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Abstract

Tea is a beverage consumed the most all over the world besides water, and black tea
is the most wide-spreading one among all types of tea due to not only its mellow and rich
flavor, but also its health benefits. ‘Taiwan Tea Experiment Station No. 18’ tea plant
( “TTES No. 18”) is a kind of tea tree which was bred and named after by Tea Research
and Extension Station , Yuchi Station, Council of Agriculture, Executive Yuan. Its young
succulent shoot possess a high ratio of polyphenol to amino acid content, therefore,
“TTES No.18’ tea leaves was suitable for making into black tea.

“TTES No. 18’ black tea made under three main producing seasons, which are spring,
summer and autumn, has different flavor and characteristics, due to varied weather and
tea producing conditions under different seasons. However, difference of tea leaves
chemical compositions, changing patterns of oxidation-related enzyme activities during
black tea manufacturing process of tea leaves harvested in different seasons, and how
weather factors and tea plant growing conditions under different seasons affect
parameters mentioned above and also sensory evaluation quality still remain unclear.

The purpose of this research is to investigate and analyze the characteristics of
‘TTES No. 18’ young succulent shoots, non-volatile compounds and volatile fragrance
compounds (VFCs) of black tea, and polyphenol oxidase activity and also water content
changing patterns of tea leaves during black tea withering process. Furthermore, the
relationship between weather factors and parameters affecting black tea quality which
was mentioned above were also investigated. To understand growing condition of tea
plants, characteristics of young succulent shoots were investigated. Results showed that
spring tea possess the biggest leaf length and leaf area, which means it has the biggest tea
buds. Autumn tea has the heaviest hundred-bud weight and spring tea has the lightest.
Polyphenols, free amino acids and caffeine were three of the most important non-volatile
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compounds that affect taste and mouthfeel of black tea. Results of non-volatile
compounds analyzing showed that spring and summer tea produced in 2020 has higher
content of polyphenols, whereas content in spring tea produced in 2021 were the highest.
Regarding caffeine, spring and summer tea produced in 2020 has higher content, whereas
in 2021, content in spring and autumn tea was higher. When it comes to content of amino
acid, there was no significant difference between tea produced in three seasons in 2020,
whereas in 2021, content was the highest in spring tea and the lowest in summer tea.
Every single non-volatile compound content was the highest in spring tea and lower in
summer or autumn tea in 2020, and it might due to the slightly varied weather conditions
and black tea manufacturing process between the two years, leading to different changing
patterns of these compounds within three different seasons. The ratio of gallated to non-
gallated catechins was higher in summer and autumn tea which produced in 2021.Black
tea aroma is composed of VFCs, and VFCs play a key role to black tea flavor and also
quality. A total of 65 kinds of VFCs was identified from ‘TTES No. 18’ black tea produced
in three seasons through GC-MS analysis. Methylsalycylate and linalool were the most
abundant compounds in tea leaves produced in both three seasons, and they also possess
relatively lower odor detection thresholds (ODT), which may infer that the two
compounds were the most important VFCs contributing to olfactory feeling of ‘“TTES No.
18’ black tea. Results of principle component analysis (PCA) of black tea VFCs showed
that samples from three seasons were clearly divided into three clusters, which means that
“TTES No. 18’ black tea produced in three seasons indeed possess different aromatic
features. Results of sensory evaluation of black tea produced in 2020 showed that summer
tea has the highest total score and spring tea has the lowest. Results of correlation analysis
of each sensory evaluation indicator and non-volatile compounds showed that non-
gallated to gallated catechin ratio has positive correlations with three sensory evaluation
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indicators. Results of correlation analysis and stepwise regression analysis of weather
factors, ‘TTES No. 18’ young succulent shoots characteristics and black tea quality
affecting factors showed that, weather factors and tea shoots characteristics had mostly
negative regression relations in 2020. When it comes to the analysis results of tea shoots
characteristics and non-volatile compounds content in 2020, it showed that leaf thickness
and internode diameter were negatively correlated with total polyphenols and caffeine
content. Lastly, among five weather factors of 2020, average temperature had a positive
regression relation with sensory evaluation total score, whereas relative humidity had a
negative regression relation with it. In addition, relative humidity also had a negative
regression relation with taste score. In conclusion, young succulent shoots characteristics,
non-volatile and volatile components, and PPO activities of ‘TTES No. 18’ tea leaves
would be affected by varied weather conditions under different producing seasons.
Average temperature had a negative regression relation with non-volatile compounds in
black tea among five weather factors, whereas non-gallated to gallated catechins ratio had
a positive regression relation with sensory evaluation score. This research investigated
and discussed young succulent shoots characteristics and black tea quality of ‘TTES No.
18’, and it is hoped that these information would be applicable for producing ‘TTES No.

18’ black tea with high quality hereafter.

Keywords: Weather factors, Stepwise regression analysis, Black tea withering,

Polyphenol oxidase activity, Tea aroma
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AESRIEE VI PRFEK B HE ERIE FET E

Hf\t
e

Eg

FRHCED £ X2 F 34 2 RE O RIDDP BV LB FEN NI BES T

FEIA AR RDEMRT R EHLEF RS g 5% M(Kotturetal.,

2010; Yao et al., 2005; Zhang etal., 2021) c 2 X &2 § % if 2 L B > ¥ & &
BEY IR ARIENE LR F RS eI AR BARBEEFIFRT

(Hilton et al., 1973; Kottur et al., 2010; Xu et al., 2012) °
AP e T2 PR AR e X > AR P E SR B L R R E(R, 1994
Nakagawa, 1970) o # £ © e F AR E L nE & 5 £ M A 2§ BRF 9§

Forgp 2 e F Y B 3R IR

W

#o2bd

;o LAFZAFTFFTHIL L
FrawetFl 2 EH I F ARG ENAFT R P - L (Cloughley, 1982;
Malec, 1988) « & *+ § % |5 4ofr 538 5 E ¢ 2 psdpe ikt 5 £ - Voung (2011) %
LR A KR BB AR LT o FE Y R g ke R L
TSR o B0 - SRR A g B2 vk (thylamine) V£ ATRAG & N 2R R 4E
PRz TSRS 0 Flp o ARRRGORBETAENFH B FETNLT RF 2
foiiert > R G ORI RORE BB RG22 § ps 7 £ (Tirkozi and Sanlier,
2017) e gt oh s GEPRBHT ORAET TF L ESF S IR FEY F FES

M4 B 75 = (4%, 2009; Co and Sanderson, 1970) -
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AN S T TR N O
AFHPEFZLET - E NI AFFEHFEFIALLDES Akl
FAF D QL FE? g B4 § 4 FF(Wangetal,, 2000) o = K74 F % )

THPLEFRRE RSN A R L ERSES A X FH U F 4

%ﬁﬁ%@@MndeM%ngd&meo%é%ﬁﬁ#ﬂ%iﬁﬁﬁﬁﬁ

SRR wﬁgmﬁ;@}y}zﬁ**ﬂ;‘r Airzun GRS MRAR SN R E R B
FRCL PP CFEFHEAY SECHLEL 50 3o T3 SAREL S

FENNBERF P ARFEEF P RERREELLA ViR SRR
PR s £ R eha F)(Ho et al., 2015; Liu et al., 2021b; Yang et al., 2013) o i
eFEYNRAEFEEAF A SR A ER o TS BRE S
= fi# (linalool synthase) 14 % % ¥ fig & = fi* (geraniol synthase) # frm = > @ ¥ -
B Ly bl T — ey v F o RV R B EREH KRR KPR T S R
§ FokfEa k(Hoetal,2015) o g+t > F M B eh iR TV i LA &
RN IR R R JEE R U S W UESE L URNERE N AN - S L
M ZFe By 25 O35 SRS A N L 4§ # F(Sanderson and
Grahamm, 1973) o 5%+ #7if » FE? cfTF P4 FH 7> 3L FEY T &1

prEtFEx2 288 A2 FEERE

I ZEHFTEMRZFEOPE
% p~% i-f*= (Polyphenol oxidase, PPO) % A £ W2 iEfz® > A4 = F 4 § &2i%
k2 ERAEAIT F bbb WAL EER 0 FEY 0 PPO EM RS 8 e KR
7 % I p B (Bokuchava et al., 1980; Thanaraj and Seshadri, 1990) * 5 | § # i% % %
S FEY 0 PPO EHEF F &AL B (Liu et al, 2021b) » Ravichandran %
Parthiban (1998) 4p 1 » iz % chE & > PPO B » @ Ad B E i chi & 4

B FEY AR EBIRE  F R R T R R MRS e B g
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» Jiang % (2018) & Takeo (1966) 43 » 4 % $ffcshFE ¥ 2 PPO A BT K %
WK a g Y RN AT R R @ IR ATRARAAT L EE 1A s

ot

BeEE s BEIRT HF 100 B -

BT ExEAaY FE RS w3 AR 8 PPO A2 g1

EX LR ¥ - BHI B R FARR B B IR T
ERERAAFF O 50 GRFES kAR AR N g ph
/¥(Owuorand Obanda, 1996) = % it ¢ KF ¢ ek A M 742k > & # ¥ F %

@3 p R R RRT kel ST A MR F S F R LG MaEE

f4

752 Z¥(Deb and Jolvis, 2016) -

YNSRI BRSSO R
ERARMEEN 1224 )P FFEAERY 0 FEZTORF L T8%T "L S55-
05% > iz A Fwmem 3 - kA E8 o kA oL e R 3 e X ARR
Gt o BREFIA R LB A N B AR ey 4 YRR

- HEEXF S B (Sabhapondit et al., 2014; Sanderson, 1964; Tomlins and
Mashingaidze, 1997) -

hem TR MEF L OFEARY RF P RS T FEN we RS TG 0 @
K E w2 BIRARR T2 P e i € F R AT & PPO &Y
g s 3 AP 2 =(Collingsetal.,2021) ° > 2 FiEARP & £ w2 %2 % KAT
K » Muthumani # Kumar (2007) » 35 12 T FR T2 FEE P e 5362 3%

B BB Rt MSRIRAZR 0 VO LS A RE 2 E kT o

(polyphenol oxidase, PPO)(Bokuchava et al., 1980; Thanaraj and Seshadri, 1990) -

Ravichandran % Parthiban (1998) £ Thanaraj * Seshadri (1990) 454} » Z ¥ ¢ h

10
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PPO jEfist K9 hXF 3102 e ¥ SFS040M - FELA GRS - T
EHZREF T ER e L F A > BIRPPOZ F AT ¥ i PPO { =

B iR /l%:}ﬁ Vo BEF R F kA TR PPO M ¢ 2 T '8 (Mahanta
et al., 1993; Sabhapondit et al., 2014; Ullah and Roy, 1982) - Ravichandran # Parthiban
(1998) Ldp > F 5 ZFEM K R PPOFE X ¢ 1%k > Hm % E ¥ 2 PPO Fitm
FEFEY Sk FRALIM - 18 2 FIAELHA NG F AR - b
Takeo (1996) 45 i iz & X AR » FF P HPPOEIL§ iEibrt 2 > 3 Z % 15-

18 /| pEps » F 5 ¢ HPPO iS4 T E @ E ¥ @ 9124 2 (Takeo, 1966) -

44

B S R Rt

- S e SRR B

RS ‘R AN Zaa ~ £ (Camellia sinensis var. assamica) ‘B-
729 & & AR 4 Lk (Camellia sinensis f. formosensis) ‘B-607" 232 <% f& » {4 3]
B2 B gEAMBESERBT R -

BEA LA I 5 RS- 1% 2022 £% (202247)~ & (20226.1) A Ep #
Fold g FEir a2 LA (2496°N, 121.6°E) 2 — Kl e 8-
CERPITL X R f% PPl EE FEARY REA RS E e BB RALR
G o 3RS - 1% 2020 £ % (2020.4.14)~ T (2020.7.8) ~ # (2020.9.14) = % >
2 2021 £ % (2021.4.9)~ % (2021.7.4)~ #(2021.9.23) = F p iz B £ € A ¥
P dos A3 (23.88°N,120.9°E) 2. - R Bl > g2 S8 — = ol > {8

FroF @itz sy fr

I BT
() #E&- LFZRERY PEREEZRN
T R R AR R REEANBEEY c FEWRKE S s

11
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BRI o U A REERFERESAELLRE 22285 T A FTERE

EEA2Z P EA AN B M2 FPEANEFT X BEAY & If

l~.\

JREBRH - o R R F AR FEE 0 T kEA-50°C A kR 0 vt
FaArdlr 02022 # %5 FF AT > ¢ FEEE BRSO EE > B4 5o
PEREBEAS - FFFRIL (F&) €40 B EA A HH600g ¥ F273
B d A RWACE APk ATA C R R E IR ZEAF o REEAFT 8T g BT S

FER A HA 1R SR R AR T2 £4F o

(5) - FF A REFEFLE g
W220&EF T A ZFAUALEET LR - FrFuaaTY

#2 (orthodox) # 1T 2 E A & > 2021 £+ % & ~ = FH—

[
W
dmt
&

EFABREFERIE N F > A oA A F RS R T
2% Afe s BFHORARL 2 enerF) F E 247 2 02 B 2R 4P K 47 R (high performance
liquid chromatography, HPLC) & 7 B %52 % % 7 £ 2 &= A 47 > M § % k47 7%

% (gas chromatography-mass spectrometry, GC-MS) & 74 F B4 5 * &4 2 47 »

FRERT R UANZFLEFR R FEET SHEHE S TERR 2R
PEPREFE LM SRS FECEA 0 AP ELHUE A K AR

% ERIEZ £

SR EEA
(<) FERRAELF TR
FRFREAB D BT F LT A S A Sz LI L F R F Rk (
Ko s AUEA) FR0r s LE RS2 REF fb- sl DA OB T
#L (https://e-service.cwb.gov.tw/HistoryDataQuery/index.jsp) e
FEMRALGE IR S - E2 LR S5 - F2 1/3~122 - vz FHE%
TeoRAAINFTMER (1999) WM ER 2 ALEFERA TR -ER &

12
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—EFE-FRERONEF-ZF-GRFEREAP A FTELII0BHRETE

AR

() MEPF AR
I &5 d28 FEBRREAH
S SN T R R I LAl R BR8Ny - e Y

% €4 30mesh G EF BT L FER A FER ARG ERESEY - £ 8
% -20°Crk 46 35 % * o

FEBp 2 WK H FhoT 1 B 0.500£0.050 g F A5 0 4o~ 100°CH K (5B
900° CkipHFP20 448 FHERPIZTES AP F BR L ¥ RETED

50 mL -

2.0 B8 ARl R E P T 4B
REEPRAFRS BEUA ZFRIR o F i AR4eT DB EF FRIR L mL o 4
»EVE BT 4B % % 1mL s gif s ek (pH=7.5)3mL- 3 R F R & {5# & 30min
o B R & {8B~200 uL Fpi% 12 Epoch 2 & ks g 2hpl g H A3t £ 540 mm T 2

Bk o M B FEML RS R kAP A S 500mg L~ 250 mg L
125mg- L'~ 62.5mg L' ~31.25mg L' - ] * i pE > T8> L8308 FH &

P S ez e+ pid £ (gallic acid equivalent, GAE) o

el Rl Pl T —% = Bk
3 15mL FEBRY 4er 0.15gPVPP o 5% 27 30 min {6 2 & 4 #E iR B

BRFTFEPRR - FEPRAFEIGE ERIR -T2 F AT (B F

Bl 1mL > 4c » 0.5 mL & = fik & i 3%wn > 34 5 95%:FpH) ~ 0.5 mL SnCl,

(0.2% w/v » 7% &l 4 g e i e pH=5.2) & > 12 100°C K if e £ 15 min » 3~} @& w

REFE 4er 10mL PR LR oo RIFR LS 15> B 200 pL Fipli 1

Epoch2 A sk sk B3 Rl H >0 £ 570 mm T 2 s sk & o 2 FoRfEia 5 E 8 5 &
13
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iz ERFA S 100mg L'~ 50mg L'~ 25 mg L' ~ 125 mg-L! ~ 6.25 mg-L"!
oAl BRI EM O RS EFR&E? 2 A%y £ (theanine equivalent,
TE) -

4. wrFR 2

W 15mL FEBRY 4o r 0.15gPVPP» 5 B 30 A4l U £ 4 iR B
B R F K F Bk o B~ 200 uL #pli% 2 Epoch 2 A % % & 3P 2 2 »tjk £ 450 nm
T2k o e F R L R T R AR B A S 100 mg- LT~ 50 mg-L!
~25mg LT~ 125mg- L'~ 6.25mg Lo fI* B piE > B R BB H TR S

? 2_eeF]F £ (theanine equivalent, TE) »

% BHf4 ~ 2 6 5 k2 HPLC A 4

FE PR 045 um HciE R R P T FRIR o FRIR B AR A 4T R
(high performance liquid chromatography) 4~ 47 # @ #73 2% % 454 ~ X § F e 2
e F] 5 B o jndide A 1 2 % (ACN) > B i £ 0.1%9 Bk 3 ik o Romid & 1.0
mL/min > # £ B 5 35°C o F Pk v f e Bt 0 & e 5 SuLl e £
FRIE 2 R SFLE TR RR L 4°C &Y 3171 & (gradientelution) X T
4rT A A ATB=10:90 R I 530440232 A:B=20:80° % 30
LT IS EREEICT AIB=22:78 %3532 40~ R ERI T A B=25
2750 %4032 B A ERERTCIT AIB=100:0 FafFr 53 % 52 44 o
5503 57T ABMMEEHEL AIB=10:90c A 17E/m7 UK RGP RBFL L

PRl R K TS 280 nm oo KBRS BH S RE SRS P P 2F

PFRF (retention time) E T > MmEE RS P EF AN o R EEAB A ZE

}7

B @l TR UL FRRY PR EFTE-ERFFE R G TR
Prr TR R R PR AT

GA:25mg-L!' ~ 50 mg-L! ~ 100 mg-L! ~ 200 mg-L! ~ 400 mg-L!

GC: 12.5mg- L'~ 25mg-L"! ~ 50 mg-L! ~ 100 mg-L! ~ 200 mg-L!

14
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EGC:31.25mg-L! ~ 62.5mg-L! ~ 125 mg-L! ~ 250 mg-L! ~ 500 mg-L"!
C:6.25mg L'~ 12.5mg L'~ 25mg-L! ~ 50 mg-L"' ~ 100 mg-L"!

EC: 15mg-L!' ~ 30 mg-L"! ~ 60 mg-L! ~ 120 mg-L! ~ 240 mg-L"!
EGCG: 50 mg-L! ~ 100 mg-L! ~ 200 mg-L! ~ 400 mg-L! ~ 800 mg-L!
GCG: 3.125mg- L' ~ 6.25 mg-L'! ~ 125 mg-L"! ~ 25 mg-L! ~ 500 mg-L"!
ECG: 3.125mg- L' ~ 6.25mg-L'! ~ 125 mg-L"! ~ 25 mg-L"! ~ 50 mg-L"!
CG:3.125mg- L'~ 6.25mg-L"! ~ 12.5mg-L! ~ 25 mg/L ~ 50 mg-L’!

Caffeine: 12.5 mg-L'! ~ 25 mg-L!' ~ 50 mg-L' ~ 100 mg-L!' ~ 200 mg-L"!

6. HLHE WA F 1+ &4 A 4
Fo R B 1S P~ 05g 1 20mL I SFL Y 0 4o r 3mLddH0 - 12 p BeiE

BWRLEF FREFRSZ R ET ~ SPME 2 5284k 2 GC-MS & 5@ o
M BTEAR S T0°Co PR G 30min > % 10 min PFhad /R 0 BRI (TR T RN o
EEEAFEEPHEY FAARTEERIT D P BT HREF £ B R
A B EFF (99.99%) 0 B4 HE L Opsic T R ALY o K47 A HiEE K
TACT DA 4R R 5 50°C 0 A 4F 2min {802 15°C/min 2. 2R R 2R T 90°C 0 £
#11 3°C/min 2. 2§ i B 28 % 180°C ; »+ L8 B ¥ 2min (¢ » £ 11 10°C/min 2.
ARFERDAET250°C, FaFSmine - XA E ZHEF4A9mine v &2 ps
tig* 70 eV ERT o BFIRE AR S 200°C 5 FIE R G pEE S 50 2 400 R+ F
€ ¥ = (atomic mass unit, amu) > # §E 7 - K HFf o I 422 5T FRFE
(electron impact ionization, EI) » £ # & ic 5 70eV > il v § B K 25 280°C - & 47
% 2 NISTIL fadte & TR 2R TR 70 8 st f 4 fag - 1 & &
£ A (abundance) " ff 4 & fREFE L BENFEE AT R R

% 5 AP ¥ R (relative abundance, %) °

15
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© RE- &2 pB I & (ferrous sulfate heptahydrate, FeSO4 - 7TH2O) P p
Hayashi pure chemical Ind. (Osaka, Japan) °

© RE- B2 JFT p47 4 (potassium sodium tartrate tetrahydrate, CsH¢KNa -
H>O)rE Hayashi pure chemical Ind. (Osaka, Japan) °

« EP % %2 gipt - & 4 (disodium hydrogen phosphate dodecahydrate,
Na,HPO, - 12H20) B p Nacalai Tesque (Kyoto, Japan) °

« GR & % 2_gift = & 47 (potassium dihydrogen phosphate, KH.PO,) P p
Merk (Darmstadt, German) °

(2) wrsiprelpt 7 Rl 2

* ACS ~ ISO ~ Reag. Ph Eur ¥ %2 firfé4 (sodium acetate trihydrate,
CH;COONa - 3H,0) ptp Merk (Darmstadt, German) °

* GR % %2 % = 4 (ninhydrin) F&£p Merk (Darmstadt, German) °

« % 1 3747 (tin (II) chloride (%) ) P& p Alfa Aesar (Heysham, England) °

* Reag. Ph Eur ¥ =2 jF)#f (ethanol (95%)) P& Merk (Darmstadt, German) -

« HPLC % % 2_ % "=ft (L-theanine (298%))M-p Sigma-Aldrich (St. Louis,
Mo., USA)

© R e rergzhk (polyvinylpolypyrrolidone, PVPP) REp Sigma-Aldrich (St.
Louis, Mo., USA) -

(3) wee) 45

« Reag. Ph Eur % % ee2%] (caffeine) PLp Sigma-Aldrich, (St.Louis, Mo.,
USA) -

4 BFFEHFERe IR

« HPLC % %22 % % ((-)-catechin, C (297%) ) B p Sigma-Aldrich (St. Louis,

16
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Mo., USA) -
« HPLC & % 52k 22 8 F fifig ((-)-catechin gallate CG (298%) ) FA
Sigma-Aldrich (St. Louis, Mo., USA) -
« HPLC % %2 8 % 52 % % ((-)-gallocatechin, GC (298%) ) FLp Sigma-
Aldrich (St. Louis, Mo., USA) -
« HPLC % % % 52 % % ((-)-epicatechin, EC (298%) ) Fp Sigma-Aldrich (St.
Louis, Mo., USA) -
« HPLC %% 4% ;2 8 3 2% % ((-)-epigallocatechin, EGC (298%) ) Rt p
Sigma-Aldrich (St. Louis, Mo., USA) -
« HPLC % %2 8 % 2% % ( (-)-gallocatechin gallate, GCG (298%) ) P p
Sigma-Aldrich (St. Louis, Mo., USA) -
« HPLC %% % 2% % 1 8 3 fifig ((-)-gallocatechin gallate, ECG (298%) )
FEp Sigma-Aldrich (St. Louis, Mo., USA)
« HPLC &% 4283 2 x 21 83 fify ((-)-epigallocatechin gallate, EGCG
(298%) ) B p Sigma-Aldrich (St. Louis, Mo., USA) »
- HPLC % %2 & 5 fit ( gallic acid, GA (298%) ) B-# Fluka (Buchs,
Switzerland) -
« Reag. Ph Eur % %% 2_ 7 fiz (methanol) F&p Merk (Darmstadt, German) °
+ ¢ % (acetonitrile, ACN) pEp Merk (Darmstadt, German) °
*« GR %% 2 7 f& (formic acid) P p Merk (Darmstadt, German) °
(5) FER FAHEAH
« EP % %2 gips & = 4 (disodium Hydrogen Phosphate (NazHPO4-12H.0)) B
p Nacalai Tesque (Kyoto, Japan) °
* GR % %2 _gifi = & 4 (sodium dihydrogen phosphate (NaH2PO4-2H,0)) B
p Riedel-de Haén (Seelze, Germany) °

17
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+ ReagentPlus % %2 #% - ¥ fs (catechol (CeHeO2)) FEp Sigma-Aldrich (St.

Louis, Mo., USA) -

8. Rk F

« BioTek #k & # 4~ £ % & -  Epoch2 » B g Bio Tek Co. (Vermont, USA) °

. E.%‘« 2E 8 (tissuelyser 11, Qiagen, Hilden, Germany)

* # 40 & 47 & (gas Chromatography, GC) : 4|5t Agilent 7890 » - p Agilent
Technologies (California, USA) » 4 3¢ 43| 5L % HP-5MS UI (30 cm x 250
pm x 0.25 pm)

« B3 & (mass spectrometry, MS) : 3] 5L Agilent 5975 > p£ Agilent
Technologies (California, USA) °

. FApHcEP~% % (solid phase microextraction, SPME) » % B~+44 ’g‘r %
divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) » & i &
50 um/30 um > g Supelco (St. Louis, Missouri., USA) °

© B ATR AP K 47 % 2L (high performance liquid chromatography, HPLC) @ & 5%
PU-2089 §Iif & st @ 4% AS-2075 p #:& 4k ik > pe ¥t L PR F UV-
2075 > 11 % LC-Net II/ADC /2 % £ T "aif % o & 47§ 1% Symmetry C18

(100A, 5um, 4.6mm x 250 mm) » f&p Waters (Massachusetts., USA) o

(2) BF &
% ISO 3103 £ #7 150 mL #2455 » BT F 2 B F & #%

gk R R BT R E AR LR (20%) k4 (20%)~ B F (30%)

N

SR (30%) 0 E T TR EE TR L L4

bl

(2) FEZ LI 2 w5 W55 BARR

P R RAL R PTG E AN EAEAEY C EFFP LA T 5o EuE

18
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JEommz ik 0 WEARBERS o %7 PERLEE SmLddH0 #E ¢
) PR REEER S EF ddH0 ¢ o @ SRR E R R R TR 240 PRS-
MR R EGEE P ddH2O 22 % ¥ A& (electronic conductivity, EC) > 4t & 5 Ti e
B E_(S HEE B 2T 100 °CoRig 4 4r# 20 min # e Ak 2R > TR R
Ao RRIRZEE P RML EC @ e Tfe T A8 0E R we iz ik
#2 /& (membrane electrolyte leakage, MEL) :

MEL (%) = (Ti / Tf) x 100 -

FHEREMAY R EFEREE W eI EE S 0 E Wao 1T
N8 @ F ¥ 2 k& (water content) ¢

Water content = (Wr- Wq) / Wr x 100

MRl ¥ RSB AR XA R FERS TR ARTE 193
fas ko AR A 2.-20°CR AR ) 200mL F Rtk B ok k0 002 Advantec No. 2 i
MRt Rl g B #Sh kPRI ¢ CBENTIRRAMITE K
BE R R B A 0 kF320°CH * o ISmLgEe F ¢ 4~ K 22 g Ry
FH R 0.8 g~ pift s i (pH=7.0,0.05M)5mL > ZFR 6L B30k BT
P 90min > FBi R (5 #dre ¥ BTG 0 & 4°CT 12 1000 rpm Hre 30 4
P10 bR R Rw R ER (R R IRALZL ) T BB cuvette P & B 4 » 2.5mL
W= ¥R R R (360mM,pH=7.0) % 0.5mL fix% % > = %] 00 A k kB 3R 25 410
nmtE T kE > F SRR Ko FFI A U kiELZ HILE (AA/

PR (4 4)/BE (g T5fs%EE = (activity unit)

— ~ fb";‘l‘ - ‘/‘2“:‘

WA EE W4 2 s WH @ * Microsoft Office Excel 2016 > 35 #cdy
2 %7 /17 (analysis of variance, ANOVA) ~ Tukey’s HSD 4 {714 2 ik 4 i fF 4~

19
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17 (stepwise regression analysis) & * R Studio (Northern Ave, Boston, USA) > 3L
FRAFFFA TR PCA #4722 4B # * MetaboAnalyst 5.0 %= (https:/w

ww.metaboanalyst.ca/) °

N e b 2124
rE >~ BREH

Food &R R FIAR FFEAEAY ARF  wmR s b A
% it f& (polyphenol oxidase, PPO) &4 2_ % it
- ~ PPOEEA 47

FHES Y 2 PPORAFEH N ZRFI FRM DR TR ER T2~

2

s 3 FE R B+ 2 # % (Subramanianetal., 1999) » Flut > X B iEAL fEE S
T2 &Mt
FE2RF A

Fet R EL AR FFAZMEAERY > FFA K E P e R AR 2

frensg it 2 ) PPO § 1 S b A2 ¥ 35 { AR FES 5 %
F

(Robertson and Bendall, 1983; Sanderson, 1964) o * 5= 7 *+ 2022 #

PPO &2 81 » I T B W2 M 4 o

-

FEEAERY > FFFOAFEIFERFEBESTE (B D 2a > FIZp %
i M

ARURR RS 2 F R (23-24°C » RH=70%) 2. #c - FE2 KEHR 4
$OPPEPREREFNZ KL T89% X AP GE I12 PP 0 FokFTHED
75% > 3 % 305 [ PERE > ZoKFTED 63.4% SRR FOTSEART S AL
- TR AR 2 AR (12-24 /) pF) (Tomlins and Mashingaidze,
1997) » e g R BAFERNFF R T HIRLFF > st PPk 3P EH - &7 Bk
AR BABRITFF2 S mF L5 (polyphenol oxidase, PPO) 4% » % 11 Xk %
0/ FRREFLEEABEES  Z80 | PFEBREAEIETE  RFIZASY
30.5 PR BER A RBFRSC] 0 R EWMA T R TR AR X AR
AP A iR P PR (B 315 L) PR ERT - AgRL S (R D)o
TRERERY FFIRFEFFRBESTE (W2 F FIZPEHER
20
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#F (29-30°C> RH=79%) 2 ¢c» FEL Kt Fdf: £4% 0| BpEF 7 k5

5 789% 0 ARG I P ZoRFTHL 649% AT R 1T L BF

.

ke TRER 554% M pEBEE R R TR FEEEMAITERET X

A5

Y
O

%%%"”'”*ﬁ'%’z&ﬁ“?%’%”Jﬂf B Ak o im T a8

BHERSFTEERY  RENRHER R AEF F oG Moo

Ravichandran % Parthiban (1998) *#7 % @ 45 1) » 3%] FERIIBEER G T

BAKF2LPPOFF A S FIZ AT | WREOEFREZ AERATT & &
2

BER SRS~ BRERY TR DR M R

REOBRFTEABTRS > fEESEEMAF L 018023 AA -min! - gl B
mHAFR05 P (EAES 175 /) 2 FEBEZE 2 TAHEFHATF -

=~ FE R RARRE AT

HFENERY CNERO BT LA 0 R AR £ 215
| e TR EAR R T R F R R A K L 0 R R LR B T
o AR TE A2 P EREETIRG (509 %) XA XF 8 1T ) EE -
BRBALA T ILETE (M) L FEAERY KT LR O EREF
B Bl e R 2 AR e BRI R U F 0 R F 2
R RALR F AL AP RS A DX 1T L L IERE (T3%) (W 4) -

FH202 F L5 A B L R EAEAY wE R RAAR R A R VUF IR

LEFEIEARRR (ZR2 )P B FEEEZEMARPRT A S51%MYT
R R FRLZABBRTFIERET 1T P LER 0 LR R RRR

© i 73%ME 0 iRV R

%

PE2ZEPEAZBEARARE M

EHRERT FF PPO BRI & 3ok F ~ wmw WIRRARR 2 M %
FLAR FEINERY RN EFEIALE OBASRTEFLAER
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and Ramarethinam, 2000; Ravichandran and Parthiban, 1998; Sabhapondit et al., 2014;
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BAHER S SHEERPF T KL R hed s A S HBAAE L o
r A A A & 45 (Principal component analysis, PCA) #+ GC-MS 4 # » 7 7 #ti&
A REREA O ZE2 FERSPERLSS-H (B4 wpz6B3 k54
2 A FENE LT ETARAF ESAEM A3A 1(PCl) 22 RE
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Figure 1. PPO activity and water content changing patterns of ‘TTES No. 18’ tea leaves
during withering process in spring of year 2022.
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Figure 2. PPO activity and water content changing patterns of ‘TTES No. 18’ tea leaves

during withering process in summer of year 2022.
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1. 2020 #= Fz ‘F FLAE BV ERR

Table 1. ‘TTES No.18’ bud characteristics of three seasons in 2020.

Season

Bud characteristics Spring  Summer  Autumn Significance
Leaf length (cm)

1% leaf 5.30%a 4.30b 4.69ab faled

2" |eaf 7.58a 5.87b 6.64b Fkk

3" |eaf 9.77a 7.27b 8.30b Fkk
Leaf width (cm)

1% leaf 2.03a 1.55b 1.64b Fkk

2" leaf 3.06a 2.13b 2.47b ookl

3" |eaf 4.24a 2.86b 3.18b Fkk
Aspect ratio

1% leaf 2.62b 2.77ab 2.87a *

2" |eaf 2.49b 2.77a 2.70ab *

3" |eaf 2.31b 2.56a 2.62a *
Leaf area (cm?)

1% leaf 7.53a 4.67c 5.38b faled

2" leaf 16.2a 8.75¢ 11.4b o

3" |eaf 29.0a 14.5¢ 18.4b o
Leaf thickness (mm)

1% leaf 0.227a  0.214a 0.225a ns

2" |eaf 0.241a  0.228a 0.252a ns

3" |eaf 0.264a  0.262a 0.296a ns
Internode length (cm)

1%t internode 2.20a 1.56b 1.67b *x

2" internode 4.03a 2.96b 3.31b **
Internode diameter (mm)

1%t internode 1.868a 1.924a 1.995a ns

2" internode 2.417a 2.362a 2.570a ns
Hundred bud weight (g) 79 110 145 .

x: Results are presented as the means of ten replicates, means followed by the same letter in

columns are not

46

significantly different by Tukey’s test at p<0.05 level within each column.
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Table 2. Catechin isomers content (mg + g') of “‘TTES No.18’ black tea in 2020.
Season GC EGC C EC EGCG GCG ECG CG

Spring 5478 12.77b 11.52a 4.935 32.05a 1.725a 4.909a 9.813b
Summer 1.899b 18.63a 12.48a 5.851 28.23a 1.468a 2.018a 24.82a

Autumn 3.314ab 8.299c 6.022b 0.8006 14.20b 1.724a 2.303a 7.403b

Significance * falekal folakel ns e ns ns **

x: Results are presented as the means of three replicates, means followed by the same letter in
columns are not significantly different by Tukey’s test at p<<0.05 level within each column.

%3 2021 & ‘A xR Y BFFEHESFE (mg - g'h)

Table 3. Catechin isomers contents (mg - g'') of ‘TTES No.18’ black tea in 2021.
Season GC EGC C EC EGCG GCG ECG CG

Spring 35.99*a 3.994 0.7567c 2.447ab 12.26a 1.707a 0.3092b 4.461a

Summer 16.08c  3.840 1.380b 1.438b 4.383c 0.4028b 0.6458a 1.370c

Autumn 31.08b 5.262 2.077a 3.344a 6.488b 0.4066b 0.3444b 3.059b

Significance  *** ns Fkk * * — *okok *

x: Results are presented as the means of three replicates, means followed by the same letter in
columns are not significantly different by Tukey’s test at p<<0.05 level within each column.
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Table 4. Gallated and non-gallated catechins content and ratios of "TTES No.18' black
tea in 2020.

Catechin content
Gallated type Non-gallated type

Nongallated/gallated type ratio

Season (mg - g (mg - g')
Spring 48.50%a 34.70a 0.72a
Summer 56.54a 38.86a 0.69a
Autumn 25.63b 18.44b 0.72a
Significance ** ** ns

x: Results are presented as the means of three replicates, means followed by the same letter in
columns are not significantly different by Tukey’s test at p<0.05 level within each column.

5. 2021 # ‘“HEFAF LF Y RAPHERINIEZE R 2806
Table 5. Gallated and non-gallated catechins content and ratios of ‘TTES No.18’ black

teain 2021.
Catechin content

Season Gallated t_)]/pe Nongallate(_j] type Nongallated/gallated type
(mg - g") (mg - g") ratio
Spring 18.74*a 43.19a 2.3b
Summer 6.8b 22.74b 3.3a
Autumn 10.3b 41.76a 4.1a
Significance falekal il **

x: Results are presented as the means of three replicates, means followed by the same letter in
columns are not significantly different by Tukey’s test at p<<0.05 level within each column.
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Table 6. Volatile frgrance compounds of “TTES No.18’ black tea of three seasons in 2020.

Order RT.  Compound name Classification Odor description Relative abundance (%)
Spring  Summer Autumn

1 3.739 Hexanal aldehydes green, grassy, tallow 0.06 Ey 0.07
2 4437 (E)-2-Hexenal aldehydes strong green gaass, apple o 0.57
3 4465 (E)-3-Hexen-1-ol alcohols green, leafy 0.75 0.20 o

4 4600 (2)-2-Hexen-1-ol alcohols grassy 0.36 0.14 0.29
5 4893 Heptanal aldehydes fruity, citrus, fatty 0.20 0.08 0.08
6 5051 2-Heptanol alcohols lemon-like, sweet-floral 0.39 0.14 0.19
7 6.052 Benzaldehyde aldehydes almond, burnt sugar 0.55 0.45 0.76
8 6.313 1-Octen-3-ol alcohols fresh, mushroom-like 0.14 0.06 0.17
9 6.550 p-Myrcene alkenes fruity, spicy, balsamic 0.20 0.12 0.12
10  6.932 2-Hexenoicacid acids - o o 0.20
11 7077 1,3-Cyclohexadiene, 1-methyl-4-(1-methylethyl)- alkenes citrus, woodly, spicy 0.10 0.09 0.06
12 7235 p-Cymene alkenes terpy-like, oxidized citrus  0.22 0.14 0.16
13 7.323 D-Limonene alkenes light flowers, lemon-like ~ 0.80 0.56 0.60
14 7.407 Benzylalcohol alcohols rose-like, balsamic, floral ~ 0.40 1.34 1.67
15 7458 trans-p-Ocimene alkenes . 0.29 o o

16  7.630 Benzeneacetaldehyde aldehydes hyacinth, sweet, rose 0.90 0.79 1.22
17 7.686 B-Ocimene alkenes herbs, green 0.33 o o

18  7.770 1H-Pyrrole-2-carboxaldehyde, 1-ethyl- aldehydes burnt, roasted 0.23 0.07 0.16
19 7970 ~y-Terpinene alkenes woody 0.24 0.15 0.17
20 8287 trans-Linalool oxide (furanoid) alcohols roasted, sweet 0.44 048 0.30
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24
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28
29
30
31
32
33
34
35
36
37
38
39
40
41

&S

8.659
8.920
9.018
9.274
10.773
10.782
10.796
10.950

Ethyl 2-(5-methyl-5-vinyltetrahydrofuran-2-yl)propan-2-yl carbonate

Linalool

1,5,7-Octatrien-3-ol, 3,7-dimethyl-

Phenylethyl Alcohol

Bicyclo[2.2.1]heptan-2-ol, 1,7,7-trimethyl-, (1S-endo)-
Isoborneol

1-Undecanol
(3R,6S)-2,2,6-Trimethyl-6-vinyltetrahydro-2H-pyran-3-ol

11.103 Terpinen-4-ol

11.303
11.499
11.690
11.806
11.881
12.235
12.449
12593
12.719
13.450
13.659
15.684
17.863
17.989

18.151 2-Buten-1-one, 1-(2,6,6-trimethyl-1,3-cyclohexadien-1-yl)-

Naphthalene

L-o-Terpineol

Methyl salicylate
1,3-Cyclohexadiene-1-carboxaldehyde, 2,6,6-trimethyl-
Decanal

Benzene, 1,4-dimethyl-2,5-bis(1-methylethyl)-
1-Cyclohexene-1-carboxaldehyde, 2,6,6-trimethyl-
2-Cyano-6-methoxybenzothiazole
Bicyclo[2.2.1]hept-2-ene, 1,7,7-trimethyl-
Geraniol

1-Cyclohexene-1-acetaldehyde, 2,6,6-trimethyl-
1-Oxaspiro[4.5]dec-6-ene, 2,6,10,10-tetramethyl-
Copaene

hexanoic acid, 3-hexenyl ester, (Z)-

50

esters
alcohols
alkenes
alcohols
alcohols
alcohols
alcohols
alcohols
alcohols
alkenes
alcohols
esters
aldehydes
aldehydes
alkenes
aldehydes
nitriles
alkenes
alcohols
aldehydes
alkenes
alkenes
esters
ketones

sweet, floral, citrus, woody 47.04

rose, honey, clove

fresh, waxy, soapy

earthy, stale

pungent, dry, tarry

floral, terpenic

minty, winter green-like
herbal, phenolic, metallic
oily, orange, sweet

saffron, herbal

floral, citrus, geranium
camphoreous, woody
herbal, wet, tobacco leaf
woody

fruity, green, waxy
green, waxy, pear-like

141

0.58
0.27

0.14
042
0.15
1.23
0.74
3535
0.36
0.38
0.16
0.16
0.46
0.16
0.53
0.16
0.12

0.25
048
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1.65
2235
0.35
0.35
0.10

0.44
0.11
0.30
0.50
63.50
0.26

0.13
0.17

0.49
0.51

0.10
0.35
0.56

1.06
24.57
0.37
0.55

0.17

048
0.24
0.80
0.50
5721
0.40
0.25
0.17
0.37
042
0.36
045
0.09
0.11
0.09
0.22
0.55



45  18.286 Hexanoic acid, 2-hexenyl ester, (E)- esters cognac, herbal 0.08 0.10

46  18.659 Tetradecane alkanes mild, waxy 0.17 0.07 0.16
47  19.478 Caryophyllene alkenes woody, spicy, terpenic | 041 0.30
48  19.734 o-lonone ketones sweet, floral, violet incense | 18 0.13
49  20.647 5,9-Undecadien-2-one, 6,10-dimethyl-, (E)- ketones rose, woody, floral 0.27 0.15 0.08
50  20.726 Humulene alkenes _ o 0.16 L

51  20.982 Isosativene alkenes . o 0.08 0.10
52  21.908 trans-p-lonone ketones Floral, rose-like, fruity 0.59 021 0.62
53  22.746 a-Farnesene alkenes woody, herbal, citrus o 0.15 0.08
54 23.319 Naphthalene, 1,2,35,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)- (1S-cis)}-  alkenes . 0.27 0.28 0.27
55 23473 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4, 7a-trimethyl- ketones ripe apricot, fruity, woody 0.16 o 0.12
56  24.031 o-Calacorene alkenes woody o 0.08 o

57  24.785 Nerolidyl acetate esters fresh, sweet, citrus 0.20 0.70 045
58 25930 Diethyl Phthalate esters odorless 0.30 0.06 0.33
59  26.103 Hexadecane alkanes mild, waxy 0.37 o o

60  26.154 Cedrol alcohols mild, cedar-like o o 0.64
61  29.715 Sulfurous acid, 2-propyl tetradecyl ester esters _ 0.15 L L

62  32.629 Benzenepropanoic acid, 3,3-dimethyl- acids . 0.15 o o

63  34.496 Caffeine others odorless 0.49 0.21 0.51
64 38583 1,2-Benzenedicarboxylic acid, butyl 2-methylpropyl ester esters . 0.11 o o

65  41.437 Phytol alcohols delicate, floral, balsamic ~ 0.12 0.07 0.09

R.T.=retention time
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Table 7. Sensory evaluation total scores of “TTES No.18’ black tea of three seasons in

2020.
No. of tea tasters Spring Summer Autumn
1 79 88 84
2 78 88 74
3 67 88 78
Mean 75°b 88a 79ab

x: Results are presented as the means of three replicates, means followed by the same letter
are not significantly different by Tukey’s test at p<0.05 level within the row.

%8 2020# ‘“FEFLAE CRARE SITLED A B2 AP ik
Table 8. Correlation coefficient of each quality indicator in “TTES No.18’ black tea of
year 2020 sensory evaluation.

Total score  Appearance Color Aroma Taste
Total score 1
Appearance 0.3777 1
Color 0.9190*** 0.3579 1
Aroma 0.9019*** 0.1111 0.7701* 1
Taste 0.8407* 0.0943 0.7113* 0.6937* 1

The p-value <0.05, <0.01 and <0.001 by Tukey’s test were represented as *, ** and ***,
respectively.
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Table 9. Correlation coefficient of weather factors and “TTES No.18’ leaf length.

1% leaf length 24 |eaf length 3" |eaf length
Temperature -0.6877* -0.6688* -0.7643*
Humidity -0.7727* -0.7685* -0.8595**
Precipitation -0.7850* -0.8038** -0.8742**
Sunshine hour -0.3477 -0.3997 -0.3890
Insolation -0.3014 -0.3542 -0.3375

The p-value <0.05, <0.01 and <0.001 by Tukey’s test were represented as *, ** and ***,
respectively.

%10, F %38 ‘d x5 FL 23R ¥ 3% b A O S
Table 10. Stepwise regression equation of weather factors and ‘“TTES No.18’ leaf length.

Regression equation Residual standard error Adjusted r?
1% leaf length -0.0013x3+5.5 0.3761 0.5614
2" |eaf length -0.0023x3+8.0 0.6049 0.5956
3" |eaf length -0.0032x3+10.2 0.6401 0.7306

x1=Average temperature, X,=Average humidity, x;=Precipitation, x4=Sunshine hour,
xs=Insolation.

FAL FRFSE b EL AR ETL N Gk
Table 11. Correlation coefficient of weather factors and ‘TTES No.18’ leaf width.

1% leaf width 2" leaf width 3" |eaf width
Temperature -0.8459** -0.7873* -0.8838**
Humidity -0.8918** -0.8761** -0.9378***
Precipitation -0.8270* -0.8786 ** -0.8780 **
Sunshine hour -0.2161 -0.3673 -0.2471
Insolation -0.1606 -0.3145 -0.1890

The p-value <0.05, <0.01 and <0.001 by Tukey’s test were represented as *, ** and ***,
respectively.
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Table 12. Stepwise regression equation of weather factors and ‘TTES No.18’ leaf width.

Regression equation Residual standard error Adjusted r?
1% leaf width -0.1301x.+ 12.9 0.1219 0.7661
24 [eaf width -0.0012x3+3.2 0.2386 0.7394
3" |eaf width -0.3657x,+35.0 0.2502 0.8622

x=Average temperature, Xx=Average humidity, x3=Precipitation, x4=Sunshine hour,
xs=Insolation.

%013 F AT CEFEL AR ER2 M ik
Table 13 Correlation coefficient of weather factors and ‘TTES No.18’ leaf thickness.

1%t leaf thickness 2" |eaf thickness 3" |eaf thickness
Temperature -0.2199 0.0825 0.4792
Humidity -0.3214 -0.0654 0.3107
Precipitation -0.4267 -0.2797 0.0083
Sunshine hour -0.3791 -0.5288 -0.5797
Insolation -0.3624 -0.5302 -0.6060

14 F%FF8 T A5 &F L2 Gk
Table 14. Correlation coefficient of weather factors and ‘TTES No.18’ internode length.

1% internode length 2"4 internode length
Temperature -0.8090** -0.7417*
Humidity -0.8529** -0.8304*
Precipitation -0.7907 * -0.8397**
Sunshine hour -0.2062 -0.3644
Insolation -0.1532 -0.3145

The p-value <0.05, <0.01 and <0.001 by Tukey’s test were represented as *, ** and ***,
respectively.
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Table 15. Stepwise regression equation of weather factors and ‘“TTES No.18’ internode

length.
Regression equation  Residual standard error Adjusted r?
1%t internode length  -0.1819x,+17.52 0.2057 0.6884
2" internode length  -0.0015x3+4.220 0.7052 0.6630

x=Average temperature, Xx=Average humidity, x3=Precipitation, x4=Sunshine hour,
xs=Insolation.

3016 FREFE EFL AR SRELAPH Gk

Table 16. Correlation coefficient of weather factors and ‘TTES No.18’ internode diameter.

1% internode diameter 2"4 internode diameter
Temperature 0.2551 0.1678
Humidity 0.1907 0.0012
Precipitation 0.0643 -0.2515
Sunshine hour -0.2171 -0.5912
Insolation -0.2318 -0.5976
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Table 17. Correlation coeficient of weather factors and non-volatile components of
“TTES No.18’ black tea.

Polyphenol Amino acid Caffeine

Temperature

2020 -0.3398 0.0624 -0.1582

2021 -0.5955 -0.9504*** -0.9504***

Pooled -0.3767 -0.6474** -0.6740**
Humidity

2020 -0.1027 0.1925 0.1164

2021 -0.7935 -0.9989*** -0.9989***

Pooled -0.3926 -0.6635** -0.6825**
Precipitation

2020 0.2721 0.3607 0.5153

2021 -0.9739*** -0.9218*** -0.9218***

Pooled -0.3574 -0.5878* -0.5924*
Sunshine hour

2020 0.8352** 0.4732 0.9818***

2021 -0.7498* -0.2316 -0.2316

Pooled -0.0795 -0.0966 -0.0706
Insolation

2020 0.8509** 0.4659 0.9848***

2021 -0.7065* -0.1694 -0.1694

Pooled -0.0549 -0.0546 -0.0271

The p-value <0.05, <0.01 and <0.001 by Tukey’s test were represented as *, ** and ***,

respectively.
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Table 18. Stepwise regression equation of weather factors and non-volatile component
of “‘TTES No.18’ black tea.

. . Residual : .
Regression equation Adjusted r

standard error

Polyphenol
2020 0.1593x5-120.5 6.795 0.6845
2021 -0.0756 x3+5.279x2 +5.3 1.326 0.9943
Pooled . . .
Amino acid
2020 . . L
2021 -4.3995x,+0.2585x1+385.8 0.2362 0.9988
Pooled -1.8874x,+173.8661 3.678 0.4052
Caffeine
2020 0.0133x5-6.6069 0.163 0.9656
2021 -4.3074x2+0.2531x1+377.0 0.2313 0.9988
Pooled -1.890x.+173.0 3.497 0.4324

xi1=Average temperature, X,=Average humidity, x;=Precipitation, x4=Sunshine hour,
xs=Insolation; orders of independent variables x, within each regression equation were arranged
following the selecting order of stepwise regression analysis.
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Table 19. Correlation coeficient of weather factors and gallated/non-gallaated catechins

contents and ratio of ‘TTES No.18’ black tea.

Gallated catechins

Non-gallated catechins Gallated/non-gallated ratio

Temperature
2020 -0.3935 -0.4253 -0.007
2021 -0.8909** -0.4199 0.9265***
Pooled -0.2619 -0.4074 0.2529
Humidity
2020 -0.1338 -0.1821 -0.060
2021 -0.9712*** -0.6513 0.8207*
Pooled -0.1795 0.4002 0.2224
Precipitation
2020 0.2801 0.2140 -0.1310
2021 -0.9466 *** -0.9039*** 0.5366
Pooled -0.0275 -0.3290 0.1426
Sunshine hour
2020 0.9139*** 0.8523** -0.1900
2021 -0.3429 -0.8601** -0.3267
Pooled 0.2818 0.0016 -0.0950
Insolation
2020 0.9324*** 0.8733** -0.1890
2021 -0.2837 -0.8272** -0.3833
Pooled 0.2965 0.0275 -0.1104

The p-value <0.05, <0.01 and <0.001 by Tukey’s test were represented as *, ** and ***,

respectively.
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Table 20. Stepwise regression equation of weather factors and gallated/non-gallaated
catechins contents and ratio of ‘TTES No.18 black tea.

) ) Residual ) )
Regression equation Adjusted r

standard error

Gallated catechins

2020 1.1198x5-1.8460x4-83.48 4.125 0.9172
2021 -1.9915x,-0.0059x3+187.0 1.132 0.9561
Pooled

Non-gallated catechins

2020 0.1431xs-1.7880x2+15.69 4.460 0.8056
2021 -0.0532x3+5.588x%,-417.4 1.590 0.9746
Pooled -1.2769x1+ 59.56 9.522 0.1138

Gallated/non-gallated ratio

2020 L . o
2021 0.4330x1 -0.4222x,+ 30.77 0.2572 0.8962
Pooled

xi=Average temperature, Xx=Average humidity, x3=Precipitation, x4=Sunshine hour,
xs=Insolation; orders of independent variables x, within each regression equation were arranged
following the selecting order of stepwise regression analysis.
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Table 21. Correlation coefficient of ‘TTES No.18’ bud characteristics and non-volatile
component in “TTES No.18 black tea.

Polyphenol Amino acid Caffeine
1% leaf length -0.1182 -0.2972 -0.3567
2" |eaf length -0.1752 -0.3216 -0.4163
3" |eaf length -0.1204 -0.2981 -0.3590
1% leaf width 0.0627 -0.2126 -0.1610
2" |eaf width -0.0923 -0.2857 -0.3294
3" |eaf width 0.0439 -0.2219 -0.1819
1% leaf thickness -0.5452 -0.4502 -0.7745*
2" |eaf thickness -0.8533** -0.4643 -0.9849***
3" |eaf thickness -0.8323* -0.3184 -0.8334*
1%t internode length 0.0632 -0.2124 -0.1605
2" internode length -0.1089 -0.2931 -0.3469
1%tinternode diameter -0.7644* -0.2441 -0.7197*
2" internode diameter -0.8729** -0.4436 -0.9778***

The p-value <0.05, <0.01 and <0.001 by Tukey’s test were represented as *, ** and ***,

respectively.

2220 CRFEAE FTEBRE LR WF PR F P2 R GRS
Table 22. Stepwise regression equation of “TTES No.18’ bud characteristics and non-

volatile component in ‘TTES No.18’ black tea.

Residual standard

Regression equation error Adjusted r
Polyphenol -119.2x13+ 359.17 6.311 0.7279
Amino acid . . .
Caffeine -98.54xg+32.965 0.1624 0.9658

xs=2"4 leaf thickness, x13=2"¢ internode diameter
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Table 23. Correlation coefficient of “TTES No.18’ bud characteristics and each sensory

evaluation indicator score of ‘TTES No.18’ black tea.

Total score  Appearance  Color Aroma Taste
1% leaf length -0.8579** 0.0357 -0.8465**  -0.6484  -0.6798*
2" |eaf length -0.8790** 0.0189 -0.8451**  -0.6765* -0.6891*
3" |eaf length -0.8588** 0.0351 -0.8466**  -0.6496  -0.6802*
1% leaf width -0.7681* 0.0869 -0.8273* -0.5430 -0.6319
2" |eaf width -0.8472** 0.0432 -0.8460**  -0.6349  -0.6746*
3" |eaf width -0.7791* 0.0817 -0.8310* -0.5552  -0.6382
1% leaf thickness -0.9161***  -0.0984  -0.7318* -0.7859* -0.6682*
2" |eaf thickness -0.6396 -0.2228  -0.3165 -0.6541  -0.4014
3" |eaf thickness -0.1795 -0.2557 0.1549 -0.3157  -0.0310
1% internode length -0.7679** 0.0870 -0.8272* -0.5427  -0.6317
2" internode length -0.8541** 0.0384 -0.8464**  -0.6436  -0.6780*
1%internode diameter ~ -0.0052 -0.2487 0.3088 -0.1742 0.1010
2" internode diameter  -0.5505 -0.2368 -0.2156 -0.5939  -0.3265

The p-value <0.05, <0.01 and <0.001 by Tukey’s test were represented as *, ** and ***,

respectively.
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Table 24. Stepwise regression equation of ‘TTES No.18’ bud characteristics and each

sensory evaluation indicator score of “TTES No.18’ black tea.

Residual standard

Regression equation Adjusted r
error
Total score -43.20%x2+61.35x1+77.21 2.728 0.8105
Appearance . . .
Color -1.730x3+ 30.33 1.272 0.6762
Aroma . . .
Taste -2.229%,+39.29 1.928 0.3998

xi1=1° leaf length, x,=2" leaf length, x3=3" leaf length; orders of independent variables x,
within each regression equation were arranged following the selecting order of stepwise
regression analysis.

61

doi:10.6342/NTU202204106



2025 AR LAEY ERAEPFHUETILE ARECE R REEVGIEATY
SR L TR A B2 AP RE TRk

Table 25. Correlation coefficient of non-volatile component contents and ratio and
contents of different types of catechins of “TTES No.18’ blakc tea and each sensory
evaluation indicators scores.

Total score Appearance  Color Aroma Taste
Total polyphenol 0.3543 0.4251 0.1543 0.3523 0.2380
Amino acid 0.3461 -0.5538 0.1060 0.5594 0.5742
Caffeine 0.6208 0.3579 0.3829 0.6809* 0.4674
Gallated catechins 0.3760 0.2479 0.1022 0.5179 0.2393

Non-gallated catechins 0.3947 0.2513 0.0518 0.4815 0.1996

Gallated / non-gallated
catechin ratio

The p-value <0.05, <0.01 and <0.001 by Tukey’s test were represented as *, ** and ***,
respectively.

0.7298* 0.1491 0.6171 0.7780* 0.6171
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