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REER R (20 H) - DA 3 T2 100ml Sk EEEAP/INGS - REEE L0 - BBk
£ 150ml f#FF -
TR SRR B ER 55
()X PVPP ( polyvinylpolypyrrolidone ) W4
150ml 5350 5 52 PVPP IR 524 - RKIEVEALL 0.1N KOH AR 525 » b
HRFOZE pH6.5 - INHEMINAE R Amberlite XAD-4 DURAT RN » LUKFEEEIGRE
ARABIR N o AR - FELAERA B AR RIS HRZ RIS R -
OLIEFEZERE (Solid phase extraction ) ZiE45 B
LD 2. Aminopropyl 4453 H:
REUFEH R ZEEZE > I 9ml HEEEIR S =X BACKEER ZEBET s
Amino-propyl &4 (Supelco i ; 3ml/500mg ) » FELABEES ZEe e BRI < 58 - &
#%3BILA 3ml 27K ~ 0.5N NaCl J IN NaCl {5 BEH 5i 25508 -
2. LU PBA (phenyl-boronic acid ) B FE45B -
X% Sml A Iml pH6.5 IN ZBiFSIRERIESTRBEACI pH6.5 0.1IN BEERIRERZ M
Z PBA EHE » DL 10m] FEARERRGEERHRIT < HEE » FHLL 9ml pH3 0.IN ZIEEEREIE
EVRS B L SO AR - VR IR 1m] pH6.5 2N BERRIRENRIE & 1B A EAR/K M6
& C-18 HE (Supelco Hidh 3 12ml /2000 mg) > DUKBEEAEBIR - ik FER S R

=ERRFRRZ B
#E PBA ETERIZ F 5T 32K » A Sephadex-LH20 4% » I UK TR R & & -
FHHIEL 55,65,75%  EFSETOAREL R TE » LIS RBIRES ERFINEE - IEER L HPLC
EMEST -
U i1 e 2 R e & & I E

ERIRAREESTEAE: (C) ~ (EC) ~ (ECG) ~ (EGC) - (EGCG) %A fE -
C 8 EC 2 fE¥EfLIE H Sigma /AF] - ECG ~ EGC F; EGCG 1Z#: 5,55 H A BEA BRI P -
1 TN 85ml 7k 1 /[NEF » LA Whatman No.41 JEAKERHZEEES 100ml - BY 50ml 5
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L 150ml > FFLL 0.45um JEAKIBIEE LI HPLC 47 -
MEARERRUABUKEEE  HEREE A 0.45um 1§ %&1@0’5&1«)\ HPLC %Tﬁ
T3 e
HPLC %25 : Perkin Elmer Series 200
45> B & ' Merck100 RP-18 column (4mm X 250mm )
T 5 85 75 ¢ 20ul TTEERE : 35C
{8 W £%:UV280nm > Range 0.2
iS5 R 25 574

3| #H : 0.05% phosphoric acid: acetonitrile:ethyl acetate
| =88:9.6:24
pump BE 7 : 2070 psi > yiEE  1.0mlUmin
TESREAET IR

—DIAEZERCA A B GE T AR RS
(=)L PVPP IR B 5 2R SR
DA PVPP B2 2 A4S » FLL 0.IN KOH B FEZSSIEN RN - [EIRERLS 40%
(R—) LERRERIIRIBRZFG PR (B—) - R FmRmsEE - ESHE S0y
SOMEVEL - EYBRERAL -

F— LI PVPP URFfHE 5 SR SRIE S [BIR
Table 1:The yield of catechins isolated by PVPP adsorption
Components (mg)

EGC EC C EGCG ECG Total Caffeine
catechins
Tea liquor  670.56 182.53 48.71 708.54 105.88 1716.22 450.80
Product 185.47 163.46 21.58 284.17 82.59 737.27 1.21
Yield (%) 27.65 89.55 44 .30 40.10 78.00 42 .95 0.26

EGC:Epigallocatechin , C:Catechin , ECG:Epicatechin gallate
EC:Epicatechin , EGCG:Epigallocatechin gallate
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Figl : The HPLC chromatogram of tea catechins isolated by PVPP adsorptrion
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Fig2:The HPLC chromatograms of tea catechins isolated by amino-propy! column.
A:crude catechins eluted with water.
B: crude catechins eluted with 0.5N NaCl
C: crude catechins eluted with 1N NaCl
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(ELA PBA B BERG 2 RARE
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F—  HPBAEBHSEHEAARESE
Table2:Content of crude tea catechins isolated by PBA column
% (dry weight )

EGC 23
C 0.5
EGCG 14.6
EC 1.5
ECG 0.5
Total cateechins 39.6
caffeine 0.01
catechins:caffeine=39.60:0.01 (w/w)
=3960:1
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Fig3:The HPLC chromatogram of tea catechins isolated by PBA column.
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=@ L Amino-propyl BRI IR A ERRRTCE - 28 L B/ N (B RAR IR L EE ) HPLC
SATERE (=) BnSIERRRENMEES - REFARB SRR » 8T DUREE -

PVPP J PBA WGP ZEIAG R B - EEEHMERE (RZ) » WER
RFE AR R RS BT -

= : PVPP } PBA WS AR BEE < Lh#g

Table 3:The comparison of the isolation methods for catechins from tea liquor by

PVPP and PBA.
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Fig4 :The HPLC chromatogram of catechins purified by Sephadex-LH20.
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Fig5 : The product of crude tea catechins obtained by PBA column.

Er

AWFREBEEG 86 BHL-1348-22 SHEMIICER LA LNMSRFRIEL BB A REST -
REILEGH -

SE3R

| ZEHE. 1984, EEELEEEE - 22226231,

2 ZHIEL. 1992. B335 (18) ,23-28.

SATRE—. 1992. B TH35 (17) ,32-40.

4. Hara,Y.etal.1987. Nippon Nogeikagaku Kaishi.61,803-813.

5. Hasan,M.et al.1993. Proceed.of the International Symp. on Green tea.35-46.

6. Heiburn,L.K. et al.1986. Brit.J.Cancer. 54,677-683.

7. Isigaki,K.et al.1991.Proceed.of the International Symp.on Tea Sci.240-243.Japan
8. Kinlen,L.J.et al.1988. Brit.J.Cancer.58,397-401.

9. Lou,F.Q.et al.1989.Chin.Med.J.102,579-583.

10. Niael,S.,Van Horne, K.C.1993. Sorbent extraction technology, Varian sample preparation products.90.
11. Sparnius,V.L.et al.1989.J.Nat.Cancer Inst.61,493-496.

12. Wang,Z.Y.et al.1988.Drug Matabo.and Disp.16,98-103.



8 ERRXEMEERSE 173 (1998)

Studies on the Extraction and Pur_iﬁcation of
Catechins in Tea

I-Ming Juan'  Ying-Ling Chen?

Summary

Catechins are the important compounds of tea that have effective physiological activities on human
bodies. Three methods were used to extract and purify catechins from tea liquor. There are the adsorption
of polyvinylpolypyrrolidone (PVPP) , the polar interactions of aminopropyl group, and the covalent
retention of phenyl-boronic acid group ( PBA ). It was shown that the PBA method was the best method.
It could successfully separated the caffeine and catechins exclusively with the other polar compounds.
The powder of crude catechins were obtained by freezedrying the desalt extracts which were passed
through the PVPP or PBA adsorption.

Key words:Tea,Catechins,Extraction,Purification

1 Director, Taiwan Tea Experiment Station.
2 Associate Biochemist, Taiwan Tea Experiment Station.
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Z¥eEEM: ( Homona magnannima Diakonoff) WIEEIR S & BN HEEIZES [F5EEE
TLA=H43 (Z)-11-tetradecenyl acetate ( Z1 l-TDA) (Z)-9-dodecenyl acetate ( Z9-DDA )
K 11-dodecenyl acetate (11-DDA ) HYELES 80 : 10 : 10 FURRE&{E » HXE88:9:3
ZHERSEETES | EEEERIE > {2 Z11-TDA K Z9-DDA MRIERSIELE 80 : 20
B EREE=FEREES 80 1 10 1 10 B - (HEMHIEESE - Z11-TDA BB TR
{ER > 1 Z9-DDA Hi55 KA - FaalE Faa it » LZHEEES
RCE RIS [ —EH - 355 [RRYBIELL Img BOREHE -

RABEET : RITEM - MEEIRES - HIREIE -

il

Bl

ZK¥eEEM; - Homona magnanima Diakonoff ( Lepidoptera: Tortricidae ) & 24<48 1530 F B ER A5
HRINF&SRC— RE 76 £F 78 FEEEREREREMEE HE - EBCEEIEE - KB 81 4
X 82 £ 10 BEREEME ke A EFHREARRE - EEREATERE TEREI X ERIII -
R AR - —FRERE—RE  ERNENEERN @ @ THBENRK - BER
ERHIRTAE - FEIERMAESE - Rz PGk T lAZERIS - TR HEBTH R ZRARONEERS S -
HRELEE NS o LT -

EEFTR A RIZIBEE - AR {2 (1951) HYECESS Homona coffearia Nietner - EETE
1981 4£ 10 HE 1982 4 1 A - FIAHAEEARHETEEZETHARRE - BHAA A
magnanima WIVEERESEATAF] 266 S - i ERSEFIA Homona coffearia & 1B RZEAAE T E]
g (7 0 1984) 5 ptAh - AR (1985) fEREREFIARBEREERSFT]  TREHEE
H. coffearia » FHILHERIZEATR LR IBZEBIE R H. magnanima » F1H AR A HUREEAER (R
JII 2 19515 1957) o« &M » H magnanima B EIR 88 E R (Z) -11-tetradecenyl acetate

(Z) -9-dodecenyl acetate k¢ 11-dodecenyl acetate - =FE 5> KIARFIELFIES 30:3:1 (Noguchi et al,,
1979) : ZENAEVIRERNHIEIRC R (Noguchi, 1979) - ER B —TERIEIEM H. coffearia »

| ZEAREURBSHEE
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&S5 1-dodecanol ~ dodecyl acetate 5z (E) -9-dodecenyl acetate ( Kochansky, et al., 1978 ) »
WEAEZRE DS HIEZE £ (Sivapalan & Vitarana, 1975) - Z5H63EM; - H. magnanima WERES 25152
etk 2 HERERES @ —RTR—X  BERRESXIER @ EENE ZHINgNnEEm
(IIANEZESE > 1983) - ENFRIBIERAT BAVRFE - R ATF B IR S AR5 -
RS RRR R MBS SR S BRI RIS SRR - MM e 2% -

MRIETSE

—MHER RSB EEC 7 HEES SR
PRI R R S A R 3 TS (Z) 11-tetradecenyl acetate (Z11-TDA) ~ (Z) -
9-dodecenyl acetate (Z9-DDA) K 11-dodecenyl acetate (11-DDA) 4 88:9:3-80: 10 : 10
K 60 : 20 : 20 BLEBIFCEF M DABSIESTSHERE AL 6 AOREBMEN » % 0.1mg » M
BHFRA - AR EFEEBRRN I KRR MR ETT » 2R BEREENREEIS®K 4
NE - BNEFEISR 3 ERE - BB AR SME R o I EEARE
AFma (FEAFHS) LEAN - EEEET 1 > FHaFHSESSEEREREREG 20 &
7 B-F#EaaER 15 AR RERT2EENT > SMENFREERENFERANE -
BRI 80 ¢ 20 0 HIACTT - MASHSRE K m R A B TR - SRR EN
REEITE 4 NE - BNEEISR 4 [ERE - EAGEERT > (BEEHEREE RS LSS
afIE -
BB EEHBIE RS TG R
PSR IESERE Z11-TDA ~ Z9-DDA ~ 11-DDA BEE—FER4> » LAK Z11-TDA : Z9-DDA
£ 80:20~Z11-TDA : 11-DDA £ 80 : 20 £ » JE[F¥%{#8 Z11-TDA : Z9-DDA : 11-DDA £ 80 :
10 © 10 > FEEHAMEREE - NEH - RETE A EREEBERZ LSS - NITRERNE X EE
Tk asaEg -
ERFRBIFEE TG [BR L
HeFReA P FRaREENFEE  TUAFHARBRAFLZIALRERE -
—5 1725 > —F 1 3% - HESEIESES Z11-TDA : Z9-DDA 15 80 : 20 » BEBUAHR
HIE AR FTFOREETHR (AT B R S R A T e S S
M MHEER R SRR R A 55
TR R TRE S [ - S8 — & BN ERE A 5 R 55 Z11-TDA :
Z9-DDA : 11-DDA £3 80 : 10 : 10 - GABRHARINEEHATES VR - FRERES (B8, - EHERFEEE
5 IR RR B LR - =R - AR SEE+—HEREZA -
AR EESRBIN ERIRZ 355 (SRR
KB 84 &£ 12 HNIMEREBERETNRR » #I9RN/ & » 8/NESHE 10 AR
R EHEAF B - ENRERBERMEIRSE S > Z11-TDA - Z9-DDA K 11-DDA
=RERUTILR 80 1 10 1 10 - {EEEFILS 0.0lmg - 0.1mg K 1mg F=7E - GhE—EREHAE
Frafs 21ROl A M B S e » DULBARIEI RS [5E - KB 85 &£ 12 AX
RS R e R EE T A AR B SR Bat RS — AR (BT AREIES 0.1mg »
lmg F1 5mg -



FTT T FS LN EFEE L 1

—MHEIE S E R EI RIEC T HEZ 1R

FARAPE 121 fﬂﬁ‘i%ﬁf*% » ZFERC 55 RO R = B AEEE  {HLL Z11-TDA : Z9-
DDA : 11-DDA £ 80 : 10 : 10 FAC/TEA SR ZHIRISTEMIEEL - 35 49.3 & - MAEREE 36
REEAER AR - EE@EE%%E‘: [ R 2= E IR AEE# - {HLL Z11-TDA : Z9-DDA : 11-DDA £ 60 :
20 : 20 W AFERIHERRZ - B 17.0 & (F—) » T EREHAMRBIERR SR
i o BhAh > =FEAC G 7ERT 2R B AR B AR 200 & — SR DA IR B e e - — 5%
(Adoxophyes=sp.) &fEtEIINIE— -

BB AR Rom R A R A AR ASE R  TUERRC ARIEE S IR ER NN EE - K
Bl Z11-TDA : Z9-DDA : 11-DDA £ 80 : 10 : 10 WEZ 53R8 BB MR » SRS 1755 &
K80%E (KZ) -

F— FEEBMEEREZSHBEZES BR (B8 / Fas)

Table 1. Attractiveness of the synthetic sex pheromone of tea tortrix,
Homona magnanima Diakonoff in the field ( male moths/trap )

BArE (121K) BEE (36 X)
Z11: 79 : 11-DDA Kuan-his (121 days) Long-Tan (36 days)
(0.1mg) H. Adoxophyes H Adoxophyes
magnanima Sp. magnanima Sp.
60 :20: 20 47 8a* 26.8a* 17.0a* 6.5a*
80:10: 10 49.3a 29.3a 10.0a 2.5a
88: 9: 3 44.8a 17.0a 10.5a 1.5a

*Means is the same column followed by the same letter are not significantly different at the 5% level by
Duncan’s Multiple Range Test.

R FREGUHEBRZSRBEFHES R (HBH/ Fas)

Table 2. Attractiveness of the synthetic sex pheromone of tea tortrix,
Homona magnanima Diakonoff in the field ( male moths/trap )

1:79: 11-DDA ssEE (123 K) =E (93K)
(0.1mg) Tung-Lo-Chyan (123 days) Kao-Yuan (93 days)

88: 9: 3 171.0a* 67.3a*

80:10:10 175.5a 80.0a

80:20: 0 168.8a 61.0a

60 :20: 20 161.3a 71.8a

*Means is the same column followed by the same letter are not significantly different at the 5% level
by Duncan’s Multiple Range Test.

RIBEFIEE A (1981) FEHRMEIEER - FHEEMERE =K Z11-TDA : Z9-DDA :
11-DDA £5 60 : 3 : 1 > HEIES 3.2mg Kf » HFSBEREARLEG] 30 3¢ 1 B - FHRH
G RIIES 60 ¢ 3 ¢ 1 HUEEERSBUR - (HEtERATAAELLE] - BIRSS 0.1mg - BLRARLERI 88 - 9 : 3
FRERS 2 EA AN < AR S TS R RS R R R R S R M B IR B2 UBC /T LA Z11-TDA -
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Z9-DDA : 11-DDA £ 80 : 10 : 10 FYZES SRR -
CHBEIRE AR S ZTFG BER

BT REERSESESTHIFEG [RER - BB IS S R AR T & R EET
F5l  #EREURAE Z11-TDA 5 Z9-DDA 5 11-DDA —HERoE - —{EFE A Fa EIRYHEE
FHEHA 1158 1.5 & 6.5 £ (F=) i Z11-TDA £ Z9-DDA FIfERL s LLE 80:20 Y
B/ 7£ A - B MERRERTHIFEE] 284.0 £ 294.3 SR - EELLEIEAE 80 : 101 10
B HZEREZE > 11 Z11-TDA E 11-DDA ZELES 80 @ 20 RHERET 3.5 Sk - BURRIEE
BRHEBEIRE =R > Z11-TDA K Z9-DDA X ETR LRBEENALEE » ZFR—F
|] > 1 11-DDA B#EEREN » JREIEAZEIHEE - ME B AR sk S alfs N =R feah 5 g E2Ag
AR (Noguchi et al.,, 1979) -

FIH = AR R FAE TR IERIEGR MBS SN EMRTE - SRER Z11-TDA HHUERE
HITEF - Z9-TDA B755 | HEEAIER (78 19905 1992 ) - ARERTEFHRIEES #8558 [AIRF Z11-TDA
¥ 79-DDA WfER I HIEES VR » FHEMEE SRS - (E[FFFE Z11-TDA X 11-DDA RifERS>
K55 VB - ANESE DSt - Bor Z9-DDA WITHRERIERSS [#Ei - 11 Z11-TDA HIINRERTE
BB o BIERHREAHEES @K - MBSO ETRE - £/ 11-DDA B
hRefafFE—HEaT -

F= - REEEBMEERESHIFHTIBER
Table 3: Efficacy of each component of synthetic sex phermone of tea tortrix,
Homona magnanima Diakonoff in the field.

75 | HERE (& / FHE)

PR EERST R LB . No. of male moths attracted by one trap
Component or blend ratio Plantation A (23 days) Plantation B (21 days)
Z11 11.5¢* —

z79 - 1.5¢c*
11-DDA — 16.5¢
Z11:79 (80:20) 284.0a . 294.3a

Z11 : 11-DDA (80 :20) 3.5¢ —

Z11:79 : 11-DDA (80 :10:10) 225.8b 221.0b

*Means in the same column followed by the same letter are not significantly different at the 5% level by
Duncan's Multiple Range Test.

=RFRBRAFEBEATET R
FRILERE X R PUAF R EIFMHICR - RHERENREXFERZ - Lo HIRE 7
K~23 K19 Rk 44 RIGHURDEHRAE - SREREEAFRBSTRE TS
BHERBE - £ 93 RAHEHM @ FEAFRFENHBERPAAFE2FE I =2
£ AR (AU 1.7 253) BFdEFERaaiML (LR 1 29) bR F R
RORMERZ RN EE > (EAILFEHBHELL MRS (RM) - FHERKEELURA
HEAFHRERE -
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£ - NEAAFBEZFHT R
Table 4: Attractiveness of different types of trap in the field

IR 5 g (£ /FHE) & &
ﬁﬁﬁ%ﬁ No. of male moths attracted by one trap Total
Types of the trap 7 days 23 days 19 days 44 days 93days
P&l 19.0a* 4.50* 21.8a* 33.3a* 78.5a*
Sticky trap
el (RFL) 3.8b 1.5b 7.8b 11.5ab 24.5b
Trap with 1.7cm aperture
sk (/L) 2.5b 0.3b 3.0b 4.5b 10.3b

Trap with 1.0cm aperture

*Means in the same column followed by the same letter are not significantly different at the 5% level by
Duncan's Multiple Range Test.

Y HEEESE S R BN ERR A A

MEEEAREIENEMFES | e - EERRGERZ BRI &R R
& FHANMESE - RERERE - SRENFAY-REEFER - ARBR =M
2% f+—ABEREZAET > AIREEBESZNEIRR 0.1mg > S5—FAURER - NERE
s —EE 28 KX FENMBILEXEREESZMFINES (RA) - BERUEERE
HEEEIBME T - BT 28 RAME - BERIRER - 165 25 Kk 48 REMBEAERITEH
BEFFTNEBE TS (£A) - ABERTERAACEN - HEEFEAZ 67 XN
AT - (HELERARS - IS RIS B AR R R A MBS S Ay P RA I
i o S EMERERIEWA Img 7655 32 X - FIREE R E MR SFTA ISR
% (%t) - EETE 45 X > WEAHAINEEEREZR - HARESELFRHRES
WIS REE—{E A - EHRE R R — 8 A 2K BT -

R MBERESHBIFEFARBERZHFAE (B—REED
Table 5: Persistence of the synthetic sex pheromone of tea tortrix,
Homona magnanima Diakonaff in the field (first trial )

Z11:29 : 11-DDA 75 HRE / FHE
80:10: 10 No. of male moths attracted by one trap
(0.1mg) 7 days 14 days 21 days 28 days 35 days 42days
T _ 175 495 59.0 6538 0.75 28
Continuous trapping
R — 59.5 100.3 48.5 — —

Renewed every week

FA -~ HBRREEHEIERRER AN
Table 6: Persistence of the synthetic sex pheromone of tea tortrix,
Homona magnanima Diakonaff in the field (2™ trial )

Z11: 79 : 11-DDA %0 | HERE / FEma
88:9:3 No. of male moths attracted by one trap
(0.1mg) 11 days 25 days 48 days 67 days
TR , 0.5 1.8 3.0 32.0
Continuous trapping
BREHR = 7.8 283 57.0

Renewed each collection
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xt - MEEEESHBEANEEZ A (E=ZREER)
Table 7: Persistence of the synthetic sex pheromone of tea tortrix,
Homona magnanima Diakonaff in the field (3" trial)

HERE 75 (R / FHa
Z11: 79 : 11-DDA No. of male moths attracted by one trap
80:10:10 10 days 21 days 32 days 45 days 59 days 73days
(Img)
B . 57.8 73.5 2.8 28.5 173 33
Continuous trapping
FRESR - .
Renewed each collection 31.8 46.0 71.5 68.5 210.0

AMBRECHBEA BRI ZEET RER
SeRlER » MRS AERLL 0.1mg MEER - MHEZA (1981) SRAZ 32mg
& - I - AEHHLEBT FEIEZEET RR - B4t 0.01mg ~ 0.1mg A1 1mg YRR - H5t
AENR  FIREREAMTERSERFEHRE  EUKGREZR T (F/V) - B—RE S

FERE - ZEEERFRT RERTEEN  HE=RERELL Img B35 RERF - B
AR BIkE 63 RATEEERIER 1mg 19355 [BURBAT - #%FHLL 0.1mg » 1mg I Smg

TEMEREILE  BTGRERINEFIEES S RFaE  F—ERE () AXRERH Img
I Smg BIFES [BERA =R 0.1mg RURIRZREE - FEBFE (F1+) ARERH Smg iy
5 [RAMKA 1mg J 0.1mg HUBURZREEE - MMERENRIES F S IRREs Tt
B > Smg Ml Img BYBIEATLL 0.1mg HUSSIRITF - Smg BFUBIREELL Img AR B TR A -
EHEZERIEE - AE=XEIENHER - ErABERNERESREIERA Img -

R/ REEBMERSESHB ARSI [SERbe (E—XEE)
Table 8: Attractiveness of the synthetic sex pheromone of tea tortrix,
Homona magnanima Diakonoff at different dosages in the field ( 1* trial)

HERS Ty [HRE / Faa

Z11 : Z9 : 11-DDA No. of male moths attracted by one trap

80:10: 10 9 days 8 days 28 days 18 days Total
0.0lmg 1.0b 0.0a 1.3b 0.0b 3.0b
0.1mg 2.8b 0.3a 4.0b 1.8b 8.8b
Img 8.0a* 1.0a* 123.3a* 23.3a* 155.5a*

*Means in the same column followed by the same letter are not significantly different at the 5% level by Duncan's
Multiple Range test.

R RIEEEBMERSZSRBINRIBFIESS (SRS (B -EE)
Table 9: Attractiveness of the synthetic sex pheromone of tea tortrix,
Homona magnanima Diakonoff at different dosages in the field (2™ trial )

(B8 e 7T (M (£ / FHR)

Z11 - Z9 : 11-DDA No. of male moths attracted by one trap

80:10: 10 7 days 10 days 11 days 11 days 13 days 14 days Total
0.Img 5.5a* 6.5b* 40.5b* 79.3a* 48.5b*  31.5b* 211.8b*
Img 9.0a 24.5ab 109.3a 126.3a 122.82a 81.8a 473.5a
Smg 15.0a 32.0a 123.0a 114.8a 130.8a 95.5a 511.0a

* Means in the same column followed by the same letter are not significantly different at the 5% level by Duncan's
Multiple Range test.
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Ft > REEBHERRESEETERERET BER (B=XEED
Table 10: Attractiveness of the synthetic sex pheromone of tea tortrix,
Homona magnanima Diakonoff at different dosages in the field (3™ trial)

pTE—— 73 [ (% Sla)
711 : 79 : 11-DDA No. of male moths attracted by one trap

80:10: 10 10days 1ldays 1ldays 13days 14days 14days Total
0.1mg 31.3a* 353b*  21.3a* 21.8a* 23.3b*  46.8b*  179.5b*
Img 57.8a 31.8b 46.0a 71.5a 68.5b 210.0a  485.5a
Smg 81.0a 74.0a 51.8a 94.5a 152.8a 138.0b  592.0a

*Means in the same column followed by the same letter are not significantly different at the 5% level by
Duncan's Multiple Range test.

fo

RERZ RN HE SRR R RERMER S A REE AR A RE AR - SRU=ES Z211-
TDA ~ Z9-DDA ¥ 11-DDA KJEESS 80 : 10 : 10 » HEEF 1mg 355 [RER & » Kok HREIE AR -
ARALE A REREBHEN - BEEMEAFHRa LEA » 2T —E A ER—XFE E
ERFIAMERSZREFBOEVHEREIEBHIRER - AR E—S 7 -

S ASBARITE R A SO - R -
SR

L GERE - it 1985 REFEMECREBERSHEESSECHETRAR TEEEGR
132:108-113 -

2. BRI 1984 EESCBIEM SONERERMEEE S SR EIHEFaRE ZERERTER
3:25-30 -

3 FEERLL 1990 FUEHEIEM, Adoxophyes sp. (Lepidoptera Tortricidae ) Y& SE & 4 Yk E R
E &% 10:443-450 -

4 FEZELL 1992 FARHEEEN, Adoxophyes sp.  (Lepidoptora; Tortricidae ) [HE 1S EEBEL K B2 W5
SRR 11 91-102 -

SIMMERE ~ B EiE ~ JIIRZEKER 1983 F + v * OFME(TEI L EI HAERBESHE

55 27 (1):40-45-

6. B/ 1951 EEERERE G FRERMTT 4 1 49-53 -

T RIS 1957 HAEREFR S PHaafE 22 1 149-154 -

89700 ¥~ EARES - FH K THEET  AllE 1981 Fr v *x05FKE>ToE Y
DESMC B 57551 HAREHEYESZEEE 25 (3):170-175 -

9. Kochansky, J.P., W.L. Roelofs, and P. Sivapalan. 1978 Sex pheromone of the tea tortrix moth
( Homona coffearia Neitner ) Journal of the Chemical Ecology 4 (6) :623-631. (summary )
10.Noguchi, H., Y. Tamaki, and T. Yushima. 1979 Sex pheromone of the tea tortrix moth: Isolation and

identification. Japanese Journal of Apply Entomology and Zoology 14 (2) :225-228.
11. Noguchi, H. 1979 Bioassay method for determination of female sex pheromone of tea tortrix moth.
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Homona magnanima Diakonoff ( Lepidoptera: Tortricidae ) . Japanese Journal of Applied
Entomology and Zoology 23 (1) :22-27.

12, Sivapalan, P., S.1. Vitarana. 1975 Assessment of sex pheromone activity in virgin female moths of the
tea tortrix ( Homona coffearia Lepidoptera: Tortricidae and its utilization in monitoring moth

populations in tea fields. Tea Quarterly 45 (1/2) :24-28. (summary) .
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Field Efficacy Tests on the Sex pheromone of Tea
Tortrix, Homona magnanima Diakonoff in the Field

Suh-Neu Hsiao

Summary

Three components of the synthetic sex pheromone of tea tortrix ( Homona magnanima
Diakonoff) , namely, (Z)-11-tetradecenyl acetate, (Z)-9-dodecenyl acetate and 11-dodecenyl acetate
were mixed in different ratioes for test of attractivenes in the field. The best biend ratio of the
components was 80:10:10, followed by the ratio of 88:9:3. No attractiveness was shown if any
component was used alone. Whereas two components, (Z) -1l-tetradecenyl acetate and (Z) -9-
dodecenyl acetate in the ratio of 80:20 was better than the three components in the ratio of 80:10:10.
The result of bioassay in the field indicated that (Z) -11-tetradecenyl acetate stimulated mating while

(Z) -9-dodecenyl acetate guided in orientation. The efficacy of sticky trap is better than other kind of
traps. The efficacy of the synthetic sex pheromone in plastic micro-tube could last a month in winter.
The pheromone dosage of 1mg is recommended for field use.

Key words: tea torrix, Homona magnanima, sex pheromone, field efficacy

Senior Entomologist, Taiwan Tea Experiment Station, Yangmei, Taoyuan, Taiwan, R.O.C.
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RBAGLET \%’Bﬁ R EER %aa%? g RA

REAE RBED RMK B

m B

ARG OIS LTRSS 0T » IRER - 8 - KARTHETE
TEESBASE R RS R S B R EAT

FERAERNENESEER  THREMSEEZ 5 H -KEERE—K-R

 EMSER SEUAREFELEREEOATERSRENE—R  ARERE

BERAL LEREN S =R MRS ES - FREEEERERE T AEEHER
REREEE R BETEEARE _REKEBE SR  RIEEN S EREF
BE—RE AR - O ERE LS LA BLEREAESEKEYBS
—iR - MU ERZ/NEMERTER » H2FENELERBER - BRALRZMEE
W RE - RIEERERE > MRES SRS AR -
BRSET  EEOT  BBETES - EYTE R - S

Bl B

- BFETHT (cluster analysis ) Eﬁ%ﬁiﬁaﬁ}*ﬁﬂﬁ“ﬁ X HEERN R ERERFET R
% TMEEFRBEEFIERI A E ME = RiVHE S » BB HE—#E - '

A EATETRBR—EEERMET R 0 SRR EUEREE - RN RKSHIE
LT FERERER T IR RAEME RS R FRIMERLEE - K2 MEMIC ig58i% (fuzzy
¢ mean clustering method ) JI_EBEOMITHEIREERIRES: > A]{EMEG R E RSE G I SEr e
B o LA EREMRET iR E R E muﬁ%&%#%%%%@&%%%t%ﬂ
HEITHE » RESERERESEENEER 0 BEERNSMESEMES (B - #,1996) - '

TR ET % - FLURR B BRI S SR E RIS E - Tﬁ%ﬁ%%
F i EACRME - Sato (1994) G LI—(ESARERIBIN 8 » WINARRIER - HHEREN=
MERHETTIEM 2 BERRESKFHHEE » B HREERROEERENESTY B8

| SEERFUARBHTRFTRER
2 BBUAREBRETRARE

3 BISIBUA KRB R AT EER
4 R RSEHETRAREE
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PERTHEEHRBELNES - BXEHER ﬁﬁﬁﬁ%fﬁﬂﬁﬁzzlﬁlﬂﬂﬁﬁﬂi  [EEER K

on ' S Te

RENEEES $H@ﬁﬁ$&ﬁiﬁﬁﬁ%ﬁmm§m§ﬁmﬁgxﬁ , Llﬁ%ﬁﬂﬁfgﬁiﬁ
DFFE - JI %ﬁnuﬁ?ﬂiﬁﬁ‘tﬁﬁ%mﬂkﬂﬁ@ﬂﬁﬁu&ﬁ@ﬁ FERERE NP E
REANESE - FENSLBEZELHHE  RIETHE - [IEBRRENICGREITERRAEE 5
MEFFRAETENEEEFRFTEAN SN THSRENER » HEHIRISRERE
BHIREERE -

HRELEETOWTHEEMERE T 7 » BN AENRE %ﬁiﬁ BRI T EFE
BIRAHINE - FIRERERIEE RSB I ERENLE - F3ORUREREHER
PR LRSS EEATHER b2 2Rt DRSO ME R -

MR RS

— AERIT AR
. REBEAREREENERTRECOEBEREE 69 BERELE > 25HEE B - K=F
BN BEETREBRWEIE - USSR ESEMNLEEZR -
~ BT ' _ -
FEHSFEGRER 3 %0 © BIAERP » FABIK 150 BFH > INEHFE 5 o8 @ ElHRE
RHRpEE - BoRHKER - B - KEeEREREMNRE ETTHMETE (1B, 1964) - #EF 10
- NFFREZRHEEREETRENENETE - FIEEHR 25 SHlcEEDRS > BiEaR 100
5 - RBBAEZS BHE—FE  X—HEWRSETENTY  UEES BN EES
- REREMRHIRAE -
=M BT oA B B R BRET
MRS N C 1%k (fuzzy ¢ mean clustering method, FCM ) » i H Bezdek( 1981 )
R Dunn B C F9i: (Dunn,1974) EIEM3K » 3 ¥ B H BRI A BMIEEERRY LR R B
FESIFRRIHIRE (Bezdek,1981) -
B E RS R KR FEER R B (membership function ) ERRHBEREL
( characteristic function) HYZR] ; Kt » HRFIBRTHBRBEER T —ERERIER -
EE 1| RBEEHE -
REGRiER X » Bl—EEMESA HRBERRBUA LA RTR  Blu, X—>[0,1]: 1RBHME
i R EEERERESNN 0 B | ZRIMFERE - ES —EEM C SEIER M={ U |
(uy M= (la), (1b) , (lc) ) } (1)

El“ik: » 1< k< n (1b)
0<§uik<n v 1<i<c¢ (1c)

FLREMREVE & MR
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Jec(U,v) = EQ;QNM~H| (2)
Hrhm REMIES -
7 (1) HIBAET IS (2) RRER/ME Bl Bov B
K = . ll.f(m—l) ' J (3)
0
1] d
i(“ik )mxl( | |
V. = h—lm"-—————- ( 4.)
Z(Pik )m |

o dik=d(xk—vi)=[z(xkj—vﬁ ] BBk A 4 BEvE D BB BB EEBE ( Euclidean

distance ) °
P AR S A i .

EFT BN FEOERIERE IR E SR FHME - FRINEE S HRER -
ENZRRERVEENRATR » SRS - MEOMEERSRILRE - B EH
FEAERPW R EREE » RILEETHENERER > MRS -

Uﬁmmzﬁﬁ

RS RERE BT R - SEEIEREATE B TV AR R
REERERERT  CRAMR A EMREEEEE - — RS MRS
R R R E B R DR BT o MU EARAT A4 3 R SR I sk
BT RS RAIRIAEEHAEINNE - AR > AJRA BHEBT B I R R e S B O A
S HETRRHR B RBET LR RBIRNES - Wit - St eaBRaEms - ﬁﬁﬁﬁ
MBSE SN TS M B e R T (Park,1996) - '

ﬁxaﬁﬁm%mﬁmmﬁmz "éf’aaﬁ?r“@ﬁﬂ%ﬁﬂﬁi% (fuzzy judgement table ) FfEJ

ﬁﬁﬂ?ﬁﬂ@iﬁﬁ%ﬁﬁzm  BRSEARRIRIFFFS - RN R AR S
IEAEE o
EHE2 RIFFS (utility sequence ) .

BRRFFFIR U= (U, U, .., U,) »BIZHU, - U,- .. U, BRFBEEFF » KZ
BIRIFRB TS - '
EHS MR (fuzzy weight) | _

ﬁgﬁgﬁﬁﬁé A= { A, Ay, ., Al RﬁﬂFj"dﬁUU: [Un Uz‘a wsUp ) H AiE U, W‘Jﬁ
BEEBE U - WSETFHBMEE FW= (FW,, ..,FW,,) BTFHRE

FW, = ZMA“/U =pa, /U, +pAi2/U Fotp,, /U (5)

j=I

W ERRAETRIEE M ﬁﬁﬁ%ﬁ%ﬁmigﬁmﬁiﬁﬁ?ﬁﬁ%%ﬁ
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E{E - 7FEMESRIEE - (OEREER L o BP0 ME BOMAEE R - LIS IRFIEEE
MR AMTEFEA

EHR4 ENEHEE (fuzzy relatlve weight )
HA R RSN NE S SRR © RRBESMR FRW = (FRW, . FRW, ) S

ME FW IR n EEFOREEWIFASE - ARSEREFRY] U RRSESSE - IS ER

iF RN R AL -

FRW, =5 (6)

(AR I
FRER AR ISOMARE S o miE + BN C le-i“ﬂﬁ*%@?% ( weighted fuzzy ¢ mean clustering
merhod, WFCM) - B8 n {ERE X, Xy, X, @ SEEETmBRIEER DL X, #FRE k

TEARAES j EFERMRTIIE - x,F0 S, 30R58 j (EfEMRETIR A ISR AR E 2 -

EREREVBUTER  BTREFFHKBREABUVERMER T LTI E  TTH
FRIGROR T TR L » B

X —X; k=12,..,n
S j=12,....,m

K< » HHEHBEALERR 0 87 HRFRERNERMERBIEERY - BEER
FIR BB RE M R TR - , -

TR R T iTiaR AR/ NREF HIRE R ERIE A EEE - BEENHE R
B FRW= (FRW_,FRW,,..FRW, ) - RUJIMERERA c o HIERERYSS t HASREHREAIR

10,0, v) = 3 3 ()" (d‘”)
k=1 1=l
o ' | | . 2
ﬁclﬂ dy = d(xS)FRW —-.vi(”)= [Z( l((?Fij - Vi(jl-)

j=1

U BSRATTHIER ¢ BIZERN » T o 555 | EENAES 55 K (ERORIE - v B35 | (RIEF o
Do ERPHIEREE 4 > 25 | EEETOEE k ERRRAEKCE BARIERE - FRWES

% j ETEEZEEES R - R m’ znmagﬁ%ugﬁﬁ;@ﬁmﬁmﬁ . % m’

RESL 1 A B RAEBI N AR - KL 0 & m' BHERERAH - J o BB
BEANE » RAMERERAEN (Klir and Yuan, 1995) IRIBAEER - 'E?"ﬁ’*ﬁﬁ@ 1.25 Z|

5 2R EEE (Wang,1996) -

AREREFIR I - IRENE ¢ SIRRERE TR TR &
Estg e T2 (U VD) =3 3 (u,)™ [@)? (8)

k=l 1*1
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2y =1,

i=]
0 < kiuik <n, _ | (9)
=] | .

My =2 0,

BNFI A EAR B (Lagrange multiplier method) - i (8) KBRS py K vy IR
73tk 0 IS k ERRAHES | AR ORISR AL ' ' -

Hig = i - . (10)

BB RERYEFE L

FRW, Y (u; )™ x
Vg)"": k=1

il (11)
2.(uy)

k=]

L - R t SR B — B S
I (U, V)= Y a®I® (U vO), - (12)

=]

Hrep o F355 t SIRRRUIMITESTEEE - M IO (U, VD) B2 t Y
OISR NER - .
R MRS HRE—IRBERREE W TG T RS v, Rv; HElE

¢t M n ¢

fEER/IME T (U =a Y Y (U)™@Y) (13)

i=l  k=1i=1

tham=1 (14)

BAJRERR
J (U, v)=min J(U » v) .

mfc wfc

RERSME - BV, =vO Bu, B
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l -1
T m ]F-I
c fZa“)Z(xg)FRW - Vi) |
u?.;=*2~’—-———---————-—--'-}‘ =
=1 Za(l)Z(xkj)FRw V(l) '

1—1 =1

(15)

EEEE
Bezdek (1981) FHRHHEIHBIA AT S HBRES ﬁuﬂnﬂ%%mﬁzﬂuﬁ%ﬁ.&ﬁﬂﬁz

Kt ZE ¥ Bezdek 2 5 NPACGE » J«M‘*A@jiﬁﬁﬂﬁéﬂﬁ{ikﬁﬁ LA SAS/OR K
SAS/STAT ;E&E N¥I&tE -
MR T R BRI BRI T ¢

Stepl. FEFEFRW -
Step2. RE ¢ (BFEMEED) - m' (HBOHIFEE) - U (RBEER) -
Step3. KEEEHL (VD)o
Stepd. EFTRRBEERU V= (py):

EHE t W ESERE > FIA (10) =ETE by,

BN ERE TEF - RILL (15) HETRLZ -
StepS. 4r=r+1,%h7TStep3E Z| "U(”') ~ U < g, 88017 Step6; HHrES IR E B (iterative ) &

B— R/ NVE o FEEERFL10° -
Step6. 5758 o
AT AR LR -
b R TR FUFGEETIKEE Minitab HEE 2 AHROR) : — SRR (NU) » 5 —mM
4TS (LP) - E5EHEHEE 200 % H N S#HES5E (normal distribution) ~ U B19545H T
( uniform distribution-) ] BEBSES (integer distribution) & P &I IK4 B ( poisson
dist_ribution) °

HERAT

1254 —) _
(N (0,1)+ U (-2,0)) (16)
(N (1,1)+ U ( 02)) o
(N (2,1)7 U ( 24)) (18)
(N (3,1):U( 46)) (19)
(N (4,1) U ( 68)) (20)

[#254H = )
(1(02)P (1)) (21)
(1(24)5 P (2)) (22)
(1(46)° P (3)) _ (23)
(1(68)+ P (4)) (24)

(1(8,10)P (5)) (25)
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S IS  SETABAERE S - ST RIS SR 8 200
TR EAEAR T EREE BB 12 K - SU8F R FIS ik EREK -
AFIF ISR 69 ERENARETLNME MR - 6 « kERERSLERA
BRI E - - TR 69 ARSI WA REARSH -

fm R

— SRS L
N ERTIREE -

R AR AMRTR DR RS - BER BRI - SRS EEE « BRZEM R B b5 (B -
1995) ; EERNBEUREEHE - KR TR - R/, - #iREC B RAMNEE
R SRS - SRTRE 223 9 BEFTREE - SEITASEUE LA ESBIE -
BLERKY DAL D UIRERTHESRE - SRF%RTHEE 2R » Xk
KTIARG : BIRBES 193 SEN Lit#samsmiE  HHPERE OHFRERE R
BHMZESLEEOLERERE  ABBERIHMOXREE R UAEETMIATTERZ
RIENTER/NEMET S LG 2R - BRNBRAEESE  (REZRRET BB 24.3
5 BIFRBEEREAEROER 23.5 AMBEMEE » AN ACSEST AR 222 9745
B 0 BB 211 HRE 0 TR 204 S8IE » FESREEFMER  SEFHIR
BEMIESLEERE  ABERZTIURBER RO AES L RBIT ST - E 5y
KIS 2B FIRERS -~ Japuri ~ (LZXR Kyang %50 - HRER KX - HiWE - THEE
SO BERABTEA - EESRETEME - KEAERRTESE » REMEH
BT PUERRRCDEREAFEEERVREEMTSEE - SMIUAFERLIK
3 ELEE R IR R DT IREE » T ORTTIRE 2 | SERESD BBER & S R0
B IREETIEE 19 4 BRERPLULLEEIRBHETTE 21.5 5 » MERPATEN
IR L/ NENT BB - S REBERAL - MO AZEEN BRI UK SR
£ - Manipuri @2 BREE LERVIRETTME -

R ERTE _

R EERN GBS EMIBE LS (Bt 1995) » BEXAEETERE K
FORAHEL  BEERRZAEREKRFVABRAR 155 WA - KEEEE
B 12.0 STZRE: AEEARES OB B OATT  AEEHERFERAL LS IS 14.8 -
153~ 14.8 K 14.0 73 £ FAARER - HPBERALLEZEFKMATRIE - FBS
ERCEHLERARIOEREAEERERBHRTTEIRE BAEEBR UAESGOE
T EEMROAEESS » MRBITERZAENER/ NEMETSHER  HLOHFECRSE
WIS HEAHFREE - EREAEERMEEATED OB - BN BB FEH
LHE > HNEERK  WESTIET B9 LEWE  EXQSTEHE  kESR
BHEL  ORBRRCEER  BFAEERRAEROEREEZREMITNE 155 50U L
BEHEALBERLUAOEHEASREMAEESHREE  BTERZRENER/NENER
EEENEE ENBBREALETILROERKRTTSRE - MR QBT ESH @ K
RIUEEHEY > HEBASEUAREAOEREEFERTMTSHE » OEBRETRFH
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HEREE - FRARSEFLURLOERET R » SRENER @S BBERE
B E FOKMIE G 2R TEE  UAREREMOARSCEERTEE  KEY
ERNEMERECQREZETEE  BREZEFER  —GHEREa2HKMTEST 8
(K o E B RRER LA Shan éimﬁzﬁ'ﬁ?ﬁf}ﬂﬁ
EkEaFHE ' |
K EZE H 22k - IR - RERL 0 RREAERIKE  FROKGHE T
KRZREHEL - HERARKHEBERKRFARBRAKGER A LSEMEES S
[HEREAEEBOERKEELFE foE SBUAREKGUE ORERELKTEE 16.0
SreExim 0 BEBALL 13.7 oA RE  BHATE LBIKEREIEEIFE 160 73 7 4L
LR - ARERHEEBLOBRAERR 143 SMBYE - UAKERRMAROKES - KEN
B R/NEMIOKEABEMAS 2R EE | BN R FIEER SR ERH >
SIEPorE 12 2 PUTE R Japuri i8R EBFFIRIE - BAOKEFFESNE © UF OREKE
BEEMASEE - BEAPAESH KOQBHMAIES  FLBERZ  LLEHEAE
REMTRE - FAEREREHEL - 2RSBABTEN 13.5~154 S22 » H=0E
NEBURK - MRKBFELTH @ KRMNERHEL » LT LEBRERALLKTESIES
W ER T B BER < BB SRR ERREMATEE » SR SEDEERALLIFERE 5
LEREFASBRERS  AERRKGHEEREZRTHEE  MERLEDMTEETSBE -
FERHEERAER  ENERER SEKSF L BHE - HFLL Shan FETFSIRE -
- (ERAE '
- EREME  WRSET R TETREREREREERCEG  BRERT
EHE kR ZREHEE - BEEEFRNEERERER - 58 FRAES2R 5T
A - SBEAMEEOSENERMERTES - FMERNELE - D BRSEHTR
ERERERHEMAE  BRRAERACAEEHERBNERRBRATES EHRTE
i o BE T MERERAERRER - ARRKEFSBIE -  BRRR ARG RRA IS ]
BRI HEEBIRAER - BEAALLERE - (MR > FREETE - EE5BNASLHE
FESRAE S FORBERETMITAME ; Manipuri S AEBRE > FAAGCEREKRER
KiGME > FTE 16 LT » R RIBREIRE - EREBWRIEHH @ (kE=FFHE
HY o DOESRIBRT HRE S SRR RS - W HEREEEBMNET SRS &8
WRREDE LQRTTHEM RS BLORERE  LAEEHEEREEMTTHE - SR
AL LB ERENES RS > HLBHERS » MUAESRTSRE - TERGE
RIETTEERIR IR T B NEMTEE » MO ARES TS BRI AZES - Manipuri Z:5H8Y2
REERMEHEERE - F4E 12 2UT - RPLEeERsRIE - WEREWRTEE HH -
LB OARTTERIBHS - WR HEMA & > S8 RAKIERE » BBRARSETLE
BRERMRMZ 8 - RFVIEBRFSBE - HFERE O FERRTTEE -
HiSREER IR © @NE - BuE - MO8 - BOEBRBRTESE 215 5 LLERE®
T AEEEUR R GEERERE ) TF 225 AMLBEERS - AW RS
KR BERIBATTTIE 22 43 » LB 195 55 - RS P EEE R - i -
AL AIZET - HEEFEWRIEI 28K ; Manipuri %ﬁﬁ%é&ﬁézunﬁﬁéwmﬁ
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Table 1. Evaluation item A at the preference sequence U for the membership ﬁmttion J7N
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21.5
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20.9

19.0
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21.3
20.7
20.6
20.0

20.7
21.3
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20.3

20.5

19.3
20.5
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21.5
21.3
20.5
20.6
20.6
19.8

216
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20.5
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15.5
15.4
15.3
15.5
12.0
14.8
13.5
14.2

14.0

14.3

14.4

14.3

14.3

13.9
13.6

13.8
13.4
14.0
14.0
13.7
14.8
13.9
13.8

12.5

14.5
13.7
13.6
13.7

13.2

13.4
14.0
13.3
13.6
13.5
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15.7
16.5
16.0
16.3

13.0

16.0

14.3
14.8

16.4
13.0
15.5
16.1

15,4

15.4

14.3
14.8
13.4
13.7
14.8
15.5
14.3
16.3
14.4
13.8
15.2
14.6
15.2
15.6
14.0
15.0
15.3
15.1
14.6
16.0

21.0
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21,5
21,0
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21.0
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20.0
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20.0
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20.0
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19.5
21.5
21.8
19.5
18.6
19.6
20.4
19.5
20.3
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75.3
72.8
74.3
65.0
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68.8
71.0
71.9
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69.5

69.5
70.6
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66.1
66.8
69.3
70.5
69.1
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69.6
67.6
68.9

68.4

70.9
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67.5
69.3
69.2
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1
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5
3
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20,2
19,0
20.3
20.0
20.1

204

19.0
19.5
19.8
19.8
19.3
20.6
20.0
20.0
20.7
20.0
19.5
20.5
18.5
19.8
21.0

19.0

19.1
21.0
20.3
20.0
21.0
19.5
21.0
20.3
20.3
21.0

13.3
12.8
13.5
12.3
13.6
13.8
13.5
13.1
13.0
13.0
13.1
13.6
12.6
13.7
13.5
13.0

22

13.3
13.0
13.0
13.0
12.1
12.6
10.0
12.1
11.8

11.5

11.8
11.0
11.0
14.0
11.0
12.3
10.6

~ Table 2. The quality rank for the 69 tea varieties in the Spring
A 2R KRS
FRE
=

15.2
14.8

145

14.5
14.3
14.8

16.1

14.6
12.5
13.3
16.1
14.4

15.0
15.0

13.5
14.0
13.7

15.0

15.0
13.0
16.0

144

13.4
14.0
12.6
11.8
12.5

12.3

11.5
13.0
13.5
12.5
12.0
12.2

18.3
18.3
19.0
19.5
19.4
19.2

205

18.2

18.0

17.5
20.5
18.9
19.3
17.2
18.0
19.0
17.0
19.3
19.5
18.5
18.0
18.3
18.7
18.0
16.8
11.0
14.5

8.7
11.5
11.5
16.0
12.7
12.7
14.3

67.1
66.2
67.2
65.3
67.6
67.8

7022

66.3
62.5
63.3

69.5

66.7
66.2
66.5
65.0
66.0
63.3
67.6
67.0
65.0
65.5
64.6
65.7
61.0
60.6
35.6
58.8
52.8
55.0
55.0
64.5
56.5
57.3
38.1

K B A B

39
45
38
51

34
33

15
44
59
58
18
42
45
43
52
48
57
34
40
52
50
55
49
60
61
66
62
69
67
67
56
65
64
63
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Table 3. The quallty rank for the 69 tea varieties in the Summer

MR i ke BR A &%

: R BB KE R OB SR [KRSE
HER 243 159 144 225 771 1 |[4RE 218 148 143 190 699 22
HE R 23.0 155 147 225 757 2 |BK-R 209 139 145 204 69.7 28
LA 222 152 138 227 739 5 | 204 140 143 208 695 30
|RFEERE 235 158 138 218 749 4 |ELE 200 134 139 21.0 683 42
AEREER 235 155 140 220 750 3 | KHE 20.5 13.5 143 203 68.6 39
w0 211 147 146 217 721 10 |&[ES@ 20.7 145 143 18.7 682 43
ANy 216 150 143 226 735 6 |FkiE 198 132 13.8 191 659 56
MR 210 141 149 229 729 7 [EH)I[fE 200 133 141 197 67.1 50
WIKE L 20.7 141 141 215 704 20 |E&E 199 135 141 189 664 51
IR 212 145 137 232 726 8 |&f&iE 20.1 13.8 14.1 213 693 32
e 21,0 141 141 214 706 18 [KiHarE 199 135 141 189 664 53
Hk{— 7 198 138 148 208 692 34 |EiH 202 13.8 143 194 677 49
Bt 205 144 144 204 697 28 |[K:BHEE 208 138 141 195 682 43
KLOATT 205 143 146 218 712 13 |@% 204 140 145 192 68.1 46
HOEAZE 204 142 148 218 712 13 |HQEE 204 140 145 192 68.1 46
BOEH 218 148 148 201 715 12 |WEE 197 138 142 205 682 43
7 219 150 142 209 701 15 |[BHEEM 204 138 148 194 684 41
=RFW 214 150 149 213 726 8 193 133 148 183 657 57 |
HEASEAT L 204 146 153 214 717 11 195 13.0 150 195 67.0 40
ZKAL 204 145 150 206 705 19 |YrEEmE 21.0 135 150 190 685 40
eTEiR 203 139 146 21.1 699 22 [HmE 19.7 133 143 190 663 54
RELEE 209 145 150 194 698 25 |HIEMHE 192 12.1 143 20.1 657 58
44578 208 140 137 210 69.5 30 |F4TE 199 13.0 144 186 659 56
Y | 212 143 143 200 698 25 |@x 19.7 13.7 142 187 663 54
RHFRE@EEL) 210 140 151 208 709 16 | 187 123 147 107 564 64
TIAZES 207 146 141 205 699 22  [Manipuri 20.6 133 142 122 603 60
PROMEE 208 140 148 212 708 17 |Indigenous 192 12.6 144 106 568 62
EEFE 208 141 139 203 69.1 35 |BERLEE 202 132 146 116 596 61
Pt 19.5 133 154 206 688 37 [|Japuri 194 127 145 102 568 62
PR 206 139 149 204 69.8 25  |PUREMS 195 123 146 98 562 66
MOAZES 208 142 140 214 704 20 |fiétE 195 123 143 90 551 69
BiE 199 139 135 208 68.1 46 |(LZ 195 117 144 105 56.1 67
K IETTIE 200 13.8 143 212 693 32 |Kyang 192 126 144 96 558 68
.U 202 139 146 204 69.1 35 [Shan 203 126 137 98 564 64
ECE 205 138 138 207 688 37 | "
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Table 4. The quality rank for the 69 tea varieties in the _Autumn
AR B8 K@ BIR 581 &K _ﬁﬁﬁ:
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23.8
21.0
20.0
20.8
23.0
20.5
21.5

20.3
21.0

19.0
21.0
21.0
21.5
20.5
21.0
21.0
20.5
20.3
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20.0
21.0
20.3
21.0
20.3
20.3
20.0
20.0
18.0
19.7
21.5
20.8
19.0
20.0
18.0
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14.3
14.3
14.0
16.0

14.8
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13.8

14.3

13.0

14.0
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14.4

14. 5
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21.8
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20.8
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20.3
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19.5
19.0
21.0
20.0
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21.5

21.5

77.7
73.1
73.8
70.3
76,5
74.6
74.6
71.4
71.6

69.5

72.0
70.5
72.7

72.5

67.5
71.7
69.8
70.7
70.8
70.5
71.0
72.8

70.7

72.0
70.1
71.0
69.7
68.8
64.0
70.2
71.3
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68.5
70.8
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PR &
20,0

19.5

20.0
20.5

19.0
20.0
19.3

205

21.0
20.5
15.0
19.8
20.2
21.0
20.0
21.0
19.7
18.0
19.0
20.0

- 20.0

19.3

19.0

20.0
19.0
18.7
18.0
18.7
19.0

19.0

19.0
19.0
18.3
19.0

14.0

12.8

13.5

13.8

13.0
14.0

13.3

14.3
15.0
13.8
13.0
13.8
13.3
14.3
13.0
13.0
13.0
13.0

13.0

13.3
13.0
12.0
13.0
13.0
11.0

11.8
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13.0
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10.0
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14.0
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15.5
16.3
16.0
14.4
15.0
15.8
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15.0
14.0
14.0
14.8
14.0

14.0

13.0
14.0
14.3

12.3

13.0

13.0

12.5
13.5
12.8
12.0
13.7
11.0
13.5
12.3
10.3

19.0
19.8
19.0

220

22.0
20.0
20.0

21.3

21.0
19.0
20.0
19.5
19.5
19.5
20.0
19.0
18.7
19.0
20.0
18.0
19.0
20.0
16.5
17.0

13.0

14.0

16.5

13.0
15.5
14.3
12.0
10.7
12.5

11.3

69.0
66.9
66.5
70.3
70.0

69.0

68.1
72.4
73.0
67.7
67.0
68.9
68.3
69.8
67.0
67.0
66.2
64.0
66.0
64.3
66.0
635.6
61.1
63.0
56.0
57.0
60.0
37.7
58.0
39.0
52.0
55.2
54.9
50.6

ke B B3 EX
16.0
14.8

36

48
49

27

31
36

42

1
7
43
45
38
413
32
45
45
50
56
51
55
51
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59

58
65
64
60
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66
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Table 5. The comparison at accuracy rates for the four
classification methods in module 1 and 2
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Table 6. The Accuracy rates of weighted and unweighted
fuzzy classification for module 1
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Table 7. Comparison for the classification of Spring tea quality

B8 4 OE aER  BER - BOAH - RPEERE - BOEH  WAEL - FaE
B ' -
' mo H|EER EER - BOAT  RIFIEERE - BOEH - LS - i

B 4 08| YOKEL - SR - RIS - BhHE - BEEAZE - HTOH - BESE - ¥
DR _ '

{8 4> (KDL HE © TR - SRR - HEEAIE - MITAE - AL  REAEEE - A,

A L - ORI U - S - A

MO (MR ALOORAT - EOOEREE ~ AR KL - ATEESHE « FATE - FK, A

B 4 B [FREGEL) « MOHBE - IYTAk - IR - ARBENTIE - SO - O - AR -

S - /N IEVTIE « (BT . AHEE e '

’I‘i W 73 R ~ KDLAAT ~ BORRE ~ BEBGL L ~ KRERRE ~ XAE - A EEL)

ILUAZER - PROBRE - 1BFHE - PROATES - 5 - JH0TE - 45RE - #k
{8 - TR - WEE - AR - BMRSH  BIRE - B RWE - BE
7 - /INBETTE - (B -

M KRR - SR - BERHLL © SOLKIER « ARCTAERS - 4R -
B 5> DS IR - R - EIIRE - B - AW EVE - TR - B
_ - 3 - SeTE

M 5 B AEREER SN SR B BORE - BROE - 71EE -
3 - T - K REE - 0 8o - o6

m H|SeHE - SEm. B, SORE. REOE. %55, SEE. Indigenous
i 4 4 I8 e L
}& 8 4> %E|Manipuri + Indigenous. EfZLLZE. Japuri . FAIGEMSLEE. Kyang . Shan
it ##(Manipuri, FH{&ILZ%. Japuri, PAREMY - [LZX. Kyang . Shan
8 4 5 48| ' '
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Table 8. Comparison for the classification of the Summer tea quality

R OB H & ' o

B 5 EER. BER. BOAN. RIFOER. AEELER
Mo MR BER. BOAH. RIFAEER. ASELER. 08
o EEE _ " - _
BB 5 OB, ALLBIE - TN - Yok B0, BIRE - THE. [LLATT. M
EAME. MHFE. SEW. BGADL. . HPEL). O
HOARS, &6 BeE - HE -
Mmoo HEORE. EVE. YokEL. T, UK. HEAZE, HFE. =
B 4 USRS RETORE. SRR, MRONGE. MROAES. ABITEE.
_ |owE Rem _
HOW 4 BT, . SO, Al RAE. UAEE  BESE. B
. S, P ARME. WBOE. EOE. KOS, . R
K., HEH . '
M M. . EOSR. il B, FAM. HEEEL) - JalK
BOW S (R, BETE. WORE. MFK. BE. BOM. KOE. AR, H|
|, i R, WERE. H3E B
BOM 5 B AR RS, EHek. oK, W, ASHE. M. R
. QORE. EROE. NEUE. GWE. 1EE OE. SR
FIE, W - -
M APREREL. SR, BReE. TNE. B0 AEHE. . =K
8 2 M - B RS, WA, /T (B MM, O, T
. &R e
{8 49 4> 6| SRAE. Manipuri, Indigenous, FERYLEE. Japuri, PIRENS. WEETEE - LK
Kyang ~ Shan - |
i HE{SEE. Menipuri, Indigenous. LG, Jepuri, [IRENS. MEEVE. 1L
{8 1 4 %|Kyang, Shan _ ' ' ' '
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R UERGRMEZ LR
Table 9.Comparison for the classification of the Autumn tea quality

— .

B 5 EER. BER. AREETRE. BORR. ORI, BOEL, TS
A, ATLTT - BB ATEREL. KA. UAZES. HOAZKES
S, WIS, RO WA, EVE

i HEER. Bk AERSH. AEEEER. WkBL, TAE. KE. 41
B8 5 LA, BRI, RAR. KRR, HFOAKS. TE. BIE - &
S - BLBH - AT WLAT. TS

B 5 B, RIFUEEE. GWE. 55 s _

M B EEE. EOE. MIRE. DR MR =IO KL, R
MHFEGEL). HOBGE. 2K, MyFHk. KEM3E. HOE. HEE.
KR, HHB

i mOEE. YTk, AESE. WO, SMCE. WE. MHIPE. S
BB 2 AL, R, AHFRGEL). WRIE. SETE. AZEMZE. MOE. B

., KR, R, EEnE

s EEEAE. BORE. WEE. OB, BEE. EROE. NENE. 1T
. 0. 8. 478, #I%. Indigenous, {HEEFE
o AElvrZERE. SmAfE. 3. Indigenous - Japuri. PAIREMS. /NEEITIE. (HEAE.

g 4 EEE. DEE. R, BLRE
HE R 4> 4E| ST, Manipuri, RHYILES. Japuri. FIREMS. &R, 1125, Kyang. Shan

N MBS Manipuri, EEf%IES. @4UE. (LS. Kyang. Shan
B4 4> 48 -
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Fuzzy Statistical Cluster Analysis and Its
‘ Application in Tea Quality

Kuo-Renn Chen' Ya-HuiLin? Ber-Lin Wu?> Ben-Chang Shia*

Abstract

The objective of this research was to classify 69 tea varieties into five clusters with fuzzy cluster
analysis by five criteria for judging tea quality:shape,color,liquor color,flavour and taste.The result is
summarized as following:

The result revealed that Paimaohu was the best one among the 69 varieties in any reason,The four
famous tea varieties of Taiwan,such as Chinshin Oolong and Chinshin Dapang ,Dayeh
Oolong ,Hongshin Oolong and Yingjy Hongshin belonged to the first and third class in spring season
respectively.After weighted fuzzy cluster analysis,Dayeh Oolong could be prdmoted to the second class.
By the fuzzy cluster analysis ,Chinshin Oolong ,Hongshin Oolong , Peishin Oolong and Dayeh Oolong
belonged to the first class in fall season. Tei-Kwang-In belonged to second class in spring and summer
season and third class in fall season respectively.Hsiaoyeh Tzuyeh and Tzuyeh belonged to fourth class
around the year. Due to worse quality of liquor color and tasting ,Assam and other varieties that suited to
‘manufacturing black tea were the fifth class.

Key words: Cluster analysis,Membership function,Fuzzy judgement table,Fuzzy weight

1 Agronomist, Taiwan Tea Experiment Station ,Yangmei, Taoyuan,Taiwan,R.O.C.
2 Graduate Student of Department of Statistics , Cheng-Chi University,Taipei, Taiwan,R.O.C.

3 Professor of Department of Mathematics Science ,Cheng-Chi University , Taipei, Taiwan,R.O.C.
4.Associate Professor & Chairman of Department of Statistics , Fu-Jen University, Taipei , Taiwan,R.O.C.
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t > FILEEFERQTITNENM - LATRERER 5 -

o - BRI S RIS B AL R S R M
Table 1 » Changes of sensory quality and chemical composition
before and after baking for Paochung tea

Sensory quality & chemical composition =~ Before | After
_baking ~baking*

Shape (109 ) 7.0 7.0
Apperance color (109 ) 7.2 7.0
Infusion color (2094 ) 12.2 13.7
Aroma (30% ) 18.2 - 20.6
Taste (309% ) 18.5 20.3
Overall quah 63.] 68.6
Moisture ( % - 548 3.94
~ Catechin’ - 0.209 0.202
Total free amino acid® 0.707 0.687
Caffeine (9% ) °* 1.95 1.92
L 90.08 91.29
a -2.92 -3.49
b 21.70 22.51
AE 24.03 26.67
H 5.7 5.7

. Absorbance at 540nm determined by ferrous tartrate method.
2 “Absorbance at 560nm determined by ninhydrin reagent.

3: determmed by HPLC.

X baked by tea baker (oven ) at 100°C for 6hrs.
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Table 2 - Variation of sensory scores for different baking methods

Sensory Baking time ('hrS) _

 quality 4 6 8 10
Shape (1096) min 7.00 7.00 7.00 7.00
max 7.00 7.00 7.00 7.00

“mean 7.00 7.00 7.00 7.00

cv (%) 0 0 0 0

Appearance color (109 ) min ~ 7.00 7.00 6.90 6.90

max 7.50 7.50 7.30 7.20

mean 7.25 7.18 7.07 7.00

cv (%) 2.43 2.70 2.63 1.74

Infusion color (209 ) min 13.80 13.60 13.20 13.20

- max 14.20 14.10 14.00 13.90

mean 13.93 13.82 13.58 13.58

cv (9% ) 1.08 1.33 2.10 1.94

Aroma (30% ) min 19.70 19.40 17.90 - 18.60

max 21.30 22.50 21.70 20.90

mean 20.72 21.00 20.25 20.08

cv (96) 2.63 5.66 6.54 4.38

Taste (30% ) min 19.70 19.40 17.90 18.60
. max 21.80 22.70 22.20 21.60

mean 20.93 21.12 20.60 20.-28

cv (%) 3.73 5.97 7.67 5.38

Overall quality (10094 ) -~ min 67.20 66.50  62.90 - 64.30

'  max 71.30 7330  72.10 70.00

mean 69.83 71.12 68.50 67.92

3.80 4.77 3.18

cv (9% )

2.19
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Table 3 - Variation of sensory scores for different baking time
Baking methods

Shape ( 109 )

Appearance color ( 1094)

Infusion color (209 )

Aroma (309% )

Taste (3096 )

Overall quality ( 10096 )

min
max
mean

cv (%)

min
max
mean

cv (%)

min
max
mean

cv (%)

min
max
mean

cv (%)

min

max
mean

cv (%)

min
max
mean

v (%)

TRTI

7.00

7.00

7.00
0

7.20
7.50
7.35
2.36

13.40

13.90

13.60
1.59

20.70

21.10

20.90
0.87

21.20
21.90

21.53

1.39

70.00
70.80
70.38
0.55

TRT2

7.00

7.00

7.00
0

6.90
7.30
7.15
2.42

13.90
14.00
13.93
0.36

20.60
22.50
21.53
3.69

20.90

22.70

21.90
3.48

69.30
73.30

71.50
2.35

TRTI : k5 —FEREMR  TRT2 : 54— MRS TRT3

TRT4 : WRERE +#LOMR  TRTS : KLMRRESRIR  TRTO :

EREEALERS 175 (1998)

TRT3
7.00
7.00
7.00

0

6.90

7.10

7.00
1.65

13.60

13.90

1378

0.91

19.50
20.70
20.15
2.58

19.50
20.70

20.20
2.49

66.70
69.10

68.13
1.63

LR

KA

TRT4
7.00
7.00
7.00

0

7.00
7.30
7.23
2.08

13.70

14.20

13.95
1.71

20.80

22.30

21.23
3.39

20.90

22.40

21.47
3.00

69.50

73.10

70.88

221

TRTS
7.00
7.00

7.00
0

6.90
7.00
6.95
0.83

13.20
13.80
13.48
2.38

17.90
19.70
18.90
4.30

17.90
19.70
18.90
4.30

62.90
67.20
65.23
3.03

TRT6
7.00
7.00
7.00

0

6.90
7.30
7.03
2.69

13.40
14.00
13.65

1.94

20.00
20.70
20.38

1.62

20.00
21.10

20.40
2.37

67.40
70.10

- 68.45

1.77
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~ Table 4 - Average emissivity of various heater in this experiment

Temperature Average
Heater o o
(C) emissivity
147 0.83
B
MRk 226 0.87
Charcoal (Acacia)
' 288 0.77
1352 0.74
REAR '
e 235 0.54
Charcoal ( Longan )
| 278 0.61
155 0.66
TR R '
| _ 231 0.86
Charcoal ( Grain)
o 300 0.67
- 92 0.876
ALZMAREIR 174 0.846
FIR plate | |
260 | 0.867
. 95 0.915
KLIHRAER R 177 0.877
FIR rotary baker

266 0.896
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