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W F: BN ETHFERERREAUIRRR, U A RN T A RBREHUE T ARSI 22 5, Ik
I LSRR Y SR TTIR AL AY . Fa3E SR E B8 43 M7 (quantitative description analysis, QDA)FI = 4K
AH 235 - DU AT - F, 37 S0 3E B ) 20 9 5T 3% 9% (ultra performance liquid chromatography-quadrupole-electrostatic
orbitrap high-resolution mass spectrometry, UPLC-Q-Orbitrap-MS)7 51Xt #2 [[IAS [6] T4 T2, A AT M i R @
PERARE & PALS WA T TR E PEN AR SR ) i 27, % Compound Discoverer 3.1 3R{EX L& MI#AT %€,
HEEGFITFHAE SIMCA 14,1 T CHE R IRYI BT, SR A AN TRIBRIEALUE T H 28 IR FFIE R LA IR
Ry 3, AR FEER . BRER 3 LRV Z () £ B EARSC, ELIA SRR AR 5L 2 SAHDC, SR St
DR EARSC o Sl A BB ARG I 2 481 FhAEHE R MEAL S, Hoh BAAbREE 2 R A 81 7, JF
T8 33 i Fee /N e - B AR B BB (partial least square-variable import project, PLS-VIP)#A5 T X 5 — Rl a5 4 43 &
PERSCEEDTRRN T o 48 IZWEITHAE T S22 FLRE T 1 28 G R (0 DG B8 DURR LS, A TS TR A SR
AT R 5 T ) R 3R 4 T S KR -
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Analysis on the difference of taste substances in white tea under different
drying methods based on high-resolution mass spectrometry
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(Chengdu Institute of Product Quality Inspection Co., Ltd., Chengdu 610000, China)

ABSTRACT: Objective To clarify the differences in taste substances between natural sun-dried white tea and
dehumidifier-dried white tea, and screen out the key contributing components that affect the taste of white tea based on
molecular sensory science research system. Methods The taste and non-volatile compounds of white tea from
Huaying Mountain with different drying processes was evaluated and screened non targeted by quantitative
description analysis (QDA) and ultra performance liquid chromatography-quadrupole-electrostatic —orbitrap
high-resolution mass spectrometry (UPLC-Q-Orbitrap-MS). The compounds were identified by Compound Discoverer
3.1 software, and the key flavor substances were screened by statistical software SIMCA 14.1. Results The taste

characteristics of natural sun-dried white tea and dehumidifier-dried white tea were dominated by bitterness and
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astringency. There was a significant positive correlation between bitterness, astringency and sourness, and they were

all significantly negatively correlated with sweetness and umami; umami and sweetness had a significant positive

correlation. The 481 kinds of non-volatile compounds were detected by UPLC-Q-Orbitrap-MS, 81 ingredients with

iconic differences among them, and the sub-attributes for each taste were obtained by partial least squares-significant

variables projection (PLS-VIP). Conclusion This study identifies the key contributing components that affect the

taste of sun-dried white tea and dehumidifier-dried white tea, and provides a reference basis for further study on the

material basis of white tea taste quality in the later.

KEY WORDS: white tea; quantitative descriptive analysis; ultra performance liquid chromatography-quadrupole-

electrostatic orbitrap high-resolution mass spectrometry; taste; drying method
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UL BUCRR R BRSNS, AR HA RIFIPIRA b
R PUAARCR, FRAE R TR IR . B
JIEL I ) 1 A B e 26y 1 ELAT o 2 DR 3O HLax
TEPERL TR S A I E R R B, A, &
B EL R 5 R R . IR T ST B R
TArE ), AR 2R 74 A AR JEORL b & R Y T Y
FEF, N AR 205 B e AL, ] B0 R U (R85 AR il )T
DO T a8 . 208 . SRS 2Rmyin L L2, AL
PRI B, KSR, AN 2508 K TR E TR, R
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#5378 H7 (quantitative description analysis, QDA) =437
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ARWFFEIET 0 FIRERHAF R R, ARG
EIRYIBAT, DAY A2 (L 2 M2 JEURhE o A [F] 4 07
A 09 PR AT F AR, SR R v 28 A 3 - U AR AT -
i L I LT B e 0 S SO0 2 v R R 1A T A
PO AL, 2 A IR 7 1 X A GRS VRS, IRl 200
GETH AT EOR, BE FARIG T AR ABRIB AL T A2
FH SR, L SRR S S ST 2y, DU
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ARSI

1 MR5ERE

1.1 w5 S5EE

LR R B DU e A 22 L A 2 w0 T AR A4
FIAS. EREM AR . BEM R ERVE . MR 6% B
RN ZESAFQREE 26°C, MIXHREE 70%, #EF-FAR
BB, 0 24 e —SENT, RuvE T,
o HI~H12 RBRBHLME T FI25: 50°CALRHE 24 h; S1~S12 2y
HARIT 55 HRIYECRE 20~25°C)4b B 48 ho FrAHE
se B RZ R RG4S 3, FCT 4°CUKA

WG, W, HER(i%4i)(3EE Thermo Fisher
Scientific 23 7).,

Orbitrap Exploris 120 #7 = 2B (35 - DU AR - i 3
BB B = 0 P (BC /5 Compound Discoverer 3.1 (3%
AP R SE, ZE[E Thermo Fisher Scientific A H]); HC-3018R
1 TV R B DAL (R B R R AR A BR A D,
KH-500DB %428 6 7 15 37 Wk #5 (B2 1LL R B1 e 75 A2 A PR
/N #]); ACQUITY UPLC HSS T3 {434 (100 mmx 2.1 mm,
1.8 um)(3E[E Waters 22 l)o
1.2 /5 %
1.2.1  FFFEL HALS e

FEMATALEL: FREL 100 mg 258 F 5 mL &0 9,
AEBUE 70% M KA | mL, %387 30 min,
—20°CHH# 20 min, 12000 r/min, 4°CZF F &0 5 min, U
£ HER, HEAEI 2 K, AIFLER, EFZ 5 mL,
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i 0.22 pm HHLIERE, EAL,

Jfi¥E(quality control, QC)FE: M T FE S 2B H 4%
B 0.5 mL, REA], HFIEAM M sk ik e e,
122 BELH

@ikl ACQUITY UPLC HSS T3 f43541:(100 mmx
2.1 mm, 1.8 pm); H:iE: 40°C; ##E: 0.3 mL/min; JEFER:
L uL; JBAH A: 0.1% R, o B: L. VR .
0~0.5 min 5% B; 0.5~3.0 min 5.0%~20% B; 3.0~6.0 min
20%~50% B; 6.0~8.0 min 50%-~70% B; 8.0~8.5 min
70%~90% B; 8.5~10.0 min 90% B; 10.0~10.1 min
90%~5.0% B; 10.1~13 min 5.0% B,

B2 WEZEHLIR: 3500 V (+), 2500 V (-); MR

BE: 350°C; SR 50 Arb; HiENAUE: 15 Arb; B4RETRES:

320°C, AH4)7=X: Full MS-ddMS2 (4 scans); 33 7 Fl:
70~700 m/z,700~1500 m/z; —Z% LA HER 60000 FWHM;
B AR — P4 43 R4 30000 FWHM

RN 4 LI A Compound Discoverer
3.1 BRPFATIEARI . WXt . R dnBR . EEUE QC A
i M X B 7 R 22 (relative standard deviation, RSD)<30%
FIRRIE 8 T, tb AWM E i MZcloud . MZvalt,
Chemspider ZE5HE 72
123 REIRA

KSR GBIT 23776—2018 { ZEMHERE HIT ),
REHLFREL 3 g FIZST 150 mL KR8 PEARAR, F 150 mL oK
M 4 min, U8, REERER, g B BAERIPO R,
HHA 30 U B0 TR 2 B i A R
TR

TR PR N D F R ST VA AR 1) S S e AT
P4y, DAMNMERCH w2 ), RWETFILRRKE TR
fik (epigallocatechin gallate, EGCG) NIRIES L), 7+ &R
BNEEIRZ L), FREREAENR S LY, PR IR 2 1t
W, 2 LW Kok g A iR R A e 1129

R1 SHEYIRERE RAER R ERRE ME
Table 1 Reference concentration gradients and corresponding
taste intensity scores

Z Wi/l YRS
0 2 4 6 8 10
Wi MG 0 0.20 0.40  0.60  0.80 1.00
EGCG 0 025 050 075  1.00 1.25
A AR 0 0.20 040  0.60 0.80 1.00
MRS 0 0.15 050 150 3.00  4.00
PR 0 020 040 0.60 0.80 1.00

1.3 BEZITS S

K 1 SPSS 22.0 Xk sy @ s P B i T AR g
T, I ESI AT SR Origin 2018 SFF 7R 53477
K F SIMCA 14.1 #:47 3 B4 43 T (principal component

analysis, PCA). 1E3& /N _—FH5 53 #T(orthogonal partial
least square-discriminant analysis, OPLS-DA) /N _3fe-H
B AR & % 5% (partial least square-variable import project,
PLS-VIP)/Mir .

2 GER55H

2.1 HmEEURFHENESHER D
PR IR 2R S B 5 R G R o3 T 1 i O
MEERILFE 2. BRIBALHET A9 A BEBRAIEHIR | 35 A
IR 2 1] 22 5 8.3 (P>0.05), HAR LRy 8 Mk 2 ] 22 5
B E(P<0.05); HSRARWEF 1 (1 A BEBR AR IR 2 1] 22 R
183 (P>0.05), HARWEMR S BV Z 7 25 7 35 (P<0.05) .
P T 200 PRI AR 2 LR R ol 3, BHOR | R
EEE IR AR HRAE— L LT KO, EARIAT 1 (A ok . R
W ERBRIE R F BRS04, 1 e R RO T
SIEERMR . NFR 3 A5 UEWR 43 T PR I AR DG S B 45 SR T LA
B, R R BRIR 3 FPEIR P 2 A OG,
LS R R 5 2 AR G SR SRR 2 B A
5o K T TR A R A 22 1) LA WS o R B,
RO S E PRI LZE R | MEFO A EEA K,
3 H A 1 s LRI R VA, AT LA ISR A B A K i Xt
TR BT, DTS 5 2507 i s AT S A T DR 1y
AR, FE— s RREE b AT LA 3 v, oA 45
5 AR A B g 4 SR — 3
=2 BARERREEEWARNNER

Table 2 Quantitative description analysis results of the taste
of white tea

Wk JE P BT i+
U 4.3+0.2° 5.240.2°
ek 4.2+0.2° 5.7+0.2°
7S 2.0+0.4° 3.4+0.2°
7R 2.4+0.2° 1.540.1¢
(LS 2.4+0.3° 1.440.1¢

T SRR FEERRTE P<0.05 KBRS
®3 BERSBHMBEXMESR

Table 3 Correlation analysis of taste attributes

*%g:f sk Wk mk sk Ak
EUS 1

ik 0.909™ 1

(S 0.882" 0.908" 1

LEUR -0.874™  -0.863" -0.824" 1

(LS -0.869™  -0.935" -0.825" 0.857" 1

e HSEYETE 0.05 /KF B GUR); ** A 0.01 KF i
FOWR)-
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Fig.1 Multivariate statistical analysis of the non volatile components in white tea under different processes
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Fig.2 Heatmap analysis of the iconic difference components of 2 kinds of white tea under different processes

AT, BB B2, VIP HEETHER L 4. &
3 HRERR . R TR T — | TURIR, 3 F A IEMTE,
BEVRFIFHIRRAE T . =R, Wi Z LIRS, %45

IR, WARELA B SR Z Horfidkd,

PG 5 R EIEA ST L G Z . WK 4
AT LA, XF 5 R B2 stk ie s vIp E>2.5

MRS BITS, DALy . Mt AR 3, 3 4h

AL R AR, XA YR 50K IR



%16 1) BEE, S SR TR O AN R AR DT A AR R 2 S B 5325

PERTABORIIFAN o ORI I SRR A ek, By JOF B BRE ok, 32 SN AT BB IX SE ) AR P A
WSRO RS2 LR R AR 2 W2 AR, SR A AP EEREDN.
R ORI S ECO N, R s R B STk A

BUBRLAFF RN 3, TR A0 B DR 38 vk A 06 : DR
VEBRUOL, e BEMRAISCPESHT R, 5 Fhimk 2 IS 3%, oal Ohert

R IR PRIK 3 2 A IEASE, IR IR
BEGRDG, RUJEA IR R BRIRAALSPIRTIX 3 Fl
AT IETTRR, A EEARISHIAA TSN, X o N i g 1
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pef2]
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E%E’J%%%H‘Egﬁﬁﬁﬁiﬁ H%*giﬁﬁiﬂiédj%&i _0'_60'20 _0j15 _0'.10 _0105 1] 0'65 0"10 0'|15 0"20
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s, BERMAFRBT B EIR, LR RIS, Xy Fig.3 Correlation diagram between taste properties and taste substances

R4 BUAYXTE—ERST BN VIP fHitLs

Table 4 VIP screening results of each compound for single taste

EW AR FEUS Ik Rk LEUR Ak
Wik 2 -3-0-(6>>- L 2 - P- 7 BTG -2 - A M R ) B W T 4.58 4.68 4.47 4.71 4.67
YA FLRAT 1 4.17 430 4.12 428 4.24
IR 3-(27-(E)-WEPBE 7 2 A A8 )-(1->2)- R A M 17 - 72T AT 4.15 426 4.07 427 422
SEHIAIER 27-0-(6"-(E)-p-F BB A BT 4°-O-F &b 3.93 4.05 3.92 4.05 4.01
Wik B 3 3-(67>-p- 2 A B (1->2)- B2 BT 3.91 4.06 3.87 4.04 4.00
I 3-RAREE-(1->3)(4°- 2Tk AR L) (1->6)- L 2L 3.52 3.65 3.46 3.58 3.63
IS By -3- 2R LB -6 - B2 -3 - I 2 3.10 3.20 3.06 3.23 3.20
FRHEFILEE 3-0-G-0- BT T H IR) 3.08 3.18 3.03 3.24 3.22
27-0-WETRERFIE 3.07 3.19 3.01 3.16 325
INZETF C 3.06 3.18 3.00 3.14 3.13
AR A 2.95 3.02 2.88 3.04 3.00
AR iR 2.95 3.03 2.89 3.11 3.10
FILAE 3-0-B-0- & TR EER) 2.85 2.96 2.82 2.96 2.94
6- A BRIEER-7-(67-p-BHHEK) 2.84 2.99 3.25 2.89 2.83
FrigmR 2.65 1.61 1.27 3.05 1.16
kR 3R 3-(6-[4-F A I -p-Fr & R AL ) (1->2)- R 2.57 2.62 2.51 2.65 2.60
YR T -1,67-O-fi R £ 2.53 2.60 2.49 2.60 2.59

e R Ly i 2.42 1.09 - - -
WL H e 2.34 2.34 2.23 2.41 2.31
FIRER 2.23 2.61 2.61 2.39 2.51
INZS M 3B -(1->3) (4 - L BE R ZEAE L) (1->6)- L FLBE T 2.20 2.19 2.07 2.26 2.54
FERE TR AR -4 - kR i 2.15 222 2.12 222 2.23
LR 2.13 2.20 2.10 2.23 2.19
L2 3-mn Mk PSE SRR — W -7- R 2.03 2.07 1.98 2.08 2.07
JUg T i PR 2.00 2.03 1.94 2.04 2.01
WAy 3- IR RMETT 7,4 - 45 45 BE 1T 1.91 1.59 2.20 1.39 1.87
NS 3-F BT -7- ML -(1->6)-(27-(B)-WHEBEFL ) 1.90 1.92 1.85 1.94 1.91
INZS T 34 = - 7- A A B 1.78 1.77 1.71 1.80 1.76

HR& WL =& R 1.73 1.77 1.69 1.78 1.76
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e )
et/ AN TR ek iz ik fif A FILS
WR I B2 1.68 1.72 1.87 1.81 1.73
1,2,3,6-P4-O- i Jk-B-D-Hi & il 1.67 1.71 1.63 1.72 1.71
Wi R 3-(67 -t B F IR I 1.66 1.71 1.62 1.72 1.68
2 SH 1.62 1.75 1.69 1.68 1.74
RWETFILEFE 3-0-UNHERR R 1.60 1.65 1.57 1.70 1.67
AR 3SR 1.57 1.59 1.52 1.59 1.60
BT 4-0-(2°-0-WIHEEE-6-0-p-7F 2 BEHI A FE ) 1.56 1.51 1.52 1.55 1.50
AN R 1.54 1.59 1.53 1.65 1.61
55 1.53 1.58 1.52 1.61 1.66
TR 3R RLME 1.51 1.57 1.47 1.54 1.52
FER 1.50 1.59 1.47 1.50 1.53
2H e 1.47 1.61 1.51 1.68 1.43
i 1.46 1.50 1.42 1.47 1.46
Wit e R -3B-D- B BT 1.45 1.33 1.36 1.34 1.31
T 1.43 1.36 1.34 1.38 1.35
Mt = 1.42 121 1.20 1.20 1.19
27 J 2 ImMERE  2E R R 1.40 1.41 1.35 1.42 1.40
RRBHH 1.40 1.45 1.35 1.43 1.41
M 5 R 1.39 - - - -
47-0-HR-RE A FILER WA FIRER 1.36 1.40 1.33 1.44 1.43
% 1.34 1.36 1.29 1.37 1.45
Mt i £ 3-(2°,67-— H kP 2L 131 1.34 1.30 1.33 1.33
PRI~ 11 - L -B- 2L A R 1.30 1.31 1.27 131 131
B # e 1.27 1.28 1.26 1.27 1.26
27 AIHERE S AR 5 3 1.26 1.29 1.23 1.30 1.28
2L 1.25 1.26 1.21 1.24 1.24
I 7-0-Fik L 1.25 1.27 1.20 1.29 1.24
JFAEF R C 1.24 1.25 1.17 1.26 1.38
DL-15 % 1.23 1.26 1.21 1.37 1.27
D-(+)-3F 2 1.23 1.26 1.41 1.25 1.24
AU R 1.23 1.08 1.05 1.08 1.06
1,3,6- = 4B 2 B 44l 1.23 1.23 1.19 1.23 1.22
3A-ZCAREERHIR 1.22 1.23 1.17 1.23 1.21
KR 1.19 1.15 1.11 1.15 1.14
Wit & 7-[ARAEIE-(1->2)- MR 3L -(1->2) - AR 56 )-(1->6)- A R v 1 1.18 1.05 - - -
Wi EE R 3-(27-X FR SRR Y -4 - X0 7 12 3% BT 1.18 1.16 1.07 1.14 1.25
1,6-%-0-(3,4,5- = ¥ FE 7R F Bk k) . Wk iy bl 1.17 1.16 1.13 1.16 1.15
JFAEHF R Ay 1.17 1.06 1.02 1.06 1.06
SRR 7-0-BiEAE: 1.16 1.19 1.14 1.23 1.21
SRR 3-(67- B FRREEET) 1.16 1.12 1.04 1.12 1.16
Wik 2% A R T 1.14 1.14 1.15 1.15 1.15
N-CB-L-0- KA HR-L- 5 WA 2 1R 1.13 - 1.04 - -
HE 5-(67-N BT 1.11 1.16 1.19 1.14 1.12

feri e 1.08 1.02 - 1.11 1.07

Bl




516 W WEE, & BT PRI R TR T 3 B A R B 25 4 bT 5327
=48

& WBFR TR PHHUS IR firf A FH

Wit e 28 3-Z=F/H-7,3 - WA 1.08 1.10 1.05 1.11 1.09

TEME R 3THER 1.06 1.10 1.14 1.05 1.04

ARBHER 1.06 - - - 1.11

REHT A, 1.06 1.06 1.01 1.02 1.25

DL-AH, 1.05 1.08 1.05 1.12 1.09

TERE 7-(67-C SRR AT 1.02 1.05 - 1.09 1.04

1143 B3 -3-O- 4 A5 Wi 1.02 1.04 - 1.03 1.03

AT &R A, 1.01 1.06 - - 1.01

WA 1.01 1.05 - 1.04 1.06

e Y] 1.00 - - 1.03 1.10

1-0-% £ TR -p-D- i % W - 1.74 - 1.09 1.07

JEFH R - 1.66 - 1.03 1.03

AR BT - 1.26 - 1.03 -
3,4,3 - A8 H EEERAE IR - 1.03 - -

JFIEH R B, - 1.00 - - 1.04

K KE R - - 2.07 - -

VOiNT - - 2.06 - -

HE R - - 1.69 - -

B F - - 1.65 - -

KAk - - - - 1.06

BER - - - - 1.04

SERAR 3 AR - - - - 1.02

1 -R7R VIP<l1,

3 4 i

AHF5E R Fl UPLC-Q-Orbitrap-MS 43 M7 T 55 rpigg ik
VIR, A5 T LRI A 280 5 DR R A
22ii), FLEEBRARAE DATER . MR 3, B R Ay JE Ak 22 1)
TEEBEMICHE, BARMT AW, Bk, WIkT
SR TEBRBHUE T 0 A28, FZERE] 481 FhelE# &
f&5¥), it OPLS-DA PRNEEAIILGH M 81 Fp AT bR
22 SRS, 8 P PLIRZS . 5 RV ESER K AT A 25 |
1 Pt e e AT AE W26 | 56 I 2I (O 35 0 e 2 A 2
T, L ZK . ). 3 A mdis . 8 Flhdtfhslk, A
BUER . BRI 2846 G W 2EMG T A 28 vh 0 3 i 30l e T4 T
M5, FFilad PLS-VIP S #1581 T X4 —Fpigg ok o0 JE v H.
A TTHER I NSY, XA RO B A B TTER R DAL &
Wy . A R DO Dy R, DR IR LR R
FAHER . ZEE R — W 455 F R B SR 3Rt T
FUSEE, N AR L AR R R T 5%
{RZATIFT BG4 8 1 0 B P 43 18T 58 2 B 5 ek
BRE, SR A N EWRRE, 2T —EbE59xF
VLR S IR PE DTERPE R TR, 3 Ah, A th i TTERY Bk 2
BREAEMMASRT S RZREHRNAEY, &F —85
25 B/ MEXT R ST B W O A R, R
RAEZE M R FE ) B R TR AW 5 .
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