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Antioxidant components in Anhua dark tea before and after fermentation .
A basic research based on DPPH - HPLC - Q - TOF - MS/MS
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[ Abstract] Objective:To establish the method for rapid screening and identification of antioxidant components in
Anhua dark tea based on high — performance liquid chromatography coupled with quadrupole time — of — flight tandem mass
spectrometry ( HPLC — Q — TOF — MS/MS) , and to investigate the antioxidant components in raw and fermented Anhua
dark tea. Methods : Reversed — phase HPLC was performed on an Inertsil ODS -2 C; column (250mm X 4. 6mm,5um) ,
and gradient elution was performed to separate the main components. Q — TOF — MS/MS was used to detect major active
components in the negative ion mode. 1,1 — Diphenyl —2 - picrylhydrazyl — hydrate ( DPPH) was added to the ethyl ace-
tate extract and the n — butanol extract of raw and fermented Anhua dark tea,which was established as experimental group,
and then liquid chromatography — mass spectrometry was performed after 30 minutes of reaction in a dark place at room
temperature. The substances without the addition of DPPH were established as blank group,and the experimental group was
compared with the blank group to rapidly identify active components. Reference substance , literature review , and fragmenta-
tion pattern in mass spectrometry were used to analyze the antioxidant components of raw and fermented Anhua dark
tea. Results;Based on the fragmentation pattern in mass spectrometry and literature search,32 antioxidant components were
identified in the ethyl acetate extract of raw Anhua dark tea,and 28 antioxidant components were identified in the nbutanol

extract of raw Anhua dark tea;31 antioxidant components were identified in the ethyl acetate extract of fermented Anhua
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dark tea, and 26 antioxidant components were identified in the n — butanol extract of fermented Anhua dark
tea. Conclusion : The DPPH — HPLC - Q — TOF — MS/MS method is an effective method for rapid screening and identifica-

tion of antioxidant components in Anhua dark tea,which provides technical support for quality control and basic research.

[ Key words ]

Anhua dark tea;high — performance liquid chromatography coupled with quadrupole time — of — flight

tandem mass spectrometry ;1,1 — diphenyl —2 — picrylhydrazyl — hydrate ; antioxidant component

RARRERA N5 RlEA, s Rt 2 1 E
BEHER AR TP A (LR %) B rh
FERBAE R R B R R SR, S A 2l i EoR | 222k
R 22 W S T R AR 2 A, B B A A 0 B LR TR e
A W IR iR o L LR R RS Y R B E
PRy o PBAAERN — R KRR YA, 5 A 1Y &
PrEALTIAE L, A R R BAPTE LI M o)
FE AT NI 2 W ST 55

TRTTI P AR BLAT R 5 D BT 4 14 a5, A D
B 24k 2% i 43 5 T B W S AR A 1 L B 4Rk
I3 RO . HPLC - Q — TOF - MS/MS B AR A
AR R R & B AR, VAR A W U
B0 o e A (s . %) Rtk ) e 0 g 4 2 A TR A e
o BACBIS A IS AR 2 Ak
241804y ,is A DPPH — HPLC - Q — TOF — MS/MS 4 AR X} H 32k
AT 5307, PP 8 5 22 Ak BB A% ) A2 18040, v 1) B 40
AT Y TR B AR,

1 B 5HH

L1 g Agilent 1200 =530 AR L35 (36 B ZHER A
AL, rEm R AR REE . B HERES A IRAR
SEHMEIER ) 56530 Q - TOF BT X (& E LR AT
558 B U (ESI) ; MassHunter B T 4E 35 ( 25 = 2B
A]) ; AL204 HLFRT-[ MR — FE R 28R (L) AR
F)]; KQ5200DE 7 % 45 8 A5 A (B LU 7T & 75 A 4 A B
NI

1.2 #habiXa HEShEka, H R i, Koy
MEREAK . 1,1 - 2R -2 — W HORIF( DPPH, S AT 4,
[ Sigma AF]) , &% GBI AR R R LR,
AhEE RN ET R, ZBERENEAA
PEplt,

2 FEE4HER

2.1 HPLC &# @iftE N Inertsil Cy (250mm x 4. 6mm,
Spm) s K 254nm ;4435 30°C ; AR FLR i 1. Oml/min, A%
JE T 20 1 HERE R 10l JEBNAH N I EE(A) - 0. 1% B
BRAK(B) W, B PENL:0 ~ 5min,5 ~15% A;5 ~ 10min,
15 ~25% A;10 ~40min,25 ~55% A ;40 ~55min,55 ~ 100%
A ;55 ~60min,100% A ;60 ~70min, 100 ~5% A ,

2.2 JigAM RWESEE TR (ESD)  IEE FECE; B
Y048 L e 4000V B 7 I R & 350°C ; %5 fk #% /& 1 40psi
(1psi =6894. 8Pa) ; TR LS AL 6L/ min; #EFLHL FE 65V ; T4
Al 350°C s #7130V BT S 4T F Yu Fl m/z 100 ~
1000 ; SRAESIAE 0. 1s, [B]FF 0. 025 ; filf 7 GE 1t 43 H 2K A 5,10,

20,2530 35eV, WAL T, (5 RV VRORS T S A, DAAR
IEREASEIRZ/NT 1 x10°,

2.3 DPPH ik #y# & HEGIFRIX DPPH A5 fE i, FH B %
PRI E B 12mg/ml (IR, & T okA T 4°CORE .
2.4 BHXSEReH S METRBUE LB A AL BT
45 10g, F 80% Z I [1 5 2 YR, BRI 2h, & HF IR TR, HE
R . HIBUES AR E A 1g, 1 100ml K%,
FESE)E SRR R G R AN IE T BES A B 3 W, A I 453
PLAEOR , Y A3 1% £ TR £ TR F AL 2 FIE T BERR AR o
BASTROIRE A 0. 058, 435IV T Sml B EE 156 5B T o
JBUIE 2 457 R TV S S5 PR P DPPH VTR 37°C 2% 44 T ikt
GV 30min, 25 0. 22 pum P8 BT 98 , 75 5250 41 IR A A TR
FHTEN, 5 HGE RSB S SR BREEREG R, &
0. 22 pum JEAT 8, 1525 LGRS, & FE AR

2.5 RSmERGEE  KREPREA R R ZEX I 10mg,
B 100ml R 0 B B T R R A PR ) R AR
W FE 5151 R 100 g/ ml [ XoF A V5 W o A 4% R 2 L 4% 1 %)
e 20mg, ¥ 100ml Z8 i iR, i R s S i R R 40
FE5] )5 RIAS e 5 430 A 200 g/ ml (1456 B G I U o

2.6 AFRSegiem SR HPLC - ESI - MS X 42 {6 R4S 51
By gl A2s AL P2 o AT, A5 3 Y f R A Y
Fi B, (WE 1)

8.0x10°
REE
6.0x10°
4.0x10°4

2.0x10° 4 8 iz

[RRHT

T T T T T T T T T J
0 5 10 15 20 25 30 35 40 45 50

| mazm

18
16 1

10
T8 91112 Bag g5

T T T T T T T T T J
0 5 10 15 20 25 30 35 40 45 50
tR/min



- 148 -

WaFERE

2019 457 35 47 8 1 (LG5 246 1)

6.0x10°

4.0x10°

2.0x10°

0.0

RIS

6.0x10°

4.0x10°

2.0x10°

0 5 10 15 20 25 30 35 40 45 50

0.0+

3x10°

2x10°

1x10°

T T T T T T T T T J
0 5 10 15 20 25 30 36 40 45 50

3x10°

2x10°

1x10°4

tR/min
D)

10114/\
Al

13 14
AN

T T T T T T T T T )
5 10 15 20 25 30 35 40 45 50
tR/min

A—EZR LR O s B—HE 2R IE T
C—RIR LM LT ; D—RORIET B

2.7 bty R 5 454 it HPLC - ESI - MS £ 5
B LA B 2R LIRS R IE T Wi A Hh Bt & Ak 7 1 i 43
FR D B T 1) R0 533545 L, IR 30 5 3% 284 At L1 55 e B A O
SCHR Y G B T R RIS T U B HEAT A0, S 0
PUAMITE R AR R 1 ~ 4, Ho LA R e ¥ ILA
FILFREE TR KEFILRREE TR 49Uk
T WL 2,

I AHTXS LA AR AES 2R TR B IE T R4 43 J3l)
5 DPPH J R i) B9 TIC BTk EI AT LUK I, A2 45 LR TR
A2 IS W I i e TR RS A8 I ) W 28 M5 43 30l Oy 2 50 GG,
3 2% C.4 U EGCG,6 2% GCG.8 26 ECG, 30 L%
B AR IE T B A7 S 06 T AR S A 5 R 11 e £ 0
SE AR 3 Sl 1 - galloyl - glucose,4 5% Gallic acid,5 5
Ik GC,6 S C,8 S EC,10 504 1,2,6 - trigalloylglucose,,
12 5% CG, 15 5 & Myricetin — 3 — O - glucoside, 17 5 14
Quercetin —3 — 8 = D - glucoside, 18 5 1§ Rutin; A2k 2R 2
T 07 S 7 T I W T BRAE AR R I D4 22 S 2 4 T oy 1 50
Gallic acid,2 5% GC,3 5% EGC,4 5% C,7 5% EGCG,
9 Fg GCG, 10 51U ECG,12 Sl CG; KK IE T BEA-A L NE
S WA T AR AL BRI W 28 32 58 4333 O 3 514 Gallic acid,
4 Sl Theogallin, 5 51§ GC,6 5% EGC,7 S1& C,8 5%
EC,11 S0 Quercetin —3 - B — D - glucoside, 12 5% Rutin,
FH I L, 22k PR 2 TR T I 245 22 B 26 ) B o 28 B A YAy
A, AR 0 EBH A AR B A LR R 2

1 EHEMABTFEXTHEBEFRE T2 % B R S 2 2 T K IR
Rl RUBFEFZHIEBUREURIHIEE
PN RT(min) MS M-X MS? Identification
1 8.963 169.0134 M-H 125,107 Gallic acid
2 11. 088 368.0624 M -H 305,219,179,125 Gallocatechin derivative
3 11. 096 373.0541 M-H 327,305,219,179,125 Gallocatechin derivative
4 11.113 611.1385 M -H 305 Gallocatechin dimmer
5 11. 163 305.0650 M-H 289,179,137,125 Gallocatechin
6 12. 581 153.0190 M-H 136,109 protocatechuic acid
7 14. 166 633.0762 M -H 463,301,275,169 Strictinin
8 14.299 577.1354 M-H 425,407,289,245,125 Procyanidin B4
9 14.500  745.1395 M-H 577,441,407 ,289 Epigallocatechin — (48—8) — epicatechin —3 — O — gallate
10 14.867 368.0604 M -H 305,219,179,125 Epigallocatechin derivative
11 14.883 305.0654 M-H 289,179,137,125 Epigallocatechin
12 14.900 611.1394 M -H 305 Epigallocatechin dimmer
13 15.250 289.0712 M-H 271,245,203,179,151,137  Catechin
14 16.168 729.1439 M -H 577,441,407 ,289 Catechin — (43—8) — epicatechin -3 - O - gallate
15 17.519 277.0731 M-H 233,215,191 Teasperol
16  18.070 457.0770 M -H 305,193,169,125 Epigallocatechin gallate
17 18.103 520.0703 M -H 457,305,193,169 Epigallocatechin gallate derivative
18 18.136 915.1602 M -H 457 Epigallocatechin gallate dimmer
19 19.504 289.0703 M -H 271,245,203,179,151,137  Epicatechin
20 21.289 457.0766 M -H 305,169,125 Gallocatechin gallate
21 22.273 635.0928 M-H 483,465,313 ,295 1,2,6 - trigalloylglucose
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PN RT(min) MS M-X MS? Identification
22 23.158 883.1721 M -H 441 Epicatechin gallate dimmer
23 23.174 441.0822 M-H 289,271,169 Epicatechin gallate
24 25.743 568.1436 M -H 416,305,193,169,125 Catechin gallate derivative
25 25.793 441.0821 M-H 289,271,193,169 Catechin gallate
26  26.044 275.0563 M -H 231,203,187,137 Teadenol A(B)
27 28.396 479.0822 M-H 316,271,178 Myricetin —3 — O — glucoside
28  35.436 317.0288 M -H 193,178,165,151 Myricetin
29  37.702 300.9973 M -H 283,257,229 Ellagic acid
30 41.174 301.0345 M-H 273,193,178,151 Quercetin
31 43.526 285.0396 M-H 267,151,133 Lutealin
32 46.246 285.0411 M-H 267,199,175,151,133 Kaempferol
R2 RUBFEFETEHCAESUETHEE
PN RT(min) MS M -X MS® Identification
1 3.744 191.0560 M-H 171,153,137,109 Quinic acid
2 7.331 331.0659 M -H 271,211,169,151 1 — galloyl — glucose
3 9.016 169.0140 M-H 125,107 Gallic acid
4 9.433 343.0660 M -H 191,169 Theogallin
5 11. 118 305.0665 M-H 287,219,179,137,125 Gallocatechin
6 13. 581 353.0838 M-H 191,179,173 3 — caffeoylquinic acid
7 14.171 633.0711 M-H 465,327,301,275,137 Strictinin
8 14.254 577.1326 M -H 425,407 ,289. 245,125 Procyanidin B4
9 14. 888 305.0654 M-H 287,219,179,137,125 Epigallocatechin
10 15.255 289.0718 M -H 271,245,203,179,151,137  Catechin
11 15.586 321.0601 M-H 289,277,233 ,215 (R) -2 — methyl -6 —oxo -4 - ((2R,3R) -3,5,7 -

trihydroxy — 3,4 - dihydro — 2H - chromen -2 —yl) -
3,6 — dihydro —2H - pyran -2 — carboxylic acid

12 17.339 353. 0843 - 191,179,173 4 - caffeoylquinic acid
13 17.796 353. 0853 - 191,179,173 5 — caffeoylquinic acid
14 18.108 457. 0764 - 305,193,169,125 Epigallocatechin gallate

15 18.275 349. 0556
16 19.509 289. 0716

331,305,287,245,125 6 — carboxyl — ( — ) - gallocatechin
271,245,203,179,151,137  Epicatechin
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17 21.294 337.0918 191,173,163,119 3 — P - coumaroylquinic acid

18 21.311 457. 0753 - 305,193,169,125 Gallocatechin gallate

19 22.295 635. 0886 - 465,1313,169 1,2,6 — trigalloylglucose

20 23.179 441. 0817 - 289,271,169 Catechin gallate

21 23.229 416. 1354 - 371,349,305 ,287 Catechin gallate derivative

22 28.350 479. 0827 - 316,271,178 Myricetin —3 - O — glucoside

23 31.036 771. 1926 - 609,533,301,178 Quercetin =3 -0 - [ B - D - glucoside - (1—3) -0 -
a — L — thamnose - (1—6) — 0 — 3 — D - glucoside ]

24 32.438 463.0859 M-H 301,151,107 Quercetin 3 — B — D — glucoside

25  32.554 609.1434 M -H 301,151 Rutin

26 41.179 301.0338 M -H 273,193,178,151,107 Quercetin

27  43.581 285.0405 M-H 151,133 Kaempferol

28  46.200 285.0389 M -H 151,133,107 Luteolin
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PN RT(min) MS M-X MS? Identification
1 9. 008 169.0129 M-H 125,107 Gallic acid
2 11. 060 305.0650 M -H 289,179,137,125 Gallocatechin
3 11. 081 611.1385 M -H 305 Gallocatechin dimmer
4 11. 110 373.0541 M-H 327,305,219,179,137 Gallocatechin derivative
5 11. 127 368. 0625 M-H 305,219,179,137 Gallocatechin derivative
6 12. 595 153.0141 M-H 136,109 protocatechuic acid
7 14. 130 633.0762 M -H 463,301,275,169 Strictinin
8 14. 547 745.1395 M -H 577,407,289 Epigallocatechin — (48—8) — epicatechin —3 — O — gallate
9 14. 880 305.0652 M -H 289,219,179,137,125 Epigallocatechin
10 14.897 611.1395 M-H 305 Epigallocatechin dimmer
11 14.930 368.0546 M -H 305,219,179,137 Epigallocatechin derivative
12 14. 947 373. 0463 M-H 327,305,219,179,137 Epigallocatechin derivative
13 15.247 289.0700 M -H 271,245,203,179,151,137  Catechin
14 16.132 729.1439 M -H 577,441,407 ,289 Catechin — (43—8) — epicatechin -3 - O - gallate
15 17.483 277.0731 M -H 233,215,191 Teasperol
16 18.100 457.0756 M -H 305,193,169,125 Epigallocatechin gallate
17 18.083 915.1602 M -H 457 Epigallocatechin gallate dimmer
18 18.088 520.0738 M -H 457,305,193,169,125 Epigallocatechin gallate derivative
19 19.501 289.0711 M-H 271,245,203,179,151,137  Epicatechin
20 21.303 520.0637 M -H 457,305,193,169,125 Gallocatechin gallate derivative
21 21.320 457.0762 M -H 305,193,169,125 Gallocatechin gallate
22 23.155 441.0821 M-H 289,271,169 Epicatechin gallate
23 23.171 883.1721 M -H 441 Epicatechin gallate dimmer
24 25.740 568. 1361 M-H 416,305,193,169,125 Catechin gallate derivative
25  25.807 441.0821 M-H 289,271,169 Catechin gallate
26 28.360 479.0814 M-H 316,271,178 Myricetin —3 — O — glucoside
27  34.632 300.9926 M -H 283,257,229 Ellagic acid
28  36.886 317.0288 M -H 193,178,165,151 Myricetin
29  41.188 301.0292 M-H 273,193,178,151 Quercetin
30 43.540 285.0337 M-H 267,199,175,151,133 Luteolin
31 46.126 285.0338 M-H 267,151,133 Keampferol
x4 RUEBFHRFETEMCAEUETHEE
PN  RT(min) MS M-X MS2 Identification
1 3.726 191.0509 M-H 171,153,137,109 Quinic acid
2 7.346 331.0599 M-H 271,211,169,151 1 — galloyl — glucose
3 8.998 169.0128 M -H 153,125,107 Gallic acid
4 9.432 343.0664 M -H 191,169 Theogallin
5 11. 100 305.0657 M-H 287,219,179,137,125 Gallocatechin
6 11. 133 368.0567 M-H 305,219,179,125 Gallocatechin derivative
7 13.152 353.0838 M -H 191,179,173 3 — caffeoylquinic acid
8 14. 153 633.0731 M-H 465,327,301,275,137 Strictinin
9 14. 286 577.1346 M -H 425,407,289 ,245,125 Procyanidin B4
10 14.370 745.1431 M -H 577,441,407 ,289 Epigallocatechin — (48—8) — epicatechin —3 — O — gallate
11 14. 870 305.0668 M -H 287,219,179,137,125 Epigallocatechin
12 14.903 368.0602 M -H 305,219,179,125 Epigallocatechin derivative
13 14.920 373.0504 M-H 327,305,219,179,125 Epigallocatechin derivative
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PN  RT(min) MS M-X MS2 Identification
14 15.003  321.0585 -H 289,277,233 215 (R) =2 - methyl -6 —oxo -4 - ((2R,3R) -3.5.7 -
trihydroxy —3,4 - dihydro - 2H — chromen -2 —yl) -
3,6 — dihydro —2H - pyran -2 — carboxylic acid
15 15. 304 289. 0720 M-H 271,245,203,179,151,137 Catechin
16 17.432 353.0843 M -H 191,179,173 4 - caffeoylquinic acid
17 17. 893 353. 0853 M -H 191,179,173 5 — caffeoylquinic acid
18 19. 524 289.0718 M-H 271,245,203,179,151,137,109  Epicatechin
19  21.343 337. 0895 M -H 191,173,163,119 3 — P - coumaroylquinic acid
20  23.128 441. 0825 M-H 289,271,169,125 Epicatechin gallate
21 23.328 416.1270 M -H 371,349,305,287 Epicatechin gallate derivative
22 25.813 441. 0815 M-H 289,271,169,125 Catechin gallate
23 26. 047 275. 0540 M-H 231,203,187,137 Teadenol A(B)
24 31.002 771. 1873 M-H 609,533,301,178 Quer(;etin—3 -0- [B—D—glucoside— (1%3) -0 -
o — L — thamnose - (1—6) — 0 — 3 — D - glucoside ]
25 32.470 463. 0859 M -H 301,151,107 Quercetin 3 — 3 — D — glucoside
26 32.603 609. 1388 -H 301,151 Rutin
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