DR EmR Modern Food Science and Technology 2022, Vol.38, No.12

BT IFBER SRS SRR R R TEITIE
i e

EBGE ', AN, EEC, A3, XIER, ®GEGRC, skiigEC, TEC, KRS, ANFES, BT
(1. BG4 = &% i BRI T, KRgdae 710048)
(2. R = e THARAA RIS, ROARKFRSSEDIAEFR, kOB 710021)
3. HETRBHSLARIAT, REHHE 710054) (4. By Al 25 WAL A TR 3], e 713700)
R A T REAZ R AR P R A BT, K AAR S 2RAR G- R IR 77 k3t K7 0d. 7d A= 14 d ZAEF 1] S
W F E AT R, R RIBERAT ERS 0 (PCA) Ao sihi ) =FEF 554 (OPLS-DA). ZF &AW : HAEE KRR
WA AR KRR EF, ZANE 1316 MaRE5%E, AP RL0dFT7d. 7dA= 14dAK0d A= 14 d 2 19 ih ik h 9 KAt £ 7
H5- A H 260, 229 F= 506 A, XA & T Adak, REAMBLATES, FAE, KEBMRILKE ANBRRLITEME, £—F
X RS TEAEH S Ao R 09 B R BT AT K, RIEHE T HAEP R S0 BLRE . REAA A KB ¥ £ 2Rl ik, 5
KT FAER G ER R, ik T A0 Bfeliikin LM R, LAERA. F5H%, ETR. RERBEEVRBE L IAT ) LRR
B FRAFARLIENG BRI KT h o RIE AL AL FARME 09 AR s T R R AR A 09 & AR h A LA T 24F
B, XA BT IEAEE R AR 5 B 09T AR U BRAE T 1R I
KA At AidAR; JRfedfiftas; Kt o4 ARk tad it Rt sm
MEHS: 1673-9078(2022)12-212-222 DOI: 10.13982/j.mfst.1673-9078.2022.12.0096

Non-targeted Metabolomics-based Analysis of the Changes in Metabolic

Products of Fu-Brick Tea during Flowering

DUAN Jie!, SUN Min?, FU Yuting?, BIAN Wenwen!, LIU Jing', ZHAO Yanni?, ZHANG Yafeng’, LI Zhuo?,
YU Zhenglyut, GUWenjun*, ZENG Qiao*"
(1.Shanxi Product Quality Supervision.and Inspection Institute, Xi’an 710048, China)

(2.Shanxi Research Institute of Agricultural Products Processing Technology, School of Food and Biological Engineering,
Shanxi University of Science & Technology, Xi’an 710021, China) (3.Xi’an Institute for Food and Drug Control, Xi’an
710054, China) (4.Shaanxi Pu Dao Tea Limited by Share Ltd., Xi’an 713700, China)

Abstract: In order to understand the characteristics and changes of metabolites in the "flowering" process of Fu brick tea, the ultra-high
phase liquid chromatography-mass spectrometry (UPLC-MS) combined method was used to determine the abundance of the metabolites at Day
0d, 7 and 14. Principal component analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA) of the metabolite data
were performed. The results showed that there were large metabolic differences in samples of Fu brick tea at different flowering stages, and a
total of 1 316 signal peaks were detected. Among which, 260, 229 and 506 differential metabolites were screened out between Day 0 and Day 7,
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between Day 7 and Day 14, and between Day 0 and Day 14, respectively. These substances belong to classes such as alkaloids, amino acids and

their derivatives, flavonoids, tea polyphenols and catechins, organic acids and their derivatives, Further investigations on the main metabolites

affecting the quality and function of Fu brick tea revealed that flowering changed the composition of main metabolites such as polyphenols,

catechins, flavonoids and amino acids of Fu brick teat, reduced the bitterness and astringent sensation of Fu brick tea, and promoted the

formation of mellow taste and red soup color. The up-regulation of carnitine, isoquinoline, abrine, catharanthine and other alkaloids in the process

of flowering enhanced the lipid-lowering, blood pressure-lowering and anti-inflammatory effects of Fu brick tea. The flowering process is the

critical process for changing the metabolic profile of Fu brick tea, and plays an important role in forming the unique quality and health-care

functions of Fu brick tea, which provides a basis for revealing the formation mechanism of the flavor and health-care functions of Fu brick tea.

Key words: Fu brick tea; flowering process; non-target metabolomics; metabolites; UPLC-MS
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Table 1 Sensory evaluation and changes in the number of Eurotium cristatum in the flowering process of Fu brick tea
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Table 2 Differential metabolite types and changes in the flowering process of Fu brick tea
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KN B, RZ T

HE 4 \TLLEH, EZ2mZESCEYF, R
HEPEE. AR ABER 4-F 5L LR 2 N iRKF4,
Hp¥ B, Hrh DR ERN BB R, HON
HEMEE, B R R, JLabm A S A3 R
LR ZERA R, M FTO AHEL, FT14 HhJLE R,
FILFKER., BETRIEAMREEFILERED B LA
54.00%- 52.52%- 1494.49%R156.35%, ILRZEEET
BlE. REETILRREE TR, ®ILFER-3-0-%
BFRRAFME LA =B TIRER 70 T 1 47.08%-
56.86%- 67.31%F1 62.63%. ZEIF)LA R REIRFE S
FEMPLEMIEE R FRRYT, TCH LR R
J IR T2z R DASCREE e sl B A S A
07, W5 &L, EGCGs ECG Z5HEM )L 45 & AT
WStk 1 EGC, BCA5ERS Y ) LAS 2R R A
(]R3 10200, (Rl RAESFEH EGCG. ECG 1R
FEGC. EC[1) 1R T HRAE 48 11 R A )RR AE
A HEY B
233 HERE

X} FT7:VS.FTO0. FT14.VSFT7. FT14.VSFT0 %5
FREYEAT A, x5 H AR e K A 45 AN
RACAIURG R R AR BEAT X B, (RIS 237 3 2 S
FACYE RACTTRE T A4, K TARES R Hid
FWR RZ TR, MRGR R 5 B,

R4 REFAUETFRMZEH LI ZZLRPNES

Table 4 Differences of polyphenol and catechin metabolites in the flowering process of Fu brick tea

oy REEE wh kst @ AR/ x(sd) .
/min FTO FT7 FT14
1 10.68 JE 3 B 1.85E+6(1.68E+5)  2.78E+6(6.09E+5)  4.18E+6(7.56E+5) _LiA
2 10.81 AR P 1.95E+7(1.73E+6)  423E+7(1.12E+7)  6.46E+7(3.11E+6) LA
3 11.13 —RAaRPE 6.29E+6(1.14E+6)  8.57E+6(3.27E+6)  1.25E+7(9.06E+4) LA
4 13.68 REZE 2.66E+6(9.81E+5)  5.79E+7(7.16E+6)  4.95E+8(1.48E+8) _LiA
5 7.55 T ARH 3.59E+5(1.69E+4)  1.02E+6(3.12E+5)  4.02E+5(1.22E+5) LA
6 10.96 St k& E 1.49E+6(1.34E+5)  2.41E+6(5.64E+5)  4.93E+6(4.41E+5) LA
7 9.26 JLE#(O) 2.24E+10(3.28E+9) 5.39E+10(1.08E+10) 3.45E+10(2.25E+9) LiA
8 8.09 #ILEE(EQ) 5.52E+9(3.65E+8)  8.59E+9(1.16E+9)  8.42E+9(7.66E+8) LA
9 1.68 E AT B CES(EG) 821E+6(1.21E+6)  4.27E+7(3.44E+7)  1.31E+8(2.82E+7) _Lif
10 7.90 EERTILEE (EGC) 1.32E+10(2.09E+9) 2.83E+10(4.47E+9) 2.07E+10(1.64E+9) LA
11 10.61 NN &2t 1.92E+7(2.34E+6)  1.77E+7(3.84E+6)  9.95E+6(1.19E+6) T
12 9.02 B % N5 244E+7(845E+6)  224E+7(4.40E+6)  1.18E+7(2.13E+6) TiA
13 10.30 4-F £ )LEE 9.42E+6(1.69E+6)  4.74E+6(1.37E+6)  2.44E+6(2.89E+5) T
14 9.25 ILEFE R ET]RE (CG) 8.56E+9(2.01E+9)  4.95E+9(1.50E+9)  4.53E+9(6.01E+8) T A
15 9.19  REARTFIEEZLELTHE (EGCG) 2.95E+10(1.31E+9) 1.68E+10(4.77E+9) 1.27E+10(3.73E+8) TiA
16 9.73 F IR E-3-0- %2 FBAs 429E+10(4.19E+9)  1.89E+10(2.82E+9) 1.40E+10(2.27E+9) TiA
17 8.86 FILFFRET8E (ECG) 8.18E+6(8.52E+5)  5.52E+6(1.05E+6)  3.06E+6(3.47E+5) TiA
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Table 5 Differences of flavonoid metabolites in the flowering process of Fu brick tea

Aast g @A/ x(sd)

% AR E/min Rt AR
FTO FT7 FT14
1 8.03 ZAMEE 1.37E+7(6.15E+5)  4.09E+7(6.55E+6)  6.56E+7(6.18E+6) _LiA
2 135 ffE A 1.70E+6(2.86E+5)  5.54E+6(1.54E+6)  1.06E+7(9.82E+5) LiA
3 8.71 —AMtEE 1.97E+7(5.02E+6)  1.30E+8(1.10E+7) 9.70E+7(1.75E+7) i
4 11.05 HRE 1.36E+7(1.20E+6)  1.88E+7(3.37E+6) 2.14E+7(2.37E+6) _LiA
5 11.96 Her A& 4.80E+7(1.07E+7) 6.34E+7(1.84E+7) 1.33E+8(1.01E+7) LA
6 9.02 t&T 6.30E+6(4.57E+5)  7.76E+6(1.50E+6)  1.09E+7(2.41E+6) _LiA
7 7.73 FREL3-0-FEAEF  1.81E+5(1.53E+4) 231E+5(8.31E+4) 1.82E+7(4.46E+6) LiA
8 11.26 E N 3 4.82E+7(9.47E+6)  7.52E+7(1.22E+7) 1.10E+8(1.04E+7) LA
9 11.99 AR E 7.93E+7(1.03E+7)  8.71E+7(3.55B+7)  1.48E+8(2.95E+7) _LiA
10 10.38 SREE 6.58E+6(1.53E+6)  9.78E+6(3.84E+6). 1.45E+7(2.25E+6) LA
11 11.84 A E 1.90E+8(3.98E+7)  2.34E+8(8.05E+7) 3.37E+8(2.32E+7) LiA
12 11.39 EEHF 1.04E+6(4.75E+5)  4.01E+6(1.25E+6) 1.73E+6(3.33E+5) _LiA
13 7.77 2RCE 8.55E+5(1.27E+5). "1:84E+6(2.41E+5). 1.63E+6(5.63E+5) LA
14 7.57 DS 3.45E+5(3.20B4+4).  8.72E+5(1.12B+5) 3:53E+5(8.40E+4) _LiA
15 11.51 K2R 3.06E+6(1:59E+5) " 2.86E+6(3.37E+5)  1.49E+6(2.03E+5) TR
16 8.96 A FHER 426E+7(4.65E+6) 3.66E+7(3.48E+6) 2.14E+7(4.23E+5) T
17 7.77 BRI 2.66E+7(433E+6)  8.72E+6(1.18E+6)  5.93E+6(1.89E+6) T iR
18 8.31 2-0- AR FEA S LY 3.91E+6(4.54E+5). 2.90E+6(9.61E+5)  2.03E+6(2.66E+5) T iA
19 10.57 HArdait 1 40E+7(2.04E+6) 1.43E+7(6.86E+6) 4.95E+6(1.07E+6) T i
20 10.47 R 2 41E+6(3.71E+5) "9.69E+5(4.05E+5)  1.11E+6(2.30E+5) FiA
21 12.07 A I A & RER 1.54E+6(3.92E+5)  1.81E+6(4.19E+5)  6.69E+5(1.88E+5) T i
22 10.35 KK 7 3.18E+7(9.35E+6) 2.80E+7(749E+6) 1.66E+7(2.29E+6) T iR
23 11.65 WrE 1.77E+9(5.47E+8)  8.79E+8(1.47E+8) 9.78E+8(2.13E+8) T iA
24 8.69 ETGATHERA 7.17E+5(2.94E+4)  1.35E+6(3.98E+5) 6.26E+5(3.00E+4) T A
25 1.57 S 1.10E+6(9.68E+5)  2.39E+5(6.68E+4)  6.79E+5(1.37E+5) TFiA
26 8.42 JRt &% Bl 429E+8(5.70E+7)  6.20E+8(7.21E+7) 3.48E+8(1.71E+7) TFiA
27 10.53 =AngEH 7.62E+6(2.70E+6)  7.65E+6(4.54E+5)  3.97E+6(6.76E+5) T iR

A B R A R N A R
Y, WREEOVEA — SRR s R &1,
EATRRIER AL FHAR. DOIER. SELRF
) BATRSF PR SRR (R, SR
PORNRRIRAAAE R 10, AR, JUaiss
TEFE), & BRI AN, 57 Mss-F,
OV Fb R PO A IS0, R B3R Al B R AN 2R R N Bk
MaSRte 59, BATTHERE hEE. PTaCAUE E s,
P B3R O B AT RS O R (3 B 4, A B 3R 1Y
AT AR 0233, A R AE R b ) B A B T
IR ZR A (. RN IR, BRI RS
FERAEERE R 2 AR, T4 i R A % 1 et B A
PREEDIRERA — e B o M B Z 7R o B 2 (1 B
WK EW, fERACERETT NEEIIE, MR

b, RACEEHIPEIRIL 44.84%, BELANGACRR. &HA
T M A AR W, KER. &8RN
SEV R, FRIE DK 77.66%. 64.69%- 56.53%-
53.88%. 51.23%#1149.78%.

234 RIEBRBRLLTAY

%t FT7.VS.FTO. FT14.VS.FT7. FT14.VS.FTO fiT 5
IR ZE AT 5501, I S tH AR AE
RACEE RN RACHTAE AR AR AT XS E, BT
FEPR B AT EE RACT R A4k, KU T AR K
Pidh B, RZONTNR, S5 6 B,

IR S RACE R B T AE M A K BT R 2R &
IR, RSB R S BRI, RERR AR
P RREIERR, HEERSEN S0%LL L, stk
B, RACKIAFWIEIML, RS ERHAR, H
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MR HIE R IR R Z R T, R A
FAEEIER, BESEMARTTIRMR, IGSREHIREBY, XK
FER AT D BE e T 3kml . MR 6 WTLLEH, %
SR ZERu S, EIHRERRA 8 Ff, Hp4iE
T FIEIREE iR, N 574.04%, S NS EILRE,
{EAEZRI S BARMERY, OO CBE-L- I3 a iR, L
W 505.86%, MR E B /NN L-IEREE IR, i
46.49%. FIHREERA 22 Fh, (HEE 73.33%, HA
A-ITEE T R IR R, N 73.54%, RN D-24E 1R,
B A 66.36%, HARFEMENT 26.51%~62.43%. &K

FRAE I rh BT 7 B SR VR, T AT AR
HRE R MAFIEZ —, B, RAEd R AR 1)
N EA B TR R AR BRI R, X S AR
AZ AL, TR R E SRR, A2
UK, THURIVEIEIR, AT RB0R. BRI
1R, B AR RILEN D BER AT ST, A
FIVEFHGTY, BRI, SARSHRNBIE TUR TS 5 KA fe
IR B AL SO ORI R AR IO RE M, It — bt
ATAREIT FE, I A B0 PR 22 AR SR 6T (4
BEEFITT

*® 6 REFLAEAEMMEERLETEMRIEYES

Table 6 Differences of amino acid and their derivatives metabolites in the flowering process of Fu brick tea

Aaxtis @A/ x(sd)

F5 AR Bt /min R4 (A
FTO FT7 FT14

1 1.36 L-B#F 28R 2.07E+7(7.32E+6)  5.54E+7(1.77E+7) < 3.03E+7(2.07E+6) LiA
2 6.77 CBLIL-7 R BR 1.25E+7(8.68E+5)  1.02B+8(1.23E+7)  7.57E+7(1.29E+7) LA
3 1.37 AR 2.60E+9(2.48E+8) +1.04E+10(2.11E+9) 1.75E+10(1.24E+9) LiA
4 1.48 DL-2- £ 4 £ 8 1.12E+7(3.88E+5)  .1.95E+7(5.00E46)  4.69E+7(5.07E+6) LA
5 1.43 N-TBt-L-2 R ER 1.70E+7(2.28E+6) < 2.48E+7(5.56E+6),. 2.64E+7(2.63E+6) L
6 10.53 N-R A& OB A8 1.93E+7(5.74E+6).  2.38E+7(5.55E+6)  4.18E+7(7.64E+6) LA
7 1.48 N-o-CBA-LAF 28 2.55E+7(7.00E+6) < 3.78E+7(146E+7)  5.09E+7(1.29E+7) LA
8 1.30 28 AR 2.65E+7(1.01E+7) 2.83E+7(2.67E+6)  5.44E+7(1.01E+7) LA
9 4.07 2-A kBB I'83E+8(3.26E+7) . 5.61E+8(7.70E+7)  1.35E+8(1.14E+7) TFif
10 3.32 2-BERA AR 1.50E+9(4.20E+8) < 5.88E+8(1.54E+8)  7.86E+8(2.33E+8) TiA
11 1.48 4-IHE TR 624E+8(8.20E+7) =~ 1.14E+8(3.45E+7)  1.65E+8(4.26E+7) TR
12 1.41 DL-7 £ 8% 292E+8(5.02E+7)  1.19E+8(1.72E+7)  143E+8(3.58E+7) TFif
13 1.31 DL-# £ 4.56E+8(7.54E+7)  1.81E+8(4.97E+7)  2.34E+8(2.53E+7) T
14 7.89 DL- & # B2 7.87E+8(3.05E+7)  2.51E+8(8.79E+7)  2.96E+8(7.09E+7) FiA
15 1.40 D-22 &5 2.03E+8(2.13E+7)  7.77E+7(1.74E+7)  6.83E+7(9.91E+6) Tif
16 7.34 L(+)-H 208 5.07E+5(7.34E+4)  2.96E+5(7.34E+3)  2.96E+5(2.09E+4) TiA
17 2.95 L A AR 7.03E+7(1.46E+7)  4.50E+7(5.27E+6)  3.91E+7(4.50E+6) TFiA
18 3.00 L-.iE B4 1.02E+10(9.22E+8)  3.45E+9(1.16E+9)  4.15E+9(8.42E+8) TiA
19 6.53 LR A8 8.39E+9(1.74E+9)  3.06E+9(4.87E+8)  3.83E+9(1.37E+9) TFiR
20 2.30 L-E5 AR 3.08E+10(5.02E+9) 1.51E+10(4.31E+9) 1.41E+10(3.48E+9) TFid
21 1.38 & R LA 6.10E+7(1.34E+7)  3.22E+7(5.80E+6)  3.49E+7(7.38E+6) T iA
22 8.48 N-TBt-DL-# A8 3.93E+7(3.32E+6)  1.69E+7(1.91E+6)  2.02E+7(1.52E+6) Fif
23 10.04 N-TBt-L-7 #ER 2.59E+7(3.99E+6)  1.34E+7(2.32E+6)  1.54E+7(240E+6) i
24 1.41 P 3.61E+8(3.99E+7)  1.42E+8(1.39E+7)  1.51E+8(3.09E+7) TR
25 2.20 N-TBE-L-RITAAB  347E+7(1.11E+6)  2.36E+7(3.93E+6)  2.25E+7(3.20E+06) TiA
26 1239 L-73 L2 8.8 7.92E+6(1.23E+6)  5.48E+6(2.98E+5)  5.10E+6(8.65E+5) TR
27 2.19 7 A Bk-L-B4 2 5% 2.16E+8(5.05E+7)  1.45E+8(6.10E+6)  1.22E+8(2.51E+7) T
28 1.65 N-T B A A8 427E+T(6.37E+5)  2.07E+7(5.98E+6)  2.42E+7(2.73E+6) TFiA
29 9.13 N-TBt-L-F4 #5 2.97E+6(7.12E+5)  2.60E+6(1.16E+6)  1.41E+6(2.64E+5) T
30 1.43 2,6 R KRB 5.44E+8(1.75E+7)  6.65E+8(9.88E+7)  3.84E+8(5.34E+7) T i
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TREGH R BRI, “CRAL” RAREZIN T
RO, i RO KR T kA
5 BT I/ & L 3 SRR, SRR AR
JRTEREANCS, 1 IR T T IRRE SR A 1) “BEAER ", M
“BETEET BTSN CHEEE” g T
TREE I FURFRIR, $8FF T =i i . BFFR
RA I FE A DA e 9 HOCRE 1R DN 2 1 4 A6 B B W R T 1)
A RBESFED, BRI N, HTFRMENER,
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SOLEE FRAIRE 25N 36.84%. 50.86%. 50.21%F1
61.68%, WMMEGR T BEIEFERN, N 10.85%. H#F—H
GEE AL AR AR 7T 45 AT AN, EARIRAL 4E
RACIIFE P BE T B R R, (HE R
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