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Effects of Different Cultivar, Flowering Date
and Manufacture Process on the Chemical
Composition and Mineral Element Content of
Tea Flowers

Hun-Yuan Chengl* Horng-Jey Fan'

Summary

The study was conducted to understand the chemical composition and mineral element
content in flowers of tea cultivated cultivars. The experimental results showed that the fresh
weight, dry weight, chemical composition and mineral element content had significant
difference among cultivars. The fresh weight, dry weight, fresh/dry weight ratio and water
content of full blooming were higher than that before blooming. The soluble solid,
polyphenols, catechins and soluble sugar content had the same result, however, caffeine
content had contrary trend, and amino acid content had no significant difference. The
polyphenols and catechins content of non-fermented and directly dried flowers were higher
than that of the fermented manufacturing process, but also showing more significant
difference. There are no significant difference and consistent change among other chemical
compositions.

Key words: Flower of tea cultivated cultivar, Chemical composition, Mineral element

1. Associate Agronomist, Associate Biochemist, Taitung Branch, Tea Research and
Extension Station, Taitung, Taiwan, R.O.C.
* Corresponding author.
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Feo > PIRIRFEF BT ~ fi2gT f’,"ﬁii Log:ce ]
Table 1. Comparison of fresh weight, dry weight, water content and fresh/dry weight ratio
among flowers of tea cultivated cultivars

Fﬁ#[fg =t 1 Before blooming 2 BF13# Full blooming

Cultivar FEEE LA LA AN A
Fresh Dry F/D Water Fresh Dry F/D Water
weight weight Ratio content weight weight Ratio content
(g/flower) (%) (g/flower) (%)
1A 7B TTES No.8 0.54ab  0.114a  4.72cd  78.8cd  0.65de  0.121bc  535de  81.3f
’F'[ﬂ - = B TTESNo.12  0.46¢d 0.101bc  4.59cde  78.2cde  0.72bc 0.121bc  5.92¢ 83.1cd
'F’ (A Z B TTESNo.13 0.39fg 0.082ef  4.73cd  789cd  0.71bcd  0.113bc  6.33b 84.1bc
'F' (A TOBETTESNo.15  0.30hi  0.072f  4.19fg  76.1fg  0.77b 0.120bc  6.39b 84.3b
'F’ (A “BETTESNo.17  0.35gh  0.079ef  4.39¢f  77.2¢f  1.03a 0.146a  7.09a 85.9a
?‘J Lo FLHEE Chin-Hsin Oolong ~ 0.38fg ~ 0.082de  4.58de  78.lcde  0.45gh  0.090d  5.03¢f  80.lg
A # FL & Dah-Yeh Oolong  0.51bc  0.106ab ~ 4.78bcd  79.0bed  0.73bc  0.128b  5.73cd  82.6de
REREL F R 0.51bc  0.10lbc  5.06b 80.3b 0.65cde  0.120bc  5.42de  81.5ef
Bian Joong Oolong
?‘J T 0.42ef  0.092cd 4.51de  77.8de  0.62def  0.114bc  5.4lde  81.5ef
Chin-Hsin Dan Pan
*—Fﬂ ﬁ%} Darjeeling 0.47cd 0.083de  5.65a 82.3a 0.57ef 0.077de  7.31a 86.3a
A Wau-yi 0.56a 0.116a  4.88bc  79.5bc  0.68bcd  0.126bc  5.34de  81.3f
Y iRl P 0.44de  0.108ab  4.08g 75.5¢g 0.53fg 0.111¢c 4.77f 79.0g
De Hua She wild tea
ARLITR 0.27i 0.060g  4.56g  78.1de 038  0.067¢  5.60cd  82.1def
Yung-Kang wild tea
AHE AR Y T2 F AT 2 B S%RE

Values followed by the same letters are not significantly different at 0=0.05 by LSD
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A BRI B PR B L
Table 2. The statistic variation of fresh weight, dry weight, water content and fresh/dry
weight ratio in flowers of tea cultivated cultivars

T3] g il B Bl EEE AR R
Flowering date Flowering Mean Maximum  Minimum SD CvV
weight
----- (¢/flower) - (%)
T"—"EI'J H E%El 0.43 0.56 0.27 0.091 21.12
Before blooming  Fresh weight
iz:gl 0.092 0.116 0.060 0.017 18.79
Dry weight
FEfiZEfil 4.7 5.7 4.1 0.398 8.53
F/D Ratio
ﬁ7 El 78.4 82.3 75.5 0.017 2.23
Water content
irdiiilgl fEE 0.65 1.03 0.38 0.161 24.83
Full blooming Fresh weight
ﬁé:gl 0.112 0.146 0.067 0.022 19.33
Dry weight
FEdiZ P 5.8 7.3 4.8 0.764 13.11
F/D Ratio
Fﬁ”'fg'u 82.6 86.3 79.0 0.021 2.60

Water content

B4 87 (N) =13 » SD: Standard deviation; CV: Coefficient of variation
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Table 3. Comparison of chemical composition among flowers of tea cultivated cultivars

ﬁﬁé IR1:&2i 7 bIxE%R RN Rl WEL PR
ultivar Soluble solid  Polyphenol Catechin Caffeine  Soluble sugar  Amino acid
#iebunit e (%) -----
’F'ff"é 4 37.66h 6.40a 3.88ef 1.84fg 23.50bc 1.39i
TTES No.8
*F",“?& 4 T 41.26¢cd 5.15¢ 4.57cd 1.94de  26.88a 2.18¢
TTES No.12
T’}?H -0 37.86gh 5.66b 5.25b 2.04abcd  20.85de 3.03¢
TTES No.13
F, B T 40.24de 5.64b 4.74¢ 2.02¢cd 23.40bc 2.17g
TTES No.15
'F",?%% q4 -5 38.90fg 4.69de 4.02¢ 1.99cde  22.90bcd 2.24g
TTES No.17
?‘J oy 41.49¢ 5.66b 5.48a 2.03abcd  21.41cde 2.63f
Chin-Hsin Oolong
A ES e 42.14bc 5.64b 5.45a 1.83fg 23.46bc 4.33a
Dah-Yeh Oolong
R, e 44.22a 5.30c 4.45d 1.92ef 25.30ab 3.41lcd
Bian Joong Oolong
?“J ,p\&?J 41.45¢cd 4.65¢ 4.07e 1.97cde  23.56bc 3.29cde
Chin-Hsin Dan Pan
S 39.21ef 3.75h 2.60i 2.13b 20.83de 3.48cd
Bair Mau Hour
*?[ﬁg 41.34cd 4.17g 3.81f 1.81g 26.26a 1.6%h
Darjeeling
G\ 42.82b 4.34f 3.34h 1.92¢f 25.35ab 3.55¢
Wuu-Yi
o = TR 38.00fgh 4.84d 3.55¢ 2.06abc  21.32cde 3.21de
De Hua She wild tea
AHIH# 34.16i 4.16g 2.11j 2.03bcde  18.44e 3.98b

Yung-Kang wild tea

AR Y T2 ke 25 o S SR,
Values followed by the same letters are not significantly different at 0=0.05 by LSD
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FPU R ﬁfﬂ"ﬁfﬁ#fﬁﬁﬂ [“Z0RY 55 Bﬁ%#”ﬁh * F, B VARG il
Table 4. The statistic variation of chemical composition and mineral element content in
flowers of tea cultivated cultivars

7553 TV = B RRYEE AR TR

Composition Mean  Maximum Minimum SD CV

i fﬁ’;’} Soluble solid (%) 40.05 44.22 34.16 2.60 6.50
%745 Polyphenol (%) 5.00 6.40 3.75 0.75 15.08
pa % 2 Catechin (%) 4.09 5.48 2.11 1.00 24.46
IR Caffeine (%) 1.97 2.13 1.81 0.09 4.78
F,ng; Soluble sugar (%) 23.10 26.88 18.44 237 10.24
L% Amino acid (%) 2.90 433 1.39 0.87 478
2 N (%) 2.07 2.48 1.56 0.27 13.11
& P (%) 0.14 0.20 0.11 0.03 22.63
1K (%) 1.44 1.80 1.14 0.17 11.94
5 Ca (%) 0.50 0.81 0.36 0.13 25.94
& Mg (%) 0.127 0.167 0.090 0.02 17.47

42 Fe (ppm) 24.17 33.38 16.5 4.81 19.9
£ Mn (ppm) 424.96 862.0 134.5 210.2 49.47
#it Cu (ppm) 7.17 8.50 5.75 0.77 10.71
&k Zn (ppm) 7.61 9.63 5.88 1.05 13.85

(SR e (N) =14 R B B (V) =12

SD: Standard deviation; CV: Coefficient of variance
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AR

Table 6. Comparlson of different flowering date on the chemical composition in flowers of tea cultivated

cultivars
e Tet] P ERE R PEHY iR B
Cultivar Flowering date Soluble Poly- Catechin Caffeine Soluble Amino
solid phenol sugar acid
gt unic e ) emee

’F‘]?ﬁﬂ A G| 37.70b 4.10b 1.71a 2.05a 19.11b 1.79a

TTES No.12  Before blooming
e 44.85a 4.39a 1.94a 1.89b 25.67a 1.63a
Full blooming

e - Ikl 35.38a 3.09b 0.78b 1.97a 16.05b 2.98a

Dah-Yeh Before blooming

Oolong 9 ) HH 36.24a 3.76a 1.56a 1.99a 18.21a 3.33a
Full blooming

AR I# IeIE 40.49b 5.42a 1.68a 1.98a 23.98b 1.02a

Yung-Kang  Before blooming

Wild tea T B 52.41a 5.20a 1.59a 1.78b 33.91a 1.10a
Full blooming

Mean (=e 37.86 4.20 1.39 2.00 19.71 1.93
Before blooming
22 {1 44.50 445 1.70 1.89 25.93 2.02
Full blooming

AR 5 2B A B S

Values followed by the same letters are not significantly different at 0=0.05 by LSD
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Table 7. Comparison of different manufacturing process on the chemical composition in flowers of tea

cultivated cultivars

fire A frgoT e RS PR TR L
Cultivar Manufacturing Soluble  Polyphenol Catechin  Caffeine  Soluble Amino
process solid sugar acid
ek unie o e (%) -----
’F'i?'*\‘{ SBE SRR 37.69a  4.29ab 3.09a 1.77ab  24.91a 1.76b
TTES No.12  Non-fermented
Eﬂﬁ FETE 33.64b  4.46a 3.19a 1.87a 21.08ab  2.22b
artially fermented
*= T 30.73b  3.39bc 1.81b 1.48b 22.38ab  1.72b
Fully fermented
TR 30.72b  3.38c 1.93b 2.04a 19.05b  3.21a
Anaerobic
fermented
:F'fj S AR 33.64a  3.99a 2.72a 1.65a 19.36a  2.66b
Chin-Hsin Non-fermented
Oolong ﬁﬂ;’? FETE 35.25a  3.78a 2.54ab 1.56a 20.27a  4.69a
artially fermented
A 31.59a  3.38a 241b  1.53a 21.33a  234b
Anaerobic
fermented
’F'j?i B *= AT 30.23a  5.47b 2.00b 1.68b 20.17a 1.26b
TTES No.8 Fully fermented
AR (FR) 33.63a  12.40a 6.16a 4.36a 3.61b  2.80a
Black tea

(tea shoot)

el ﬁ'fﬁ]%’id’ PRI FFA R 5%,
Values followed by the same letters are not significantly different at 0=0.05 by LSD
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Collection, Selection and Growth of Cover
Crops on the Tea Garden

Hun-Yuan Chengl* Shin-Yan Chen' Horng-Jey Fan'
Ching-Hsiang Hsieh®

Summary

The study was conducted to collection, selection and growth of cover crops in the tea
garden, the ideal cover crop selected should be able to need the demand of labor saving and
easy for large scale of propagation. So that decreased cost of weed management and
increased competition of the tea production. Four entries of cover crops were chosen,
included perennial peanut (Golden Glory, treatment A), perennial peanut (Amarillo,
treatment B), Trailing Indigo (treatment C), Asiatic Pennywort (treatment D), and cultivated
in tea farm along with the control treatment (uncovered field, CK). The results showed that
the survival rate of perennial peanut (Golden Glory) was highest, Asiatic Pennywort was
lowest in the tea garden. The survival rate of perennial peanut (Amarillo) and Trailing
Indigo were in between. Root of perennial peanut (Golden Glory) formed a dense
inter-mingled network in soil, which can prevent soil erosion efficiently. Its rapid growth
character was able to endure high mowing frequency, and possessed rapid recuperative rate
to inhibit weed growth. Perennial peanut (Golden Glory) was the best cover crops in tea
farm for this experiment, and recommendation can be made to investigate the model of
long-term cover crops on tea cultivate management. This information provides
consultations to farmers for application and promotion of this system in the future.

Key words: Tea garden, Cover crop, Collection, Selection, Growth
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Branch, Tea Research and Extension Station, Taitung, Taiwan R.O.C.

2. Professor, Department of Plant Industry, National Pingtung University of Science &
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Fo o IR E ITE (T E
Table 1. Comparison of cutting survival percentage among cover crops collected from
different locations

ENED R o A
Cover crops Collected locations Survival (%)
% %% 1 No.l Perennial peanut ’F]ﬁﬁﬁ_ﬁ[ 2518  Taitung  38.0de
(FPI5EETER) A. glabrata (from Florida)
2&F 4.t 2 No.2 Perennial peanut 'F",FHEE: B3 o5 2L Tainan 46.5d
QP Amarillo (from Australia)
274 TL 4 3 No.3 Perennial peanut ’F]ﬁ\! Taitung  91.0ab
(K1) Golden Glory (from Hawaii)
% %% 4 No.4 Perennial peanut S Pingtung 68.5¢
(G ?’?FJ) Golden Glory (from Costa Rica)
2F %Lt 5 No.5 Perennial peanut F"ZLH? Nantou 97.0a
Golden Glory
S Alyce clover ’F"[ E{JE[I%JTP [* 2 [\ Taitung 81.5b
HEAE Creeping tick-trifoil i ﬁﬂfﬁ‘, NoiH#h  Taitung 30.8¢
F IR
Eray Asiatic Pennywort LS ﬁF)fF (N, Taitung 99.0a
Y
BT Trailing Indigo TN EEE# P Taitung 96.1a

Means followed by the same letters within each column are not significantly different at 5% level
according to least significance difference test.
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Table 2. Comparison of perennial peanut growth condition among cover crops collected
from different locations

A/ B L LS i &7 i o SPAD
Field planting
/Perennial peanut Stolon length Node number Stolon diameter Coverage Leaf greenness
(cm) (No.) (mm) (%0)
after 2 months
No.l 4. glabrata 17.1+£2.4 4.0+£0.8 0.212+0.03 472+ 7.2 25.742.2
No.2 Amarillo 17.0+4.3 53+1.3 0.286+0.03 29.2+53 21.443.1
No.3 Golden Glory  29.54+4.8 9.442.0 0.332+0.02 87.5+11.8 40.1+3.5
No.4 Golden Glory  22.3£2.6 6.6+0.7 0.331+0.01 36.9+6.0 43.245.1
No.5 Golden Glory  33.1+4.9 9.2+1.1 0.344+0.03 80.6+14.7 42.4+4 .4
after 3.5 months
No.1 4. glabrata 34.8+4.7 5.2+0.8 0.213+0.02 92.0+8.3 39.8+1.4
No.2 Amarillo 36.0+6.1 0.3+1.6 0.343+0.07 59.3£3.8 26.74+2.1
No.3 Golden Glory  52.0+8.0 14.3£2.4 0.358+0.03 98.4+1.5 36.5+1.0
No.4 Golden Glory  52.5+7.7 12.5+£2.0 0.331+0.03 88.4+13.8 39.343.9
No.5 Golden Glory  60.3+£9.0 15.242.5 0.372+0.02 99.3+0.6 37.4+2.4
after 4.5 months
No.l A. glabrata 43.6+4.1 7.9£1.0  0.219+0.01 94.7+£5.3 36.2+1.1
No.2 Amarillo 45.1+£7.4 14.0£2.8  0.329+0.02 91.6+13.4 28.7+1.2
No.3 Golden Glory  53.8+£9.4 14.7+1.8 0.322+0.02 99.6+ 1.0 40.2+1.3
No.4 Golden Glory  56.9+6.2 16.6+2.3 0.349+0.02 99.8+ 0.5 39.1+2.1

No.5 Golden Glory  59.3+8.0 16.4£2.0 0.328+0.02 100.0+ 0.0 40.2+1.0
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Table 3. Comparison of perennial peanut cover thickness and fresh weight after field

planting collected from different locations

R 3.5 i E] 4.5 il £] 8.5 T *] fE
Perennial peanut 3.5 months 4.5 months 8.5 months fresh weight
----- (cm) - (¢/ni)
No.l 4. glabrata 28.6+3.2 30.4+3.7 22.241.0 16114585
No.2 Amarillo 8.1£1.2 6.7£1.4 7.1+1.2 1056+278
No.3 Golden Glory  5.5+0.5 5.4+0.7 16.2+1.8 4093+624
No.4 Golden Glory  4.6+0.7 4.9+0.9 9.9+3.5 3963+357
No.5 Golden Glory  5.3%1.2 5.5+1.0 15.4+0.6 4907+179

HP R T TR [PPSR W] i e
Table 4. Comparison of survival percentage among different cover crops transplanted one
month later in tea farm

i) ik 129 o R
Treatment TTES No. 12 Chin-Hsin Oolong
_____ (%) -=---
Golden Glory 97.3a 94.0a
Amarillo 93.3a 88.3b
Trailing Indigo 94.5a 86.3b
Asiatic Pennywort 83.0b 84.5b

Means followed by the same letters within each column are not significantly different at 5% level
according to least significance difference test.



35

GRS (A e R P

A PRI (B AR G A R R T
Table 5. Comparison of the % coverage in tea farm planted different cover crops at field
planting primary stage

’F'ﬂ@ 12 5% :F"J@\,E{é?é
TTES No. 12 Chin-Hsin Oolong
Tt 1 {at*] 2 fl*] 1 { 7] 2 {l*]
Treatment 1 month 2 months 1 month 2 months
----- (%0) ----- === (%) -----
Golden Glory 15.6a 36.1a 9.5a 29.2a
Amarillo 4.4bc 4.7b 4.7b 6.4b
Trailing Indigo 5.3b 6.4b 5.8b 10.6b
Asiatic Pennywort 2.8¢ 4.4b 3.9b 4.7b

Means followed by the same letters within each column are not significantly different at 5% level
according to least significance difference test.

Fob TR G TR (P A T o

Table 6. Comparison of the % coverage in tea farm planted different cover crops

iR 125 o
TTES No. 12 Chin-Hsin Oolong
okdl 6 {i”] 8 ffit * 6 [l 8 ffit *
Treatment 6 months 8 months 6 months 8 months
----- (%) ----- === (%) -
Golden Glory 100a 100a 100a 100a
Amarillo 33c 78b 15¢ 83b
Trailing Indigo 78b 100a 67b 100a
Asiatic Pennywort 97a 99a 67b 82b

Means followed by the same letters within each column are not significantly different at 5% level
according to least significance difference test.
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Table 7. Comparison of mean thickness of coverage among different cover crops planted in

tea farm
’F}ﬂ 12 5% :F"J“HETEE
TTES No. 12 Chin-Hsin Oolong
Eied e “5 e “5

Treatment Summer Winter Summer Winter

----- (cm) ----- ---=- (cm) -----
Golden Glory 7.4b 10.4b 12.0b 13.0a
Amarillo 6.9b 5.5¢ 8.0b 8.5b
Trailing Indigo 16.3a 13.0a 22.5a 15.7a
Asiatic Pennywort 8.4b 6.1c 8.8b 6.7b

Means followed by the same letters within each column are not significantly different at 5% level
according to least significance difference test.

I TGP T (P

Table 8. Regression of cover rate among different cover crops planted in tea farm

T fiA 1258 T o Fbe
Treatment TTES No. 12 Chin-Hsin Oolong
Golden Glory Y=17.74X+2.78  R’=0.98 Y=17.78X-3.23  R’=0.98
Amarillo Y=5.39X-6.22 R’=0.87 Y=1.91X+2.05  R>=0.94
Trailing Indigo Y=15.58X-21.89 R*=0.95 Y=12.55X-7.38  R*=0.98
Asiatic Pennywort Y=22.27X-32.48 R’=0.95 Y=14.16X-16.87 R’*=0.96

Y=atbX Y:coverage X:growth date R%: the coefficient of determination



B GITE [LE

37

GREE R VP

e~ TR REAT T [l = (Pl F ] s s (P B P
Table 9. Comparison of biomass among different cover crops transplanted nine months
later in tea farm

) fi% 129 = pue
Treatment TTES No. 12 Chin-Hsin Oolong
----- (g/m’) -+

Golden Glory 1439a 2072a

Amarillo 575b 1306b

Trailing Indigo 1597a 2097a

Asiatic Pennywort 375b 298d

Uncovered field (CK) 250b 936b

Means followed by the same letters within each column are not significantly different at 5% level

according to least significance difference test.

e G T (P e e P
Table 10. The recuperative rate of the different cover crops after 20, 30 and 40 days of

mowing in tea farm

A EEer - Fi

Treatment TTES No. 12 Chin-Hsin Oolong

20 ~ 30 ~ 40 ~ 20 ~ 30 ~ 40 ~

20 days 30 days 40 days 20 days 30 days 40 days

------- (%) ------- - (%) -------

Golden Glory 98.6a 100.0a 100.0a 100.0a 100.0a 100.0a
Amarillo 36.1c 60.0b 76.3b 75.0b 88.8a 98.8ab
Trailing Indigo 51.4c 75.0ab 93.8a 57.0c 67.5b 96.3ab
Asiatic Pennywort 76.4b 86.3ab 95.0a 61.1bc 63.8b 95.0b

Means followed by the same letters within each column are not significantly different at 5% level
according to least significance difference test.
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Af = RGO IR (PR & B
Table 11. Comparison of regrowth biomass after 20 and 50 days of mowing among
different cover crops planted in tea farm

’F",“,Zi 12 9% ?Jf‘;\,ﬁﬁj'é
TTES No. 12 Chin-Hsin Oolong
e 20 ~ 50 ~ 20 ~ 50 ~
Treatment 20 days 50 days 20 days 50 days
----- (g/m?) - - (g/m’) -
Golden Glory 288.9a 683.3a 366.7a 1041.8a
Amarillo 70.4b 77.8b 180.6b 508.3¢
Trailing Indigo 148.2b 638.9a 111.1c 800.0b
Asiatic Pennywort 88.9b 105.6b — 144.5d

Means followed by the same letters within each column are not significantly different at 5% level
according to least significance difference test.

E I 1N E NG

Table 12. Comparison of root number per square meter among different cover crops planted in

tea farm
Fi2E! Treatment ’F | # 12 B TTES No. 12 ?‘ e FL#& Chin-Hsin Oolong
web oot e (No./m?) -----
Golden Glory 975.0a 833.3a
Amarillo 288.9b 369.5¢
Trailing Indigo 66.7c 100.0d
Asiatic Pennywort 1055.6a 650.0b

Means followed by the same letters within each column are not significantly different at 5% level
according to least significance difference test.
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Fig.1. Comparison of the % coverage of different cover crops
planted in tea farm
— < —Golden Glory
—0O— Amarillo
— /\ —Trailing Indigo
— > — Asiatic Pennywort
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Table 1. Characteristics of three color-type chrysanthemums on harvest date (October 1,

2012)
5 FAE () R PRy (em) — FFJE (em)
(chrysanthemum) (dlame er of stem base) (number of branch) (height of plant) (width of plant)
L
f 15.39 2" 96.97 a 50.70 a 80.47 a
(Yellow flower)
Frre
) 14.73 a 8493 a 50.11a 70.44 a
(White flower)
e
A 1442 a 80.83 a 49.47 a 70.44 a
(Purple flower)

Y: Means followed by the same letter are not significantly different at P<0.05 by LSD.
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Fig.1. The development survey of width and height of three color-type
chrysanthemums
(Note : Each point stands for the average value of 6 blocks. The bar means
SE of each point.)
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Fig. 2. The development survey of branch number and stem-base diameter of
three color-type chrysanthemums
(Note: Each point stands for the average value of 6 blocks. The bar means SE of
each point.)
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Table 2. Average yield of three color—type chrysanthemums
Bl fL€1 (Flower color of % Eb (Yield)
chrysanthemum) (ke)*
?[[ = (Yellow flower) 231a"
FI7= (White flower) 248 a
% & (Purple flower) 193 a

Y: Means followed by the same letter are not significantly different at P<0.05 by LSD.
Z: Average yield of each 3.15m” blocks
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Fig. 3. The relationship between branch number and width of chrysanthemum
(Note : Each point stands for the average value of each block.)
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Fig. 4. The relationship between diameter of stem base and yield of chrysanthemum
(Note : Each point stands for the average value of each block.)
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Fig. 5. The relationship between height and yield of chrysanthemum
(Note : Each point stands for the average value of each block.)
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Fig. 6. The relationship among height, brancﬂ number and yield of chrysanthemum
(Note : Each point stands for the average value of each block.)



e R ENE S Tk 49

F =~ PIIHRSE | B BIAREH A
Table.3. Yield of white flower chrysanthemum in 3 blocks
& B! (Yield)

‘B (Block)

(kg)*
A 1.69b
B 4.18a
C 1.58b

Y: Means followed by the same letter are not significantly different at P<0.05 by LSD.
Z: Average yield of each 3.15m” blocks.
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Table.4. The chlorophyll value of three color-type chrysanthemums

ETLe (Fl 1 f = S
F 71 (Flower color o B 33l (Chlorophyll value)

chrysanthemum)
_Fkil 7= (Yellow flower) 50.00 a¥
FIT= (White flower) 47.60 a
% [% (Purple flower) 49.17 a

Y: Means followed by the same letter are not significantly different at P<0.05 by LSD.
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The Development Investigation of
Chrysanthemum Species in Taiwan

Chiou-Fang Liu

Summary

There are three color-type of chrysanthemums in Taiwan, including yellow, white
and purple flower species, and the yellow and white flowers are the main cultivated species.
In this investigation show that the height and width of plant, number of branches, stem base
diameter and yield did not significantly vary among the chrysanthemums under the same
management conditions of cultivation. According to our experimental results, there is a
regression relationship between the yield of chrysanthemum flowers and the stem base
diameter, and also the plant height and the number of branches. The regression formulas are
as follows: yield = -2.88 + 0.31x (diameter of stem base), yield = -6.62 +0.18 x (height of
plant), yield = -6.53 + 0.01 x (number of branches) +0.16x (height of plant), and the R
value of the yield is 0.5 or more show that flowers was highly correlated with these traits.
Therefore, if there are appropriate environmental conditions for promoting the certain
growth traits, the chrysanthemum production should be improved.

Key words: Chrysanthemum, Development

Assistant Agronomist, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
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Effects of Roasting Temperature, Duration
and Times on Catechins and Caffeine
Content of ‘TTES No. 13’ Paochung Tea'

Chia-Chi Fan® Meei-Ju Yang® Iou-Zen Chen®’ Ying-Ling Chen’
Chin-Lung Lee’ Chun-Ta Wu™  Su-Feng Ruan®""

Summary

Roasting methods profoundly influence the chemical composition of Paochung tea. In
this study, Paochung tea were produced from TTES No.13. The processing parameters
under investigation included temperature (80°C, 100°C, 120°C), duration (1, 3, 6, 9, 12 hr)
and the number of times. Summer tea of 2008 was used and first roasting was done in
autumn of 2008. Second and third roasting were done in 2009. The last roasting was in
2010. After roasting, caffeine and catechins were analyzed by HPLC. Caffeine content
increased after roasting. Catechins content of tea increased slightly and then decreased with
increasing of roasting temperature and times. Tea quality were getting lower after roasting
temperature, duration and times increased, tea liquor colors were turned to yellow or deep
yellow, tea appearance turned to dark with roasted flavors and taste.

Key words: Tea roasting, Sensory Evaluation, Bitterness, Astringency
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Fig. 1. Caffeine content of TTES No. 13 Paochung tea after roasting at different
temperature for different duration (The first roasting)
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Fig. 2. Caffeine content of TTES No. 13 Paochung tea after roasting at different
temperature for different duration (The second roasting)



Lo S PRAER B 31 5K (2012)

3.0
50 °C
. == 100°C
.
2.5 - T T T B 120°C
2
;. 2.0
<
€
L 15
[
o
S
2
£ 101
L
©
1
0.5
0.0 - L | | | |
1 3 6 9 12

Roasting Time ( hr)

= ~HURIE MR SHB R = BERATR P O B PORARGTS )
Fig. 3. Caffeine contents of TTES No. 13 Paochung tea after roasting at different
temperature for different duration (The third roasting)
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Fig. 4. Caffeine contents of TTES No. 13 Paochung tea after roasting at different
temperature for different duration (The fourth roasting)
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Fom B T UEWIR L) RE S PRI R Y R (T TR )
Table 1. The sensory evaluation scores of TTES No. 13 Paochung tea roasted at various
temperature and time (The first roasting)

oid ol Fix LA AT Uil
Treatment Colorof  Aroma Taste Total Comment
Liquor

Unroasted (CK) - 24 22 46 Fﬁ
80°C, 1 hr - 23 22 45 EIFAEZES F[*n
80°C, 3 hr - 21 22 43 %ﬁ*ﬁf'ﬁé +
80°C, 6 hr - 20 21 41 E ENE T F[*n
80°C, 9 hr - 20 21 41 %ﬁfﬁpﬂi
80°C, 12 hr - 20 21 41 Hﬂ‘”ﬁP?F
100°C, 1 hr - 21 19 40 fi TiRIE ~ Pk ~ RIR
100°C, 3 hr - 20 19 39 SR F'*Q ~ PR
100°C, 6 hr - 20 20 40 %ﬁfﬁpﬂi YRR ~ 7j< g
100°C, 9 hr - 19 19 38 Hﬁ”ﬁpﬂe PISPEEL ] F'J
100°C, 12 hr - 20 22 42 [UREE ~ IR P2k
120°C, 1 hr - 19 20 39 2&513'1]%('\% ~ PR 7J<5'|ESFE:F‘{[
120°C, 3 hr - 21 21 42 *ﬂhﬁ* . *’J‘f"[f?”.[ . ﬁj\i-ﬁ-’é’—
120°C, 6 hr - 20 20 40 ”ﬁ e - B
120°C, 9 hr - 19 19 38 R R
120°C, 12 hr 18 18 36 EP?F;I s sy lé&f[

o IR RV RPN BT WY R R
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Table 2. The sensory evaluation scores of TTES No. 13 Paochung tea roasted at various
temperature and time (The second roasting)

i) FE BRSO AR i

Treatment Color of Aroma Taste Total Comment
Liquor

Unroasted (CK) 17.0 25.0 24.0 66.0 F‘,

80°C, 1 hr 14.1 25.0 239 63.0 F‘,;ﬁi%

80°C,3 hr 14.9 23.7 244 63.0 e F‘, 3

80°C, 6 hr 15.1 24.3 243 63.7 i’ﬂiﬁ ) E’ik*ﬁ*fpafé

80°C,9hr 153 22.8 239 62.0 F", FRNE

80°C, 12 hr 15.7 23.6 243 63.6 Jiﬁ:’ﬁ”ﬁﬁi

100C, 1 hr 15.6 22.6 244 62.6 iﬁj R o PR

100°C, 3 hr 153 22 233 60.6 A5 VR

100°C, 6 hr 14.3 21.3 22.3 57.9 *Ifﬁ gk

100°C, 9 hr 152 219 22.7 59.8 Tk

100°C, 12 hr 13.9 214 22.2 57.5 *ﬁ’%PﬁF

120°C, 1 hr 15.5 224 233 61.2 FEE *ﬁ”ﬁﬁ

120°C, 3 hr 14.5 21.8 22.7 59.0 g "ﬁ*ﬁ%ﬁ

120°C, 6 hr 14.1 21.2 22.8 58.1 =117

120C, 9 hr 13.5 20.9 22.7 57.1 B

120°C, 12 hr 134 20.5 224 563  JREE

T U R R VRS 2 T T A

_H
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Table 3. The sensory evaluation scores of TTES No. 13 Paochung tea roasted at various
temperature and time (The third roasting)

il O fiR Wk A e

Treatment Color of Aroma Taste Total Comment
Liquor

Unroasted (CK) 17.0 25.0 24.0 66.0 F‘,

80°C, 1 hr 16.0 24.4 249 65.3 Fﬁ@iﬂﬁk

80°C, 3 hr 16.0 253 249 66.2 F", KR

80°C, 6 hr 154 23.6 243 63.3 F‘,;ﬁ?’ﬁ » YR

80°C, 9 hr 15.8 23.1 23.7 62.6 E%?J%"r',if’f;

80°C, 12 hr 16.3 234 244 64.1 e J%f',%"f D IRSES

100°C, 1 hr 16.4 24.0 244 64.8 A J}“',?’E&’r ESERTS

100C, 3 hr 153 229 24.4 62.6 ﬁ i

100°C, 6 hr 14.1 21.5 22.1 57.7 gk

100C, 9 hr 14.2 213 22.7 582 Tk

100°C, 12 hr 14.5 21.8 232 59.5 ‘}"PiFff{

120°C, 1 hr 153 22.0 23.0 60.3 T

120°C, 3 hr 14.9 213 22.0 582 gk

120°C, 6 hr 14.0 20.2 22.1 56.3 ' }“Pi{ifj

120°C, 9 hr 13.3 19.6 21.3 54,2 =173

120°C, 12 hr 13.1 194 20.6 53.1 =117

sz P RS AR IVESE S S ;IJF%F 73 VIS0 .
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AP BT A = BRI FRENE o RSO ERS R ETY RYRR (T, lﬁcﬁfiﬁﬁ)
Table 4. The sensory evaluation scores of TTES No. 13 Paochung tea roasted at various
temperature and time (The fourth roasting)

) e FR W A e

Treatment Color of Aroma Taste Total Comment
Liquor

Unroasted (CK) 17.0 25.0 24.0 66.0 Fﬁ

80°C, 1 hr 153 23.6 232 62.1 2%?‘,

80°C, 3 hr 14.3 235 23.7 61.5 %Fﬁ

80°C, 6 hr 14.8 234 23.0 61.2 2%?‘,

80°C, 9 hr 15.1 22.7 23.1 60.9 ] u*RF“, ) PEPEL

80°C, 12 hr 13.8 22.5 23.1 59.4 2%?‘,

100°C, 1 hr 15.0 22.5 22.7 60.2 ”}*:"*F", 3

100°C, 3 hr 14.3 219 223 58.5 i

100°C, 6 hr 13.2 20.8 20.8 54.8 i%%ﬁ@ﬁpa{i

100°C, 9 hr 14.3 21.1 219 57.3 2&5@5%%

100°C, 12 hr 14.2 21.3 21.6 57.1 E*ﬁhfﬁpafi

120C, 1 hr 15.1 21.6 219 58.6 Ef;*ﬁhfﬁpafé

120°C, 3 hr 14.5 20.8 21.7 57.0 fii@ﬁ]lﬁfi

120°C, 6 hr 13.9 20.0 21.1 55.0 E

120C, 9 hr 12.8 19.6 20.8 532 R

120°C, 12 hr 124 19.2 20.6 522 R

T R R BOVERE S = SIS VA S
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Variation of Condense Water Quantity and Its
Volatile Components during Low-humidity
Drying of Paochung Tea

Meei-Ju Yang' Ming-Chun Liu' Teng-Feng Huang' Kuo-Renn Chen'

Iou-Zen Chen'?>"

Summary

We investigated and analyzed the condensed water amount and the volatile
components of TTES No.12 twisted paochung tea processed through the four steps of
low-humidity drying machine developed by Taiwan Tea Research and Extension Station.
The result shows that there was fewer condensed water produced in the late drying stage
and most condensed water was simultaneously formed at ten minutes after the drying
beginning. During the low-humidity drying process, the condensed water collected from
paochung tea with different water contents after panning all contained unique aroma of
paochung tea, including linaloloxide, indole, cis-jasmone, nerolidol and geraniol. It
indicates that the decreasing volatile components during the drying can bind to water
molecules and be released as aromatic condensed water in the low-humidity drying process.
For obtaining the maximum production, the aromatic condensed water should be collected
right after the panning and rolling steps of paochung tea. If we view the volatile
components as a measure of indicator, the low-humidity drying should proceed after
panning step of Paochung tea for better tea aromatic condensed water production. However,
further quantitative analysis of volatile components or sensory evaluation is still needed for
the tea aromatic condensed water quality determination.

Key words: Partially-fermented tea, Paochung tea, Low-humidity drying, Volatile
components
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Fig. 1. The low- humldlty drying efficiency of twisted Paochung tea in the different
processing stages
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Fig. 2 The condensed water yield of twisted Paochung tea during different stages of

low- humidity drying process
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Table 1. The total amount of condensed water produced from low-humidity dryers

AR R (mlkg)

27V (mins) e S Foiz R Wiz AR
H (TCR) (TW)
0~10 0 0
10~20 80 35 44
20~30 179 86 91
30~40 264 134 134
40~50 337 180 174
50~60 386 220 207
60~70 425 257 239
70~80 454 287 266
80~90 563* 316 286
90~100 339 301
100~110 404* 314
110~120 324
120~130 331
130~140 338
140~150 342
150~160 345%

# jﬁ ‘F%‘IF‘? 73 ﬁ%% (%) 71.41% 55.04% 43.44%

«ﬂ‘"*}\ (%o)** 78.86% 73.49% 79.50%

o PR ikl - st Co)=HpREIIREN R F) R
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Table 2. The GC-MS analysis of volatile components in condensed water during the
different stages of low-humidity drying of Paochung tea

treatment * Description
RT Volatile compound TF TR TCR TW of aroma**
7.83 3-Hexen-1-ol + + Green
15.154-15.722 Linaloloxide + + + + Floral (sweet)
16.08 alpha-terpinolene
16.147 3, 7-dim'ethy1-1, N
6-Octadien-3-ol
16.163 Linalool + + Floral
17.373 Benzyl nitrile +
17.637 Bicyclo[2.2.1] heptan-2-one + +
18.149 Cyclopentasiloxane +
19.425 Benzoic acid + +
19.555 Cyclohexanone +
21.435 2-Cyclohexen-1-one + +
21.723 Geraniol formate +
21.746 Geraniol + Floral (rose)
21.762 2, 6, 10-Dodecatrien-1-ol + +
22.049 3 7_dim,ethy1_2’ + o+ o+
6-Octadien-1-o0l
23.192 Indole + + + Floral/Nutty
7,042 3-methyl-2- (2-pentenyl)-
2-Cyclopenten-1-one
27.081 cis-Jasmone + + +  Floral (jasmine)
30.501 Phenol + +
31.904 Nerolidol + + Floral (rose)
ﬁpjﬁé_t : *{"Jl;l; ?& FEE TR @ S ;&ﬁ FEHR —?‘J}%ﬁﬁé ; TCR @ # ¥zt # 5 TW : ¥y

**Tfij:%(ﬁr] *TFTD;I‘:; SRET 1984 5 i 1998 5 Wang et al., 2008; Jumtee et al., 2011 ©
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Table 3. The varieties of volatile components in condensed water during the different
periods of un-dried Paochung teas

Time of condensed water

) . . Description
RT Volatile compound collection (min)
of aroma *
10-20 20-30 50-60 80-90 110-120
15.154-15.722 Linaloloxide + + + + + Floral (sweet)
16.08 alpha-terpinolene + +
16.147 3, 7-dimethyl-1, 6-Octadien-3-ol +
16.163 Linalool + + Floral
17.373 Benzyl nitrile
17.637 Bicyclo[2.2.1]heptan-2-one + + + +
18.149 Cyclopentasiloxane
19.425 Benzoic acid +
21.723 Geraniol formate +
21.762 2, 6, 10-Dodecatrien-1-o0l + +
22.049 3, 7-dimethyl-2, 6-Octadien-1-o0l +
23.192 Indole + + + + + Floral/Nutty
97,042 3-methyl-2- (2-pentenyl)- + + .
2-Cyclopenten-1-one
) + + Floral
27.081 cis-Jasmone L
(jasmine)
30.501 Phenol
31.904 Nerolidol + + + + Floral (rose)

ﬁFJﬁ%t : *Tfij%{ﬁrj “F"JIZITJ 2 E,1984 Ft - 1998 ; Wang et al., 2008; Jumtee et al., 2011 -
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Table 4. The varieties of volatile components in condensed water during the different
periods of primarily dried Paochung teas

Time of condensed water

RT Volatile compound collection (min) Eeszzz:[l
0-10  20-30 50-60 80-90
14.146 Benzeneacetaldehyde +
15.154-15.722 Linaloloxide + + + + Floral (sweet)

16.08 alpha-terpinolene, Cyclohexene + +

16.147 3, 7-dimethyl-1, 6-Octadien-3-ol +

16.163 Linalool + Floral

17.373 Benzyl nitrile

17.637 Bicyclo[2.2.1]heptan-2-one +

18.149 Cyclopentasiloxane

19.425 Benzoic acid + +

19.555 Cyclohexanone

21.435 2-Cyclohexen-1-one

21.723 Geraniol formate

21.746 Geraniol + Floral (rose)

22.049 3, 7-dimethyl-2,6-Octadien-1-ol

23.192 Indole + + + + Floral/Nutty

27.042 2-Cyclopenten-1-one + Floral (jasmine)

27.081 cis-Jasmone + + +

30.501 Phenol + +

31.904 Nerolidol + + Floral (rose)

ITFJF% : *Tfi;[%{ﬁrj “P"E?Jﬁ CHET 1984 5 [0 1998 5 Wang et al., 2008; Jumtee et al., 2011 -
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Table 1. Relative ratio in content of volatile organlc compounds after brewing in different
cultivars of White-tip Oolong tea *
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=T

=T

DR mR Bk \
RTY Compound H?l i 1%% %% 1%% FI= e s ‘LF‘\ LA
6.02 Benzaldehvde 2.95 2.99 3.14 498 3.99 3.02 4.54 5.93
6.53  B-Myrcene 332 6.00 5.18 5.87 5.00 4.68 7.12 4.37
7.54  Benzyl alcohol 2.51 0.00 1.44 0.00 1.83 0.00 2.38 2.38
7.79  Phenylacetaldehyde 5.63 4.04 4.16 5.90 5.67 4.47 5.03 5.60
8.46  cis-Linalool oxide 3.82 3.68 5.66 8.58 8.41 5.92 7.74  17.20
8.90 trans-Linalool oxide 3.37 1.57 5.70 7.18 5.90 3.51 422 2221
9.26  Linalool 19.18 8.57 1020 13.33 2932 40.69 2033 55.50
9.36 Hotrienol 9.50 9.61 13.69 16.61 7.33 736 18.11 7.85
9.63  Phenylethyl alcohol 3 87 1.29 1.88 2.79 242 1.68 8.23 4.60
10.49 Benzeneacetonitrile 0.25 0.32 0.42 0.34 - 0.49 0.34
10.68 Hexyl isobutanoate - - - - 0.31 - - -
11.44 cis-Linalool oxide II 0.28 0.27 0.48 0.54 0.37 0.28 0.46 0.54
11.59 trans-Linalool oxide I1 - 0.24 0.43 0.35 0.27 - 0.22 0.50
11.94 3-Hexenyl butanoate 1.28 0.46 0.86 0.72 1.54 0.40 1.73 0.66
12.19 Methyl salicylate 2.09 0.85 1.94 1.55 6.62 0.58 2.58 8.11
12.68 Decanal - - 0.31 0.41 0.26 - 0.60 0.22
13.30 Nerol 0.36 0.18 0.57 0.24 0.33 - 0.64 0.24
13.53 cis-3-Hexenyl-2-methylbutanoate  0.81 0.69 1.33 1.38 0.74 0.60 2.55 1.31
13.72 cis-3-Hexenyl valerate 1.56 0.69 1.37 1.20 1.59 0.40 2.16 1.25
14.27 Geraniol 4.72 4.56 5.30 2.06 3.41 0.96 9.64 1.77
14.71 2-Decenal - - - 0.15 - - 0.25 -
14.89 o-Citral - - 0.29 - 0.21 - 0.38 -
16.24 Indole - - - 0.27 - - 0.25 0.34
16.80 trans, trans-2,4-Decadienal - - - - 0.21 - - 0.30
16.92 Methyl geranate 0.49 0.38 0.53 0.23 0.73 - 0.64 0.34
18.52 2-Undecenal - 0.25 0.10 0.15 - 0.22 0.26

18.92 cis-3-Hexenyl hexanoate 2.48 1.91 1.67 1.39 3.51 0.72 7.78 2 01
19.08 Hexyl hexanoate 1.28 1.04 0.97 1.07 2.85 - 3.14 0.92
19.16 trans-2-Hexenyl hexanoate 091 0.65 0.78 0.66 1.76 - 3.20 0 73
19.92  o-Ionone - - - 0.13 -

20.51 Geranylacetone 0.30 0.18 0.12 0.14 0.16 0.16 0.32 -
20.64 trans-B-Farnesene - - - - - - 0.12 0.16
20.94 Uuknown 20.94 1.08 0.55 1.04 1.60 1.04 1.27 2.28 1.47
21.12 B-lonone - 0.56 0.15 0.13 0.20 0.49 0.25 -
21.61 o-Farnesene 0.80 - - 0.15 0.18 0.14 1.16 0.23
21.85 o-Cadinene 1.00 0.21 0.16 - - - 0.19 0.14
21.93 Calamenene 0.35 - - - - - - -
22.55 Nerolidol 0.22 0.25 0.17 0.59 0.28 0.17 1.93 0.42
22.72  cis-3-Hexenyl benzoate 0.35 0.21 0.10 0.18 0.18 0.26 0.27 0.28
22.90 n-Hexyl benzoate 0.22 0.27 0.09 0.17 - - 0.25 0.14
23.53  Uuknown 23.53 0.49 0.62 0.65 1.35 0.76 0.90 0.86 1.14

ﬁlt—‘ﬂ_‘_jj‘JAﬁlt ro ?J'“&PI
fﬂ”}' E%F (ret ntion tlme)

y RT :

SRR T P



92 B HPREE 2731 B (2012)
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Coefficient
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Fig. 1. Dendrograms of (A) kinds and of (B) relative ratio in content from volatile organic
compounds in White-tip Oolong tea made from different cultivars
(A) using Jaccard’s coefficient for similarity distances
(B) using Euclid coefficient for similarity distances
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Table 2. Relative ratio in content of volatile organic compounds after brewing in different

ranking of White-tip Oolong tea *
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RTY Compound R v e o M -~ M
6.05  Benzaldehyde 3.04 4.80 1.61 3.61 1.07 0.62
6.56  [B-Myrcene 6.70 6.52 6.04 7.38 5.95 7.44
7.57  Benzyl alcohol 1.46 2.91 3.81 1.28 0.90 0.77
7.84  trans-B-Ocimene 2.39 2.49 2.24 0.88 1.37 1.05
8.50  cis-Linalool oxide 428 10.84 7.09 1.58 1.41 0.91
8.93  trans-Linalool oxide 2.45 5.34 5.34 1.15 1.21 0.91
9.29  Linalool 6.97 13.42 10.03 2.60 4.42 3.15
9.41  Hotrienol 6.99 14.02 9.21 345 2.84 2.80
9.68  Phenethyl alcohol 1.69 5.16 4.69 1.34 1.04 0.95
10.12  neo-allo-Ocimene 0.33 0.75 0.45 0.08 0.25 0.16
10.19  1,3,8-p-Menthatriene 0.39 1.52 1.18 0.39 0.35 0.19
11.48 cis-Linalool oxide 1T 1.16 2.89 2.43 0.64 0.48 0.33
11.63  trans-Linalool oxide II 0.48 1.12 1.36 0.33 0.38 0.26
11.98 3-Hexenyl butanoate 1.01 2.03 0.97 0.85 0.64 1.39
12.25 Methyl salicylate 5.35 11.71 13.76 1.87 2.44 0.73
12.72  Decanal 0.60 - 0.34 0.24 - -
13.17  B-Cyclocitral - 0.42 - -- 0.13 --
13.35 Nerol 0.60 1.48 0.89 0.32 0.47 0.27
13.52  o-Terpinolene 2.06 4.34 1.65 0.91 0.61 0.36
13.75 cis-3-Hexenyl isovalerate 1.26 1.97 1.31 0.63 0.96 0.58
14.33  Geraniol 4.98 9.39 5.36 1.95 4.05 3.24
1494 o-Citral 0.23 0.55 0.33 0.10 0.16 0.08
16.96 Methyl geranate 0.45 0.64 0.22 0.17 0.24 0.13
18.76  2-Butyl-2,7-octadien-1-o0l - 0.07 0.04 0.04 - -
19.12  cis-3-Hexenyl hexanoate 0.96 1.17 1.00 0.94 0.61 1.92
19.30 Hexyl hexanoate 0.42 0.38 0.47 0.50 0.33 0.30
19.40 trans-2-Hexenyl hexanoate 0.25 0.33 0.29 0.40 0.20 0.26
21.74 1Indole 1.76 0.53 0.89 1.01 1.41 1.78
21.94 B-Ionone 0.12 0.12 0.05 0.08 0.11 0.08
22.27  Germacrene D -- 0.07 0.06 -- 0.06 0.05
22.46  a-Muurolene 0.06 0.13 0.10 0.05 0.11 0.11
22.65 a-Farnesene 0.05 0.11 0.08 -- - 0.08
22.96 o-Cadinene 0.54 0.91 0.72 0.46 0.91 1.08
23.04 Calamenene 0.39 0.56 0.52 0.27 0.48 0.52
23.30 Cadina-1,4-diene 0.05 0.16 0.12 0.07 0.18 0.16
23.50 a-Calacorene 0.11 0.20 0.16 0.07 0.11 0.09
24.00 Nerolidol 0.06 0.15 0.16 0.04 0.05 --
24.23  cis-3-Hexenyl benzoate 0.25 0.33 0.30 0.22 0.32 0.45
24.41 n-Hexyl benzoate 0.09 0.10 0.13 0.12 0.12 --

I O T e P e e e e e

y:RT : itﬁ"??{ E?j‘ fif] (retention time)
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Fig. 2. Different compositions between superior group and inferior group in White-tip Oolong

tea contest by percentage content (%) of volatile organic compounds
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Fig. 3. Radar distribution dlagram of dlfference in compositions of linalool, cis- and
trans- linalool oxides, hotrienol, methyl salicylate, and geraniol between superior

group and inferior group in White-tip Oolong tea contest

95

-

|
&



96

Tl RS B 31 5K (2012)

F 2011 PRI P I LR L R
R 4 R
Table 3. Regression coefficient of volatile organic compounds with high correlations in
forward stepwise regression equation with rankings of White-tip Oolong tea
contest in 2011 in MiaoLi County

f

Rl e R il

Retention
) Compound Regression Coefficient
time

8.93 trans-Linalool oxide 33.107

9.68 Phenethyl alcohol 25.544

11.63 trans-Linalool oxide 11 -41.578

13.75 cis-3-Hexenyl isovalerate -2.699

19.40 trans-2-Hexenyl hexanoate -9.123

21.74 Indole 9.500

21.94 B-Ionone 6.405

22.65 a-Farnesene 0.771
intercept -79.289
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Volatile Organic Compound Profiles in Cultivars
and Relations to Ranking in Contest of White-tip

Oolong Tea'

Shu-Yen Lin Kuo-Renn Chen Iou-Zgg Chen’> Chun-Ta Wu>"
Su-Feng Roan®

Summary

White-tip Oolong tea is a typical strong partially fermented tea in Taiwan. The tea is
famous of its honey and fruity fragrances. The best choice of cultivar in good quality of
White-tip Oolong tea was Chin-hsin-da-pan. It is necessary for a good quality of
White-tip Oolong tea that buds and young leaves should be infected by green leathopper
(Jacobiasca formosana). The quality could be ranking by sensory evaluation. We
analyzed the volatile organic compounds (VOCs) of the White-tip Oolong tea from
different cultivars and different ranking in contest. Using headspace solid phase
microextraction collected the VOCs and analyzing was conducted by GC-MS. Cultivars
made for White-tip Oolong tea were including Chin-hsin-oolong, TaiCha No.12, TaiCha
No.13, TaiCha No.17, Chin-hsin-da-pan, Shii-ji-chun, and Bai-mou-hou. The profiles
between different cultivars suggested that linalool oxides, hotrienol, geranyl acetone, and
trans-B-ionone were the major compounds in White-tip Oolong tea’s volatiles. Secondary
metabolites analysis with clustering by UPGMA method showed the consistence to
genetic similarity among cultivars. The VOCs also could be the effective chemical
fingerprints in phylogenetic relation in analysis of cultivar’s differences. The relation

1. Partial articles were published in the symposium of the 1st Conference on Tea Science &
Technology, 2012.

2. Deputy of Assistant Agronomist, Senior Agronomist, Director, Tea Research and
Extension Station, Taoyuan, Taiwan, ROC.

3. Assistant Professor, Department of Horticulture and Landscape, National Taiwan
University, Taipei, Taiwan, ROC.

4.  Assistant Professor, Department of Horticulture and Biotechnology, Chinese Culture
University, Taipei, Taiwan, ROC.

* Co-corresponding author.

** Corresponding author.
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between VOCs and contest rankings with forward stepwise regression analysis was
conducted. Linalool oxides, phenethyl alcohol, indole, trans-f-ionone, and a-farnensene
are the positive correlation in the regression by the VOCs and contest ranking. The result
revealed the possible compounds which were the important contributors to sensory

evaluations.
Key words: Headspace solid phase microextraction (HS-SPME), Gas chromatography
(GC), Cluster analysis, Forward stepwise regression, Sensory evaluation
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Effects of Water Quality and Temperature on
Tea Liquor Quality and Chemical
Compositions

Jia-Ru Dai' Ten-Lin Liu' Kuo-Renn Chen?  Jin-Chih Lin®

Summary

Wenshen Paochung tea, High-mountain Oolong tea and Dongding Oolong tea were
brewed by four packaged mineral water (AM, BM, CM and DM), one packaged drinking
water (PD), tap water (TW) and reverse osmosis water (RO). The results indicate that the
higher pH of the brewing water the higher pH of tea liquor. When brewing with DM, PD
and RO, tea liquors showed normal liquor color. The others were darkish and yellow.
Wenshen Paochung tea, High-mountain Oolong tea brewed by DM, PD and RO had higher
concentration of total catechins in tea liquors except for the Dongding Oolong tea. In
sensory test, tea liquors prepared by BM, PD and DM were the top three of flavor and taste,
CM, TP and RO had astringent and grassy flavor. Green tea (Biluochun), Wenshen
Paochung tea, High-mountain Oolong tea, Dongding Oolong tea, Oriental Beauty tea and
Black tea were brewed by three kinds of water temperature. The results indicate that the
concentration of caffeine, total catechins, free amino acid and electronic conductivity and
“b” values of liquor color increased with water temperature, but the “L” values were
decreased with temperature.

Key words: Brewing, Caffeine, Total catechins
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Table 1. Quality parameters of different kind of waters

- EC AR Ca Mg K Na Fe

T P (uS/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
AM 7.04 211 78 18.9 7.56 1.35 5.63 0.031
BM 720 145 44 10.8 4.05 1.05 9.39 0.018
PD 6.05 8.77 3.7 1.11 0.22 0.40 0.94 0.018
CcM 7.16 149 45 11.0 421 0.94 9.35 0.021
DM 6.39 27.4 8.9 2.43 0.69 0.43 1.83 0.026
TP 7.88 215 82 21.9 6.54 1.97 6.00 0.037
RO 6.05 1.25 1.9 0.54 0.14 0.48 0.34 0.065

7 ©AM - BM - CM « DM 4[] BT+ PD S5 ]| 4 B [ TP 15 -

RO Fi%s s

X

A PIASERE AR R TR R R i pH @

Table 2. Tea liquor pH of Wenshen Paochung tea, High-mountain tea and Dongding Oolong

tea brewed by different kind of waters

< R L # IR R
AM 6.54° 6.65° 6.41°
BM 6.64 6.69 6.53°
PD 5.83¢ 5.93¢ 5.57¢
CM 6.58° 6.66° 6.43%
DM 6.00° 6.06° 5.78°
TP 6.73° 6.76 6.53°
RO 5.76 5.84° 5.55¢

Means within each column followed by the same letter are not significantly different at

5%]level by Duncan’s multiple range test.
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Table 3. Tea liquor conductivity of Wenshen Paochung tea, High-mountain Oolong tea and
Dongding Oolong tea brewed by different kind of waters

AT I WFE R (uS/em) M # (uS/em)  CFIRLEER (S/em)
AM 663 649° 684°
BM 6397 615° 631°
PD 550¢ 521° 510°
CM 689° 606 623°
DM 559b¢ 526° 516°
TP 667" 657 653°
RO 546° 521° 537°

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

AP PIRPERRG L (S fy R ANCR R Y e L
Table 4. Tea liquor color L value of Wenshen Paochung tea, High-mountain Oolong tea and
Dongding Oolong tea brewed by different kind of waters

T R LiMEs R R iR
AM 88.58° 87.80° 84.31°
BM 88.34° 87.85¢ 84.18°
PD 89.45% 89.26° 87.06°
CM 88.08° 88.13¢ 84.31°
DM 89.27% 88.73° 86.94°
TP 88.28° 88.10° 84.48°
RO 89.37° 89.07% 86.99°

Means within each column followed by the same letter are not significantly different at 5%
level by Duncan’s multiple range test.
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Table 5. Tea liquor color b value of Wenshen Paochung tea, High-mountain Oolong tea and
Dongding Oolong tea brewed by different kind of waters

T MU e TR e
AM 16.54° 16.44° 25.86°
BM 17.42%® 17.07° 25.99*
PD 9.98° 9.73° 16.55°
CM 19.06 16.00° 25.67°
DM 11.19° 10.43° 17.44°
TP 17.72%® 16.70° 25.53%
RO 9.85° 9.54° 17.11°

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

Aob ~ PRPRTRNG WAR ) AT R P 8
Table 6. The concentration of caffeine of Wenshen Paochung tea, High-mountain Oolong
tea and Dongding Oolong tea brewed by different kind of waters

I YRR (mgl) R (ngll)  JPEEER (mg/L)
AM 266* 279 267°
BM 265 286* 270°
PD 258 287% 2547
CM 276% 275% 259%
DM 266% 285% 251°
TP 258 280% 2492
RO 267* 297% 268"

Means within each column followed by the same letter are not significantly different at 5%
level by Duncan’s multiple range test.
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Table 7. The concentration of total free amino acid of Wenshen Paochung tea, igh-mountain

AR AT 55 53 0 By

Oolong tea and Dongding Oolong tea brewed by different kind of waters

O YNEER (mg/L) % (mg/L) TRFIFLEER (mg/L)
AM 166 187° 111°
BM 175° 196 112°
PD 180° 201° 94°
CM 184° 209° 108*
DM 181° 211° 110°
TP 168° 219 108*
RO 177° 209* 109

Means within each column followed by the same letter are not significantly different at 5%
level by Duncan’s multiple range test.
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Table 8. The physicochemical composition of Green tea (Biluochun), Wenshen Paochung
tea, High-mountain Oolong tea, Dongding Oolong tea, Oriental Beauty tea and
Black tea brewed by different water temperature

pH EC L a b TC Caffeine FAA

uS/cm mg/L mg/LL. mg/L

80°C  5.63* 360°  90.35° -1.78" 5.25°  436° 188° 250
() @ 90T 5.58® 451 90.29*  -2.02° 593" 522 287" 264°
P Wil 5.52°  585°  89.94°  -230° 7.58° 728" 397* 312°

80°C 5.72° 288°  90.22* 249" 7.50° 282° 103° 177°
l 90°C 5.80° 373  89.95° -3.00° 9.49° 343° 179  212%®
I
Wik 5.83* 505 89.53° -335°  11.89% 469° 286"  235°

80C 573"  450°  90.46"  -1.76" 4.93°  195° 72° 146
e 90C 574 519" 90.14® -2.16" 6.77° 282° 135 175
Pl 578 609" 89.82°  -2.68° 9.08" 487" 267"  220°

80°C 5.54° 439° 8877  -1.53" 10.60° 264° 107° 120°
T 90°C 5.80* 491°  87.70° -1.53" 14.63° 364° 175° 127°
Wik 541 577 86.43° -1.52*  19.93° 554° 290°  182°

80°C 4.80° 342°  87.84° -2.80° 17.66° 78°  149° 68
F‘jjj % 90T 465 408" 8658 -2.80° 23.16° 111° 281" 78
g Wil 4670 454°  84.59°  207° 3063 140° 432 106*
R0C 485 750° 7744 454  6231° 39° 215 205°
o 90°C 4.78° 828"  74.57° 832" 69.96" 49"  307° 230°
Wi 4720 9350 7036° 14070 78.14° 63 417 221°

TC=GC+EGC+ C+ EC+EGCG + CG + ECG + GCG ; FAA : Free amino acid ; Means
within each column followed by the same letter are not significantly different at 5% level

by Duncan’s multiple range test.
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Fig. 1. Tea liquor color of Wenshen Paochung tea brewed by different kind
of waters
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Fig. 2. Tea liquor color of High-mountain Oolong tea brewed by different

kind of waters
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Fig. 3. Tea liquor color of Dongding Oolong tea brewed by different kind of
waters
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Fig. 4. The concentration of total catechins of (a) Wenshen Paochung tea, (b)

High-mountain Oolong tea and (c) Dongding Oolong tea brewed by different kind of waters.

Data are expressed as means + SD.
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Fig. 5. Tea liquor color of Green tea (Biluochun), Wenshen Paochung tea, High-mountain

Oolong tea, Dongding Oolong tea, Oriental Beauty tea and Black tea brewed by

different water temperature
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J%@;MMUvf@iW%ﬁﬁﬁmﬁQWﬁﬁ%:“&ﬁ?ﬁﬁww”
WD (R P IAIED B (ngl)) = Cx VM
C: E[,@gﬂgg[]gij;fgﬁyﬁF[[ﬁgég%: PP IS (ug/ml) -
V R A B (L) -
M VESI PRV ETEL (g)
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— ~ LC/MS/MS .V g e7 =8
AP E IR (HPLC) g = ;[p%ﬁywwﬁa@%% ( LCMS/MS) » #R
Ir?*”ﬁ?ﬂ 2 #ﬁ@ R EFE R AR 6 PRI (R R R L @ HPLC &
R ;#Iﬁﬂﬁf |HaFI5 55 FE R - ekl ﬁuH'rJ/gfrfPJf‘?'{ﬁ‘
ﬁ%[ﬂ[ﬁ:4 ﬂw’*’ P RLIE B 1 5 B HPLC At it 55 a;m ) :r%;eﬂ (EE
R R rfmﬁ%ﬁzw@ﬁg IO SRR PALS 8 T
mﬁ“g‘—“?%ﬂ (AT &E’ f*’]FH (mass to charge ratio, m/z) JUEE" >
s @Fﬁ%p SRt @_}“##’f:}fﬁﬂz m/z AUBES ek o BT JD%[iﬁJ PAEs #Z57— M
ﬁ[]ﬁiq i LR B (precursor fon) % > F|UI T B ECE fETS VAVERSTEST (product
ion) y;zﬁﬁﬂ F@ lo [Faﬂ%g i [; Fofis ﬁ I 4 ?E{FJJ [ = {signal to noise ratio,
S/N) e T‘@%Z E'FDA (2011) [““E“J [N S [ [y FT e R RS TR R 3R 6
*j';ﬁ]l ’?‘F‘J tfﬁpfllﬂa‘ép lﬂzﬁf’“ IEﬁFEr fERE R "%thifﬁ&ﬁﬂﬁrﬁlil F%J&_ (
e PAEs aifife Hiv ST % BATRE O > 'ﬂ@%’ﬁi%f”_”ﬁl’_ (i ksl
(alkoxide group, RO ) ﬁ“éiﬁj’ﬁzﬂﬂjﬁj R et ’j FER B R :Fﬁi m/z £}
149 U= gEST BT S i 6 ﬁ‘ﬁ e A ng Li%ﬁ“f—! (ﬁ%ﬁi—) | DBP ; “?H?ﬁla:j'
R - P JDﬂftF“'*—J e IEU“ TR TUBRPIHER = A e JL'@‘FJFE?N Pryse &
kgt gy T’?]Eliq‘;ﬁ‘ ‘t[1> '] BBP ftfil1}1%>RT %L 1.83 min- f| 4 {#~7-£} DBP~DEHP -
DNOP DINP bﬁz&&"{‘ﬁ%]&li DIDP>RT £% 7.18 min (qgﬂ':)ogiﬂ[d]’;if STATA Y 7 8 min
> TR (IR, VB i LOMS/MS it I 35 B () 4 ok
IEI“ '/ 6 *EEffE 1]

=~ PAEs fFEISC 0k [RIRIEUT LR R

TEA 5 mg/L PUIEERENK rﬁ[plrgfu;f WEN PSR 6 Epﬁj‘;éh&da
@ (B, 2.5, 5, 10,25, 50, 100 x 10 mg/L) PIr) 0.02 mg/L A V@(ﬁ—:g#f{ﬂp DR
o f& TFDA kit 3 1 mg/L J/i*#“*[J”rlﬁ%zﬁJiﬁ'@H ISR GARYE R j
éiﬁﬁ[ 20 min = o F AL O Vel o T ANTREE T I LOMS/MS.
77 / o

ST IR L x {0 ERE A FEL y ) REMEESRIGEIT  R6
R @FT“?” 0.995 - AZHEAR AT 3 I BV SN fifi - iU BRI T
T (ERFAG L 5 ﬁljﬁﬁéﬁﬁir&ﬁ 1 mg/L ' PAEs JI’fiji#f- 10 "de/ SN f;!ﬂml Jé'rﬁy
[Nfeisf o sHJUEES PAEs [[1f9 DINP 3% (RIS 5.0 x 10° mg/L > £ ERIEL 2.5 x 107
mg/L o 4—%17@[]]3{%{ E éﬁﬁﬁzif\ i i 1 mg/L fiv PAEs H[|= 'l )&H T 10 I') =1 SN
;Ej o

FIREBTH o A R FA' TFDA [ (= o2l (M5 2SR [~

9 PAEs ﬁf‘ruwﬁﬂi frl PR A %?FU
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PAEs [fill~ 334k - FURAE I HE] 6 F [pvlpilsskr DNORJFIJ 78% f&t{%> DEHP iy
113% ﬁfé FTTRA0 QUi [ SARBREVESA AT 75%- 120% V'] (TFDA, 2011) ; [iAf15EHg?
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Analysis of Six Phthalate Esters Residues in
Tea by Liquid Chromatograph with Tandem
Mass Spectrometer

Zheng-Wei Lin' Ming-Hua Tsaii Ming-Lun Sie'  Yu-Ju Huang'
Chia-Chang Wu>"  Iou-Zen Chen’

Summary

We tried to establish the analysis method of the PAEs in tea by using LC/MS/MS. The PAEs were
extracted from tea sample with methanol and then purified with high-speed centrifuge. As well as
used multiple reaction monitoring mode (MRM), the PAEs were quantified and identified by the most
abundant and character fragment ions. Limits of detection varied from 0.025-0.5 mg/L, limits of
quantification were 0.02 mg/L. That consistent with the Taiwan Food and Drug Administration
(TFDA) proposed 1 mg/L detection limits. The relative standard deviations were lower than 11%.

Good linear relationships were observed with the correlation coefficients r2 > 0.995 for all analyses.
The lowest recovery is 78% (DNOP) and the highest is 113% (DEHP) for the PAEs at 1 mg/L spiked
concentration level. The proposed method provides an accurate, sensitive and appropriate for
determination of 6 PAEs in tea samples.

Key words: Plasticizer, Phthalate, LC/MS/MS.

1. Assistant, Assistant, Assistant, Assistant Agronomist, Nantou Branch, Tea Research and Extension
Station, Nantou, Taiwan, R.O.C.
2. Director, Wenshan Branch, Tea Research and Extension Station, New Taipei City, Taiwan, R.O.C.

3. Director, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
*Corresponding author.
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#*— ~BI’| 6 % PAEs ElfJLZJE‘[Tqu‘Sé% fjg“l
Table 1. The TDI value of PAEs in Taiwan

fl Common name DI 2
(mg/kg bw/day)
SR T PR LR EI‘F[ benzyl butyl phthalate 0.5
(BBP)
R pIpRT T EI‘F} dibutyl phthalate 0.01
(DBP)
R T PR (2-743E D) [I‘ﬁ di(2-ethylhexyl) phthalate 0.05
(DEHP)
R PIpRT S El‘ﬁ di-n-octyl phthalate ND
DNOP
AR PIpRT R {EF} di-iso-nonyl phthalate 0.15
(DINP)
R PIpRT # 3{@?} di-iso-decyl phthalate 0.15
(DIDP)
2 tolerable daily intake, TDI.
AT FEEMERE RS A IR
Table 2. Composition and gradient conditions of LC/MS/MS
Time (min) Flow (mL/min) 5uM ammonium formate Methanol (%)
(@) (%0)
0 0.2 10 90
5 0.55 10 90
6 0.55 5 95
8 0.55 5 95
8.1 0.55 0 100
10 0.55 0 100
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RE TR RS RITE - MRM BT SRR [

Table 3. The optimum parameters, retention time, MRM transitions, fragmentor voltage and collision

energy
Compound Retention time MRM transitions Fragmentor Collision
(min) voltage (V) energy (eV)
BBP 1.85 313.0-149.0°% 72 5
313.0—-205.0 72 1
DBP 1.91 279.0—149.0°% 72 9
DEHP 4.58 391.0-149.0% 140 15
DNOP 5.08 391.0-149.0% 104 9
DINP 5.61 419.0-149.0% 104 21
DIDP 7.22 447.0—149.0° 104 15

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

<4~ PAEs Al ast ~ T [ERHIR RO E B G
Table 4. Linearity, calibration curves, limits of detection (LODs), and limits of quantification (LOQs)

for the PAEs under study
Compound Linear range r2 Parameters Linearity LOD LOQ Recovery * RSD
(mg L) of Slope Intercept me L) me 11 (%) (%)
BBP 0.05-1 0.9999 2.272x% 104 8.174x 103 0.05 0.02 79.81 2.03
DBP 0.05-1 09991  4.580x10*  1.817x10° 0.05 0.02 94.62 2.96
DEHP 0.05 -1 0.9979 2.998X104 7.767X1O4 0.05 0.02 112.92 11.18
DNOP 0.05 -1 0.9997 4.233X104 -4.428X104 0.05 0.02 78.10 7.34
DINP 0.025- 1 0.9958 2,325X103 4.600X103 0.0025 0.02 104.23 10.49
DIDP 0.05-1 0.9996 3.611><103 0.840><103 0.05 0.02 98.83 2.58

 All values represent the average for four determinations.
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-~ G PP
Fig. 1. Mass spectrum of 6 phthalate esters
(A, BBP; B, DBP; C, DEHP; D, DNOP; E, DINP; F, DIDP)
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x10?

n9| BBP— DNOP
—DBP

0.8
0.7
DEHP
0.6

0.5

0.4

Relative Abundance (%)

0.3.

0.2

p EEEE | RIS )

"1 14182226 3 34384246 5 54586266 7 7.4 7.8 82 86
Acquistion Time (min)

{6 TR PR S T e
Fig. 2. Multiple reaction monitoring chromatograms of 6 phthalate esters, BBP,
DBP, DEHP, DNOP, DINP, and DIDP
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B f R 5L AT Y chif 19 2
B8k 23T

FEO T A

i E

AP VTR R VT S R SIS A 2 SR
F4&E (Chin-shin Oolong) * Z+ % 12 % (TTES No.12) [y # ﬁﬁﬁ#fﬁ%ﬁﬁd Ry
(chlorfenapyr) FiUF RHfJiERER - SUERHIEIL] 10 % Ju 9T4Ri] (EC) A% 1250
[ S U L A ST PIRIREEAST 024572122252 70 1 82 SREH N
fé.’»rf]%‘??fﬁ'u HIE - FFF 2007~2009 = %ﬁi?f‘%ifﬁ[ﬁd ReyEAg ["Iﬁ%k"%l'ﬁlﬁﬁ“ﬁﬁﬂﬁ
B o RVE E S < AR YR RS R 12 B O,
IR B B SIRHG HSS 01441 % 0.1589 » A"] Tip=Ln
QUK {EETH P VER T2 FEDC R 12 BRSO FU AT 48 W 44 2o T) 3
BFTESEY] 13 T VA SR I'F‘,;E_,T 2007~2009 EFJﬁ“i‘fﬁlfjfﬁlﬁﬁﬁi%‘?ﬁsfgl’ﬁ@
RAUBFRTHN fOTHIE 119 x 107 mg/day/kg BW % 1.05 x 10° mg/day/kg BW -
SIS R VES U R 0.02 me/day/kg BW - R BT i 7
PTRFIE (AT RE B 2 KRS 2 mefke [F > HURBRI ] 2405
& b -

BREES < % T E i

1LIFPAHRELS (1 3 S U BRI [ - 11 PR -
2. FESTRELE (% UM T < {0 )
O SR T e e AR AL T
SR -
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P P PERLE S R 2 IR S *Ejﬁg?ﬁfJ?ﬁT[‘ikEm%&ﬁ%@WJ [TE Y

4-bromo-2-(4-chlorophenyl)-1-ethoxymathyl-5-trifluoro-methylphrrole-3-carbonitrile » ﬁéj
iﬁ?“ % CsH BrCIFsN,O » 7= &1 £ 407.6 > %@*Lﬁj\iﬁﬁ?7j< > {F! EH?T’E?FJHFI ~ ORRE
= PR S DU SIS I o | TSRS 19 f[ﬁ'[ﬁf"%h%‘fﬁlg'ﬁfﬂ’ﬁifﬁﬁﬁ*’ .
BIHVAEP b SRS (B R S o R P VTR R e B (R
ﬁiﬁ?}sﬁﬁg;‘/ e e 3 Ez'”ﬁu“%%  PIFT WiF}PﬁPH?Qﬂ'PE'PgL?CJ/ ﬁ’éﬁé{wﬁﬁ@‘ﬁfﬂ
g PRSI RLE TRERE - RSEEE - RSOk 7 @Tﬁ’?‘iﬁﬂﬁﬁmﬁﬁ@%‘[‘%
fuPFE (7191 Heliothis sp. ~ Spodoptera sp. ~ Trichoplusia sp. - Pseudoplusia sp.*”
Tetranychus sp.) - &) AL 1§+ EIfJEt’ﬁjU}WF)J (Gary, 2004) o & g 2T RL—
pro-insecticide » ”I’?::FJ' pro-insecticide ﬂfﬁgﬁ;ﬁé&a R i"%ﬁ?ﬁ@i’“@—ﬁ@;&
% (Treacy et al., 1994) » "pTLJ e L AP 3 #"J‘ﬁé}[‘]%ﬁ‘} REEE RN r“?ﬁaﬁfﬁuﬁfﬁﬁ:
SRR VT RN o YA S ATP VST ARG e ed A P
PRfug-d (Black etal., 1994 : Anon, 1995) ° i B > FEHGH] [l ”“i’fﬂﬁfi’ﬁ%ﬁiﬁﬂ’ﬁ
if‘l?% B S S B i ~ Bl BT AP B’&if}%ﬁ AT B FREAE R
EIE: S = E?:’EJﬁ‘#lif i ﬁﬁ R F AR A E’!?;’Mﬁgr (Rt (RBERLE =
] > 2009)
] jﬁ?@ééf E%[E&'%’F‘?/i%[ '@";%‘\"?..‘b’i'tﬂﬁ%i;#I*féfﬁf'%i%@%fﬂ?ﬁﬁ[ﬁﬁfﬁﬁi =
3 ST B AR i"*?%_’?ﬂiﬁé;‘/%’%%?["{ngﬁ o IR & [0 5 [ apd W 3FS
TE PRI ) B T ﬁ[ﬁﬁ'?y&ﬂ/ T PV R B "f]ﬁ?f'}'?ﬁﬁf@f‘?ﬁ?\ﬁ‘
[fil + Y Fﬁ?—%’ £ 2 mg/kg o FI AL 50 mg/kg mﬂﬁuﬁﬁ*ﬁ* £% 0.1 mg/kg > [FIRL
SR RN A S R T [E&'%“[E?«‘%EEH TARR ST IEECE
%%ﬁ?{@f‘? (s (A5 2009) o BEGRG NPT T mIIE S S G
(ELRLT o e R T2 B4 lﬂﬁﬁfﬁﬁ[ﬁ Uhait! 'r%?f‘[ﬁ%%? Pt i"ﬁ@ BRIV fa PP
T B S PEETR P (G PR BT 10 % Ju My 1000:?}@
BB 0 N 2 BRI 20 B PERERR T (B 1%';%7%‘?{ diolite
folSFBfa MPThG R P o U B 12 BT %%ﬁﬁ#@ff'FEFJE'U?F‘J‘E‘I?]%E?V,Q%‘
= éf’qﬁfﬁﬁ? l'ﬁl VIR R R P B R R IR R i = [EZ3ENE N

PRI 4

- F IR
VR 2 B [ R S LR (Y 22 W
24 GhoR > FERR BT L) R Bk 12 B SRR ST B Tmx T m
(R > FHIERES 3) © BRERAEIED 10% [ FIT-IRH) » GOERAEIR B,
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B 1250 ff » 5 2P0 12 - BERIIIED 2000 F 10 F] 22 |1 R
B PR ATV LAY 0 T HOTHIRCEY 4721222570 - 82 RGES
Wi BARIVER (- -2 H) 150 7o R 90 C AR 4
HjfllEfgl -20C o B3 -

= Rkl
7] T’Tﬁf’f[#l 15K (acetonitrile) ~ = g 15K (dichloromethane) WE ﬂﬁf
(acetone) 1% F@Tﬁ“&ﬁﬁ # ("% (sodium chloride) =R ]{ ﬁfgﬁyy .

‘

= BRI R
{40 LB P E 5 2 BT 99% o ST 0.01+0.05+0.1+0.5 -
1 % 2 mg/L fpl MPTAEs D;‘L?Jﬁ ' 7] W[Jqu@ﬁ* DT IANRRARIEH] 1 L = 7 5
HVetTEesd )RR x i RIEE R y fi > IR #’?ﬂ*@d@f“
AEIEL y—a+bx »a~b Wﬁfgr, H GBS E 7R (coefficient of
determination, %) %‘TJ\E? 0.995 o A I?f;f}i’f# = JDIE,L VB S l[ﬁlq’r
IS -

P~ BRfpASE TR

T IR R f;zqsr VR E AR 90°C HidizE: - 2 Wu = (2009) I #ESE

fﬁﬁﬁmﬁmi s 153 IJ'%E .
FEIVESSH 10 Puo T 40 TA BRI SIS ) 20 S3Ek
F80 T HP S I ESETES (S 10000 rpm/min) FHET 1 5T > FHUNERD
i‘iﬁﬁ’ﬁ%?f&ﬁ’?m&p“ t fIJHLME' T P 1S a0 B 1 )
o IV 10 BF| Hehk £ a”ﬁ} r‘ﬂz IS R VR e (109,
VIV F TR TV ERE S 0 T 10 @ﬂﬁﬂﬁ/ré'%iﬁiﬁiﬁ (1:9, v/v)
THHRRS = PR ) iz F 1) e “}iﬁtfﬁ% 1 2> FiIf 02

um (PTFE) JRCpGEE > K04 -

._

T WERERIR W TR
FREsaAteTiE; (Agilent Technologies 6890N, USA) [ FL{LJ }’ﬁﬁlﬁ%“”
(wECD) - B % 1S 300°C - EFTTED DB-608 < APATEE (I 0.53 mm x 52
30 m - Agilent, USA) » ;3P H =i 44505 » jé'ilfliﬁ_ P ES 170°C - n'ﬁ}?ﬁ
2 Sy Fll R 4T FIIEE 230C '""th 10 55> PJI&{‘J JE 5T 10T
FIEE 260°C > =T T’TEHTFEI H 40 S5 o f{%iﬁ' S SR ﬁﬁﬁ 10 ml/min -
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TWAG = 'Ffl” HIEE FIHeE IFHH I%ﬁ%ﬁ{ W?g I'Ff[ fifi (theoretical maximum
residue contrlbutlon » [ TMRC) 73'“‘44 SRS 75..‘?7{ il |Fr, fifl (actual residue
contribution » ij* ARC) e

TMRC Ff 5T 5

TMRC = (Fi x Ti) / BW
Fi : Qi’:ﬁ[’"‘:‘f”ié FI218T0 gl -
Ti F {L{Etl[‘ejﬁ[[lfi 4\”'“1:1.‘;{0
BW : BN *:J?E'gl » gl A f‘:”ﬁ%‘ E1l) 60 T EHET -
ARC FHET T ¢
ARC = (Fi i)/ BW
Fi @fﬁ’lJElj{ﬂqVﬁzr °
Ri F T’Tﬁi’fﬁﬁl 2 ﬁ%vi‘“?ié
BW : [1?13«"3'Jj {—dﬁﬂg[ [ A {-:J?EA'E[J ] 60 % F?ES{‘ETO

-+ N ?V;ﬁ%‘/é‘f‘f I

ﬁl

o

-

N Fld xupf]’}ﬁﬂjﬁfp“é?ﬂ

AL [/?‘J SRLFER B R 12 5FFL3J\\ 1 0.05 mg/kg JurPTL Fg-?,‘ﬁﬁ%‘;@?iﬁ??f
EH]:F t (retention time) Z/[lﬁ'éﬁ' ER=s ?‘J SR FER B R 12 ?F?J{"JD 0.05 mg/kg Ju "
’I?ﬁbgpﬁ oI HIEL 15.882 % 15.884 53 - SiATISR U > B Ry RE A AR
R R

I f“i’ﬂﬁi:?&;&[&ﬁﬁutﬂ 0.01~2 mg/kg > fH &I FE A EE y =371087.79X
—289.73 > 1&4*&‘7&,7@( = 0.9999 - T P YTRY[AIEREL 75-80 % o AR B
FI57E (RSD) fikt 0~4.82 % » Ju M PT V53 #7 743 [EREIRGIL (limit of detection,
LOD) £5 0.0001 mg/kg > LEI ML (limit of quantitation, LOQ) £% 0.0004
e - T PR R BT R AL 55 -

s RSEE R

o PR RS ,ifﬂpﬁ?* (pyrroles) % (q*?ﬁ'* T B JFEC ']
m, BA - A ﬁdﬁﬁﬁﬁﬁmiﬁdﬁf# oo TE 2007 ~2009 [ R
Hﬁ [P FPERUBS AT 26% 0 4T ’J'ﬁfi&%ﬁ*ﬁd TSR PR >
RN B 12 SRR R S ST TG G 1 T

v%



RO PV R A 2

Bo4~T7512~2570 & 82 RE ARG AL ﬁ&ﬁﬂﬁzﬁ?fnﬁ’[ s T
/jfﬂjﬂd FUYE EA?J L EER R 12 ﬂx?‘fﬁﬁfj‘ﬁﬁl FHF F' UF;\ SL]??JI/

Pliske— J 1) aE o vt &“Fﬂ%m&ﬁﬁ%*ﬁfi}f“ :’ji‘?}{“J 0.03 mg/kg
PP AT LR P SERF IS o T sk 1P EERR pUR A AT
K i’Iri?‘J o FbEER B 12 BREOEA STHIEL 14 % 17 mg/kg 7+ 57 82 —\?‘
R R 12 B H[Jﬁ%”fﬁd“i’? 0.56 ~ 0.48 mg/kg -

F I RL) - ﬁgﬁ 1A hﬂfm%ﬁﬂjﬂdf'ﬂfﬁ‘iﬁ‘ FiE Bt 12 %xj%ﬁ
B LR R () RimWG)ﬂ#%W(H»%% flip
(FEERIED 0.8 T HI FVT T = RUEER B 12 B ORI A A - VD
P AR ﬁJE!\fJJ ]H[Jt 0.1441 % 0.1589 > #[|¥| T1/2—Ln Q)/K
Wﬂ“?’fu}ﬂ@ FOEER B gt 12 BEAVE TR 4.8 2 44 o

BT ER - o FUE O R B 12 SRR R A )
:L]FF"JI %ﬁigf ] ,JEI#%HFH RSSO ymgm D EFEAEHY 21 ~RLI R R
I VR R B PR s
| P[ﬁk@m R R ?(F[%J—L[J-j, = FRIFHE 52{7{}'}%] E[UHJ TR B
i =

R il 91"A3ﬁ(ﬁ]

FEFE 2007 ~2009 £y AUPEES R Hpl LI'[BFHW/ [= © 2007 ~2009 = T
FOVERE RO RS 295 ~ 232 % 190 [F o AR OTHIEL 29~ 23 K 26%
BT AT RS 2.8023.19 % 2.08 mg/kg At Sl 55 BIEL 0.18+0.20 *
0.15 mg/kg ° FU5C 2007 ~2009 & [ FVTAGH T/ R P M VT B R
p[ﬁ[[;{[ (ARC) Z3{IE% 1.07 x 107 ~ 1.19 x 10° % 8.90 x 10 mg/day/kg BW (%
PH) o
Fﬁﬁ'wuﬁ* ﬁ[rpﬁ (TMRC) kLI I B rRHE I@?”J

E F'EJT&?JTEI?’WE FL Bl = P’?EJE?'[‘E‘PJ?B A E?J}nggjﬁ“ KRR TR
AEND Fﬂﬁmﬁzﬁ'p bV E A ‘“%Wélg“ﬁ%ﬁu ELESHE

'—m\f\ f !
F“t"‘

WL FWTERIT (ARC) BRLAIMIR ot
f; ##ﬁ[ﬁl*hﬁﬂ > Tl #%Wﬁé&’%ﬂ A (TMRC) - R
,[};’h E%W&%tfvﬁ “EI@‘,HI’{ PG o U RYTRYE B T B O E
bV ELBkE ADI (acceptable daily intake) ?{’ﬁﬁéf 3 ]—3«’\]]/ gk = F’*JEH‘E'/“‘
MRL (maximal residual level) 55 [[|£% 0.02 mg/day/kg BW ® 2 mg/kg °
RS (AR AP s 30T 895 S 5 g0 13 R AR Tl

—"

wﬁﬂf
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ST SIEETES 60 2T (hET [IE S 5 FIVARIE (1.3 kg / 365 day) 0.00356
kg/day/ * » < TR M j’fﬁ?ﬁ 5l 0.18 mg/kg ELfY] > BT ARC [fith 1.07 x
10” mg/day/kg BW (RFIEN > VAR / BT ISR - 5T f“ilzﬁz? *Jfk‘j
£ 2mg/kg FHET TMRC {fit% 1.19 x 10* mg/day/kg BW ; pj‘ph FYEAYE) & 5
TR PR FE T VR BEED ADIL F 0.02 mg/day/kg BW > iRl Fl F;I“Mf“’f
RS ¢7§5F7 K 2 mg/kg [ HRFIEI T A0S R T

R NIRRT R 'W"JFJJLU?&’* Pﬂiﬁvq& = RIS Jéﬂi#ﬂr
#E ﬂl%&ﬁﬁﬁ?ﬁ”ﬁﬁﬁ?ﬁélwﬁ PHIVE G = -

d’““ifrirj [ﬂ ém—ﬁi#ﬁ‘, FFU?FI\ gL[FEJI TR A B ’#?iﬂ; >~ 5 —\ojf[(Jj\
By, J#%Wl3‘Hwﬁﬁ HERET VR R ”@$ ?% il
E[[’EFI[EUJ 7] KNS St fl"'uj}%—‘ '/Fd FYERY 0.0524 % 0.595 % E RN

BTl rui’:ﬁi?ﬁg«:ﬂm W&ZEH« A EHRYE 2 ppm [ HRFEN I 20

SCLEETECE
-

PP G R T AR PRRTET - SRR ORI R R
B (7 BT -

2D R

SRS F 1 B BE P PR, 2009, RLBERLN Y -
mﬂ%aﬁ*ﬁfaiaﬁ (R, 2010, AP )
1527 2009, SR PSP () 72 a%gj'f%
. Anon. 1995. AC 303, 630 insecticide—miticide. American Cyanamld Company. pp.
1-20.
5. Black, B. C., Hollingsworth, R. M., Ahammadsahib, K. I., Kukel C. D. and Donovan,
S. 1994. Insecticidal action and mitochondrial uncoupling activity of AC-303, 630

e~

and related halogenated pyrroles. Pestic. Biochem. Physiol. 50: 115-128.
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Fo ORI VTR IR AR OIS
Table 1. Dissipation of chlorfenapyr in different cultivars
RIS (mglke)

B (N
¥ Residual (mg/kg)
Day number after X _
. < puim B 125
Spraying . .
Chin-shin Oolong TTES No.12
Fﬁ%ﬁq 0.03 0.03
0 14.00 17.00
4 7.00 10.00
7 4.00 7.00
12 2.80 3.80
25 0.77 0.47
70 0.54 0.22
82 0.56 0.48

HT P S A RN PP T R R R () -
PR (%) 1 J (Tin)
Table 2. First-order degradation rate constant, half-life value and determination coefficient
of fitting in different cultivars treated with chlorfenapyr

. e WEFD R ()
CFﬁ i: Degradation rate constant Determination Half-life, T,
ultivar
(K) coefficient (r*) (day)
S
RS 0.1441 0.7894 48

Chin-shin Oolong

B A 125

0.1589 0.8661 44
TTES No.12
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F= ~ 2007~2009F o VTSR B [ bl

Table 3. Levels of chlorfenapyr residues detected in made-tea samples from 2007 to 2009

G e AN Bttt | oLt s
Time (year) AN (mg/kg) (mg/kg) (mg/kg)
Number . . . .
Max. residual Min. residual Ave. residual
2007 295 2.80 0.01 0.18
2008 232 3.19 0.01 0.20
2009 190 2.08 0.01 0.15

FH~ 2007-2009F Ju FYTY FJ{t‘V ad =z F:‘I |’F‘|
Table 4. Safety assessment of dietary intake of chlorfenapyr from 2007 to 2009

R i ) BRI ( f/
(4 F! TR AR [ AETHIR
EﬁFEI.J “F) (mgke) IF:Frmﬁ E[lﬁ[ lﬁ[ Py 7&:F IH lﬁllﬁ SREST: [F]J B

Time (mg/day/kg BW) (mg/day/kg BW)
Average (%)
(year) ) TMRC ARC )
residual ARC/ADI ratio
2007 0.18 1.07 x 107 0.0534
2008 0.20 1.19x 10™* 1.19 x 107 0.0594

2009 0.15 8.90 x 10°° 0.0445
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CN
| D Cl

Fac” N
CH,0CH,CH3

-~ R R
Fig. 1. The structure of chlorfenapyr
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Hz 4
20000 4
10000
_J ‘L—A—._,-._._A__u . AN
i T T T T T
0 § 10 18 0 25 min
Hz 4 B
]
20000 3 b
1000 WJLL
_J . % o
0 T T T T T
0 5 10 16 0n il min
Hz P C
i}
20000 4
10000 4
i T T T ‘ T T
0 § 10 18 0 25 min
Hz 4 % D
li
20000 4
10000 4
i T T T . T T
0 § 10 18 20 25 min
Hz ] n
0 E
20000 4
10000 4
i _h T T — T T
n i 1n 1R il il miw

W TR T J%‘Hﬁ*ﬁ?ﬁlﬁ[ (i A 557 = FORED TR [ B ER B 12
Bl ngy[d?ﬁgﬁl , qgﬁl C E%‘ HEJEQT\ p 0 05 mg/kg Fld ) I;{:ﬂﬂéﬁ Fgﬁ%l >
q%ﬁ' D LB 12 5FF?T*JJ[I 0.05 mg/kg f“i’ﬂf’/&ﬁ F%*T’Tﬁ%ﬁ' ’ ﬁ?ﬂ[ E Fhpl e
VPG ol TR
Fig. 2. GC-uECD chromatograms of chlorfenapyr, A. Chin-shin Oolong extract
without spiked chlorfenapyr, B. TTES No. 12 extract without spiked
chlorfenapyr, C. Chin-shin Oolong extract spiked 0.05 mg/kg chlorfenapyr,
D. TTES No. 12 extract spiked 0.05 mg/kg chlorfenapyr, E. standard of
chlorfenapyr in 0.05 mg/kg.
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Dissipation of Chlorfenapyr in Tea Plants and
Safety Assessment of Dietary Intake of
Chlorfenapyr

Yu-Ju Huang' Chia-Chang Wu*"  Ya-Hui Chuang’
Summary

The aim of this study is to evaluate the dissipation of chlorfenapyr in tea plants and
risk assessment on human health. The Chin-shin Oolong and TTES No. 12 was
investigated in this study. Degradation rate of pesticide was determined by the residues of
chlorfenapyr in leaves which sampled at different intervals. Safety assessment of dietary
intake of chlorfenapyr was evaluated by calculating the theoretical maximum residue
contribution (TMRC) and actual residue contribution (ARC). It reveals that the half-life
of chlorfenapyr in Chin-shin Oolong and TTES No. 12 was 4.8 and 4.4 days, respectively.
It showed no different degradation rate of chlorfenapyr between Chin-shin Oolong and
TTES No. 12. According to the tea pesticide residue analyzed results from 2007 to 2009,
the TMRC and the ARC of chlorfenapyr were 1.19 x 10 and 1.05 x 10” mg/day/kg BW,
respectively. It suggested that when residue of chlorfenapyr were lower than its MRL, it
may not cause threaten to human health.

Key words: Tea, Chlorfenapyr, Dissipation

1. Assistant Agronomist, Nantou Branch, Tea Research and Extension Station, Nantou,
Taiwan, R.O.C.

2. Director, Wenshan Branch, Tea Research and Extension Station, New Taipei City,
Taiwan, R.O.C.

3. Assistant Agronomist, Tungding Branch, Tea Research and Extension Station, Nantou,
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Fig. 1. Plucking area of tea plantation in main tea-producing regions, amount of tea leaves
production, and average tea leaves yields per 0.1ha in Japan during 2009-2010.
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Current Status, Breeding, and Promotion
Strategy of Tea Industry in Japan

Chun-Liang Chen  Ju-Hung Lin Jia-RuDai  Jin-Chih Lin'
Summary

Japan and Taiwan have similar tea cultivation status and drinking culture and also face
the same problems. The cultivated area of Yabukita is too large (76%), tea prices continue to
fall, the cultivated area continues to decrease, factory utilization is too low, and most young
people do not like brewing tea. Faced with these problems, Japanese tea industry holds all
kinds of extension activities to promote tea sales. At the same time, definite strategy for the
breeding of new cultivar was developed, and hoping to solve these problems. This paper was
collated by visiting farmers and research and extension stations, participating in conference
and collecting data during more than two months in Japan. Hoping this experience can be the
reference of promoting Taiwan’s tea industry.

Key words: Japan, Tea, Breeding, Extension

1. Associate Agronomist, Assistant Agronomist, Assistant Agronomist, Senior Agronomist,

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