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Tablel. Comparison on control result of the adult of tea green leaf-hopper in the

field with difterent treatment of chemical.

ISR A E B REEBER BEEHTE BEEHTNE BEEH-+-X

No.of No. of after spray after spray after spray after spray
treatment before 5 days 10 days 14 days 21 days
spray No. C.R. ¥ No. C.R. * No. C.R. ¥ No. C.R. *
A 107.5 71.3° 46.9 98.0° 54.7 48.5 35.5 35.0° — 32.0
B 79.0 76.5° 22.9 85.8" 46.8 53.5 3.6 24.5° — 22.6
C 94.0 38.0° 67.6 93.8° 51.0 111.8 —69.8 78.5% —235.1
D 105.3 131.5% — 212.8° — 73.5 —= 26.3° =

Results followed by the same letter are not significantly different at 5% level
according to Duncan's Mul tiple Range Test.

Treatment(after) X control(before)

* Control Rate( % ) = 100X ( 1—
g (%) ( Treatment(before) X control(after)
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Table2. Comparison on control result of nymph of tea green leaf-hopper in the field

with different treatment of chemical.

gOE RO RS GEEEAT MEES TR BESSTNR MBES -+ —%

No.ot No. ot spray after spray after spray after spray after
treatment before 5days 10 days 14 days 21 days
spray No. C.R.* No. C.R.*¥ No. CR ¥ No. C.R.*
A 25.5 6.3° 73.9 31.3 — 24.0 4.0° 36.0 5.0° 4.0
B 20.3 6.5° 67.3 22.0 — 10.0 4.0° 20.0 4.8° 4.0
C 15.0 3.3" 78.2 32.0 —125.8 12.3*— 220.0 9.5"— 188.0
D 24.0 22.7%. — 24.8 — 6.0° e 5.3° —

Results followed by the same letter are not significantly different at 5% level

according to Duncan'’s Multiple Range Test,

Treatment(after) X Control(before)

Treatment(before) X Control(after)

K= FEHEANREEEMB R T GHE () ~ HEER (%) REE (@ / 30m?) &2 g

Table3. Comparison of Wt. per 100 young shoot gr./2L, & a bud. Density of sprouting
(No./30cm? ) (D.S. )and damaged rate(%)(D.R.) in the field with diffe-

rent treatment of chemical.

AR B ETR M E®S +NK B % %8 -+ — X

* Control Rate(%) =100X ( 1 —

No. ot spray after 10days spray after 14 doys spray after 21 days

treatment D.R. (%) Wt. of per100Bud D.R. Wt. of Per 100Bud D.R. D.S.
A 31.5 45.0 39.5%° 67.0 46.0*" 41.5
B 32.0 46.3 22.5° | 51.2 38.5° 40.75
C - 30.5 43.7 37.0%" 56,2 56.0°° 45.5
D 33.5 45.6 49.0° 74.2 65.0° 46.25

Z2VY ~ 72 FHI ZRNIR) D0 9 A 2 SR A TR C mn ) ~ AEBEIRCRE (Kg ) RORE AW ML (£ / 50
) 2 KR o

Table4. Comparison of length of internote (LI) (mn). yield of green leaves (YGL)
(Kg)and tmergence of eggparasite (EEP) (No. /50buds ).

A fE % % OB + M X O E %S -+ — K

No. of spray after 14 days spray after 21 days
treatment EEP (No. /50bud) LI(m) YGL(Kg) EEP (No./50buds)
A 5.8 10.9 9.9° 6.8
B 4.5 10.4 9.1 11.8
G 5.3 8.7 10.5° 6.5
D . 8.0 9.6 8.9° 8.8

Results followed by the same letter are not significantly different at 5% level
according to Duncan's Multiple Range Test.
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Table 5. Comparison on control result of the adult of tea green leaf-hopper in the

field with different treatment of chemical.

B A mENRE BERE=X BEREARX MEEHLR BEEHETEE SRS+ —K

No. -of No. of after spray after spray after spray after spray after spray
treatment before 3 days 5 days 7 days 14 days 21 days
spray No. C.R.* No. C.R.* No. CR.* No. C.R * No. C.R. *
A 141.3  140.3* — 27.5 60.3°°°51,1 201.8° —46.7 185.8 — 108.0 78.8 — 5.6
B 165.0  109.3° 15.2 135.3** 5.9 183.8*" —14.1 139.3 — 33.5 93.3 —62.6
C 152.5 4.3° 96.7 6.8° 9.5 19.8° 87.2  106.3 —10.5 72.8 —36.6
D 139.0 8.8" 92.7 12.8° 91.0 34.0° 77.0  135.5—40.8 102.0 —93.6
E 138.3 29.0° 72.8 43.3*° 67.5 100.3° 32.3 143.0 — 49.1 72.0 —36.6
F 176.5  137.5° — 153.0* — 171.5°° — 111.3 - 61.0 =

Results followed by the same letter are not significantly different at 5% level acco-

rding to Duncan’'s Multiple Range Test.

Treatment(after) X control(before)
Treatment(before) X control(after)

* Control Rate( % ) =100X ( 1—

FAN ~ BN R BERA R /IMGE RS B h R g
Table 6. Comparison on control result of nymph of tea green leaf-hopper in the field

with different treatment of chemical.

AR REMSE BERE=X BESHAR BEEHELR RESFHTNE REssH—K

No. of No. of after spray after spray after spray after spray after spray
treatment before 3 days 5 days 7 days 14 days 21 days
spray No. C.R.* No. C.R.* No. C.R.* No. C.R.* No. C.R. *
A 19.0  26.5* — 5.8 18.3° —171.5 17.3° —195.9 16.3 —24.8 5.5 —126.3
B 373 20.3** 38,9 12,0%*¢ 7.1 12.5%*¢ —7.2 13.0 48.0 58: == 1.6
C 39.0 4.0¢ 88.4 1.5 9.7 2.0¢ 83.1 8.3  69.6 10.5 — 3.8
D 33.8 4.0° 8.3 2.5 82.7 2.5 80.0 11.8 50.6 12.5 — 95.4
E 30.3 3.3¢ 88.7 2.3 80.7 4.8 559  14.0 30.9 9.8 — 8.0
F 43.3 38.4° — 15.8* — 13.0°° == 29.8 - 8.0 —

Results followed by the same letter are not significantly different at 5% level acco-
rding to Duncan’'s Multiple Range Test.
' Treatment(after) X control(before)
Treatment(befort) X control(after)

* Control Rate(?) = 100X (1—
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Table 7. Comparison on Wt. per 100 young shoot gr./2L&a " bud. Density of sprouting
(No./30cm? ) ( D.S. ) and damaged rate (%) (D.R. ) in the field with different

treatment of chemical.

AR ¥ 8 H® + X e % % % + M X o ® B8 t+ — X

No. of spray after 10 days spray after 14 days spray after 21 days
t reatment D.R. (%) Wt. of per D.R. Wt. of per 100Bud D.R. D.S.
100Bud

A 89.0° 24.7°° 93.5%"¢ 26.1° 97.0 75.0
B 68.5°¢ 24.72Y 98.5° 27.0%%¢ 94,5 72.5
C 49.5° 26.7% 63.5° 30.7* 91.5 75.5
D 81..0%"¢ 23.0° 86,5 28.5%8 ¢ 98.0 76.3
E 78.0%°¢ 25.7°° 91.0%%¢1 30.0°° 96.0 82.0
F 85.0°¢ 2978 95.5*° 29.2%k ¢ 95.0 71.8

Resuits followed by the same letter are not significantly different at 5% level

according to Duncan’s Multiple Range Test.

FA > AR R R @R R Cm ) ~ A ZEWE (Kg) RIVEFEBEAE (£ /50
) ZARERILE -
Table 8. Comparison on length of internote (LI)(mmn)~yield of green/eaves(YGL) (Kg)
and emergence of egg parasite (EEP) (No. /50buds).

mEAK B %’ OB O+ ES i % L] = + - X
No. of spray after 14 days spray after 21 days
treatment EEP(No. /50 duds) LI(m) YGL(g) EEP(No./50buds)

A 11.0%°¢ 5.4 4.5%° 16.3

B 13.5° ‘ 5.5 3.8° 14.0

C 2.0° 6.5 5.2° 25.0

D 4.5°¢¢ 5.0 4.3 35.0

E 8.0°°¢1 6.0 4.5%° 26.0

F 11.8%° 5.3 4.7*" 12.3

Results followed by the same letter are not significantly different at 5% level acco-

rding to Duncan's Multiple Range Test.

i L E VYRR 75 % Larvin W.P, B F/NREBOKES « FHOBRBOTAFEE > M2.8%
Cyhalothrin E.C. ZEfi £ AL RAIHEER ZE 77 % LI E » 8 90 % Lannate W.P, ( HRZEHE| ) 1A
EREBE HASCEERGWELOAYE » BREENEFHEMKEHRH+MNK K= +—KZ Cyha-

lothrin 1000 f5/RE ; AZE W EHIL S84 5 — +—KZ Cyhalothrin 1000{ZEIKERE ; DINE A e
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Table 9. Comparison on control result(C.R.) of the kanzawai spider mite in the field
with different treatment of chemical.

unit :No./501eaves

OB R B MEERTERE BB TR MEAHNR BEREAX RERS+TIX

No. of No. of after spray after spray after spray after spray
treatment before 2 days 4 days 8 days 12 days
spray No. C.R.* No. C.R.* No. CR* N. CR.*
A 1217.5 52.7 97.3* 29.7 97.9° 51.3 93.5° 14.3 95.7°
B 1525.7 472.0 78.3°204.5 76.5° 240.0 75.9" 188.3 56.6°
C 1249.5 616.5 65.9°380.5 70.9° 172.5 79.5° 77.3 69.1°°
D 1207.0 156.3 90.6° 49.0 96.5° 15.8 98.6° 1.0 99.8°
E 1488.0 62.3 97.2° 98.0 94.3° v 71.7 93.2° 42.0 86.5°°
F 945.7 1348.5 — 1045.0 — 630.5 — 260.3 ==

Results followed by the same letter are not significantly different at 5%
level according to Duncan's Multiple Range Test.

Treatment(after) X Cantrol(before)
Treatment(before) X Control(after)

F -+~ 7 FH RS /D o B0 S 3 i 152 0 09 -2 2 O Yk SREL R o

Table 10. Comparison on control result(C.R.) of the egg of kanzawai spider m

* Control Rate(®) =100 X ( 1 —

mite in the field with different treatment of chenical.

unit:No. /501eaves

OB R MM MESB X BEAFNR BEERENAR BEZHET X

No. of No. of after spray after spray after spray after spray
treatment before 2 days 4 days 8 days 12 days
spray No. C.R.* No. C.R. No. C.R. No. C.R.
A 710.7 136.3 84.9° 13.7 98.3*° 49.5 89.5°° 24.5 82.5°
B 997.3 426.7 61.9° 218.0 80.9°° 194.3 68.1° 101.0 73.3°
C 862.5 353.3 62.5° 246,3 73.3° 96.0 84.9"° 33.7 86.8°
D 790.8 225.0 74.4*° 58.8 92.6*° 17.5 97.8° 1.8 99.5°
E 690.0 239.7 69.5°* 79.3 90.2°°c 76.5 86.8°" 47.3 79.7°
F 626.3 755.3 — 729.0 —  503.0 —  297.5 =

Results followed by the same letter are not significantly different at 5%
level according to Duncan's Multiple Range Test.

Treatment(after) X Control(before)
Treatment(before) X Control(after)

* Control Rate(%)= 100X ( 1 —
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Tablell. Conparison on effecf of the predator mite in the tield with different trea-

tment of chemical.

uhit:No./501leaves

i BB AR BERE KR GEEENE KREgmAF MEEHE+ K
No. of No. of after spray after spray after spray after spray
treatment before 2 days 4 days 8 days 12 days
spray No. No. No. No.

A 0.5 0.6° 0.0 0.3 0.8°

B 1.3 0.3%° 0.3 1.8%° 3.5%°

C 1.8 1.0%° 1.5 6.3° 2.0°

D 4.3 2.0%" 1.0 1.5%® 0.8°

E 0.3 0.0° 0.3 1.0%" 3.3°°

F 0.8 2.5° 3.0 3.0%° 8.8*°

Results followed by the same letter are not significantly different at 5%

level according to Duncan’'s Multiple Range Test.

B DL E=ER MR 10 % Talstar W. P, 1250 £ % 50 % Torque E. C. 1500 {3555 1525 6 i 12 3¢
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HHEPE RS ERUHEHEEEASRER -
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—EAWERE (E+2)
R+ EEANEETR R EERU R RER LSRR -

Table 12. Comparison on control rate (C.R.) of the tea tortrix in the net of out

room with difterent treatment of chemical.

BB MR AN MEKEUR MEESAR MEgEt—%
No. of No. of spray after spray after spray after
treatment inocalate 4 days 8 days 12 days
vefore spray No. C.R.* No. C.R.* No. C.R ¥

A 24.7 3 85.6 0.3 98.5 0 100.0

B 24.7 3 82.7 0 100.0 0 100.0

C 23.5 0.3 98.5 0 100.0 0 100.0

D 25.0 21.2 — 9.5 — 8.3 —

* Control Rate @) =100 X ( 1 —

Treatment(after) X Control(before)
Treatment(before) X Control(after)




T/ BE S ~ e 2E iy BRURHR 28 i 2 BT8R A I ] B8R 11

=7AESRAR (£+=)

E+= ~ ERBESARREEER B IESD B2 R o |
Table 13. Comparison on control rate (C.R.) of the tortrix in the field with

-

difterert of chemical.

R MSETESN MEBBNR RERENAR BEZEL AR

No. of No. of spray after spray after spray after

treatment inoculate 4 days 8 days 16 days
before spray No. C.R. * No. C.R. * No. C.R. *

A 30 2.3 76.8 0.3 98.2 0 100.0
B 30 2.5 75.6 0.3 98.2 0 100.0
C 30 4.0 64.2 2.0 77.4 0.8 100.0
D 30 10.5 — 10.5 — 1.8 =

Treatment(after) X Control(before)

* Control Rate(%) =100 X ( 1 —
“ Treatment(before ) X Control(after)

=—@EBREB (=) |
FE+0 ~ EAREARREERE R BERPIBEZ/ER
Table 14. Comparison on control rate (C.R.) of the tea tortrix in the field with

different treatment of chemical.

O GENERK MEAENR MEESAR BEESE AR

No. of No. of sprayafafter spray after spray after
treatment inoculate 4 days 8 days 16 days
before spray No. C.R.* No., C.R. * No. C.R.*
A 30 2.8 84.8 0.8 91.6 0.3 87.5
B 30 4.0 79.7 0.3 98.2 0 100.0
C 30 1.5 90.7 0.8 92.2 1.3 58.3
D 30 21.3 — 10.0 — 1.5 =

Treatment(after) X Control(before)

* Control Rate@) =100 X ( 1 — -
roll RuteGe) ( Treatment(before) X Control(after)

EAEE R CEBHEEELR (R~ +75)
E+ANEAER _BESTARBEERUE A EERRECERBREK -
Table 15. Comporizon on damaged leawes by the tea torerix in the field with diffe-

rent treatment of chemical,

TR MENEAN BE S BANE B EHRBAR BEREB T AKX

No. of No.of spray after spray after spray after 16 days
treatment inoculate 4 days 8 days
before spray 5Block 2Block 5Block 2Block 5Block 2Block
A 30 27.7 35.0 30.5 44.7° 31.7° 27.5°
B 30 25.0 34.5 377 48.7° 30.0° 34.2°
C 30 18.5 29.0 30.2 39.2° 31.7° 25.7°
D 30 41.0 48.0 45.7 70.5*% 73.0*° 45.0°

Results followed by the same letter are not significantly different at 5% level
according to Duncan's Multiple Range Test.
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Field Test of Several New Chemicals
- for Control of Tea Green Leaf-Hopper,
Kanzawai Spider Mite and Tea Tertrix.

1 2
.Huey-tzang Chen Hsin-Kuang Tseng
Summary

The resnlts can be summarized as follows:

1. The effect of Applaud, Cyhalothrin, Lavin and Lannate to control green leaf-
hopper were not significant except when Cyhalothrin was used at the sate of
1000x and 2000x.

2. Good Controls of tea Kanzawai spider mite by Talstar, Peropal, Torque and
Morestan were obtained. The best dosages were found to be Talstar 1250X,
Torque 1500X or Morestan 1000X, followed by Talstar 2500X or Peropal
4000X.

3. Atabron and Dipteres were found to obtain good control of tea tortrix.

Key words: Tea, Chemical Control,
Tea Green Leaf-Hopper, Kanzawai Spider Mite

Tea Tortrix.

1 and 2, respectively, Assistant and Assistant Entomologist, Department of Tea
Agronomy, Taiwan Tea Experiment Station, Yangmei, Taoyuan Hsien, 326, R. O. C.
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Tea Mite Biological Control in Fields

Huey-Tzang Chen

Summary

Ten tea growers were selected and instructed to rear the tea mite predators,
Amblysieus longispinosis Evans, in northern Taiwan tea plantation area for biological
control tests according to the following procedure:

The tea mites were first spread on lima bean or pea seedlings at 10-15 days
after seeding, and the predators were then released 5-10 day later. At about 10-15
day after the predators were released, the seedlings were brought into the tea gardens as
the source of the predators when the mite population in the tea garden reached 1
mite/leaf squivalent to 200,000 ‘mite/ha. It took 15-20 days to show the effect of
biological control.

The predators are very susceptible to all of the insecticides currently recommend-
ed for the tea gardens, and for this reason, the uses of insecticides for the tea gardens
using the biological control measure should be redusced

Assistant Entomolgist, Department of Tea Agronomy, Taiwan Tea Experiment Station,
Yangmei, Taoyuan Hsien, Taiwan, 326, R. O. C.
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Utilization of Portable Bottle for the Rearing
Methods of Enemy of Tea Pest-Parasitoids.
Hsin - Kuang Tseng
Summary

Utilization of remodelfed-:port_able bottle for the rearing of parasitoids i‘s_-presented
in this study. Different parasitoids and their rearing methods are investigated.

~ Key words: Portable Bottle, Parsitoids, Rearing,

Research Assistant, Department of Tea Agronomy, Taiwan Tea Experiment Station,
Yangmei, Taoyuan Hsin, Taiwan; 326, R. O. C.
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Table 1. Effects of top working on leaf component o. TTE No.5 tea leaves.

R T
"N P K Ca Mg Mn En RWE 7 WER a855
5 H %ME R
% % % % % pm ppm % % % %
iR : Assam ' |
R 5XRAR 4.18 0.34 2.07 0.11 0.20 733.3 29.33 3.04 16.67 2.86  42.77
AR 2 A8 483 3%
I A7RAM | 4.13 0.34 2,07 0.12 0.21 966.7 33.33 3.20 14.47 2.84 39,78
BRAH (ck) | 4.28 0.37 2.18 0.11 0.18 666.7 34.33 3.06 17,27 2.88 42,44
. 5% , - 151.1 , 1.84
L.S.D. ' N.S NS NS NS NS "N.S N.S N.S N.S
' 1% ' 250.6 30.5

B ERA  REBRERERPA - R - H - F -G -SFEAERHITRSE  2RTHE» B
SREBRE 2RSS %EETHE » Hb SR ARENS B 483 WM B E966ppm » K EREE R
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Fffects of Top-Working on Leaf Chemical Components of Tea
(Camellia sinensis  Kuntze, var, TTES. No. § )

Chun-Ming Tsai

The results obtained from a series trials of tea plant grafting conducted between
1973 and 1983 showed that the morphological characteristics of top-working tea
plant could be retained. When the root-stocks possessing stronger vigor were used for
grafting, the yield as well as the quality of the top-working tea plant were improved.
In this 'year (1984), efforts were made to 'study' the effect of grafting on the chemical
components of the leaves. The trial results showed that the Mn content was significant-
ly increased to the level of optimum range, 700-1200ppm by graftlng whereas that
‘in the control was below the level of optimum range The content of the catechins,
major components respons1ble for the better and astrigent taste was reduced by
grafting, _resulting in 1mprovement of the quality of paochung tea and green tea. It
can be concluded from these studies, grafteng can retain the morphological character-
istics and also improve the quality of tea.

Key word: Top-Work, Tea.

Assistant Agronimist, Department of Tea Agronomy, TTES Yangmei, Taoyuan Hsein,
Faiwan, 326. R. O. C.
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' I I |\ Zas .
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C (1.5 mm/day ) 43.6 40 .1 46 .7 42.3 43.4 a
D ( C.K.) 35.7 33.8 30.6 35.1 33.8 ab

L.SD 5% = 7.32
1% = 10.52
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D ( C.K.) 7.0 7.0 15.0 40.0 69 .0 4
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B 159 72.0  0.15 1.34 5.15 2.16 0.028
cﬁ 142 67.0 0.15 1.30  5.32 2.14 0.028
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KRREHRAKBE LS - XRBEHND » REBKTEERTWE 100 50 » KA FLI4E0WE 100 o
Bt MIREEESAST 8007 » EMBEBR BB 2 HETIIR6 o

* 6 NAMWBARZBHRSHE
1 £ AWKE E K B FESM BARL & K & BEHAB

A H O KE , | o R _ _

| (R/AE) @RME) @eRME) B/AR) GusR)  W/er)  (B/AR)
' A(s o-u/day) . 1,05'0 4,697 ' 1,174%? 939, 200 10_5,'000 834,200 '90,200(-9*’;

B(2.25as/ day) 788 5,006 1,252 1,001,600 78,800 922,800 178,800(

(1.5 /day) 525 4,774 1,194 955,200 52,500 902,700 158,700(H

XCK. ) | 0 3,718 930 744,000 0 744,000 0

* 1. %EﬂZﬂﬂﬁﬁﬁiﬁuﬁﬂﬁﬁﬁﬁﬁiﬁﬁﬁﬁﬁﬁﬂﬁ °
* 2LUBA D ARFUEN 1 DT ERETH o
* 3. %ﬁﬁﬁﬂﬂﬂﬁﬁﬁﬁﬂ‘ﬁﬂZ#ﬂ‘ﬁﬁﬁﬂZﬂsﬁffﬁ °

ﬁﬁﬂﬁ%%ﬁm‘ ‘ Eiﬂﬁ%jﬁ#ﬁzkézmﬂ EI#EMK%ZEE#LFW&§Z$2K§E¢E r K
EBEA RN HENEE SRV THRREE BB - B)E% M T 88E 3 R ENERRA
c WHMABBALREME » ERUBZHABDER—F > QEREFAFBREZRE » HHEHE
W NHEREBZS ) SRR EFARRBRBERIDEREK .

ARRATHREREGRBAYRGEEERX P ERATHBRERBEIHRR RPN EARS
EEREHERKNEHRARE » RIEMR— > AR ELSREUE R RIEN > R E+EH
Ziﬁﬁiﬁﬁh ABARERACREERE ; REBRBHI ~ RANR ~ HEE ~ B 30ESE 4 5 B3R R#

Rﬁfﬁﬁﬂ%‘ﬁ%ﬂﬁﬁﬁ#%%%lﬂE%ﬁﬁﬁﬁ*#ﬁ#ﬂﬁﬂ"‘* ﬁﬁtﬁﬁuﬂlﬁﬂiﬁﬁ H%%ﬁ%‘lﬂtﬂ '

& %Ilﬁ

LR IRE ~ HiE|E « 1971 - %ﬁ@ﬁ%@i&ﬁﬁEZ%# A:ﬁ%?ﬁ%éﬁ&%ﬁﬂﬁb 53 %}%
pp. 3~5 o
2. K RENR > ARAE - 1967 - %ﬁ@mﬁ%zm%ﬂ%KEZﬁﬁﬁ% M EREURBR & 3557
pp. 6 ~7 o |
3. % fksk - 1983 - iﬁiﬁiﬁﬁﬁiﬁ#?ﬁﬁé%Z%ﬁ FBAEERE2H pp. 18~24 o
4.5 ®4E - 1983 - REEERNEHE S EZAE - ABEREURB L+ EFEEHR pp. 83~84 o
S.EMsE - 1985 - REERABHEARTH - SHEAXUBBLTUEER pp. 14~ 16 o
6. ERMAMBRLEMARERRE + 1983 - aMEKFIBHA pp. 9~ 11> pp. 34 ~38 o
TR 1974 - KEEKBZHE - AMERKABRBA+=ZFEEH pp. 103~105 ¢
BUFIRL + 1974 - XM LBMEANBELHE - A MEXELRBRBAT=SEEHR]  pp. 105~ 107 o
 QUETRLT - 1973 - RBIHHBEXECHE - 6 MEFXUBRB AR+ "4FFM pp. 85~88 o
1075 MR > 22480 - ZREEHEAR - SWMERERBBATEESER pp. 99~100 o
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Effect of Water Application by PE Perforated Pipe Method on Yicld
and Quality of Tea

T. F. HUANG

Summary

According to the results of experiments and extensions carried out in the recent
three years by Taiwan Tea Experiment station .We have found that using PE soft per-
forated pipe as a tea irrigation material is a feasiable way of tea irrigation, especially on
the tea area of short water resources. It has the advantages of low pressure, more water
saving and better uniformity over sprinkler irrigation. Neverthless, the PE soft perforat-
ed pipe have to be used properly to get the largest irrigation effect, The results can be
summarized as follows: ' '

1. Smaller PE perforated pipe of 1/2” diameter is suitable for tea '_iﬂ'igation,
because it wets soil in stripe to save at least half of the irrigation water required
by sprinkler irrigation.

2.  The optimum irrigation water required by PE soft perforated pipe system in
winter crops is about 2 mm per day.

3.  Agronomic characteristics of fresh shoots varied with different amount of water
applied. Weight per 100 shoots, internode length, leaf length and leaf thickness
increased with increase in irrigation water. However, water in excess of the opt-
imum amount reaulted in poorer unifoumity and tea shoot growtfh.' This verifies
the view that excess rain before the spring crop is disadvantageous to yield and
made tea quality of the crop.

4. The irrigation effect is evident for tea plantation especially in dry season in tea
area of middle Taiwna. Irrigation can not only keep the vigor of ‘tea plant but

- Increase the tea yield and quality to increase greatly the incomes of the tea
farmers.

Department of Tea Machinery, Taiwan Tea Experiment Station, Yangmei, Taoyuan,
Taiwan, Republic of China
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o4 BB B AT R 8

E O A % ok £ R de B

LB RABARR HBK
2LEMERERRE PHEWHRRA X BHE

m =

B H s AR~ Hdodh e 1988 - EMARBALIAW T R LI BRI o SH A LT RHK

7 :43~61 ° . _ '

AP AR ELEER S FERINTRERSY » IMBARERFHRARRKEZEZRY
o XX EHMNTRES » 4 AME XL 45 ik » Vanillin-HCL ~ K-Ti oxalate ~ Fe-
rrous tartrate & Folin-Ciocalteu % ki 47 0,48 KB MALY 92 st BSIRAE o 45 BT S M4
Wik 87 4 Bs o K-Ti oxalate $& Ferrous tartrate R4 M=% ( o-dihydroxyl) &k
RRMHEG » EEKERALLKE > Folin-Ciocal teu kR TSN EH » 0 F 4 & R FAM 4 948
I%‘ﬁfé&‘l’ﬁ%;ﬁ‘ o £ &AL A Vanillin-HCL: T 5 R MR Z » TR FE A= 518 o M K-Ti
oxalate k2 Z &AL BRI E % £ %X -Ti# rFerrous tartrate2K-Ti oxalate Btk A dE R A
E% s LHPLC h\ﬁﬁéﬂiibbﬁ » A3 Ferrous tartrate =X il AK S - RﬁVamllm-HCLfi

f * VAR ﬂﬁ—ﬁw#-ﬁ—i’}ﬁl#iiﬁﬁﬁﬁ%i-ﬁ- y B $ 5 & ARG R i Z2F o w94 W
38 D MT RATARPE M4 0 & 0-0.8 4998 K i §u[E| 39 /446 Beer's law o
M SEF © Br AL ~ B~ STk o

— N Al a

KRB (ABREE ) RRELEBABRSPEERSHTBERS » LEYE 30 %

(G IEPERR ST 60 % o #& Vuataz KBAMHE % » RZBBE—BRUIRAKXE » 29 R1EM
B R AR TEEME ( flavanols and their gallic acid esters ) s QERRER A HEREY
flavonols and flavonol glycosides ) ; )M IEH KM ( leucoanthocyanins ) ; (4)MpER SR HE &R
B ( phenolic acids and depsides ) ; G)YE(LREZIAEIM ( oxidized and polymerized

phenolic compounds ) ° TAMBLAWHLUS —EXGERES BES » VIEWHEZ 80 L L
HBRHE-_~=~-UHESERY)  MBABREFERRERNBE S » ERHRTP IS BB RAM
o HIFMEME N R AR RS ( catechins ) » ZESEFHAFLEENIEHNERRZDH 10 BLL
b ABBHRARERLE R TFROBCHAFE » REHERA RGO EMEERLTR » &R
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HAERA R ERERL - BREBAEP  ERRFPRAMCRERBERTEN/CBRE ( KRERE)
y RRBALBR—ERANEORAEY (BHEY ) » WRAEYRBBI R B IR K
BLZEEYH -
BT RN BAREYRES STRELY  SNRERRTCHEYB I STHEIREKX
B HOEGRBEQHEBQOHRBEANTEY ® - BHERE—REEEC —C: —C BEXERBZEH
B KEDBREZESR  RERBREBRFELYEC —C —C ZEEFERE > HPMEAREE
35 = (E i e MR B B TG, » FT A 8 R RA » TEAR S HE B Z I8 HE LR X 2 RA o
KEALBOE R » HERERXTMS S8R WERESE ( flavanols, XBRERE) » &
M % ( flavonols ) » TEH ¥ ( anthocyanidins, X#§ flavan-3-en-3-0ls ) » X flavanonols,
f lavones, leuconan thocyanidins +--- % . RO RERMEYASERSNWRE  EHERETTS
W Cs —Ca ]t Co MMERET (MNE) » HhABET ( Cs ) XEhimalonyl CoA &G » BE

o ()
il R,
Qe

54

76 ( Ce¢ — Cs ) Al cinnamic acid MK > HEBRRMEER ( 2 — 6 ) AJLIRSGHEE » HIF
EEHERAHEMANE  XOREVR LFHEOEARATHEAEEHE  MALMARS B - EER
RoEfifkaE T T FEIHRE In + Tan BEE > Tan SR TESE » BEBRE b
EINHENS » BRARMUETSE P REBIEPZBRELE S RILE - SRBENEENERA
BB  ELARSREMNHE » § 1003 TFREEDE 1 - 2HRE » EHITFEBR 500 —
3000 ZM » B AERERRERE BHNZHER » 0FEX/DOE RS T RBXKIERE N EER
ZRES IoTFEPERERELRVBRABNZHRBESE » EHFEETW » MAaFERRKEAREE
EABHERROERS  ITNERLREE » KHER EENEBERREQE MR ER X
o HEEN] 7 AR » —& ] KRR BEEE ( hydrolysable tannin ) M Chinese Tannin, ZKE&E# 0] 4
R R FH AR - %*%E%ﬁﬁ'&rﬁéﬁ( condensed tannin ) s fE&EBRRE AL » KGR
ATRATSHRRS M ( ploymer) » fEABERA flavolans, FEBMAHEEL ER flavans iy B
g > 1 flavan-3-o0l '( Bl catechins ) Bl flavan-3,4-diol ( EJ leﬁcoanth{)cyanidins ) ﬁ%ﬁ},{éﬁi
e ey X EMEEY o MRS BB AME K anthocyanidin, #XHE 2% proanthocy-
anidins, &Bf X &8 procyanidins, HEAEBIUT '

| oM -
+ H
Ho ' {0 )-°oH H e oo
{ o X ] — "’ma
OH L4} |
| FW&n“&:c 11;(:!1' ns a:fd}w()nng};l ;-j_n'
( Tannz:;l | |

BENHREEREZRLER %% 2020 RTEEAMRYHEER ~ ERBREN
FREHN AR GHRBRSBIME » ERRETEE MR BE 7 ET SR ERRE fR e
WL BERRESTENERME » (CEBEFHBCESEE > NHECESBHRELE - T
SR RE ) o Rtz H > MEAYE S Bk CRERBERIBSFXLERT < - HEAIAREH
A BB b Y IR 4 R Tl 0 B B A A B R fR A (R (D8R AE R SRR B PR UL 5 I X% W] BEPELBE A=
REE) » HEAMBEENITRREEERNIRRRE ©
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RENMBEAYESZFZEBZHEE  TEHREARBIR ( astrigency ) —#@RTy— @ O K2
EAKBEREDELEBHBORR T ERARODEAERERSIHE s BEOREERES » SXBER
BB ERNFERERE—MERRE > MEB—FMBHR ( sense of touch ) o FHBEHIBRREZIEBIEIL
WAREBZSAEE  BELSACRHELYLEEREEEYRIATETHERE  TRETB2ZS

HE, HEERARRECHE CIER  AIRFEREERARBEBRIUBZLRILE ( thearu-
bigins ) £ polymeric proanthocyanidins. Tfij polymeric proanthocyanidins Bl R #E2 BEEE

o HNE=F{LBLAF L TIE >  XaKH -~ BEAZES » BEAE DA AFEZ KM ERILE
B BT EAMERMBNSN BT AREIBHAMMR - AR TNERZR 2T
MREARENEEEETEER=2Z— BRSNS EDNREEDNR o
BV SR RBE » RILB B YRR RE W R B TR (2702000080
1SR B I B

WL EEBR SR ~ Sl ~ GFEl ~ SRER S o
2. 6 AH I RE ¢

0Ll hide powder, gelatin, Protein % o
JEBRIEE '

MLl Folin-Denis ( Folin-Ciocalteu ) » ferric chloride, acid vanillin, diazotized

P - nitroanilline, nitrous acid & o
4.8 LB EWMELE -
fll acid permanganate, ferricyanide % o

5. HBHE :
UV Spectroscopy, fluorimetry & o

ﬁﬁmﬁiﬁ@%ﬁﬁ&é%%%%mﬂﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁmﬁ%”mmMWMEEﬁﬁ
R E M REMRGE () o -

Fea Dl R 0 RERBEAL R BB %Tﬂ%%E%ﬁﬁﬁﬁ@wimﬁﬁﬁﬁﬂ“mza
M, 3000 JEMK 65 R AT ~ MIESHT ~ RHEBEN > BHEHHEBN) » —MRREREBHEBWITANE
2R R R AT 2 o BER (LS %L ( polyhydroxyl groups ) B Htk » MR
BB SBRESTRILE ¢ 0% ~ BEL > HHEBEOVRBESERSE 0 KgRaRZlE
T Ll3% %7 5472 - AOAC  ( Lowenthal) SHEREAMR—-EHERANFT L » BEAEERE
ERBFMINHRSE  Bhblgelatin BE » FRBEYRY IR > B Kaolin L2588 » W
HEEMYE » MEEEE > HEZHNSEREE ) AHSHWERY gelatin WRTTHL » BT
BHEEERE < o BAMBEBYE ( Ferrous tartrate methods ) R H FBEH H LT
(28> , JeypikERME » Wa M~ RREM ( O-dihydroxyl groups ) HIEIEBEE - EBMFHFKRE R
R ME¥k ( K-Ti Oxalate method’ ) £ Forrest RS MEANKEMAR ZAH O » kBB _®
WG Ry B R B R o B{LE R ( Acidif ied Vanillin method ) B—-REEARSER
RERFTHEEEYE ZERAIE 56 O L1410, ok s B IRIY & ERBETER
BEAMHANE > REBERLERABDECYZERIFHOERR 7> o AR REE R i
M4 E > Bajaj ¢4 §iDev Choudury % B LIEI3AM ( pheno! reagent ) —E Folin-Ciocal-
teu AN SR IERS » E2HERESEES > REZZHTALE TE  HFHTSAERS -
% TEYBR IS » Prussian bluefllE BARR W A Z BB RS itk @0 o HAFIHERBIEEDRI M
B G0 5 BMAKRGEBERESTE » SRS FFTNGEE O e LR EREAERRERHES
A o R FRESSF kg s R BRI SN WA R MERE - BREHEBEEN
» AR ER S YR GBS R ERENA 5% BE— E*ﬁ@%ﬁ%%ﬁZ%ﬁﬁ~ﬁA%
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BY » 230 H BB REERRT A A MR AN CRERE R R & B AIE . » KR MBR » XFHEHPLC A
EXGEMRICOURLR » PIUREDRBERBREHER T 2% o

=~ MR Tk

() 5 R R TR BB oy
FTRAZE#EM Vanillin ~ Hydrochloric acid » FeSO«. 7H:O ~ Rochelle Salt
Nas HPO,. 12H:O ~ Na H:PO,.H:O » MeOH~ Folin-Ciocalteu » Na:CO; ~ Potassium
Titanium oxalate ~ HsPO4 » CHsCN ~ Tris SERVEHIME » Mercki Sigma B
Wako BRH o |
 BER ERBZERT
I.Vanillin reagent ( 4% w/v in MeOH )
B 20g Vanillin i MeOH 500m! B - % : AFSEH o
2. Ferrous tartrate reagent
100 mg FeSO,. 7H:O0 500 mg Rochelle Salt EENRAPEE 100 ml » BFHERK
% o -
pH 7.5, 0.1 M phosphate buffer o
3. Phenol reagent
Folin-Ciocalteu SEMINN 2 fi SBAH M » Mot ROB S A MBS o
Na; COs @RMEW : JINa: COs RAKEZMN » B#EBEHK » BB Z -
4, Potassium Titanium Oxalate reagent
# Potassium Titanium oxalate 17.71 3/ 500 m! KhEIR 0.1 MBE MM o
PH 6.7, 0.35M tI‘lS buf fer o
5. Prusman blue reagent

f2.7%WFeCls. 7H.O I 0.1 N 100 ml HCL aamzo 1 MIE% K %8 0.263 7 KsFe (CN),
BEER I0.0.ml. KPR 0.008 MW FH o
Py 34 o
BladEmuls a8k ( ’@‘Eﬁ ) %%ﬁ?ﬁﬁ  mEREHEHORE S HOXH ""*% 12 8%
NEBRR -EFEREE-ERK > EESHE ﬁfﬂ > 3T~ BEATTE B RIE o
Eathhs:
W7 EET R BB HTEE » 2R Vanilline HCL  method {3 Broadhurst EFTFT &
2 F #:(2) Folin-Ciocalteu method £& Dev Choudhury i ¥538) Ferrous tartrate method
K Iwasa KATELZFHEMAK - Ti Oxalate method & Forrest [KaTiE 275 1%(5) Prussian blue
R Price[GATE T ¥ %ﬁﬁﬁ%ﬂﬁﬁmﬁ Frp Prussian blue gk # £ 7 o
6. HPLC fEARERZAH 9 ¢+
(DZRRIBE : 1g REEMN8 ml H,O & 1/ i » HLiWhatman No.41 BEHMEER > B E
BR 100ml > BLL0.45emBHKEM » HTHPLC 4o |
(2) 53 i -
O BE® : Waters NOVA PAK C18 o ( 3.9mmXx 15 cm )
Q@E: WM : 1541
@I MERHEE : 43°C
O{HM2E: UV 280 nm, Range 0.2
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"B)Elute A : 0.1% H:PO, & 0.1% CHsCN Kk 5% N-N-Dimethyl formamide.

Elute B : CHa CN
(6)Gradient Program

at start
0.01-30.00 min
30.01-40.00 min
40.01-

Eilute A Elute B
99 % 10 %
85 % 15 %
10 % 90 %
99 % 1%

7.&%%&3’9%}% : et Z Bl Hitachi 330 Spectrophotometer Fl5E o

) AT -

MR OBF ) 0.2g 1 100ml ERIE

K 80 — 90 ml RABMIER 1 8 ( 90°C )

a0 AR 100 ml

&M B 10;2_0!111 R

M?ﬁ

"K-Ti Oxalate

.2ml K-Ti O_xalate.
reagent

lml. tris buffer

ﬁﬁﬂU"Fﬁﬁ |
Vanitlin-HCL Ferrous | tartrate Fol ln-(i, iocalteu
M 1mIRRE B 1 ml R B 1ml W% i 9ml H:O
] s
#1 6 mi Vanillin reagent #0 1lml Ferrous |
| tartrate reagent Shake

1 3ml Conc. HCL |
Mm3aml pH 7.5 Pi

Sli'ake buf fer ‘
B 20+£2°C K Shake
M 15 min | | |
| R 30 min

HE & 500 nm 2Kk

(&8 10 ml )  JP B 540 nm 2R
| i ¢ &8 5ml )
Blank : Blank :
im! H:0 2ml H.0
46ml Vanillin reagent -+ 2ml Ferrous tartrate
4+ 3ml Conc. HC/Z reagent
+ 6ml

B 1mi Phenol reagent

Ilﬂ 2ml Na: CO;

BN 1iml MK

Shake
m2ml H.O
Shake

% BN

ﬁlﬂ:& 700 nm 2RIk
(&8t 6ml)

Blank : |
2m! H,0 '

+ 4lﬂl Na3sCO» |
+ 4ml1 H:O

Iml W

Shalre

b 5ml H;O

Shallte

BE 15 min

- S & 445 nm Z

W (A&t 9ml)

Blank :
2ml K-T;Oxalate reagent

+ 2m1 Phenol reagent -+ 1ml tris buffer

+.'6ml H:.O
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(&) F B4 B
ElLotus 1-2-3 %X SAS PC EFTRBEERE I

ﬁﬁﬁﬁ%@%mm% ’ Eﬁ%ﬁ ’ ﬁ*ﬁﬁ%% ’ %ﬁﬁﬁ%ﬂ% o
GEHEZ RN  Hob A GURBER HRT :

n m —
? 2 Xy — X, )?
i _
Pooled STD = ;
nXm—n
m: EREB(=3)

n Bt =23 )
SR ARBAIR SO EBEEREUMES « BXMRBZRE » J;lﬂf.l\zl'iﬁi"ﬁﬁﬂ% » SrAIEL 6 —

9 1 /e i BESK 2 ©

= RN

- UERBREE T & RAE _
- BHEMBEAES EZERE  DSEAARCYMARBRB AR GEOEREZ - £ 1 RUE

BRI 14 MEME S A R C K 216 R4 » BYS{E4 SIE monchydroxy X SLE A -
AT ETNAY ( phenol, O— cresol, p-cresol ) s dihydroxy E}XEAR ~ Fﬂﬁ?_ﬂﬁ( Catechol,
resorcinol ) » trihydroxyl &3%8 ( ethyl gall'at"e,_ phloroglucinol, pyrogalloyl, gallic
acid ) KRB Ce-Cs-Co #5182 flavonoid Compounds ( Catechin, Epicatechin, Quercetin )
fiTannic acid® 14 # o h#REE7 » Folin-Ciocalteu SiPrussian blue $ 15 X4
B RAKRNE  MRRSESAFRERE - RARCHUBHRE T REEERE (B6) -
ERAELUAES EHERRE > BRERTHARC ZFHE o Vanillin-HCL WEEY
trihydroxyl K3 %8 2 phloroglucinol i pyrogalloyl &£ 1F % [ » ﬁ'ﬁ%ﬂ‘ ethyl gallate X gallic
acid EU%E@, y FIERIN 2 Co-Cs-Cos E ALK 2 flavonoid Compounds — Catéc_hin; g
epicatechin @2 » ¥ quercetin NEf ?g‘monohydroxymﬁﬁﬁ% y R E (
phenol ) RE @ » MAPFENAE » FEEM - WEHB6 » BEGIESY » ¥ dihydroxy B8
» meta-form & resorcinol B » ﬁﬁortho- formZ Catechol AEE® o &tfﬁ%ﬁz_ﬁ Van_illin
-HCL HiE#E#mono B di B tri-hydroxyl MRS LM » XRESRIERKSRY - OH
RAREZTENREENBTEMAS ELMIR o Ferrous tartrate FJE 8 Vanillin - HCL
9 BB 00 . 5UAS ¥ T A & O - dihydroxy! BB KM + ¥ monohydroxyl EA%i#Emeta-
dihydroxy! E}ERIEFR » EK phloroglucinol 58 resorcinol ) ferrous tarti'ate iﬂleiﬁﬂlﬂ
B o K-Ti Oxalate H%E kg T# phenol B phloroglucinol RE @M » RBEMMEDEE
& » (B3 resorcinol E&THME o AR 1 R4 » NEREL S BENES BRZHKRYR AL

E=R > BRAHFS R o
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Table 1. The reaction response of 14 phenolic compounds and ascorbic acid for different

method-s.; o
redox mei.l.;_hod

_ ‘Folin~ Prusé-ian- Vanillin  Ferrous  K-Ti
C ompounds ~ Structure Ciocalteu 'blue_ -HC1 tartrate Oxalate
Catechin o+ L+  + - e
Epicatechin 4+ ' + + + i
Ethyl ga__l_late + + - + 4
Phloroglucinol + + + — —

- pyrogalloyl + i i 4 4
gallic acid + + _ + +
Catechol -+ -+ — + +
rgsorcino_l + + + — -- + R
phenol -}- - — - I _.
O-Cresol +- + - i‘ﬁ ' _ +
P-Cresol + -+ + ¥R — +
Guaiacol + + + — n
Quercetin . + + — — +
Tannic acid + + — + +
Ascorbic atid + + + -+ +

T e - ol i UL,

+ : positive reaction
— ! negative reaction
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CERFHIE R BN AEE B YRR cBSE
R2RAMEEH IRy REERN 4 ERRAEEREZBOERRE ( absorptivity ) » Eﬁt%

OD/CM/ PPM., K % 3 6% BT RE 7 SRS Fir o e o8 » B0 W0 (000 1R O B 1 B8 L » T /N RO
65 B > BUDS AR BB o o R 0B > ELOROK B o R RER R o BRI DU O SR B Bk 3R 45 0 B R Bk
2B E - K2 ERT4H > Folin-Ciocalteu BZBUEERREE=HATESE  FHEH
10 4550 E « R TRRAB LY ZERG > BXFRBBMEER > M Vanillin- HCL 3 Catechin
8 Epicatechin & pyrogal loyl §Hi 5 5Lk - 4 BHIEH &N Catéchin <R B /IMER B
Folin-Ciocalteu > Vanillin-HCL > K-Ti Oxalate > Ferrous tartrte, ER0.01

BB E SO AREREGAH » Al 0.58, 5.34, 10.23, 16.02 PPM o

Table 2. The absorptivity of varmus methods with dlfferent standards

e — N sl ———.

Method
‘ Standard Vanillin-HCL K-Ti Oxalate Folin-Ciocalteu Fer;ous I.t.artrat'e
_Cate_chin 1 1.;690 - 0.9770 17.25 0._.6237 B
Epicatechin 2.2110 0.9645 17.16 L 0.6322
Pyrogalloyl 0.3967 - 1.9330 23.73 3 .233;0
Ethyl gallate 1.5760 13.35 . . 2.7620
Tannic acid 1.4740 15.25 - | 2.0450

I kil i - e ol — i T i e A

¥ : UNIT: (OD/CM/PPM) * 1000
B 1 8% 3 25K 4 ﬁﬂ":ﬂYﬂﬂﬁ:’ﬁ&%ﬁﬁ@ﬁnnZ@ﬁﬂﬁﬁi:@ﬁﬁ@ﬁ mﬁ 1ERIRH
EHEEHES EHTABMEHE 2 BYE  FERAEZTEREE » K2R/ - BRE
X (BERRELRMBREE S Rremblg B SR » RCESEE) - 4 BRE B2
AR R T R 1 R SRS EEERENTOLELE B2 R B FORLENG » £’ _
Folin-Ciocalteu, Bt 0 — 1.4 BEAHEBERIGR B TFHMIEME o X 3 MAEE
IRFEO0 — 0.8 BNAMEHEBE SRR REME - HWERRAEZARRERE » 4 BIHESNE
Folin-Ciocalteu ZE 10-80ppmffi[® » Ferrous tartrate 7 100-1500ppm , Vanillin - HCL
7= 20-200 ppm, K-Ti Oxalate 7 10-800 ppm STEAE o

*3BEEMGEREHFEX > HMEBRELERE S » Vanillin-HCL Bl Ferrous tartrate
HIE B e RS » LHE L pyrogalloyl RER¥EMIR Vanillin- HCL ##[%E » f1Ll Catechin &
EpicatechinE ¥, » R Ferrous tartrate EHIEZ&ER SR EMRARCE R Al A5 M B #2
K= o
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<000 0 2000
Fetrous iarirele ;’
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lig 1. The standard curve of various methods with different standards

]Catechin
QO Epicatechin

* Pyrogal loy

A Ethyl gallate
¢ Tannic acid

Table 3. Regression equations of various methods with different standards

L il alimilunliniFonllviunisnli il

Method
Standard Vanillin- HCL K-Ti Oxalate Folin-Ciocalteu Ferrous tartrate
Catechin Y=534.11X—24.39 Y=1023.49 X~ 4.43 Y=57.96X+1.18 Y=1602 X+ 51.16
R = ,9999 = ,9990 . R = .9998 R = ,9995
Epicatectin Y= 451.9X—10.97 Y=1036.4X+2.26 Y=58,25X~—1,02 Y =1572,6X+ 90,385
R = ,9997 R =.9999 R = .9999 R = .9978
Pyrogal loyl Y= 2493,03X—188,73 Y=517.28 X— 1,24 Y =42,14 X— 0,766 Y =309,24 X+ 4,87
' R = .9940 R = ,9999 R = .9999 R = ,9999
Ethyl gallate =634,25 X—1,7 Y =74,87X+0.45 Y =361.98 X~ 0,132
R = .9999 R = .9999 R = .9999
Tannic acid Y=678.26 X+ 3,70 Y =65,59 X+ 0,06 Y =488.64 X~ 2,85
R = .9999 R = .9999 R=.9999

Y ! Concentration ( ppm )
X ¢ Absorbance
R : Correlation Coefficient
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1. 5% K B B U G R -
ﬁ‘i@%ﬁ%{t%@ﬁﬁ%lﬂﬁaﬁlﬁﬁ&Z%% » LT RAEBERBER 27T o 8 2 BRI

ERRMME 4 BRI EZBRBOCHEEA » @R Vanillin- HCL EBXEEE K7 500nm,
--Ferrous.tartrate BRI RBENTIkEE » Folin-Ciocalteu BIfZH 700-750 nm, K-Ti
Oxalate Al 500 nm DITERERK LA 2RIKE o RINKERBRE < B CHBEREK-Ti

 Oxalatefll EEELBRKZYRTE » CRIMBAMABR 445 nm BE0.02 ZHLMHE » BEW
5% s ERTFEALIRMBAMRBERBAEATOR) o

~ Abssrbance

fig 2. Visible spectra for various methods and tea infusion,
-«-Ferrous tartrate = = = ——-~- Vanillin- HCL
— Folin-Clocalteu -=--- K-Ti oxalate

*x%*% Tea infusion

2. DU I B L AR e v 2 L
3 S U A B v A VR R R R 2 O (s 4L » MR 0 Vanillin-HCL HIEEZR
YelEIe % ARBE » RO ERREZCRETRE TR » BRARREEMARE 10 D@EHE
MR I ABEE 20 ST » HBOEMTEE 4 % o Folin Ciocal teu AN ABRM 60 £k
S HAWOCE » % RREIER » BEEBEETIE » WRMARE 80 SE%HIE » R KME
2534 %Ll F o K-Ti oxalate B Ferrous tartrate M fEHI%E % HE T 2 ML RN HIELE

100 Az NIRRT

0.92

0.8 ‘L | | '

~
0.48 N . | ' . N
0.48 A ‘ fig 3.Change in absorbance with time

for various methods,

0.42

—[J: Ferrous tartrate method

—<& : Folin-Ciocalteu method
— 4+ ¢ Vanillin-HCL method
—/\ ! K-Ti oxalate method

D+¢~_l

Time { min.)
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Table 4. Simple correlation coefficients between different methods

FC FT KTO VHCL  HPLC

FC 1.0000 .H398%¥ ,6081xx . 2553 . 5324 %%
FT 1.0000 6997 %% 3224 % .5920% %
KTO ' 1.0000 .3968% . 4969%
VHCL . 1.0000 .3318+
HPLC 1.0000
FC : Folin-Ciocalteu
FT : Ferrous Tartrate

KTO : K-Ti Oxalate
VHCL @ Vanillin-HCL
HPLC: High Performance Liquid Chromatography
K4RUEMRRAIEEHRHPLC HEE<HMZ 1 » HPLC HAIEZRRUE R XK EGCG,
EGC, EC,Czf& » o 5hEt 53 HRK c FPLHERE SR » B Vanillin-HCLEL Folin-
Ciocal teu KEMBFE HM A » HEBEIHH 52 =B E 2 FHEM » Hep Ferrous Tartrate 8
K-Ti 0xalate$ﬁﬁﬁ{§‘?ﬁﬁﬁ( r =0.6997, P<0.001 ) » EXx & Folin-Ciocalteu EﬁiK-Tl
Oxalate ( r = 0.6081 ) + BHZx K Ferrous Tartrate El Folin-Ciocalteu ( R = 0.5398 )
o SLHPLC ﬁiﬁ’l‘ziﬁﬁﬁ}ﬁzmﬂﬂﬁﬁﬁ%} Ll Ferrous Tartrate /BB =S ( r = 0.5920 ) >
- M8 Vanillin-HCL #EM&ME ( r = 0.3318 ) » WHEFRPKLRAES » LLEAKR T REHN Vanillin-
HCL Gth iR R#EE ( Theaflavins ) fﬁﬁz MWD RERRECEANKIKREE » M High
Performance Liquid Chromatagraphy Eﬁﬁ}ﬁ » Rk B P M B B SR A TR 5 o
AFHMES
ﬁsﬁMEMﬁﬁ&Zﬁﬁﬁ%ﬁ’%ﬁﬁ23@&m!ﬁﬁﬁﬁﬁﬂﬁ3%=ﬁﬁzﬂiﬁ
ZBEYUEE ( STD ) » BEFKM( CV ) RAGHHEBEE ( pooled STD ) ~ AHHMRFAM (
pooled CV ) ZifiFHE o L& OF M2 RAGHBBHRE > (55 23 BRASH ZWBE > hEd
% REER > Ll Folin-Ciocalteu Witk » HAGHBREMRIE ( 1.86 ) » HKMB Vanillin-
HCL B K-Ti oxalate, HAMBREMAFNS3.71 & 3. 98, Ferrous tartrate ¥7%EH|
mzE(4.41 ) o DIGWREZGRMBRAEZBR > B STRELRDBRATEZ LA CRE D
) o HHER K ﬁﬂ‘ﬁﬁ%%ﬁﬂquﬁﬁ B FROMERZAIHER S o WERAES SR
e E4r 91585 Folin-Ciocalteu B ( 0.158) » ﬁ?{ﬁVanillin-HCL( 0.334) B1K-Ti
oxalate ( 0.633) » Wikl Ferrous tartrate /& ( 0.717) o LIRNMEZ OHEE » BE RS
Eﬁ%_ ’ EUMﬁﬁﬂ?jﬁ&‘;%%ﬁE?{ﬁ Folin-Ciocalteu 0.423 ppm, Vanillin-HCL 5 .39 ppm,
K-Ti oxalate 13.40 ppm X Ferrous tartrate 28 .52 ppm o .
5. fERIRA ,
*6 %mﬁiﬂﬂﬁﬁﬂiﬁﬂﬂumﬁEﬁﬂ:%ﬁ’ﬁiﬁnnﬁﬁﬁ?%% o HERESR Lﬂﬁfiﬁfﬁrﬁ}ﬁﬁ
CHEBEEEEEEE » 1Ll Ferrous tartrate SEEFH 1 » M Catechin 8 Epicatechin®
B RBAEEHERR BHERZ 30 %LIE (SB917HHE 10 1/7) o R Ll Catechin By
Epicatechin R¥8 & » MLl Vanillin-HCLEIER » HBE R B IHTEE 10 % (1 {THHE 2
7)) c RPREEBRZHBESBRERERWES FLUE - ARARRAKERTLIRPIMLIR KME
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BOREERT R GREE TR KR MAREGHRY o IR LB BB
RFTRF R o '

Acid vanillin method /%88 %5 5 w00 BB B BB 2 A BTk ¢Tot 1o 14029300y oL (L AS
BAEE R FEENER (r=0.94, P<0.01) » BERSNMESREAERIIABERT
FOTEIRC s HR 4G EM » @3 flavanols B dihydrochalcones BAEA HERME » WK ARE
C— 4 (7B E ( carbonyl group ) E7RKHKE » M0F lavones, X W E 4 catechins ( K )
Bl leucoanthocyanidins ( AR ) » EREEGAHGKAERESREEC - 28HC - 3 ZMUVA
REE» ABVESBMOHT ZHERE  BXTHRBRARESVREERE o H AR R HER
TREEMMEER S Vanillin HERFE > WRABETHRBET  LETERARGRE (R
M))ABEZC-6HC—-sMBZHKE - REF-MYBRAHRILGEY > REREFRN
NE (BEFIAREER) » BZXERE ~ M~ )6~ BERE ( HC1 5H.80,) (o *°
» FEEIR B30 anthocyanidins ZEMEBKPER flavylium BT BETIRLE  §EA
¥ Vanillin QBB AZFE B Vanillin S — N X RFEERENVESAOHES
Fi8 o RN RIKSRE o ERBROFFBRERABER » BElM LS HEd » BR
A ENSERYE P BEREHRARREATMEMEKX N Folin-Ciocalteu ik o DFE M D ( £
MERRAWBR M ) REXNRFolin-Ciocalteu ¥+ (HSRHPLC EoHEREAMARE
AU PESEREPEREREBELE (HESBR) » 55 %k R R BLE@;{[’:%Tﬁ
TE A3 HiRe ) B e R R K fRG %% 7o

Folin-Ciocalteu method BiVanillin WK » THEREEE B EMEEM ¢
456), (AENEIEEM o Folin-Ciocalteu :88 Prussian blue &% BE L BRERAIRE L ©
0, i REARMYEBED (CIEMRMRHMHEN) » MBS AL MREREBEHEB S 28T
R 5 2 molybdenum blue, B AT RAR 700 — 760 nm Z[H » #%356 R #E K R A p
ZEZRBERFER_ME > R ( Fe (CN) 7' ) Fed SEMEFHEY—M Prussian blue,
BTGB A 720 nm M3E o Wi# AR RVRE R BE A Y ( charge-transfer complex
) » BEEHERHNREEAR (HBEE) »r RENBEZRB/IRDEEN D R TEREE
KEHN > BREE ST EHERRE MR - AR EITEHME A mono K dihydroxy #y
BAE o F—B03R MM H.0: » Sulfides » Vit.CHr REHBHRZKEER S BOE - $BHRE
» AT BRERE o Ll Vanillin 54735M Folin-Ciocalteu 43472 HME A S MM HF
&8 ( polymerization ) Z#BH ¥ LHER/ BAERER A EEX/DFREARIL
W43 7 B MU & R AR - Eﬁ'mﬂﬁﬁlﬁﬁﬁﬁﬁEﬁ-?ﬁfbﬁ?ﬁ}ﬁ?&mz—-' o A BBRMR KN
it EEBBERE > BEREMEENED - BOHTERETE o ( B® LLIFolin-
Ciocalteu &8 Prussian blue i EHIE 2R » BBE Ll Total phenols #82) o

~ Ferrous tartrate method 2 ZAEMBESEHETEHIIBERESWMNTE (B TS
A O ARRERETR  CHEARENREBSERERYE B DA NEE=8H
B o LA EESEN S R B R EMNBEER  RERECYBAEENEESH
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Evaluation and Comparison of Methods for the Determination of

Phenolic Compounds in Paochung Tea

Andi-O Chen' Yung-Sheng Tsai 2 Ru-Hwa Chang?
~ Summary

Phenolic compounds usually are the most abundant water-soluble components
in the tea. It mainly contributes the taste and the color of tea. Its quantitative deter-
mination, therefore, becomes important related to the tea quality. Different methods
for determination of phenolic compounds in Paochung fea were investigatéd. The results
indicated that all methods had their advantages and disadvantages. K-Ti oxalate and
Ferrous tartrate methods showed high specificity to phenolic compounds containing
o-dihydroxy1 groups, but low in sensitivity and reproducibility, Folin-Ciocalteu method
having the highest sensitivity and reproducibility among these four methods gave no
specificity to all phenolic compounds. The stability of colored products from Vanillin-

HC1 method varied with time was noticeable, it is necessary to control the condition
for analysis well and precisely . The result also showed that the stability of colored

products from K-Ti oxalate method was influenced by the presence of tea infusion.
There was a significant level of relationship between the fesults from Ferrous tartrate
and K-Ti oxalate methods. In comparison with the results from HPLC, Freeous tartrate
method gave the highest correlation coefficients with HPLC data while Vanillin- HCI
method gave the lowest ones. The content of phenolic compounds calculated from
different standards used was significantly different, therefore, it might result in under-
or over- estimating the true contents. Four methods using different standards showed a
good linear relationship. Beer’s law was followed as long as the absorbance in the range
of 0-0.8.

Keyword : Phenolic Compounds, Téa, Analysis Methods.

1.  Associate Professor, Department of Food Science, National Chung Shing Univer—
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Effects of shading Percentage and Duration on Yield, Young
Shoot Characteristic and Pauchong Tea Quality of Tea.

1 2
Chian-Hoai Fong and Ying-Siang Shyu
Summary

Investigation on the effect of defferent shading intensitjes (0. 40. 60. and 80%)
and time ( 5 and 10 days ) on yield and quality of fresh tea leaves as well as made
tea of pauchong of 3 varieties was conducted in field.

The treatment of 60% shading for 10 days prior to plucking was found to give the
best effect in which the fresh leaves produced were smaller, greener and more tender
as compared with the control. The treatment was also found to improve the qual-
ities of pauchong tea evidenced by lower content in tannin but higher content in caffe-
in and better appearance of made tea. It is concluded that shading treatments can be

used to improve the quality of summer tea.

1 and 2, respectively, Assmta;nt Agronomlst and Agronomlst Talwan Tea Expenment ,
Station, Yangmel 'I‘aoyuan Hsein, Taxwan 326, R. O. C '
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Taiwan Tea Research Bulletin 7 : 79~ 90 (1988)
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Fig 2. Path analysis and correlation between leaf characteristic of different varie-
~ ties and oolong tea quality |
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Fig3. Path analysis and correlation between young shoot internode length and diameter

of different varieties and oolong tea quality.

WO oA M OE B B RO R B 00 BRER SESH

- . , young shoot
Simple Correlation Coefficient Quality of Oolong tea Path Coefficient Characteristic
1.6  #RAppearance Py —0.1164
" /0.9032 ( ' A
_ | 0.0243 2.5 B Colour P, 0.2315 |
0.6566 | » ’Q). 1689 C | \
0.8254 | 0.7755 37& & Colour of liquor Ps; — 0.0837, & 6] &=
0.91211\, " 0.0578( | | ™~ Lenth of
0.0695 4%  WBFlavour and tasts P; — 0.0474—> interncde
0.9583C s
CSQ’WﬁPolyphenols Ps 0.0634 /
Y6.H  fiOthers Pu 0.7877

o 1%  #RAppearance P, — 0.2265
/ 0. 9032 C o k ' TN
0.0243\ , X258  ®Colour P 0.6670 \

Ry ¢ 5 Colour of liquor Py — 0.1859§‘ - i B R
7 Diameter of
4%  WRFlavour and tasts P, — 0.8604—, internode

5.5 En ¥ Polyphenol s Ps 0.04027'

6  fhOthers Pu 0.8211

0. 8254 0.7755 (>

<\

0.0695

S

B SER AN NSRS RERERDERA > M2 AAEMP4. —0.8604 » TTHERE
B RS REBIMRER  BRERIKYZEE ROHNREE RS KREM > ¥
KSR RBB I RERZ MR IR MEEE - SEABKMERE  SEWEEHER-




84 B IR R R 7 W ( 1988 )

o O]~ 5% 2 R I BELRS WE R T B AR 0 A BRI
Figd. Path analysis and correlation between young shoot weight of different varietres

and oolong tea quality
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Fig 5. Path analysis and Correlacion between leaf characteristic of different Varieties

and poachung tea quality.
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Fig6é, Path analysis and correlation between young shoot internode length and diame-

ter of different varieties and poachung tea quality.
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Study of Selection Index on Breeding Tea Plants
(I) The Agrommic' Characters of Tea Plants in
Relation to Their Yield and Quality of Partially

Fermented Tea

Chan-Hoai Fong
Summary

- The _relationship between the agronomic characteristics of tea plants ._.a_nd yield
or quality of partially fermented tea was studied by “path analysin” The results were
found as follows.

For both Oolong tea and Paochung tea, the yield was positively correlated with
internode length and leaf length. The flavor was correlated posmvely with leaf thickness
but negatively W1th leaf length, width and area. '

For Oolong tea, the flavor was correlated negatively with internode diameter,
shoot weight and yield. The appearance and color were correlated negatively with shoot
weight and yield.

The agronomic characteristics of tea shoots during the juvenile stage were found
to be as good selection index in breeding. Using this approach, we can choose superior
varieties during the early stage of breeding program, and the duration needed to breed
new varieties can be shortened.

Assistant Agronomist, Departmént of 'Tea Agronomy, TTES Yangmei, Taoyuan HSein,
Taiwan, 326, R. O. C.



Taiwan Tea Research Bulletin 7: 90 ~ 105 (8’) _ . %

Maltodextrm Used As a Extender and It’s Effect
On Antlcaklng of Instant Tea

I Ming J ua-n and Wei-Hsien Chang-

1. Taiwan Tea Experiment Station
2. National Taiwan University

Summary

The properties of moisture adsorption isotherms of two instant teas, pauchong
tea and black tea were investigated under laboratory conditions (various relative
~humidities at 25 °C). Saturated salt solutions were prepared for humidity adjustment
Certain parameters in the moisture adsorption isotherms which are associated with
caking of the instant teas and effect of certain agents in improving the caking problems
were also studied.

From this study we find that maltodextrin can be used in the manutacture of
instant tea as an extender with anticaking ability. It is recommended to add 10% mal-
todextrin (DE14) into instant tea and to maintain the water activity of the product
‘below 0.5 in order to keep good free-flowing ability without caking.

Key words: Instant Tea, Anticaking, Maltodextrin.

INTRODUCTION

Tea is made from the young leaves, buds and tender stems of varieties of the
species Camellia sinensis (Linnaeus) 0. Kuntze.

There are three general classes of tea: the unfermented green tea, the partially

A part of this paper was presented at the 5th International Flavor Conference, J uly 1-3,
1987, Porto Carras, Greece. '
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fermented pauchong tea or oolong tea, and the fermented black tea. These three general
types of commercial teas -are results of variations in processing methods and degree
of fermentation.

- The high acceptability of tea, is due to its mild taste and value for health. In the
mid-1950’s attention was focused on the development of instant tea. The extraction,
~ concentration and drying techniques developed for the manufacture of instant coffe
- were applied to tea. o

Due to the differences in chemical composition of tea many modifications were
necessary in adapting the methods originally developed for the manufacture of instant
coffee. At the present time the instant tea industry is highly specialized and there are
so many manufacturers of instant tea in the United States and in Asian tea-production
countnes, such as Japan, India, Sri Lanks, and mainland China. [n order to promote
instant tea mdustry, Taiwan Tea Experrment Statron has set up an instant tea pilot
plant in 1983

The instant tea products by the pilot plant were found to have good Qualrty of
color and taste but to be very susceptrble to cakmg due to their hygoscopic property.
Due to the caking problem instant tea production has not been commercialized in
Taiwan. To improve the caking problem, it is essentail to iﬁveStig-ate ‘the properties of
water adsorption of the instant teas and search for adequate agents which have anti-
caking properties. To this end, this study was conducted. -

"~ MATERIALS AND METHODS.

Materials

1. The raw materials of pauchong tea and black tea for the manufacture of instant
tea were made in Taiwan Tea Experiment Station (TTES). All of the fresh leaves
were plucked by a machine plucker.
Paselli MD14 (DE=14), a kind of maltodextrins made from potato starch, is the
product of Avebe B.A.(Veendam, Holland). The carbohydrate composrtlon of
Paselli MD14 is: glucose 0.4%, maltose 2.5 %, maltotriose 4. 0%, higher saccharides
93.1%.

Methods
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Manufacture of instant tea.
‘The instant pauchong tea and instant black tea used in the present studies
were m_anufarc;tured in the instant tea pilot plant of TTES according to the‘--process

shown in Fig. 1.

Tea (pauchong tea or bl&Ck"tea)'

Hot wat'_efl,'?eXti'ation .
(90°C, 15-18 min,)

Filtration
(300 mesh first, and then 400 mesh)

| |

Vacuum concentration
(45-50°C, 85 mm Hg)

| €« — — — —— Addition of maltodextrin

Foaming (N2-aeration under pressure)

Drum freezing (-30 — -40 °C)
Mechanical granulation (-30 — -40°C)

Freeze drying

Instant tea product

Fig. 1. Flow sheet for the preparation of instant tea.

~ Preparation of different relative humidity chambers.

Saturated salt solutions were prepared for humidity adjustment in glass

desiccators, in 12 inches diameter. A total of 9 chambers with relative humidity

ranging from 11% to 97% were prepared (8).
Moisture adsorption isotherm of instant tea. _

The - instant tea samples were re-dried in a vacuum oven at 40 °C until the
moisture content was reduced to below 1% (wet weight basis). About 0.5 g
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(weight to 0.1 mg) of the re-dried instant tea was taken in each of several glass
tubes equipped with a screwed cap, and the tubes were then placed in different
relative humidity chambers. allowing the weighed samples 1o adsorb moisture at
24-25 °C. The weight gain was recorded every 12-24 hous until an equilibrium
state was reached. At the equilibrium state, the sample gains and loses water at '
the same rate. This can be reached in 14-18 days.

- Three replication experiments were carried out for each measutement, and
the mean values of the results were used to draw the moisture adsorption curve
and to calculate the monolayer value of instant tea. (2,3,4)

- Prepartion of maltodextrin-treated instant tea.

Maltodextrin was dissolved in hot water at 60-70 °C, and the solution was
added to a concentrated tea extract of about 30% soluble solid content, and the
mixture was thoroughly mixed and freeze-dried; The ‘amounts of maltodextrin
added to the concentrate were 2%, 4%, 10% and 15% (W /W), respectively.

RESULTS AND DISCUSSION

1.

Effects of maltodextrin tretment on moisture adsorption rate and caking of
instant teas. ’

(1) Effect of the amount of maltodextrin added on the time required for caking.

In this study lumping and loss of free-flowing property of instant tea
powders were defined as caking, and were :qual'ita:tively__evaluated by observation
with naked eyes. Samples of instant black tea with various amounts of mal-

_ todextrin (0—15%, W/W) added were kept under the conditions of 52% RH and

24-25 °C for moisture adsorption, and the time required for caking to take place
were shown in Table 1. '

Table 1. Moisture adsorption time required for caking of instant black tea with
various amount of maltodextrin added*

Maltodextrin added _ - Time required for caking

(%) _ (hours)
O 9:12
2 12-16
4 18-20

10 36:40

15 38-42

* Storage conditions : 52% RH, 24-25 °C
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The results show that instant black tea with 0%, 2%, 4%, 10% and 15% of
maltondextrin added began to lose its f_ree.—flOwihg property respectively after
9-12, 12-16, 18-20, 36-40 and 38-42 hours of moisture adsorption at 52% RH
and 24-25 °C. From these results it is evident that the higher the amount of
maltodextrin added to instant black tea, the longer was the time needed for
~ caking of the product to take place.

Because the instant black tea samples with 10% and 15% maltodextrin added
exhibited 'alm_ost, the same ability of delaying the _t'ime required for caking to take
place, and also because the taste and color of the liquor prepaxe.dfffom the pro-
duce with 10% maltodextrin added was better than that with 15% _malto.dextrin-
added, the addition of 10% maltodextrin was chosen for further studies.

(2) Effect on moisture adsorption rate.
The moisture adsorption rates of instant pauchong tea and instant black tea
with or without maltodextrin added were measured during the first 12 hours, and

the results were shown in Table 2.

It_ is apparent that, under the conditions of higher relative humidities from
43% to  97%, maltodextrin treatment effected in reduetion of moisture adsorption
rate of instant teas. The moisture adsorption rates of instant pauchong tea and
instant black tea with 10% maltodextrin added were 81-93% and 82-98%, respec-
tively, of those of the respective instant tea without maltodextrin treatment.

Although the samples of maltodextrin-treated instant teas showed hlg‘her
moisture adsorption rates than untreated instant teas under lower relative
humidities below 35%, the final moisture contents were almost the same, and
lumping or caking of instant tea powders was not observed even after long ex-
posure to such a low relative humidity to reach an equil’ibfiﬂm '(Table 3)
Therefore, maltodextrin can be used as a good extender and a good antlcakmg
agent in instant tea processmg

(3) Effect on caking of instant tea: _
Moisture adsorption time required for caking of instant teas with of without
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maltodextrin-treatment to take place under various relative humidities were shown
in Table 3.

Both of the instant teas, no matter with or without maltodextrin added, did not
show lumping or caking phenemenon even after a long time storage under relative
humidities lower than 33%. When exposed to 43% RH, however, instant pauchong
tea and instant black tea without maltodextrin treatment caked after 55-60 hours
and 35-40 hours of storage, respectively, while both of the instant teas with 10%
maltodextrin added were able to keep good ability of free-flowing even after reaching

“an equilibrim.

Table 2. The effect of maltodextrin-treatment on the moisture adsorption rates of instant
teas under various relative humidities.

Moisture adsorption rate ( g H,0/g solid/hr)

- BMD/B(%)

RH(%) PMD P PMD/P(%) BMD B

11 0.1173  0.1009 11625 0.0542  0.0467 116.06
23 0.2400  0.2145 111.89 - 0.2108  0.2017 104.51
33 03791  0.3736 101.47 03308  0.3142 105.28
43 04891  0.5245 93.25 0.4508  0.4575 98.54
52 0.5727  0.6327 90.52 0.5808  0.5733 101.31
67 0.7782  0.9082 85.69 0.8200  0.8775 93.45
75 08773  1.0782 81.37 09708  1.1025 95.88
86 1.0573  1.2391 85.33 1.0958  1.2408 88.31
97 1.2618 90.07 1.6300 82.52

-1.4009 1.3450

The moisture adsorption rate was measured during the first 12 hours of storage at 24-25°C.
P and B : Instant pauchong tea and instant black tea without maltodextrin, respectively.
PMD and BMD: Instant pauchong tea and instant black tea with 10% maltodextrin, respectively.

Table 3. Moisture adsorption time required for caking, under various relative humidities
-and at 24-25°C, of instant teas with or without maltodextrin-treatment.

Time requii'ed for caking (hours) .

RH(%) P PMD B BMD
33 NC ~ NC NC NC
43 53-60 NC 35-40 NC
52 9.12 36-40 9:12 36-40
67 <6

18-20 <4 8-9
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P and B: Instant pauchong tea and instant black tea without maltodextrin, respectively.
PMD and BMD: Instant pauchong tea and instant black tea with 10% maltodextrm

respectively,
NC: No caking was observed even after reaching moisture equilibrium.

Under the storate condition of- ' 52% RH, the mositure adsorptio‘n tim-e_
required for caking was 9-12 hours for both of untreated instant teas, in com-
panson with 36-40 hours for the maltodextrm-treated instant teas.

II. BET monolayer values of instant tea.

The BET isotherm employs the monolayer concept in which the molecule is
bound tightly on a homogeneous surface. The equation is quite useful in defining an
- optimum moisture content for storate stability of dehydrated foods. It may not be
~ totally correct since the food surface interaction is heterogeneous, but the equation is
useful. (1, 2, 3, 4,)

a 1 o a(C-»l)
- )
(1-a)m Vm C . VmC
Where -
a : water activity

C : aconstant
M : weight of adsorbed water = g H20)/g solid
Vm: monolayer value ' |

The BET monolayer plots for instant pauchong tea and instant balck tea were
‘shown in Fig. 2 and Fig. 3, respectively, and the calculation of the monlayer values of
the instant teas were shown in Table 4. '

The monolayer values of the 4 instant teas calculated in this study were as follows
instant pauchong tea (P), O. 0629 g H20/g sohd or 5.92% of total welght maltodextnn-'
treated instant pauchong.tea (PMD), 0.0570.g H2 0/g solid, or 5.39% of total weight;
‘instant black tea (B), 0.0584 g H20/g solid, or 5.52% of total weight; maltodextrin-
treated black tea (BMD), 0.0601 g H20/g solid, or 5.67% of total weight.
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Fig 2 . BET monolayer plot for instant pauchong teas.

P: Instant pauchong tea without maltodextrin,
PMD: Instant pauchong tea with 10% maltodextrin,
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Fig 3..BET monolayer plot fur_inﬁt&ntxbtack teas,
B: Instant black tea without maltodextrin.
BMD: Instant black tea with 10% maltodextrin.
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Table 4. Calculation of the monelayer value (Vm) of various instant teas.

Ttems P PMD B BMD
C-1 1 AAR
Slope i 13.7007 157444 149639 14.6502
vm C
] . _
Intercept : = 2.1926 1.7960 2.1637 1.9799
' Vm C |
slope _ | _
Constant : ¢ = — —+ 1 7.2486 9.7664 79159  8.3995
| mtercept |
Monolayer value : V 1
onolayer value : Vm = —————
o -~ C x Intercept
(g H20/g solid) 00629 00570 00584  0.0601
(g H2 0/100g total weight) 59178  5.3926 55178  5.6693

Vm: Monolayer value

C: aconstant -

P and B : Instant pauchong tea and instant black tea without malotdextrin, respectively.

PMD and BMD : Instant pauchong tea and instant black tea with 10% maltodextrin, re3pect1valy

From these results we can see that the monolayer values of all of the 4 kinds of
instant teas were between 5% and 6% of total weight, and the water activity at these
moisture contents are between 0.2 and 0.3,

. Theoretically, if the moisture content of powdered foods is controlled below
monlayer value, no caking phenomena can be observed even in a long term storage.
(.59 6! 75 9: 10)

In our study the monolayer values of the instant teas correspond to the water
'activity of 0.2—0.3. According to the theory mentioned above, these instant teas will
not cake under the storage condition of water activity equal to or below 0.3, From
Table 3 we can see that these instant tea samples did not cake if the water activity is
controlled below 0.33. These results are in accordance with the prediction mentioned
above.

III. Effects of maltodextrin treatment on the critical water activity for caking of
instant teas. '
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Samples of instant teas were placed under the storage conditions of 52% RH
‘and 24-24 °C for moisture adsorption until they start to form weak lump which can
be broken by shaking. The moisture content at this state is defined as critical moisture
content for caking. '

The critical moisture contents for caking of the instant teas at 24-25 °C were
shown in Table 5. The value for untreated and maltodextrin-treated instant pauchong
teas wer 7.81 * 0.26% and 9.17 * 0.23% by weight, respectlvely, and those for mstant
black teas wer 7.5 6t 0.17%and 9 05+ 0.63%, respectlvely

The critical water act1v1ty for caking of instant teas at 24-25 °C were also shown in
Table 5, The values for untreated and maltodextrin-treated instant pauchong teas were
0.43 and 0.52, respectively, and those for instant balck teas were 0.42 and 0.50, re-
spectively,

Table 5.  Critical moisture contents add critical water activities for caking of instant teas at 24-25°C

Critical moisture content Cripcal water_

Instant tea O ( g-/h20_/ 100g solid ) ( g H20/ 100g total welght ) activity
P ' 8.46+0.30 7.8110.26 . 0.43
PMD 10.1010.28 9.1740.23 0.52
B 8.1210.30 7.5610.17 042

BMD 9.950.76 9,05+0.63 0.50

P and B : Instant pauchong tea and instant balck tea without meltodextrin, respectwely
BMD and PBD : Instant pauchong tea and instant balck tea with 10% maltodextnn respectwely

IV’ Heat of sorption of instant tea.
The
The Clausius-Clayperon equation in modified form describes the temperature
dependence of water activity m.o'st_ accurately. (4) |

d Ina —AH

il

dQa/T) R
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Where |
Ina : natural l@ganthm of water activity
T : absolute temperature

A H : heat of sorption in cal/mole
R : 1987 cal/mole °K

| Then a plot of lm versus 1/T will give a straight line at constant moisture content,
the slope of the line cooresponds to — AH/R. (see Fig. 4 and Fig. 5) From the values
of — AH/R, the heat of sorption, AH, can be calculated.

The heat of sorption, A H, of instant teas were shown in Table 6. As can be seen,
AH increases with the decrease in moisture content, indicating a stronger binding
energy in instant tea with lower moisture content than that with higher moisture
content. - '

V  Observation of the collapse or the initiation of cakmg with a scannmg electron
migroscope.

Samples of instant teas were placed in a 52% RH chamber to adsorb moisture for
24 hours, and the collapse of the granular surface of instant tea was observed with a
scanning electron microscop.e-.- The electron microscopic photographs were shown in
Fig. 6. From these photOgraphs we can see that untreated instant pauchong tea (P) and
instant black tea (B) are very easy to form collapse, that is the initiation of caking, even
under intermediate relative humidlties such as 52% RH while the 10% maltodextrin-
treated instant pauchong tea (PMD) and instant black tea (BMD) were able to maintain
a fine network structure. '
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Fig 4. Clausius-Clapeyron plot for instant pauchong tea without maltodextrin-
treatment.

OYl= -1171.2471x + 2.0945 (r=-0.99975) O Y2= -1095.2540x + 2.4091 (r=-0.99982)

AY3= -1053.8684x + 2.5388 (r=-1,00000) O ¥Yd4m -411.1201x + 0.5760 (r=-0.99998)

* The moisture content of samples ml, m2, m3 and m4 were 3.37%, 4,07%, 4.47% and
6.50%, respectively.
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Fig & . Cégugius—CIapeyran plot for instant pauchong tea with 10% maltodextrin
added. |

OYl= ~1186.8938x + 2.2046 (r=-0 39810) O ¥2=-1064.7691x + 2.3734 ( .
. » -V - " . r=—0-99898
AY3= -1069,.8499x + 2.5777 (r=-0.999%4) O ¥4=-688.6721x + 1.5550 '(r=—0.99385:

* The moistyre content of samples ml, m2, m3, and md we
and 6.28%, respectively. o Ao WS B3, And me were 3,708, 4'45%' 1.98%
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Fig & . The scanning electron microscopic photographs showing
the collapse of instant teas. (After storage at 52% RH

for 24 hours)
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Table 6. The teat of sorption of instant pauchong teas at different moisture contents

P PMD*

e

i —————— i ———

Moisture content ' Moisture conent,
(% total weight) AH (cal/mole)** (% total weight)  AH (cal/mole)**
3.37 2327 370 2359
4,07 2176 4.45 2116
4.47 2094 4.98 2126
6.50 817 6.28 1369

* P and PMD ; Untreated and 10% maltodextrin-treated instant pauchong tea, -_'respectivel’y._
** AH : Heat of sorption.

From the results mentioned above we can conclude that maltodextrin can be sued

as an extender wth anticaking ability in the manufacture of instant tea.
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