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Abstract: To investigate the influence of different grades of sun-dried green tea on the quality of the roasted Pu-erh tea prepared from
them, the raw materials of machine-harvested sun-dried green tea were sieved and divided into three grades. Three different grades of roasted
Pu-erh tea, namely A, B and C, were processed and examined through sensory evaluation of tea leaves and metabolomic analysis. Grade B had
the best sensory evaluation results, and‘grade A was notablydifferent from the other specimens in principal component analysis. Of 238
differentially accumulated metabolites, 12 were screened. Of these, D-maltose was negatively correlated with grade, whereas the other 11
metabolites were positively correlated with'grade. The relative total content for four key substances were in the order of A (0.053 mg/g) >
B (0.007 mg/g) > C (0.006.mg/g) for amino acids and their derivatives, A (0.072 mg/g) > B (0.042 mg/g) > C (0.028 mg/g) for alkaloids,
A (0.516 mg/g) > C (0.221 mg/g) > B (0.245 mg/g) for flavanones and flavonoids, and A (1.808 mg/g) > B (0.668 mg/g) > C (0.482 mg/g) for
catechins and their derivatives. Phenylalanine metabolism was the most involved pathway among all differentially accumulated metabolites. The
variation patterns of these differentially accumulated metabolites can provide a theoretical basis and scientific guidance for improvement of the
quality of machine-harvested sun-dried green tea and its subsequent processing into roasted Pu-erh tea.
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ZAE LB ERHCA IR AT, AL B HIC =4
AN AL S5 0 I A R 9 SE SR 4 ORE, A EXION LC
System (SCIEX) i i R0 (4%, {5 FH e v 250U
1 (Ultra Performance Liquid Chromatography, UPLC)
FIERBEHE (Tandem Mass Spectrometry, MS/MS) 1]
R HAR, it Waters UPLC WA (i AE%) H bR
WEDBAT il 7y By BETEW T

(1) ARBYIHEEL

BT R R PG IS HE T AT S (60 Hz,
30 $); FRELS0 mg IFFAZIESCE H, I 700 uL H
B KPR (AR 3:1, B NAR); e 30s, 35Hz
A Amin, JKKIEF 5 min; EE S 3 X;
FEMRCI EACHERG: KA 4 °C, 12000 r/min &0
15 ming B2 0.22 pm SSLIBIEIEIE:  FIREUR
Fe LI 20 6%, A 30s, RAMEARZEL 20 pL IR A
B & (Quality Control, QC) FEAS; -80 C AT
ELE LR

(2D WAHAAT

AR5 14 Fl EXION LC System (SCIEX) #BE %L
AR REAY, BT Waters UPLC AR il A5 H Anfb
ENHAT G B WO S A AR S AFR 3 400.1%
HIRKIEI, B NN, FERAEIRE N 40 °C, HI)
BERERSIRE Y 4 °C, BEREARRRDY 2 pL, ARBUREN
400 pL/min, FARRANFHBEENE 1.

=1 REEIEREMEE M
Table 1 Mobile phase conditions of liquid chromatography

BE/min - AE/(uL/min) A0.1%TFEKiEk B K
0 400 98 2
0.5 400 98 2
10 400 50 50
11 400 5 95
13 400 5 95
13.1 400 98 2
15 400 98

(3) JiRis

A3 46 i F 2 4% TonDrive Turbo VESI & T Y 1)
SCIEX 6500 QTRAP+— 5 PUMAF B iE(, DLZ S b i
W (MRM) AT FRE T & FIES R
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IonSpray Voltage: +5500 V/-4500 V, Curtain Gas: 35 psi,
Temperature: 400 “C, Ton Source Gas 1: 60 psi, lon Source
Gas?2: 60psi, DP: £100V.
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H#EE R M4 & B BdE e aeg . AR TR,
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43 B ( Orthogonal Projections to Latent Structures-
Discriminant Analysis, OPLS-DA) 5%, MZAF&E )y
Hr OPLS-DA 1 74 [ 47 B & %2 1 $ f2  ( Variable
Importance in Project, VIP) A5 ik H A [FIFF i ]
Z Y, Pl A G AR E ST P (P-Value)
{HEZE A5 8UE (Fold Change) Kt — ik Z 74X
W, RIS AAEAY ¥ HEE, 18T Fold Change 1
OPLS-DA HAY [ VIP fEARES £ ) iR i 22 A
Y. FdedriE: YEE Fold Change=2 ( i) # Fold
Change<<0.5 CTFI) FE.
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Fig.1 Sensory evaluation

®2 BREEITER

Table 2 Sensory evaluation results

il S e FA ok TR
AR, ARER, DA BERRA L Lo,
BRI, HEE, BEER OWE aa T A BRAERE, 89
FRHES, ATREE, Wi mERE L
B wmum, mak, wss, wek wmax w7 R EE RS
ERBES, HHETE, o BERER o,
C b e ik SR B B LEyE mkH, 44, H4
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SAREEL T Z A A SRR K e, G
1073 MR, CHAE 1048 B, A6 178 4
T S . 141 ANEPIIR. 139 NS, 86 ANk
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F 534 (Principal Component Analysis, PCA)
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Fig.2 PCA score chart
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Fig.3 OPLS-DA score scatter diagram of comparison of different

grades of Pu'erh ripe tea
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Fig.4 Model replacement test chart for comparison of different

grades of Pu'erh ripe tea
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Fig.6 Marker differential metabolites
A AR EFEHERTEAEERER, p<0.05.

=3 IREMERNEN
Table 3 Marker differential metabolites

£ 7R
Lo AR LA U5 ¥ %7 Fold Change=2 H.<0.5
AvsB AvsC BvsC
1 Guanosine 3',5"-cyclic B3 3 53R — AR CibuNsOP  PHER s e asg
monophosphate 2 R EATE
2 Adenosine 2',3'-cyclic phosphate P CioHiNsO6P - "27%#Z3F £ 6.09 2465 4.05
3 Deoxyelephantopin FREHEFZ CioH2005 1& 75 559 1485  2.66
4 Diosbulbin B FkE B CioH2006 ik 446 1698  3.81
5 Diosbulbin D F 1k & D Ci9H2006 3 350 741 212
6 3-Galloylquinic acid 3R TELA A TE CisHi6010 LR 231 601 260
7 Methyl gallate AT P B C3sHsOs Bk 308 673 218
8 Catechin Lk E CisH1406 % 5R 218 477 219
9 (-)-Catechin gallate(CG) ()RR TERILEZ B C2:H5010 FER 213 521 245
10 (-)-Epigallocatechin gallate FKEARTILEF AR TEREE  CuHisOn ES 4 3.40 834 245
11 (-)-Epicatechin gallate FOLEE R TR CxHis010 ES 1) 208 450 216
12 D-Maltose D-% ¥ 4% Ci2H»On ¥k 039 018 046

E: R POREATI P LM,

Fm TR, R AR, T SR
FE AN L3 2 B AT AR IX UM J5 5ok 255 i ot Joi (14 52 i
FEOREER, B LA T B o0 E B ) LR o
TEAN R SR AL AR 2 5. 238 2 FARB+
L 18 NE IR AT 18 MEMTH. 19
AN S SR IAAT 12 AL R R L HATEY) . R 4 HE
RERYIRAERAR, R 18 N L IATEY)
AR A A (0.053 mg/g) >B (0.007 mg/g) >C
(0.006 mg/g); 18 MBI S5 A (0.072 mg/g)
>B (0.042 mg/g) >C (0.028 mg/g); 19 i j 2k

HEA AR BB A (0516 mg/g) >C (0.221 mg/g)
>B (0.245mg/g); 12 NILAE LHATEDIA X &
£y A(1.808 mg/g) >B(0.668 mg/g)>C(0.482 mg/g).
X LI 5T R RFRT Aok 8 73 A i 3% IS I 5 20 o4 K T sk
My BR T LB R R IATED T AL B AT C 2]
B EEMEER (p<<0.05), HAXMFHNA 5B
MczrAfEEEER (p<0.05), BAIC ZET
wEMEESR (p>0.05).

SR FH 2 i B PR 1R O 300 3 4 B A ol ) S — A 0T
ERmIATRW = Z R, BT AN EL B )
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BRI RIEE, SKFEHS LA
—ig, RN EE L, W ERRAE
VAT E B N Group 1 ARRZER . Group 2 A&
AEWBE. Group 3 AR TR A KB FI Group 4 FFE L
WRLHATEY) . B STTR: A bR, A
Bl BT A SRR LA R S AT AR T LR TR
H R EmRRIL, Y A fE =R IXLRE S
JRARN E B, 7R B HRERKRIE, £ C P EK
Fi5; B HH ALY, Lumichrome GG FIEHEH A
B[ (-)-Maackiain (RN ML) EmEL, Hp
Lumichrome Otthz) £ A FEBKFIL, C F 2K
ik, (-)-Maackiain (FNIFEE) £ C T EHIRKIE,
A FRILERIE; C HEIEM Levodopa (£ ). A=
Wi Tombozine ({112 ) F 34 A S5 ¥l Isorhamnetin

(RRZFR) BEEKE, X=MEAE B FA2BUK
xiL, AHEEEIE.

SR EFTIR: IX JURA AR X (AR A i 35 S B
SRR IR, FEFTA AR E = AR T
FIHEM Levodopa (LLfigZ ). AWK Tombozine (%
FLIE) FIEE R M 25 F 0 Isorhamnetin (R RER) X =

NPT B A S B R G, AR )
i A2 i 2 S 20 ) P AR T 2 D . IR R IR AE K
BEE R, AR R B B T B R R B I R R
PENGEIRRY,  WROREERA R 7 5] S5 2 RN T 24
I A AR T, 45 =W 2 Fim ki
LT AR B IR S R PR B
EREEAME R BRPBHARSEL T H A%
RIEFRYL BEL B PR AR 2 R R, Askig b
SRR (P AR e 5k s At o S R P T sk 2>, DA
FEREARTIGER -, BWREARELWE T
REEEIAE DR AR ITHAE. BN 745 H
IR B S R (1.39%) AR TH. (K
SLREHTS (43R .54%F 1.58%), . ARH A
HERZRAWHE (p>0.05); Tt ERRIE LT 5 AN RS
TARKE R ZE A, HAFE— ORI R 5% (2.72%)
(SRR & S = SO %E (2.15%), AL
gh W rp B R 2% SR A S BT AN A
(0.516 mg/g)..>C (0.245 mg/g>) >B (0221 mg/g), A
B =T BALC, MHBAI C M ZEREBUN, UL RS
WARLE R[]

®4 ERFMRER

Table 4 Information of key substances

Aast ¥ #/(mg/g) (p<0.05)

£ L LAR F L AR
A B C
L-Theanine L-% 2BR
L-Phenylalanine LKA 2R
Isoleucine 55 A ER
L-Isoleucine L5 5% 2B
L-Norleucine L-iE 3% £UBR
L-Arginine L-#% £ B4
3-Methy-L-histidine 3-F AR 0 2R
L-Pipecolic acid L-Jk"2 B
AR L-Homoglutamic acid L5 0.053£0.006*  0.007£0.001°  0.006+0.001°
BRAT AW 5-Aminovaleric acid 5- A REE
Pyrrole-2-carboxylic acid e R
L-Serine L-# 28
L-Homoserine Bl A 22 2 BR
L-Threonine L-7 2B
Levodopa Eir% €
DL-Tyrosine DL-B #.B%
Tryptophan & AR
Glycine H £
Convolvine TRFCHR,
3-Acetoxytropane -LBEEK
& Ak Hordenine K& F 0.072+0.014*  0.042+0.008>  0.028+0.002°
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