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BRAEERG, AH TERAGZABR, BEARENEY W ERE T, Het B XVE RLBE Fi
B R BR P ES 2-TH B A Y M ARE MY L EAALe4t FAR RN TN EY, T L3R E
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T R RAF, ARG AR A 4 A LA A4 BE e R m A B A AR AL A AT T R
PAEID IR E S HAALHE
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FRESES. TS272.4 XEkFRER: A
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GEETY L ML A AT R A 2 LI AR i i SR
TR AMERMIEE B2 Wik, B TR 228 P e
Uit iy, 2 BT B B

WA G EAM T T2 EEER Fi L
e ABOY T, Ho SO 252 i A1 I8 i B Y G
LT, H AT, 28T 5 R AR A [F] T A
T 7 A LL % B4, 0 Xu A5 A AT T AR T L
RELLIE ARLL B ARLLF IR ABLL a5 4 M08
W T AR AR T 2028 7 AUt Bl 22 5%, R BAR T L
R RGBSR fm, i B % 2
Wi R 2T 5 AR B R R £ TSR 2 A AR 1T 41 45 B A
T T ZACS W, A R EOREAS [ 4 SO J7 5X
A AU R AL ) R EL ). 2R bR AR 43 A
THEME TR WY P 4 FOE S E 4
AR BURAIE , R B 4 FhLLE 8 R BRI R BT A
PREEIT T A2 KRB 2o Rl 45 A [ JE 25 A i 20 2%
TR A — Ak, W BLR A B = AR T A
SO 4 PR FEAS 7 1 O i AR | o R 21 2% fid 42
S SEAP N R TN 2N L S
LT iR . WA P IE 5] AR &, IR
TR SH AL ST m

HI FARLL G 5 MOE T ZARMEA G — A%
KA RATEE . WP LLBE R 4 5 2R EE i J5ORE, X
L 4 FORRI I SOE T 20, A RV E 8P s OB
o — DU AR FF - # 3 B03E BF - T35 (ultra-high
performance liquid chromatography-quadrupole-exactive-
mass spectrometry, UPLC-Q-Exactive-MS) Jnas [E A%
FEI - S A 8 15 5T 35 6 FH ¥ (headspace-solid phase
microextraction- gas chromatography-mass spectrometry ,
HS —SPME -GC -MS) 85K il i X fh B SME (i
TR A LU BT R TEA RO T2 xR 4 4
JECE A BTSN , LU AR EL 4 B A A 7 SRl —
AR AR FIEE =

1 M5

1.1 #RERHA

J IS 2024 4F 3 H 25 HERAHIE S 4 5
B R A ZRUE AR T8 RAM bR — 28 — 4]
J& 215 kg,

JLASZ (catechin, C, =97% ) . % JLZK & (epica-
techin,EC, =99% ) . % & F JLA & ( gallocatechin,
GC, =98%) . K& B F JLA & (epigallocatechin,

EGC,=98% ) FEEFILKEREE THRAS (epigal-
locatechin gallate, EGCG, =98% ) & & FILERK
B FMRME ( gallocatechin gallate, GCG, =98% ) . 3¢ JL
KR W E TBRER (epicatechin gallate, ECG, =98% ) .
BB F M (gallic acid, GA, =99% ) . JR £t H &
BI(=97%) JRAEH X B2 (=99%) . JF L7 &
B3(=98%) it H & B4 (=98%) i &
(=97% ) ZETR(=98% ) -1 T B2 4 45 b
(= 98%), X - &F TR (= 98%) ., #it & &
(=98.5% ) itz R-3-0-H A BT (=98% ) Il A
Wy (=98%) AR (=99% ) HNEEI-WE T
i ( >98% ), I i A2 so kA AL BB e 0 A PR A WD 5
PT(=98% ) WA 3-0-F AT (=98% )
KR -T-0-B-D-MLI H A HEH ( =98% ) I ZSM3-3-0-
EHEH(=98% ) FERI-WETIR(=98%) A%
WEI3WNEE TR (=98%)  ILHZEB 3-0-—F
DA T (=95% ) Miti 35T -7
EMET (=95% ), i IE AR DR A R w5
MER , A6 5T 7 108 SR HED) AR A FR BT A 5 B
il \B-4E% 22 ( =97% ) ZEFRLBE(=99% ) F7k
BE(=98% ) AKHIEE(=99.5% ) HKLBE(=98% ) .
FIEE(=99% ) (Z)-TIR-3-CAM (=98%) , I
VBT T A AL BB B 0 A BR A | 5 U B A SE R b
W, f8E Sykam 23 Bl IEABEE (Cy ~ Cyp ) ,
Sigma-Aldrich 23 A ; ( Z)-3-C 8 B K B R Bk (=
97% ) BEWE(=97% ) JEALBRE(=98% ) . (Z)-C k-
3-CAMR(=98% ) . CRAC R (=98% ) . (E,E)-2,
4-PBEIHIE (=90% ) AR EE (=99.5% ) 3K Fif
i ( =92% ) JKFGBRHIR ( =99% ) , M % ( B1F)
Tl & A BR AR5 (E)-3-C 45 T MR B (=
98% ) , Adamas-beta I A PR A Al 5 B R , [ 24 4 4]
R BR A
1.2 (U FE5E&

6CWD—-10 Ut ZE F AL, 4B 1T 2K 15 F ALK
WA PR ] ;6CR —40 RIS M4 HL .6CLZ60-11
RIPRSN IS 6CGZ65/2 BRI AP A 20 , WiiT | 1EHL
BB A RN 7 ;6 CHM -901 7Y B $ AL 4L, Wi
BT MU FR 2 71 5 FST - A03D1 BUBSEEHL, |
ZR/NREHE 2% A BR 2 ] ; Chromaster 7Y &5 280k AH 2, %
I, HAS H A7 A7) 5 S 433D B LR 2 X, 18 [
Sykam 723 7] ; UPLC —Q —Exactive = 80 AH (6% — 5 ik
I 224t : Ultimate 3000 B S R0AH (3% 2 45, S5 [H
BN F] Q- Exactive B 43 HEFIE X, 36 I FE B K
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R BHE A B ; GC MS - QP2020 NX AU AH (0 3% i
TEHHAL, H A H N H] ; DB -SMS AUG S BN FE
(30 m x250 wm x 0.25 pwm) , EFE LR F 50/
30 wm IR/ Bk 43 O/ B W AU ( divi-
nylbenzene/ carboxen/ polydimethylsiloxane, DVB/CAR/
PDMS) BT 4t FEHCFAW, 22 B s R A
1.3 EWHE
1.3.1 RAH4&

fEnt = N H AR 7 h e, ERE R ZE
14 h, A ZE P (PEHJREE 8 em) , B H K FE Y
60% ., FEERHLEETS 60 min, F2 7 A 25 £ 35 min, 1%
J£ 15 min, & 10 min, #4825, A T#HRBAR
& 25 °C MR BE 85% MY & e & T B3, 15
S3 R 4 FORTE B HOE T2 fIVEAB LT 4 5T 20 2%
FEdh o

T R RIEUS P AAMEOE 2 Ik, B
TREEVE A 100 CHIKE 4 min, FHLHERL 30 min, B 5
150 CHLMEHESS 4 min, FHLHERT 30 min, B 100 CHL
PEEES 8 min, I/ TR B T2 1 A

202 REREMRIRUE UMEE A MOE 1k, B
HEEAEH 100 CHIHE 4 min, FHLMERT 30 min, Bl 5
150 CHLAK LSS 4 min J5, BRI ZE 110 CHLAHE 5%
9 min, o5 TR T2 2 BEd .

203 ARG & LS ML 5% 1 U
T THOE . BARERNE R 100 CHIKE 4 min, T HLHERT
30 min, B 5 150 C HLAEEL 2% 4 min, T HL 3 B
30 min, FLERLA IR 150 °C B HL 05 BT T80
5 min, )5 TR EI T2 3 FE

T4 2= o TS A =8OR, R
BEHLAE B 25 0T . BARERAE 0 170 °C MLAE 2 4%
4 min 5, FEIRZE 130 CHLMIESS 7 min, I HLHERT
30 min, Ff 110 CHUAEPESS 8 min, e /5 TSR T2
4 HE

POV I T8 07 XL 4L L 80 C 4t
5 min, THLHMERS 30 min Ji7 70 °C 4t 20 min ( 1),
R ERLAT SR 4 AMBOE T2 M3 M ABLL &5 4%
MR 3 60 H i, A5 B A FE A, 5 AR — [
BT - 20 C KA, TR LT,

%i wagE |9
%—,— i 30 min)5 —
T 215 z —>

%J{(IOB “C 4 min) g

F k(100 °C 4 min)

—

, ey =4

g | e |'ER

T 320 . : 30 min)5 =
— R A%

(150 °C 4 min—110 °C 9 min)

150 °C 4 min)

HLARIIA
=RHE TN
30 min/i7 | %
T e
HRAAIE
(100 °C 8 min)

g | aunn =
T30 S o 30 min)5 F——1%

» 91} —> =
(100 C 4 mi 25 40T
XD 4 mi) (150 °C 4 min)
24 T cnvmomns B

e ===

B 0T
(110 °C 8 min)

HAAOY
(170 °C 4 min—130 °C. 7 min)
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30 min)7
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BT ARLL S FHBOE T 2R T2k i

Fig. 1

1.3.2 REFF
H 5 4L IFH A B AU E RN, S IR
GB/T 23776—2018 { % I B B #F ¥ 7 ik ) P 40 2% i
WL TR E T, BB ER T ASME HEF T
WIFHE A DRI 25  MERIRREL 3. 0 ¢ 25FE &
T 150 mL #HPEARA, Bk /i 5 min J5, $0P IR R
WU A R WA TV, X 2 05 8, &3

Shaping processing and dry tea samples of Keemun black tea-Jinzhen

BR DL AT PR T4 E A A T A, W PR
or =ANBAR I x25% + B FHIY x 25% + BERAR
5 x30% + A5 x 10% + W5 x10% .
1.3.3 #4692

18 33 X 45 8 2K (theaflavins, TFs) (2R 2L & ( thea-
rubigins, TRs) \ Z5# 2 (theabrownine, TB) . 7] ¥ P
SR JLASR MnmEmE i g A LR | B SRR R
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B> S DI E |, 4 BT AR RSO T2 25 % 4% A g
ST

TFs . TRs . TB 75 (10 %€ % 1] & 48 o0 bk
AT R R A S SRR L gkt

JLASER WMMERR | I B 2 SR 1) & 2 il o S 1R
SCHRLS J#EF T, HRLO.25 ¢ A B A SN, B THEE
I 8 mL 7K 90 °C /KA 10 min J& i i# %
W EBR2S ml AT, EE 3 REERE
25 mL, FRBERRG G 0. 45 um 7K R JE AR 8
A3 T S SRR (W 4 %) AL R (WK 3
£ ) R, BRLHAE S IE 4 K,

B S HAhE A 1  A 22 SR FH UPLC - Q -
Exactive —MS 77, FREL 60 mg Z5K3, IIA 1.8 mL
IR 5 80% M THLVA WY BV WL, TR E 15 s, B
10 min;10 000 r/min &[> 10 min J5H F3E R, ©E
PRI 2 W, BT BG5S, 0. 22 pm AHLRIE
R UEAE S 5 B FE, A3k A ZORBAX SB - C18
(3 mm x 150 mm x 1. 8 wm) , it sh A K iz 1506 5
SCHRLS Tk —80, BARE R EE M ES W,
1.3.4 AR 4 egmE
1.3.4.1 $#ERMASDRIE

%] HS —=SPME — GC = MS J5 B % 25 HHAE i 4%
BHAAWHEATINE , KR K GC-MS &5
RS ] .

HS-SPME #HU 44, WERIFREL 0.2 g A543 i
ATRZSL, A 0. 15 ¢ TR AL AT S mL K, i
N SE RV A 4% B O, 4 A FEEUER 4, 7F
60 C /K T 18 S PE I 40 min, 5204
HEEME 4K,

GC - MS 44, #EFE DR 250 °C, fig W B
5 min, 3G 8: 1, EAIEHE TR T .40 C{R H
5 min; A3 °C/min R TLE| 85 CIEEE 2 min; DA
3 °C/min HORFFFE] 110 °CIAFEEE 1 min; FLL 5 °C/min
HFETFR] 200 °CHEH 1 min, )5 LA 15 °C/min
KFFF 260 C I8 3 min, AN EHAAS( >
99.99% ) , A WH A 1 mL/min,

EPETTIE . R BTG FER &R IR B8 46 5K (reten-
tion index, RI) Frififh Hext 3 Fhor 2o,

ER T, DIEAM b2 (A ik SE i, i
TR HT. B2 25 M 53K & T R R B
BB RS 75 K 45 KW 4 1F R 60 °C,200 r/min, JiE
MR REILVTFIOK, BE LR B E T B A
J&, BT 40 CRBLAE P T )5l GC-MS

R, #5214k A 1) B B S b B3 S 7
5000 LR, BIAF A ASA 0L DAAMbRAR o il 4231
SRR L 1 L B AS R TR VR B b
THE it (FP T 4 R ) 43 VR o 2 8 2% I i o
H, R A HS -SPME -GC -MS S5 414 k472
BRI, 7 AR R A p o 1 £ . X T 3 A A o
i AL B W0 2R FH 38 R TR B A v il 2R A 715
1.3.4.2 SHEALAWHME

T K M 840 1) SR I JE B (odor activity
value, OAV) ,0AV KT 1 HIFE & P 2 0 <
Mo, OAV IR R (1),

C;
Osz? o (1)

(D), C RN BT BT W, pe/L; T,
MR PIVE ST FE K P F S BIE, pe/L7
1.4 #iEALE

GC—MS %4 LLF- Y {E = br il 25 271 5 Kt 22
54 25 P 4 M R I SPSS 20.0 L E 5 22 4 M
(ANOVA) H1 ) Duncan %, P <0.05 FnHi LA
2 HE 225 UPLC - Q - Exactive — MS Zi4ig (1 14 DL i
T AR IR Y Xealibur B01F ; fhidse/ N =3R40 51143
BT ( partial least squares-discriminant analysis, PLS —
DA) 43 #7 8 i A H B HEF (variable importance
in projection, VIP) 73R SIMCA14. 1 581, J5lh
Ha ¥4k A pareto scaling( Par) JH—fbAb# ; T2 Hh
K% A Thbtools 5E %, i row scale 347 IH—14k, IH—
AT %P normalized FFHEFT cluster rows 7R 2,
HAt 2B 8 o BRI E ; AR B 22 2R H] GraphPad

Prism 9,

2 HRES

2.1 HMEIZXIMOLEHBE MR

4 FEOE T2 WA A 2T 4 1 B B o P45 1 I
F1, MINEARKE, TA 3 M T L 4 BERERF
BABLL G IAMEARE, T2 3 FER I B HHE 2,
TEA4REE B2, T21 MTZ2 EHABE
B RA S, U R 2 R PR R K, AN
RTS8 i, 1 F TASOE o #& v 25 i iy
TEBAR, W NAE XY ) A R FARIE M s, &R
M IORE 4 ALLAF AR R AE S (AR
JEAFE S T2 2 FEMEER &, T2 3 &
AR HA ML, PR AT R, DGR L TR
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B, T2 3 PR AR I J5E R 38 010 T HCAt 3 7of
TR, WA BORE , T2 2 #Eihia tse &
LT HAML 3 T ZREN . AR RZE AR, 4 Ff

OB T WA AR 21 4 1 IR B 143 2 43 i BRI e A
WHNT.Z3(93.37 43) . 1.2.2(92.62 43) . 1.2 4
(92.57 43) 1.2 1(92.20 43)

£ 1 RO T LA Ak R 7

Tab.1 Sensory evaluation results of different Keemun black tea-Jinzhen with different shaping methods

. S (25% ) F(25%) Ik (30% ) B (10% ) MHR(10% ) fgy/
P W43/ 4% P Wor/ 5% iE War/ay  VEE /4 TEE O TES/4Y TRIE 7
TZ1 9.5 IR E Rl TR 92.5  FEEME 9.5  WMBEYE 915 LT 93.5 A% 92.20
TZ2 920 HWEHE MY S8 BE 935 [ipi = 92.0 MR 93.5 43 93.0 AR 92.62
T3 935 BREH D 22 94.0 HMEFEREHRF 93.0 FUEEK 93.0 LIEGE 93.0 LLHRAISE 93.37
TX4 940 ESERE RN T S 92.5  EMEFREE 915 MEEE 92.0 45 93.0 LRASE 92.57

2.2 I EXIBLAESHEKEIF M

LIRSV v 2P SR S 0 25 A PR B
WFFERTIN T 4 FAR LT At v 5 2025 PR A B AR S 1Y
FEAACR Y SR, SR 2 fis

LR E R PR EENZIMLEY, 5%
WP RN SEAROE . B 2 (a) AT, L2
REETETZ 3 BEA b B 3w THALRS AR T
T2 3 BEAN GRS B

KORREXRZH (EBERILER) BB A K
AL = W, 5 2T 2% 2% 1 WY B RN 2% ok DD A
K TFs JERE LT A AN 1 58 B | 0 VR VIR ot i R
PR ETEY R TRs B WLL R A G LLE
WM HR R E B TB MR LI A AN A &
M ERIR, A RS A R A
B 2(b) Al TFs Sl T2, 2 FER AT 2 4 FE 5
HREETLTA ST Z 3 BEf, TRs & ETE
T2 4 MEdh s, O T4 3 B, P ] & i
REREESR, T 4SRN TB SRR, HTHkR
BN B AR AR G I, T2 4 AR
FHA T 2B A W BE B B B IR sh Bl 4%, AR 2
TR ARAFAEZ ORI RS, 7T e i B T
WAL, FEOLE R GRS A AL, A1 LS R 2
R B/ T TFs  TRs & 8085, BIF5T 3 W 5400 2%
ORI R L | H R | SR i S H T 2R AR
HEREINRE O R E O, BB LR R AN E
LAY BRI TR A IS T )
PR IR T O SOR B 0, VR R I A B (0
e o, WA mE O A —E

WO B S A R R AR R R
— ) HAA ARG 3 MR TP C R EER T 4
BESh AR

GA B TiF W 2 21 2% 45 3% 2 Wk AL ok 1% o ik
HU A BRI R T R LA LAY R
FENST D B 2(0) AT, GA S EET 201 AR S P i
B, L2 4 FEG AR, P R 5 22 7

i B2 S PR SR 2145 A5 10 B A% A 1) 2 5 O o
o, RS 5AFIERS . BE 2(g) A, iif
BRI DR AE T2 3 M, T2 4 FEd iR
K, A A 22 55 AP G H T R T2 3 M
Ah AR BRI AUREIE SRR T2 4 41, HAb R S 7E9)
BB B s D Bl Ak, Bl S 2R AN IR K it
T, AL 2 SR Ry T AR RE TR,
Fo AR 0T TE R S IR , B BERE I

AV (i 2R S B R 0 T Ay, RE R
i A R M ER S SR AT TR FRE 2 (h) AT,
T3 FERATZ 4 BRI TERE S i 2 = T
TR 2 M5, 5T R RS R AN AT I3
PEMEZ [RIAF A EE PR RIVE S g R F T2
3 FE AR ST L

FIFH UPLC - Q — Exactive — MS $ A 46 1] 2 i B
R A7, e85 50 PRI R Y T, 4
1 12 BhLZEE R AR 24 Tl e W st K o i ( 12) 4
1 A HLER 7 FPEER LA S 6 FhK ff T2

XFIX 50 ik APt AT R 2R 22 50 # , 2L i
46 Fh 2 FALE I (P <0.05) , R BB X 1%
PO S AT T, S5 ULIE 3, IR 3 AT 46
RSV RET LI R 3 26, 5651 REWHh
T 1 R B R, A T 2R i A X
FREENEAY ., EEARE RILRE (REE-
3EE TR R E E B4 RILFE-RILER
BETIRER REERILAEE B) KR TER(KE
FILARMEET B T IR R (3-
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Fig.2 Content analysis of main taste compounds in Keemun black tea-Jinzhen with different shaping methods

X EWE S TR 3-IE 4 TR L SRR ) |
(Wit & MR ) %, 52 N T2 1 RES AT
B TR S A G, B S BT T
TROUAEBET) %, 83 KR TLE 3 ST
XF e I AL T 2R A A Y, 3 A o
RS (M E AT M B ) (B TIR LS
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PLS-DA J&—Ff A W B py =Ry i, 2
SRV FTRAE 2 8 G b ikt 3
T 50 FALAWIXT 4 dIRE S ETT PLS-DA 208, 25 5%
UL 4, HE 4(a) B, T2 1 FES S HADL 3 418
i [F) R B 450, BRI o 22 S e, VIP (B AR R
LRI 2 R OU R PR IR bR, — BB T,
VIP KT 1 M R otskAs i, VIP R T 1.5 1Y
Y143 F i 35 A STARAE 00 X 4 AR S Y B
it S FC A 2 R A3 i T R R AR B HE Y 4
UL 4(b), HE4(b) AL VIPEKT 1 &Y
9 Ffr 3k 9 B T gN 2 22 MO T 2 i 45
Ktk &Y, Hep VIP HKTF 1.5 b & dl o3t
4 B, 5350k 3-0-1% BT IS ZE TR -5 %) 7 ok
TR BT AKEE3,3 - E FRRE, Hh
3-0-ETHEE TR(EFEETR) B THRFEL
B, A B S A T 1 B
T2 2 ke i, -5-XF & O B4 T R 8 T

RIAE  E T L2 PP S B, W uEM
4% 7 T LA TR AR LT A5 HAT VR @ -
5% 7 LS TR S 4-0-%) T TBEREZE T R 45 A
o, #RE AT By FESL AR AR 0S5 VR AR 1 R AR R A RN,
g1 T 0 W SEORD A A R RE AL, DA AR R
JRER RIS -4 SR TR T et A —
FEMTRR  H5 R 3 T S5 M AR R A HE 0, 38 7
BOH Z W SR SERIESE 2B T IR AR T
AHLRR, BES = M 25419 pH, Zhuang Iy R
B, 25 TR A AU 2128 (0 2R PR R ™ i, i BE
2Rk, T2 FEMAIT 2 4 FEf R &
PR 5 F B v, B T 250 A RIS | o 25 ¥ 0 vk
AF], KR, 3-WRE RIS TR R REL
AP T2 BRI T 3 BEA A R,
M) 2T 2% R R VR DR JEE

gi b ORR B AB0E T 2 A% 3805 M B AE R s ]
AN, B R Loy  B 22 5%, (AR RE i 2 AN
PRI AR i T
2.3 HEIZRBLEHSKEAIF M
2.3.1 REMRTG T ZARLL &4 B R M R o % B B

5T

Wi HS —-SPME -GC-MS 4347 4 FfoE T. 2548
CLAEH RS IR R LA, JE 8 1 56 R &P
BT, RIS 18 Al S 17 Bl RIS 8 Fh A
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Fig.3 Heat maps of differences of flavonol and other taste component in Keemun

black tea-Jinzhen with different shaping methods
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Fig.4 Partial least squares-discriminant analysis and variable importance projection score of flavonol and other taste
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Tab.2  Analysis of volatile component composition and concentration in the tea infusion of Keemun black tea-Jinzhen

with different shaping methods

p/(pg-L™")
75 aeL/ P CAS 5 RI RI®
TZ1 T2 TZ3 TZ4
1 (Z)-2-1f-1-BE 1576950 766 763 2.06 +0.01° 2.13 0. 06° 1.75 +0. 03" 1. 68 £0.09"
2 3-C -1 544-12-7 853 856 15.38 £0. 36" 15.86 0. 07" 13.17 £0. 76" 11.61 0. 58°¢
3 (Z)2-B-1-1 928-94-9 864 862 6.12 £0.26° 6.09 +0.27° 4.86 +0.30" 5.62 +0.58°
4 IECEE 111273 868 869 5.46 £0.22° 5.55 +0.23° 4.29 +0. 18" 5.25 +0.25°
5 IERiEE 111-70-6 970 969 1.86 £0.07° 1.87 +0.03° 1. 68 +0. 06* 1.86 +0. 18°
6 1-FHE-3-I 3391-864 980 983 1.61 +0.05% 1.74 +0. 06" 1.53 +0.09" 1.77 +0. 14
7 RHEE 100-51-6 1030 1031 4001.49 +65.91" 4234.72 +381.90" 3630.26 +93.78° 4 678. 84 +262. 52°
8 IEFME 111-87-5 1068 1070 3.92 £0.20° 3.94 0. 13° 3.97 +0. 18° 4.53 +0.65°
9 SRR 78-70-6 1100 1097 833.53 £40.01%" 894.65 £48.57" 792.6 +110.01" 998. 00 =127. 84*
10 A5 20053-88-7 1102 1101 3.60 +0.32° 3.61 0. 11° 3.48 +0. 12° 3.88 +0.42°
11 KB 60-12-8 1111 1109  1970.44 £170.42" 1882.18 £126.65" 2449.99 +132.42* 2 061. 03 £76.40"
12 (E)-MAE B 547-61-5 1138 1139 3.71 0. 15° 4.03 +0.29° 3.80 +0.37° 3.93 0. 64°
13 (Z)-3-Ths-1-F 10340-23-5 1153 1156 3.43 £0.20° 3.48 £0.09° 3.62 +0.24° 3.75 £0.47°
14 1-Fp 143-08-8 1172 1172 9.90 +1.32° 9.83 +0.35° 11.53 £0.96° 12.02 £1.62°
15 o-HAIEE 98-55-5 1192 1190  45.12+0.81" 48.41 +1.29% 49.32 + 1. 14° 46.35 +3.77%
16 FEALRE 106-25-2 1224 1228  26.46+2.10°  27.65«1.28"  31.55+3.20"  31.87 =1.90°
16 158.91 = 16 602. 91 =+ 19624.1 + 19 461. 03 +
17 FHWEE 106-24-1 1259 1256
1452.08" 1081. 44" 1577.97° 1172.57°
18 BT A 40716-66-3 1561 1560 1.71 0. 11" 1.69 £0.07" 2.02+0.17° 1. 84 +0. 06
23094.72 = 23750. 33 = 26 633. 55 = 27334.85 =
BERALE ) B ' . N ‘
1 634. 69° 1 506. 15" 1815. 96" 1591. 66°
[[ES
1 3-HETHEE 590-86-3 646 655 3.96 £0.31° 3.96 £0. 34" 2.55+0.87° 5.01 £0.51°
2 2-FHIELTRE 96-17-3 656 659 3.83 £0.25" 3.89+0.41° 2.40 +0.75° 5.06 +0. 45°
3 EC 66-25-1 799 801 30. 06 +0. 33° 28.69 +0. 34° 27.47 +1.64° 28.03 +3.25°
4 2-CE 505-57-7 850 854 70.51 £1. 70° 77.40 +0. 75° 74.81 +5. 80° 55.53 +6. 56"
5 PR 111-71-7 901 901 12. 64 +£0.51° 14.29 +0. 85° 13.84 +1.48° 14.69 1. 69°
6 (E)-2-Fiiams 18829-55-5 955 955 1.95 +0.07" 1.90 £0. 04" 1.94 0. 10" 2.29 £0.21°
7 ORI 100-52-7 958 959 304.86 £7.32°  315.43 £18.17"  310.63 +5.62%  301.44 +22.57°
8 IEFERE 124-130 1002 1001 3.99 +0. 094 4.31 +0.02°¢ 4.64 £0.25" 5.17 +0. 17*
9 (E,E)2,4-FJ&iE 4313-03-5 1008 1008  20.41 +2.75% 17.54 +4.77° 25.48 +1. 36" 24.10 +£0.93*
10 RO 122-78-1 1037 1039  33.82+1.38"  36.35+1.38"  38.88 +1.99* 38.45 +3.16*
11 (E)2-Fk 2548-87-0 1053 1049 4.16 +0. 26" 4.11 £0. 19> 4.60 £0. 42 4.92 +0. 35°
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75 &Y CAS & RI RI® AL
T4 T42 T3 T2 4
12 T 124-19-6 1103 1102 26.05 £3.06° 28.82 +1.46%  31.81 £2.21% 32.87 £0.87*
13 (E,Z)2,6-F )i 557482 1151 1154 2.10 0. 11" 2.18 £0. 08 2.35+0.17° 2.07 +0. 12"
14 (E)-THilk 18829-56-6 1159 1156 3.10 £0.29" 3.18 £0. 10 3.54 £0.17° 3.24 +0. 18
15 BSmF 112312 1205 1205 2.42 £0.27% 2.12+0.11° 2.41+0.21% 2.79 £0. 36*
16 FEALRE 106-26-3 1237 1235  26.55=+1.36" 29.44 1.3 32.28 +2.31° 29.4 +1.85"
17 FriEmE 5392-40-5 1269 1267  44.94 +3.33" 47.83 £2.03" 53. 68 +3. 30" 44.98 +3.39"
BERAL S W) 587.53 £20.20°  613.60 £24.36* 628.37 £20.91*  589. 97 +40. 84°
LS
1 (2)-TH-3-CHit 16491-36-4 1185 1186 6.62 +0.77° 6.39 +0.20° 7.43 £0.43° 7.53 £0.79°
2 KRR g 119-36-8 1190 1191  630.90 +48.96" 646.38 £30.93" 704.29 £45.92"  792.69 +53.76"
3 EFMERW N 1189-09-9 1321 1321 6.44 +0.78° 6.98 +0.25° 7.45 £0.58° 7.57 £0. 66°
4 LTRREAETR 141-12-8 1378 1381 7.46 +1.24> 10. 98 +0. 64° 10. 19 +1.03® 8.11 £0. 76"
5 (2)-CR-3-Cile 31501-11-8 1380 1376 8.21 +1.09° 8.23 +0.32" 9.67 =1.05* 9.06 +0.97°
6 CHRCFE 6378650 138 1385 2.20 +0.22° 2.22 +0.09° 2.50 +0.29° 2.43 +0.12¢
7 (E)2-BFECR 53398-86-0 1388 1391 4.94 +0.49" 4.95 £0. 14" 5.81 £0. 46" 5.57 £0.36"
8 (2)3-CMEERTIREE 25152856 1571 1568 2.33+£0.23° 2.35+0.16° 3.59 +0.17° 3.17 0. 25"
BERALE W) M 669. 10 £53.58"  688.49 £32.35" 750.93 +48. 15" 836. 13 +54.32°
V& eSS
1 Ak 123-35-3 989 989 24. 68 =0. 68° 23.97 +0. 42° 24.13 +0.87*  23.45 +0. 65°
2 B 138-86-3 1026 1024  7.23+0.09° 7.23 +0.24° 7.19 £0. 33* 6. 80 0. 36
3 (Z)-B-ZiE 3338554 1033 1034 8.70 =1.54" 7.43 +0. 120 12.61 +0. 87* 8.02 +0. 43"
4 (E)-B-%Z¥#iks 13877913 1043 1046 8.87 +0.26° 8.94 +0.40™ 9.75 0. 57° 9.64 +0.31"
AR EY B 49.48 £2.27"  47.57 £1.01" 53.68 £1.03"  47.911.11°
[UEES
1 6-FJE-5-Pald-2 - 110930 984 986 3.90 +0. 09 4.12 £0. 08" 3.69 0. 06" 4.14 £0.41°
2 AR 488-10-8 1390 1392 33.80 +5.26" 34.35 4. 84" 47.72 +3. 66" 39.51 £2.11°
3 RN 689-67-8 1448 1452 2.35£0.20" 2.47 £0.20" 2.71 £0.20* 2.91 £0. 36"
4 B-E% 2 79-77-6 1479 1475 9.99 +1. 83" 10.35 +1.07" 13.72 £1.13* 11. 14 £0. 60"
B2t 5 B 50.04 +7. 13" 51.29 +£6.05" 67.85 +4.92° 57.70 £2.77"
ARMLED
1 ;é;ﬁwﬁi%%ﬁ?% 34995772 1066 1066  26.82+1.94*  28.20=1.18"  24.882.47"  26.46 +3.49"
2 Z;@'%%ﬂ%ﬁ i 5989-33-3 1084 1082  61.48 +£3.48"  63.97 +2.52° 61.07 £6.55*  64.16 +8. 19°
3 ;é;utt LEEAL S 14009713 1170 1168 6.47 £0.42° 6.41 £0.11° 6.89 0. 60" 6.25 +0.41°
4 ;é;ﬂmmﬂ%ﬁ%ﬁ 39028-58-5 1175 1173 19.79 £1.14"  19.37 +1.04*>  21.94 +1.95" 18.9 +1.90"
ARILEY B 114.56 +4. 16" 117.96 £2.94*  114.77 £10.95" 115.76 +13. 16"
Hoftb
1 ZHER 75-18-3 546 565 3.39 +0.03" 3.55+0.11° 3.20 +0. 40" 4.33 £0.18°
— 24 573.77 = 25277.74 = 28258. 15 = 28992.24 +
1713.72¢ 1558.33" 1898.92 1 688. 94°

a. RI{ERVET NIST B¥i % (hitps ; // webbook. nist. gov/chemistry/) , AAEME PEAE DB-SMS 3L b. RI Fomil i IEMBERE (Cs ~ Cyp ) HIIE
e R B LAY RIE ; ANRVING AR R R T8UE 22 5+ 3 (P <0.05) .
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Tab.3 Linear equations, coefficients, and linear ranges for external standard quantification of 16 volatile compounds

T L&A R CAS 2Rk R? VIR (pgeomL 1)
1 (7)-3-C IR P R g 25152-85-6 y=1x10"%x-0.0002 0.999 8 0. 0001 25 ~0. 004 00
2 JE 112312 y=3x10""%+0.000 5 0.963 8 0. 000 25 ~0. 004 00
3 i 106-25-2 y=5x10""x -0.0007 0.9989 0. 000 25 ~0. 008 00
4 (Z)-CR-3-CI&HE 31501-11-8 y=7x10"%x +0.000 1 0.9992 0. 000 25 ~0. 008 00
5 CRRC R 6378-65-0 y=5x10"2x+0.000 3 0.998 3 0. 000 25 ~0. 008 00
6 B-4% 4T 79-77-6 y=2x10"%x -0.000 4 0.9999 0. 000 25 ~0. 008 00
7 (E,E)2,4-FF Ik 4313-03-5 y=6x10"%x-0.002 3 0.996 3 0.0005 ~0.0160
8 (Z)-THR-3-C Ml 16491-364 y=5x10""x+3 x10 3 0.988 5 0. 001 ~0. 032
9 R 100-52-7 y=7x10"%x -0.0009 0.993 4 0.0025 ~0.0400
10 2R L 1R 110-38-3 y=5x10""x+0.0009 0.999 1 0.002 5 ~0.0800
11 IR 7 1) 488-10-8 y=6x10"*x-0.019 1 0.997 8 0. 025 ~0. 800
12 Iy 78-70-6 y=3x10"%x-0.293 5 0.990 2 0.075 ~1.200
13 7 100-51-6 y=2x10"%x-1.5386 0.9619 0.25 ~8.00
14 RO 60-12-8 y=7x10"7x-0.54 0.9830 0.25 ~4.00
15 KA i 119-36-8 y=3x10"%x-0.7333 0.986 4 0. 625 ~5. 000
16 oy 106-24-1 y=1x10""x-1.906 0.998 8 0. 625 ~20. 000
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Fig.5 Partial least squares-discriminant analysis and variable importance projection score of volatile compounds in

Keemun black tea-Jinzhen with different shaping methods
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Tab.4 OAV values of odor compounds for Keemun black tea-Jinzhen with different shaping methods

e LA aT e ( f{f‘/ Tz owz 1za T
TR
1 2-HISE T ATATIR AR 1 3.83 4.08 2.4 5.06
2 o 1 RAE 2546.21 1.57 1. 66 1.43 1.84
3 I3 R & FiE 0.22 3788.77 4 066. 60 3602.72 4536. 36
4 K RE BHAE & 564.23 3.49 3.34 4.34 3.65
5 B it LA 1.1 14689.90  15093.60  17840.10 17 691.90
6 W T WER RIAE 6.3 5.37 5.77 6.17 6. 10
7 T’ wE R 1.1 23. 68 26.20 28.91 29. 88
8 T FrtgA 28 1. 60 1.71 1.92 1.61
9 I B G 0. 587 6. 80 7.34 7.91 8. 80
10 KR g AT AT MR 40 15.77 16. 16 17. 61 19. 82
11 B-H M TR 1.2 20. 57 19.98 20. 11 19. 54
12 (Z) -1 ipg 21 75 ot i S AL Pl 6 4.47 4.70 4.15 4.41
13 (E) -k e 2 55 1 s AL ) & i AR 6 10. 25 10. 66 10.18 10. 69
14 B-5 % 4 i WE B 2F 0. 007 1427.31 1479. 11 1960. 38 1591. 04
oA A

15 e ETINE 3 SR 1 NIRRT 0.12 28.29 29. 61 26. 68 36. 08
16 3-FIL T FHT BREEIR 1.1 3.60 3.77 2.31 4.55
17 EC BRI S 5 6.01 5.74 5.49 5.61
18 2-CHEE WRE A FHA 30 2.35 2.58 2.49 1.85
19 IE B eI S 2.8 4.52 5.10 4.94 5.25
20 14531 BEHR IR HR 1.5 1.07 1.16 1.02 1.18
21 (E,E)-2 ,4-R —JiiE IR NS 15.4 1.33 1.14 1.65 1.57
22 (E)2-F M NEITHR KRE HA 3 1.39 1.37 1.53 1. 64
23 (E,Z)-2,6-F I LU S 0.8 2.62 2.73 2.94 2.58
24 (E)-T-Hl BN HX 0.19 16. 34 16.75 18. 61 17.07

BRI T hitps: / www. femaflavor. org/flavor-library 1 https: // www. flavornet. org/flavornet. htm ; # & ¥ £k & 4 B {8 Ry 1249 o A 7K
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Effect of Shaping Methods on Sensory Quality of
Keemun Black Tea-Jinzhen

YANG Jihong', XU Yujie', ZHU Lin’>, ZHOU Hanchen""*, WANG Hui', LIU Yagin', LEI Pandeng'
(1. Tea Research Institute, Anhui Academy of Agricultural Sciences, Huangshan 245000, China;

2. Anhui Provincial Key Laboratory of Food Safety Analysis and Testing, Hefei Customs Technology Center
Hefei 230022, China)

Abstract; In order to explore the effect of shaping methods on the sensory quality of Keemun black tea-
Jinzhen, fresh shoots of “Wancha 4” tea variety were used as raw material. The same manufacturing
stages of withering, rolling and fermentation were adopted. Then, Keemun black tea-Jinzhen samples
were produced by four different shaping modes. Sensory evaluation, ultra-high performance liquid
chromatography-quadrupole-exactive-mass spectrometry and headspace-solid phase microextraction-gas
chromatography-mass spectrometry were used to analyze the differences of key taste and aroma
compounds. Four shaping modes were twice mechanical shaping after a first-drying ( mode 1), single
mechanical shaping after a first-drying (mode 2) , single mechanical shaping with an additional manual
shaping after a first-drying (mode 3), and twice mechanical shaping without a first-drying ( mode 4 ).
The results of sensory evaluation showed that the shaping mode affected the appearance, taste and aroma
of Keemun black tea-Jinzhen. The scores of sensory evaluation in high to low order for shaping mode were
mode 3, mode 2, mode 4 and mode 1. Sample prepared by mode 4 had a straighter and better
appearance than others. Mode 3 enhanced tea samples with a more trichome character. Manual shaping
could improve the shape quality of tea. The moisture content of fermented leaves decreased after first-
drying, which was not conducive to the shaping of tea strips, but was conducive to the aroma and taste
quality. Keemun black tea-Jinzhen made by mode 3 obtained a stronger sweet floral fragrance and the
taste was mellow and fresh, and the comprehensive score was the highest. The samples of mode 4 had
stronger sweet floral aroma, but lower mellow and thick taste than those of mode 3. The sample of mode
2 had a lower appearance score, but had strong sweet floral and mellow taste. The analysis of taste
components showed that mode 3 could better retained the content of catechin, thearubigins, free amino
acids, soluble sugar and theaflavin-3,3’-digallate in the sample. Mode 2 retained a higher content of
theaflavins, but the content of 3-O-galloylquinic acid was also higher, which increased the astringent taste
of tea infusion. However, the higher quinic acid content in mode 1 and mode 4 samples was not
conducive to the taste quality of the tea infusion. The results of volatile compounds analysis showed that
geraniol, benzyl alcohol, phenylethanol, linalool, methyl salicylate, and 2-hexenal were important
compounds affecting the aroma quality of Keemun black tea-Jinzhen with different shaping methods. The
ratio of odor activity values of volatiles with a flowery and fruity character and volatiles with other odors
(such as fat, green, etc. ) was highest in mode 3 sample, with best aroma quality. The results of this
study elucidated the effect of four shaping methods on the flavor quality of Keemun black tea-Jinzhen,
which could provide theoretical basis and technical reference for the improvement of the process of

Keemun black tea-Jinzhen.

Keywords: Keemun black tea-Jinzhen; shaping mode; sensory evaluation; taste substance; volatile

compounds
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