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Fig.1 Mass spectrometry—based molecular networking of 300<m/z<500 in negative ion mode

: 955
' ID" a0g == 514
£ YA

(IEIRE) , aniEl 1 BFos o F W 4 b i — Ay 3R
AN 1L (= U W Sl a1 LB U N s el o1
FLAT AR | %5 288 10 R A0 A AR B2 v 1K

FE Zhong SFUSLE S5 1 R T 254k 5 W) 0T % 24 i
FRAL R LR I, 455 il or 7 M 4 R 2
Y AT e b, X LA 1 H ID_954 JE [l it —
WAL G W o ) U B M R TD_954 1 miz
463.0877, i X b o b 1 5 2Rk e e ke i
R-3-0-FikE T, HAFER R &+ m/iz 300.01,
JEM KR B UEST T8 0%, ID_688 1) MS/MS 5
ID_954 i) MS/MS AHLE y 0.80, H. &4 ID_954
RFAE R B3 300.01  PRLHCHE I 79 25 Je AR ]
VIt &, B2FREWE m/z ZHN
30.0103, FrLA ID_688 Jir HA7 (1 56 ] BB 2 A Bk
S BT R A S, I 1D_688 il i 2 -3-0- A BE
S K R -3-0-FT R BE 1 . 25y, 1D_688 1y
MS/MS 5 1D_955 MS/MS #1LE R 1,mlz Z1H K
30.0103, H &4 300.01 B FFAERE B8 7, R L 3
D JTARTRE], B e R SO BN ], 2% 1 3
ID_954 Jit HA Wy WEEL i %, LI ID_955 1Y
B Sy 2 LB Sl L A, N TD_955 2 2 -
3-0-FZLHE 1 s bt Kz R -3-0-nk g 1 . 1D_809
5 ID_954 15 MS/MS FHLEE A 0.82,m/z 2E{H N
15.9952, H. ID_809 %Ly 284.03 , #H XS T+ ID_954
300.01 fy e wg | 2% {H 3T LS5 T ID_809 5
ID_954 (1) m/z 2508 , P UL HED 1D_809 fY+ 7t My il
ZEWy, BrLk ID_809 1l A A 1 2% W —3-0—- (i BE 1/
mit m BE HF FLOME H ). ID_809 B9 MS/MS 5

N

934 == 705

1133

@ RERMENLAY
O HSEREEMNLAY
@ smEia



284 hoE

o R 2023 445 12 ]

ID_814 4 MS/MS #H LB H 0.98 ,m/z 2 {H K
0.0032, = 5 35 A [6] 43 S A A A B A BB
[, ID_814 5 ID_1133 2% JF it iM% N 0.74,
m/z 22{6 R 41.9535, 40 1D_814 Hiy 3 4~ Fe AL
AAAETR 3] ID_1133, % EF] ID_1133 Ay B

4B, +AHR/B R B
—

+3CH,
mﬁ%s-o-m}ﬂ&fﬂﬂﬁ
ID 688 o
ID 1133
WL 5 -3-O- Y S HE CRTHE /2 FUBE /.
T PR )

i, SETLLTN

ID_954 (it Bz % -3-0-Hip§ )
-OH ID 955

284.03, 1] LAFS 2 H A JT 2 1l 43 Wy, PRI ObG ) HE &
A AL R I AU B AEMERE 1, ID_954 DI %
rh =D 1 1E B P g5 R iR 2 R

%

112 A-3-0-IEMi Bl 11 %Ux/i -3-0-1- LA 1]

%v%

(L% -3-0- il B 1

o e o

WIZER-3-O-MMBEE (L RER-3-0- LA BiHF

ID_809/ID_814

2 300<m/z<500 zZ [T R EMHEN
Fig.2 Structure of nodal compounds between 300<m/z<500

22 ZFMmmIAEH
ENLLB R FHL S

AR5 X0 T IS 0 2% R AR R s 1 22 1
FALE YR I FRIE ST o b, Rl Tk
B 3 AT AS I T A R A o 22 R Ak
A 201 Meah 174 MeaWE SR EE
PR AR 3 25 5 (P<0.01) , 174 M B35 25 R0
B LA Z AL B 73 4, BRI B 48 4,
WIS G 544, T ARG SR EmNEa
68 >, H LS R KA EGW 27 A4~ B AL &)
214, IR AL AW 20 A, I T AR PR J & T R
AT 104 A4 o LR R BB 45 A, E W2
&YW 324, BIREEY 274, ZHELE
%E@ﬁ%fﬁﬂi&iﬂ):i@ﬁfiiﬁﬁ%%5%1&5,
THIRILA R R E Y, T ARG & = K T
2 62% , W& 3 FioR

LA IN T &ZE W s kR T
SRR R R 2RI AW A T B AR
fe2g s Al 528 H A H , o AP R ILZE & (EC) .
ILEZE(C) REETFILEE(EGC) WETILE

£EHNESHMENLEGYS

SPOE 1> 55484.94
_ [ ImTsi
s
5.00x10* -
£ a00x10t |
&p
oE =
4o & 300 x10* |-
=1
= 2181936
=] x10*
g A 16605.79
0453.08 11258.81
wiot | 9453,
— 6831.83
0.00 x10°*
AR BIATED LR BIATEY R RIATAEY
Flavones and their derivatives Catechins and their derivatives Phenolic acids and their derivatives
Z WY R
Types of polyphenols
B3 FMMIM.EARMENSHMENMREELE
Fig.3 Comparison of total polyphenols in tea before

and after processing

F(GC) REBTFILEREE FME (EGCG) &
BFILERBEE FTMRE(GCG) RILKRKE T
M2ME (ECG) LR R & TR (CC) MY B & = [F
KT 77%, 28R FREER-3-EFIRER S
WER-3-RE TR KHE-3, 3'—*&%%@2@51&@
BB R BE TR 2o AT 8 110 4% BR



5523 % 12 W BRI AT ME S LA 5 5 B K4 6 2540 285

ZAh, A2 WA YIS R R T )
S AL XSS W AN 4 s,
FE R IR N A 2R R D

1) HA R W45 B 5 Y A 12K
=M AR S e M SCER R PE T , al PR Bt
AR HIIE S AT 2R B L 1 B 45 1 B9 28 U R W)
R BRTHCACR WL T LR (B 3R L 3,4 fu
FEAEPIAS B B 2 56 ) Fse £ LS &R (B 36 L 3,
4,5 CLAFAE 3 AR By Rk ) 3 o g 2 S LIPS A
RHR KHRI-WE TR KAER-3-E
TR R R -3, 3 - W B TR 24N, HER A
A PSR By RS B SRR I AR A 3 A IE L
FEEERIETR =By . TR TR Al RO AR iR A
R A 25 AL B LR BRI | A e SR IR A R
WRFAGY . % HLLLLRS I AR IR 14 A6 1l 191
FTUL . Z0AS B AR IR B A U A I 2 TR T IRTE
K AR R B AR AR TR F A 0.95

D-22 =1l

B AT A
Flavones and their derivatives
TERERIL

Contents/mg - kg™
(a)

- I fn T s
i § Iy ]

=_
—_

b H
¥
6

LA FE R AT A
Catechins and their derivatives

. ,
000 100 200 300 400 500 600
S
Contents/mg-kg™
(¢)

E 4
Fig.4

mg/kg, I T )5 & &R 247.12 mg/kg, W T)5 & &
JENNTHTAY 260 £ . 7R BLEZS 1 PR 2L R
PR A A R A i Ae — 2 () LR R (2) L&k
W TR I R B R SO A LA B AR
MR ()R HE MR () R E BB TR, Hrb
(F)HHER (R FHREE TR S EAH
T2 mE A E R 91 £5 M 681 %, HARfk i B
SRR 5, £ RE LU Tk R
AT R R AR R = B R IR RN,
A BLLTAS TR R o (AR I B2, X AR R i &
FRRIINE R RV, A& F IR & 32N T
i 4.93 £, BEWIR & F IR 1Y 7~ AR 2 T HOHAE
2) B W K& A B B AR TR BRI R | B
B ILERBGY EERAG TS, XBLIK
BFRAER NG HATHN , AR AL T T
JLRME & FRRV e A g R, R —RRE T
i IR 0 7K i, DB TR PP R 199 5 DA i 1

g =
55
s
S bhie]
T PD26
A= 21}
T PD17
R— By
13
4 B
Sl
M\ - :gg,
X g 27 ]
R o, B
2] -29
2% e
Q -11 3
S D2 S
= T oms I 0 s ‘
= rps [P w:Tj
S eDI3 }
T PD4s
-44
{f 02
10 . . . . . g3
0.00 0.50 1.00 1.50 2.00 2.50 3.00

e
Contents/mg kg™
(b)

CD-01 B s
CD-03 % mT
g [
Cp-18

CD-04

CD-76 |

CD-19 g
E ]
T

o CD-02

CD-31
CD-37
CD-05 (]

CD-08

CD-49

CD-48

cD-57

CD-66 '

CD-33 . i

000 020 040 060 080 100 120 140 160
o
Contents/mg-kg™
(d)

LR ZE LR R HATAEY
Catechins and their derivatives

FMHMIM.EREERERBEULAUAYNEERERK

The content of compounds with a difference of more than two times before and after tea processing



286 hoE

M

2023 55 12

525.09 mg/kg BEAL RN T )5 19 149.42 mglke,
L 4 000 5 B 1R PR R A N T 0k R b R A K i R
N, AR CH.OH PR B F IR, iR —RBREET
Rk, REETENTENN T ZHH
2 591.09 mg/kg 25 NN T2 )5 B9 1 531.60 mgrkg,
FEAR T 1.059.49 me/kg, i A5 1% £ F 2K fif A= 1k
ZTRAREFRARELS®EASWERZ
—; WA =R R AL A R K | LECG .CG,
EGCG .GCG TE N T # vh 25 & A= K il J I, A= %
B EFHR EC.C EGC.GC, BRItz o, R R ET
ik e 45 ey ) 4 D 1R 21 Ak G 0 R T 2 Ak B e
Tk A T R R A K R A R TR
T3 T B TR A 7 A i T L RE

3) WAL Z Ak W =z T K R A 3O AR
R EAE W ME R B A BN 305 520, 8T
Az L 22 B Ak G WV 2 R e MR AR A A
23 FMHMIAEEHFERNEHMELEYR
HAgE R R i 7

A5 I T A 3 S R A L 2 2R A A A
49 A xS G S WK 5 s, Hod LA
ERUEY 384, IR AY 74, Bk
HY 44

A 38 MIILEAER LGS BT
50 A A Ak B ) B B Y 93% 38 LR ER K
L&Y Aa 21 NME TREZRIBMAEY, HE b
AR PILE R RS Y SR 52%, AL
FEIN T AR BR A FE v, Bl B 4 Fh AR RS i

[AL//F 5=
Compounds label

1102
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

i
Contents/mg* kg'l
A5 FHMIEHERNLANE S

Fig.5 The content of newly formed compounds

after tea processing

AVFZ HA ARGk L 250 1 28 s R BB YR
AR, R L7 MO AR LR R B G Y ]
SR, R FEEILRRZEBREAREGTE
WIRAH RZZRKUEY), R EEILEZR S
BRIR . WM R S5 A7 o M R B K SR AT UL R
738

B L 4 I IR 26 LA W =AU BT AR
ARG W) S Y 2%, ok BT S R 2 (8] B
K IR G B R R R 5 AR KRG B AR
7 B BECER AL S W) R AL S ) B B
5%, ok A THEC R MR (23 5 ) 5 m iR
s MR K RS

3 #Hig

AHEGE LLRAT A I 76 08 S AR A AT i 2% e
Ay SR g 4 AR GEn T T 20 22,
X REA R ZEF . W UHPLC-HRMS 43#7 46
FeAR G54 MSMN J5 i, X hn TR J5 28 i A AR i
Z AR AT 0, T R 250 S22k
B, R PIARIEXT 250 4~ 22 1 289 o b 47
0T 174 AN TAT 5 A R E R (P
0.01), AW Z@mEEGWEm TaBRh ke TR
EARE  WEFR A5 SRR X e 2 W ) AR N Tt
FErh kA TR KR RE S RO, R
R BEERAL R T AR S A 49 A
W ZmAEi ey, HhREREMEWAE 21
A, ATULLTAO T AR B FR A A TR E kA
Y AR

Z % x #

(1 sEmds, BR, EFF, 4 B aif- =m0

AT H3 30 J5 35 12 A3 BT 2 T ORI e 2 1 28 4[]
B, 2022, 43(8): 271-280.
SHI L J, CHEN N, WANG D, et al. Quantitative
analysis of phenolic compounds in Camellia yunna-
nensis by ultra performance liquid chromatography —
triple quadrupole tandem mass spectrometry|J]. Food
Science, 2022, 43(8): 271-280.

2] e NRFEFE S . b E G AR %M. BT
rrE gE Tk R, 2019.

Bureau of Statistics of the People’s Republic of Chi-



5523 % 12 W B PR A

>

>3

pl\
P

I LA Ja % By 3 4 84 SR A

287

[10]

[11]

na. China Statistical Yearbook [M].
Statistics Press, 2019.

JAMES W D, MICHAEL N C, JACEK O, et al.
Chemlnform Abstract: The chemistry of low molecu-

Beijing: China

lar weight black tea polyphenols [J]. ChemlInform,
2010, 41(24). 417-462.

HAYAT K, IQBAL H, MALIK U, et al. Tea and
its consumption: benefits and risks[J]. Critical Re-
views in Food Science and Nutrition, 2015, 55(7):
939-954.

s, X Z WA (M) 1. LR HOR R
#, 2003: 1-2.

YANG X Q. Chemistry of Tea Polyphenols [M].
Shanghai: Shanghai Science and Technology Press,
2003: 1-2.

ZHANG H, QI R L, YOSHINORI M. The impact
of oolong and black
health[J]. Food Bioscience, 2019, 29. 55-61.

XIN Z Q, MA S S, REN D B, et al. UPLC - Or-
bitrap -MS/MS combined with chemometrics estab-

tea polyphenols on human

lishes variations in chemical components in green
tea from Yunnan and Hunan origins[J]. Food Chem-
istry, 2018, 266: 534-544.

REN D B, RAN L, YANG C, et al. Integrated
strategy for identifying minor components in complex
samples combining mass defect, diagnostic ions and
neutral loss information based on ultra—performance
liquid chromatography —high resolution mass spec-
trometry platform: Folium Artemisiae Argyi as a
case study|J]. Journal of Chromatography A, 2018,
1550: 35-44.

BO5, ALEMR, LRI, L ESEMERKBT TR
R A Y 3l A S E (] BT, 2019,
47(8): 1212-1222.

CAl F, REN F D, REN D B, et al. Integrated
qualitative strategy for high —throughput targeted i-
dentification of emodin metabolites [J]. Analytical
Chemistry, 2019, 47(8): 1212-1222.

SANG Y J, SEO H, KIM G B. MS-based molecu-
lar networking of designer drugs as an approach for
the detection of unknown derivatives for forensic and
doping applications: A case of NBOMe derivatives
[J]. Analytical Chemistry, 2019, 91(9). 5483-5488.
FAE . P LR AR LA % a0 R A Y
[D]. K¥. R KR, 2017.

WANG L C. Factors affecting the content of theo-

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

cyanin in black tea and their causes[D]. Changsha:
Hunan Agricultural University, 2017.

BER . JLER R AP R TR AL L 2% 38 A28 B R
AR 0 28 OF 5T (D] dbmt e b E RO R B
2014.

XUE J J. A preliminary study on the transformation
of catechin to polyester catechin and theafrathin[D].
Beijing: Chinese Academy of Agricultural Sciences,
2014.

ZHONG J Y, CHEN N, HUANG S C,
Chemical profiling and discrimination of green tea
and Pu-erh raw tea based on UPLC-Q —Orbitrap —
MS/MS and chemometrics[J]. Food Chemistry, 2020,
326 328-339.

e, ECE, E&WF, ORI CECE A
Z U W R OR S PR A BT B R
2022, 43(12): 210-218.

LI Y, WANG W F, WANG J T, et al., Analysis

et al.

of changes in extract content and taste quality of Pu
‘er tea with different brewing times|J]. Food Science,
2022, 43(12): 210-218.

ZHONG J Y, REN D B, SHANG Y, et al. Tar-
geted identification of glycosylated flavones and iso-
mers in green tea through integrated ion —filtering
strategy and mass—{ragmentation characteristics based
on the UPLC-Q—-Orbitrap-MS/MS platform|[J]. Food
Chemistry, 2022, 377. 225-237.

BRAE, BIRE, BEE, F.ORILERRA/AYLA
[J]. RA“WHETSIF R, 2006(1): 171-181.

LI D X, WAN X C, YANG C J, et al. Research
and development of natural products [J]. Natural
Product Research and Development, 2006(1): 171-
181.

JHOO J W. Anti—inflammatory effects of purpuro-
gallin carboxylic acid, an oxidation product of gallic
acid in fermented tea[]]. Korean Journal of Food
Science and Technology, 2008, 40(6): 707-711.
RAMBABU M L. Virtual screening of national can-
cer institute database for claudin—4 inhibitors: Syn-
thesis, biological evaluation, and molecular dynam
ics studies[J]. J Cell Biochem, 2018, 120(5): 8588-
8600.

sl WEE Tz, RAER, & RIFRBE =M
F 435 A W DL R 4 B B B 9H 1Y . CN1852881B([P].
2010-09-29.

HE Z T, GIZA-GE H, SANG S M, et al. Benzo-



288 E N W 2023 445 12 1

cycloheptrienolone derivatives and regulation of in- 2013-12-04.

flammatory response: CN1852881B[P]. 2010-09-29. YUKO F, JUNSHENG A, MAEDA M. Anti—obesity
[20] #EIEMF, LA, mrH. A F ORISR E S agent containing benzocycloheptaenol ketone ring

Ié5 Ty TR 3R 4k A 9 09 PR BE R . CN102427807B[P). compound; CN102427807B[P]. 2013-12-04.

The Transformation of Polyphenols before and after Black Tea Processing
Using High Resolution Mass Spectrometry Combined with Molecular Network Reveals

Wang Jintao', Wang Shaomei?, Lou Huaqiao', Li Yan', Xiong Qian', Shang Ying',
Ren Dabing', Hu Yongdan', Yi Lunzhao”
('College of Food Science and Engineering, Kunming University of Science and Technology, Kunming 650000)
“College of Biotechnology and Engineering, West Yunnan Normal University of Science and Technology,
Lincang 677000, Yunnan)

Abstract In order to investigate the substance transformation of polyphenols in black tea before and after processing,
ultra —performance liquid chromatography —high resolution mass spectrometry combined with mass spectrometry molecular
network were used to analyze the tea samples before and after processing. In this study, a total of 250 polyphenolic
compounds were detected from tea samples before and after processing, including 115 catechins, 62 phenolic acids and
73 flavonoids. Among the 201 compounds, 174 compounds showed significant differences in content (P<0.01). 49 com-
pounds were newly generated after black tea processing, among which 21 were theaflavins.

Keywords ultra performance liquid chromatography—high resolution mass spectrometry (UHPLC-HRMS); black tea: pro-

cessing: mass spectrometry—based molecular networking (MSMN)



