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Abstract

The semi-fermented tea manufacturing process in Taiwan uasully treat the tea leaves
a short period of solar-withering after plucking. This step is believed to be helpful to the
aroma and taste. This study explores the effect of three light sources including ultraviolet
and infrared and solar radiation on tea leaves, and whether the relative humidity is an
important factor during light-withering. Therefore, the experiment of light-withering is
divided into normal withering and high-humidity withering. High-humidity withering
provides the tea leaves a humid environment to reduce the water loss during light-
withering. Due to the different light sources and relative humidity, the water contents of
tea leaves at the end of the light-withering are different. By extending the indoor withering
time, water content of tea leaves will decrease and it becomes possible to sample the tea
leaves at similar water content level. The withering process is thus divided into three
stages. Stage 1 (early withering): the end of light-withering, Stage 2 (middle withering):
down to the target water content, and Stage 3 (end of withering): water content down to
the target water content before panning, and the dry tea considered as Stage 4.

During the initial withering stage, tea leaves exposed to ultraviolet-A light in Stage
1 exhibited lower overall levels of polyphenols and catechins. Across all three withering
stages (Stages 1-3), these compounds were consistently lower in the UVA-treated group.
In the early withering stage, under high humidity conditions, the total free amino acid
content in tea leaves was higher compared to the normal withering group. Comparing the
differences in tea leaves content among the three stages with different light sources and
relative humidity, no consistent trend emerged based on this two factors. However,
considering the withering stage as a factor revealed clearer trends in tea leaves content

changes. Throughout the withering process, the total free amino acid, cafteine, and gallic
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acid contents increased with prolonged withering, while the levels of total polyphenols
and catechins decreased. Additionally, as the moisture content of tea leaves decreased
during withering, their cell membrane thermal stability (MTS) decreased. In the early
withering stage, variations in light source and relative humidity led to different withering
temperatures. The regression relationship between polyphenol oxidase activity (PPO) and
withering temperature is good (Y = - 0.339(X-35.612)* + 19.478, R = 0.93, p < 0.001)
in Stage 1, indicating that the highest PPO activity occurs at around 36.5°C.

The total relative abundances of volatile compounds in Stage 3 and Stage 4 of the
tea leaves with high-humidity treatment were lower than those with the normal withering
treatment on the early stage of light-withering. In the high-humidity withering group, the
relative abundance of individual volatile compounds was mostly lower than in the normal
withering group, while the light-withering group exhibited higher relative abundance of
volatile compounds compared to indoor-withering, suggesting that both non-light and
light-withering group under high humidity conditions could potentially decrease the
content of volatile compounds in tea leaves.

Key words : solar withering, tea content, membrane thermal stability, polyphenol oxidase

activity, organic volatile compounds.
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A B &4 0 L BB 4 fF (Alcohol dehydrogenases)#-it & 4 F i
APEREME Lo wies gRTIRERAL gD AR TR K@k
§ i1~ #% 7 4% (Hatanaka, 1993) e " Fagira gL 21 8 84 5 F 5
PR RGP e vk AR ERF B A S it S H Al s g 3
4R A2 BT BRI £ 5 F RS A 0 Gl F FE T iy (Methyl jasmonate) -
“{%T’ it (cis-Jasmone) &2 %f?-ﬁ M fia (Jasmine lactones) (Ho et al., 2015; Yang et al.,
2013) -
() |y BEF FEFLELFRCEF

BRI EAH S DI 3o 3ol PESMAS FHY AN G
Bofgkay o ¥k LR > FREFEF AR KF AT (Armstrong and Hearst,
1996) « ¢t HFATH 41 & 4 02 3 T & S A P AR T CEE e HH K
§ 2 %pE2 a3 i %1 CCDs (Carotenoid cleavage dioxygenases)#-it & 1+ g4t &
o b M BF o o B R RBECEST S B il AR M ST IR T o
By 2nf PRI B Ry MERT M 2 TR BT C AL hp o
# F & (Kawakami and Kobayashi, 2001) - #f#* B § %2~ ¢ X FlkRpE£ifr, ¥
Pt VAR SO SR E IR AN E)- - 3 - RV A I Sl 3 Sl p Ve By
L o B-# B F % (B-Carotene) &% 7§ e #1 T it 35 = B-Ionone ~ 5,6-Epoxy-beta-
ionone ~ Dihydroactinidiolide ~ 3,3-Dimethyl-2,7-octanedione & i* & 3 » pt *t 4. p 3k
BbT S Vg k§ i RS enit &% (Kawakami and Kobayashi, 2001) » 42:p] & %

ALY PR EE C BF  WiE T i R 4e B A% (Hoetal, 2015) ¢
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(Z) BHE/FIEFH P

PR - W RS A m Al A APEIUAHLIFH A BEAA 4 S a2
REPELLERE - A § 5L (Glucosides) #E#EpEH & (Primeverosides)
EREE O F Ikt SRR T T S [ BRI T B4
o F b hfEd WY EHE S (Winterhalter and Skouroumounis, 1997) < 3% % i 3

RATA g S A OALT  EEFE M gk A E R ER

{
i
~F
s

i

SRIG T R OKEREHE R EG FANIEE LS TR BAcd ¥
f% (Geraniol) ~ > #-fi% (Linalool)~ > #-f% ¥ it 4+ (Linalool oxides)~ ¥ ? fi# (Benzyl
alcohol) ~ 7 ZL-K#§ f& (Methyl salicylate) ~ = 5 L fix (B-Damascenone) % (Ho et al.,

2015)

Fod oo gmrAaarER? FFOR

2R ADEUNRSFHAV MRS 0 AT FEMANY WA AERDE
RO WARY G RE(S e RE )RR EEARDL R B RIS FEEF AR
AREHRFFEEARARRLS 2 LEFAROE AR F LA AR EN

ERFHRCFEETREBRS Y REB FRER A 2 AR RS

FEAER LR cnEag o S B EE R WAL RT 4 5 X% - BT Fhfrick o » F17

o

PrREy QoW ARLE - FFEEN I AREUS 207 oW rs L F
-) 2%

BAETACK 0 ER PO REF AR RS FF B pORSRRE S
PR RIS B (4,1987)c B ¥ FE ST o F AmiE A
iR Y 0 X AR S e B R RS SR 5 AR
M mre Y R RS BP A RAE B I FER 24 1 F & (Sanderson,
1968) » & ¥ drAL frRenip i i f 4 AR B IF W LE L o P deR AT

10
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EFXCFFRTRFER TR A HARM LG F TR AL A DR RBT
2 % % & % (Sanderson, 1964) -

WAFHEFLERT AL TP RER o TP ER AR FFHB L
ABEPRER B FOPEBRRTRFE ORBES VI HFRFEMR P T F A
WRiEa? L - BARH BRI £ p L ira e FFL ko p kL AR
BoREFHBCZIPFETINEIRTLFEHEFT TN ZAF LY ¢ LT
BT g ok 80 LEFHE Tehndfz - (],2013) 0 - K EF L ABT 4
EOoEA G o WRFNT FEPFFERESS RS EFORREER (I
1956) * AR E FPF 0 dme P BERACOP THBR LS F A e P IEFFHE
Fad (A RASES {{ REeF A4 FERP LR BRI BE

SR MRS AR VR AR R E A R ERENR S MR A AR

TR, 1995) ) AL i SRR 3 FlE R b A F14 R (Choetal, 2007)
HI PR FELEH L 7 e it (Kobayashi et al., 1985) « % » @40 85
Eppd A F Bidehz A3 o 5 1000 g p Kb 4 7 o
<) Jﬂv‘.f

PR R R EEN A A R

f*’*‘%

BEF a2 R

B R 4 4

M-

V- 2R R EF RS (4K,1956) « FEYF kA
BB AL FERCEF R4 RFHEF N~ £ e (Hexenal) & £ %
(Hexenol)> fr P I € @ % £ ¢ o-I & (a-Linolenic acid)£ & i f& (Linoleic acid)
7 £ ' 14 (Hatanaka, 1993) « ¥ F {6 » & F 283 J 40 0 3 fI B 7 £ oniiih
B Al
(=) #.

&’,ﬁ—a‘{:njﬁd A BEMEF R IHFRR FEwe B RER o LR P PR
FEAREREES RGN FELG AR FRICEF S THF AL G
FIHFEP FF @A R0 g FY (4,1987) ¥4 B F L@ AT

11
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CREAR S W3 FHBEE LA RN FEE R AR T UL LiEEA TR
A A ERALF R L SRR RRTT A FRF R S
FGLB R F o AR EONE R o R AR T SRR P S TRk

FeR L LR U TF R NI MFF i kS ED 3% S%M kR E
T E MM FIEE O R WA 50%  arpE g B R R E K
SENSRIRE S S S b SRR R AL RE N R L SRR =
B s rb b g adf 4 (H,1987) FENHEX A Gt L §0n
£ o

FWAFREFE CFRUARTF REPFF LR L F DL p Rk S F
FRIEEAEp XER IRLFPFEEN R FFESA K FPokFERD
FEHRZ T AR I EFWE PR T OIS FEFGED LE BB
R OHWREF AP ERARET G AFIFRAL S P ORE R FHEE
FROEFPRE LR FEZROPEPFLLFF AR RETEE
WAERS o pDRSE S ERET I 2 g

TR TP SN LR S S SN L

ERNE YR EAEOTE 8 FE QLA blhofdh  BF A

-
s

Bl 2 BURMEC] SR AR 0 s B AR S PR b 3
(B,1991) - EF X ABFuL > FF I kFHFFTE > PP Apg - 0%

ok pE ~ wrE] S g R A 2 i e
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1. 36 Fomap
FELHERY o v d hged fF (Protease) § #-3-v A R kgt o

V“’b

RPFHLe A fL 7 € 3 40 (Kalidass et al.,, 2019; Ye et al., 2018) o & W'=i fs 3 & /|
B R F R A R 5 R TR S AR B B R
FH e (5RR,1995) 0 FRpL g BNV I G o T v EUE R PR RORECOR 2 S R0
fefoe fvks & Ry H @ b 4 4 975k (Dev Chouhuryetal, 1980) « & "efditia
ALAAHIINE A LEE I EEY > P FRE AR X R E AT A fRR

"

4 ¥ i (Lietal,2020) ¥ ¢ » viefl b ¥ i % iBARY 3742 F P EY

B G L A RER R AP AT AR E A I wie £ AR (Araljo
et al,, 2011) » b4 5 4 *=4p B crv A fk > ¥ 5 "%pk( Phenylalanine) ~ ¢ »&fik
(Tryptophan) £ fit. »=fs (Tyrosine)iig & € i 4v » @ = L L4 = = K chm 5%
P (Lietal,2020) - # @ > Sanderson (1964)i& {7 £ /¥ i85 » vt gt R e M2 %

BREFEFZRAZFF FRALFFFLHYPRAMRIE 2 §EFFR

—=

mob s BT RAR T BRSO AR T RF M

whrr ¥
AIRAFEER O Ao e F 2 A X APR A A G T g
(RE,1995) @ i B E Aaidsk? » FRaOwREF ;AL PR Z FEHRY
3 B4 eI % (Kalidass et al., 2019; Sanderson, 1964; Ye et al., 2018) - Sanderson
(1964)dp T oeeet T 3 & 2B KB4 RIFZ RO B F o+ g E R KA

CE B

1y

R R e W j{%‘ 7 ks
PARWARER
AR T AF S R%Y A APT A T

gl
AN
S
*)BE\IT
¥
s
e

FUOREF ARt FE Q00 e AEEAMFEL > A Cpven

FHERB - CFEFBAGRE SpF R0 EEE IR H e (N,

1995); 28 2% BE ¥l F@Eamp b » 29 x 1w EGCG 2 EGC % i & %
13
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MEF- AP BRHCRZIRAR > DR AFZERMT <0 ¢ AF 85 FRIF
PR (RF,1995) c fidreh i A ps g it (Polyphenol oxidase, PPO)* % i

Earut > B EAESWY MRS > XA R A BATR 4k

ok

v ae
%

it dmre eV RS sy (L pEat )3k F  (Mayer and Harel,

o

LA

¢

1979) » % Aps§ i pEd ¥ I AE IR G AR > S ARESF P

Brired o g A F Ol TEL . TR S Apey VR 4 AR g
HeZEZAFTRERINESWPN g E WS <% (Selvendran and King, 1976) -
Suzuki (2003) " BB E R ¢ hE E e s> BT 5 ~pfit £y WM& R
e o dm FA TN AL R ER wmre? o FEY QR FHEOE MIEY O B

2 fEGEH B X% ¢ IR F 7 54 0" f2 (Sanderson and Grahamm, 1973) -

e L

HAp oty sk B PR D G Bt e B en& i (Tomlins and Mashingaidze,
1997) o fe.47 5 Z v ILH f214 £ F (Green leafs volatile, GLVs)& £ & e |2 5
T RGN LY (Populus tremula) 3 % 7 215 > a Pid & 24 g 50 -3-
¢ BF ((z)-3-Hexenal)» £ % %K Bl TARR {80 EN-3-2 ek R 4 3 ¢ 30
MU E S AL R FHERIE LY RIT RS H 2 S (Falletal, 1999) « ¥ F
ESLENSEREEE M EE SN R St S WUREVE S b SN g el

it & 4= (Takeo and Tsushida, 1980) °

(=) PRER

FFp L ranBfe s kS £887Y > e RFE k- H0R

~

WH o AEPMEEZ AP AR T3 -LHE (Cho et al., 2007; Gui et al., 2015; Zhu et
al.,2019) > * stk P - 7 Akt 389% ehamgt 543% 0 K hag 6.8
% ; ¥ ehame 2 2 UV-A B 5 4 (Tanaka and Matsuo, 2011) - 4pf>t 4 % % % >

14
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Pk R ACLE Il 0 5 B E A & F KA R AT (4, 1987) c K AR X

““‘M

ERAKGE 5 ABT A RE IR S G2 S P RAR LG (FE,

w7

2002) P EREFESEFFN S AL E R %%iﬁ%%@a%zﬁaﬁﬁ
%

b s (Zhuetal, 2019) - p sk %

W
"
=3
Pl
k)
beic
5y
e
\»}Y
\»}Y
2
¥7
%
7‘
Qo
“#

AAEHFLR ORFEILLLRIEIR S 13 <o Ra FF AL RE RS

ERFPEOTBFF LR g KX UL D BROFRIED UHEF F R Bk
PREZAFTEERZENLEY (BREF,1995)-

Kobayashi (1985)z2.2 p XA H 313 4 7 3 nE B HF2 - » p kX Ao

W HINSFREEF A S LG R p KRHT LR FFPEFEY

ZkF VAR Ay s A andEp 4 & (Kawakami and Kobayashi, 2001) - p sk

.\/'—_\,—

X hEF o TRINEF 7 9% 3k (Jasmonic acid)# % 47k T i (Methyl

w'
%3
3
o
S
=

3

4%‘“
&1
i
\»Y

i
3

THE R F R SR MAEA £ RRITZ AT BT
freni e > PREREWEEEZIPN I e BRI FFORELTIIH 0 F
@ f & = p-coumarate CoOA 15 - AP IRGEAAF % 4 & /T (Zhuetal, 2019) -

s%zﬁ@f%mgﬁé\%éwz%ﬁﬂ@%wwﬁﬂ’éﬁmﬁ

(Terpenoids)4p B 4 # © a-i# *2 % (a-Farnesene) - ¥ 7=4x fi (Nerolidol) ~ > # /i
(Linalool) & a3 4p i 4 5 * ¥ 7 i (Benzaldehyde) ~ ¥ ¥ Az (Benzylalcohol) ~ B-%

% jF Ak (B-ionone) (Zhuetal., 2019) €k F1& Behdk B » %"%Tﬁ‘rﬁr%’ﬁfﬁrﬁ v Agd &
T LA EGE . A R R %%Tﬁ’x AR AT SRR S REE R F 2 T R BRR L
R iEae (Zhuetal., 2019) - Kobayashi % (1985)4n 1 » R P sk Z P 2t & » 530
K EEF R FonARts o & K¢ ¥ 9 g (Benzaldehyde) ~ ¥ ° A (Benzyl alcohol) ~ =
H-p% ¥ 1* ¥ (Linalool oxides) ~ a-j < ]TF (a-Farnesene) ~ ¥ i~+4x iz (Nerolidol) 7 &
v o ¥ b FRRILFERF T TR o EBIFF I RN LS X FEA §
FlpXEABRG s EIP ST REARCS FERMRSE A 4 ER (Geraniol)
P EEFZIRIEL FE ARG H e o F A (Jasmone) ~ ¥ § P fis (Jasmine

15
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lactone) ~ % 47/ ¥ fig (Methyl jasmonate) f. 4 & P b % % p FF rdZ {8 > 0L G PR
hlt A RRFEFFRRRAGLCEFNZE rp X AEENEFE PO

W HRFEFLF BN L ne LG 2 gk (Kobayashi et al., 1985) ¢

@)Al%%ﬁfﬁﬁfﬁ%§
PRZAFRREFHEA K0 BF PR DIEY - F LI F R D

AL BT RE A TUF ST E A L1 KRR B p R D

3
‘Er

HApewk (19924 FFHBLtREF P LLAREREF REF A k&)

1\«'

C P ARE ST I A KSR RTERFLR FF P RENL P AR
FURFEEPESF o BB RRFR ol P RARR E 0 G RS

(F, 1995)c RF A1 XmBEIEL > 7 RAE S A g VfF ~ Fd [TF 152 B-

i}
-

PR EE A AR RRR- BRI B ARK BFEZ B KRG
BBEINLE TR REF DSRFFLF RS 2012) 0 2 UV-B B EF it
¢ B-F F A PE e B-EEPE-Kk i (B-primeverosidase)tp B ok Fl A i 0 1 PE A 0

A £ % (Jang et al, 2010) - 2 UV BRoF % F 30 4 4815 &2 A R &t
Pl F IR E T ME R e 2 AR T d P PR e e N 2E &
%5 AR aR i (HhE 0 2020)0 ¥ b UV-B R FF - TR EFFC haF 42
7% (40 2011) -

(z) EREREFF OB

BRI el G R F R MR (4°CE 10°0)T 2 TRz K
AATA 0 dwie il B e g e 0 EA M ER TR R (15 °C# 40 °C) 0 e i

WE s €4 F (Sanderson, 1968)° B i it ik F-6 F-kjd-» € ik F e iz

3 Fie f—?—“é_i (2)-3-hexenol ~ (E)-2-hexenal ~ (E)-2-hexenol % it & 3= (5&,1992) -

R READE > S AP EEREE B R B 20°C-35°CRIE R L A
#® > E 3 40°CH BT "% (Takeo, 1966) - ¢ K WA? » T} X HE R 25°C>

16
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FFoF tpd S me 3 23 20°ChE e LR B REHRF
SERRIERFFoFCREASE  AEHFALLR o
() wre s f@ed

b 2 fmPe IS e octe MR 3 E R PR E a0 > TR REF T
Bl iE (Simon, 1974) ‘w7 W# 4% T |2 (Membrane thermostability, MTS & Cell
membrane thermostability, CMT) % 3= (T4 &3 % B E B > i P TR T
B HERY KRR RXTRTRE PRI NE S ARG S
# (relative injury, RI) "4 i # »> ff 24 A& cnéF i (2 82 F,2013) e B IR 7 @ W% F =
ARLRERTEZITN I 2 B e > a R umnd P {ezE 4 (Niu
and Xiang, 2018) » & F % i¢ = lwie Wk B El A (2 &2 E,2013) o & AR bt
B dc i 2 g e > M UV-B RS E A e s 5 pd Aennd
= (Hideg and Vass, 1996) » /| % 133843387z et UV-C (S A A fig i § I hA &

PofE» PR R AREREA 4 g T (Wrightetal., 1981) > 4% (2011)12 UV &

A8

TRF o e R A F MOt ARk & o Takeo (1980)#-% 7 ehE #84E 1 -k
o RgEE T kA R AR K F e F £ 7% (Lipoxygenase) i i chis 1 o 46 8
PREEE o BEEE I 2% 0 g F ARTEER S A0 1 B HA X A4 kS
Y R AT LR EL S TR R e g (o F X R4 kR Ay
EREER LT LS d R o A4 % B d TS BB 0 L 1
T ¢7. 9 (Hatanaka, 1993) o K F % 4 pFif i -k o SR el SR F > H 4

fmie b iR € 0 318 R F e h chd i F g (Sanderson, 1964)

17
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PR oHEESE

¥ & @dmRUrar
AHU AL R FL DR (RE)FF oW U RRME . FFAK
AT FRFAL L TERFHRFL -z i FoFFHERFE 2 TREFE

AR FFRRTEIRY e PR TR%K -

¥ & WHRE
-~ EEIE
ARRGFHAEIFAD LR E A BEAPFREFERTFORE - AL
% p & (Solar) ~ ‘¢tz (Infrared)£? % #F 2 (Ultraviolet A) » 3 p 2 % :F% LK PR
RPRIT o RRE AN L RERFA KO BEEA S AL ¥ X (Normal
withering)#s % /& & % & (High-humidity withering) » & % Z AR B %A G 43
60%3 80%: % iRAR X B RIBIREAPHR AR 1] 00%11 o EHAILT A 5 1T
I

e p k%% (Solarwithering, SW)

p k% BRE %% (Solar withering with high-humidity, SWH)

o % ¢tam%x & (Ultraviolet A withering, UVA)

SN T

o ¥

‘b g R A % & (UVA withering with high-humidity, UVAH)

[ ]
(E)

=t % & (Infrared withering, IR)

[ ]
B

oS g R A % A (Infrared withering with high-humidity, IRH)
e 3 Z /& (Indoor withering, IW)

F 26009 FF 0 F 2009 FF kLA A E 5 45 cm 22 35 cm 2 ek
B ToRT (HE 22) P EEARBRERH MG ME R MAP KR

S+ 5e 0 PSR PR R K 4+t 10000 Lux - 30000 Lux 2z B » UV-A 5 & & 4/ *+ 800-1100

18
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(MW-em?) 3 % sh s gg®n a L oeh UV-A B 3 (IOW) BBt > 8 % 5 2 0B
bO(HE 2b) 0 PRETPEA- N E S ¢ o B B E F iR 42 3em 1 5em (

B 2d) - UV-A i £ 9

5 700-1000 (WW-cm™?)»u& (342 T p ok % B UV-A 5 &
A th SUBRIE ) G b U e (150W) ) B EF L 2 1 2 GBS EF (H 2e)-
WRMHIERE FERE P KX ARPIT N S ¥ X BIRR X 2R
FhgF o 4ot dple 2o 2 P acok e o 5 (4B 20) 0 Aot g
FERR ARG RIS B §B S FF ke 1 £ REEKES R4 T
B RRERE . p AFIEAEZE SWHER A FEAREZEA (IRH)

U g M EF AR R RFIBRZF (UVAH)S Bg p 4ok B 420

EFEFLRMFEL AR 1 E BERRFRBAPRIBE o d I F s
i RBEEFRKL T f’g-'zvlo,}ﬁz_'rhz‘;ﬁq% R EREZ D RER (SW)I'E":"]‘@Q:{

A (IR)BLPEE > 5 o x % & @we i 7 @?u%%; Pl ¥ b oo
ERAPRERILE > EFF P ERERY DEF kT AP HHE
g & FlF 2 - 0 L FES o Stage 2 &7 Stage 3 PR d & R A F 7ok e
X REARY PR A KB 509 FFAEVRLET Y A L kI-50C ki
EFAFREIRRS o 2R ERFHRARLFEERS LR F 0L
e g 105 CUFEFRICE 0 B E kS o RH P A ESIER e B F
BERAERY LFSL SR F AL DRE X ’%B*»-; PokF o FFEAER

PoABRAGZBRERE S BIFEG S R BRPS S ELT (CHE 1)

e Stagel (% A4~¥p):
WA RRBE 1) E AT FEREBRAEER BEEL S B
BoRPEREREAELFFARE S L A

e Stage2 (%A ¥):
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REMBAILL KBS K FEGLED 20 B E RS L PRIRE -

o Stage3 (A% 4):

g
putd
AN
¢
S

L > A %fi%%‘xﬁa (o I  EATHELT T E Y R E

REIR R F kI

34‘%

e Staged (* %):
EXBAE TR EAF LB EFHR - EHEF L 80CH 25 )

o

Yeie s L

w

e Stagel5:
in B BRE BRI S PRI E 0 0 Stage 1 47 Stage 2 2 F o B R A

Pk E gl >t k- | R v}*\ﬁl.i;?}f’?fi Kb o PRk i & PF Stage 1 B~

Ris REFRAFLEFIBNFREARBRIF CEHFE-EPFFREFL
EXL Lo ¥R ¥ Z k%3 Stagel 2. 4 € F P4 5 Stage 1.5

AT F RS 2021 Eik(T 0 4 4/11 2 418 P 2 sk 0 Ve p K E B
(SW)~p %3 ;REZEH (SWH) ¥t %% (UVA)% 3 BE %% (UVAH)
FREAR (IW)E T B/AIE - 4 6/11 2 6/18 p 2. 5%k » v dp £ EF (SW)- p &
BREEA SWH -4 ®mEAR (IR~ RBREER (IRH)z2p0 284 (IW)
T BRIL-8IBL P FHRIP R EZ - BRIL T XWFRERT T AWEF
FATF P L AFIE D SRR 5 A RFHYRA L  ver F) s 2K R ME R
ST oBBL PG EFT M FF AT S AT RELIE G B £ o T7/20 5
/6 P #5k 5w WASE T E% 0 T/29 P ES% R KE A (SW) ~ Kb Ea
(UVA) @ Ed (IR 20 2% (IW)RZ > 9/6 B %4 » REFIRA X e
ook BRIL U6 P RREFUREFPFRACET > A BRITEFFEF 2

R L Y e
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I BRI R
(-) ZA4HRRhEFRREE ,’3—}-}‘;%]]\ R
ARFTIAGZBIGAE B 0 ZAAHY A kR RS 0 FS R
TR REE SW B bRy (UVA)et@my IREEPM 24 (IW)
REPp s BnE B 87 43 FRAEA UL R BFehZL B o Stage | ASRRF eh 5 -k
FARCHBRREFF AT - TRRFIDRELFHENFTF RS TR
TR UG I FFENRAP 5 - > BREFIRARE S AL » > DR AR L2
nEAE (IW)H A % /%4 ¥ %k (Light resource)¥ 4p %1% B (Relative

humidity) 5 & F]F > A5 F]F %> A4 AR REBTY AL AT FIFE NI R o

#= o Stage | REZHE > BBREF BRI FL FF o - BEERE
FokF TR D B kR D K BB K% AT Stage | ARITRE B (BIRAE X AL

Stage 1.5)+ 3 0 £ 4 B AL ¥ L4 5K F Bt %2 0 H T3 R4 {50

#o

() EAi W Lih s MEERBEABEFTR G52 BF

EHRERY FFIRFEFREE S ARFFF L BRI R - o RERE
FrRFFEEDRL - X H4- 9 %k (Light resource) &2 % & ¥ £ (Withering
stage) * AR FRF A FH ZRDA BFF - REFRS LT T BrpARED
FPERE (W) 4o » BEFRE X F I > M % k4 ¥ £k (Light resource)
¥R (Relative humidity)$? 2/ 1f £ (Withering stage) = B FF M 7+ 7 £

SELIEIE TR SR

(Z) AW ERGLHF F e RS F i PR AEARRL LR
FF i RS Rk 0729 pFskEp XA (SW) K hamE
A (UVA) -zt mEz A (IREzPER (IW)ERSE 4 BE AV A WL E X4
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R R A E T R AT o 96 P s HE-p XA (SW) -~ p B RAR X R
(SWH) ~ % “hsZ % (UVA) ~ %/t g BARZ A (UVAH) ~ st (IR) -
CRBREEA (IRH)ZZAEA (W) 4 BEAFEE 75 3 A48 e
9/6 P #%k 2 }E’:f P Ape g PRy 0 B X A0 8P g2 (Withering treatment)
21 % A B (Withering stage) 5 & F|+ (A% > A 45> ¥ ¢F £ 1 H 7|3 823 447 o
WP ERGEERIPADRBERILZ i PEELR Bk H BRI
AREAIFER S Ay P PRRETL R o
() ZHAPLRERHERAHFFEFL G LRT
Aﬁﬁ&éwmB#%iﬁ%uﬁﬁwﬁgwg&wﬂ;%%%if%ﬁ@m
FF 7 k359 69.7% 2k Stage3: & F 77k F 19 65%PF 8 BL(P k2 A F) ;
Stage 4: £ ¥ - 2 % A2 (IW)2 Stage 1: #R% P e (UVA)§ k& B~
2LoH Stagelb5 ZEAB AR LY - HEIVEFERESAFZ KT AR S

Stage 1.5 2 $t /P kX H e (SW)2 = b E A (IR)APIT 5 -k F chBfh gL o

FZH SBERATE
s S AR BB
(1) §e% 2 B
S FUEA T R R R E Y oL R B0C kL B A R P
48 (L PERE > R M GTEREEA Y c TR FERSUERPEIIDTRE > E
R I S R T T L A
(2) AT i & F B
FeB- 059 45 $ 3 BOmML g F > 129 40mL %2 24 45 ke o g R
*90°C ki & 20 & g e F o PG IR 180 11 Advantec NO.2 FLig i
T RS X BT E IS0 ML EBR A FFREN 4 CHEY > TLEEP
FEERIUE AR RRAEITRAITL SRS
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(3) 4L L1 £ 4 o7 5B

F=B- 050 B A3 20 mL e &ZFLP 0 M F B4E 2ul 2 Smg Lt L2
(Tridecane) » #-4+Ef pE3TFLEESe ~ > {”Laf FREL BRSICE NP B EBRKA
(Multipurpose sampler)z_ & &4 ® &) o & -2 I 1 & 5 1078 T FAp i B
(Headspace solid-phrase microextraction, HS-SPME) % B~ o % B~jii 42 & ;4 % » #4- SPME
BAR N R EFTY 0 12 60°CAe# 20 A 4B 0 i AZY PR E U 250 tmp i iE 3K R S
FORE B HR S i B 3 FEDFRR A  ADE R LS TR

SPME % P~jpskav o

S FERBFAA
(1) &% ~ps PR R TS

HE P 4o ImL FRRAL 8T EEER > RA 4~ ImLIFEBRTSIER
o B 3mLapEmR B3 E55ml 4o r FRREHI BETEHEE 3044
BB~ 200 ul KO3t 96 3Lz o A kR BRI 2 F B4 E 540 nm 3k & ik

BRI HEERUCRER FEF BRI ®%EE (Gallic acid

AN

equivalent, GAE)» & k% 5B~ ¢ 5 Az Lo A% EP2L RS AHES &
Zo HBEFRRML G RFA
(2) B5ypreilpg @ & = @ (Ninhydrin)iz
H % 4=~ 0.15 g PVPP 3t 50 mL &t > 4e » FERT 30 A4t - £ &7
Advantec 1 FLijg & 4 @& T FFE R o 4o ImL 7 F & B REARE R
7; P B4 r 05 mL & L4 05 mL F=fr 0 v HRERME PVPP
Wz FRPIRLPITIRBRAEL2mL B3R ERFREIDS 18 sEHRE
7 7;? CEFRAR EE 0 5 100°C-K s 4 20min e F R 4 AP 2R 0 4o r 10mL
2 50% (V/VYFpE » 2 B85 12mLe pip A5 15 » Rk & 570 nm 273 7%

V3
R Ry T RS

128 ST VY

)ér
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(Theanine equivalent, TE) » & & 5354l facnz £
()52 FH A~ B2 6 SR £ A7
r1 B sk 4p & +7 (High performance liquid chromatography, HPLC) 4 45 5 B~
PSR E S F RO AWUF TR FH AT E IS I RER R ERE @
AR R B BHRELS QUL BB AL S A F AR5 100 %2 B (BB
A)g-kdpze 0.1 %" faizie (B840 B) o A K473 BIP R s g0 AJF
# 5 1.0mL-min” > F HE R F 400 35°C2 T R AR R AT o A B4R 400t B
% A:B=10:90 ‘235 12 » 45t > B RpPARARER I 30 445 A:B=20:80; 30 ~
71 354 BHAERMRH T AB=2278;35441% 40 24 0 3 RS
BiL 5 AB=2575;40 2453 48 p4E 0 d mpRFR MM EH T A:B=100:0 5 4
FaEFn 52 24 K852 243 57 A MARERHRYELERE AL
B=10:90 - #* Az % P REPIFEFCES @R A EKTE 280nm - &
R % 7 P (Retention time)#? % o f# (Peak area)z B35 > 328 1 & 4

S RAR o HEEE PR A2 045 um 2 B A% (Millipore)iBih 3 Vial 3¢ - B ¥

N,

Bz BN 10°Cenfl i P % Fp B A FhopieE R S 8ule

B X Y A L

vLF ARk 7k P B E ik (Gas chromatography mass spectrometry, GC-MS) 4~
HEFH L EP g ARAT TS R A2 SPMES BN »F R 5 210°CE 4k v >
WA T & 4 150 518 0 g4I 3% (Split) (Total Flow =9 mL-min™; Spetum
purge flow = 3 mL-min; Split ratio =5:1; pressure = 6.776 psi) - GC % z_2. = ;g #- &
2o AR R 35°CHFFES A4S 0 2 20°C-mint i F 28 70°C - £ 12 7°C-min't
@ FE 3 200°C 0 Bets 4 20°C-mintig 2R 3 250°CE S A4 o oo g
4 #(99.999%) > ie » FALp niE A ImL-minte it E4 A3 0 T0eV 2 TR
FRogps o I RER S 230°C FHRMRIERZL 50 2 350 R+ £ H i
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(Atomic mass unit, amu) - F¥ REFELFHC EFBHFLY 3 L EFFTHER
(Retention time) > ™ Wiley 275 £ NIST11 B 3% Tl B4 2 v $ 1t &4 o 5z it
Ef el o i st &4 2 ¥R (Abundance)s ¥ 4 p R B = % (Tridecane)
SRR R R g R AR g ehip st R A (Relative abundance) -
T~ et R T2 Bl

MR F ookt X AT F D NI L 6mm iR #R
AMKBER R o T PERMBEEEY e EmLA gk BPEERE AV
T F R 0 GRS R LA FBAH T  E AP RRE N RET
BE 24 LR NTEBRFRENFERMEEEPA k2T R (Electronic
conductivity, EC) » p* & & Ti o Bl = fs #58 ¢ B >0 100°C-Kigdh? > 4 £ 20 ~ 4818

o 2RO YRR A AT B RGEE N RMEC o w3 The T 7

DB E R wre g 4E w2 (Membrane thermostability, MTS)

> 580 MTS (%) = 1- (Ti /T) x 100

EFEwEas 159 B F rupiid AR 0 B~ -50°Crkfa s o P50 F
PP FEREER)ENFSEY e R EF AL WK - A 2 -20°CH
fit 5 200 ML & F it e Brgs k0 3% 12 Advantec NO.2 jg M fie # 5V iR L 3 § 3B
Mo HH RGP TR T R E o FENFRERP RS EEE SRR
¥k 0 skET-20°CH * o 2B~ 019 35 5 A3 15mL EF ¢ 0 4o x 5mL 0.1M
BRpL S et R 30 4y 0 BNk i R 30 441 0 MRS A T EL B A 4°CT
1210000 rmp s 20 A48 0 SR {8 B b R * 4t PPO R R = o & F & cuvette
se 0 1mL0.IM (40°C)mifs s i ~ LmLO.IM #8= ¥ ImL g4k » = % 1Y
A kKRR A0NM RE2Z B KkE S E ISHRT- o HE IS UE S
0.010D it 5 - B/ELE = (U)-
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-
\

B A

FokBcdy 2 W 4 # * Microsoft Office Excel 2016 » F # %u3* 4 47 12 Costat

(Cohort software) ~ 47 » %% #icdy @ B @ * Sigmaplot (12.5) -

¥z

1.

&

ERARE
SRS AR
iF1% fa 494 (Potassium sodium tartrate, C4HeKNa-4H-O) * Hayashi pure

chemical Ind. (Osaka, Japan), ## &

. Fripa I 48 (Ferrous sulfate, FeSO4-7H20) : Hayashi pure chemical Ind. (Osaka, Japan),

B
Eife @ = 4 (Disodium Hydrogen Phosphate, Na.HPO4-12H-0) : Nacalai
Tesque (Kyoto, Japan) » EP % % o

L 4+ pa (Gallic acid) (=98%) : Fluka (Buchs, Switzerland) » HPLC %

WA

1.

F1F P I 4803 % ¢ 7P~ 0.100g FeSO4-7H20 %2 0.500g CsHeKNa-4H2O 172
+-k % E 3 100mL -

B e (DH=7.5) @ #=B~ 19.306 g NazHPO4-12H,0 11 4 35 -k T8 &
1000 ML(A i%) ; 75~ 1.814 g KHPOs » 123 45 -k %8 1 200 mL (B %) » #
ARBEBRMIT 32 W oliRELE A RR2ZPpHET 75

e F iR 4eB 01009 2 &5 0 4 35 ok #3100 mL (1000
mg-L?Y) T2 &3 piE®A %, ¥ pel & 37.25mg-L*~67.5mg-L1~125mg-

L~250mg-Lt¥ 500mg Lt 7 BikARz EER > N hBRY o

~uasprir s Rl
& = fx (Ninhydrin) : Merck (Darmstadt, German) » GR % &

fiy fi& 4 (Sodium acetate trihydrate, CH3COONa-3H20) : Merck (Darmstadt,
26
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German) ACS ISO Reag %

3. % it 47 (Tin(ll) chloride (98%)) : Alfa Aesar (Heysham England)

4. v pg(Ethanol (95%)) : Merck (Darmstadt, German) » Reag. Ph Eur % ‘&

5. &=p4 (L-Theanine (98%)) : Sigma-Aldrich (St. Louis, Mo., USA) » HPLC %

6. F e e zfr (Polyvinylpolypyrrolidone, PVPP): Sigma-Aldrich (St. Louis, Mo.,
USA)

FRAn

1. & = fr3#® @ 4P~ 3 g Ninhydrin > 12 95 %/Fp < 1 100 mL ©

2. % v L &7 & ¢ 42~ 0.100g SnClp #c » 50 mL ﬁiﬁﬁﬁzf@% 5% 0 S B

4oC L F 12 [ Pris i * o

50%FpH 1 B~ 95%¢2 FE-Kkiz ik S00mL > 4c ~ 4 43 -k 3 950 mL -

i e (pH = 5.2) ¢ #2P~ 19 g CH3COONa-3H20 = 273 f#3+ 500 mL 2 4¢
F ks o 4o r 5 36mL kpEfE > £ 2 Z Sk R D 1000 mL

Fopi R L 4P 0.01g Fkpio 4 3ok 2R 3 100mL o 75 1000 mg-
Ltz &+ pieiie  #H 5 625mg-L*~ 125mg-L™* ~ 25 mg- L™ 50 mg-

LY~100mg-LY7 BEARzZ BB » #3224 F 4 o

CRFRBRHES RS IEE et F L
2% % ((-)-Catechin, C) (=97%) : Sigma-Aldrich (St. Louis, Mo., USA) » HPLC

4

525 %2 83 paiy ((-)-Catechin gallate, CG) (=98%) : Sigma-Aldrich (St. Louis,
Mo., USA) » HPLC % &
a8+ 2% % ((-)-Gallocatechin, GC)) (= 98%) : Sigma-Aldrich (St. Louis,
Mo.,USA) - HPLC % &
+ 52 % % ((-)-Epicatechin, EC) (=98%) : Sigma-Aldrich (St. Louis, Mo.USA) -
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5. %283 2% 2 ((-)-Epigallocatechin, EGC) (=95%) : Sigma-Aldrich (St. Louis,
Mo., USA) » HPLC % &

6. X 83 82k &L a3 pkfy((-)-Gallocatechin gallate, GCG) (= 98%) : Sigma-
Aldrich (St Louis, Mo., USA) » HPLC % .

7. %32k %2183 By ((-)-Epicatechin gallate, ECG) (=98%) : Sigma-Aldrich
(St. Louis, Mo., USA) » HPLC % .

8. %183 w2k 2L+ paps ((-)-Epigallocatechin gallate, EGCG) (=95%) : Sigma
Aldrich (St. Louis, Mo., USA) » HPLC % &

9. ;2 8% pe (Gallicacid, GA) (=98%)) : Fluka (Buchs, Switzerland) » HPLC % &

10. »=e2%] (Caffeine) : Sigma-Aldrich (St. Louis, Mo., USA) ReagentPlus %

11. @ g (Methanol) : Merck (Darmstadt, German) Reag. Ph Eur % &

12. 2z

>=3
e

(Acetonitrile, ACN) : Merck (Darmstadt, German) - HPLC % ‘&

13. ? g Formic acid : Merck (Darmstadt, German) » GR % &

R R RR

1.GA : 7.21mg-Lt~14.42mg-L*~2884mg-L*+57.68mg-L* -~ 86.52mg-L*
2.GC: 461 mg-Lt~ 921 mg-L" -~ 18.42 mg-L* - 36.85 mg-L™* ~ 55.27 mg- L.
3.EGC : 1241 mg-L? ~ 2482 mg-L™L ~ 49.63mg- L™ ~ 99.26 mg-L™ + 148.90 mg- L™
4,C:459mg-L1~9.18mg-L?~1836mg-L*~36.72mg-L?~ 5508 mg-L"

5. Caffeine : 4545mg-L* ~ 90.90mg-L? - 181.80 mg-L? ~ 363.60 mg-L? ~ 54540 mg-L*
6.EC : 6.49mg-Lt ~ 12.97 mg-L* ~ 25.94mg-L" « 51.89 mg-L* ~ 77.83 mg- L
7.EGCG : 4581 mg-L? + 91.62 mg- L™ ~ 18324 mg- L™ + 366.48 mg- L™ + 549.72 mg- L™
8.GCG : 3.96 mg-L! ~ 7.92 mg-L ~ 15.84 mg-L*" - 31.68 mg-L™* ~ 47.52 mg- L.
9.ECG : 9.72mg-L" + 19.44 mg-L* ~ 38.88 mg- Lt ~ 77.76 mg- L™ ~ 116.64 mg- L™
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10.CG : 4.23mg-L*~8.46mg-L*~16.92mg-L* ~ 33.84 mg-L* -~ 50.76 mg- L

L ey tERSRIE

1. #ipta = 4 (Disodium Hydrogen Phosphate, Na.HPO4 - 12H-0) : Nacalai
Tesque (Kyoto, Japan) » EP % & o

2. Fxfe = & 4 (Sodium dihydrogen phosphate, NaH2PO4-2H20) : Riedel-de Haén
(Seelze, Germany) » GR % % o

3. # = ¥~ (Catechol, CeHeOz) : Sigma-Aldrich (St. Louis, Mo.,USA) - ReagentPlus

i

ERR

1. Bipe % e (0.IM,pH=6.3) : 23~ 9.633 g Na;HPO4-12H,0 ¢ 11.404g 4c » 4
000mL 2 g+ -k > MEAEAE AR pHED 637 > 32 ®WIL.

2. *p % (0.1M) & 4P~ 1.101 g Catechol » & & % 100 mL -

I ~EgR RS

1. i+ =% (Tridecane) (=99%) : Sigma-Aldrich (St. Louis, Mo., USA)

2. ¢ 'z (Hexane) : Sigma-Aldrich (St. Louis, Mo., USA)

Y

o

RELRA
3

1 k2 %

R
&

A& 3+ Epoch 2 » BioTek (VT., US.A)

2. FipHcE P4 % (Solid Phase Microextraction, SPME) : Supelco(St. Louis. MO,
USA). % P~4p+ F Divinylbenzene/Carboxen/polydimethylsiloxane
(DVB/CAR/PDMS) ,50um/30um, Supelco (St. Louis, MO., USA)

3. # 1 & 7 % (Gas Chromatograph, GC) : Aglient 7890A > Aglient Technologies (CA.,
US.A); &3¢ 41 % 3150 © HP-5MS Ul (Length 30 m x diam. 0.25 mm x film 0.25
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um) » Aglient Technologies (CA., U.S.A.)

4. 3% &% (Mass Spectrometry, MS) : Aglient 5975C, Aglient Technologies
(CA.,, US.A)

5. % »xk 4p & 47 % 5b (High performance liquid chromatography, HPLC) : PU-2089
FoF g 2 AS-2057 f Beiedh ko e bk iRl ® UV 2075 2 LC-
Netll/ADC jaJZ B & 7 %ol 3 e By 0 45 14 2 K 17 ¢ 1 Symmetry C18 (100A,
5 um, 4.6 mmx250 mm),Waters (MA., U.S.A.)

6. B>t RTO2B » XM 2 3(2 7 7 > £7%)

7. 3.4 (Centrifuge) : Pro-Analytical. C4000 » Centurion Scientific (WS., UK)

8. %4 iz (Freezedryer) : CT-5020D > iZ# {153 L2 P (F 227 » 5 4)

9. ¢ (Infrared lamp) : PAR38 150W 125-130V » PHILIPS

10. % ¢H&EE © UVA 10W T8 » SANKYO

11. % “t & ik : Solarmeter 5.7 » VIRTUAVIA (Grenoble., France)
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RERFHEFTF P RS AT E570% - 80% (4, 1984) - X AR

it B & @ - (Sanderson, 1964) o 5% 2 % k7 7 I ki Be 54 }‘%ﬁf,@ fs

]

M RE2BE (24 411 p#% Stage | 4 REH (UVAZ FFRLS ~Ap
MEBEEFMD REA SW)E 3N E A (W) > 8/31 p :#5% Stage3 % *t4a % & e

(UVAYEF 5 Az BREF M H 8 &2 5 6/18 P 35 Stage 3 p £ 42 (SW)
HEF N dREARX (IRNEFREAE (W) EZE AEMRY ot 4~ XA

KR b AETLE -

‘*’ﬁ

ARERBHEFFRLTFE I EORE (R 5 4 PREXIRE e
(UVA) Stage | A FRLFF 7 EMpkEhe SW) L 2R AEHF AL
@ Stage3 KM MEAE (UVARIBF R H 6o gpEhe IWZ FF
BEAGEFRAPRE L AZ AN R AR %2&’3 TERERYE R

AL BB LE AT o

PR RRBHHEFRGIEIEORE (2 6) BAT TFERKY DA B X
FREE FRIZEFFAL L EEXAERY FFRIFEIL LA REI AL

Rehd A - %0 bl4cd/11 p Rk Stage 1 p X (SW)2 % ¢ 5% 4 = (UVA)»

= Eae W) %@Ene (UVA)R &I HE £

Ay A
F‘?/}Zﬂ—ﬂ‘

=
RN
(e
k|
<ok
A
’
}

#p kZEA%E (SW)% > & Stage2 P| £ p L EH e (SW)hE % 3 >+ H e o
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() ZBA4 P LR pER 2 8
FHEIMNPHBREEF I AR 20UE (& 7411 & 418 p R%
Stagel > B RAREFAIEFFRIAFZERFFI LV XZHIL > @ 6/11>6/18
¥ 8/31 p iRk Stage | PIE T ¥ EAAILL S Az 2t LA EIHFLE o
Stage 2 &7 Stage 3 X A4 WAAHBRE S HEFF 2 F AEHFLE - £ H1Z M
HERRHEAFOF AN 2088 (4 8) Stage 1 T @& v AEHFALL >
ERADAARBREEFOR R 7 EOREF > Btd&k Y hStage 2 & Stage 3 f
TR 4 A F LR L e S AJE T (4 i Stage M RABR T A - Ko A4 E bR
HBEHMFF LI EDRE (R 9) 0 4/11-6/18 22 8/31 PRm % 44
HRABHEA MRS ERFT LR o 2 %Y & 831 Pk & ¥ % F Al

(Normal)z_ ?tf”:?fil IR EAZAEMY - RPDFIFIRAZ A AIL (High)-

(Z) ZAA4P 7 LT ApiTE

dNE RSP RREAPFIER DL b | P FORELT RG> RIERFEF

FokFE R FFRS AR IR (£ 10) BAPT PRI ERJIER < S Y A

EEHFE LB Ep sk (Solan)d/11 P #Z%k 2 M £ 44

\ o]
Z
¢
S
gt
w
Ny
|k
&
=k
=
5N

THEERE > ARFAFFREFIESRS FHENEE (R 1) FFRES

zdanti (& 12) BRI IEIHRFLE  LE RS AT FERY 0 A

S~ RAERORAR
() ZH4 P kiR P
g p X F (SW)E R bR E A (UVA) B F &7 b X R BALPRAL v
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B s BB (£ 13)> 4/18 P :2% Stage ] p £ (SWAF 3% @M%
w (UVA)+ £ 8/31 P 2% Stage 2 P XX 4% (SWEEZZ*E 1 RE ke
(UVA) o - it pL 2% (SW)2 i b 508 (IR)HB S8 > 6/11 p 38% » Stage 1

XL SWFFRMEELARE T3 W e RE A e (IR) & Stage 2 5% 7

FApF 2 6/18 P #5% > Stage 3 = ME A IR)EFF>P LE A2 (SW)e =~
Pipihd %o B X b (IW)RMFEIRAR ST > &P X F SW)frk

hamE A (IRpYvhg %240k > 6/11 P % X B EAY P X Ae IW)E

FAMFRIRAIL B F KBS 2050 & 6/18 P ESK AR #F B F o

(=) ZERA+PHRREPFERLPE

ERADEREZRREFFFFRAFYPRAMRZ I OPE (2 14 g R

Ny

I XES& T 0 W8/31 piEsk Stage | T ¥ XA AJRE F RAAFHUORAR T LR R
BREXREF 2 Hipgsk Stage | B BREFASLF B0 F WD ¥ X T
Hoe 4/11 22 4/18 p Rs%kEHEF L P -4/18 p :#5% » Stage2 ¥7 Stage3 B /BAE £ /&
JdRs FNE K R FRJIL 0 e 4/11 P #5 0 Stage3 & ¥ X AR F RFY R
FERIMFER VR RAE AL RARE R F AR AR OB p X E R
(SW)£z % ¢ 5% % (UVA) > % 4/18 P %5 Stage3 2 8/31 p 5% Stage3 % ¢4
e (UVAFFRAmsieims BHFF20p 542 SW)o p 2285 (SW)
Bt RERE (IR)VWH> 6/11 piE% Stage 1 p £ E A2 (SWEHEF 4R

w (IR)> 6/18 P 3% Stage2 = ME A e (IREZZ>p X Ae (SW)»

8/31 p % > Stage3 = MEAE (IRAEFZ P LZFe (SW)o

(Z) A4 7 LT ApiTE
FHERERG AR AR kS LB SEREEA- RER S
WP R REE AL FFAMEORAR S B (R 15) B E 4110
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% (Solar)#z 6/11 p ‘= ?t& (Infrared)2. 3 iRE % ¥ /L » ¥ F RSHICAM T £

¥R I AEAe 2E0THER REFRRE

15:

ERFASYORARE £

”3":
§
e
a_.
k'
a_.
S
’35
{
=
3
Pt
¥
AN
¥
\»t
=
i
%
;
Eﬁ
=
oy

(-) ZrA4F Rz B
% A kR F e Pl (£ 16) 0 W 6/18 P iES%k Stage 1 2 F A
PoroutRE A IREFBF WP EZI e SWEZzPZAE (IR)em X AiEE
B4/11~4/18 22 6/11 P %5 Stage2 AL EE LR »4 1 d KR E PN %
e (IW)3 B F it H s o e 6/11 P F%PIBF R W H 6 e o FR k5 o

F’ﬁ}%ﬁ{é%ﬁ)}‘%wv ZF) et 2 AEORE X5 - Radgd o

(=) ZHAPHEREPERER 2P
A H B RREE EEJE o Stage | RIR R a0 A 4/11 P BIRAEE BARISLE
%V"N’:f'ﬁ]/\’a BT KW E AT 2 7;%' (% 17)-4/18 ~6/18 2 8/31 P :#% > Stage

3APERIHBAEEFLE 418 & 6/18 P 5% 0 R IRA K AULE F e

FlZ 2R FANI A EZ AL 831 PHE%RBEBREN LN FE XA
BT o LR F e F] g R p AL AR SW)E K 4 RL R E (UVA)

W 4/11 P 3EBk $ Stage2 % M AUE A (UVA)Z FFeers® 2 BHF AR &
X (SW)FF 5 4/18 p 3% Stage3 % AL 4 (UVA)Z ¥ Fretm 3 £
FEarp kErE (SW)e pkEAe (SW)E oM EAe (IR)W # > 6/11 p 3
% Stage 2 B £ Xk (SW)BF Ktz ME A2 (IR) - 6/18 P 3% Stage | =

hBmERE IREEFMRp LEAE (SW) -
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TREHY PRER PRI BALALINEALF e Y A
MELE (4 18) % ARt g 411 PRI F LR > b v AR S

fie 0 6/18 82 8/31 P E%EHFALR o

®

FRA 2 AP RRERHBRREHET N 3Ry

=
\
“u
M
-;fé
Y
3§
ot
==

%%%F’%$£$£Eﬁffiﬁ$%wk’%£ﬁvﬂki\ FrEIFA
P RiFuEEFEEZAPFREREF A K & Stage 2 & Stage 3 AR B ApIT

R R R A A R - ReNBER T L RFILEF R B H G

™

g
14
W
\H"

20N

HEFFTUE  FFP 3457 BN ER a LAEERY FFP 373 2

£

fﬁiﬁj"jp{ﬁ%ﬁ’liﬁﬂ%’}:’”]ﬂﬁiﬁ“ﬁ T bﬁhmﬁggﬁ BiLAT - S¥H ¥V T

~y

» & i & F % Stage2 £ Stage3 ;&I’}?g«;ﬁgﬁgmu@, T ALY R
}'@’ﬁt}‘},%ﬁ 75%2?&_m%‘ﬁvg_§l ok i E AP EFERREIHIER S

FEFPMFH 255 0 3 FEHFE o FF & Stage2 £ Stage3 JLRF ¢h

N

GokF EApiTin o Stage 1 B3 kF FRA LB Rt E AR kS L
BEE AP ] o (F03)) BASIR A RF S MALKEF LR AP E AR RS A

HERHEFAFF LB A BEFFEARSY 2 -ROFF I kFVRLH

-

BEFPNFHOELR T A GRS LiERC] P RS RED RURP L B

MR R CEREAPHIRR LR 0 4 & E

&
Rk
fon
A
pe
e
B

LENERHRRLEEFFRMFF IR LTI 08RG KO RER
(UVA)Z FFR i et FFA Appe 2rigs £ bE A Easia
SRHAB RIZ M RRBEZAAFBRZBEEFFAFF R0 FF R B E

FIERANDREFEZTREEARIL  * VLD

fubg

EXEAZRFERRSE (% 1)
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@ RIBAERAILFF Stagel 2 AgRAR R e g EksE 4

PAXEER NI A EAARIL P O BAFRAEAAILS L EEEAL S

P
AN
<l

&
v )
=
=

THEFRBT LT FRRETBAILL FF AR RARM G R
EHRSL BT EAASYRRT AR FFAYORAR B L FE L Y

EoFF ORI T RS RABBRELE AL R AASE LB B - Ko

P8 ERAPLR - PHERREABEHFFLBE
Fo@EAAPRREPERR IV O GAPRERFERE D R RIZRE R F

W?%%ﬁ@ﬁ%ﬂ—ﬁﬁﬁﬁ’&ﬁﬁﬁzﬁf&mxﬁﬂ+’§ﬂﬁikﬁw’

FFERFTHEFFNFHFOREF Lo AR L i LR i $E R AL 2

FE Nz BEABEN T EHTE 0 RILFE R Y REIEL B EE

-

WERERY FFRFFOZE - RF HBEZ BEFREDRL > LT

¥
2 R RJLLARR EREEFrFFEE -

- ERFPREEEFR G F PR
(-) 7 Ap~ DFEFHERLa TR
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Fig. 1. Change in the content of catechins in tea leaves under light source and humidity

treatment

a: SW (solar withering); b: SWH (solar withering with high-humidity); c:UVA (ultraviolet a withering); d: UVAH
(uva withering with high-humidity); e: IW (indoor withering). Withering stage; 1:end of lhr lighting; 2:water
content 74.9%; 3:water content 70%; 4:dry tea 1.5: high-humidity group compare same water content with
normal. GC= gallocatechin, EGC= epigallocatechin, C= catechin, E= epicatechin, EGCG= epigallocatechin
gallate, GCG= gallocatechin gallate, ECG= epicatechin gallate, CG= catechin gallate
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Fig. 2. Change in the content of catechins in tea leaves under light source and humidity
treatment

a: SW (solar withering); b: SWH (solar withering with high-humidity); c:UVA (ultraviolet a withering); d: UVAH
(uva withering with high-humidity); e: IW (indoor withering).
Withering stage; 1: end of 1hr lighting; 2: water content 72.4%; 3: water content 70.0%; 4: dry tea 1.5:high-

humidity group compare same water content with normal.
GC= gallocatechin, EGC= epigallocatechin, C= catechin, E= epicatechin, EGCG= epigallocatechin gallate,

GCG= gallocatechin gallate, ECG= epicatechin gallate, CG= catechin gallate
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Fig. 3. Change in the content of catechins in tea leaves under light source and humidity

treatment

a: SW (solar withering); b: SWH (solar withering with high-humidity); c:IR (infrared withering); d: IRH (Infrared
withering with high-humidity); e: IW (indoor withering).

Withering stage; 1: end of lhr lighting; 2: water content 69.9%; 3: water content 68.0%; 4: dry tea 1.5:high-
humidity group compare same water content with normal.

GC= gallocatechin, EGC= epigallocatechin, C= catechin, E= epicatechin, EGCG= epigallocatechin gallate,
GCG= gallocatechin gallate, ECG= epicatechin gallate, CG= catechin gallate
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Fig. 4. Change in the content of catechins in tea leaves under light source and humidity
treatment

a: SW (solar withering); b: SWH (solar withering with high-humidity); c:IR (infrared withering); d: IRH (infrared
withering with high-humidity); e: IW (indoor withering).
Withering stage; 1: end of 1hr lighting; 2: water content 69.5%; 3: water content 67.0%; 4: dry tea 1.5:high-

humidity group compare same water content with normal.
GC= gallocatechin, EGC= epigallocatechin, C= catechin, E= epicatechin, EGCG= epigallocatechin gallate,
GCG= gallocatechin gallate, ECG= epicatechin gallate, CG= catechin gallate
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a: SW (solar withering); b: SWH (solar withering with high-humidity); c:UVA (ultraviolet a withering) ;
d: UVAH (uva withering with high-humidity); e: IR (infrared withering); f: IRH (infrared withering
with high-humidity); g: IW (indoor withering)

Withering stage; 1:end of 1hr lighting; 2: water content 69.7%; 3: water content 65.0%; 4: dry tea 1.5:
high-humidity group compare same water content with normal.

GC= gallocatechin, EGC= epigallocatechin, C= catechin, E= epicatechin, EGCG= epigallocatechin
gallate, GCG= gallocatechin gallate, ECG= epicatechin gallate, CG= catechin gallate.
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Fig. 6. The effect of initial withering with solar, uva and infrared on the membrane

thermostability of tea leaves during withering.

SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering)
Withering stage: 1: end of lighting; 2:water content 69%; 3: water content 65%; 4: water content 60%.
UVA and IR treatment for 1 hr and solar withering for 30 min because of rain. stage 1 sampling of IW is
that tea leaves weight loss similar with end of uva treatment at stage 1.
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Fig. 7. Correlation between weight loss percentage and membrane thermostability of tea leaves
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Fig. 8. The effect of initial withering with solar, uva and infrared on the membrane

thermostability of tea leaves during withering.

SW (solar withering); SWH (solar withering with high-humidity withering); UVA (ultraviolet a
withering); UVAH (uva withering with high-humidity); IR (infrared withering); IRH (infrared
withering with high-humidity); IW (indoor withering) . Withering stage: 1: end of lighting; 2: water
content 68%; 3: water content 65%; 4: water content 62%. stage 1 sampling of IW is that tea leaves
weight loss similar with end of uva treatment at stage 1.
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Fig. 9. The curve between weight loss percentage and withering time of tea leaves

SW (solar withering); SWH (solar withering with high-humidity withering); UVA (ultraviolet a withering);
UVAH (uva withering with high-humidity); IR (infrared withering); IRH (infrared withering with high-

humidity); IW (indoor withering)
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Fig 10. Correlation between weight loss percentage and membrane thermostability of tea leaves
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Fig. 11. Correlation between withering time and membrane thermostability of tea leaves
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Stage

FFeL 7Y REFFAHER LT PRASAPHRZRQILT 2 1
Change in the relative abundance of limonene in tea leaves and dry tea under light source

and humidity treatment

SW(solar withering); SWH(solar withering with high-humidity); UVA(ultraviolet a withering); d:UVAH
(uva withering with high-humidity); IR (infrared withering); IRH(infrared withering with high-humidity);
IW(indoor withering).Stage: 0: fresh leaves, 1: end of lighting, 2: water content 69.7%, 3: water content
65%, 4: dry tea, 1.5: high-humidity withering group compare same water content with normal. Significant
test by LSD. * indicates p < 0.05; ** indicates p < 0.01.

Stage
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Fig. 17.Change in the relative abundance of cis-B-Ocimene in tea leaves and dry tea under light

source and humidity treatment

SW(solar withering); SWH(solar withering with high-humidity); UVA(ultraviolet a withering); d:UVAH
(uva withering with high-humidity); IR (infrared withering); IRH(infrared withering with high-humidity);
IW(indoor withering).Stage: 0: fresh leaves, 1: end of lighting, 2: water content 69.7%, 3: water content
65%, 4: dry tea, 1.5: high-humidity withering group compare same water content with normal. Significant
test by LSD. * indicates p < 0.05; ** indicates p < 0.01.

72

doi:10.6342/NTU202200546



Relative abundance

400

300

200

100

] 18.
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Fig. 19. Change in the relative abundance of linalool oxide I in tea leaves and dry tea under light
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and humidity treatment

SW(solar withering); SWH(solar withering with high-humidity); UVA(ultraviolet a withering); d:UVAH
(uva withering with high-humidity); IR (infrared withering); IRH(infrared withering with high-humidity);
IW(indoor withering).Stage: 0: fresh leaves, 1: end of lighting, 2: water content 69.7%, 3: water content
65%, 4: dry tea, 1.5: high-humidity withering group compare same water content with normal. Significant

test by LSD. * indicates p < 0.05; ** indicates p < 0.01.
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SW(solar withering); SWH(solar withering with high-humidity); UVA(ultraviolet a withering); d:UVAH
(uva withering with high-humidity); IR(infrared withering); IRH(infrared withering with high-
humidity); IW(indoor withering).Stage: 0: fresh leaves, 1: end of lighting, 2: water content 69.7%, 3:
water content 65%, 4: dry tea, 1.5: high-humidity withering group compare same water content with
normal. Significant test by LSD. * indicates p < 0.05; ** indicates p < 0.01.
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Fig. 20.Change in the relative abundance of linalool oxide IT in tea leaves and dry tea under light
source and humidity treatment
SW(solar withering); SWH(solar withering with high-humidity); UVA(ultraviolet a withering); d:UVAH
(uva withering with high-humidity); IR(infrared withering); IRH(infrared withering with high-humidity);
IW(indoor withering).Stage: 0: fresh leaves, 1: end of lighting, 2: water content 69.7%, 3: water content
65%, 4: dry tea, 1.5: high-humidity withering group compare same water content with normal. Significant
test by LSD. * indicates p < 0.05; ** indicates p < 0.01.
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Fig. 21. Change in the relative abundance of linalool oxide III in tea leaves and dry tea under
light source and humidity treatment
SW(solar withering); SWH(solar withering with high-humidity); UVA(ultraviolet a withering); d:UVAH
(uva withering with high-humidity); IR(infrared withering); IRH(infrared withering with high-
humidity); IW(indoor withering).Stage: 0: fresh leaves, 1: end of lighting, 2: water content 69.7%, 3:
water content 65%, 4: dry tea, 1.5: high-humidity withering group compare same water content with
normal. Significant test by LSD. * indicates p < 0.05; ** indicates p < 0.01.
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Fig. 22. Change in the relative abundance of linalool oxide IV in tea leaves and dry tea under
light source and humidity treatment
SW(solar withering); SWH(solar withering with high-humidity); UVA(ultraviolet a withering); d:UVAH
(uva withering with high-humidity); IR(infrared withering); IRH(infrared withering with high-
humidity); IW(indoor withering).Stage: 0: fresh leaves, 1: end of lighting, 2: water content 69.7%, 3:
water content 65%, 4: dry tea, 1.5: high-humidity withering group compare same water content with
normal. Significant test by LSD. * indicates p < 0.05; ** indicates p < 0.01.
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Fig 23.Change in the relative abundance of B-Cyclocitral in tea leaves and dry tea under light
source and humidity treatment
SW(solar withering); SWH(solar withering with high-humidity); UVA(ultraviolet a withering); d:UVAH
(uva withering with high-humidity); IR (infrared withering); IRH(infrared withering with high-humidity);
IW(indoor withering).Stage: 0: fresh leaves, 1: end of lighting, 2: water content 69.7%, 3: water content
65%, 4: dry tea, 1.5: high-humidity withering group compare same water content with normal. Significant
test by LSD. * indicates p < 0.05; ** indicates p < 0.01.
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Fig. 24. Change in the relative abundance of 6-methyl-5-hepten-2-one in tea leaves and dry tea
under light source and humidity treatment
SW(solar withering); SWH(solar withering with high-humidity); UVA(ultraviolet a withering); d:UVAH
(uva withering with high-humidity); IR(infrared withering); IRH(infrared withering with high-humidity);
IW(indoor withering).Stage: 0: fresh leaves, 1: end of lighting, 2: water content 69.7%, 3: water content
65%, 4: dry tea, 1.5: high-humidity withering group compare same water content with normal. Significant
test by LSD. * indicates p < 0.05; ** indicates p < 0.01.
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Fig. 25. Change in the relative abundance of B-lonone in tea leaves and dry tea at sampling stage

SW(solar withering); SWH(solar withering with high-humidity); UVA(ultraviolet a withering); d:UVAH
(uva withering with high-humidity); IR (infrared withering); IRH(infrared withering with high-humidity);
IW(indoor withering).Stage: 0: fresh leaves, 1: end of lighting, 2: water content 69.7%, 3: water content
65%, 4: dry tea, 1.5: high-humidity withering group compare same water content with normal. Significant
test by LSD. * indicates p < 0.05; ** indicates p < 0.01.
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Fig. 26. Change in the relative abundance of indole in tea leaves and dry tea under light source
and humidity treatment
SW(solar withering); SWH(solar withering with high-humidity); UVA(ultraviolet a withering); d:UVAH
(uva withering with high-humidity); IR(infrared withering); IRH(infrared withering with high-humidity);
IW(indoor withering).Stage: 0: fresh leaves, 1: end of lighting, 2: water content 69.7%, 3: water content
65%, 4: dry tea, 1.5: high-humidity withering group compare same water content with normal. Significant
test by LSD. * indicates p < 0.05; ** indicates p < 0.01.
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Fig. 27.Change in the relative abundance of methyl salicylate in tea leaves and dry tea under
light source and humidity treatment
SW(solar withering); SWH(solar withering with high-humidity); UVA(ultraviolet a withering); d:UVAH
(uva withering with high-humidity); IR (infrared withering); IRH(infrared withering with high-humidity);
IW(indoor withering).Stage: 0: fresh leaves, 1: end of lighting, 2: water content 69.7%, 3: water content
65%, 4: dry tea, 1.5: high-humidity withering group compare same water content with normal. Significant
test by LSD. * indicates p < 0.05; ** indicates p < 0.01.
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Table 1. The environmental temperature of light-withering.

Withering temperature (°C)

Date of sampling (m/d)
Treatment® 4/11 4/18 6/11 6/18 7/29 8/31 9/6

SW 31.5°C  29.0°C  42.0°C 37.0°C 32.0°C 36.5°C 37.5°C
SWH 33.0°C  33.0°C 47.0°C 41.0°C - 40.0°C  40.5°C
UVA 29.0°C  26.0°C - - 31.0°C  32.0°C 31.0°C
UVAH 31.0°C  31.0°C - - - 37.0°C  33.0°C
IR - - 39.0°C  43.0°C  32.0°C 37.5°C 34.5°C
IRH - - 43.0°C  46.0°C - 39.5°C  38.0°C
Iw 26.0°C  25.0°C  35.0°C 34.5°C  30.0°C 31.0°C 30.0°C

x: Lighting: SW (solar withering); SWH (solar withering with high-humidity); UVA (ultraviolet a); UVAH (uva
withering with high-humidity); IR (infrared withering); IRH (infrared with high-humidity withering).

2 ERFHBELFRFLEN S

Table 2. The water loss percentage after initial light-withering

Weight loss after light-withering (%)

Date of sampling (m/d)
Treatment® 4/11 4/18 6/11 6/18 7/29 8/31 9/6

SW 7.0% 5.7% 14.1% 6.9% 9.2% 8.0% 9.0%
SWH 2.8% 1.9% 6.8% 3.5% - 4.5% 3.3%
UVA 3.8% 3.0% - - 7.2% 5.8% 7.0%
UVAH 2.0% 1.9% - - - 3.2% 3.6%
IR - - 7.0% 6.6% 11.1% 8.5% 8.9%
IRH - - 4.3% 4.3% - 6.2% 5.1%

x: SW (solar withering); SWH (solar withering with high-humidity withering); UVA (ultraviolet a withering);
UVAH (uva withering with high-humidity); IR (infrared withering); IRH (infrared withering with high-humidity).
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Table 3. The water content of tea leaves during withering

Water content of tea leaves (%)
Date of sampling (m/d)
Withering stage 4/11 4/18 6/11 6/18 7/29 8/31 9/6
Fresh leaves 77.2% 74.6% 75.6% 73.6% 74.6% 74.2% 72.9%
Stage 1* 75.4%-76.7% 73.1%-74.1% 71.6%-74.5% 71.7%-72.7% T1.4%- 72.6% 71.9%- 73.5% 70.1%- 71.9%
Stage 2 74.9% 72.4% 69.9% 69.5% 69.0% 69.7% 68.0%
Stage 3 70.0% 70.0% 68.0% 67.0% 65.0% 65.0% 65.0%
Stage 4 - - - - 60.0% - 62.%

x: Stage 1- end of lighting. Because withering with solar, uva ,and infrared and with different relative humidity, the water content of tea leaves is different
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Table 4. The effect of light resource during early withering stage on the content of total polyphenol of the tea leaves at the different withering

stage

Date of treatment (month/date)

4/11 4/18 6/11 6/18 8/31
Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3

Stagel¥ Stage2 Stage3 Stagel Stage2 Stage3 Stagel
Total polyphenol (mg-g! d.w.)

Treatment®
SwW 82.95a” 80.45a 82.62a 88.78a 88.56a 8534a 106.76a 96.67b 96.35a 95.51a 92.08ab103.35a 77.68ab 75.06b 75.72 a
UVA 72.32b 80.27a 78.03a 90.11a 93.38a 87.07a - - - - - - 72.72b 78.93 ab 67.36b
IR - - - - - - 103.83a 98.21a 106.87a 99.90a 95.05a 90.07b 80.94a 80.15ab 7597 a
W 78.38ab 70.95b 71.11a 87.88a 87.84a 89.89a 9439a 106.22a 98.19a 95.65a 84.63b 92.28b 76.14ab 82.57a 73.55a
*

Significant analysis * ox ns ns ns ns ns ns ns ns ns * ns ns

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering) y: Stage. 1: end of lighting. Stage 2 and 3 sampling according to
water content (table 3). z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within each column, n=3; ns, not

significant; *,** indicates statistic significant at 5% and 1% level.
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Table 5. The effect of light resource during early withering stage on the content of total catechins of the tea leaves at the different withering

stage

Date of treatment (month/date)
4/11 4/18 6/11 6/18 8/31

Stagel¥ Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2  Stage3
Total catechins content (mg- g d.w.)

Treatment®
SW 128.09 b* 121.95a 149.17 a 158.06 a 153.09 a 136.61 b 156.83a 129.94b 136.06 a 136.00 a 130.0a 157.82a 173.26a 179.48Db 187.68 a
UVA 120.83 b 136.42a 107.92b 154362 155.58a129.49b 185.72a 196.81a 156.81b
IR 147.06a 129.06 b 146.98 a 149.65 a 132.27 a132.04 b 192.28 a 196.81 a 174.28 ab
W 145.28 a 131.78 ab141.21 a 140.36 2 147.09 a 146.46a 141.00a 178.25a 144.11a 147.26 a102.91 b 118.94 ¢ 200.59 a 192.28 ab 176.03 ab

Significant analysis ok ns ok ns ns *oE ns ok ns ns ok ok ns ns ns

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering) y: Stage. 1: end of lighting. Stage 2 and 3 sampling according to
water content (table 3). z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within each column, n=3; ns, not

significant; *,** indicates statistic significant at 5% and 1% level.
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Table 6. The effect of light resource during early withering stage on the content of gallic acid of the tea leaves at the different withering stage

Date of treatment (month/date)
4/11 4/18 6/11 6/18 8/31
Stagel” Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3
Gallic acid content (mg- g d.w.)

Treatment®
SW 1.915a” 2.36la 1.451b 1.038a 1.041b1.446a 1.091a 1.542a 1.542a 1.119a 1.622a 1.328a 0.889a 0.994a 0.600 d
UVA 2.027a 1.309c 2.795a 1.058a 1.153a 1.336 ab 0.631b 0.654b 1.047 a
IR 1.063a 1.138b 1.138b 1.415a 1.319a 1.373b 0.637b 0.650b 0.873 b
W 1.536b 1.396b 1.485b 1.100a 1.098ab1.187b 1.023a 1.184b 1.183b 1.094a 1.692b 1.447a 0.612b 0.704b 0.767 c
Significant analysis *x *x *x ns * ns ns *x *x ns *x *x *x *x *x

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering) y: Stage. 1: end of lighting. Stage 2 and 3 sampling according to
water content (table 3). z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within each column, n=3; ns, not

significant; *,** indicates statistic significant at 5% and 1% level.

82

d0i:10.6342/NTU202200546



27 EXAYRREAHER LI FEARERHEEFTRI AR IR
Fig. 7. Effect of light resource and relative humidity during early withering stage on the total polyphenols content of tea leaves at different withering

stages
Date of treatment (month/date)
4/11 4/18 6/11 6/18 8/31
Stagel” Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3
Treatment Total polyphenol content (mg- g d.w.)
Light resource™
SW 8534a* 7735a 81.68a 93.10a 89.06a 87.56a 102.80a 97.65a 94.50b 93.75a 91.87a 9594a 79.30a 75.60b 73.54b
UVA 76.89b  78.25a 75.74b 90.68a 91.08a 85.58a 74.01b 7538b 70.25c¢
IR 10595a 99.49a 104.00a 97.80a 92.77a 89.94b 77.86ab 80.85a 77.80a
Relative humidity
Normal 77.64b  80.36a 80.33a 89.45b 90.97a 86.20a 10530a 96.94a 101.61a 97.70a 93.56a 96.71a 77.11a 78.05a 73.02a
High 84.59a 7524b 76.83a 9433 a 89.17a 86.94a 10345a100.20a 96.89a 93.85a 91.08a 89.17b 77.0la 76.51a 74.70 a
Significant analysis
Main effect*
L ok ns * ns ns ns ns ns ok ns ns * ns ns kx
RH * koH ns * ns ns ns ns ns ns ns * ns ns ns
Interaction
LxRH ns ns ns ns ns * ns ns ns ns ns * ns ns *x

w: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering). x: L (Light resource); RH (Relative humidity) y: Stage. 1: end of lighting. Stage 2 and 3

sampling according to water content (table 3). z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within each

column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 8. Effect of light resource and relative humidity during early withering stage on the total catechins content of tea leaves at different withering stages

Date of treatment (month/date)

4/11 4/18 6/11 6/18 8/31
Stagel” Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3
Treatment Total catechins (mg- g d.w.)
Light resource™
SW 126.32 a* 121.70 a154.16 a 157.302160.71 a153.37 a 153.83 a136.80a132.77 a 138.90 a125.86 a138.97 a 174.162a186.90 a195.46 a
UVA 119.38b 121.21 a2 98.99b 148.942a138.14b132.01 b - - - - 184.29 a186.23 a168.21 a
IR - - - - - - 156.95a139.09a145.37a 142.192a131.452a128.14b 186.69 a196.37 a184.98 b
Relative humidity
Normal 12446 a 129.18 a128.54 a 156.21 a154.34a133.05b 151.95a129.50 b 141.52 a 142.82 a131.13a144.93 a 183.752190.61 a172.92 b
High 121.24a 113.72b124.61 a 150.03 a144.51 a152.33 a 158.84 a146.38 a136.62 a 138.27a126.18 a122.18 b 179.67 a189.05a192.84 a
Significant analysis
Main effect®
L * ns ok ns roH roH ns ns ns ns ns roH ns ns ok
RH ns roH ns ns ns roH ns * ns ns ns roH ns ns ok
Interaction
Lx RH ns roH * ns roH roH ns ns ns * ns roH ns ns ns

w: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering). x: L (Light resource); RH (Relative humidity) y: Stage. 1: end of lighting. Stage 2 and 3
sampling according to water content (table 3). z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within each
column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 9. Effect of light resource and relative humidity during early withering stage on the gallic acid content of tea leaves at different withering stages

Date of treatment (month/date)

4/11 4/18 6/11 6/18 8/31
Stagel¥ Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3
Treatment Gallic acid (mg-g"' d.w.)
Light resource ™
SW 1.878 a* 2.344a 1.420b 1.074a 1.156a 1.313a 1.065a 1.394a 1.449a 1.140b 1.853a 1.686a 0.800a 0.824a 0.679c
UVA 1.884a 2.152b 3.026a 1.065a 1.138a 1.275a 0.639b 0.641b 0.931a
IR 1.071a 1.147b 1414a 1296a 1.421b 1.446b 0.639b 0.608b 0.785b
Relative humidity
Normal 1.971a 1.835b 2.123b 1.048a 1.097b 1.391a 1.077a 1.340a 1.521a 1.267a 1.470b 1.782a 0.719a 0.766a 0.840 a
High 1.792b 2.661a 2.323a 1.091a 1.196a 1.197b 1.060a 1.201b 1.342a 1.169b 1.804a 1.350b 0.666b 0.616b 0.756b
Significant analysis
Main effect®
L ns Kk %k ns ns ns ns kk ns kk skk kk skk kk kk
RH kk Kk * ns kk * ns kk ns kk skk kk k kk kk
Interaction
LXRH ns %k %k ns kk ns ns kk ns kk skk kk skk kk kk

w: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering). x: L (Light resource); RH (Relative humidity) y: Stage. 1: end of lighting. Stage 2 and 3
sampling according to water content (table 3). z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within each
column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 10. The content of total polyphenol in tea leaves with similar water content between normal withering, high-humidity withering and indoor

withering
Total polyphenol content (mg- g d.w.)
UVA(Date of treatment, Infrared(Date of treatment,
Solar (Date of treatment, month/date)
month/date) month/date)
Treatment® 4/11 4/18 6/11 6/18 8/31 4/11 4/18 8/31 6/11 6/18 8/31
Lighting 82.95a¥ 88.78a 106.76 a 9551a 77.68a 72.32a 90.11a 7272 a 103.83a 99.90a 80.94a
Lighting withering with  82.24 a 88.28a  102.63a 96.60a 7331a 74.85a 87.5la 7599a 102.64a 90.72b 80.35a
high-humidity
Indoor withering 74.94 b 82.85a 96.13a 9595a 7740a 78.38a 87.88a 76.14a 9439a 9565ab 77.40a
* ns ns ns ns ns ns ns ns * ns

Significant analysis

x: Tea leaves with similar water content but different withering time. y: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05
level within each column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.

86

d0i:10.6342/NTU202200546



ZIL EFEX BRREAEIPERFF I RIAIRROFEZE

Fig 11. The content of total catechins in tea leaves with similar water content between normal withering, high-humidity withering and indoor

withering
Total catechins content (mg-g™! d.w.)
UVA (Date of treatment, Infrared (Date of treatment,
Solar (Date of treatment, month/date)
month/date) month/date)
Treatment® 4/11 4/18 6/11 6/18 8/31 4/11 4/18 8/31 6/11 6/18 8/31

Lighting 128092 158.06a 156.83a 136.00a 173.26a

Lighting withering with 137.58 a  137.18 b 132.40b 140.86a 177.49a
high-humidity

Indoor withering 113.35b 139.25b 143.97ab 14424a 173.26a

120.83b 154.36a 185.72a

107.47c 148.15a 188.30a

14528 a 140.36a 200.59a

147.06 a 149.65a 192.28 ab

146.07a 122.39b 20690 a

141.00a 147.26a 174.65b

Significant analysis ns ns ns

*k ns ns

ns *k ns

x: Tea leaves with similar water content but different withering time. y: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05
level within each column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 12. The content of gallic acid in tea leaves with similar water content between normal withering, high-humidity withering and indoor withering

Gallic acid content (mg- g™ d.w.)

UVA (Date of treatment, Infrared (Date of treatment,
Solar (Date of treatment, month/date)
month/date) month/date)
Treatment® 4/11 4/18 6/11 6/18 8/31 4/11 4/18 8/31 6/11 6/18 8/31
Lighting 19152 1.038¢ 1.091b 1.119a 0.889a 2.027b  1.059a 0.631 a 1.063a 1.415a 0.637a

Lighting withering with  1.507 a 1.433a 1.218a 1.234a 0.635b
high-humidity
Indoor withering 4.014 a 1.15b 1.312a  0964a 0.566¢

298la 1.033a 0.555b 1.I151a 1363b 0.618ab

1.536¢ 1.100a 0.612ab  1.023a 1.094c 0.566 b

Significant analysis ns ns

ok ns ns ns ok ns

x: Tea leaves with similar water content but different withering time. y: Means followed by the same letter in columns are not significantly different by LSD
test at p<0.05 level within each column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Table 13. The effect of light resource during early withering stage on the content of total free amino acids of the tea leaves

Date of treatment (month/date)
4/11 4/18 6/11 6/18 8/31
Stagel” Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3
Total free amino acids content (mg- g™ d.w.)

Treatment
Sw* 18.36a* 20.51a 2643a 15.74a 1694a 18.13a 1555a 15.11b 16.57a 11.06a 9.01b 11.18c 21.14a 21.84a 22.48Db
UVA 20.08a 21.41a 27.09a 12.59b 1698a 20.61 a 20.26a 20.13b 23.73b
IR 1095b 19.61a 16.18a 11.79a 10.45b 13.74b 22.09a 22.20a 26.00 a
Iw 19.77a 20.83a 20.51b 17.26a 19.96a 1834a 675c¢ 10.48c 14.62a 1343a 1528a 15.79a 21.64a 21.81a 22.86b
Significant analysis ns ns *x *x ns ns *x *x ns ns *x *x ns *x *

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering) y: Stage. 1: end of lighting. Stage 2 and 3 sampling according to
water content (table 3). z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within each column, n=3; ns, not

significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 14. Effects of light resource and relative humidity during early withering stage on the content of total free amino acids of tea leaves at different stages

Date of treatment (month/date)
6/11
Stage2 Stage3 Stagel

4/11
Stagel” Stage2 Stage3 Stagel

4/18
Stage2 Stage3 Stagel

6/18
Stage?2 Stage3

8/31
Stage?2 Stage3

Stagel

Treatment™ Total free amino acids content (mg- g d.w.)
Light resource
SW 20.02 2" 21.26a 25.64a 16.06a 17.21a 18.32b 15.11b 1540a 15.08a 10.86a 9.78b 13.18a 20.48a 21.67a 22.41Db
UVA 20.00 a 22.69 a- 25.06a 1491 a 17.66a 21.48a 20.65b 21.33a 24.59a
IR 11.63a 1644a 1553a 12.10a 11.07a 13.18a 21.86a 22.43a 2520a
Relative humidity

Normal 19.22b 2096a 26.76a 14.16b 16.96b 19.37a 13.25a 1736a 15.59a 11.42a 9.73b 13.89a 21.16a 21.39a 24.07a
High 20.81a 20.98a 23.94b 16.81a 1791a 2043 a 13.49a 14.48b 15.02a 11.54a 11.12a 12.46b 20.84a 22.23a 24.06a

Significant analysis

Main effect®

L ns ns ns ns ns ** ** ns ns ns * ns ns ns *k
RH ** ns * ** * ns ns ** ns ns * ns ns ns ns
Interaction
Lx RH *x ns ns * ns ns ns wx ns ns ns * ns ns *

w: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering). x: L (Light resource); RH (Relative humidity) y: Stage. 1: end of lighting. Stage 2 and 3
sampling according to water content (table 3). z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within each
column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 15. The content of total free amino acids in tea leaves with similar water content between normal withering, high-humidity withering and

indoor withering
Total free amino acids content (mg- g d.w.)
UVA (Date of treatment, Infrared (Date of treatment,
Solar (Date of treatment, month/date)
month/date) month/date)
Treatment® 4/11 4/18 6/11 6/18 8/31 4/11 4/18 8/31 6/11 6/18 8/31

Lighting 1836b¥ 1891a 15.55a 11.06a 21.14a

Lighting withering with  20.36a  21.10a 15.60a 12.81a 22.19a
high-humidity

Indoor withering 19.02b 1687a 1228b 1250a 1995a

20.08 a 15.13a  20.26 ab

19.77 a 16.40 a 20.12b

18.48 a 15.14 a 21.63 a

1095b 11.79a 22.09a

13.69a 13.74a 21.49ab

6.75¢ 1343a 19950

Significant analysis ns ns ns

ns ns ns

*k ns ns

x: Tea leaves with similar water content but different withering time. y: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05
level within each column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.

91

d0i:10.6342/NTU202200546



216, AW E A LRI B ERIFERE R FreeFl g £ 2 358
Table 16. The effect of light resource during early withering stage on the content of caffeine of the tea leaves at different withering stage

Date of treatment (month/date)
4/11 4/18 6/11 6/18 8/31
Stagel” Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3
Caffeine content (mg- g d.w.)

Treatment
Sw* 29.04a* 29.87a 3226a 2851a 28.87a 2890a 28.70a 26.76b 28.44a 27.89b 30.12a 32.00a 28.32a 29.68a 29.78a
UVA 28.04a 29.73a 31.84a 2890a 30.85a 29.40a 28.93a 30.45a 29.48a
IR 2699a 27.82b 28.58a 31.78a 28.75a 29.62b 30.06a 30.74a 30.78 a
W 28.53a 27.55b 29.76a 2734a 27.53b 2897a 26.73a 30.65a 27.46a 30.25b 28.39a 28.63b 30.38a 30.74a 2945a
Significant analysis ns ok ns ns * ns ns ok ns * ns * ns ns ns

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering) y: Stage. 1: end of lighting. Stage 2 and 3 sampling according to
water content (table 3). z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within each column, n=3; ns, not

significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 17. Effects of light resource and relative humidity during early withering stage on the content of caffeine tea leaves at different withering stages

Date of treatment (month/date)

4/11 4/18 6/11 6/18 8/31
Stagel¥ Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3 Stagel Stage2 Stage3d Stagel Stage2 Stage3
Treatment™ Caffeine content (mg- g™ d.w.)
Light resource
SW 29.11a* 29.48b 3234a 29.27a 30.37a 30.19a 27.14a 27.08b 27.79a 28.63b 30.03a 30.77a 28.75a 30.19ab 31.07 a
UVA 28.59a 30.26a 31.61a 28.12a 2897a 29.65b - - - - - - 29.45a 29.59b 30.56a
IR - - - - - - 27.81a 28.83a 27.27a 30.26a 29.26a 29.26a 29.30a 30.71a 31.24a
Relative humidity
Normal 28.54b 29.80a 32.05a 28.70a 29.86a 30.69a 27.29a 28.02a 27.84a 29.83a 2944a 30.81a 29.10a 30.29a 30.02b
High 29.16a 29.94a 3190a 28.69a 29.48a 29.15b 27.66a 27.89a 2721a 29.05a 29.86a 29.22b 29.23a 30.04a 31.76a
Significant analysis
Main effect®
L ns ok ns ns ns * ns * ns * ns ns ns ns ns
RH ok ns ns ns ns ok ns ns ns ns ns * ns ns ok
Interaction
Lx RH ns ok ns * ok ok ns ns ns ok ns ns ns * ns

w: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering). x: L (Light resource); RH (Relative humidity). y: Stage. 1: end of lighting. Stage 2 and
3 sampling according to water content (table 3). z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within each
column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 18. The content of caffeine in tea leaves with similar water content between normal withering, high-humidity withering and indoor withering

Caffeine content (mg- g d.w.)

UVA (Date of treatment,

Solar (Date of treatment, month/date) th/date)
month/date

Infrared (Date of treatment,
month/date)

Treatment® 4/11 4/18 6/11 6/18 8/31 4/11 4/18 8/31

6/11 6/18 8/31

Lighting 29.042° 285la 28.70a 27.87a 2832a 28.04b 28.00a 2893a

Lighting withering with ~ 29.32a 2898a 2644a 29.66a 29.16a 3046a 27.89a 29.89a
high-humidity

Indoor withering 2943a 2852a 28.59a 2855a 27.72a 2853b 27.34a  30.38a

26.99a 31.78a  30.06 ab

2798a 2920c 3098a

26.73a 30.25b 27.72b

Significant analysis ns ns ns ns ns ns ns

ns kK *

x: Tea leaves with similar water content but different withering time. y: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05

level within each column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 19. The effect of light resource and withering stage on total polyphenol content of tea leaves

Date of treatment (month/date)

4/11 4/18 6/11 6/18 8/31
Treatment Total polyphenol content (mg-g! d.w.)
Light resource *
SW 82.01 a* 87.56 a 99.93ab 9698 a 76.15 ab
UVA 76.87 b 90.19 a 73.01b
IR - - 106.26 a 95.01 ab 79.03 a
Iw 73.48 b 88.54 a 99.60 b 90.86 b 7742 a
Withering stage”
1 77.89 a 89.92 a 101.66 a 97.02 a 79.18 a
2 77.22 a 88.93 a 103.25a 90.59b 76.87 a
3 77.25a 8743 a 100.87 a 95.24 a 73.15b
Significant analysis
Main effect
Light resource (L) ok ns ns * *x
Withering stage (S) ns ns ns * *ox
Interaction
LxS ns ns ns * ns

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering)

y:1:end of 1hr lighting; 2,3 water content (table 3)

z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within
each column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 20. The effect of light resource, relative humidity and withering stage on total polyphenol

content of tea leaves
Date of treatment (month/date)
4/11 4/18 6/11 6/18 8/31
Treatment Total polyphenol content (mg-g! d.w.)
Light resource®
SW 81.46 a* 89.91 a 98.32b 93.85a 76.15b
UVA 76.87 b 89.11 a - - 73.21c¢
IR - - 102.68 a 93.51a 78.84 a
Relative humidity
Normal 79.44 a 88.87 a 103.91 a 95.99 a 76.06 a
High 78.89 a 90.14 a 97.90 b 91.37b 76.07 a
Withering stage”
1 81.11 a 91.89 a 102.80 a 95.78 a 77.06 a
2 78.58ab  90.07 a 100.82ab 9232 a 77.28 a
3 77.80 b 86.57b 97.86 b 92.94 a 73.86 b
Significant analysis
Main effect
Light resource(L) ** ns * ns **
Relative humidity (W) ns ns * *x ns
Withering stage (S) ns ok ns ns ok
Interaction
LxW ns ok ns ns ns
LxS *ok ns ns * ns
WxS ok * ns ns ns
LxWxS ns ns ns * ok

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering)

y:1:end of 1hr lighting; 2,3 water content(table 3)

z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within
each column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 21. The effect of light resource and withering stage on total free catechins content of tea leaves

Date of treatment (month/date)

4/11 4/18 6/11 6/18 8/31
Treatment Total free catechins content (mg-g™! d.w.)
Light resource *
SW 45.75 b* 63.62 a 54.33b 50.48 a 48410
UVA 45.27b 62.41 a - - 45.76 ¢
IR - - 55930 49.37 a 48.00 b
Iw 56.87 a 60.44 b 60.74 a 44110 50.57 a
Withering stage”
1 49.56 a 65.95a 59.46 a 51.99 a 5121a
2 49.05 a 63.71 a 56.05 ab 42.15b 49.64 a
3 49.28 a 56.81b 55490 49.81 a 4370 b
Significant analysis
Main eftfect
Light resource (L) ok * ok ok roH
Withering stage (W) ns wx ns ok ox
Interaction
LXW kokosk kk * * kk

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering)

y:1:end of 1hr lighting; 2,3 water content(table 3)

z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within
each column, n=3; ns, not significant; * ** indicates statistic significant at 5% and 1% level.
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Fig 22. The effect of light resource, relative humidity and withering stage on total free catechins

content of tea leaves
Date of treatment (month/date)
4/11 4/18 6/11 6/18 8/31
Treatment Total free catechins content (mg-g™! d.w.)
Light resource®
SW 48.89a*  66.57 a 5531a 46.81 b 48.50 a
UVA 46.31b 61.11b - - 49.68 a
IR - - 56.77 a 49.36 a 46.21b
Relative humidity
Normal 49.70 a 63.02b 5513 a 49.92 a 48.88 a
High 45.51b 64.66 a 56.95a 46.25b 47.39b
Withering stage”
1 45.45b 67.52 a 60.62 a 51.57a 49.10 a
2 44.69 b 64.38b 54440 47.55b 49.62 a
3 52.66 a 59.62 ¢ 53.06 b 45.14 ¢ 45.68 b
Significant analysis
Main eftect
Light resource(L) ok ok ns *k **
Relative humidity (W) ok * ns *k **
Withering stage (S) wx ok ok *k ok
Interaction
L X W sk kk ns sksk *
L X S sksk kk ns skk k3k
W X S sk kk ns skk k3k
LxWxS o ns ns *x ok

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering)

y:1:end of 1hr lighting; 2,3 water content(table 3)

z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within
each column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.

98

doi:10.6342/NTU202200546



22 ERAPERRELABERFTRAMAREF 2L BT
Fig 23. The effect of light resource and withering stage on total catechin gallates content of tea

leaves
Date of treatment (month/date)
4/11 4/18 6/11 6/18 8/31
Treatment Total catechin gallates (mg-g™' d.w.)
Light resource *
SW 87.32 a* 85.63 a 86.62 b 90.80 a 131.73 a
UVA 76.46 ¢ 84.20 a - - 133.60 a
IR - - 85.10b 88.61 a 139.79 a
Iw 82.54b 84.06 a 93.71a 78.96 d 139.07 a
Withering stage”
1 81.84 a 84.97 a 88.32a 9231 a 136.75 ab
2 80.99 a 88.21 ab 89.71 a 79.57 ¢ 141.39a
3 83.48 a 80.71b 86.89 a 86.46b 130.00 b
Significant analysis
Main effect
Light resource (L) ok ns * ok ns
Withering stage (S) ns ns ns ok ns
Interaction
LXS sksk ns sksk sksk *

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering)
y:1:end of 1hr lighting; 2,3 water content(table 3)
z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within

each column, n=3; ns, not significant; *,**

indicates statistic significant at 5% and 1% level.
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Fig 24. The effect of light resource, relative humidity and withering stage on total catechin gallates

content of tea leaves

Date of treatment (month/date)

4/11 4/18 6/11 6/18 8/31
Treatment Total catechin gallates (mg-g!' d.w.)
Light resource®
SW 85.17 a* 90.55a 85.82b 87.77 a 137.01 a
UVA 75.40b 78.59b - - 133.35a
IR - - 90.37 a 84.56 a 139.66 a
Relative humidity
Normal 81.88 a 84.85a 85.86 b 89.70 a 135.04 a
High 78.69 b 84.30 a 90.33 a 82.62b 13831 a
Withering stage”
1 77.40b 85.60 a 94.77 a 88.98 a 132.61b
2 76.76 b 85.04 a 84.89b 83.52b 140.21 a
3 86.69 a 83.07a 84.63 b 86.00ab  137.20 ab
Significant analysis
Main eftect
Light resource(L) ok *ok * ns ns
Relative humidity (W) * ns * *ok ns
Withering stage (S) ok ns ok * ns
Interaction
LxW ns *oE ok ns ns
LxS ok ns ns ok *
WxS *% *k * * s
LxWxS ok ok ns ok ns

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering)

y:1:end of 1hr lighting; 2,3 water content(table 3)

z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within
each column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 25. The effect of light resource and withering stage on total catechins content of tea leaves

Date of treatment (month/date)

4/11 4/18 6/11 6/18 8/31
Treatment Total catechins content (mg-g™! d.w.)
Light resource *
SW 133.67a* 149.25a 140.95 b 141.27 a 180.14 a
UVA 121.72 b 146.48 a - - 179.36 a
IR - - 141.03 b 137.99 a 187.79 a
1A% 122.38 b 144.64 a 15445 a 123.03 b 189.63 a
Withering stage”
1 131.40 a 15192 a 148.30 a 144.30 a 187.96 a
2 130.05 b 150.92 a 145.75 a 136.27b 191.03 a
3 115.72b 137.52b 142.38 a 121.73 ¢ 173.70 b
Significant analysis
Main effect
Light resource (L) ok ns * ok ns
Withering stage (S) ok ok ns ok ns
Interaction
LXS sksk % sksk sksk ns

x: SW (solar withering ); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering)

y:1:end of 1hr lighting; 2,3 water content(table 3)

z: Means followed by the same letter in columns are not significantly different by LSD test at p<<0.05 level within
each column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 26. The effect of light resource, relative humidity and withering stage on total catechins
content of tea leaves

Date of treatment (month/date)

4/11 4/18 6/11 6/18 8/31
Treatment Total catechins content (mg-g™! d.w.)
Light resource®
SW 134.06 2> 157.12a 147.14 a 134.58a  185.51 ab
UVA 121.71b 139.70 b - - 179.57b
IR - - 141.13 a 13392 a 189.35a
Relative humidity
Normal 128.38 a 148.96 a 140.98 a 139.63 a 182.43 a
High 127.39 a 147.87 a 147.28 a 128.87b 187.19 a
Withering stage”
1 122.85b 153.12 a 155.39 a 140.54 a 181.71b
2 121.45b 149.46 a 139.07b 128.65b 189.83 a
3 139.36 a 142.69 b 137.94 b 133.55b  182.88 ab
Significant analysis
Main eftfect
Light resource(L) ok *ok ns ns *
Relative humidity (W) ns ns ns ok ns
Withering stage (S) ok *ok ok *k ns
Interaction
LxW ns ok ns ns ns
LxS *% * ns * ok
W X S sksk kk * sksk sk
LxWxS *x *ok ns ** ns

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering)

y:1:end of 1hr lighting; 2,3 water content(table 3)

z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within
each column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 27. The effect of light resource and withering stage on gallic acid content of tea leaves

Date of treatment (month/date)

4/11 4/18 6/11 6/18 8/31
Treatment Gallic acid content (mg-g"! d.w.)
Light resource *
SW 1.909 b* 1.175 a 1.403 a 1.356 b 0.828 a
UVA 2.044 a 1.183 a - - 0.778 b
IR - - 1.222b 1.369b 0.720 ¢
Iw 2.063 a 1.128 a 1.121b 1411 a 0.694 ¢
Withering stage”
1 1.826 b 1.065b 1.059b 1.209 ¢ 0.692 ¢
2 1.689 ¢ 1.098 b 1.288 a 1.544 a 0.750 b
3 2.501 a 1.322 a 1.399 a 1.383 b 0.822 a
Significant analysis
Main effect
Light resource (L) * ns ok ok ok
Withering stage (S) wx wx ok ok *x
Interaction
LXS kk kk * kk kk

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering)

y:1:end of 1hr lighting; 2,3 water content(table 3)

z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within
each column, n=3; ns, not significant; * ** indicates statistic significant at 5% and 1% level.
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Fig 28. The effect of light resource, relative humidity and withering stage on gallic acid content
of tea leaves

Date of treatment (month/date)

4/11 4/18 6/11 6/18 8/31
Treatment Gallic acid (mg-g™' d.w.)
Light resource®
SW 1.880b* 1.181a 1.303 a 1.560 a 0.768 a
UVA 2.059 a 1.159 a - - 0.737b
IR - - 1.211b 1.387b 0.677 ¢
Relative humidity
Normal 1.976 a 1.178 a 1.312 a 1.362 b 0.775 a
High 1.963 a 1.161 a 1.201 b 1.585a 0.679 b
Withering stage”
1 1.881Db 1.010 ¢ 1.068 ¢ 1.218 ¢ 0.693 b
2 2.248 a 1.147 Db 1.271Db 1.637 a 0.691b
3 1.778 ¢ 1.293 a 1.431 a 1.566 b 0.798 a
Significant analysis
Main effect
Light resource(L) * ns * o o
Relative humidity (W) ns ns * ok ok
Withering stage (S) *k *ok ok ok ok
Interaction
LxW ns ns ns ok ns
LxS *x ns ns ok ok
W X S sksk kk ns sksk sksk
LxWxS *% *% ns Hk o

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering)

y:1:end of 1hr lighting; 2,3 water content(table 3)

z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within
each column, n=3; ns, not significant; * ** indicates statistic significant at 5% and 1% level.
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Fig 29. The effect of light resource and withering stage on total free amino acids content of tea

leaves
Date of treatment (month/date)
4/11 4/18 6/11 6/18 8/31
Treatment Total free amino acids content (mg-g! d.w.)
Light resource *
SW 21.77 b* 1693 b 15.74 a 1042 ¢ 21.82b
UVA 22.86 a 16.72 b - - 20.24 ¢
IR - - 15.06 a 12.00 b 2343 a
Iw 2037 ¢ 18.53 a 11.14b 14.84 a 22.11Db
Withering stage”
1 19.40 ¢ 15.20 ¢ 11.09b 12.10 b 21.29b
2 2092 b 17.96 b 15.07 a 11.58 b 21.51b
3 24.68 a 19.03 a 15.79 a 13.57 a 22.90 a
Significant analysis
Main effect
Light resource (L) ok * ok ok roH
Withering stage (W) ok ok ok * ok
Interaction
LXW % sksk sksk ns *

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering)

y:1:end of 1hr lighting; 2,3 water content(table 3)

z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within
each column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 30. The effect of light resource, relative humidity and withering stage on total free amino
acids content of tea leaves

Date of treatment (month/date)

4/11 4/18 6/11 6/18 8/31
Treatment Total free amino acid content (mg-g™! d.w.)
Light resource®
SW 22.31a* 17.20b 15.20 a 11.27 a 21.52b
UVA 2191 a 18.02 a - - 21.63b
IR - - 14.53 a 12.12a 23.16 a
Relative humidity
Normal 2231 a 16.83 b 1540 a 11.21a 22.38a
High 2191 a 18.36 a 1433 a 12.18 a 21.83 a
Withering stage”
1 20.01b 1549 ¢ 13.37b 11.48b 21.01 ¢
2 2097 b 17.43 b 1592 a 10.43 b 21.82b
3 2535a 19.90 a 1531 a 13.18 a 2349 a
Significant analysis
Main effect
Light resource(L) ns * ns ns ok
Relative humidity (W) ns ok ns ns ns
Withering stage (S) ok ok ok ok ok
Interaction
LxW *ok * ns ns wx
LxS ns ok ok ns ns
WxS *k ns ns ns ns
LxWxS ns ns roE ns *

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering)

y:1:end of 1hr lighting; 2,3 water content(table 3)

z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within
each column, n=3; ns, not significant; * ** indicates statistic significant at 5% and 1% level.
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Fig 31. The effect of light resource and withering stage on caffeine content of tea leaves

Date of treatment (month/date)

4/11 4/18 6/11 6/18 8/31
Treatment Caffeine content (mg-g™! d.w.)
Light resource *
SW 30.39 a* 28.76 ab 27.64 a 30.00 a 29.26 b
UVA 29.87 a 29.42 a - - 30.58 a
IR - - 27.80 a 30.05a 30.01 ab
Iw 28.61b 27950 28.61 a 29.09 a 30.19 ab
Withering stage”
1 28.54 b 27950 27.47 a 29.97 a 2995 a
2 29.05b 29.09 a 28.41 a 29.09 a 30.15a
3 3125a 29.10 a 28.16 a 30.08 a 29.94 a
Significant analysis
Main effect
Light resource (L) ok ok ns ns ns
Withering stage (W) ok * ns ns ns
Interaction
LXW % % % sksk *

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering)

y:1:end of 1hr lighting; 2,3 water content(table 3)

z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within
each column, n=3; ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Fig 32. The effect of light resource, relative humidity and withering stage on total polyphenol

content of tea leaves

Date of treatment (month/date)

4/11 4/18 6/11 6/18 8/31
Treatment Caffeine content (mg-g™' d.w.)
Light resource®
SW 30.31a* 2994 a 2797 a 29.8 a 29.48b
UVA 30.15a 29.02b - - 30.18 a
IR - - 2734 a 29.59 a 30.02 ab
Relative humidity
Normal 30.13 a 29.09 b 2772 a 30.03 a 2995a
High 3034 a 29.88 a 27.59 a 29.38 a 2983 a
Withering stage”
1 28.85¢ 28.86 b 2753 a 29.44 a 29.80 a
2 29.87b 29.67 a 2748 a 29.65 a 29.90 a
3 3198 a 2992 a 2795 a 30.02a 29.96 a
Significant analysis
Main effect
Light resource(L) ns *ok ns ns ns
Relative humidity (W) ns *ok ns ns ns
Withering stage (S) wx *ok ns ns ns
Interaction
LxW ns roH ns ns ns
LxS * ns ns *x o
WxS ns ok ns ns ns
LxWxS ns *x ns *x ok

x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering); IW (indoor withering)

y:1:end of 1hr lighting; 2,3 water content(table 3)

z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within
each column, n=3; ns, not significant; * ** indicates statistic significant at 5% and 1% level.

108

doi:10.6342/NTU202200546



23 ADERAREIEELFEFERF I A BSOS

Table 33. The effects of light treatment and withering stage of tea leaves on polyphenol

oxidase (PPO) activity
Treatment PPO activity (U-g! d.w.)¥
Lighting®
SW 15.57 b*
SWH 12.70 d
UVA 1421 ¢
UVAH 17.00 a
IR 16.65 ab
IRH 16.22 ab
Iw 13.06 cd
Withering stage’
1 14.87 ab
2 14.61 b
3 15.63 a
Significant analysis
Main effect
Lighting (L) *
Withering stage (S) *x
Interaction
LxS *x

w: U- means OD variation in 1 mins. use acetone power from tea leaves.

x: SW (solar withering); SWH (solar withering with high-humidity); UVA(ultraviolet a withering); UVAH
(uva withering with high-humidity); IR (infrared withering); IRH (infrared withering with high-
humidity); IW (indoor withering)

y:1:end of 1hr lighting; stage 2 and 3 sampling according to water content (table 3)

z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level
within each column, n=3; ns, not significant; * ** indicates statistic significant at 5% and 1% level.
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Table 34. Table of volatile compounds of tea leaves and dry tea in experiment

NO. Volatile organic Chemical Molecular Precursors Description of odour*
compounds formula weight
Hexanal CsH120 100.16 Lipids Grassy, green
2 (E)-2-Hexenal CsH100 98.14 Lipids Green
3 (S)-3.,4- C7H160 116.20 -
Dimethylpentanol
Styrene CsHs 104.15 Sweet, balsamic, floral
Heptanal C7H140 114.19 Lipids Green, fatty, hay
(E,E)-2,4-Hexadienal CsHsO 96.13 Lipids Sweet, green, floral
; 5-Methyl-3-methylene-5- CgH20 124.18 -
hexen-2-one
8  Benzaldehyde C7H¢O 106.12 Sweet, bitter, almond
6-Methyl-5-hepten-2-one  CgH140 126.20  Carotenoids Citrus, green,lemongrass
10  2-Pentylfuran CoH140 138.21 Fruity, green, earthy
11 Octanal CsHi60 128.21 Aldehydic, waxy, citrus
12 4-Methylcyclopentene CesHio 82.14 -
13 (E.E)-2,4-Heptadienal C7H100 110.15 Fatty, green, aldehydic
14 Limonene CioHie 136.23 Citrus, sweet
15 Benzyl alcohol C7H30 108.14 Glycosides Sweet, floral, fruity
16 Benzeneacetaldehyde CsHsO 120.15 Green, sweet, floral
17  cis-B-Ocimene CioHie 136.23 Floral, herbal, sweet
18  (E)-2-hexadecenal CisH300 238.41 -
19 Isophorone CoH140 138.21 Sweet, green, fruity
20  3,5-Octadien-2-one CsHi20O 124.18 -
21 Linalool oxide I CioH1s02  170.25 Glycosides Earthy, floral, green
22 Linaloo oxide I1 CioH1s02  170.25 Glycosides Earthy, floral, green
) CioH130 154.25  Carotenoids Floral, citrus, sweet
23 Linalool .
Glycosides
24 Nonanal CoH130 142.24 Lipids Aldehydic, fatty, orange

*Precursors and odour information refer to Ho et al.(2015), Yang et al. (2013) and tgsc information system.
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Table 34. Table of volatile compounds of tea leaves and dry tea in experiment

NO. Volatile organic Chemical Molecular Precursors  Description of oduor*
compounds formula weight

25  Phenylethyl alcohol CsH100 122.16  Glycosides Sweet, floral, honey
26  N-Ethylsuccinimide CeHoNO>  127.14 -
27 Benzyl nitrile CsH7N 117.15 Sweet, bitter, almond
28 Linalool oxide III CioH1s02  170.25 Glycosides Earthy, floral, green
29 Linalool oxide IV CioHis02  170.25 Glycosides Earthy, floral, green
30 a-Terpineol CioH130 154.25 Pine, woody, floral
31 Methyl salicylate CsHgO3 152.15  Glycosides Minty, sweet
32 B-Cyclocitral Ci0H160 152.23  Carotenoids Sweet, green, fruity
33 Geraniol CioH150 154.25 Glycosides Sweet, floral, fruity
34  Citral Ci10H160 152.23 Sweet, citrus
35 Indole CgH7N 117.15 Floral, animal
36 B-lonone Ci13H200 192.30  Carotenoids Floral, woody, sweet
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Table 35. The relative abundance of volatile organic compounds in the sampling stage of SW (solar withering) and SWC (solar withering with

high- humidity) treatment tea leaves and dry tea (continued)

Treatment
Fresh SW SWH
No. RT* Compounds 1” 2 3 4 1 1.5 2 3 4
1 453 Hexanal 5.53¥ 7.35 6.39 7.87 - 9.47 6.59 7.15 5.25 -
2 530 (E)-2-Hexenal 88.79  98.28 85.54 83.53 - 13540 7224 98.86 68.61 -
3  5.54 (S)-3,4-Dimethylpentanol - 1.36 1.18 1.37 - 1.99 1.61 2.82  13.83 -
4 592 Styrene 8.95 2.85 3.03 3.31 1.29 2.93 2.49 2.83 5.64 1.33
5 6.06 Heptanal 1.30 1.58 1.38 038  0.85 0.81 1.58 1.74 1.30 0.82
6 622 (E,E)-2,4-Hexadienal 1.86 1.28 1.58 2.18 - 1.68 1.03 1.05 1.85 -
7 6.76 5-Methyl-3-methylene-5-hexen-2-one - 0.31 0.33 0.48 - 0.36 0.35 0.36 0.52 -
8 7.11 Benzaldehyde 17.25 8.34 7.62 13.61 2.0l 8.55 941 1142 12.29 2.14
9 7.55 6-Methyl-5-hepten-2-one 1.35 0.99 0.80 1.40  0.55 0.99 1.00 1.14 1.14 0.46
10 7.64 2-Pentylfuran 1.22 1.50 1.45 2.05 033 1.60 1.60 1.87 1.60 0.31
11 7.83 Octanal 1.56 1.65 1.41 2.10  0.56 1.59 1.54 1.71 1.48 0.53
12 790 4-Methylcyclopentene 0.50 0.47 0.90 0.55 0.81 0.82 0.95 0.39 0.52 0.67
13 798 (E,E)-2,4-Heptadienal 5.54 6.38 6.02 8.13 - 5.80 6.09 5.76 5.79 -
14 8.36 Limonene 0.98 0.63 0.64 0.72  3.30 0.61 0.62 0.68 0.86 3.65

x: RT means retention time; y: Relative abundance of internal standard (n = 3); z: Stage. 1: end of lighting, 2: water content 69.7%, 3: water content 65%, 4: dry
tea, 1.5: high-humidity withering group compare same water content with normal.
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Table 35. The relative abundance of volatile organic compounds in the sampling stage of SW (solar withering) and SWC (solar withering with

high- humidity) treatment tea leaves and dry tea (continued)

Treatment
Fresh SW SWH

No. RT* Compounds 17 2 3 4 1 1.5 2 3 4

15 8.42  Benzyl alcohol 24.600 17.62 17.19 18.17 1.00 2091 16.07 17.59 17.76 0.91
16 8.64  Benzeneacetaldehyde 1.22 1.36 2.04 4.66 1.83 1.52 1.94 3.75 4.53 1.92
17 8.69  cis-f-Ocimene 2.05 1.47 2.15 445 1237 1.31 1.57 3.32 3.26 4.72
18 8.88  (E)-2-hexadecenal 0.64 0.99 0.80 1.16 - 0.94 0.79 0.86 0.74 -
19 8.96  Isophorone 0.42 0.45 0.40 0.65 - 0.50 0.46 0.50 0.52 -
20 9.13  3,5-Octadien-2-one 6.32 8.77 6.55 10.97 - 8.61 8.71 8.13 5.47 -
21 9.20  Linalool oxide I 46.54 5138 5348 55.12 3.00 5322 5021 6994 48.01 1.61
22 9.50  Linaloo oxide II 70.71  80.82 81.80  85.51 1.74 84.07 79.54 101.20 75.46 1.10
23 9.69 Linalool 228.06 19235 187.51 185.58 7.24 186.76 171.07 200.22 198.30 3.29
24 9.77  Nonanal 8.70  10.48 931 1229 552 10.65 997 10.95 8.31 4.39
25 9.98  Phenylethyl Alcohol 16.92 1696 17.75 17.00 10.53 17.55 15.10 14.80 17.03 4.16
26  10.37 N-Ethylsuccinimide 1.46 1.05 0.86 097  0.65 1.10 1.24 1.08 0.74 0.00
27  10.49 Benzyl nitrile 1.03 1.09 1.67 278  1.19 1.62 1.21 1.35 2.20 0.88
28  11.09 Linalool oxide III 4.29 4.32 6.44 6.13 448 4.99 4.93 6.93 6.90 3.51
29  11.16 Linalool oxide IV 13.10 11.97 15.05 13.80 9.80 13.14 1351 15.60 15.38 9.29

x: RT means retention time; y: Relative abundance of internal standard (n = 3); z: Stage. 1: end of lighting, 2: water content 69.7%, 3: water content 65%, 4: dry
tea, 1.5: high-humidity withering group compare same water content with normal.
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Table 35. The relative abundance of volatile organic compounds in the sampling stage of SW (solar withering) and SWC (solar withering with

high- humidity) treatment tea leaves and dry tea (continued)

Treatment
Fresh SW SWH

No. RT* Compounds 17 2 3 4 1 1.5 2 3 4
30  11.53 o-Terpineol 0.64Y 0.79 0.85 0.96 - 0.88 0.61 0.91 1.22 -
31 11.62 Methyl salicylate 1090 10.63 1349 1297 11.20 11.09 7.32 1455 15.33 6.78
32 12.14 PB-Cyclocitral 2.50 241 1.92 298  0.96 2.55 2.36 241 2.22 0.65
33 12.69 Geraniol 932 23.15 3747 2192 046 30.04 2346 23.74 28.39 0.36
34  13.03 Citral 0.68 0.98 1.22 1.31 - 1.05 0.98 1.33 1.24 -
35 13.51 Indole 8.02 6.88 8.21 551  3.03 10.49 8.80 6.12 5.30 1.42
36 17.07 PB-lonone 1.66 1.92 1.71 276  0.51 1.99 3.05 2.36 2.76 0.74
Sum of compounds relative abundance 594.59 580.79 586.85 59531 78.46 637.56 530.00 64543 581.76  56.99
Percentage of compounds (%)

Terpenoids 64.00 64.08 66.50 64.04 50.55 59.70 6640 6641 66.01 50.72

Aldehydes 2226 2371 20.80 22.83 1242 27.67 2098 22.19 1894 17.20

Alcohols 6.98 6.19 6.15 6.14 13.94 6.34 6.19 5.46 8.36 8.90

Ketones 1.36 1.81 1.38 227  0.63 1.64 1.99 1.57 1.31 0.81

Nitrogen compounds 1.77 1.55 1.83 1.56 5.61 2.07 2.12 1.33 1.41 4.04

Esters 1.83 1.83 2.30 2.18 1291 1.74 1.38 2.25 2.64 11.90

Others 1.80 0.83 1.04 099 395 0.84 0.95 0.79 1.33 6.43

x: RT means retention time; y: Relative abundance of internal standard (n = 3); z: Stage. 1: end of lighting, 2: water content 69.7%, 3: water content 65%, 4: dry
tea, 1.5: high-humidity withering group compare same water content with normal.
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Table 36. The relative abundance of volatile organic compounds in the sampling stage of UVA (ultraviolet a withering) and UVAH (ultraviolet a

withering with high-humidity) treatment tea leaves and dry tea

Treatment
Fresh UVA UVAH
No. RT¥ Compounds 12 2 3 4 1 1.5 2 3 4
1 4.53 Hexanal 5.53Y 7.82 8.68 7.60 - 4.06 3.88 6.13 5.24 -
2 530 (E)-2-Hexenal 88.79 93.12 91.60 113.71 - 73.22  70.08 68.76  71.15 -
3 5.54  (S)-3,4-Dimethylpentanol - 1.69 1.67 8.66 - 0.28 1.44 1.49 - -
4 592  Styrene 8.95 2.93 3.20 4.05 1.77 4.60 4.48 8.42 5.02 1.53
5 6.06 Heptanal 1.30 1.94 2.22 1.81 0.84 1.23 1.33 242 1.32 0.89
6 6.22 (E,E)-2,4-Hexadienal 1.86 1.36 1.89 2.39 - 1.40 1.89 3.33 2.39 -
7 6.76  5-Methyl-3-methylene-5-hexen-2-one - 0.43 0.49 0.39 - 0.31 - 0.52 0.43 -
8 7.11 Benzaldehyde 1725 1243 12,65 11.22 238 931 1093 11.39 11.60 2.69
9 7.55  6-Methyl-5-hepten-2-one 1.35 1.31 1.35 1.73 049 0.86 1.02 1.23 0.95 0.50
10 7.64 2-Pentylfuran 1.22 2.07 2.39 3.82 040 1.18 1.16 1.60 1.35 0.33
11 7.83 Octanal 1.56 1.91 2.17 1.59  0.60 1.24 1.20 1.76 1.44 0.51
12 7.90 4-Methylcyclopentene 0.50 0.67 0.91 044 082 0.00 0.73 0.84 0.75 0.69
13 7.98 (E,E)-2,4-Heptadienal 5.54 6.79 7.55 6.55 - 4.49 4.84 4.69 4.30 -
14 8.36 Limonene 0.98Y 0.72 0.70 342 3.86 3.47 4.59 1.72 1.49 3.09

x: RT means retention time; y: Relative abundance of internal standard (n = 3); z: Stage. 1: end of lighting, 2: water content 69.7%, 3: water content 65%, 4: dry
tea, 1.5: high-humidity withering group compare same water content with normal.
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Table 36. The relative abundance of volatile organic compounds in the sampling stage of UVA (ultraviolet a withering) and UVAH (ultraviolet a

withering with high-humidity) treatment tea leaves and dry tea (continued)

Treatment
Fresh UVA UVAH
No. RTX Compounds 1% 2 3 4 1 1.5 2 3 4
15 8.42  Benzyl alcohol 24,60 2290 2207 19.07 1.21 24.04 2547 20.68 18.89 1.08
16 8.64  Benzeneacetaldehyde 1.22 1.83 3.92 740  2.07 1.47 1.86 3.40 5.25 2.33
17 8.69  cis-B-Ocimene 2.05 2.54 4.73 4.04 1391 1.80 3.00 7.34 3.74 7.30
18 8.88  (E)-2-hexadecenal 0.64 1.00 1.26 1.05 - 0.41 0.54 0.74 0.74 -
19 8.96  Isophorone 0.42 0.57 0.63 0.72 - 0.18 0.31 0.48 0.43 -
20 9.13  3,5-Octadien-2-one 632 10.27 10.02 6.35 - 3.92 5.14 4.20 4.14 -
21 9.20  Linalool oxide I 46.54 5545 5291 5626  2.28 36.07 3939 5333 4497 2.17
22 9.50  Linaloo oxide II 70.71  87.75 77.88 89.73 143 5840 61.56 7538 73.44 1.39
23 9.69  Linalool 228.06 196.84 185.41 244.04 472 21732 23730 337.62 211.06 3.77
24 9.77  Nonanal 870 11.53 12,55 10.02  5.34 7.18 831 11.60 10.13 4.60
25 9.98  Phenylethyl Alcohol 16.92 1770 17.17 20.68  8.33 15.17 1547 12.04 17.60 4.75
26  10.37 N-Ethylsuccinimide 1.46 1.32 1.17 0.65 0.78 0.75 1.14 0.26 0.40 0.64
27  10.49 Benzyl nitrile 1.03 1.89 3.04 431 096 1.03 2.25 3.68 4.21 0.80
28  11.09 Linalool oxide III 4.29 6.42 6.80 6.66  5.02 3.17 7.05 7.80 4.87 491
29  11.16 Linalool oxide IV 13.10Y 1539 14.01 14.09 10.64 9.89 1650 1345 10.73  10.08

x: RT means retention time; y: Relative abundance of internal standard (n = 3); z: Stage. 1: end of lighting, 2: water content 69.7%, 3: water content 65%, 4: dry

tea, 1.5: high-humidity withering group compare same water content with normal.
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Table 36. The relative abundance of volatile organic compounds in the sampling stage of UVA (ultraviolet a withering) and UVAH (ultraviolet a
withering with high-humidity) treatment tea leaves and dry tea (continued)

Treatment
Fresh UVA UVAH

No. RT* Compounds 17 2 3 4 1 1.5 2 3 4
30  11.53 a-Terpineol 0.64 1.10 0.97 1.03 - 0.63 0.94 0.98 0.84 -
31 11.62  Methyl salicylate 10.90 13.77  12.62 1840 5.52 11.66 13.05 20.56 13.56 4.03
32 12.14 B-Cyclocitral 2.50 2.87 2.85 2.69 1.00 1.68 1.78 1.83 1.72 0.89
33 12.69 Geraniol 932 2135 2747 58.15 039 25112 1296 2571 31.05 0.54
34  13.03 Citral 0.68 1.30 1.65 1.73 - 0.81 0.95 0.91 1.08 -
35 13.51 Indole 8.02 9.37 9.01 479 2.1 850 13.00 10.10 2.54 0.81
36 17.07 pB-lonone 1.66 3.68 3.85 1.79  0.72 1.20 2.15 0.85 0.92 0.74
Sum of compounds relative abundance 594.59 622.04 61047 74223 79.66 536.08 57827 72722 570.24 @ 62.84
Percentage of compounds (%)

Terpenoids 64.00  63.57 62.12 65.16 5520  67.07 67.13 7245 67.67 5550

Aldehydes 2226 2246  23.67 22.02 14.10 19.40 18.14 1570 20.00 17.54

Alcohols 6.98 6.80 6.70 6.52 1198 7.37 7.33 4.70 6.40 9.27

Ketones 1.36 2.02 2.04 1.24  0.62 0.98 1.12 0.88 1.05 0.80

Nitrogen compounds 1.77 2.02 2.17 1.31 483 1.92 2.83 1.93 1.26 3.58

Esters 1.83 2.21 2.07 248 693 2.18 2.26 2.83 2.38 6.41

Others 1.80 0.91 1.23 1.27  6.35 1.08 1.20 1.49 1.25 6.90

x: RT means retention time; y: Relative abundance of internal standard (n = 3); z: Stage. 1: end of lighting, 2: water content 69.7%, 3: water content 65%, 4: dry
tea, 1.5: high-humidity withering group compare same water content with normal.
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Table 37. The relative abundance of volatile organic compounds in the sampling stage of IR (infrared withering) and IRH (infrared withering

with high-humidity) treatment tea leaves and dry tea

Treatment
Fresh IR IRH

No. RT* Compounds 17 2 3 4 1 1.5 2 3 4

1 4.53 Hexanal 5.53Y 3.63 5.50 5.42 - 6.30 4.33 5.17 7.37 -
2 530 (E)-2-Hexenal 88.79  67.59 94.05 78.18 - 10893 7198 77.64 66.84 -
3 5.54  (S)-3,4-Dimethylpentanol 0.00 1.22 1.89 0.85 - 1.25 0.78 1.56 - -
4 592  Styrene 8.95 5.86 7.58 559 1.73 6.21 5.65 6.42 3.21 1.43
5 6.06 Heptanal 1.30 1.90 2.57 2.02  0.69 2.05 1.05 2.04 1.01 0.81
6 6.22 (E,E)-2,4-Hexadienal 1.86 1.59 3.17 2.13 - 2.75 1.02 2.09 1.58 -
7 6.76  5-Methyl-3-methylene-5-hexen-2-one - 0.33 0.59 0.52 - 0.57 0.36 - 0.46 -
8 7.11  Benzaldehyde 17.25 801 12.80 11.03  2.04 9.76 9.64 13.17 12.56 2.09
9 7.55  6-Methyl-5-hepten-2-one 1.35 0.77 1.15 1.58  0.47 1.06 0.93 1.32 1.30 0.43
10 7.64 2-Pentylfuran 1.22 1.08 1.43 298  0.40 1.57 1.25 2.59 221 0.39
11 7.83 Octanal 1.56 1.38 1.80 1.60  0.53 1.82 1.50 1.58 2.02 0.58
12 790 4-Methylcyclopentene 0.50 0.28 0.54 - 077 - - - 0.46 0.94
13 7.98 (E,E)-2,4-Heptadienal 5.54 3.77 4.56 4.67 - 4.69 3.95 4.93 6.18 -
14 8.36 Limonene 0.98 1.32 1.51 1.21  3.44 1.31 1.00 1.01 0.73 3.80

x: RT means retention time; y: Relative abundance of internal standard (n = 3); z: Stage. 1: end of lighting, 2: water content 69.7%, 3: water content 65%, 4: dry
tea, 1.5: high-humidity withering group compare same water content with normal.
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Table 37. The relative abundance of volatile organic compounds in the sampling stage of IR (infrared withering) and IRH (infrared withering

with high-humidity) treatment tea leaves and dry tea (continued)

Treatment
Fresh IR IRH

No. RT* Compounds 17 2 3 4 1 1.5 2 3 4

15 8.42  Benzyl alcohol 24.60 1698 2570  21.30 1.09 31.23  20.51 2230 18.42 0.94
16 8.64  Benzeneacetaldehyde 1.22 1.29 2.12 4.84 1.91 1.49 1.16 1.93 5.20 2.07
17 8.69  cis-B-Ocimene 2.05 1.97 4.02 3.19  9.62 1.68 1.13 1.53 3.31 3.94
18 8.88  (E)-2-hexadecenal 0.64 0.54 0.65 0.68 - 0.73 0.59 - 1.11 -
19 8.96  Isophorone 0.42 - 0.45 0.43 - 0.49 0.22 0.43 0.64 -
20 9.13  3,5-Octadien-2-one 6.32 3.24 4.76 4.29 - 4.71 4.53 6.70 9.42 -
21 9.20  Linalool oxide I 46.54 32.87 31.17 49.57 1.65 50.84 4331 3927 49.95 1.68
22 9.50  Linaloo oxide II 70.71 50.17 48.06  78.89 1.01 84.14 71.83 60.69 7592 0.91
23 9.69  Linalool 228.06 223.68 199.70 27444 336 31595 19733 192.28 189.44 2.39
24 9.77  Nonanal 8.70 10.05 10.78 1036  4.58 11.15 9.64 9.19 13.08 3.76
25 9.98  Phenylethyl Alcohol 16.92 1482 18.12 1730 6.82 18.52 1049 1455 12.74 3.60
26  10.37 N-Ethylsuccinimide 1.46 0.50 0.57 044  0.61 0.52 0.71 0.77 0.54 0.33
27 10.49 Benzyl nitrile 1.03 1.95 2.25 3.07 0.82 1.56 1.07 2.06 3.60 0.62
28 11.09 Linalool oxide III 0.98 1.32 1.51 1.21 3.44 1.31 1.00 1.01 0.73 3.80
29 11.16  Linalool oxide IV 13.10 12.23 9.96 14.10 9.10 1429 1634 11.83 12.26 9.28

x: RT means retention time; y: Relative abundance of internal standard (n = 3); z: Stage. 1: end of lighting, 2: water content 69.7%, 3: water content 65%, 4: dry
tea, 1.5: high-humidity withering group compare same water content with normal.
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Table 37. The relative abundance of volatile organic compounds in the sampling stage of IR (infrared withering) and IRH (infrared withering
with high-humidity) treatment tea leaves and dry tea (continued)

Treatment
Fresh IR IRH

No. RT* Compounds 1% 2 3 4 1 1.5 2 3 4
30 11.53  o-Terpineol 0.64Y 0.61 0.58 1.17 - 1.00 0.87 0.74 1.16 -
31 11.62  Methyl salicylate 10.90 9.42 951 1550  3.15 17.51  11.67 10.87 10.94 2.15
32 12.14  B-Cyclocitral 2.50 1.47 1.85 1.83  0.90 2.04 1.92 2.44 2.57 0.91
33 12.69  Geraniol 9.32 19.61 21.11 3727 0.34 3286 19.74 1446 16.64 0.47
34  13.03 Citral 0.68 0.75 1.01 1.42 - 1.06 1.15 1.04 1.54 -
35 13.51 Indole 8.02 11.87 6.99 489 170 11.89 8.11 5.14 5.31 0.96
36 17.07 PB-lonone 1.66 0.81 1.19 1.07  0.69 1.15 1.78 1.96 1.32 1.07
Sum of compounds relative abundance 594.59  519.02 54395 671.26 63.02 758.07 533.13 524.71 54649  50.39
Percentage of compounds (%)

Terpenoids 64.00 67.62 59.64 70.09 54.04 6745 6790 63.08 6593 5592

Aldehydes 2226 1922 2537 18.02 15.48 19.74 19.67 2244 2140 18.48

Alcohols 6.98 6.36 8.40 588 12.56 6.73 5.96 7.32 5.70 9.01

Ketones 1.36 0.84 1.28 .02 0.74 0.90 1.13 1.61 2.16 0.85

Nitrogen 1.77 2.76 1.80 1.25 497 1.84 1.85 1.52 1.73 3.79

Esters 1.83 1.82 1.75 231 5.00 231 2.19 2.07 2.00 4.27

Others 1.80 1.39 1.76 1.44 721 1.03 1.29 1.97 1.08 7.67

x: RT means retention time; y: Relative abundance of internal standard (n = 3); z: Stage. 1: end of lighting, 2: water content 69.7%, 3: water content 65%, 4: dry
tea, 1.5: high-humidity withering group compare same water content with normal.
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Table 38. The relative abundance of volatile organic compounds in the sampling stage of indoor withering tea leaves and dry tea

Treatment
Fresh Indoor withering
No. RT* Compounds 1* 1.5 2 3 4
1 4.53 Hexanal 5.53Y 3.97 5.27 5.86 3.87 -
2 5.30 (E)-2-Hexenal 88.79 64.16 73.73 102.15 60.03 -
3 5.54 (S)-3,4-Dimethylpentanol - 1.16 1.70 1.80 0.50 -
4 5.92 Styrene 8.95 2.04 2.95 2.62 2.53 1.55
5 6.06 Heptanal 1.30 1.58 2.08 2.08 1.24 1.06
6 6.22 (E,E)-2,4-Hexadienal 1.86 1.05 2.37 2.99 1.57 -
7 6.76 5-Methyl-3-methylene-5-hexen-2-one - - 0.38 0.44 0.31 -
8 7.11 Benzaldehyde 17.25 10.95 11.55 12.89 10.96 243
9 7.55 6-Methyl-5-hepten-2-one 1.35 1.10 1.08 1.10 0.79 0.42
10 7.64 2-Pentylfuran 1.22 1.25 1.38 1.51 1.02 0.36
11 7.83 Octanal 1.56 1.25 1.69 1.66 1.13 0.60
12 7.90 4-Methylcyclopentene 0.50 - 0.30 1.44 0.87 1.00
13 7.98 (E,E)-2,4-Heptadienal 5.54 3.05 4.00 4.11 3.35 -
14 8.36 Limonene 0.98 1.99 2.28 2.16 1.21 3.78

x: RT means retention time; y: Relative abundance of internal standard (n = 3); z: Stage. 1: end of lighting, 2: water content 69.7%, 3: water content 65%, 4: dry
tea, 1.5: high-humidity withering group compare same water content with normal.
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Table 38. The relative abundance of volatile organic compounds in the sampling stage of indoor withering tea leaves and dry tea (continued)

Treatment
Fresh Indoor withering
No. RT* Compounds 1” 1.5 2 3 4
15 8.42 Benzyl alcohol 24.60¥ 18.34 29.52 18.89 16.78 1.23
16 8.64 Benzeneacetaldehyde 1.22 1.42 2.41 4.72 4.54 2.57
17 8.69 cis-B-Ocimene 2.05 3.48 3.62 5.86 3.05 7.31
18 8.88 (E)-2-hexadecenal 0.64 0.51 0.61 0.69 0.50 -
19 8.96 Isophorone 0.42 0.37 0.43 0.27 0.35 -
20 9.13 3,5-Octadien-2-one 6.32 4.94 3.67 3.79 2.94 -
21 9.20 Linalool oxide I 46.54 48.25 36.54 55.03 40.59 248
22 9.50 Linaloo oxide II 70.71 74.65 58.53 83.44 62.51 1.57
23 9.69 Linalool 228.06 228.83 257.72 22491 165.32 4.85
24 9.77 Nonanal 8.70 9.11 11.07 11.69 7.54 4.72
25 9.98 Phenylethyl Alcohol 16.92 16.55 18.44 19.17 14.14 4.72
26 10.37 N-Ethylsuccinimide 1.46 0.80 0.70 0.77 0.30 0.51
27 10.49 Benzyl nitrile 1.03 1.08 1.44 522 3.37 0.73
28 11.09 Linalool oxide III 4.29 522 3.97 7.69 3.87 4.05
29 11.16 Linalool oxide IV 13.10 13.17 9.86 14.58 7.88 8.52

x: RT means retention time; y: Relative abundance of internal standard (n = 3); z: Stage. 1: end of lighting, 2: water content 69.7%, 3: water content 65%, 4: dry
tea, 1.5: high-humidity withering group compare same water content with normal.
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Table 38. The relative abundance of volatile organic compounds in the sampling stage of indoor withering tea leaves and dry tea (continued)

Treatment
Fresh Indoor withering
No. RT* Compounds 1% 1.5 2 3 4
30 11.53  o-Terpineol 0.64" 0.77 0.82 0.87 0.71 -
31 11.62  Methyl salicylate 10.90 13.90 13.44 18.50 12.13 2.14
32 12.14  B-Cyclocitral 2.50 1.95 1.70 1.81 1.35 0.89
33 12.69  Geraniol 9.32 17.13 26.95 33.13 23.15 0.56
34 13.03  Citral 0.68 1.08 1.34 1.90 0.92 -
35 13.51  Indole 8.02 8.89 14.20 8.10 1.22 0.39
36 17.07  B-lonone 1.66 1.44 1.39 0.53 0.73 1.03
Sum of compounds relative abundance 594.59 565.44 609.14 664.38 463.27 60.50
Percentage of compounds(%)
Terpenoids 64.00 70.38 66.44 65.01 67.19 57.90
Aldehydes 22.26 17.16 18.84 22.40 20.45 18.82
Alcohols 6.98 6.37 8.15 6.00 6.78 9.83
Ketones 1.36 1.13 0.91 0.84 0.95 0.70
Nitrogen compounds 1.77 1.90 2.68 2.12 1.06 2.70
Esters 1.83 2.46 221 2.78 2.62 3.53
others 1.80 0.58 0.76 0.84 0.96 6.51

x: RT means retention time; y: Relative abundance of internal standard (n = 3); z: Stage. 1: end of lighting, 2: water content 69.7%, 3: water content 65%, 4: dry tea,
1.5: control withering group compare same water content with normal.
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Table 39. The effect of light source and relative humidity during early withering stage on the relative abundance of aromatic volatile organic

compounds
Treatment Significant analysis

Light source (L) Relative humidity (RH) Main effect Interaction
No. Compounds SW* UVA IR Normal  High L RH Lx RH
1-3%  Hexanal 6.56 a’ 6.18 a 6.39a 6.88 a 595b ns ok *x
1-4
2-3  (E)-2-Hexenal 76.07 b 88.17a  72.51b 89.07 a 68.86 b ok ok *x
2-4
3-3  styrene 1.83 ¢ 2.34b 2.60 a 2.84 a 1.72b ok ok *x
3-4 0.54 a 0.56 a 0.56 a 0.56 a 0.54 a ns ns ns
4-3  Heptanal 0.84 ¢ 1.67b 2.17 a 1.26 a 1.81b *x *x *x
4-4 0.84 a 0.86a 0.75 a 0.79 a 0.84 a ns ns ns
5-3  (E,E)-2,4-Hexadienal 2.01b 2.57a 1.75b 225a 1.94 a roH ns ns
5-4
6-3  Benzaldehyde 2.60 a 2.11b 2200 248 a 2.17b *x *x *x
6-4 2.08b 2.54 a 2.07 a 2.14a 231a * ns ns
7-3  6-Methyl-5-hepten-2-one 1.27b 1.26 b 1.44 a 1.55a 1.13b ns ok ok
7-4 0.52a 0.50 a 0.45a 0.50 a 0.47 a ns ns ns

w: Sampling stage. number-3: stage 3(freeze dry leaves); number-4: stage 4(dry tea). x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering). y:
Relative abundance of internal standard. z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within each column,

n=3. ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Table 39. The effect of light source and relative humidity during early withering stage on the relative abundance of aromatic volatile organic

compounds (continued)

Treatment Significant analysis

Light source (L) Relative humidity (RH) Main effect Interaction
No.  Compounds Sw* UVA IR Normal Control L RH Lx RH
8-3%  2-Pentylfuran 1.83Y ¢* 2.34b 2.60 a 2.84 a 1.72b * ns ok
8-4
9-3  Octanal 1.79 a 1.50b 1.81a 1.78 a 1.65a * ns *x
9-4
10-3 (E,E)-2,4-Heptadienal 6.96 a 520D 543D 6.44 a 542D kok * ok
10-4 0.74 a 0.85a 0.75a 0.80 a 0.76 a ns ns *
11-3 D-Limonene 0.79 ¢ 2.26 a 0.97b 1.58 a 1.03b *x *x *x
11-4 347 a 3.62a 347 a 353a 351a ns ns *
12-3  Benzyl alcohol 17.97b 18.96 ab 19.86 a 19.57 a 18.36 b * * ns
12-4 0.96 b 1.14 ab 1.02a 1.10a 0.98b * * ns
13-3 Benzeneacetaldehyde 17.97b 18.96 ab 19.86 a 19.57 a 18.36 b * * ns
13-4 1.87b 220a 1.99b 1.94 b 2.10 a kok * ns
14-3  cis-B-Ocimene 3.85a 3.86a 325b 3.87a 3.44b *x *x *x
14-4 8.54Db 10.61 a 6.78 ¢ 11.97 a 532b *x *x ns

w: Sampling stage. number-3: stage 3(freeze dry leaves); number-4: stage 4(dry tea). x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering). y:
Relative abundance of internal standard. z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within each column,

n=3. ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Table 39. The effect of light source and relative humidity during early withering stage on the relative abundance of aromatic volatile organic

compounds (continued)

Treatment Significant analysis

Light source (L) Relative humidity (RH) Main effect Interaction
No. Compounds Sw* UVA IR Normal Control L RH Lx RH
15-3%  Isophorone 0.59Y a* 0.55a 0.54 a 0.59 a 0.53b ns ok ok
15-4
16-3  Linalool oxide I 51.56 a 4949a 4976 a 5333 a 47.64 b ns *x *
16-4 2.30a 222 a 1.67b 231 a 1.82b * * *
17-3  Linaloo oxide II 80.49 a 7995a 7741a 84.08 a 74.94 b ns ok ns
17-4 142 a 141 a 0.96 b 1.39a 1.13b *x *x *x
18-3  Linalool 191.94 b 22425a 23194a 23352 a 199.60 b roH roE ok
18-4 527a 425b 287 ¢ 5.11a 3.15b roH roE ok
19-3 Nonanal 6.96 a 520b 543b 6.44 a 542b ok * ok
19-4 4.96 a 497 a 4.17b 5.15a 4.25b roH roE ns
20-3 Phenylethyl Alcohol 17.02 b 18.83 a 15.02¢ 18.03 a 15.79 b roH roE *
20-4 7.35a 6.54 b 521c¢ 8.56 a 417D *x *x *x
21-3 Linalool oxide III 6.52 a 5.59a 5.88a 6.33 a 5.74 a ns ns *
21-4 3.99 ab 497 a 3.83b 448 a 4.05a ns ns ns

w: Sampling stage. number-3: stage 3(freeze dry leaves); number-4: stage 4(dry tea). x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering). y:
Relative abundance of internal standard. z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within each column,

n=3. ns, not significant; *,** indicates statistic significant at 5% and 1% level.
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Table 39. The effect of light source and relative humidity during early withering stage on the relative abundance of aromatic volatile organic compounds

Treatment Significant analysis

Light source (L) Relative humidity (RH) Main effect Interaction
No. Compounds Sw* UVA IR Normal Control L RH LxRH
22-3%  Linalool oxide IV 14.59%a* 12.07 a 13.18 a 13.99 a 12.79 a ns ns ns
22-4 9.55a 1036 a 9.19a 9.85a 9.55a ns ns ns
23-3  a-Terpineol 1.09 a 091b 1.16 s 1.05a 1.07 a * ns *
23-4 -
24-3  Methyl salicylate 14.15b 15.50 a 13.22b 1527 a 13.28b *x *x *x
24-4 6.67 a 6.15a 3.59b 431D 6.62 a *x *x *x
25-3  B-Cyclocitral 2.60 a 2.11b 220b 248 a 2.17b ok ox *x
25-4 0.32b 0.39 ab 0.41 a 0.37a 0.38a ns ns ns
26-3  Geraniol 25.15b 41.89 a 26.95b 36.73a  25.36D *x *x *x
26-4 0.41 a 0.48 a 0.41 a 0.40 a 0.46 a ns ns *
27-3  Citral 1.28 b 1.34 ab 1.48 a 1.46 a 1.28 b ns *x ok
27-4 -
28-3  Indole 540 a 344b 5.10a 5.10a 4.38b ok roH *x
28-4 222a 1.46 b 1.33b 2.28a 1.06 b *k *x *x
29-3  B-Ionone 2.76 a 1.27b 1.19b 1.88 a 1.67 a ok ns *x
29-4 0.62b 0.73 ab 0.88 a 0.64 b 0.85a * *x ns

w: Sampling stage. number-3: stage 3(freeze dry leaves); number-4: stage 4(dry tea). x: SW (solar withering); UVA (ultraviolet a withering); IR (infrared withering). y:
Relative abundance of internal standard. z: Means followed by the same letter in columns are not significantly different by LSD test at p<0.05 level within each column,
n=3. ns, not significant; * ** indicates statistic significant at 5% and 1% level.
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Table 40. The effect of light treatment during early withering stage on the relative abundance of aromatic volatile organic compounds

Treatment Significant

No.  Compounds SW* SWH UVA UVAH IR IRH Iw analysis
1-3%  Hexanal 7.87Va* 525D 7.60 a 524b 542b 7.37a 3.87¢ e
1-4 -

2-3  (E)-2-Hexenal 83.53b  68.6lcd 113.71a 71.15cd  78.18bc 66.84d  60.03d *x
2-4 -

3-3 styrene 3.31 bc 5.64a 4.05b 5.02a 559a 321bc  253c¢c hok
3-4 1.29b 1.33b 1.77 a 1.53 ab 1.73 a 1.43 ab 1.55 ab ns
4-3  Heptanal 0.38d 1.30c 1.46 c 1.81b 2.02b 231a 1.24 ¢ *x
4-4 0.85bc  0.82bc 0.84 be 0.89b 0.69 ¢ 0.81 bc 1.06 a *
5-3 (E,E)-2,4-Hexadienal 2.18abc  1.85bc 2.85a 2.39 ab 1.92 be 1.58 ¢ 1.58 ¢ *
5-4 -

6-3  Benzyl aldehyde 298 a 2.22 abe 1.79 be 1.72 be 1.83 be 2.57 ab 1.35¢ ns
6-4 201b 2.14b 2.38 ab 2.69 a 2.04b 2.09b 243 ab *
7-3 6-Methyl-5-hepten-2-one 1.40b 1.14 ¢ 1.73 a 0.95d 1.58 a 1.30 be 0.79d ok
7-4 0.55a 0.48 ab 0.49 ab 0.50 ab 0.47 ab 043 Db 042Db ns

w: Sampling stage. number-3: stage 3(freeze dry leaves); number-4: stage 4(dry tea). x: SW (solar withering); SWH (solar withering with high-humidity); UVA (ultraviolet
a withering); IR (infrared withering); IRH (infrared withering with high-humidity); IW (indoor withering) y: Relative abundance of internal standard. z: Means followed
by the same letter in columns are not significantly different by LSD test at p<0.05 level within each column, n=3. ns, not significant; *,** indicates statistic significant
at 5% and 1% level.
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Table 40. The effect of light treatment during early withering stage on the relative abundance of aromatic volatile organic compounds (continued)

Treatment Significant
No.  Compounds SwW* SWH UVA UVAH IR IRH W analysis
8-3%  2-Pentylfuran 2.05Y ¢* 1.60d 3.82d 1.35e 298 a 221b 1.02 ¢ ke
8-4 0.33b 0.31b 0.40 a 0.33b 0.40 a 039a 0.36 ab *x
9-3  Octanal 2.10a 1.48b 1.59b 1.44 b 1.60 b 2.02a 1.13 ¢ *x
9-4 0.56 a 0.53a 0.60 a 0.5Ta 0.53 a 0.58 a 0.60 a ns
10-3  (E,E)-2,4-Heptadienal 8.13a 5.79b 6.55b 430cd 4.67c 6.18 b 3.35d *x
10-4 0.81 be 0.67 c 0.82bc  0.69c 0.77bc  0.94 ab 1.00 a *
11-3  D-Limonene 0.72d 0.86d 342a 1.49b 1.21¢ 0.73d 1.21¢ *x
11-4 3.30 ab 3.65 ab 3.86a 3.09b 344ab 380a 3.78 a ns
12-3  Benzyl alcohol 18.17 be 17.76 be 19.07b  18.89b 21.30a 18.42 b 16.78 ¢ *x
12-4 1.00 be 091c 1.21a 1.08 abc  1.09ab  0.94 bc 1.23a *
13-3  Benzeneacetaldehyde 18.17 be 17.76 be 19.07b  18.89b 21.30a 18.42 b 16.78 ¢ *x
13-4 1.83 ¢ 1.92¢ 2.07bc 233 ab 191c 2.07¢c 2.57a *x
14-3  cis-f-Ocimene 445 a 326 ¢ 404ab 3.74b 3.19¢ 331c 3.05c *x
14-4 12.37b 4.72 e 1391 a 7.30d 9.62 ¢ 39e 731d *x

w: Sampling stage. number-3: stage 3(freeze dry leaves); number-4: stage 4(dry tea). x: SW (solar withering); SWH (solar withering with high-humidity); UVA (ultraviolet
a withering); IR (infrared withering); IRH (infrared withering with high-humidity); IW (indoor withering) y: Relative abundance of internal standard. z: Means followed
by the same letter in columns are not significantly different by LSD test at p<0.05 level within each column, n=3. ns, not significant; *,** indicates statistic significant
at 5% and 1% level.
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Table 40. The effect of light treatment during early withering stage on the relative abundance of aromatic volatile organic compounds (continued)

Treatment Significant

No. Compounds SwW* SWH UVA UVAH IR IRH Iw analysis
15-3%  Isophorone 0.65Y a* 0.52b 0.72 a 043¢ 043¢ 0.64 a 0.35d ok
15-4 -

16-3  Linalool oxide I 55.12a 48.01 be 56.26 a 44,97 cd 49.57bc 49950 40.59d ok
16-4 3.00a 1.61d 2.28 bc 2.17 bed 1.65 cd 1.68 cd 2.48 ab *x
17-3  Linaloo oxide II 85.51 ab 75.46 ¢ 89.73 a 73.44 ¢ 78.89b  7592c 62.51d ok
17-4 1.74 a 1.10 ¢ 1.43 b 1.39b 1.01c 091c¢ 1.57 ab *x
18-3  Linalool 185.58d  198.30cd 244.04Db 211.06 ¢ 274.44a 18944d 16532e¢ ok
18-4 724 a 3.29d 472 b 377 ¢ 3.36d 2.39e 4.85b ok
19-3  Nonanal 8.13a 579D 6.55b 430 ¢ 4.67 c 6.18 b 3.35d ok
19-4 552a 4.39 bc 5.34 ab 4.60 ¢ 4.58cd 3.76d 472 c ok
20-3  Phenylethyl Alcohol  17.00 b 17.03b 20.68 a 17.60 b 17.30b 12.74 ¢ 14.14 c Hok
20-4 10.53 a 4.16 de 833D 4.75d 6.82 ¢ 3.60e 4.72d roE
21-3 Linalool oxide III 6.13 ab 6.90 a 6.66 ab 4.87 cd 6.31 ab 5.45 bc 3.87d roE
21-4 4.48 ab 351b 5.02a 491 ab 3.94 ab 3.73 ab 4.05 ab ns

w: Sampling stage. number-3: stage 3(freeze dry leaves); number-4: stage 4(dry tea). x: SW (solar withering); SWH (solar withering with high-humidity); UVA (ultraviolet
a withering); IR (infrared withering); IRH (infrared withering with high-humidity); IW (indoor withering) y: Relative abundance of internal standard. z: Means followed
by the same letter in columns are not significantly different by LSD test at p<0.05 level within each column, n=3. ns, not significant; *,** indicates statistic significant

at 5% and 1% level.
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Table 40. The effect of light treatment during early withering stage on the relative abundance of aromatic volatile organic compounds (continued)

Treatment Significant

No. Compounds SW SWH UVA UVAH IR IRH Iw analysis
22-3*  Linalool oxide IV 13.80¥ab” 15.38 a 14.09 ab 10.73 be 14.10 a 12.26 ab 7.88 ¢ 2k
22-4 9.80a 9.92a 10.64 a 10.08 a 9.10a 928 a 852 a ns
23-3  a-Terpineol 0.96 bc 1.22 a 1.03 abc 0.84 cd 1.17 ab 1.16 ab 0.71d *x
23-4 -

24-3  Methyl salicylate 12.97 cd 15.33b 18.40 a 13.56 ¢ 15.50b 10.94 ¢ 12.13 de *x
24-4 11.20 a 6.78 b 552b 4.03 ¢ 3.15cd 2.15d 2.14d *x
25-3  B-Cyclocitral 298 a 222¢ 2.69 ab 1.72d 1.83d 2.57b 1.35¢ *x
25-4 0.32¢ 0.32¢ 0.40 abc 0.37 be 0.37 be 0.45 ab 0.48 a *
26-3  Geraniol 21.92 ef 2839cd 58.15a 31.05¢ 37.27b 16.64 £ 23.15de *x
26-4 0.46 ab 036bc  0.39bc 0.54 a 0.34c 0.47 ab 0.56 a *x
27-3 Citral 1.31a 1.24 a 1.15a 1.08 a 1.42 a 1.54 a 0.92 a ns
27-4 -

28-3  Indole 551a 530a 479 a 2.54Db 4.89 a 531 a 1.22 ¢ *x
28-4 3.03a 1.42d 2.11b 0.81¢ 1.70 ¢ 0.96 ¢ 039 f *x
29-3 B-Ionone 2.76 a 2.76 a 1.79b 0.92 cd 1.07 cd 1.32 be 0.73d roE
29-4 0.51b 0.74 b 0.72b 0.74 b 0.69 b 1.07 a 1.03 a *x

w: Sampling stage. number-3: stage 3(freeze dry leaves); number-4: stage 4(dry tea). x: SW (solar withering); SWH (solar withering with high-humidity); UVA (ultraviolet
a withering); IR (infrared withering); IRH (infrared withering with high-humidity); IW (indoor withering) y: Relative abundance of internal standard. z: Means followed
by the same letter in columns are not significantly different by LSD test at p<0.05 level within each column, n=3. ns, not significant; *,** indicates statistic significant

at 5% and 1% level.
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Appendix fig. 1. Flow chart of tea manufacturing experiment
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Appendix fig. 2. Photos of lighting equipment on early withering stage
a: Solar withering; b: Setting of UVA light tube; c: Solar withering
with high-humidity; d: UVA withering; e: Infrared withering
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