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Metabolomics Reveals the Quality Composition of Huangshan Maofeng
Tea Produced by Different Manufacturing Processes

ZHANG Xiaolei, ZHOU Hanchen, LIU Yaqin, WANG Hui, LEI Pandeng*

(Tea Research Institute, Anhui Academy of Agricultural Sciences, Huangshan 245000, China)

Abstract: To investigate the effects of different manufacturing processes on the quality formation of Huangshan Maofeng
tea, fresh leaves (one bud and one leaf) from the tea cultivar "Wancha 4' (Camellia sinensis var. sinensis) were processed in-
to five types of green tea using distinct manufacturing processes. These included striping fixation at 230 °C coupled with
striping shaping process (L), rotary fixation at 400 “C coupled with striping shaping process (GL), rotary fixation at 400 °C
followed by rolling and then striping shaping (GRL), rotary fixation at 340 °C coupled with striping shaping process (G2L),
and rotary fixation at 340 °C followed by rolling and then striping shaping (G2RL). A systematic study was conducted on
the quality characteristics and differences in metabolite profiles of five types of Huangshan Maofeng tea by sensory evalua-
tion, metabolomics and multivariate statistical analysis. Sensory evaluation results indicated that GL achieved the highest
overall quality, followed by GRL, both exhibiting superior refreshing aroma and mellow, umami tastes. Metabolite analysis
revealed that the total free amino acids contents in GL and GRL reached 63.34+0.80 mg/g and 65.21+0.47 mg/g, respective-
ly, which were significantly higher than those in others. In contrast, metabolites contributing to bitterness and astringency,
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such as caffeine, proanthocyanidins, flavonoid glycosides, and phenolic acids, were lowly concentrated in GL and GRL.

Volatile analysis revealed that a total of 44 aroma components were identified in five types of Huangshan Maofeng tea.

Among them, alcohols were major volatile classes (28%~49%). 11 differential compounds (VIP value>1, P<0.05) were

identified by partial least squares discriminant analysis, including dimethyl sulfide, geraniol, benzyl alcohol, phenylethyl al-

cohol, (Z)-3-hexen-1-ol, etc. Notably, the content of dimethyl sulfide with corn-like and sweet flavor was significantly high-

er in GL and GRL, which could be the critical factor leading to their prominent aroma quality. This study provides a theo-

retical basis for the high-quality production of Huangshan Maofeng tea.

Key words: Huangshan Maofeng tea; manufacturing processes; quality composition; volatiles; metabolomics

LR R T AN KBRS, HoAwr i T2 F 2R 5
T (RO Ko, wEgE R, & i TR 45E
TR . A alRRR AT, ARG L E A ISk
YR, XL O BRI T I S 2 i TR A Sy
PR A PR AR DGR v S22 00 XU ) 5
ALFREELNR . JLASER L B2 | AR, LA SRR
PEAPLAE, Hos it S A RS2 RIS A | A 2805
FWET 285 2 R pgsgm >, Hop, ifE T 2
IS KU SN 1 R v i s S A in s,
TESP Y e 2t BTy T A5G BV

FIEG R E B i) A
LRAH IS —, IEINE LB [FHEYR. I R5E
SRR, HON BB I OB ER T AR b T AN
OB TP, Xue 8519 B TARZH =50 BT & 20, AH
BTAEGUR R AT, W S REA U #E 8 1 BTk
fit Lo p-A5 BRI I 5 AR FH , DT ik 35 R TS0 4
P EERFIEARAR S G i o B IHAh, b S g
1E AN T R AT KA i I LS R AR R IS
JRH & &, A B TURSS SR AT A BT IR EE S . X T A0
ERIRNT &, A 5 BUEOE 73X T 2 2R S i)
HAME RN BTSSRI R o B2 4550 il il B PP
M e TONRIE 125, BB MOBAE 8 T 25 5%
RELEE SHETHERG BT T R O RCR
[ SCHOV 245 H, B AR IR RE X 225 BTS2
R BE I S B Tl B ok Srar B, 5 | R K Rl R I
DEHEZ 1) ST A A s TR RE 2ok v W) ) 7 2 v R, AN
F TR AEEFEN . REC AR ER T RAEIR
BE | BAL AT 5T S ABOE T 20 SR 2255 IXUBAR il JB2 1Y
SR, SR H AT IR SR a2 i i
TSR = RGP

PR, ASFSE LB LD B e A VR T 20 D Ak, 1
JHBEZE 4 oAbt Fp ety Jsoet, SR 5 APASTE] TS
2B L BIESS . LG IS AT B E VR
TS ST S ARFE AT A AR, RGeS [H]
IR B LRSS 1 BT RRE S AR S 25
DI B s e g i AR - SR A B SR
1 MRS
L1 #MRISNEE

fep i ol AR AR S FE S R R e s
4 57, SRAM — 2R Ok R RS LR | 1E
T LERE(Cs~Cy,y)  FEE Sigma-Aldrich 2 F]; &R

)

=

HESCTT LB AT IR Wl DIERR L5
SRR I AAT B A wils JLAER Mk e T

M. ZREEER L AN R -3- IR TIRNR . R R-3-I R
TIRNE. AR ER-3,3 -0 E TR LI AR

BHEA R E JFAET & B, JFAEH E B2, JFfEW
= B4, HHIRIER M 2R MR R -3-O- M ApE Y L
T ZSEy . I ZSE-3-0- 251 L 1L ZSEr-3-O- %5
BT . XA TR . - . 28 TR IESY
W22 M AE AR e 03 BRAN 7 B-48 20 221 | S21R
ZUWR . IESERE . DFREEE . AEOTEE . PRl . RS 1EoE
M. W, T, AP . H AR s
P T AR e A R F]; R EERE . LR O
P . RFTER . B s B2 (i)l Tk &
JRATRRATF] . FTARRES S KT 90%.,

S-433D & IR 4 Hr A #8 [ Sykam 4\ A ;
Chromaster =550 AHEIEAL H AL H 372N A5 Ulti-
mate 3000 =RURAHEIE RS REEFZ S H]; Q-Ex-
active /= 43 BEBTHEAY  5€ B FEBR IR B 2 W
QP2020NX SAHC IS BTG B I H AR SR F;
DB-5 MS {1 % B Y14+ (30%0.25 mmx>0.25 pm)

5 E L FER N H] 3 6CLZ60-11 R3PS AL, 6CST-
40 IR AT HL. 6CR-40 FEAGHL Wiyl _EIELAEAT
BRAF]; 6CHM-901 HLFREUHETHL WiV s vLasnt
HLRA BRAF .

1.2 LWHE

1.2.1 FESdlE  SEr2E =N H AR 7 h )5,
BEMLI 43 a5 0y - BESh 1R 230 C BLAHLA
# 10 min, T HL#EEE 30 min, BE )5 A 160 °C 3 5%
I 15 min, )5 THH T 45, Fic oy L FE 5
2 SR 400 C IEFEAT, FHLPER 30 min, K5 RA
180 °C FEEAMIE 5 min, 160 °C BLLAASIE 15 min, f%
Ja TR TS, FRi0N GL; RS 3 23F 7 2[R ER
it 2, FHLRERUS, SEEFT 5 min RSOINEZS, B3R
JH 180 °C FREAAHIE 5 min, 160 °C FELAHJIE 15 min,
HJE TR TS, A0 GRL; 2245 4 3R 340 <C
R AT, FHLMERE 30 min, 65 % 200 °C HE 4
fBJE 5 min, 160 °C BELEAHIE 15 min, G5 T HR 6
T8, FRic T G2L; BEhh 5 233507 EREN 4, FHLBE
W5, SeiE1T 5 min ASIEFEE, BEfARAH 200 °C 3
Z I 5 min, 160 °C BEMHIE 15 min, FJ5 TR
R, FRidAh G2RL(E 1),



- 326 - B Tk B 2026 4 7 H
F WA AT L
N (230 °C, 2910 min) - - ‘ }O
W A (
A R L
¢ %"Q A (180 °C., £45 min) - — ) G
i L —» RIHZARA p—g
e (400 °C, #180s) | > o o s . ’ Y \ GRL
"~ ' & P R “f | !
\‘ﬁ, N5 CRIUE, 255 min) (180 °C, 245 miny | | (160 C. || (Bkso e | \/}
b S f,, 2915 min) |[ A2k 70 C)
(S =
o H v — — 'O GaL
w-, v AR (200 C. 245 min)
1< —> . —
£57 (340 °C. 4480 5) —
o ; R _ B _ — | | G2RL
n\ N (A, 245 min) (200 °C, £45 min) 4
Bl 1 G2EFE IR AR
Fig.1 Manufacturing processes of green tea samples
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Table 1 Sensory evaluation of Huangshan Maofeng tea with different manufacturing processes
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G2RL Akl IH 94 14 15 89 W B, PR 87 wIs, e 91 W RE, 58 93 90.25
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Table 2 Content of main taste compounds of Huangshan Maofeng tea with different manufacturing processes
Fim(mg/g)
P Ew
L GL GRL G2L G2RL
C1 HAFRGlu 2.06+0.01¢ 2.16£0.02% 2.18+0.02° 2.15+0.00 2.10£0.01¢
C2 X% 2 Theanine 51.82+0.92¢ 54.94+0.77° 56.73+0.49° 52.18+0.80° 55.35+0.55"
C3 RAH MR Asp 1.27+0.01° 1.34+0.01° 1.35+0.01* 1.24+40.02¢ 1.2740.01°
C4 MR Thr 0.32+0.00° 0.33+0.00° 0.32+0.00° 0.32+0.00° 0.33+0.00"
Cs 2251 R Ser 0.33+0.00" 0.32+0.01° 0.31£0.00° 0.32:£0.00° 0.32+0.00®
C6 HAMGly 0.15+0.00° 0.15+0.00° 0.15+0.00° 0.14+0.00 0.14+0.00
c7 MR Ala 0.14+0.00° 0.110.00° 0.11+0.00° 0.13+0.00 0.14+0.00°
c8 Jifi% #2Pro 0.12+0.01° 0.110.00 0.12:0.00° 0.12+0.01° 0.15+0.01°
9 R Val 0.20+0.00° 0.20£0.00° 0.190.00° 0.20:£0.00° 0.20+0.00°
C10 e Rlle 0.16+0.01° 0.15+0.00% 0.15+0.00° 0.15+0.00° 0.15+0.00®
Ci11 AR Leu 0.24+0.01° 0.25+0.00° 0.26+0.01% 0.28+0.01° 0.27+0.01%
C12 fi% R Tyr 0.26+0.00° 0.26+0.01° 0.26+0.00° 0.26+0.00° 0.28+0.01°
C13 FHEINZ [ Phe 0.37+0.00° 0.37+0.00° 0.39:£0.00 0.38+0.00" 0.40+0.01°
Cl4 2H % i2His 0.22+0.00% 0.23+0.00° 0.24+0.01° 0.210.00° 0.21+0.01°
Cl5 R Lys 0.34+0.00° 0.35+0.00° 0.33+0.02° 0.34+0.01° 0.35+0.00°
C16 KR Arg 1.99+0.06° 2.09+0.07° 2.13+0.02° 2.14+0.03° 2.11+0.03°
B A LR B Total AA 59.98+0.88¢ 63.34+0.80° 65.21+0.47 60.57+0.84° 63.76+0.57"
C17 WETILKEGC 1.14+0.04¢ 1.03+0.05° 1.48+0.04° 1.38+0.05" 1.25+0.07°
Cl18 FKEETFILEEKEGC 5.21+0.06 4.91+0.05° 4.91+0.14° 5.02+0.05° 5.6140.14°
C19 JLZERC 0.93+0.01 0.97+0.01% 1.0420.02° 0.92+0.03¢ 0.98+0.03"
20 FJLHEKEC 3.76£0.01° 4.26+0.05 4.33£0.08° 3.48+0.05° 3.87+0.12°
C21 KEETILRREE TIREREGCG 52.94£0.26" 52.63+0.86" 52.69+0.31° 50.93+0.61° 51.35+0.59"
22 BETFIEREE TRIFGCG 4.38+0.04° 4.99+0.18" 4.83£0.13° 4.44+0.06 4.24+0.05
23 FILFEREE TMBRECG 13.97+0.02° 13.16+0.18° 13.19+0.13¢ 13.54+0.12° 13.50:0.20°
C24 IR R ETRERCG 0.69+0.03¢ 0.78+0.00° 0.75+0.02 0.73+0.02° 0.68+0.00°
JLASE K4 Total catechin 82.99+0.28" 82.71+0.94® 83.22+0.63° 80.46+0.53° 81.48+0.96"
25 WHER Caffeine 28.13+0.47" 27.55+0.27° 27.93+0.08" 27.67+0.17® 27.44+0.07°

T [RA A [R)/ING TR i [ A 25 22 5 (P<0.05); Rl o
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Table 3 Compounds identified in Huangshan maofeng tea of different manufacturing processes
G5 G'ﬁfj)' |l =’ JFifuf VIP{E PlE
JLZ5 % = B4 Dimeric catechins(15%})
C1 5.00 (F)EEFILER-(F)EETILEE-1 (E)GC-(E)GC-1 609.126 0.55 <0.01
2 8.80 (F)EETFILRR-(FR)EETILEE-3 (E)GC-(E)GC-3 609.125 0.22 <0.01
C3 11.13 (FNEETILER-GRBETILAEK4 (BE)GC-(E)GC-4 609.125 0.79 <0.01
C4 14.05 ILER-FRKEFILAHEC-EGC 593.129 0.65 <0.01
cs 14.75 JFA£7 % B1 Proanthocyanidin B1* 577.134 1.14 <0.01
C6 15.99 (FREETFILERE-(ROEETILAFLE TN (E)GC-(E)GCG 761.135 0.90 0.04
c7 20.72 JA£ 7 2 B4 Proanthocyanidin B4* 577.134 233 <0.01
c8 24.67 JFAE T Z B2 Proanthocyanidin B2’ 577.135 1.51 <0.01
9 28.66 (FOWEFILAE-GR) ILEFEH KB FIEME-1 (E)GC-(E)CG-1 745.140 0.27 <0.01
C10 30.57 LR E-FRILFE B A THEEC-ECG 729.145 1.39 <0.01
Cl11 32.76 FIHF-RILFE R BB FRREREC-ECG 729.145 1.01 <0.01
C12 41.80 RERTF 563.120 1.14 <0.01
Cl13 42.52 HHHE-3-WEFIRIRTF-3-G” 715.130 0.88 <0.01
Cl4 42.93 AT 3,3 B B FIRERTF-3,3'-DG” 867.140 1.47 <0.01
Cl15 42.96 HER-3- WA TFMRERTF-3-G” 715.130 0.77 <0.01
P /5 B 5 Flavone/flavonol glycosides(237#)
C16 31.26 T E-6,8-C- % HH6,8-C-diglucosylapigenin 593.151 0.09 <0.01
C17 33.34 W -3-0-2F FLBHEE 25 TR Myricetin-3-O-galactosylrutinoside 787.192 0.32 <0.01
C18 34.08 Witti 2R -3-0-2F: LB H Myricetin-3-O-galactoside 479.082 0.48 0.02
C19 34.29 Wty 2 -3-0- 25 F i H Myricetin-3-O-rutinoside 625.140 0.34 <0.01
C20 34.45 Wttg 22 -3-O- 445 i Myricetin-3-O-glucoside 479.083 0.51 <0.01
21 34.53 FrERE-6-C-H Hi L -8-C-FI R A B Apigenin-6-C-glucosyl-8-C-arabinoside 563.140 0.36 <0.01
22 35.26 Wit Kz F-3-0-1 ZLME BE 25 B Bl 1 Quercetin-3-O-galactosylrutinoside 771.198 0.39 0.03
Cc23 35.75 Wi B 25 -3-O- I R IE 25 7 B 1 Quercetin-3-O-glucosylrutinoside 771.198 0.54 <0.01
C24 36.10 $HIH Z Vitexin® 431.097 0.10 <0.01
C25 36.35 HE3R 2 -2-0- B ZE B Rhamnosylvitexin 577.157 0.08 <0.01
C26 36.40 7T Rutin” 609.145 0.71 <0.01
27 36.41 L2 1-3-O-2F UM E 2 - H Kaempferol-3-O-galactosylrutinoside 755.203 0.52 0.28
28 36.44 543 Fsovitexin 431.098 0.05 <0.01
C29 36.50 Wi R -3-0-2F LB 1 Quercetin-3-O-galactoside 463.088 0.48 <0.01
C30 36.84 Mk e 3 -3-O- 4 AT M1 Quercetin-3-O-glucoside” 463.088 031 <0.01
C31 37.15 L1 A 193 -3-O- 1 A Bl ok =< 7 b 1 K aempferol-3-O-glucosylrutinoside 755.203 0.60 0.16
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C32 37.81 L2519 -3-0- FLH i Kaempferol-3-O-galactoside 447.093 0.69 0.04
C33 37.87 112515 -3-0-25 B HiH Kaempferol-3-O-rutinoside” 593.151 0.30 0.43

C34 38.38 111 A5 193-3-0- 4 & Ml 1 Kaempferol-3-O-glucoside” 447.093 0.29 <0.01
C35 39.36 FiHiEE Myricetin 317.030 0.76 <0.01
C36 40.00 Hit 2 # Quercetin” 301.035 0.51 <0.01
Cc37 45.46 11125 Wy Kaempferol® 285.040 0.35 <0.01
C38 46.42 111251 -3-0- % 75 5Bt & i Kaempferol-3-O-di-p-coumaroylhexoside 739.166 1.03 <0.01

1% /& Phenolic acids(10F4)

C39 1.49 WNMERE OB Caffeic acid hexoside 341.108 0.12 <0.01
C40 521 BEFIRGA 169.013 1.38 <0.01
a1 6.45 3-0-1% & FlE 4 T #423-0-galloylquinic acid 343.066 1.02 <0.01
Cc42 11.45 3-MIMERR 45 7 iR 3-caffeoylquinic acid 353.087 0.06 0.04
C43 14.59 3-p-Xif Fr L BEZE TR 3-p-coumaroylquinic acid 337.093 0.34 <0.01
C44 17.11 Z§J5ifiz Chlorogenic acid 353.088 0.22 0.02
C45 19.07 4-IIMER: 45 T B2 4-caffeoylquinic acid 353.088 0.09 0.07
C46 26.18 5-p-X 5 25 TR 5-p-coumaroylquinic acid 337.093 1.48 <0.01
C47 26.97 4-p-Xt 7 52 8t 45 T ik 4-p-coumaroylquinic acid 337.093 0.79 0.01

48 28.19 %} 75 12 figp-Hydroxycinnamic acid” 163.039 0.12 <0.01

W] JK fif B Hydrolyzable tannins( 57} )

C49 5.10 B-TI#INE T B-glucogallin® 331.067 2.05 <0.01
C50 8.63 BT LK Z #AH Gallocatechin-glucoside 467.119 0.30 0.03

Cs1 18.41 IR BT B A HiDigalloyl glucose 483.077 2.99 <0.01
C52 21.25 K JpR# % Strictinin 633.073 1.97 0.26
Cs3 33.95 =BT H i Trigalloyl glucose 635.088 0.81 0.22

H HLFRQrganic acids(1F})
C54 1.47 45 T ARD-(-)-quinic acid” 191.055 2.40 <0.01

T * R LS Y 2R HE it S FER LS Wi —SBUE . U S IR B ) AR5 BT S RE s P<0.053 BRI AFAE 2 22 5

2.3.1 JLERR BIEIE AT 15 LSRR X
I EAT 3255 (P<0.05) . JLZSZR “RA T8
FH PR A 2 A5 - 3- B S5 A B S AL B TR Rl P2, LT ok
SR T AR AP, WE 2A FR, R —R
&4 L v RIS & E, AE GL 1 GRL HHEHIE,
X FZIHHEFARGREAN . F5ERM, A5 R
1o A T R, TR B AR s 3 4 1) A Tt I
RIS 21 IR A=A AR5 H GL 1 GRL
AHIRERLR ST L, ilfEESEC R I Em sk
ZESF I EEFEN . A, AFTE T 4 FPER AR
(TF. TF-3-G. TF-3,3'-DG. TF-3-G)¥J¥¥ L. G2L X
G2RL W EE & o . AP R AR S b B2
FENEY SR, XA IR NG B SR,

2.3.2 BEMR/EERESTTE B IR S
A b SR M2 0, S8R LABE T R 2UATE, HAk
AR R R 52 (. (0.00115~19.8 pmol/L)fdi sl Ry 4 45
TR I B B R A ARG TR A 20 BB
KA SRR 5 25 5 (P<0.05) . Hid GL Fil GRL
R R FER 4 BB & = IK T L. G2L 5% G2RL, X5
GL 1 GRL BRE PEMY Ho 2% bR e i dee fiF AT 25 225G HK .
e AR R 1) R T N B 3R -3-O- i A HH IR 25 B
P ARSI S I et R S ER), S 2 B R SEY)
JoE i A SRR AT R, SR T IR R R

JEROl, AL, FEEA AL G ) 2 S A SRk L S R e
B AR A AR SR, AR i e T R R
Sl Kk, GL Fl GRL HH4IHk BE il E RS 4 i
AT RE IS PR Tk R s s I R TR 5 | R A
fEVE

233 Mg RIEAGAEY mRER—-RAEAREYS
R 7 TR 1, Hom /K e L W A 1A TR
WA, I e R G A 728 A B8 531 iR S AR I
JEET28 O HR B RS 1 R A TR 2 TR
G Y HA R v 19 25 W 0% R DG R PR T B e
AT, BRERIEBR AN 8 Fh i 25 25 Sy IR ) R 1Y
76 L P 2R &, NS RE T ARy
HRAANTH S | K i) -2 L5 AR AT 2%, I B T
PSR R IR B0, AN, BT E A YR
FEBEWRY R, HE&EE LA G2L i E & T
GL. GRL & G2RL. #ZMAEAEGESRIE 58
BRI AR AR, B 5 3507 TRl 3 5 B 35 TEAH OGP
B-ARIEPRET BT LR SR AR S R T
W RIPEYE TR KR . o, BRI AT L.
GL M GRL H & i vy 1% 1 Ik 48 45 0 ) 7
GRL. G2L X G2RL & &K FH .. WoRRH, K&
TR A FESS TR AR AS i R R TR TR AR IE
P2, eSS ERAREE R R L SR
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Fig.2 Heatmap of differential compounds (A), PLS-DA score plot (B), and cross-validation (C)

2.3.4 fEZzEFriibA5Y  Eid PLS-DA XT4
AR 75T B 2B 15455 El (R7X=0.923,
R*Y=0.909) {75, 5 P T A BB 1L BIESS AT 43 A —
Je: LAEP P IMURR N —25; GL f1 GRL £+ T
Y RS — . 5B ) h—3%; G2L A1 G2RL Wij4E
FTHE =R h—2 . £ 200 B HAGL, O° [T
£ R (0, —0.65), 3B PLS-DA #AIR]5E, Joid
FERLA LG (K] 2C) . T VIP {H>1., P<0.05 fifiik
BN 14 8] 22 5 1 SCEIL G, 05 R R AR TS 3
Bl. JFEH R B2, JFIETH & B4. C-ECG. EC-ECG.
FEE | A E-3 - DR E TR B TR, 3-0-
BETEZE TR . S-p-XHEEBE TR, BT, 4-
WIRPBETT . IR IR A A L 2R 19-3-0- X
HEtCbEE . HoP s 7 LS E R A
Yy, B3 L 2B & . Y= i
RS G A, BN S B S IS AR H M SRl T 3
FAT KB RGP AT IR XA R T 2810

BIESS IR IE oA SRR
24 ERMRS IR

ifid GC-MS Xt 5 Fh T2 85 1L TG % & 1k
SRSy BEAT AR 43 AT, s Y 44 Fiik G, B dE
14 FhEESE | 12 FREESS . 6 FREESS . 5 FRERZS . 3 Fhks
KK 4 FhHABZEYI R (52 4) ., Hidh, b & & &
=ik 713.57+39.40~1437.35+£83.22 pg/L, 5 B IE K
Y& 28%~49%. L PSS ik 49% (& 3A),
BH W25 GL(28%)F1 GRL(32%), Al BT T35
TREAE . CAUITERY], SR e fe s 5 R
B B A R R P DA R0 5], Jf i AR S MBLAEL
R TR AT A i BT 2 Al i TG
e AWt L R HIRE &K, GL fl GRL A H iR
FEReR . MR 4 ThalEH, L b S RE L TR
AP an oy A e . B kB AE o B W 3 S T GL OHI
GRL(P<0.05), Xt MM AT 56IE T /B S SR TE
W Z (B E TR

F 4 AFTZEILBESTHE RS & &
Table 4 Content of volatile compounds of Huangshan Maofeng tea with different manufacturing processes
J R EE (ug/L)
Bk lesg7] CASS RI* RI®
L GL GRL G2L G2RL

B A (14F) 1437.35483.22°  713.57+39.40°  842.07+53.05°  1158.71£4.53"  1428.45+36.61°
C1 IEJ% % 1-Pentanol” 71-41-0 768 774 63.29+2.42° 83.08+2.60° 71.59+2.46° 83.14+1.56° 70.95+7.72°
C2 JI5i-3-CL 4758 ( Z ) -3-hexen-1-ol" 928-96-1 858 856 27.95+3.34¢ 36.41+0.87° 43.11£2.65° 51.48+1.08° 46.64+3.43°
C3 1-3J-3-B¢1-Octen-3-ol” 3391-86-4 986 980 6.30£0.15 7.57+0.80° 5.040.73¢ 5.26+0.39° 5.03+0.47°
C4 7 H B Benzyl alcohol” 100-51-6 1032 1028 219.22+8.10  188.93+4.00°  209.68+26.54*  234.81+17.09°  292.24+21.66
Cs (2Z)-2-FH5-1-l(Z)2-octen-1-0l  26001-58-1 1066 1063 1.71£0.13% 1.79+0.10° 1.44+0.12° 1.45+0.06° 1.57+0.14b¢

FREEEE ALY 1T trans-Linalool oxide

C6 B 34995-77-2 1065 1065 6.07+0.33" 3.07+0.11° 3.09+0.15° 5.10+0.56 6.25+0.26"

(furanoid)
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G’ &Y CAS% RI* RI®
L GL GRL G2L G2RL
c7 1E2%f#1-Octanol” 111-87-5 1068 1067 15.16£1.75° 12.95+0.44° 13.28+1.25% 13.55+0.25% 15.05+0.46°
c8 B | Cié'LmalOOl oxide 5989-33-3 1080 1083 7.71£0.54° 3.35+0.32° 3.63+0.18° 6.97+0.66° 8.71+0.27"
(furanoid)
9 5t Linalool” 78-70-6 1101 1098 54.92£1.72° 19.82+0.99¢ 21.72£1.10¢ 38.61x0.66° 50.19+0.63"
C10 K Z#Phenylethyl Alcohol’ 60-12-8 1114 1097 238.41£31.19®  146.36+22.91°  202.87+20.07*  197.843.01°  267.68+16.31*
Cll SRR Ciﬁq'hnalml oxide 14009-71-3 1175 1164 1.55+0.15° 1.29+0.03° 1.37+0.06™ 1.4620.05" 1.87+0.15°
(pyranoid)
C12 BRIV tral?s'nnalom oxide 39028-58-5 1169 1169 3.83+0.40° 3.41£0.16° 3.64+0.39 3.63+0.32" 5.65+0.33"
(pyranoid)
Ci3 a-tiifiAza-Terpineol 98-55-5 1190 1191 7.820.59° 3.89+0.06° 4.19+0.16° 6.27+0.28" 6.56+0.44°
Cl4 B Geraniol 106-24-1 1221 1236 783.39£37.37°  201.64+11.30°  257.42+7.16°  509.18+18.31°  650.06+22.35"
AL A (12F) 389.59+11.69™  381.89+21.74"  368.77+10.41°  411.2+2024°  374.79+12.87°
Cl15 2-MAE T 2-Methylbutanal 96-17-3 688 681 32.37+1.48" 24.62+1.14% 22.13+1.54° 25.93£1.53" 23.13+1.45°
Cl6 JX. ¥ Pentanal” 110-62-3 698 699 49.56+5.33° 75.8243.19° 60.87+1.13° 74.16+5.20° 52.52+8.34%
C17 C ¥ Hexanal" 66-25-1 800 799 150.0443.67°  159.8+12.93*  157.35£7.95°  165.19+13.18"  158.10£7.99°
C18 B Heptanal” 111-71-7 901 906 54.17+3.64° 54.88+2.51° 56.52+3.16™ 60.55+1.59* 56.09+£2.72"
C19 (B)-2-P#fisi (E)-2-heptenal 18829-55-5 956 957 1.49+0.12° 1.53+0.10° 1.24+0.03° 1.43+0.09° 1.24+0.06°
€20 2K {1 ¥ Benzaldehyde” 100-52-7 961 960 3.39£0.25™ 3.05£0.07° 2.97£0.19° 4.150.17° 3.80+0.35®
21 IE“E#Octanal’ 124-13-0 1004 1001 2.91+0.20° 2.4420.02° 2.59+0.15° 2.61£0.11° 2.66£0.11°
Cc22 7K Z ¥ Benzeneacetaldehyde™ 122-78-1 1043 1036 44.48+6.59° 20.1246.20° 20.07+2.00° 34.11%1.02° 30.81+3.82°
23 2 -2-F il (E)-2-octenal 2548-87-0 1052 1052 1.33+0.09* 1.13+0.04° 1.11£0.11° 1.22+0.06™ 1.16+0.07°
C24 T-f¥Nonanal” 124-19-6 1089 1091 43.91+4.42° 34.1+1.98° 38.88+2.31% 36.23+2.12% 39.61+1.05%
25 B Decanal 112-31-2 1195 1171 2.89+0.35° 2.93+1.08" 3.47+0.05° 3.31+0.40° 3.06+0.20°
26 (E)-#74 % (E ) -citral 141-27-5 1267 1256 3.06+0.15° 1.48+0.04¢ 1.57+0.06° 2.3140.07° 2.61£0.11°
B (6Fh) 51.6942.33° 34.82+1.18° 36.2+0.83¢ 41.79+0.72¢ 45.68+1.79
27 WS'D%ETEE(ZB 3-hexeny] 16491-36-4 1186 1182 4.15+0.30° 4.21%0.19* 4.1240.12° 4.04%0.06* 4.230.21°
butanoate
28 JK R B Methyl salicylate” 119-36-8 1193 1187 34.55£1.06° 18.69+0.52° 18.130.57° 25.04+0.29° 26.28+0.71°
C29 TR 7 i Methyl geranate 1189-09-9 1301 1302 1.90+0.23° 1.74+0.15° 1.96+0.07° 1.8+0.07° 1.96+0.11°
30  CRMEAR(Z)-3-hexenyl hexanoate”  31501-11-8 1369 1375 8.46+1.00™ 7.88+0.95° 9.50+0.26"™ 8.38+0.37™ 10.16£0.71°
C31 MR C EiHexyl hexanoate™ 6378-65-0 1385 1381 1.27+0.18® 1.05£0.15° 1.20£0.06° 1.16£0.05° 1.47+0.08"
c32 AR EERECis-Hexenyl-3-benzoate  25152-85-6 1568 1567 1.360.05 1.24+0.09" 1.29+0.08" 1.37+0.05° 1.57+0.04°
Al &4 (SRl 99.75+5.28° 87.47+6.78° 96.95+5.13% 99.9446.71° 119.36+2.31°
C33 4;;25?;::&;2@2“ 141-79-7 798 797 1.9340.03 1.56£0.02" 1.420.02¢ 1.3840.04° 1.4240.07¢
C34  HIFEPHANH6-Methyl-5-hepten-2-one”  110-93-0 986 984 6.59+1.22¢ 10.12+0.26° 9.16+1.02 8.65+0.33% 7.51£0.03%
35 SRR Cis-Jasmone” 488-10-8 1391 1387 82.78+3.94" 71.32+6.06° 80.01+2.53" 84.47+5.13° 103.35+1.92°
C36 7S£ il Geranylacetone” 689-67-8 1456 1439 6.33+£2.36" 3.18+0.35° 4.54+2.01® 3.8+0.84% 5.04£0.72"
C37 485 = liltrans-B-Tonone” 79-77-6 1470 1474 2.11£0.26" 1.29:£0.44° 1.82+0.14% 1.64+0.70™ 2.04+0.16™
BIALE Y (3R 15.34+0.58° 7.82+0.34 9.130.31° 11.75+0.44° 15.72+0.74°
C38 HEERB-Myrcene 123-35-3 988 989 9.15+0.25 5.33+0.32° 6.21%0.32¢ 7.48+0.33¢ 9.91+0.35"
C39 (E)-p-% #ffitrans-p-Ocimene 3779-61-1 1041 1033 2.03+0.08" 1.26£0.11° 1.30.11° 1.85+0.02° 2.05+0.16°
C40 & 4 p-Ocimene” 13877-91-3 1044 1042 4.15+0.36° 1.23+0.15° 1.62+0.10° 2.43+0.10° 3.76+0.40°
HAb AP (4FD) 946.93+149.38°  1350.19+54.37° 1287.71£192.38 1012.08+£57.7° 1096.83+£51.85"
C41 IRk Dimethyl sulfide’ 75-18-3 500 487 939.73+148.43° 1345.75+54.20° 1282.47+192.33" 1007.56+58.02° 1091.34+51.79"
Cc42 RN Tea pyrrole 2167-14-8 1039 1040 2.62+1.04° — — — —
C43 15[k Indole 120-72-9 1290 1283 3.18+0.12° 3.06+0.16° 3.75£0.15 3.10£0.25° 3.87+0.07°
C44  2,4- T IE2,4-Di-tert-butylphenol  96-76-4 1502 1494 1.40+0.01° 1.38+0.02" 1.48+0.05" 1.42+0.10° 1.62+0.04*
St 2940.65+206.91% 2575.76+118.12° 2640.82+220.09° 2735.47+58.44% 3080.83+22.13°

T "R AR AL G W 0 3o s vl o 2 0 AR i E i, AR LA W U0l S 58 R 2 R R AT SE A5 ¢ —" Ron AL W AR TR B s RIPACIE TR T NTS TR i
(hitps://webbook.nist.gov/chemistry/), LADB-5 MS & i Ay Bt s RIPF %38 1k IEAGM5e)a h eest [l 31545 Hh i AL & HURIM
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T Y e —2%; L. G2L M G2RL £ F T Y 4l
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Fig.3 Proportion of volatile compounds (A), PLS-DA score
plot (B), and cross-validation (C)

939.73+148.43~1345.75+54.20 pg/L, J& & B [ 2 7%
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