERIARR L I SERARL L
S o WA SR s SESEN
TEE _ TER _
. &) . On)
(ElZF) GESD)
23%50FEHUKES 136.90 559.52 23% LUK G R 92 376
2 215 R T 12.80 321.43 39.5% R /KGR 158 680
30%HG RS /KERT  142.86 952.38
10. 2% L2 5) Eal% -
o Nalaie 40.48 257937 28%EifEIE 224 440
FEIX AL
2. 8% LB | 16.67 327.38
109553 B 7] 59.52 386.90 A 0 576
B 200%EE R KA M
A=A CERRVIRIE g o 111111 REEAEE 0 1,400
LA
N 488.59 272.4
Ziz L
ﬁﬁ_*bﬂg 6,238.10 3,472
/A
ER 12,541 11,375

(JTIAE)
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Table 5 Management records in Hukou Township of Hsinchu County on pesticide reduction test for

autumn tea
TETIE B
=\ VSVAN
FAEER FAEER
e k== VATETY - . EAfUEE
I SRS . SRS
e s FEER A s PR A
FEE (%) EE (%)
GESD) (G
230 LK S 136.90 550.52  23%ESfTAECKIGT 136.90 559.52
T5% S K S T5% o
sy ORPRERATIEC g4 0 1,071.43 CEMRRITEIE g4 09 1,071.43
A Hr
300685 %5 K S 142.86 95238 30%MIRIEE/KIETE 142.86 952.38
10.2% 32 A /4048 257937  10.2%FEs G 40.48 2,579.37
BER g rm 16.67 327.38 2 8% LR ] 16.67 327.38
1565 25K 119.05 3,174.60  15%H LR K 119.05 3,174.60
100625263 5,751 59.52 386.90  20%EEEIKANMERE  79.37 1,111.11
=W 20%ERRE K
B=R bl R K S0.37 L
forgl
N 684.13 624.60
Ziz L
SRR 10,162.70 9,775.79
OTIAE)
ER 6,638.38 7,283.19
(NI

TN~ T ITACISR 6 B TR S B i R A TR R A A R

Table 6 Pesticide residue test results in Hukou Township of Hsinchu County on pesticide reduction test for

summer tea
RERHE (CUEEEE B RIREEE)
B (EfT1E) 275 0.10ppm > 5% 1.52ppm - ZERFE 0.77ppm
bl (REER) 75 0.14ppm

Tt BRSO RS S B S R SR S R A 4 SR
Table 7 Pesticide residue test results in Hukou Township of Hsinchu County on pesticide reduction test for
autumn tea

SRR (OUEEEE EMIREE)

=
HigE (E1T1E) 775 0.11ppm > 2352 1.82ppm - 5745 0.05ppm
22 1.07ppm > fR23E 0.16ppm - 5ZEf% 0.06ppm
Bl () 775 0.10ppm > #EFFREg 0.92ppm > 25 0.09ppm
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Table 8 Tea yield of TTES No. 12 tea garden in Ruifan of Chiayi County (2018)

W&

ERE e 4080 2021)

=

107 £ T i
BRAEH EE A ETEE = EE B mEEE
(H/H) (fT 10.03 AH) (T 101 AH) (T 103 A HR) (T /0.1 A HR)
4/11 214 713.3 2176 725.3
4119 T4 (ZREIR)
6/10 }7z 6/12 126 420.0 1,593 531.0
8/2 175 583.3 1,412 470.7
8/3 (8780
9/21 91 303.3 759 253.0
11/21 78 260.0 398 132.7
dal e 2,280.0 2,112.7
T~ 107 FiplorilE 24 12 S E
Table 9 Tea bud survey of TTES No. 12 tea garden in Ruifan of Chiayi County (2018)
107/6/7 15 107/7/27 3215
o i? - i § 107.6/7 1E%4 107.7/27 IEH
B EE R A EE S - R
(30%30 247) (30%X30 A7) s s
(A% TRREE T EE TREEIE TREEIE
ZEEY 74.0 68.0 50.0 50.0
BE (5 437 40.7 385 40.0
PR E 0.59 0.60 0.77 0.80
EER 59.0 59.7 77.0 80.0
(% HEITE HETE HEITE BT
ZEEY 74.0 65.0 50.0 50.0
BE (5 44.2 385 36.9 38.9
PR E 0.60 0.59 0.74 0.78
HiFE 59.70 59.4 73.8 77.8
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Bl RSB EREE R EEEEAN - 22 LB A(RER (Lemmaphyllum microphyllum) » 75 1-[g
EWEE (Paspalum conjugatum Berg.) » /= & A ATEEVE S (Bidens pilosa (L.) var. radiata
Sch.) ; G T Bl Ryl FH & ZFR A4/ N 2 Z57T -

Fig. 1. Changes in weeds withered after treated with friendly herbicides. The upper left picture shows

Lemmaphyllum microphyllum. The upper right picture shows Paspalum conjugatum Berg. The

picture below left is Bidens pilosa (L.) var. radiata Sch., and the picture below right is tea tree rows
after applied friendly herbicides for 24 hours.
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The Study of Pesticide Reduction Technology in
Tea Plantation

Fei-Shuang Hsu® Bi-Kuei Tsao®  Shiou-Ruei Lin®  Bo-Jen Chen?
Cheng-Chung Huang* Yu-JuHuang®

Summary

In general, the pest management of tea gardens relies on the chemicals. The investigation showed
that Taiwan tea gardens use 34.72 kilograms of chemical products per hectare per year in average. With
the rise of environmental awareness and food safety issues, it is one of the most important issues to
reduce the use of chemical pesticides. In this study, the tea plant diseases, insect pests and their control
agents were grouped, and the local tea gardens were introduced for customized pesticide-reduction
technology. The feasibility of the pesticide-reducing production management technology module was
verified. This study took the four tea areas including Hukou Township in Hsinchu County, Wenshang in
New Taipei City, Yuchih in Nantou and Meishan Rui-fan in Chiayi Counties as four examples. Adjust the
amount of pesticides based on farmers’ cultivation habits and the occurrence of diseases and insect pests.
The result showed that there was no difference between the pests in the test areas and the control area.
Hukou Township, Nantou Yuchi, Chiayi Meishan Ruifeng those 3 tea areas and 4 test areas have
conducted pesticide residue detection tests on tea samples, with a pass rate of 100%. The tea pesticide
residue detection results of test and control areas were all meet the national standards. Furthermore, the
types of detected pesticides in the test area are less than the control area. There was no significant yield
difference between the test areas and the control area. It showed reasonable pesticide reduction
management can not only decrease the production costs, but also maintain yield. Moreover, it could
produce safer tea raw materials, which not only protects the environment but also protects the health of
manufacturers and consumers. Through the overall evaluation of the implementation results of the 4
detailed plans of this plan, the current goal of the Council of Agriculture to reduce the use of pesticides by
more than 30% has been achieved. One of the newly developed tea garden-friendly materials in this
project is food grade acetic acid, which is used in tea gardens to test the weeding effect of tea rows and
open spaces. It also tested its impact on the soil environment. And it was found that the use of a specific
concentration of acetic acid can achieve more than 80% of the herbicidal effect and reduce the herbicide
by more than 30%.

Key words: Tea, IPM, Pesticide, Herbicide, Pesticide reduction use, Use various pesticides in turn,
Customized

1. Assistant Researcher, Yuchih Branch of Tea Research and Extension Station, Nantou, Taiwan, R.O.C.

2. Associate Researcher, Wenshang Branch of Tea Research and Extension Station, New Taipei city, Taiwan, R.O.C.
3. Assistant Researcher, Wenshang Branch of Tea Research and Extension Station, New Taipei city, Taiwan, R.O.C.
4. Researcher, Yuchih Branch of Tea Research and Extension Station, Nantou, Taiwan, R.O.C.

5. Associate Researcher, Yuchih Branch of Tea Research and Extension Station, Nantou, Taiwan, R.O.C.
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T ESES RS TEE PR,

o, ~ 1% e 2 \ e 3 SO
2N NERI 2IRk55 G B

LkEIE (F552)(Green mirid bug) Fy—EE RN EE T EigiCREAVIERE R - 5 2016 F45EE
PR R~ B TRAIS AR R B R T ISR L e 1 - U S VAo - BREE R ik
& 7-8 RZIER o ITFERBEM L SRR ER R FEY - THESEHI (Integrated
Pest Management, IPM) KR8 ~ (REFHIVTEEM E9UEZ FIARHUEE2 RS ER - AR
T IR DR 2 R R RIS e s B B M I B R 8 - (R E R = P ELER 5 IR
R 8 fErcuhinfE & 3 R S AV R (R WP B EYIRaE EMAVIARER « P AT
HATETIN 3 EIEYIREEM - 4 FEA=(Elt e 3 A FIREHTIE (FARMK) mEE THEYE
B > A A [F] B BES AN 2 FIRAVRE S - SERBUR > R L R A E
FRATEE 37.70% > AR EE 20 &£ (18:00~23:00 p.m.) - RHESKE L LA - 4
B R A ERIRHFAERIENL T e BB R R E E R OEIRIC R E (— 055
fir) MR EPIAR - BRI R EA I RE - EYIREEM T DB RESiESEaE
R a78 i - BLBIRLAAHEL TR 42.800%61/E EBEREL - WFF(K 53.96% M MHIE 7 EirifE -
% B A FH AN 4 K& - WriH 2 B REUK R EEAH (K 8.85% « eA =B P Ak (uRhaiah 5 [0k
WE (2 EAEAR) - A EISTACR B R BRI T R VSR (BREMEIR) AR TR R R A
ARRE » FEAHSTACR B PR 2 E R MBS 8 - AR R TN ES B EAE
BSRES AR R > B S BRI - Drake « AEREDTE - BEbTE ~ YIEEE - FEDT ()
s A R KBTI HYEERE
BT © GREIE - ARE - FHRESEHI

Tl

Al

LRE¥E (F652)(Green mirid bug) &Y H (Hemiptera) ~ F§lniH (Heteroptera) ~ & N H
(Cimicomorpha) ~ Hi#%485} (Miroidea) - HiEH} (Miridae) - f—1EH R 28 h srBH @AYEEED
E& > THFSINAHEE > BER ISR EE 7-8 8% - ARiMEAEHEEE R %A
5% (Helopeltis fasciaticollis Poppius) kZEZEE T (Helopeltis cinchonae Mann) » EASAUE - §1]
05 S REEL 4k » NS4 (B > 2014) - i (1993) HFH7Y 1989 5 Jefrlm BILRIE I SE U E

1. TTBREEZ B GEEYIiEREmm T o m 1t - 28 HE -

2. TEREZEGAEN RS XY BItR a5 E - 28 2L -
3. (TBREZ BN RY BEIRE - BIREIERE - 28 HE -
*HAEF © hc2208@mail.hcbaphig.gov.tw -
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FiR > B —EREHENE > HE 1990 FEEREGIREE — RS EiES & BEIEDE
Bz DIZREEEE - sOEA TS o EEAEERERR - HhEEBEXECSH - B 2016 £ > MKE M
LIS ~ BT R A I S = e B B & ~ R R T LR & R R P (e B TE B e
REHEBEEAVER - BREREE  HEEIEINE L EER—E - 5 (2018) FFHTTRz il
BIGRG AR EIERE 2 S5 AL mtCOl AT T e HFFIEL> 225 (Taylorilygus
apicalis (Fieber, 1861)) ZAH{LIS 2 99% o #E— gl M A= JE A8 I L TP RE R0 S8FRAR T IE T5E
BEZFREEMIFRESE (Lygocoris pabulinus (Linnaeus, 1761)) F{E#/fE (Z24%HT - FLAGERR)
HItMEKERENEE SCATEERT RERER) - 5B RAM TR EZFY)
FIFET > MEERN - BlGAT Wbk 2 E&S I PR KA TC 23 HIES) » OEPRN A
oo RN SRR EHER) o HORK - FHER{TEN G - A BIe TR - BB RIBE S Z FFEAL 0 ISR
AWM RTIERAEEEREIR  WERFREE RE > B LBEFEE RMZWE AP EE
FLAR (%2005 2013)- it A e fed | 4 B 5 B 58 L A2, VA 2R > B2 R DAR A2/ \ak 2508 (Jacobiasca
formosana (Paoli)) FVEERK#EITILEIFE » T LB AL EE: (% > 2005) o MEIT R E fh e 42 8l
A RE KA Es R 2 B - R IR DI MR RS )7 VBT R E NS > F e E R AR E R
FRHIAF 2 — (FEEE > 2017) - (Ht - JERALKHE ~ AR E 82088 » IEERA - K
BFNEEM - IR ERIREL ST T ZEE, (15 0 2015) -

FaaFE 5B (Integrated Pest Management, IPM) {%& i 2 Rl il 84 & (5 P £ BRI &4 7
WY B - B mIno e A RIB ROAIGE R R b B E & Faalaan HEEE ARG #E - A
3 HARA YRR i/ N+ (Pedigo and Marlin, 1996) - AR FH et S BRI E &« &
S R KRS ~ KOS 2K (Economic Injury Level, EIL) Ei4&7RE{E (Economic Threshold, ET)
I~ KEUER ~ A£REPTE ~ #EbE - WHE ~ FEH () SMEEE - EYPa L2 e
% (Lehmann-Danzinge, 2000; Lakshmi et al., 2009; Mamun and Ahmed, 2011) - it EH A&
EFBIHVEEE (mirids) 52 35 18 > Hg 18 T A 5iEE (Helopeltis sp.) » & B R - EIJE K&
ENE SR pe n S IR (Saha and Mukhopadhyay, 2013) » HAS ~ ##fed] e HrE S A A b an k& Al
GLIBREE%E (Apolygus sp.) ZE (F9%F » 2015 ; Omata, 2007; Yang et al., 2014) - 4EHE Fra#BeE
RIS RIS - ERIZSA 50 © Helopeltis theivora Waterhouse &z Helopeltis schuotedeni Reuter
AT AR [ERAT A HU R DN R BE 5L (M5 » 2018a ; Cheramgoi et al., 2009; Bhuyan and
Bhattacharyya, 2016) » #5560 ] infd A HUE R4 (FRS > 2018a 5 Roy et al., 2009b) - FHfH]
P alF ol F F & & & EE A B R » BCaAsiid 5B 5 g E & A0S e AT #20F
W _ERVTHPIMERATREE (A - 1971) » B A% EEYERRT T - £ X BB EYE S
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Table 1 Tests of feeding preference for Green mirid bug on tea leaves of various cultivars
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Test 1 Test 2

Cultivar Numbers of feeding  Areas of feeding Numbers of feeding Avreas of feeding

spots (per bug) spots (cm?/ bug) spots (per bug) spots (cm?/ bug)
TTES No.12 7.17+392a 2.20+1.20 ab 10.17 £ 2.47 ab 2.82+08la
TTES No.17 6.00+£344a 296 +1.81ab 3.17+1.04c 0.38+£0.12¢c
TTES No.18 11.33+8.88a 3.15+1.79 ab 7.33 +1.53 abc 1.16 £0.39 bc
TTES No.19 15.00 £5.32 a 543+220a 2.25+0.66 ¢ 0.80 +0.29 bc
TTES No.20 3671744 1.02+0.52hb 517+1.75ac 1.46 +0.50 abc
Chin-Shin-Dapan 7.50+5.44a 2.75+1.59 ab 11.17+3.24a 1.78 £0.80 ab
Chin-Shin-Oolong 417 +2.04a 1.54+0.84 ab 5.25+2.30ac 1.11+£0.36 bc
Sijichun 2.83+1.90a 0.58 +0.33b 2.83+1.25¢ 0.31+0.13¢

Meanzstandard error (n=14). Means within each column followed by the different letter(s) are
significantly different at P<0.05 by Fisher’s protected LSD test.

R AEEYIREEM R B I < FHRE SN (2 ER (%))
Table 2 Field trials on the efficacy of different plant protection products for Green mirid bug (the mean
damage rates of fresh shoot (%))

Treatment* Day 0 Day 14 Day 28 Day 42 Day 56
A 0.63+0.82a 235+ 0.03a 2349+004a 5793+0.13a 7743+0.14a
B 1.01+047a 3.95+0.06a 3293+0.10a 72.01+0.13a 83.23+0.13a
C 0.79+092a 0.77+0.01a 31.06+0.15a 71.00+0.10a 84.33+0.16a
CK 2.10+0.02a 6.63+0.07 a 3770+ 0.10a 76.68+0.13a 86.28+0.11a

*A: Hui-Yi-Qing pest control agent (500 X); B: Four Kings insect repellent agent (500 X);
C: Ka-Fang-Xin neem oil (500 X); CK: water
Meanzstandard 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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k= AEPIHEHE B ¥ e el aBeR  HEEER (FrifzER (%))
Table 3 Field trials on the control efficacy of different potassium fertilizer for Green mirid bug (the mean
damage rates of fresh shoot (%))

Treatment* Day 14 Day 28 Day 42 Day 56
A 2.68+0.49a 13.13+2.02a 3176+ 7.71a 65.00 £ 14.00 a
B 5.66+4.41a 1224+ 565a 33.34+961a 71.00+9.00 a
Cc 3.10+£155a 1358+ 4.45a 31.84+286a 69.00 £ 6.00 a
D 0.84+0.60a 507+ 274 a 25.55+524a 56.00 £ 8.00 a
E 281+2.09a 9.09+4.13a 3249+ 334a 77.00+11.00 a

*A: 240kg/halyear; B: 160kg/ha/year; C: 80kg/halyear; D: Okg/ha/year; E: Okg/ha/year+120N/kg/ha/year
Meanzstandard 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.

U ~ A EISPH A SR H O R B 2
Table 4 Effect of different potassium fertilizer treatments on the fertility of Chin-Shin-Oolong

Leaf length  Leaf width Leaf thickness  Internode Internode Hundred-bud
Treatment* ) )
(mm) (mm) (mm) length (mm)  diameter (mm)  weight (g)
A 65.7+0.54c  22.9+0.21a 0.29+0.02b  34.6x7.13a 1.98+0.23b  133.27+1.09a
B 70.0+0.63a 23.5+0.26a  0.3+0.02a 33.72+6.8a 2.17+0.16a  137.90+4.33a
C 68.1+0.68ab 22.8+0.22a 0.29£0.02ab  32.83+6.25a  2.09+0.15ab  130.84+2.34a
D 67.5+0.51ab 22.7+0.24a  0.3+0.02ab 34.7£5.3a 2.19+0.17a  126.11+1.02a

E 67.9+0.46ab 23.4x0.21a 0.31+0.02a  32.93+6.55a 1.59+0.14c  126.31+1.88a

*A: 240kg/halyear; B: 160kg/ha/year; C: 80kg/ha/year; D: Okg/ha/year; E: Okg/ha/year+120N/kg/ha/year
Meanzstandard 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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fEl— - &k SR T IE ARTCEREFEHEERTE (A) FoRF—0—5% (B) &b
Fig. 1. Green mirid bug prefers yellow tubular flowers of Biden pilosa (A) and one-bud and one-leaf of
tea trees (B).
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Fig. 2. Numbers (mean = SE) and damage areas (mean + SE) of feeding spots caused by Green mirid bug
on tea leaves with different plant protection products. The bar chart shows the average number and
mean damage areas of fresh shoot respectively. (Treatment: A: Hui-Yi-Qing pest control agent
(500X%); B: Four Kings insect repellent agent (500 X); C: Ka-Fang-Xin neem oil (500X); CK:
water)
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Fig. 3. The growth period of tea trees, percentage of fresh shoot damaged by Green mirid bug, and
number of Green mirid bug attracted by light trap at night in spring in Chin-Shin-Oolong
tea plantation.
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The Study of Integrated Management Techniques for
Green Mirid Bug in Organic Tea Plantations

Fang-Yu Ning"™ Yen-Shuo Su”> Chiou-Fang Liu® Hsin-Kuang Tseng®
Summary

Green mirid bug (GLB) is a phytophagous pest in Taiwan's medium & high altitude tea plantations.
Since 2016, outbreaks of the pest have been reported in Lala Mountain in Taoyuan City, Jianshi Township
in Hsinchu County, and Zhushan Township in Nantou County, especially in organic tea plantations, which
could cause 70% to 80% loss in severe cases. Due to the importance of food safety in agri-products and
ecological sustainability, the technologies of Integrated Pest Management (IPM) and the natural,
low-toxicity plant protection products have been used to replace chemical pesticides. In this study, we
monitored population dynamics of GLB by the mean damage rates of fresh shoot of tea trees and the
number of GLB attracted by light trap in spring. In the laboratory, we compared the feeding preferences
of the GLB for eight common tea cultivars and three weed species, and preliminary screened plant
protection products. Three potential plant protection products, four types of traps and three treatments
with different concentrations of potassium fertilizer (grass ash) were further tested in the field to evaluate
the effect on control GLB. The results showed that the mean damage rates of one-bud two-leaf could
reach 37.70%, and the number of GLB attracted by light trap reached 20 (18:00-23:00 p.m.), which is a
rising period for the GLB population in the field. In the presence of both tea trees and weed hosts, the
GLB prefers yellow tubular flowers of Biden pilosa and one-bud one-leaf as food sources, and has a low
preference for Sijichun. In the laboratory test, Hui-Yi-Qing pest control agent has better control potential,
reducing the numbers and the areas of feeding spots by 42.80% and 53.96% respectively compared to
control. After successive applications in the field, the mean damage rates of fresh shoot was 8.85% lower
than control. Green sticky trap was the most effective trap (2 bugs/sticky trap). With the different
potassium fertilizer treatments, the physical structure and accumulation of macronutrient in tea leaves
were not stable and the application of grass ash had no significant control effect. The results of this study
can be used to develop technical principles for IPM for GLB, including monitoring technique, control
timing, ecological control, cultivation control, physical control, breeding for host resistance and selection
of low-toxic control products.

Key words: Green mirid bug, Organic tea plantation, Integrated pest management
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LB R R Z AR REYIR K TR  AHFTLR FZEEURAE - W25 EE b5
e (Association of Official Analytical Chemists, AOAC) Z:% MEipfE =402 (pH-differential
method) MIEZA 25 58 (B%) 2 EFAEFEUFREGRTEHFRZRGE  UER 18 5 (4:2F)
LEZAE B HIE o PSS BRI © E2% 25 HRLL 50% BAEFEEAIREE S AEET 10 4y - HAHUR
HIEEZR2E R 0.33 mg/g @ # SN BELEEE /KR A - AEIZECRE (F2R#L 70C ) R
fERAE 72 ) RNEZEHEFRT (10 ~ 20~ 30 K¢ 60 J7##) Lh#k » DAZEH(30 708 @ (EHF R A& et
£ 0.50 mg/g Fyfers 5 A EIBELHERREE (50% ~ 75% ~ 100%) pR¥H - PA75% FE{bHEZZ2HUEZ A 25
ik - fEEEEE0.91 molg Ry s o R - MEam o fEALEU R - 25% 18 S 2 i iE &
&S 0.02mglg - 45 | ARAIKFFRACEZSESIT » EHRLL 75% MRLFIEAE (& 0.1% HE)
S AR T TR R ACHL 30 v EUAEMEEE ZREHEEE -

BASEE © R5F - 245 25 5 - fEE R MEEEA

i

Hil

2% 25 gRiY 2021 fFESEpanss o RdliE REERE (Burma)  RAAFEAC RS 0 H 1995 AFEEE
HEIRFFEL RS RS » ARl B Aldas 4 et mfd - HAmeriE SR R4 (E—) 0 A
EUETHEFFLY 25~30 REBEFERAE IR GR T - BLES 18 S B IAERE (B ) - —f%
0. Ry i AR BE IR RAT RV R IR T RE R AR B R HYAEF 2 (Anthocyanidin) - SCERTS
HEH R TN AR E - BTG - FEF e+ (£% > 2011 ; Kumari etal., 2017) » B
BEERK - HEE ~ ZEEEmERRAVEE - BRTE RCERERILE 6 & > 2hlRREHR
(Cyanidin) ~ ¢ EL 2 (Delphinidin) ~ $8%% 2 (Malvidin) ~ K= %52 (Pelargonidin) ~ Aj 22 2
(Peonidin) ~ ##4-2 (Petunidin)(E4% - 2014) » A1 H ZAEREE NEH 2/ D LURAEIREEFAE - 3
G LU S LGS ST R BCHERS (SURBREES) - Hrh Cyanidin-3-glucose [y B 285 i HATH
ZHEEF (Francis & Markakis, 1989 ; Minussi et al., 2003) - J4NFLIALisd » IEEFZEAMSEIE -
TAD MBS ~ JEFRIEN B S AR (B85 > 2013) - F%E (2008) AT HFIER AV

1 TR EREZR B GR RN BSRIER B A - Bt B R & - 28 fE -
2. TEb SRR B G REN BSRN S R - B Bk R - AR GER -
=28 M

*HEEEE -
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ERTHEERGELEEHEMHMN > THTMEVERECHFREETERNTZ—  #% (202))
SRlkEHE - B - MEZFRZRFRBIEER 288 S&RFETUERIVEERE > £95 0.7~0.9
mg/g » T E ZF & & e 7 2 1.29 mglg -

HRTCSWRAEE ZEELA 500 1D o BHSE RNEE R I7AE r ee k- Hg
@t ~ ZHHIRE - SRV BT AR ERNES (155 > 2019) - HMEYITIEEZSENESY
ZE B IR Horh DU A T EE R ERE R « 7O EA F A HIER
SRR > W@ B — pH % (Single pH spectrophotometry method) B 2548
(pH-differential method) - HE— pH A HIEEETZACRER pH (B T H#ET - HVAMER
i P A LRI ME T 2R R AR O RIEAVEEEE e (4% (Molar extinction coefficient, ¢) >
oA EE G TEY S SRS (8% > 2014) - 280 - YRRt a A R e TEm
HAHBAOYER - B > BRI MR DR S =8 A BT E R REES BT - TRIRE 2=
FEER Y 1948 4 Sondheimerc 1 Kertesz B R H » HIEHEIEHFZE pH 1 K pH 45
e L EAEREARTE - It RO Rt it HE RN e R —RTHEYER A
SR - 7 pH 1 AIRIR T fEE R0V B 2 AT AT Oxonium - 3 H7E 520 nm k2 700
nm &N EARARHIOEE  E pH 4.5 FFRIZEHEEAY Hemiketal - fEEFHAE 700 nm jZ2FH
ARHIEE (Lee et al., 2005) - 7S 2= 40 A RS HPR TEE SN E &SR 2 - KAt
BHEE R TRENRE (% > 2011) -

RIS 7A

— ~ HEARL 2021 FEFBREEEN S EX RSS2 255 18 9% (TTES No.18, T18) j%
275 25 9% (TTES No.25, T25) ZH6 2 —i0 2~3 BERFE - &5 - B8 - "2k
T Rebk 7 2 ZREE Ryl - ISR A -

= B

(—) REZRUERES - DL 50% HEE (& 0.1% Hfg > pH 3.01) AREERET/K (& 0.07% f&
5% > pH 2.84) F/aH - K 0.5 ZREETRINIA 5 mL AR - HLEERESE 10 /78
DL 0.45 ym JEREEITIEE > FHHUREREEZEE S5mL > SR 3 HE -

(Z) REZFERCRE SR - DL 50% HEE (& 0.1% Hfg) Raml -k 0.5 sk A 5 mL 5% -
SRIPAZECR (8 18 ~20°C ) B¢ 70°C #EEIEALHL 10 538#(% > DL 0.45 pm JEBETEE - FF
HUEREEZS S5mL > FEmiH 3 HE -

() REZEHE SR - DL 50% HIEE (& 0.1% HfR) Rahl - #F 0.5 el A 5 mL A%
% » Sy R E R EEAHL 10 ~ 20 ~ 30 ~ 60 774 > DL 0.45 um JEREAETTHE)E - FFHUER
FEEZE S5mL FEM 3 HE -

(V) R EAEEE S - DL 50 ~ 75 ~ 100% Z FEE (YN ERE TR (L - ZH RS £50.1%) f
SR 0.5 SRR AN 5 mL AR FAIHEE R EZAEEL 30 S7§E% > DL 0.45 ym JE
BT TS > FHEUEREES S5mL > FpRM 3 &E -

=~ [EFZEEIT 275 Leeetal (2005) DL AOAC Pt 2 Felin & 2= 40 Aol S5 L P A
SEE& -

(—) FCEREAR
1.0.025M KCI %EfEz% (pH 1) : 1.86 52 KCI hiA 980 mL EE v KiiEE % 1,000 mL
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& - FLL 6N HCI 3§% pH &= 1-
2. 0.4M CH;COONa 4&ffi 7% (pH4.5) : 54.43 ¥ CH;COONa fjil A 960 mL ZEETF/KiliE
E% 1,000mL 7% > FLL 6N HCI 3% pH £ 45-
() Rz
1. HU 1 mL ZFOS5FEOK - REBREIMAZEEERINY KCl &EDAR (pH 1) » FFE 20 47
§ > FLLOLEET S AIHIE 520 nm Kz 700 nm ZUSAE > Hrr 520 nm BE{EFR
It 0.2~1.4 7 (Leeetal., 2005) » ZHEBE AT FLEE N - FRIEMmERESR -
2. 5HU 1 mL ZE5FEHUK - InABL KCI MH[ELLFIRY CHCOONa &ENAK (pH4.5) » A
B 20 g LI SR HHIE 520 nm Fz 700 nm 2 R SEAE -
(=) =&/t © Anthocyanin content (mg/g) = (AXMW XDF X 10%) / (e X L) X (VIW)
= (AX449.2 X DF x10%) / (26900 % 1) X (0.005/0.5)
A (Absorbance, H%AE) = [(Aszonm— Azoonm) piz —  (Aszonm — Azoonm) pH 4.5]
MW (Molecular weight, 43T-&) = 449.2 g/mol for cyanidin-3-glucoside (cyd-3-glu)
DF (Dilution factor, FfEf55%) (EEURNNA LB E R4 2 R (ER)
10° = factor for conversion from g to mg
¢ (Molar extinction coefficient, ELE¥¢ (&%) = 26,900, in L & mol™* ecm?, for cyd-3-glu
L (Cell path length incm, BEKRER) =1
V REHURRE EfSTE =0.005 L
8. W fEmEE =05 5
(F9) #Etortr - SaHRER B EL 3 BEEMETIIE - WLASRET /71T 4% (CoStat-Statistics Software
6.451) it EREEG AT ETAVE BT (ANOVA) » i DU/ N A= S MB  (Fisher's
protected least significant difference test, LSD) &) &8 > Ry B4 (p<0.05) o

No g~ WD

SR B

—  REZERUVAHE A EERRFIEE R e B L

27 18 SRR ER 25 SREIARERINIEER KO SEEIHERE (B =) 352 Ak
B 18 SRS Rasik 0 MR REEINESS 25 905 KA et - £% (2019) f5H
SRR E S B E RIS EN 50-100 % - \HNMEHFZE R/AKAEGZE - L > H#EHE
=2 25 SUKERAREFRANIS TR - Al ARG 280 A IS SR LR AT & 1T
BEEE T pH1 FRET > (EHFZENEEAEZRL AR Oxonium > {H7E pH 4.5 FRIEE
AT Hemiketal (Lee et al., 2005) - 2481858 (T18) ZSHLKAE pH 1 F1 pHA.5 B iy ks
@ e L (BVUA 4H) ik 25 5% (T25) ZEHUR(E pH 1 IREE T 2IALE - /£ pHAS
B T EBUR ST (B2 —4H) » Bl Leeetal. (2005) ##4UAEFT » HHIEFTLAGEEHEZSS 25 5%
HETEHERFE ©

EEZEWERR T 5EiK > WS AR - 288 - Mg mis S s o EAR EIEmIZE
HAEHZBERAE (8% > 2014 - % > 2016 ~ 585 » 2021) - AWFEREZEEEME} - Rl LA EE (L
&2 T 7K E50% H BN R BUAR » v 20m (18~20°C) TNLUBE NFEHL 10 7riEts » #ET(E
BEAEIN  tEEUKEAAE] (FEE) HRELFREARR Z2E » FEABFIIEER
GERAE AR © Mam A A RIZEEL - 255 18 9% (T18) ZEHURIEF R &K 0.01 + 0.00
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moly ; B 25 4 (T25) LIFHET/KFICZ{EA 24 0.00 £ 0.00 mg/g > LA 50% FEEEA
HUEFZ & kiE 0.33 £ 000 mg/g » LMK T/KFEEUR 3 f50AE - % (2017) HERTRE
LT SERRAE AR SEUBCR 2 S B SER » SELVAHOAN] (T0%FIERE0%ZED) R HIUE
THIERS » S S FOMH ~ WA R 2 TER Y REUR R LUK RS - MiAsBaes ST A
(50%FFRE) I b 2 T34 22 th IR e e 2 AEENROR -

= AFEFRCRECREFEIUR TR RSB EE

R (2021) DAASEDEE (40 ~ 50 ~ 60 ~ 70 ~ 80C) HMEITEAFFRIEHFREFA (EHFHEEE
MEARCHESEE g > (FRfEEHE 70C KREEZRIFEAVESS - ALt - AWFEl 70C i
FoPAREROR NG B 20R FERGETERE: - LT A FRRUR 278 25 SEFRAEIR I
B - BIEEEIILA 50% FREIAIRTE » or RN ER . 70°C KB B AL 10 Jr8# » &5IRET
N T25 ZREELIEDR K T0C FEHLZAEFRAERE 7R F 0.33 £ 0.00 K 0.32 £ 0.03 mg/g
(E1X) - BRI 22 5 - HNEF RAVEVREMERGE - NS RAVIRIE TE S 2R (55
2018) - ALt > BB Z0R N ETTEEEL -

= AEFERER SRR TIEE R a2 P8

BRI 50% FRESRIRIL - FYE0E oyl CAE S @ il 10 ~ 20 ~ 30 ~ 60 74 - %
HURZALFERZ G ENETHR - HE (2019) BHEEH » REEEFAORINZAER K LA80C £ AL 10~60
oy sABREEREUREY 10~20 Sy {75 R AK AR A 2 25 HUF S I £2 71 - 4By hZs By
il IEF RS ERIM 2 MBS - 7% (2021) KDL 70°C SyAIFEAL 1012515175~
20 g - EAHFEES 15 r#ERIEERSERE - BRI TEEERItE R
SRR AR - ASERN E0M PSSR 25 9t 10 Sy (T25-10) K 20 3 (T25-20) jaPEaH
TEFZE AR 0.33 £ 0.00 K 0.29 £ 0.01 mg/g > MZFHL 30 53 (T25-30) s ZfEHEEER
0.50 £ 0.02 mg/g > BE TR (p<0.05)  ZAMEEFNFEIERE 60 Jri# - FHCR
AISCA R RIES -

g~ ARDREAERUSFIE R EENR Tt E R B8

AFEsTHILL 50~75-100% HYFHERAR (I AFEZ0.1%) F=0m MAEHUES R 25 Hiokhk 30
Iy SIFTEERAIR TR © iR AOAC Z Blim/e #=480% » Horfr 520 nm WOLEFE Y 0.2-1.4
Z[# (Lee et al., 2005) » NZEHURBCIEE HLEEE - AIFRAEITHIE - 50 % HEMHMRRR S
(Dilution factor, DF) %5 5 fiZi% > HILSEELI/ Y 0.5828~0.6279 > iz HUfE A Z & A 0.50 = 0.02
mg/g - ifi 75 % #HFFRE 10 (FU7AIESOEE M 0.2~1.4 ] EEIREERUR TR G E
0.91 + 0.06 mg/g > ZEHUFRATEY 50 % “HIETh 1.82 f& 2RI E LAFE(L 100% FHES(E Ria Al -
fEFRZEAERKZE 049 + 0.09 mg/g > HADA KCI (pH 1) $EENFRIE - sl CUEER =
@ B 2R OAGREAERTAE (E&/\) - H% (2019) #HRE 3520 30 ~ 40 ~ 50 ~ 60 »
70 ~ 80% ZFERARGEITEENL - fLFRZEHREE ZEREEINMETZE 70 % S8 hins > 12
i LER RS 2 80% » fEFE RALHRA SR RAVEEES - HEHFTRE RN BRI B e i LR AR & e
ERETHEQRMEF - % (2016) WIS HEGRERNOCENGENTE - ZFES
BB > AL - Ry(EHAL G ZE PR B B MIEUE - R DAT5% AR 2 U= R 255 S8
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Bk 25 SRR 2021 FartaHynantE R RRE AR E HOA R
e BB ER 18 SRS HETE - AN B ES G - ATELL 2 HERUE
Bl ~ 2 FEAEHCRE - 4 EAEHUEE - 3 UARIRE S SBUETRIECHF RAHL HLL AOAC
1 BRlip AR T IE R R BT - #ELURM S AIE B R R AURM: - SBREERET
ERIRE ~ R BEEHS I e B R R PEE R FHCR - HINEDRE 70°C ZEHAIRR
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T FEIREHESRHEAR 25 SR EPFREIR IS
Table 1 Effect of different concentrations of methanol on the extraction rate of anthocyanins from
TTES No.25 Teas

Anthocyanins contents**

Treatment DF A
(mg per g teas)*

5 0.5828

50% MeOH 5 0.5862 0.50+0.02°
5 0.6279
10 0.5055

75% MeOH 10 0.5681 0.91+0.06°
10 0.5571
10 0.2399

100% MeOH 10 0.3414 0.49+0.09°
10 0.3065

*Means with different superscript letters (a-c) within the same column are significantly different (p <
0.05). Data are means (x SD) of three replicates.
**Anthocyanin content (mg/g) = (AXMW XDFX10%) / (e X L) X (V/W)
= (AX449.2 X DF x10% / (26900 % 1) X (0.005/0.5)
A (Absorbance, Wz5%AH) = [(Aszonm— Avoonm) iz —  ( Aszonm — Azoonm) pH 4.5
MW (Molecular weight, 43+-&) = 449.2 g/mol for cyanidin-3-glucoside (cyd-3-glu)
DF (Dilution factor, Fifsfis)(ZERURNIA G ENEIRIG 2 M%)
10® = factor for conversion from g to mg
& (Molar extinction coefficient, ELE¥¢(4%)) = 26,900, in L & mol * cm™, for cyd-3-glu
L (Cell path length incm, FREEE) =1
V ZEHUREAE B RSTE = 0.005 L
W EEEE =05 5
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B — - 27 25 JORBIEARS
Fig. 1. The spring tea shoots of tea cultivar-TTES No. 25

fEl =~ 2= 18 5% (fr) BlZElk 25 9% () &AL
Fig. 2. The spring tea shoots of tea cultivar-TTES No.18 (left) and tea cultivar-TTES No. 25 (right)
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PRZFERR S E K 25 X E D DD 000000

=~ 2% 18 5% (El/5) BLEE2% 25 9% () &R iEINE - RS
Fig. 3. The appearance, infused leaves and liquor of green teas made from tea cultivar-TTES No.18 (left)
and tea cultivar-TTES No. 25 (right)
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VY ~ FEAEEURS pH 1 & pHASERIE T 2 260 (E 4 REZ 25595 - A _4H =3 18 5F)
Fig. 4. The color of tea extract in pH 1 and pH 4.5 condition. (The left 2 tubes are tea cultivar-TTES No.
25 extract. The right 2 tubes are tea cultivar-TTES No. 18 extract)
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Fig. 5. Effect of different extraction solvent treatments on the anthocyanins content in tea extract
(T25: TTES No. 25, T18: TTES No. 18, MeOH: 50% methanol)

0.4 H

Anthocyanin contents (mg/g)
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0.0 T T T T
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BN~ AFRZEBCREH AR ERR TR R G B 28
Fig. 6. Effect of different extraction temperature treatments on the anthocyanins content in tea extract
(T25: TTES No. 25, T18: TTES No. 18, MeOH: 50% methanol, RT: Room temperature, 70: 70°C)
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Fig. 7. Effect of different extraction time treatments on the anthocyanins content in tea extract
(T25: TTES No. 25, T18: TTES No. 18, 10: 10 min, 20: 20 min, 30: 30 min, 60: 60 min)

KCl (pH1) CH,COONa (pH 4.5)
T25-100% McOH

B/~ 22k 25 §R2 100% HEZZEHURRY pH 1 (/) K pHAS5 () BR 2 2aiEP
Fig. 8. The color of TTES No. 25 green tea extract extracted by 100% methanol in pH 1 (left)
and pH 4.5 (right) condition
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Effect of Different Extraction Conditions on the
Extraction Rate of Anthocyanins from Green Tea
Made from Cultivar-TTES No. 25

Chiao-Sung Chiou"  Bi-Kuei Tsao®  Yu-Ju Huang®
Cheng-Chung Huang®  Meei-Ju Yang"

Summary

Anthocyanins are water-soluble pigments that exist widely in many plants. In this study, different
extraction conditions were used to determine the anthocyanins content in green tea made from
cultivar-TTES No. 25 (purple shoot), and TTES No. 18 (green shoot). The analysis method of
anthocyanins is the pH-differential method recommended by the Association of Official Analytical
Chemists (AOAC). The results showed that using 50% acidified methanol solution and ultrasonic to
extract the TTES No.25 tea leaves powder for 10 minutes, the total anthocyanins content is 0.33 mg/g,
which was higher than that of acidified deionized water. There is no significant difference between
different extraction temperatures of normal temperature and 70°C. Compared with different extraction
times (10, 20, 30 and 60 minutes), the anthocyanins content can be increased to 0.50 mg/g as the highest
in 30 minutes treatment. Extracting TTES No. 25 with different acidified methanol concentrations (50%,
75%, 100%). Extracting tea powder with 75% acidified methanol has the highest anthocyanins content
(0.91 mg/g). However, TTES No.18 tea samples were extracted under different conditions, and the
analytical values of anthocyanins were all lower than 0.02 mg/g. In summary, to analysis the
anthocyanins content of purple shoot tea, using 75% acidified methanol solution (containing 0.1% formic
acid) as the solvent, and perform ultrasonic extraction at room temperature for 30 minutes are the best
extraction condition.

Key words: Purple shoot, TTES No. 25, Anthocyanins, pH-differential method

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

2. Assistant Researcher, Associate Agronomist, Senior Agronomist, Yuchih Branch, Tea Research and
Extension Station, Nantou, Taiwan, R.O.C.
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BWEERRZ —  EHENNWEEREAH B B2 & DURBRERERS NP EERLL - 5
ADRIISE » BRBRRE - ZREREEH > BEEELL (F 0 2005) - DIEERA RS miEmEZH)
INERRER 12 97 - BLOGHE - URERUK ISR EREERTS - HanE B FI AR - BAE
Btt > REFRREA G = - afDUERI R AR - ESFHEHA - % (2010) JRFEH o ERFR
BB TER > HERSEE R > AP E(E - #65F (2009) EfEEpR & HR B ALE - DUZIR
BRI~ BT - BA RAFHREEE KR EE I8 m iR - 8% (2009) HIFHESHHRGinE 2
F/NERRE R S ELLR - 1] VA RER A A T8 TR M IEE - PLE B e A RN SRR 3%
FreokEZply -
= ARIEERSK T

(—) &%
ARFFREEZERRRS LES TR 82.2 £ 90.0 Zf » A FlinfEE R ZEE AR IF 1 £ 3 4%
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sronfEAE R > ITFE 4 SRR 8 YRS L [HikS fy 84.8 > WEEI I An s BETE - KRR
&5 78.8 : RAFFAHGZARARER 12 5K05 a HRBE -2.32 > Ktufmek - WA M EEREE 2
o B2 8 Sim Ry -0.62 0 KERIRER - IrfFE 1 2 3 FEX 12 9f - RERREMKBEILZKS a
Efs > KOEERLL I 4 £ 8 5K a Ey 345 BE{KFY/NER R BRI : R
BLHZERR 5 b (BAE 12.5 £ 14.6 Z[H] » REMERRERE AR - 177 1 £ 3 FLEX 8 KRN
HoMAARE - I 4 FETE 8 S b (E R 194 BE RN HANSE ; fEsmllys - AR anfER ez
F7kiz AE Bl b HEFARITAVER | RISSIHOEEFERBEREAMRF R a>b=AE>L > KFEih
RAMEEGER (RN £- /0

FERITEIE ARG O RESRS L BRI 2FHTAVEE R © ORI s B
FRA25505 a EiRfEE -146 > Kufrsk - HLSREES A 014 KEfFERLk  IF 1 2 3FKR
SRR AKFILRZSS a Bfm > 570k 7.54 & 7.49 - KB E{RAL > 7 4 S RAHEIAES -
R 8RS a (KR 3.87 ; fiamiyfE - AEGnE H AR AR5 b I AE (HELEZER A EHAHAT
&SR FOGSTHOEEFERBRAIMRT B a>b=AE>L » FEGSEEHEINGEE (KA -
AR SVIPK

RIFEHEZERR S L RS K BROERZIRIEMR > HRERE > IrF 1 £ 3
AR S I ARG SR A — 2 HIBSRORAR S RIEMRE - IrF 4 FHtezsor B A
B > HIgSRR AR SRR EERE © RIrPHEZERR% a ~ b ) AE ([HELGE ~ /K ~ BSRR%
CRAHR Sy AR EANRR  famiteZ sl HIE > I 1 2 4 8 RIEAHRE - B 4 4 b} AE {HE
BN RS 2IBEAR (Rt—) -

(=) 4LSRE

RIFFHLEZALSRERSES LETH 71.0 2 77.7 Z[H - 228 8 51 Ry » M B30y bl g
2 T 12 3 FEK 8 SLRoKFEISR R/ NER - 1 HAEMNF 2 £ 3 FEREAR  IFF 4
FHMFENGER > 755 L {E1E 66.7 £ 76.6 Zf | RirPHEZeLGRER 27k 8 k5 a B 8.82
EE SR HASE > I 1 2 4 FETMEENGER - 7505 a [B4E 7.13 2 16.55 Z[H ¢ RATFHLEZAL
ISRERETR 12 577505 b (E 1y 30.3 » BEE R HAth il > fyfe 1 2 3 SEEALLE 12 SRENE - 7
4 FRIUNERERE R E2% 8 9RRok RIS » 7505 b {HAE 32.6 £ 36.6 [ © MyfFilifEZRE AE
B b [HAMTAVEE | SRS STHOEEFEMBREAMRIT B a>b=AE=L > ARGEAZAEM
FEREER (R ~7x /O

meSmitr R - A [F) Al H IR ZALSRESORS L~ a~ b ) AE [HEFMATHIEER » I 4
FAFERERS LE/ 5 69.6 2 79.7 Z[# > a fEAE 6.07 £ 13.79 Z#u[& b {H7F 31.1 2 35.9 [ >
AE {H £y 34.3 £ 45.5 1 JOG S HEAEFEHERA/IMRFT R a>b=AE=L > R EAHE
MG (R~ AN~ t£ /0

HEmiT P EECE - ALSHERTRS L ([BEaE ~ JKE ~ BRBGEREIR AR - BB 2R
&K% a b R AE HELGE ~ K@~ BROERE TS REMHR - 1 H 0 R SR
frfr 4 EREMEREREAMR (Rt—)-

H EAEESREEUR » SESmIZ s H ARk - RIrFE A EmERS L~ b & AE [HEEARE
AERIEH AR ModfEERE 2R IfF 4 5/ NEREUKFIIZES a~ b J AE ERER
EER S HEESRER 8 ¥t - SR NSRS > RIrFEErmiEzs La~b k AE
EAERERE > DIE 898 L E/(K > a~ b X AE {Hik & ¥ 4 FREHMERVER - SRl
BHZIR A EE SRR R ALSRER S AE B2 b H 2R L - SRS ITREEEVERER
FRELSRED T LS BEE I F RS EERE - ORI - &or%5 L HENE - KE -
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TSRSOGRNFE T 2R IE S EAERE - 295 a~ b & AE ERIRER T 23R IR ¢ 4LGRERRS L
EHAE ~ KE ~ FROEARE T 2IRBE MR > 7505 a » b & AE [EAZ REE A -

FR AR IR RIRR (5 - 225% 8 St R BALRAY il > BURA S8 Z SR eI F ISR S i R
5o ARG O RS - 1O R(R  BEE SR 2SR RS R kR
WO RS I NSRS RER B 2R FERISER - 2255 (1991) f5HHEREAOKE AE 8
b EZERME 0 LIEETHEZ b E SRR K G2 ERERE - AsBRiEmirF  fok -
e A 7505 b K AB [EEVE bR EBARATAYESS - HAOA (1987) #HE RO BRI L -
a~b % AE {H5RIETHE 95.5~87.1 ~ -1.6~ -3.8~21.4~11.8 F; 23.5~13.2 7 &E - HIEFEIZ a
Kb EZFINT -0.2~ -0.4 J 12~14 7] » &K% a [EIF8% & IE(E 0.4~0.5 - For&LE P
fk > b BT E 16~18 stk ig i (BB > 2004) - 2555 (1991) Ff st MIE B K
@ HbERE @ aEReE > BKEEREGE > WHEEHEACKSRE b (E14£ 19.33 724 - SUld
TR A= SHEA b B0 By 10.5~11.0 fz 29.2~30.2 (FBR » 2004) B [F A5 S HE
2R B R ETAHE - ASUERALISREAR R B - 205K EOREAL ~ R H S - S
HZISREZR (R > 2013 5 555 > 2011) - HK5 b e AB [HE R EMET - HEdE b 5
JE o MR (2002) f5HHSRER RARARNS L (EBLE SIRBE AR © oK% a K b (HELERIE
PR AERE AR5 a K b [HELSE EIREE AR - AR B R 880 IrFE 4 58
iz L HBEE ~ K~ BRFERE HEAER] 0 7505 a~ b & AE HRAIZIFIEMRE LSRR HE
HEAE K5 L EEWE -~ KE - BREKRE HIEHR - 755 a > b J AE [HRIZ A HE -
Liuetal. (2014) f5HEAFKGEAE a~ b ERE L EH > AR ENAOERMELE - EHRRS a
Ko b EBLIEE 2GR - 5% AE [EHGYE AERE S HEE (Liang etal., 2005b ) - AGUEREIERAT
SSREZRELETHZR A A FEIAVAEBE &SR > SRR TSR - RGBT AL - K
AL - PIECREKE » BRICERCA R ARITFFRIERSR A FEl iRz S KGRy 2R -
IR B T E AR -
=~ NEaREEER Y

(—) &3k

RAFEHRZEROR B 8 5EANA Y  HIARBURNIYEA & BE s N Hitnf  isEERIE
BAHRHIEER > UKL s BB E S HAtan il - /NEE A SISV ARR & & RITEHtEze:
REGREEARE RS RELEN 8 iR(K > HRRKRBEUCS - i HBUNEERERE R KT
HigskoR2or 8 St R AR S R o B Aor 2R ERNGER (RL- +)-

ffF 4 AR 8 SR AIE Y ~ Ut~ R RIYRA & B e i H At - DL
2 12 R B2k 8 SR AIANE S BREE(RNE A - kBRI AR B B R oAt
T A [El TR kR RHER S S 2R & B AR FARREINOR I © ifF 4 SR AR Ao H ko (B8R sy
s LEARtE Ak A A EIRVAS S - T R E R e B ERAMEINRITE (B ) -

AT EECIE - SOk IDE Sy~ ZOTEVEL s RORERB R IR S RS » K BRSO
KR IR SRR > AARE - Bk R - B E R S B oV B 23RBS AR - fakk
B e BRIR S REREAR - WA 4 SR 2 BRBEE MR (-2 -

(Z) 4LGRER

RIFEHEZALISRER 22K 8 BEANA Y ~ IR RBU NN & BB Z 5N AL TS EE
NI AVEER - NERAR SRR S 8 - AR ERE LSRR R Z 2 BT R &
7 AR EHEZALSRER A M iR AR & B 2 RGO A FIREE R AR A %
HERGEATPAREREER  ArFEHRLGREREGRE ARG RS ET 2R HERGER (F
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IO
4 ER RIS RRRIHZAT SRR TIASY « ST - SU2S2E IR R it 2 3
AT » 3535 12 SEFT IR & RIEHELALGTE ¢ 57 4 GEF R R S 2 R B 22

EREARMINRITG 7 4 A ESEHBALE R LB 2 2 BT AL SR DS - B
LE REEHEE R A RAMANARITE (RL ) -

fEsmiT BN, - ALSBERRTIA Y ~ 2T~ AR BE RN & E0LmE ~ K - HERK
SRRy 2FEE AR TR S B EE H EFREE AR R rDA N R EEHEE
BIEEERIEAER - F 4 FR AR - AR S ERSAEBEMEN (R+2)-

H_Ea&E REUR > i FaiEz > R RS EMESEE LA & B 5 R4S 2 FUHEEIEE -
SLSEEAINVAEMIAYEE R - FERH iR AR (R 255 8 SHpG R AL SRER Z AT
LB ~ SRR R & S S HA i  BEAR R KA 2R & & MR HoA L AE -
GRS AL SHEZR A ST ~ e ~ SRR B RN & 8L E -~ K - FREOERKE 7 25
FE AR ESRRFHEE RS 2N e E B SR AR -

RS (2004 ) DIER K EEMEBIRR 2 SRR S B/ INER - |5 (2007) JMEHANEZEZE
RIEEFEZ SIARZEE/ T 85.11 % 140.67 mg/g » =jfA/NEEfE > 79.58 %= 117.58 mglg - 255 (2004 )
SR Z 2L EGCG  (Epigallocatechin gallate ) 1 EGC ( Epigallocatechin) & &5% »
SEEEME T0% DA b » REERE Y HIREF & EHE S NERE o Al R EEE I NERE RISk )
ASRERZ HAZHEEERNETMATNER - HNA EmER LR TR DB B R
Zema B K SRR E 2 (B - RS (2008) fi5H 7 RZERENR R 2By - 2T
M - AR RN ERSEAIELER - WEGREREB IR BEREIE R EEE 5 /N
TETE A S LB (R RS - e ELBE ~ Rl 2 &S HER 3 Rk - E55 (2010)
RIF5 H BV 27 i B i T H AR A B e & BB KN B R TE T - Al embk R B4l SRS -
INEE S AR AR S E - & (2005) fEHERARIERE A ~ Zorli -~ HRFEE - YA
SRl g Em T INERE  BIPRGEESH  0F - B - ERV B EIRE - Al KEEEESS
8 SRTIEST ~ ZHITE S ~ R BRIMIYER & B/ N - SR AR AL REASHY S E IR E
/NEERE > FTREAEIANARERIR IR Z RUR R R RO s R M 22 AR - KR LSRN @I K BEAE - R fa( b
BrioraBEs 8 SRS ENEEER > n/A) ~ Lt - RASZB R INYER & ST R/ NEE
fi - BURVEBRGE A A [ o {5F (2009) f5tH A B SR EFEEEL HAME » i BB
0 RIS EARE VIR - St E AR S 2 AR T E R YRR R E A S T
B BN T HREEETRIE - 05 (1994) JRE ARy ~ FES ~ TR & &
B H S S A TR AR - HHAE S B P 2IREE AR - BRESHR 2 A5y ~ FeEl% - 2
FagSsnNHME A A = DA RE ARSI T e B S S (A% 2001 )-
RkBp i EHzE 40 RALSREA R LB oy BB S i 2 BLEAHRE » ATREE A
B e L FE R R R/ NIERE » DABGZ AR o P 2 45 58 » SO Bt B Ry (B 2R SR A
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B EHTIRE— LB FTREE » R R BB R4 & 2 &5 5 Rt » BB BB iy B
B R (B e R R RS

%g



93
NRIZE R R B E ~ Gk R LR D B L2 5T
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T AN [EIALTE R AR Az B IR

Table 1 Comparison of different cultivars during storage on the sensory evaluation of hot air dried and

sun dried compressed tea

BRI E i P EEER

i () S

FH ot et Storage (years) %8
Teatype Drying Cultivar 0 1 2 3 4 Ccv
--score-- %

ESAS JSin-i T12 53.1abc  51.4cd 51.8¢c 54.0ab 55.0cd 2.8
Green CH 54.5a 49.7g 54.0b 54.0ab 55.4bc 4.1
tea DY 53.8ab 53.0b 54.0b 52.1b 55.4bc 2.3
T8 49.0f 50.1fg 49.0d 50.5e 52.0e 25

YK 51.6cde  52.3bc 52.0c 51.5cd 56.3a 3.8

H g T12 50.9de 50.4efg 54.0b 54.5a 56.0ab 45

CH 52.3bcd  51.8cd 54.7b 54.8a 55.0cd 2.9

DY 52.4bcd  54.3a 56.6a 53.2b 54.3d 2.9

T8 50.4ef 50.9def 51.3c 50.5de 52.0e 13

YK 50.9de 51.3de 53.5b 52.0c 55.4bc 35

4 ERE it T12 53.5abc  55.2ab 54.0e 56.8a 57.5a 3.1
Red CH 54.0abc  56.0a 55.0d 55.1b 57.5a 2.4
Oolong DY 53.8abc 54.9ab 55.8¢ 55.0b 55.7d 15
T8 50.0d 50.7e 50.0g 53.5¢ 53.5h 35

YK 55.0a 52.3d 52.5f 53.8¢ 54.5f 2.2

H i T12 52.7bc 54.9ab 56.8a 56.5a 57.0b 3.3

CH 54.8ab 54.3bc 56.2bc 55.1b 56.2¢c 15

DY 52.7¢ 52.7d 56.7ab 53.8¢c 55.2¢ 3.2

T8 49.5d 52.6d 50.0g 53.1c 53.0i 3.4

YK 53.5ab¢  53.5cd 54.5de 53.8¢c 54.0g 0.8

RPTETAMHRFSCFRERORERARES % BE -

Values followed by the same letters are not significant difference at 0=0.05.

T12: TTES No.12; CH: Chin-Shin Oolong; DY: Dah-Yeh Oolong; T8: TTES No.8; YK: Yung-Kang wild tea

CV: Coefficient of variation
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T N[E bl S AR R B H R B Kt Lhig
Table 2 Comparison of different cultivars during storage on the liquor color of hot air dried and sun dried
compressed tea

i () SR

FH ot et Storage (years) %8
Teatype Drying Cultivar 0 1 2 3 4 Ccv
-- score -- %
ESOAN Lz T12 13.4ab 13.2b 13.3d 13.0c 14.0b 2.8
Green CH 13.5ab 13.2b 14.0b 13.7b 14.2ab 2.9
tea DY 13.5ab 13.0b 14.0b 12.9cd 14.2ab 4.3
T8 13.5ab 12.4c 13.0e 12.7d 13.0c 3.2
YK 12.9ab 14.0a 14.0b 13.0c 14.3a 4.7
H i T12 12.9ab 12.4c 14.0b 13.0c 14.0b 5.4
CH 12.5ab 13.0b 13.7c 14.0a 14.0b 5.0
DY 12.7ab 14.0a 14.3a 13.7b 14.0b 4.5
T8 13.9a 12.2¢c 13.3d 13.0c 13.0c 4.7
YK 12.4b 14.0a 14.0b 13.5b 14.2ab 5.4
4 ERE jaiszia T12 13.0bc 13.2¢c 14.0a 14.0a 14.0a 3.7
Red CH 13.0bc 13.5bc 13.0bc 13.3c 14.0a 3.1
Oolong DY 14.0a 14.2a 13.3b 13.7b 13.7b 2.5
T8 12.7¢ 11.7e 12.0d 13.0d 13.0c 4.8
YK 14.0a 13.9ab 12.0d 13.0d 13.0c 6.2
H g T12 12.7¢c 13.2c 14.3a 14.0a 14.0a 4.9
CH 13.3b 13.5bc 13.2b 13.3c 13.7b 15
DY 12.7¢c 13.7b 13.2b 14.0a 13.7b 3.8
T8 12.0d 13.3c 12.0d 13.3c 13.0c 5.3
YK 12.7¢ 12.7d 12.5¢cd 13.0d 13.0c 1.7

P ETAMRESSCE B FRORAZRAES b B -

Values followed by the same letters are not significant difference at 0=0.05.

T12: TTES No.12; CH: Chin-Shin Oolong; DY: Dah-Yeh Oolong; T8: TTES No.8; YK: Yung-Kang wild tea
CV: Coefficient of variation



98

=~ IR R R S R B A

ST

FEER  BH40HA (2021)

Table 3 Comparison of different cultivars during storage on the aroma of hot air dried and sun dried

compressed tea

i () SR

FH ot et Storage (years) %8
Teatype Drying Cultivar 0 1 2 3 4 Ccv
-- score -- %
ESOAN Lz T12 20.3ab 19.5bc 19.0f 20.0a 20.0c 2.6
Green CH 21.0a 18.5d 20.0d 20.0a 20.0c 4.5
tea DY 21.0a 20.3a 20.0d 20.3a 21.0a 2.2
T8 18.0g 20.0ab 19.5e 19.5b 19.5d 3.0
YK 20.0bc 19.0cd 19.0f 19.5b 21.0a 4.2
H i T12 18.3fg 19.0cd 20.5¢ 20.0a 21.0a 5.6
CH 19.3cde 19.5bc 21.0b 20.3a 20.5b 3.5
DY 19.5bcd 20.3a 21.5a 20.3a 20.0c 3.6
T8 18.5efg 19.5bc 20.0d 19.5b 19.5d 2.8
YK 19.0def 19.5bc 19.5e 20.0a 20.5b 2.9
AN LR T12 20.5a 21.3b 20.5d 21.3a 22.5a 3.9
Red CH 20.0ab 22.3a 21.0c 20.8abc 22.0b 4.4
Oolong DY 20.3ab 21.3b 21.5b 21.0ab 21.5¢ 24
T8 18.8b 19.3e 20.0e 21.3a 20.0f 4.7
YK 20.5a 19.3e 20.0e 20.0d 21.0d 3.1
H g T12 19.5ab 20.5¢ 21.0c 20.5bcd  21.0b 3.0
CH 20.0ab 20.0cd 21.5b 20.3cd 21.0b 3.2
DY 20.0ab 19.5de 22.0a 20.0d 20.5¢ 4.7
T8 19.5ab 19.3e 20.5d 20.3cd 20.5¢ 2.9
YK 19.8ab 19.8de 21.0c 20.0d 20.5¢ 2.6

P ETAMRESSCE B FRORAZRAES b B -
Values followed by the same letters are not significant difference at a=0.05.

T12: TTES No.12; CH: Chin-Shin Oolong; DY: Dah-Yeh Oolong; T8: TTES No.8; YK: Yung-Kang wild tea

CV: Coefficient of variation
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Table 4 Comparison of different cultivars during storage on the taste of hot air dried and sun dried
compressed tea

i () S

FH ot et Storage (years) %8
Teatype Drying Cultivar 0 1 2 3 4 Ccv
-- score -- %
ESAS Lz T12 19.5de 18.8bcd  19.5b 21.0ab 21.0ab 5.0
Green CH 20.0bc 18.0cd 20.0ab 20.3bc 21.3a 6.0
tea DY 19.3e 19.8ab 20.0ab 20.0cd 20.3¢c 1.9
T8 17.5h 17.8d 16.5d 18.3fg 19.5d 6.1
YK 18.8f 19.3ab 19.0bc 19.0ef 21.0ab 4.6
H i T12 19.8cd 19.0abc 19.5b 21.5a 21.0ab 5.2
CH 20.5a 19.3ab 20.0ab 20.5bc 20.5bc 2.6
DY 20.3ab 20.0a 20.8a 19.3de 20.3c 2.7
T8 18.0g 19.3ab 18.0c 18.0g 19.5d 4.1
YK 19.5de 17.8d 20.0ab 18.5efg 20.8abc 6.2
AN=T Lz T12 20.0cd 20.8ab 19.5d 21.5ab 22.5a 5.7
Red CH 21.0ab 20.3bc 21.0b 21.0bc 22.0b 2.9
Oolong DY 19.5d 19.5de 21.0b 20.3cd 21.5¢ 4.4
T8 18.5e 19.8cde 18.0e 19.3e 20.0f 45
YK 20.5bc 19.3e 20.5¢ 20.8bc 21.0d 3.2
H g T12 20.5bc 21.3a 21.5a 22.0a 22.0b 2.9
CH 21.5a 20.8ab 21.5a 21.5ab 21.5¢ 15
DY 20.0cd 19.5de 21.5a 19.8de 21.0d 4.2
T8 18.0e 20.0cd 17.5f 19.5de 19.59 5.7
YK 21.0ab 21.0a 21.0b 20.8bc 20.5e 1.1

P ETAMRESSCE B FRORAZRAES b B -

Values followed by the same letters are not significant difference at 0=0.05.

T12: TTES No.12; CH: Chin-Shin Oolong; DY: Dah-Yeh Oolong; T8: TTES No.8; YK: Yung-Kang wild tea
CV: Coefficient of variation
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Table 5 Comparison of different cultivars during storage on the tea liquor L value of hot air dried and sun
dried compressed tea

i () S

FH ot et Storage (years) %8
Teatype Drying Cultivar 0 1 2 3 4 Ccv
%

ESOAN Lz T12 90.0a 77.4bc 74.5bcd  78.5abc  80.6bc 7.4
Green CH 87.3a 82.5a 73.2bcd 79.0ab 81.3abc 6.4
tea DY 86.5a 79.4abc 77.9ab 78.9ab 82.3abc 4.3
T8 83.0a 80.9ab 67.6d 81.4a 84.8a 8.6

YK 82.2a 72.1d 69.7cd 77.0bc 78.8¢c 6.7

H i T12 86.3a 77.2bc 84.0a 77.4bc 82.2abc 5.0

CH 83.4a 80.8ab 79.2ab 81.7a 83.5ab 2.2

DY 88.2a 79.6abc  76.3bc 76.8bc 8l.2abc 6.0

T8 87.5a 83.5a 73.2bcd 78.2abc 83.0ab 6.8

YK 86.3a 76.3cd 73.9bcd 74.9¢ 80.3bc 6.5

AN=T LR T12 77.0ab 75.7a 74.9a 74.6ab 75.7a 1.2
Red CH 77.7a 68.9d 75.0a 72.5abc  76.6a 4.8
Oolong DY 76.2ab 72.0bc 74.2a 70.7c 76.2a 3.4
T8 71.0cd 63.7¢ 60.0bc 63.7d 66.7b 6.3

YK 76.4ab 69.2cd 65.6b 64.2d 69.2b 6.9

H i T12 76.0ab 73.5ab 77.3a 75.7a 77.9a 2.2

CH 77.4a 70.5cd 72.6a 71.7bc 79.7a 53

DY 73.4bc 69.7cd 73.6a 70.6¢ 77.3a 4.1

T8 67.6d 64.0e 57.8¢c 63.1d 69.6b 7.1

YK 70.5¢cd 71.0bcd  66.0b 64.7d 70.7b 4.4

P ETAMRESSCE B FRORAZRAES b B -

Values followed by the same letters are not significant difference at 0=0.05.

T12: TTES No.12; CH: Chin-Shin Oolong; DY: Dah-Yeh Oolong; T8: TTES No.8; YK: Yung-Kang wild tea
CV: Coefficient of variation
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Table 6 Comparison of different cultivars during storage on the tea liquor a value of hot air dried and sun
dried compressed tea

i () S

FH ot et Storage (years) %8
Teatype Drying Cultivar 0 1 2 3 4 Ccv
%

ESOAN Lz T12 -2.32d 3.87b 5.53c 7.02bc 7.16a 91.9
Green CH -1.11bc 3.14c 5.23c 5.87d 6.91a 79.2
tea DY -1.30bc 4.25a 6.27b 7.15bc 7.10a 75.6
T8 -0.62abc 2.05e 4.27d 3.73e 3.45¢ 76.3

YK -1.22bc 4.24a 5.53c 7.51bc 7.25a 76.1

H i T12 -1.46¢d 2.65d 4.09d 6.88c 5.22b 91.0

CH -0.14a 2.89cd 4.29d 5.76d 5.02b 65.3

DY -1.03abc 4.52a 7.17a 7.98ab 7.54a 71.7

T8 -0.88ahc 2.20e 4.16d 4.56e 3.87c 80.4

YK -0.54ab 3.67b 5.50c 8.79a 7.49a 73.3

AN LR T12 2.66d 5.3d 5.69de 7.01e 7.13ef 32.5
Red CH 2.81cd 8.09bc 9.23hc 10.20cd 8.75de 37.1
Oolong DY 4.57c 8.38b 7.90cde 9.84d 8.90d 25.3
T8 8.82b 15.16a 15.08a 18.23a 16.22a 24.0

YK 4.87c 9.43b 10.93b 15.39b 12.78b 36.9

H g T12 2.49d 6.2d 5.31e 6.09¢e 6.07f 30.1

CH 4.71c 9.11b 8.64bcd 12.03c 6.39f 34.1

DY 4.56¢ 7.95hc 9.52hc 9.88d 7.66def 26.6

T8 10.74a 14.56a 14.3a 17.95a 13.79b 18.0

YK 7.48b 9.23b 11.14b 16.4ab 11.13c 30.2

P ETAMRESSCE B FRORAZRAES b B -

Values followed by the same letters are not significant difference at 0=0.05.

T12: TTES No.12; CH: Chin-Shin Oolong; DY: Dah-Yeh Oolong; T8: TTES No.8; YK: Yung-Kang wild tea
CV: Coefficient of variation
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Table 7 Comparison of different cultivars during storage on the tea liquor b value of hot air dried and sun
dried compressed tea

i () SR

FH ot et Storage (years) %8
Teatype Drying Cultivar 0 1 2 3 4 Ccv
%

ESOAN Lz T12 14.6a 25.0bc 25.7cd 28.6¢d 28.8ab 23.7
Green CH 13.3a 25.4ab 24.9cd 27.9d 31.2a 27.6
tea DY 12.5a 28.2a 29.1ab 30.7bc 30.3a 29.4
T8 12.8a 18.3e 18.7e 20.5f 19.4c 16.7

YK 13.4a 24.7b 26.0cd 30.2bc 30.3a 21.7

H i T12 14.5a 21.5cd 26.3cd 30.8bc 28.9ab 26.8

CH 13.7a 21.0de 23.7d 28.6¢d 26.8b 25.7

DY 15.6a 26.8ab 30.6a 31.7ab 3l.1a 24.8

T8 12.9a 18.2e 20.2e 23.4e 20.0c 20.4

YK 15.2a 24.4hc 27.3bc 33.7a 31.0a 27.2

AN=T Lz T12 30.3cd  30.0e 30.1e 30.8bc 32.6cde 35
Red CH 33.6ab  30.4de 35.4bc 34.6abc 34.6abc 5.8
Oolong DY 36.5a 34.5ab 33.7a 34.5abc 35.7ab 3.2
T8 35.6a 35.2a 33.1d 36.7a 36.6a 4.1

YK 34.5ab  33.7abcd 33.3d 36.0ab 36.5a 4.0

H i T12 27.5d 31.0cde 30.4e 29.8c 31.8de 5.4

CH 34.2ab  33.0abcde  32.8d 36.5a 31.1e 6.0

DY 32.2bc  31.7bcde 36.0ab 32.9abc 33.8bcd 5.1

T8 35.9a 34.8ab 30.6e 35.9ab 35.9ab 6.6

YK 34.8ab  34.2abc 34.1cd 37.2a 35.6ab 3.6

P ETAMRESSCE B FRORAZRAES b B -

Values followed by the same letters are not significant difference at 0=0.05.

T12: TTES No.12; CH: Chin-Shin Oolong; DY: Dah-Yeh Oolong; T8: TTES No.8; YK: Yung-Kang wild tea
CV: Coefficient of variation
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Table 8 Comparison of different cultivars during storage on the tea liquor AE value of hot air dried and
sun dried compressed tea

IrfF (52) S

FH ot et Storage (years) %8
Teatype Drying Cultivar 0 1 2 3 4 Ccv
%

ESAS JSin-i T12 14.9a 26.7hc 33.0ab 29.8cd 32.0ab 26.9
Green CH 14.9a 24.9cd 32.6ab 28.8d 33.8a 28.2
tea DY 14.9a 28.5ab 33.2a 31.6hc 32.6ab 27.1
T8 17.1a 19.1f 32.9ab 20.8f 21.3d 27.8

YK 18.1a 29.5a 35.9a 31.9hc 34.3a 23.5

H T12 16.3a 23.7d 29.0bc 32.1b 31.0bc 24.7

CH 17.4a 21.6e 27.9c 28.7d 28.6¢ 20.6

DY 16.3a 27.4b 35.7a 33.4h 33.9a 27.0

T8 13.9a 17.8f 29.3a 24.7e 23.1d 27.6

YK 16.9a 26.8bc 34.0a 36.6a 34.2a 27.1

AN=T Lz T12 34.7ef 32.1d 35.8de 33.2¢c 37.8cd 6.4
Red CH 37.4de 36.5bc 40.7bcd  38.2b 38.2c 4.1
Oolong DY 40.7bc 38.3b 38.6cde 38.6b 40.4¢ 2.9
T8 43.2ab 45.2a 49.7a 46.3a 48.5a 5.6

YK 38.8cd 39.2b 44.8ab 44.6a 45.8ab 7.9

H i T12 32.9f 34.1cd 34.5e 31.8¢c 35.7de 4.4

CH 38.1cd 37.9b 39.6bcde  40.5b 34.3e 6.2

DY 38.4cd 37.1bc 41.9bc 37.4b 38.0cd 5.0

T8 45.9a 44.5a 49.5a 46.0a 45.5h 4.1

YK 42,70 38.7b 45.2ab 45.6a 43.8b 6.4

P ETAMRESSCE B FRORAZRAES b B -

Values followed by the same letters are not significant difference at 0=0.05.

T12: TTES No.12; CH: Chin-Shin Oolong; DY: Dah-Yeh Oolong; T8: TTES No.8; YK: Yung-Kang wild tea
CV: Coefficient of variation
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Table 9 Comparison of different cultivars during storage on the chemical components content of hot air

dried and sun dried compressed tea

I ESEE A SRy i RS BB HOREE YRR A izenlt
(£F)

Tea Storage Drying  Cultivar  Soluble Poly- Catechins Caffeine  Soluble Amino

type (years) solids phenols sugar acid

--mg/g--

5 0 HtEz T12 311.4c - 101.0d 35.6b 42.7¢ 23.3a

Green CH 328.1b - 114.4c 37.2b 47.0b 22.2ab

tea DY 330.7b — 133.7bc 37.3b 41.6¢c 17.8bc

T8 402.4a — 154.6a 52.3a 31.4d 16.9c

YK 340.7b — 125.0b 38.5b 52.2a 16.1c

4 Mgz T12 302.8d 98.5ef 75.4c 38.8e 33.3ab 14.6b

CH 321.6bc 105.2de 92.6b 39.5de 36.5a 15.6a

DY 306.8cd 109.3cd 90.0b 40.2cde  29.0cd 12.7d

T8 396.8a 185.1a 132.8a 59.7a 26.0de 15.2ab

YK 328.2b 120.0b 91.4b 40.3cde  34.7ab 11.8e

H & T12 304.6d 92.6f 74.0c 39.7de 35.3a 14.9b

CH 326.5b 112.3cd 93.7b 41.3c 33.5ab 14.9b

DY 308.8cd 106.8d 89.4b 40.9cd 31.4bc 12.7cd

T8 395.1a 184.1a 128.4a 57.2b 24.6e 13.3c

YK 327.0b 116.7bc 91.8b 40.5cd 35.3a 11.9e

ALEFE O jeitva T12 243.0c - 35.0d 37.0b 35.7ab 20.9ab

Red CH 277.9b — 54.6b 36.9b 38.2ab 23.8a

Oolong DY 286.5b — 54.8b 39.0b 37.3ab 23.1a

T8 348.7a — 79.2a 45.6a 34.2b 16.2bc

YK 254.1c — 43.3c 35.8b 39.9a 14.1c

4 jeitvg T12 244.4d 45.1e 21.7e 42.3cd 16.1c 13.8ab

CH 267.3bc 61.1bc 36.3bc 43.8c 21.7ab 14.2a

DY 265.3bc 64.8b 39.2b 43.1cd 21.8ab 14.3a

T8 340.7a 120.0a 64.9a 53.1b 20.3ab 12.8b

YK 252.4cd 57.0cd 28.6d 42.6¢d 18.9bc 10.9¢

H b T12 240.1d 45.9¢ 20.0e 43.6¢cd 16.4c 13.4ab

CH 271.0bc 55.5d 34.5cd 42.3cd 21.8ab 14.5a

DY 273.5b 62.9b 34.3bcd 43.5cd 19.6abc 13.8ab

T8 336.8a 119.6a 61.0a 55.8a 23.1a 13.7ab

YK 257.3bcd 57.6¢d 34.9bc 41.4d 21.7ab 10.4c

RMETAMHRFSCF R EFORERARES % B -

Values followed by the same letters are not significant difference at 0=0.05.

T12: TTES No.12; CH: Chin-Shin Oolong; DY: Dah-Yeh Oolong; T8: TTES No.8; YK: Yung-Kang wild tea
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Table 10 Comparison of different cultivars during storage on the chlorophyll and carotenoid content of
hot air dried and sun dried compressed tea

105

FHH AT F HZJE mif LR BEAE R
Tea () Dry- Cul- Chlorophyll Carotenoid
type Storage ing tivar a b a+b
(years)
__mg/g__
ESAS 0 JSiN-i T12 24.5a 9.8a 34.2a 58.0ab
Green CH 20.5¢d 9.7a 30.3bcd 55.1ab
tea DY 20.4cd 9.2a 29.6¢d 52.4ab
T8 8.0f 3.2d 11.2g 23.7e
YK 16.2e 6.8b 23.0e 42.8cd
H g T12 23.1ab 10.1a 23.2ab 59.4a
CH 18.9d 9.1a 28.0d 50.5bc
DY 21.7bc 9.8a 31.5abc 55.6ab
T8 7.2f 3.0d 10.2g 20.8e
YK 14.5e 5.4c 19.9f 38.9d
4 jaiszi T12 17.6a 3.5ab 21.1a 42.7a
CH 15.6b 3.1b 18.7b 38.9a
DY 17.4a 3.7a 21.1a 40.5a
T8 7.3d 1.6¢ 8.9d 21.7b
YK 13.1c 3.0b 16.1c 35.5a
H i T12 17.6a 3.4a 21.0ab 41.7ab
CH 18.5a 3.7a 22.2a 45.9a
DY 18.5a 3.8a 22.3a 45.5a
T8 7.3c 2.0b 9.3c 21.9¢
YK 14.7b 3.4a 18.1b 35.7b
AEFE O JSiN- i T12 22.6a 12.6a 35.2a 82.4a
Red CH 17.1bc 9.7b 26.8bc 73.4ab
Oolong DY 18.4bc 9.4bc 27.8bc 76.6ab
T8 8.0e 4.2¢g 12.2f 70.2bc
YK 14.5d 7.7e 22.2de 74.3ab
H g T12 19.1b 9.5bc 28.7b 70.8bc
CH 16.5cd 8.8cd 25.3¢ 72.2bc
DY 16.3cd 8.6d 24.9cd 70.7bc
T8 7.5e 3.89 11.2f 63.7¢C
YK 14.4d 6.6f 21.0e 67.6bc
4 LRz T12 16.3a 6.3ab 22.6a 45.5h
CH 15.5ab 5.3ab 20.7ab 49.9ab
DY 15.8ab 4.1b 19.9b 47.7ab
T8 8.5¢c 4.7ab 13.2¢c 55.7a
YK 13.6b 6.6a 20.2ab 52.3ab
H i T12 17.9a 6.6a 24.5a 46.8abc
CH 14.7b 5.1a 19.8bc 44.7bc
DY 16.2ab 5.9a 22.0ab 51.5a
T8 7.4d 4.3a 11.7d 51.0ab
YK 12.2¢c 5.7a 17.9¢c 44.4¢c

RPETAMERSSCFEFRORAZRARES b B -
Values followed by the same letters are not significant difference at 0=0.05.
T12: TTES No.12; CH: Chin-Shin Oolong; DY: Dah-Yeh Oolong; T8: TTES No.8; YK: Yung-Kang wild tea
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Table 11 Correlation analysis for compressed tea quality and color difference of tea liquor

Green tea Red Oolong
o Hol Fgea ) K ER RS ) K R RS
Color Dry- () Liquor Liquor
Differ-  ing Storage  Quality color Aroma Taste Quality color Aroma Taste
ence (years)
L JSinv 0 0.695 0.520 0.573 0.714 0.913**  0.408 0.893**  0.889**
1 -0.631 -0.784* 0.095 -0.580 0.724 0.618 0.540 0.465
2 0.794* 0471 0.426 0.820* 0.943**  0.870* 0.783* 0.706
3 -0.359 -0.293 -0.116 -0.389 0.941**  0.867* 0.404 0.720
4 -0.898**  -0.835* -0.612 -0.898**  0.541 0.949**  0.893**  0.907**
H 0 -0.286 0.449 -0.134 -0.442 0.785* 0.872* 0.418 0.760*
1 0.083 -0.498 0.230 0.597 0.789* -0.188 0.867* 0.647
2 0.339 0.302 0.387 0.223 0.966**  0.938**  0.658 0.901**
3 0.455 0.399 0.205 0.390 0.898**  0.732 0.492 0.722
4 -0.350 -0.525 -0.155 -0.350 0.665 0.927**  0.752 0.914**
a iz 0 -0.496 0.068 -0.481 -0.572 -0.795* -0.208 -0.836* -0.825*
1 0.833**  0.751 -0.049 0.905**  -0.854* -0.706 -0.682 -0.493
2 0.809* 0.711 0.152 0.852*  -0.830* -0.909**  -0.583 -0.578
3 0.419 0.171 0.419 0.559 -0.945**  -0.908**  -0.264 -0.787*
4 0.965**  0.977**  0.697 0.965**  -0.626 -0.924**  -0.974**  -0.932**
H i 0 0.354 -0.357 0.568 0.205 -0.669 -0.696 -0.286 -0.678
1 0.848* 0.934**  0.780* 0.125 -0.656 -0.046 -0.763* -0.414
2 0.704 0.741 0.415 0.718 -0.877**  -0.985**  -0.411 -0.813*
3 0.173 0.267 0.525 0.026 -0.830* -0.850* -0.401 -0.605
4 0.470 0.738 0.215 0.470 -0.731 -0.940**  -0.759* -0.971**
b jaita 0 0.201 -0.210 0.147 0.371 -0.229 0.400 -0.408 -0.408
1 0.612 0.521 -0.111 0.747 -0.753 -0.211 -0.708 -0.841*
2 0.858* 0.771* 0.151 0.906**  0.178 -0.453 0.328 0.461
3 0.481 0.327 0.548 0.597 -0.986**  -0.921**  -0.401 -0.768*
4 0.963**  0.991**  0.679 0.963**  -0.245 -0.845* -0.885**  -0.877**
H i 0 0.405 -0.704 0.472 0.588 -0.206 -0.216 0.254 -0.272
1 0.747 0.911**  0.644 0.031 -0.521 -0.431 -0.635 -0.124
2 0.845* 0.992**  0.408 0.892* 0.423 -0.112 0.798* 0.486
3 0.420 0.351 0.665 0.272 -0.658 -0.924**  -0.482 -0.339
4 0.808* 0.943**  0.619 0.808*  -0.649 -0.888**  -0.922**  -0.940**
AE jaita 0 -0.756*  -0.734 -0.630 -0.699 -0.623 0.039 -0.738 -0.715
1 0.774**  0.826*  -0.179 0.859*  -0.836* -0.555 -0.688 -0.649
2 -0.047 0.382 -0.575 0.006 -0.853* -0.943**  -0.652 -0.561
3 0.469 0.319 0.493 0.576 -0.986**  -0.928**  -0.377 -0.773*
4 0.985**  0.995**  0.695 0.985**  -0.529 -0.979**  -0.962**  -0.976**
H i 0 0.629 -0.974**  0.535 0.900**  -0.539 -0.583 -0.080 -0.565
1 0.539 0.864* 0.412 -0.183 -0.717 -0.064 -0.816* -0.458
2 0.495 0.702 0.092 0.592 -0.857* -0.985**  -0.402 -0.782*
3 0.250 0.244 0.531 0.123 -0.827* -0.881**  -0.473 -0.573
4 0.744 0.903**  0.539 0.744 -0.689 -0.931**  -0.822* -0.950**

n=5 0.05=0.7545, 0.01=0.8745

*, ** denote significance at 5% and 1% level, respectively
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Green tea Red Oolong

fsgea Hoke ABERRGY e Kt R NS =} Kt ER NAUS

() Dry-  Chemical Liquor Liquor

Storage ing components  Quality color Aroma Taste Quality color Aroma Taste

(years)

0 M RS -0.886**  0.118 -0.900%*  -0.922**  -0.878** -0.429 -0.956**  -0.759*
FRZSEHE -0.722 0.138 -0.687 -0.836*  -0.822*  -0.401 -0.944** 0675
kA -0.892**  0.205 -0.932**  -0.918**  -0.969** -0.510 -0.936**  -0.902**
] s 0.570 -0.685 0.678 0.647 0.886**  0.726 0.676 0.793*

0.614 0.438 0.461 0.699 0.209 -0.096 0.248 0.292

0.887**  0.057 0.869* 0.914**  0.659 0.233 0.836* 0.539

0.968**  0.122 0.945**  0.972**  0.638 0.134 0.805* 0.583

0.920**  0.079 0.900**  0.939**  0.653 0.198 0.826* 0.556

0.945**  0.069 0.927**  0.963**  0.458 0.152 0.738 0.265

H g 0.617 -0.662 0.272 0.872* 0.775* 0.758* 0.348 0.798*
0.701 -0.604 0.320 0.887**  0.766* 0.790* 0.423 0.759*

5 S 0.911**  -0.759* 0.704 0.965**  0.774* 0.771* 0.372 0.788*
EHEEEE 0628 -0.679 0.281 0.885**  0.847* 0.897**  0.594 0.809*

4 HERZ ARGy -0.854*  -0.896** -0.589 -0.854*  -0.927** -0.543 -0.826*  -0.678
e -0.871*  -0.914**  -0.515 -0.871*  -0.904**  -0.614 -0.875**  -0.746
RS EHE -0.846*  -0.866*  -0.514 -0.846*  -0.865*  -0.525 -0.833*  -0.684
) LE]87S] -0.940%*  -0.964**  -0.619 -0.940**  -0.950** -0.557 -0.810*  -0.672
] s 0.776* 0.766* 0.247 0.776*  -0.089 -0.061 -0.338 -0.193
it -0.585 -0.510 -0.919**  -0.585 -0.113 0.824* 0.523 0.645
LT a 0.752 0.819* 0.486 0.752 0.812* 0.801* 0.929**  0.848*
HELEF 0.831* 0.880**  0.648 0.831* 0.474 -0.051 0.321 0.205
BELR R 0.767* 0.831* 0.513 0.767* 0.865* 0.697 0.923**  0.814*
EHEE S 0.821* 0.871* 0.508 0.821*  -0.560 -0.843*  -0.925**  -0.833*

HIE w5y -0.892**  -0.915%* -0.779*  -0.892** -0.769*  -0.608 -0.503 -0.765*
Eoviic -0.934**  -0,923**  -0.846*  -0.934** -0.871*  -0.658 -0.548 -0.808*
GAZRE -0.949*%*  -0.882**  -0.891**  -0.949** -0.721 -0.758*  -0.595 -0.868*
) L2 2P -0.939%*  -0.982** -0.817*  -0.939** -0.928**  -0.473 -0.365 -0.638
AT 0.990**  0.951**  0.924**  0.990** -0.226 -0.810*  -0.494 -0.780*
Fee BL i 0.243 -0.034 0.439 0.243 -0.090 0.560 0.452 0.378
L a 0.812* 0.871* 0.699 0.812* 0.659 0.900**  0.585 0.916**
B D 0.799* 0.928**  0.640 0.799* 0.467 0.667 0.347 0.712
TS 0.812* 0.881**  0.693 0.812* 0.638 0.875**  0.559 0.898*
SRR EZ 0748 0.828* 0.631 0.748 -0.736 -0.047 -0.519 -0.362

n=5 0.05=0.7545, 0.01=0.8745

*, ** denote significance at 5% and 1% level, respectively
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Study on the Quality, Liquor Color and Chemical
Component Changes of Compressed Tea Made from
Different Taiwan Tea Cultivars

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

Summary

The purpose of this experiment was to understand the quality, liquor color and chemical components
of compressed tea made from different Taiwan tea cultivars, so as to screen out suitable cultivars and
provide a reference basis for compressed tea raw materials. The tested cultivars (lines) included TTES No.
12, Chin-Shin Oolong, Dah-Yeh Oolong, TTES No. 8 (large-leaf cultivar) and Yung-kang wild tea. Green
tea and red oolong tea were made by hot air dried and sun dried respectively, and compressed into Tuocha
for storage for O to 4 years. The results showed that the quality of green tea and red oolong tea among
different cultivars changed slightly with the storage year. The best hot air dried green tea stored for 4
years was Yung-kang wild tea, and the best sun-dried green tea was TTES No. 12, followed by Chin-Shin
Oolong and Yung-kang wild tea. TTES No. 8 green tea was of poor quality. The quality of hot air dried
red oolong tea was best in TTES No. 12 and Chin-Shin Oolong. Sun-dried red oolong tea was best in
TTES No. 12, followed by Chin-Shin Oolong and Dah-Yeh Oolong, The red oolong tea quality of TTES
No. 8 and Yung-kang wild tea was not good. No matter the hot air dried and sun dried green tea, The a, b
and AE of tea liquor had not reached significant differences among TTES No. 12, Chin-Shin Oolong,
Dah-Yeh Oolong and Yung-kang wild tea for storage 4 years, but the difference was higher than TTES No.
8. No matter the hot air dried and sun dried red oolong tea, the L, a, b and AE of tea liquor was significant
differences in some cultivars for storage 4 years, with the lowest L value and a, b , AE values of TTES No.
8. The unfermented green tea made from large-leaf cultivar TTES No. 8 had the brightest tea liquor after
storage, with the highest greenness and the lowest yellowness among different cultivars; the heavily
fermented red oolong tea had the lowest brightness, the lowest greenness, and the highest yellowness. No
matter the hot air dried and sun dried green tea or red oolong tea, the same results were shown; and the
greenness of the tea liquor decreases with the storage year, and the yellowness increases. No matter the
storage and dried, the level of green tea chemical component content among different cultivars had the
same change, and the red oolong tea had similar results. The soluble solids, polyphenols, catechins and
caffeine content of TTES No. 8 were significantly higher than other cultivars; the content of chlorophyll
and carotenoids was lower than other cultivars. Due to the influence of the liquor color and chemical
components of the tea leaves, the quality of compressed green tea and red oolong tea was not good.

Key words: Tea tree, Cultivar, Compressed tea, Quality

1. Former Associate Agronomist, Assistant Agronomist, Former Associate Biochemist, Taitung Branch,
Tea Research and Extension Station, Taitung, Taiwan R.O.C.
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FARERRVFOETRMESL LR
2_$F 3t

IFISE= = S~

s

w =

R BBUE B 2B B EEE AR - 1A/ NEERE AP - B 1 AR - 6
FEEL T SR e 2 FHALZE - BT 9 MFF g DISBUREETE& (high performance liquid
chromatography, HPLC) s & H @7 fBE B 5% (Liquid chromatography-mass spectrometry,
LC-MSMS) #ETTEEER T 4HR 2 34T - 5B B UL B TR K AR ZHE LC-MSMS #fEFE1E
Bl HPLC ME & 8 e SN - EUri TS v RIFEARZLEY 2 B e & - HRARE RS
7~ XS - SILUSEER - RIESRER RAMSEE S22 T2y - I BN R T
RLEIUANERN S E » BREFAEFMAS S TTHENT] » AERGFENT - LSRR
INEERBAT S R BB AL H TS SRS R ESAERE N R E A ~ LSRR  /NEEEAT
FEBLAFWDNE] » BB ORY 2 — BT - SR IR T AR R T
ENEFRBEET  BERSFRERELEBIERAE « &5 1 SRBCER MR sn T8
TERYAREIMA TS » SR E SRR Bl E BN A KT E B EER ORI 2518 -
BRSRT  RAHET R E L - BRERER - EEE

il

Al

FIEE SRRy - AR (Catechins) {F AL T A EEH LBV 80% (H > 1984) -
Maki % NS R e 28 R T AR RS2 s B YRS B R AEHT (Maki et al.,, 2009) » H AR BMI
B (Nagao et al., 2005, 2007 ) © FEFHY AR EETERE - (KIBRESHIEE AL
TERSHEAE M (Theasinensins ) ~ 7558 JH (Theaflavins ) B4 4LEH ( Thearubigins ) 5 »
KET EREek e slinE T ARk =FEYE - RITEC AT B RE (S i AR i e IR AH B A T (R AR
% W HAEERE A FE S FE PR #ES (Miyata et al., 2011) > [Ib4h > SRESVE RV INEZ

FULREEYIFTE AT B BE (FF A > 2002) © Pan (2000) HIEIRISHERE SO s E W] (HELH
FE TAIRE T - Al EE AR SRR NS - A RERK > I HSRERE R EER

HHIEELHREAY PARP © SR INE S > & -3 WESEE(L - HEE DB FER
TERE Y > =R IR Al T - PALUZRZE (Kaempferol) ~ #E7Z (Quercetin) -~
BtEZ (Myricetin) ¥ 5, SEABEE 2N EER ~ JERFZE LA (Aherne et al., 2002) °

EHIZFEM LR S 2258 - RS - A - fRIELE - RS R
FhnT 7 IR 2 (FR% > 2010 5 B > 2008 5 FA47K % > 2016 5 Aherne et al., 2002 ; Jolvis Pou, 2016 ;
Lin et al., 2003) » JCLABSSIN T 5 2SR 7 B L Bt il - A BRI OSEEE S - RREES

| TEPEEEZBGREN RS PERE - BIHEEE - BV ERRE - 28 E -
AR
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YR SUERE B0 BB RSO SO B ~ L - TR
ARSI A ~ FOT92 AT RALS AR - SEVBIRBSIA/\SERAS AR R AR
% - DDA S BT R 1 5 WSS RE ALE RA LBy 2 B AABR S5 55
(2019) Z 5175 Rl L AWM G AL T AT  HASE WP EE S 035 TR M ) 2 -
DR T 815 SR I E A -

PR DT

— - BABRPH :
(—) BELUNEREACF I L BB (0 - (EEHE ROREEERAUR - R EE
1. ZELES 1 108 R IL T ZIREZEIREE B LLEEASE 1 B - &A% 1 B - 37
1R BR2E -
2. EHEEEI AL (OB 108 FEdbEMor I ETEE BT
EAE IR AUESE LB 250 1R (BRAE2 8-
3. EEEHEERES (BLUEEZ) 108 FRERELSLEESE BTt
o HOGHEA T B LR BRAR 1B &F (ZFXR125%F) 4 &85
LBE~ (BRAE 1R (BHESE 1L -
4. RITENTR 18 TR TTENT% (WECR) BRRLEIAS 2 B 108
FH IR TR AORIEER AT 1 B - AU%8% 1 8L 108 2R H 732 A%
1B RORTEFAUEAE 1 B -
5. EERERIP SRR
(1) BIHSEEZS ¢ 108 FERIEIT I MIREEHE - B0 SREM B 2
B BUSERE 1BE F (22K 125%) 40 ¢ GESAE | B - BUSEEE 106 -

(2) #EIE L 108 FAMEERE BB ZRILEE « S 2 B 3% 2
B~ 2SR

(3) 4ALSHESS © 108 R EETAL SHERT# 2:0% 3 B ~ $RA% 2 B -

6. EELII

(1) /NEERRLT 108 A5 A4 NERRAL (8 BOREL BB S 1 BE - &
2% 185 108 FRkE BB GRS B 2 B - (ESE 1 8 -

(2) BEFELLA + 108 AL ImiE AN FALA G oA% 1 B - $RA% 3 B - #ad% 1
RO/ NERE SRR (B 12 SRERIEGHE ) SRk -

(T sl En g @ (-)-epi-gallocatechin (EGC)(> 95%) ~ (-)-epi-catechin (EC)(>98%) ~
(—)-epi-gallocatechin gallate (EGCG)(>= 95%) > (—)-catechin (C)(= 98%)
(—)-gallocatechin gallate (GCG)(> 98%) ~ (—)-epi-catechin gallate (ECG)(= 98%) ~
(-)-gallocatechin (GC)(> 98%) ~ (-)-catechin gallate (CG)(> 98%) ~ ;¢ & Tl (gallic
acid) ~ IIYER (caffeine) EFfEHE Sigma-Aldrich (USA) /\H]  Acetonitrile (LC grade)
J% formic acid (LC grade, 85%) E7i#H Merck (Darmstadt, Germany) ©

o RTTA

() B SR I E AR FE E & FFAL 0.5 7ikky » LL90C BUKAHL 20 77§
RSB R IERE S0 2 SR EN =S E I E T - FIEFE R
mi Z S ATAE IR -

() M1 5E 2 28 R kR = U AH @ A (high performance liquid chromatography,
HPLC) Z3ifrfff © 25 hEERBIE A (CNS) 15022 5k N6384 I triniglnik
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SRR ZME 5 ZIETIRMT  ARIEE IR AT aS R R ML AR A R -
1. EFE: Merck CART 250-4 PUROSPHER STAR RP-18(E) 5um °
2. Eluent A: 0.1% formic acid ~ Eluent B: acetonitrile ~ Flow rate: 1 mL/min ~ Detector:
DAD ( Agilent 1260 ) ~ Wave length: 280 nm -~ Injection volume: 10 pL °
3. BT BEEEEE ML E 0 8EE] 5 38 0 DL A: B =100:0 EEEIERMEER (L2
AB=90:10 » 4EFRFZLEGINEE 15 7358 - HE DGR HEE(EE A:B=80:20 £
29 oy ISR LR AB =78:22 & 35 73 o LIRMESELE AB=7525 £

40 534
(=) RMEET BB sEE (Liquid chromatography-mass spectrometry, LC-MSMS) 4347
R

1. %&f¥: Agilent, prorshell 120 EC-C18 » 2.7um °

2. Eluent A: 0.1% formic acid * Eluent B: Methanol * Flow rate: 0.4 mL/min ~ Injection
volume: 10 pL °

3. JEMTTEERURE ISR (B R E O S8 2 535 0 DL A: B = 95:5 LEBIGRIEE(EE
A:B = 80:20 » #EfFALLBIANEEE 8 70 fi - HEELIGMEE(EE AB = 40:60 £
12 7358 - SERFZ LB EE 2 15 73 > LIRS (L2 A:B =595 £ 19 735 -

PRS2 30 738 -
4. BUEEHE T b = B MU R A B2 R 5% 58 ( electrospray ionization triple
quadrupole mass spectrometer, Agilent 6410B ) £8z%7E: capillary voltage: 3500
V, gas temperature: 350 °C, gas flow: 11 L/min, nebulizer: 50 psi, cell accelerator
voltage: 7V, scan time: 500 ms; mass scan range, m/s: 130-2,000 m/z °
(V0) BB 4Rt © SIEN & B DL ETHEEE CoStat (version 6.400) #E1T —[K 185 FL#y
(ANOVA) 4387 » il LA Fisher’s least significant difference test #1772 F 4 LLER -

AT ERE I DU NERE S SE N0 T8 ple 2 B O AE RnlBah et - TE4E 108 AR FERIER
Tt N2 2 EEEORE - KIS SRR A [F) 73 1) B = WCEIR R AR ~ SULERESS ~ SLREERS
RIASHETS ~ RSBSOS ~ RN ~ ALGRER RALR (B a/NERELR RERLLR ) &0k
RN > HEUE R ~ SRIRREE AR RERNZEH - i - FRIZE > ST
SRS SULEER RIS - HERR R H N - ENZEHEREN - W& - FRRR0E - Sl
SREAHEEZ R RS RSO IR - EREANIEAR SRR EETEE AR - &%
RoR L RIESRERT BRI S LSRR  EHERR RO REELS  WRFEREEITHUE ¢ A
BlE AT RERIESEER - MEREE W RBRORIAGRE R R - BRSO » U REEEs
RIASEER Ry s R ARHBEA R PR - ENZ B8R - W& - WIRRT - SRR
KLSRERMERI R & SREA AR - X0 H B T EAYHUEREE » 60555 ~ BTR AT RALARER
FEFR SR - ERTTEARRERLRARER O NGEEEE - ARl BUKERC
& > F7KZEY)LL HPLC K LC-MSMS HETTo3AfT - WARERA LAY i T I 2 L AR e R 2
FRIAWIFIE L EHAE (5% > 2019) > slBRaE R T

— ~ LC-MSMS S Bl HPLC JMI7E & & 2 AHRAE
FHE SR LC-MSMS IiAfrétiiR (32— BUR @ FRFMRR 7 CG LUh - HAMl A RBE AR
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FEZEP S > PRAEFREGE A (2019) WIFEERMER > 288 HPLC /34 RIS A RE (&
=) BFSELLHPLC Sy hA /& CG 1YEHSE » & LC-MSMS iR (ECHIE] - #EH] HPLC BYEHSE
T RE R EM A A HEF NS - MIERZEZE CG - DL LC-MSMS E 58 HPLC & &=

(mg/g) HELTHER 347> RVZ &I - GC~EGC~EC~EGCG ~ GCG Jz ECG HHE H# ( coefficient
of determination, R*) B A 0.7 BLE » GC ~ EGC il EC H A 0.9 DL F » BE7: LC-MSMS - 7-12
FEr] RAFHEHRZ BB HEE R -

BB R E AR R E R A A LAY ERRAREY Z ABRM:

BT AR HES - LC-MSMS JMEHNE] CG DIAMNSIHFE A RN AH ELB &2 bEY) (Paired
oxidative polymerization compound, POPC ) > GC ~ EGC ~ C ~ EGCG ~ GCG }z ECG HIAE A
K2 0.7 LLE-1fii C~EGCG J ECG HE(LE &L E L B S BRI TE RIMHRR M4:( correlation )
C B1 ECG fJ P {#< 0.001 » EGCG iy P {<0.01 » BRKE 3 i ZERHANLEGLEMEES
FAREHUA N HAGHY & &  Galloyl quinic acid ZFTAFBEEFEER — S baw > — (£
=) BHEHACEA LAY T EEEASEEARME (0.90 0 P < 0.001) » EEFFHTAE G
HONEE 0.81 » BETRHAEES LAY EELE T REIUMNERNEE - HE =K (Pyrogallol)
R BT EAEMIREY) (Helmut et al,, 2014) - HEEEEAENG &/ - I HBUS B2
EREEIEMAR (0.99 > P<0.001) > HEEFIATHEE GEIRE 0.99 > HEHER =f& E0URNE
BTRNEE B ELRTREEZHEARSNEREERIEEER =S E -

=~ REZSERG AR R

(—) > FIAEEE

FHE& 498 HPLC Spirés st (R BUR - 5 FE SRS (130.85£10.15 mg/g) fes
SCUEFESS (106.65+9.40 mg/g ) BUETEEFESS (112.62+£10.53 mg/g ) HZK » ALEHESS (6.67£1.29
mg/g) ~ /NEEFHATAS (13.55+3.85 mg/g) MEFRLLZS (13.28+3.91 mg/g) =FHi(K  JEBETIAAE
@& (GC~EC~EGC -~ C Z#4f1) AL EfdE S (63.68+7.45 mg/g) BRTESHEA: (60.05+11.58
mg/g) fre ~ 45255 (46.09£2.29 mg/g ) HZX > 4L EFELS  (3.32+£0.54 mg/g ) REFLZE (6.26+£1.82
mg/g) 5K JEFsHII 5548 (GCG ~ ECG ~ EGCG ~ CG Z44H1 ) HILIZEZE (84.77+10.88 mg/g)
RS HIEEREZS (52.5748.74 mg/g) HZ > 4LEHESS (3.35+1.05 mg/g) ~ /NEEFBAL S (5.71+2.55
mg/g) FMEFLZ: (6.79+2.53 mg/g) =FHix(l - RitbpshREDe (1987) WoEEAEE - #%
WEfE AR EZEE T » AR REREREN AR ZSEREM NSRS EAR FENE0ZE (A6
Rl FEEZS) Berm 0 HIORTHBIRENERE S SRESRS CRENZEARMEEZ 5 RARKHEN
RIS BFERLEERES) 0 HA EFARESE GREHRHENZ) SERE -

i LC-MSMS MR T EbamEs B TIE - E5ERE - AR E - JEEER
RAE - A ARAEE S 2LEY) - BHEZYE (Theasinensins, TSs )~ 45# 4 ( Theaflavins, TFs )
S E TR T S e R EeE (B ) BRI aEEERr ER - HE— A& - X
LRSS ~ SLLSRERS ~ RIHSHESS A SR B 25 S RGBT 41% 2 51% /54 /T
FEANZE A ZEEEERT S 31% > ALSHERS ~ /INEREAL S E T ATETE 16%2 29% 2 [ © 4345 -
BT ~ SUSFER - RIHSREZ RORSEE S A IEE R 5A A & ML EGC B FE RS
EC H - W& S Al 508 uE T e TR =N (=) BRSERZERIDL EGCG Bagsi—
TR TS e 0 W B SRR AVEE TSR TREH TN RARREE TS B ESE EL
SREZSAME £ BURGEARZERAES - W IBEER R EUSFEENEZRER T - 4555~ S0
BREZS ~ SIS RERS ~ HIESHEZS - RifsEE =5 R E AR HBRE AR ZA LR a2 (LEaY)
{EEETEAE 13%% 23% ([B—) > F% 5 EGCG K EGC AL &LEY (£=) » 4LEFEZ - /I
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BEREALA M E T LLRH O AR AR & ZEEYIELLAIBRRE %2 6% » #ENIN AR HAS
PR =R AR - R & N -

SV

(D)~ BHEREE B BEURSREREEESS - SUEEE - SRR RO 2
EEETETE 0.42%2% 0.71% - B 7 35 AZSEALSHER (G EL2E 3%LA F » /NEFRAT S BB H AL AN D
RIFE 2%2L I o FhEE Parliament £ A (2000) $5H4 TSs £ SHEA MALZS R ETRE B AR I 2k - HISHE
FEHFW L BRI 2 MEVEIE - h#%F—1]% » TSC ( Theasinensin C) fFATA 498E & A4 » TSB

( Theasinensin B) RIfER 77E NS ~ LLSHESS ~ /NEMLL R N E TR M EME] » TSA

(Theasinensin A ) HIF2{EE /735 AZSEIAL SREAS vl g (EUIE] - Py NEREAL S BB /AL AP e T2
FERRE > TSH £y TSB AYSBIE EAEY) - AEI eSS ~ SIS SIS - HIESHES © Kt
SR R EASCE o] DIEEE R - Tanaka %6 A A 2002 FRSTEE R 38 BE B I ZE BEENNZATIE
LT quinone dimers AR SRRGRERE - It > BT EEBAVEIE SN SEAVEEZESIN
Rtk TSA B TSB MRHSED BRA R GBI - IREA (2014) SRR S BRI E
SREFEEE8 b BIRERFGM 1 /NFA > 30 & 40°C (YRR TSs AY& I 20 £ 25°C
FEHE Ry 0 28 2 /NIE % > 40°C IR S RERVE S ERANIE T ALSHESR « /NEEfRAL RS K&
FLLZN BT BRE 7Y 35 2 40°C 2 [ > B4R 1.5 2 2 /\IF > BN B2 TSH
S1&ET5E

) FE=EE  hE— aFE—EN > 25588 (TFs ) /Y Theaflavin (TF) ~ Theaflavin-3-O-gallate
(TF3) ~ Theaflavin-3'-O-gallate (TF3) ~ Theaflavin 3, 3'-digallate (TFd) » fE4%2¢ ~ SCIL/EIFEZS ~ &1l
SRERS ~ ATHSHER ROARMHRET S5 & 2 DEEE AT » FERITEAL ~ ALUSHESR - /NEE
TEAT S ST AL T REEUNIE - PLASIRBIGE ATR 2019 FEopMrétss ~ BAESS S AL R 2 T4t
#EE © TF ~ TF3 ~ TF3’ & TFd EREALA T HHECHIE] - CRISRERE RAHE AR EES

(Ozawa et al., 1996; Tanaka et al., 2002 ) » BJ7EAF ~ ALGFERBNEZE - HEH - NLLSHE
F o NEREAL R RE TR B AR - It REREERERD - WHPK FSESRE
FAEEE LG LhR 73 N R R LGS H TF3 Bl TR e B A A =8 E TS ELBIBA S
im0 RTE AN R E LA BB N B E R EF I E S A - B EEER A R
M (EERE A R B Ry LI B TR T -

() ~ T - HE—BURERSR » ORISR RS USRER BT ERISEE B R 1% > Ha
BINER 021 £ 1.07 mg/g (F—) @ RIARHER SAMEREZ R ASEERITE 2% % 3% - &8 0.46
£ 1.69 mg/g > HENFR T S#MRRE AR 250 SUETREIEINL & TRV S & (155 > 2018 1 Lee et al,,
2018) ¢ MR FAGS ~ &LSHES ~ /NEMEALR BB ALRASEERI 8% 2 13%/Eh - &8 2.85 &£
5.38 mg/g > AHBINEIRIEIN 2 £ 5 1% - OB TR EE = ERRITRAT ~ ALRHER ~ /NE
LR AR e T 2EFHTRI F R 2E (R=) BURES BB HE & T
EE S Z—

(F1) ~ EERH - HE—BUREERBDALSRESR « /NEEMALR EELLRHAN RS » (5
36%ZE 48% » HERFUHANEE 19%% 28% /il » BURESHMBZALEHETS « /N EMALR MERLL
HF TRy 7 — o 8% (Quinic acid ) F%E/E % ( Chlorogenic acid ) Fij¥EY) ( Boerjan et al., 2003 ) »
& LC-MSMS &SRB AmUSHESS ~ ITEAS ~ ALGRERS ~ /NEEMRAL R M E B LL 5
FEEREZALEY (R=) HGRE - UEES  RIESREAR SORMRE & 58+ 85N
THIBERER ~ £ BIEE= > SFRHEERAETEEN log HEH 54 DL DURTESRE
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FREALSRE T S i » 73R ASREE - Galloyl quinic acid /ZFrA AEHE T S ERT — 15
HEEY)Z— (2=)  Galloyl quinic acid JzH —H#gi 188 B LAAR i s ~ SLSRER AR - 1A
TR YR ERESE A 4-0-p-coumaroylquinic acid (4-pCoQA ) B 5-0-p-coumaroylquinic acid

(5-pCoQA ) » Hiffe 7 E A E = > 5-pCoQA EFTAIHE TS AT —Teibe s —(F=) >
FFHRIMEYIE & pCoQA » AIHEE ~ dER SRS (Rothwell et al., 2013) » WY B DAGR A HET
ERER S > 4-pCoQA DIFRTTE AZSHE T8 (i ~ 5-pCoQA DS FEAS B T 5 A T2
AR o BEAR - OB 4 BRI LEY & 2ERIE > BITE AL pCoQA & EfR 1 -
e S PRI IR SRR Y RS LA R VA FHEENTT - ik 4 EEER R L aYE T
S B B AR AH R ME (P> 0.05) ¢

ON) ~ sEERREAE S - Sl S e B A B A T e R AR 2 — (5E5E - 2015) > A5
FE CIPERZ MR R A Fe s Rk » R [EA S A R P s [RE I P EE S IS 1 FORE S - =
NBERME S/ NAFIZEE > SIS HEIIRIMELY 190 & 930 umol/L > ERESHELTHI A 0.00115 &
6.7umol/L » AZ{EELL LC-MSMS 734 2 758k » 28 HiI AU (1555 > 2019 ) AL HH SikeE o e
BT o FHE— T AN R o AR S A A R T UG LR 10% @ SIS RERS ~
THSFEA ORI B 2 AELEEY 12% 767 » TR ~ ALSHEARS ~ /INEREAL S B T4 AGLED
AEAE 14% 2 19% o %5558 DL Kaempferol-3-O-galactosyl-rhamnosyl-glucoside ( K-3-gal-rha-g )
HErEERs (R BAZREREFEEA S L&Y — > Myricetin-O-galactoside
(M-gal ) ~ Quercetin-3-O-glycosyl-rhamonsyl-glucoside ( Q-3-gly-rha-g) Kz Quercetin-3-O-glucoside
(Q-3-g) BT REHZ - W H A LS - K-3-gal-rha-g ~ M-gal ~ Q-3-gly-rha-g &z Q-3-g & DLEL 7>
ST B OO ST AR08 R R B NEE R AL R B R LA R G 0 S E A
(2006 ) WHITEEZAEFE - ZUFCEIR LRSS - BREAR AR EAGI R - LLERZEE R R
ZEE > BTSRERAIICEHI S E B SN SR REALE » ZFE ARG R TSR
PRI RN CEAZARE - MREA (2010) SR SEEE S L EYIE B ARE TR 2R E - 12284 -
B R R EACTEYTEMIE I N B S » Rt RN Tdie & = B R s 2 3 A LR e g -

() ~ ER - AER S RS 0 M - UE - BHEE @ B RE H R iR & S
2 (H > 1984) [t » FEEDFHFRBEEBFRIFEEERS () WIEAZEEN
AL S i 0 SN H > ERLLNER > Eai AHITEE BB AR R e R 2 2k = i
#44[F (Jolvis Pou, 2016) °

& W

BRI X IR PR « BURII LA E - &2k ~ UMD s LIS RES R
DIRZRRB R EERSY  HRBEERE BRI RAREEREZeEY) ) RIAGRERH
A 2 R EBE L R R R £y - HIURREERS . FXBREHEAREEREEZE
GBS > SRR - RIASRER SR S 2 & TR (SEEE S ©
HREAFNUSERRE R EERST - BB EEREEEE AR REAERGZaY > BRAR
efs b e > W HOR BT RE ~ SHERBE R AOR = EBS EEBmiaCR Ry ALSHESRS ~ /NEEfEEL
R DEERE B EER Y - ERB AR BT AR TR 5
FEARE BB R ERUGEEE TR A E - Eld AR RS 2 EYHE EE g R AR
R -
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F— ~ AEZRIE LC-MSMS 734t 5
Table 1 LC-MSMS identification results of different types of tea
Retention CE [M-H] MS> Identified G* HM DD MT OB RO SB HB
time (min) (ev) (m/z) (M/z) compound name
3.581 20 409 97,79 - + + +  + + +
20 317 81,97, 153,165,225 - + + +  + + +
20 311 179, 161, 125, 87 - + +  + + +
20 347 179,311 - + +  +
20 245 95,227 - + +
20 331 178,161,179 -
4.014 20 191 85,93,127, 109 Quinic acid + + + + + +
23 533 191 Quinic acid + + + +  + + +
galloyl quinic acid
18 341 89,71,59,119,101 caffeoyl-glucose  + + + o+ + +
4.17 20 191 85,59,73,127 ;
20 549 503,179 - +
20 503 179,221,89,113 - +
4.417 20 473 173, 215,151,57,89, - + +
113, 131, 149, 441
20 323 78.4,97,193, 111 - + + +
4.6 20 115 115,71,79 - + + + +
20 133 71,115 - + + + +
20 173 83.4,73,93,111 - + o+ o+ + +
5.08 20 305 111 - + +
53 20 173 84,127,99, 58,155,  Aconitic acid + + o+ 4+ + +
74,125, 82
20 481 301,275 - +
5.678 20 173 - - +
20 245 - - +
20 355 - - +
6.036 20 203 79,97,51,57 - + +
20 111 67 - +
20 191 111, 87,85, 67 - +
20 173 71,97 - + +
20 245 141 - 181 ; "




118 BEREMIURR 408 (2021)
4E5%— (Table 1 continued)
Retention ~ CE [M-H]' MS? Identified G P HM DD MT OB RO SB HB
time (min)  (ev) (m/z) (m/z) compound name
6.1 20 335 - - + o+
20 290 128,168, 96 - + +
6.2 20 405 - - i
6.364 20 111 67 - o+ o+ o+ o+
20 191 111 - + o+ o+ o+ o+ o+
20 128 82 - + + + + + 4+ + + o+
20 279 128 - +
6.454 21 609 471,167,305,565,  TSC + + + + + 4+ + + o+
243,591,453, 411
20 331 169, 123,151,211, 59, - + +
89
6.64 20 611 235,349,437, 505, 593 - + o+
7.028 20 243 197,82,98 - + o+
7.147 20 344 150,133 - + o+ + o+ o+ o+ +
20 150 - - + +
7.282 20 331 151,169,211,271,  galloyl-glucose + + + + + + + + +
123, 59, 89
20 180 163,72,119 - + o+ + +
7.7 20 241 97 - T +
20 383 89,113,59 - +
20 130 - - +
8.005 20 331 169,125 - + o+ + +
38 609 177 - + +
20 282 133,150, 50, 33 - +
8.431 20 169 79,125,97 Gallic acid + + + + + 4+ + + o+
18 125 79,97,53,125 Pyrogallol + + + + + + + + o+
22 343 191,101 Galloyl quinicacid + + + + + + 4+ + +
20 191 85,111,127,191,59, - + + + + + + + + o+
71,81, 109
23 687 343,191 Galloyl quinic acid + +  + + 0+ o+ o+ 4+

dimer
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Retention ~CE [M-H] MS? Identified HM DD MT OB RO SB HB
time (min) (ev) (m/z) (m/z) compound name
8.662 20 411 97,169,241 - + + o+
8.968 20 609 177.1,423,164.8, - + + +
125.3, 305, 441, 272.7
20 343 169,93 - +
9.304 20 425 97,241 - + + o+ o+ 4
9.4 25 761 127,85,59,453,591, TSB + o+ o+ o+
609, 465
20 305 125,167,219,137,261 GC + 0+ + o+ o+ o+ o+
25 611 305,125 GC POPC + o+ o+ o+ +
9.64 20 345 183,168, 107 - + o+ o+
10.162 20 593 204.5,289,261,47, GC+C conjugate + o+ + o+
125
25 761 169,676, 582 TSH + o+ o+
10.49 20 759 427,607, 741, 169, 589 Prodelphinidin + o+ o+ o+
A-2-3'-gallate
10.796 20 577 407,125 CPOPC + o+ +
20 456 125,137,169 unknown + o+
20 913 169, 743, 573, 591 TSA + o+
12.199 20 316 124,187, 247,95,301, - + + 0+ o+ o+ o+
313,169
20 633 301 - + + 0+ + o+ o+
12.228 20 349 - - +
20 577 245,273,125, 289, 407 - + +
20 357 93,173 - + o+
20 255 97,169,117, 147 - +
20 467 305 -
12.706 20 577 289,407, 425,451,125 EC POPC + o+ + o+
13.482 20 305 125,165,219 EGC + o+ o+ o+ o+ o+ 4+
20 611 305,179,125 EGC POPC + o+ o+ o+ o+ +
14.094 20 203 116, 142 - + o+
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4&=%— (Table 1 continued)

Retention CE [M-H] MS$? Identified compound G P HM DD MT OB RO SB
time (min)  (ev) (m/z) (m/z) name
14.234 16 289 109, 245,227,203, 125, C + + + + + + + +

151,179, 123, 165, 137,

109, 161, 221
14.661 22 337 163,119,191 4-O-coumaroylquinic + + + + + +  + +
acid
20 163 93,119, 89,75 - + + + + + + +
14.974 18 577 451,407,289, 125,287, CPOPC + + 4+ + + + +
299, 425, 161
20 511 431,311,97 - + + + +
15.317 20 911 578,589,759, 409, 741, - +  +
481, 169, 725, 893
20 349 135,187,97, 169, 241, - +  +
197, 80
15.459 20 473 124.7 ~ 302.7 ~ 3205~ - + +
177 ~ 104.7
15.72 20 729 388,125, 451,406.6 - +
20 443 101, 178.7, 85,219,59, - +
236.8,374.8, 89, 119, 87
20 191 84.8,100.8 - +  + +
20 353 191 + +
15.922 23 457 169, 125,305 EGCG + + +  + + +  + +
25 915 457,305,169 EGCG POPC + + + + + + + +
16.22 20 349 80,97, 169, 241 -
16.392 30 457 169, 125 GCG + + 4+ + + + +
20 169 125,79, 107 - +  +
20 581 239,401, 269,209,299 - +
16.481 18 289 109, 125,137, 151, 161, EC + + + + + + + +
203, 209, 221, 245, 178,
118
30 457 169,125 - + 4
20 501 193,287,331,349,103, - + + +

305, 340
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4&=%— (Table 1 continued)

Retention CE [M-H] MS? Identified compound G P HM DD MT OB RO SB HB

time (ev) (m/z) (m/z) name

(min)

16.653 20 471 183,161, 125,168,305 - +++ 4+ + + 4+ +
20 943 471,161, 125,182 - + + +

16.899 20 173 93,73,111,67,59 - + + + + + + + +
22 337 93,119,173,191,163  5-O-coumaroylquinic acid +++ + + + + + +

17.041 23 441 125,169, 245,289, 137 ECG +++ 4+ + + + + +
30 883 169,289,441 ECG POPC +++ + + + + +

17.362 25 563 353,473, 383,443,503 Apigenin 6-glucoside 8-arabinoside + ++ + + + + + +

20 511 97,341,431, 311 - + + + +
17.548 20 367 125,259,287,152,243 - + + + o+ o+

20 389 151,309,201 - + o+

20 477 339,293,271, 145 - + +

20 455 289,183,125 - + ++ +
17.69 20 177 91,89, 109, 65, 105, - + +

149, 133

20 225 59,134,97 - + o+
17.735 22 479 316 Myricetin-O-galactoside +++ + + + + + +

20 625 316 - +
18.1 25 771 301 Quercetin-3-O-glycosyl- ++4+ + + + + + +

rhamonsyl-glucoside

20 319 145,163,117 - + +

20 597.7 357,387,417,477,489 - + +
18.458 22 463 301 Quercetin-3-O-glucoside +++ + + + + + +

25 609 301 Quercetin-3-O-rutinoside +++ + + + + + +
18.824 22 755 285 Kaempferol-3-O-galactosyl- +++ + + + + + +

rhamnosyl-glucoside
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4&=%— (Table 1 continued)

Retention CE [M-H] MS? Identified compound G P HM DD MT OB RO SB HB
time (min)  (ev) (m/z) (m/z) name
20 301 229 - + +
19.309 20 593 285,327 Kaempferol-3-O-rutinoside + +  + + o+ o+
22 447 284,255 Kaempferol-3-O-glucoside + + + + o+ o+
20 515 447 -
19.742 23 867 607,559,527,697,563 Theaflavin 3, 3'-digallate + 4+ o+
20 509 463,331, 161 -
19.891 22 715 527,563,577 Theaflavin-3-O-gallate + + +
22 539 301 Quercetin-glycosides + o+ o+ o+ + o+
20.062 20 531 301, 145,458, 447 - + o+ + +
22 715 527,545,563, 577,401, Theaflavin-3'-O-gallate + + +
321,425, 419, 169,
125
20 563 353,425,125, 137, Theaflavin + 4+ o+
197,257, 545, 379, 241,
167
20.331 20 450 145,301 - + +
20.421 20 137 - - + o+
20.51 20 377 - -
20.801 20 523 285, 145,431,450 - + + o+ +
20 175 103,119 - + +
21.055 10 531 145,301, 458, 163, 285, Kaempferol glycoside + + + + +
127
21.331 10 442 285, 145,431,163, 182, - + +
118
20 885 285,453,431, 187,739 - +
23.286 20 493 447,131,101, 315, 149, - + + + 4+
89
20 447 101,175,119, 243 - + + + 4+

*G: Green tea (ZHIEE4EAS) © P: Wen-Shan Paochung tea ( CILIEfE%S ) > HM: High mountain Oolong tea (5]
ISSHEZS) > TD: Tong-Ding Oolong tea (CHTHISHEZAS ) > MT: Mu-Cha Tieh Kuan Yin tea (AHHEEIE) - OB:
Oriental beauty tea (37755 A%5) » RO: Red Oolong tea (4LSSHEZS) » SB: small leaf type black tea (/NEEfdH
41%%) > HB: honey flavor black tea (ZEFLLAY)
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Table 2 HPLC analysis results of different tea types
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Total Total
Total catechins non-galloylated galloylated Gallic acid Caffeine
Tea types
(mg/g) catechins catechins (mg/g) (mg/g)
(mg/g) (mg/g)
S 130.85+ 10.15a 46.09+229 b 84.77+10.88a 1.07+ 0.16ef 33.02 +3.38 be
UL fE S 106.65+9.40 b 63.68+7.45 a 4297+226 ¢ 021+ 0.03g 21.12+1.75f
ELLUSRESR 7323+ 637 ¢ 40.17+7.10 b 33.06+283 d 0.82+ 024fg 20.24+085f
HIEEREZS  112.62+£10.53b 60.05+11.58a 52.57+8.74 b 046+ 024fg 2620+2.14¢
AHREZZE 6651472 ¢ 32.04+373 ¢ 3448+288 d 1.69+ 1.02¢ 18.62+139f
RITENZ 3544+426 d 13.73+145 d 21.72+298 e 538+ 026a 37.64+3.6la
LLSHER 6.67+129 e 332+054 e 335+1.05 f 2.85+0.52d 26.78+6.95de
INEEFEAT S 1262+456 ¢ 691+£229 de 571+255 f 3.72+ 093¢ 35.63+225ab
EERLAH 13.02£3.66 ¢ 623+£2.06 ¢ 679+253 f 468+ 031b 30.65+2.12cd
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Fig. 1. The relative percentage of compounds abundance in different types of tea analyzed by

LC-MSMS.

*G: Green tea (FHIEH4E7S) > P: Wen-Shan Paochung tea ( SCLLIEL#ZS ) » HM: High mountain
Oolong tea (=LISHESS ) TD: Tong-Ding Oolong tea (RIESHEZAS ) > MT: Mu-Cha Tieh Kuan
Yin tea ( RfftEEI = ) © OB: Oriental beauty tea (R 7735 A% ) » RO: Red Oolong tea (4L5HE
Z%) > SB: small leaf type black tea (/NEFHALZS ) > HB: honey flavor black tea ( ZEHLLAS)
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Differences in Chemical Compounds of Shortlisted
Taiwan's Unique Teas from Tea Contest

Chih-Chun Kuo' Hsuan-Han Huang' Meei-Ju, Yang"”*

Summary

We collected the 9 types of Taiwan unique teas by selected grade from the tea contest, which are all
made by small-leaf type tea cultivars, including one green tea, six partially fermented teas, and two
black teas. We analyzed the chemical compounds of the tea by high performance liquid chromatography
and liquid chromatography—mass spectrometry. The results show that the compounds’ ion abundance
highly correlated to their contents, which means that contents of compounds could be presumed by ion
abundance. We also found that catechins are the main component of green tea, Wen-Shan Paochung tea,
high mountain Oolong tea, Tong-Ding Oolong tea and Mu-Zha Tieh-Kuan-Yin tea. Furthermore, we
presumed the abundance of catechins paired oxidative polymerization compounds depend on their
monomers. Although, the theasinensins could be detected in all types of teas, the ion abundance in
oriental beauty tea, red Oolong tea, small-leaf type black tea and honey flavor black tea were higher.
Theaflavins could only be detected in oriental beauty tea, red Oolong tea, small-leaf type black tea and
honey flavor black tea, which means that theaflavins are characteristic compounds of these teas. Gallic
acid, quinic acid and flavonol glycosides generally existed in all types of teas with different abundance.
In summary, tea chemical compounds differ from the plucking standards and manufacturing process, so
that the specific indicator ingredients and content can be used as a reference basis for Taiwan unique tea
classification.

Key words: Liquid chromatography-mass spectrometry, Theasinensins, Theaflavins

1. Research Assistant, Research Assistant, Associate Research & Chief, Tea Research and Extension
Station, Taoyuan, Taiwan, R. O. C.
*Corresponding author
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Table 1 Comparisons of sensory evaluation of chrysanthemum after storage (comparisons of packaging
materials and storage temperatures)

Storage
Period treatment appearance color liquid aroma taste total
(month) (10 scores) (10 scores) (20 scores) (30 scores) (30 scores) (100 scores)
0 72+08 72+08 15707 226+09 234+17 76.1+29
PB 59+03 a 59+ 03a147+15 a202+08a 20.7+09a 674+33 a
ALB 59+04 a 58+ 02a146+14 al194+10a 198+10a 656+29 a
6 RT 58+04 a 56+ 02b143+15 al98+10a 203+11a 657+33 a
5C 6.1+01 a 60+ 01a148+17 al97+11a 200+12a 665+3.8 a
-20C 6.0+03 a 6.0+ 03a148+12 al99+10a 205+09a 67.2+27 a
PB 55+03 a 57+03 al13.7+06 al83+03a 193+03a 625+11 a
ALB 52+0.3 a 56+02 al1l3.7+04 al73+05b 189+05b 60.8+13 b
12 RT 55+0.3 a 56+02 al1l3.3+04 b175+08b 188+05b 60.7+1.2 b
5C 53203 a 57+01 a140+04 al78+0.6ab19.2+0.4ab62.0+ 1.6 ab
-20C 52+04 a 58+03 al1l39+0.1 al181+04a 193+03a 622+13 a
PB 53+03 a 50+£0.7 al1l28+13 al73+x15a 17.7+12a 582+47 a
ALB 51+03 b 50+03 al131+0.6 al6.2+05b 169+04b 564+11 b
18 RT 52+02 a 46+05 b120+09 b158+05c 166+04c 542+t21 c
5C 53+02 a 52+03 al133+05 al68+11b 172+08b 57.7+23 b
-20°C 52+04 a 54+03 al1l3.7+05 al77+12a 181+10a 60.0+3.1 a
PB 40+17 b 38+14 b125+23 b16.3+43b 175+22a 585+95 b
ALB 51+02 a 46+03 a13.7+03 al178+06a 17.7+05a 61.0+18 a
24 RT 52+0.2 a 48+02 a13.7+01 al181+09b 179+06b 61.7+15 a
5C 51+03 a 47202 al139+03 a189+0.7a 186+08a 63.2+19 a
-20°C 34+18 b 31+14 b116+24 b142+39c 162+21c 53697 b
PB MELS ~ AIB #1348 ~ RT =i

RPETAMRFSCF B FRORAREE 5% BEER -

Values followed by the same letters are not significantly differentatp = 0.05.
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Table 2 Comparisons of sensory evaluation of chrysanthemum after storage (the interaction of packaging
Materials and storage temperatures)

Storage ) o
) Packing appearance color liquid aroma taste total
Period _ Temp.
material (10 scores) (10 scores) (20 scores) (30 scores) (30 scores) (100 scores)
(month)
0 72+08 72+08 15707 226+09 23417 761+29
RT 51+00bc 42+00c 11.2+0.2a 155+0.2d 164+0.1d 523+0.2d
PB 5C 54%01ab 54+£01a 132%x01b 17.7+04b 17.9+0.2b 595+03 b
18 -20C 55+02a 56+01a 140+03c 187+0.1a 190+0.1a 629+05 a

RT 53+0.1abc50+x02b 127+£03b 16.2+0.2c 16.9+03¢cd56.0+09 ¢
ALB 5C 51+01bc 50+02b 133+05b 159+0.3cd 166+ 0.3¢cd55.9+05 ¢
-20C 49+01c 51+0.1ab134+0.1bc166+02c 172+0.2c¢c 57.2+00 c

RT 18+x05b 19+x04b 91+18b 106+x46b 140+00b 408x21 b

PB 5C 52+10a 47+07a 137+0.7a 189+27a 183+26a 60.8+7.1a
-20C 50+08a 48+09a 141+07a 194+27a 19.1+25a 625+7.0 a

RT 50+07a 43+0.7a 13.7+08a 17.7+x22a 17.7+26ab584+65 a

ALB 5C 52+10a 48+08a 138+08a 174+24a 174+27ab58.6+7.2 a
-20C 51+11a 46+09a 137+06a 184+24a 181+27ab59.9+7.0 a

24

PB ¥H2LS ~ ALB #1343 ~ RT &0
RPETAMHEFSCFREFORAREE Sh BiE =R -

Values followed by the same letters are not significantly differentatp = 0.05.
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Table 3 Comparisons of chemical composition content of chrysanthemum after storage (comparisons of
packaging materials and storage temperature)

Storage water
PP FAA TF 3-CQA
Period  treatment content
mg/g mg/g mg/g mg/g

(month) %

0 348 + 148 23.93 = 0.09 23.98 = 0.10 16.84 + 0.15 6.35 £ 0.25
PB 6.09+ 1.08 a 2610+ 233 a 2828+ 260 a 1525+ 130 a 8.07% 106 a
ALB 546+ 043 b 2598+ 141 a 3040+ 362 a 1513+ 0.97 a 6.60% 087 b

6 RT 631+ 134 a 2519+ 188 a 2844+ 360 a 1429+ 083 b 697+ 101 a
5C 572+ 031 b 2632+ 225 a 3124+ 266 a 1578+ 102 a 7.28+ 0.60 a
-20C 530+ 0.08 ¢ 2661+ 139 a 2833+ 3.05a 1550+ 099 ab 7.77+ 1.78 a
PB 795+ 206 a 2845+ 181 a 2703+ 328 a 1673+ 080 a 499+ 041 a
ALB 621+ 025 b 2702+ 265 a 2672+ 289 a 1651+ 063 a 456+ 0.76 a

12 RT 829+ 248 a 28.03+ 148 a 2322+ 133 b 1657+ 095 a 4.75+ 046 a
5C 689+ 055 b 2866+ 249 a 29.01+ 171 a 1675+ 0.72 a 5.02+ 0.58 a
-20C 6.06+ 0.19 ¢ 2664+ 267 a 2797+ 177 a 1654+ 051 a 454+ 080 a
PB 828+ 227 a 2961+ 109 a 1762+ 174 a 1731+ 052 a 4.19% 0.67 a
ALB 535+ 030 b 2649+ 38 b 1856+ 193 a 1598+ 097 b 457+ 129 a

18 RT 829+ 322 a 3046+ 063 a 1759+ 1.08 b 1690+ 053 a 4.77+ 057 a
5C 632+ 120 b 2748+ 276 b 1685+ 182 b 1669+ 088 a 434+ 135 a
-20°C 584+ 049 ¢ 2620+ 385 b 1983+ 1.18 a 1635+ 152 a 4.04+ 101 a
PB 1066 + 414 a 2642+ 480 a 2348+ 235 b 1622+ 125 a 282+ 129 a
ALB 6.23+ 079 b 2527+ 4.02 a 2660+ 250 a 1536+ 0.79 a 255+ 142 a

24 RT 1127+ 518 a 2943+ 146 a 2361+ 271 b 1658+ 123 a 3.64+ 0.27 a
5C 720+ 215 b 2481+ 432 ab 2423+ 170 b 1501+ 045 b 207+ 153 b
-20°C 6.86+ 035 b 2330+ 432 b 2729+ 284 a 1578+ 099 ab 234+ 1.38 ab

PB YHELS ~ ALB 4% ~ RT 200 ~ PP 48 T) - FAA SRR ELlE - TF 4850 - 3-CQA &%
RPETAMHEFES T RPEFORAREE Sh BIE AR -

Values followed by the same letters are not significantly differentatp = 0.05.
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Table 4 Comparisons of chemical composition content of chrysanthemum after storage (the interaction of
packaging materials and storage temperatures)

Storage Water
Packing PP FAA TF 3-CQA
Period Temp content
material mg/g mg/g mg/g mg/g
(month) %
0 348 +148 23.93 + 0.09 2398 £ 0.1 16.84 £ 0.15 6.35+ 0.25
RT 751+028a 2388+180c 2746%150a 14.07+110b 7.55+ 1.17 ab
PB 5C 547+018c 2799+ 162a 29.82+334a 1602+095a 7.59+0.53 ab
-20°C 5.30+0.06 c 26.43+ 1.72 abc 27.55 + 2.87 a 15.67 + 1.16 ab 9.08 + 0.77 a
° RT 511+031c 2650+ 0.64 ab 29.42+522a 1452+ 0.59 ab 6.39 £ 0.44 b
ALB 5C 597+017b 2465+ 129 bc 3266+ 0.68a 1555+ 1.24 ab 6.96 + 0.58 b
-20C 530+012c 2679+ 134ab 29.11+363a 1532+ 1.00ab 6.46+ 1.48 b
RT 1056+ 0.16a 2896+099a 2344+158b 17.30+0.75a 5.11+0.19 ab
PB 5C 7.33+033b 27.70+297 ab 29.88+ 158 a 16.32 + 0.80 ab 4.76 + 0.57 ab
-20C 596+0.17d 2880+ 0.84ab 28.13+0.38a 16.57+0.76 ab 520 + 0.22 a
. RT 6.03+0.11d 26.64+062ab 2288+ 130b 1583+0.23 b 4.38+ 0.23 ab
ALB 5C 6.44+026c 3010+047a 2815+159a 17.18+032a 542+0.39a
-20°C 6.16+£0.18 cd 2520+ 249 b 2786+248a 1651+0.25ab 4.11+0.74 b
RT 1122+0.09a 30.61+0.85a 18.01+ 0.54 bc 17.27 £ 0.43 ab 458 + 0.61 a
PB 5C 7.39+023b 2854+0.65ab 1583+ 1.79 ¢ 16.99 +0.41 ab 3.58 + 0.19 a
-20°C 6.24+£0.05c 29.67+065a 19.01+0.85ab 17.68+0.63a 442+071a
e RT 535+024d 3032+045a 17.18+1.45bc 1654+0.35b 4.96 + 0.57 a
ALB 5C 526+039d 2642+391b 17.87+1.40bc 16.38+1.21b 510+ 1.67 a
-20°C 545+0.36d 2272+0.73¢c 20.64+0.87a 1502+030c 3.65+126a
RT 1599+ 0.27a 3047+092a 21.75+180c 1741+0.78a 361+0.18a
PB 5C 9.15+026b 2573+3.27ab 2292+ 1.29 bc 1528+ 0.37 b 2.96 + 0.98 ab
-20°C 6.83+047c 23.06+620b 2578+ 2.07 ab 15.97 + 1.41 ab 1.89 + 1.85 ab
> RT 654+017c 2839+ 112ab 2547+ 218 ab 1575+ 1.05b 3.66+ 0.39 a
ALB 5C 526+039d 2388+578ab 2554+ 0.66ab 1475+0.38b 1.18+ 158 b
-20°C 6.90+0.30c 2355+285ab 28.79+3.00a 1559+059b 279+ 0.85ab

PBHAIELY « ALBSaLE ~ RT=0M ~ PPYEZTTHY - FAALFRERC AL -

RPETAHMHESE S FREEFRTAES BEZR -
Values followed by the same letters are not significantly differentatp = 0.05.

TRRER - 3-CQALKIF T
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Table 5 Relevant statistics of storage conditions and chemical compositions

Packing Storage Storage Water
material  Temp period content FAA TF COA
Packing CC 1
material P value
Storage CC 0 1
Temp  Pvalue 1
Storage CC 0 0 1
period P value 1 1
Water CC -0.49418  0.40849 0.35164 1
content P value <.0001 0.0004 0.0025
CcC -0.23364  0.33782 -0.00625 0.29858 1
i P value 0.0533 0.0045 0.9594 0.0127
CcC 0.15159 -0.20028 -0.48598 -0.25136 -0.28346 1
FAA P value 0.2103 0.0964 <.0001 0.0358 0.0201
CcC -0.27625 0.01544 0.17814 0.36543 0.60052 -0.38319 1
T P value 0.0188 0.8976 0.1344 0.0016 <.0001 0.0011
CcC -0.11144  0.07193 -0.8234 -0.22327 0.27089 0.28884 -0.0708 1
CoA P value 0.3656 0.5600 <.0001 0.0672 0.0255 0.0187 0.5662

PP 482 7CHn ~ FAA ZEiFHERZ LS - TF 485505 - 3-CQA LR
CC (Correlation coefficient) FHEE{%8

N~ OIS a2 kR 5 B R0, 2% A iR ]

Table 6 Predict the time required for each treatment to reduce the content of chlorogenic acid to 0.2%

Packing

aterial Temp Polynomial regression equation R2 Month
RT y= -0.0048x? - 0.025x + 6.7825 0.7989 29.07

PB 5C y= -0.0041x? - 0.0813x + 6.9103 0.8099 26.08
-20C y = -0.0147x% + 0.1271x + 7.0443 0.8054 23.35
RT y= -0.0002x? - 0.1095x + 6.4974 0.7959 38.38

ALB 5C y= -0.0155x% + 0.1696x + 6.3227 0.9426 23.04
-20°C y =-9E-05x - 0.1633x + 6.6497 0.9036 28.04
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Fig. 1. Chrysanthemum becomes brown and has silverfish after stored in plastic bags at room
temperature for 24 months
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Fig. 2. Regression Curve of water content of Chrysanthemum stored under different packaging materials
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Fig. 3. Regression Curve of water content of Chrysanthemum in different storage temperatures
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Fig. 7. Regression curve of polyphenols content of Chrysanthemum stored under different packaging

materials
35 ¢
00 [ R L L LR A A 2 _
R — s Gty t:::::::::::::::.E{:::_:go'9566 o LM
<20 | R?=0.9754 o Bk
EE/ 15 r =l
o w L S TEF (A H)
s L e SIS )
! ! . | LA
0 6 12 18 24

storage period(month)

i/~ [E] R R A 48 2 Tl & = Rl ER i 4R
Fig. 8. Regression curve of polyphenols content of Chrysanthemum stored under different temperatures

R

w w
o w
1

bbb
B3 b
E &

BN

M

:::::n|!§’:’:E‘.tttttf‘.§=§ili;; R
2 _ACAAS T @
R*=0.6493 R2.-0 8450

N
(6]

7 = =
E T OE
o
5

N

o

T
S w2

4
¥ B

W ohE b b moE o

s 208)
--------- SIE (85 5T
SIS 5 5)

A (L 50R)
0 L L 1 ) 47

0 storage p%zriod(month) 18 24 I (EEES 2 H)

B ~ TR [E LA RO RE T i 48 2 Tl & 2 Bl ER 4R
Fig. 9. Regression curve of polyphenols content of Chrysanthemum stored under different packaging
materials and temperatures

o OF

z

o A
4

e

L

[R
(%]
T

PP(mg/g)
[ )

=
(6] o
T T




144 EEZE IR 408 (2021)

40
® m 548 TR
30 w5 S
g% m 3568 5
E 20 VARRAY 233m
< m AIBLS E0R
. m S o
10
5 m RS R
0
0 6 12 18 24
storage period(month)

-+~ TER EELA BORE T G20 S AL & B EhRes b
Fig. 10. The dynamic changes of Chrysanthemum free amino acid content under different packaging
materials and temperatures

35
30 | s

= ® i

E, o L . R2'Z 0..'224'5"' [ ] EQHES{%%

~r . 4—5

} L e mts

= 0 e S5 TE (MRS
s S TER (SR5S)
0 . : ' '

0 6 12 18 24

sotrage period(month)
i +— ~ RIEMEE B U A e i & & IR 4R
Fig. 11. Regression curve of free amino acid content of Chrysanthemum stored under different packaging
materials

o SH
® i
o MEELS
--------- STE (A )
s L SZIET (ST
0 : - L e S IEA (L)
° 6 24

12 . 18

storage period(month)

-+~ RGO AT A SR A 2 R 4

Fig. 12. Regression curve of free amino acid content of Chrysanthemum stored under different
temperatures



145
oooooooooooOooooooooooo

o RS EIR

.l o 4ELS L
30 s
R 4 o N EE
g 20 “RPE02633 @  WHRELS 5
5‘{ 15 | § R*=0.4086 YERRES 14
w10 F e % IEA($RLS 2R
s L e STE (GRS 5T
0 , , , , SIS 2R
0 6 12 18 o T ZIEA (BB LS 0
L eeeeeaees 2 IE = (FEIELS /5T
storage period(month) S TE (RS 15 )

E+= ~ FEARE M FORIE T i o S A g = & [0 Hh 4
Fig. 13. Regression curve of free amino acid content of Chrysanthemum stored under different packaging
materials and temperatures

175 ¢
[ J
17 F
=) ® 2_
D 165 L Gemrmeeeeeesaemaeenent RZ=.0.0277+
?16.5 ‘..........-:::::: ............................ [ YOURROTPPPR . -
Toae b ° o us
155 | Rz'é'cr.zni----. ......... ST (ERES)
15 ’ 1 1 | eeeceeees S TET (5E4Y)
0 6 12 18 24

storage period(month)

fE-PU ~ A [E] el B A g 4 B e B ]

Fig. 14. Regression curve of total flavonoids content of Chrysanthemum stored under different packing

materials
17.5
17 [ e A
R (T U e ® o
o 165 ’..... ...................................... T @.R¥Z0.1372 LINREE
AP E T A L L LT TP PR+ LT} YT TP
s 16 F rpreeeemencaaee, 2o
g [ R DI o o/
= 155 @ A AA, s
E L R? = 0.4443 . ......... SIET (A )
ws L SIEF (S 0%)
14 ' : ' ! ZIEAN (R
0 6 24

12
storage period(month)
-7 - A [EMEE S b A I 2 2 ] i 4R
Fig. 15. Regression curve of total flavonoids content of Chrysanthemum stored under different
temperatures



146

TF(mg/g)

EEAEMFURER 400 (2021)

20
15 Bt F0R
m G4 2T
o m G55 2
| m S SR
m UGS 5T
0 m S SR

0 6 12 18 24
storage period(month)

&+~ ~ AR EEM RO T b S s 2 E 8RR b
Fig. 16. Storage dynamics of Chrysanthemum total flavonoids content under different packaging

TF(mg/g)

materials and temperature.

i R2=0.1345@ 4% 5f
L ........... ..gR?=046520 55 L
||:::::!!miiHii';;;mnun'.':::;:‘???fffff...._:::::-‘!.';3.‘..‘?!'5-:-: g R 0384e  gass e

15 R2= 02919. Zﬁﬁgﬁ %/ﬂ'ﬁ
R2=0.318 @  YHIBLS 45
B AW
--------- ZIAA (AR 2R
......... A (it /i)
......... IR (5B 5 )
------- ZIHF (B E0R)
. . . \ . ZIE(VEBLS 4)

. 24 .. ZIEA (RS A H)

[
o
T
[ ]

(S}
T

12 18
storage period(month)

@+~ FEANFE R RORE ™ R A Se s e o ml R R

Fig. 17. Regression curve of total flavonoids content of Chrysanthemum stored under different packaging

=
o

3-CQA(mg/g)
o N SN ()] (o]

materials and temperature.

m §nf8 E0R
W FnLE 2
LFEDEgd
mHBLS =

A A
mHELS %

0 6 12 18 24
storage period(month)
&/~ REEM BORE T R sk R = 28R E( b
Fig. 18. Storage dynamics of Chrysanthemum chlorogenic acid content under different packaging
materials and temperatures



3-CQA(mg/g)

oooooooooooOooooooooooo

10
. L]
g @ e
T RS S A

4 ' .......Z.:::::'.:::n
2 R2= 086‘2‘5”.
0 I I I I

0 . 12 . )

storage period(month)

&+~ A EGER AU SR IR R o R R

Fig.19. Regression curve of chlorogenic acid content of Chrysanthemum stored under different packing

3-CQA(mg/g)

3-CQA(mg/g)

10

8

N ) )]

o

=
B )] 2] o

N

materials
. g
....:::.::r:::::::(.: ....
i [ | ...:::,,“‘
R2=0.9283"-...,,
L R2=0.87'@
0 6 12 18 24

storage period(month)
B =~ AEE ORI SRR i 2 2 Bl ER 4R
Fig. 20. Regression curve of chlorogenic acid content of Chrysanthemum stored under different
temperatures

--'-n...,'

12 18 24
storage period(month)

B —+— ~ FEARFE M FORE T EEdi s ek R g 2 2 0 ER Eh 4
Fig. 21. Regression curve of chlorogenic acid content of Chrysanthemum stored under different
packaging materials and temperatures

R?=0.7959 :
© sy URIB) Jogg e SR (S48
i RS e

° NN
R2=|0.9426 ......... %Iﬁft(ﬁ }/?'\]

147

o MELY

o af¥
--------- ZIAA (BB
......... %IEEQ@E%)

e
e 2

°
p
B &

Bl

......... ZIEA (4 H)
......... LA (27

ZIEA(Z0H)

R 2
o IR EH

o HRLS AU
555 4
oy

DAY 2

--------- TSR 12 TE)
IR 12 )

......... SLIET (MRS 4 0)

LA H)

S (B



148 BN TURE 5401 2021)

Effect of Storage Packaging Materials and
Temperatures on the Quality and Chemical
Composition Content of Chrysanthemum

Chiou-Fang Liu*  Yu-Jen Chen”®  Chih-Chun Kuo'
Chui-Feng Chiu®  Hsien-Tsung Tsai*

Summary

Chrysanthemum is a local characteristic crop in Taiwan. The flowering period is concentrated from
November to December. Dried flowers have large surface area so that are easy to absorb moisture and
cause quality decline. The farmer’s current storage method uses large transparent plastic packaging. The
plastic bag covered with cloth to store at room temperature for sale. Due to the lack of relevant
information on the quality of chrysanthemum under storage conditions, we plan a multiple factor test of
packaging materials and storage temperatures. Discuss its influence on the quality of dried flowers of
chrysanthemum after storage. The results show that the existing storage methods of farmers are most
likely to cause the moisture content of dried flowers of chrysanthemum to increase, resulting in a decline
in quality. After 24 months of storage, silverfish and browning will occur and the commaodity value will
be lost. When conditions permit, the best quality is stored in a transparent plastic bag and stored in 5°C or
-20°C storage. However, due to the high cost of cold storage and freezing, the second choice is to store it
in large aluminum tea bags after packaging. It can maintain a certain quality of dried flowers at room
temperature for 24 months.

Key words: Chrysanthemum, Storage, Packaging material, Temperature
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Can the Tea Sensory Evaluation be Different —
from the Tea-qi of Tea-tasting Group to Look at
This Issue

Zu-Chun Liao!

Summary

The evaluation of the tea is archived as early as the Tang Dynasty in China while tea became a
drink. Nowadays, when people get together and compare tea quality in various ways, it is actually a
continuation of the ancient tea competition. Although in Taiwan the tea contest have held for over than 40
years, the tea sensory evaluation has developed a couple of items to make the judgment of tea quality,
such as appearance, aroma, taste, colors of the tea liquors, infused leaves. Beyond the normal contest,
many tea parties had held to make a comparison of teas. Recently, among these activities, one kind of tea
evaluation is noticed that the tea flavor is felt through the body. The discourse of this kind of tasting is
formed and it gradually has become a new trend in the tea social groups. The goal of this kind of tasting is
to judge the quality of the teas. In addition, this discourse is different from traditional evaluation because
it uses somatosensory response to make the assessment. This kind trend of tea drinking starts from the
Pu-erh tea drinking groups and has gradually expand to oolong teas. “Tea-gi” is a concept that seems to
come from Chinese medicine, but actually comes from energy medicine. Its discourse is connected with
the ecology of the tea plantations, the plantations’ management, etc. It is seemingly a vague term but
sometimes it appears to be clear. Thus it might be a new judgment for tea selection. This paper intends to
explore what kind of value connotations are reflected in the “Tea-qi” tasting, and what kind of inspiration
it has for the present day Oolong tea tasting.

Key words: Tea-qi, Evaluation, Pu-erh tea, Tasting, Tea therapy

1. Assistant Curator and Collection Manager, National Museum of Natural Science,
Department of Anthropology. Taichung, Taiwan, R.O.C.
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