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Aroma fingerprinting and geographical differentiation of sun-dried green
teas from different regions of Lancang County by electronic nose coupled
with gas chromatography-mass spectrometry

ZHAO Miao-Miao'?, YIN Xiang-Yan', YAN Liang'?*, ZHENG Ting-Ting'?, LIU Li'?,
ZHANG Wen-Jie!, WANG Jiang-Chuan3, LUO Cheng-Yan4, LV Cai-You**"
[1. College of Tea (Pu’er), West Yunnan University of Applied Sciences, Pu’er 665000, China; 2. Pu’er Institute of Pu-erh
Tea, Pu’er 665000, China; 3. College of Tea Science, Yunnan Agricultual University, Kunming 650201, China;

4. Pu’er Menglian Gongxin Yinhai Ecological Tea Factory, Pu’er 665800, China; 5. College of Tea and Coffee,
Puer University, Pu’er 665000, China]

ABSTRACT: Objective To clucidate the aroma characteristics and regional differences of sun-dried green tea
from different producing areas in Lancang County, Yunnan Province, and to establish an interpretable framework for
aroma fingerprinting and geographical origin discrimination. Methods Volatile profiles of sun-dried green tea
samples collected from 10 producing areas in Lancang County were systematically characterized by combining an
electronic nose (E-nose) with gas chromatography-mass spectrometry (GC-MS). Results Principal component
analysis (PCA) of E-nose responses showed that sensors W1W, W2W and W3S contributed predominantly to PC1,
whereas sensors such as WIS and W2S contributed more to PC2, indicating that alcohols, aldehydes/ketones,
aromatic compounds and methyl-related substances were major drivers shaping the overall aroma profile. The ZB
samples deviated markedly from the main cluster, which was likely attributable to the stronger responses of sensors
WI1W, W2W and W3S. GC-MS profiling revealed that alcohols, aldehydes and ketones dominated the volatile
composition, and linalool together with f-ionone were identified as key contributors to aroma differentiation.
Hierarchical clustering further indicated that DKH and BPDQ formed independent branches, reflecting their
distinctive volatile signatures. Region-discriminating marker sets were identified: ZB samples were enriched in nerol
and 2-cyclohexen-1-one, corresponding to an “orange blossom-grassy” note; XB samples uniquely contained cedrol
and 1,2,3-trimethoxybenzene, consistent with a “Fresh green notes to soft woody sweetness” tone; MJ samples
showed elevated phenylacetaldehyde, potentially contributing to a compound honey-like aroma characterized by
“honey-ripe fruit with fresh citrus-woody notes”; DKH samples exhibited high linalool levels, presenting a
pronounced “floral-citrus” profile; and BPDQ samples were dominated by 1-octen-3-ol, featuring base notes
reminiscent of “mushroom, wet wood and mellow sweet ripe fruit”. Conclusion The integrated E-nose and GC-MS
strategy enables rapid and effective discrimination of aroma characteristics and producing areas of sun-dried green
tea with good interpretability, providing reliable physicochemical evidence for quality evaluation, origin
authentication and geographical indication protection of sun-dried green tea from Lancang County.

KEY WORDS: sun-dried green tea; aroma compounds; electronic nose; flavor profile; gas chromatography-mass

spectrometry; principal component analysis
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Hil, ZZMEAR FERAREHITE. BFE5X
A €4 3% - 5 i 7% (gas chromatography-mass spectrometry,
GC-MS)ZEH AU Hirp GC-MS I 764> T2 TR T ¥ K
G YA T A R, T TS E 1 =
FElB ) (H R BT B 2R 2t Ak, R R K, FLAE
KEEA, 277 P i 2 A o F S U 2 )%
RS AR AR SR AR SO HEA TR, E AT Ab SRR 1
R . JCH . 1S BN A G 7 b A
B R A ERE X A RE 15 GC-MS I A 4y BRI A,
A S AR AR BT IR B e A AL AR, B
ZR MRS HR B AT A A 0] XA (E e A R Y () A FL - 4
TREERYE GC-MS JCHEHR K ) Z ] e/ D3 W [ % 1 e o
AR, HRFESIEA — B oSS 45 R AT Lok 5 Bk
RERT R ] R S AT I, ARG R EE A
W ESETFRE T E2E GC-MS il 45423k
ZEIRHUE, $EENT T R XA iE s S WA S

e B SRR . MAES SR, AR XA
o B HEWRT R TS HfEEES, T3
iR BB AE S B B U BT, ARSI
BOTE . AR, $LA0 . FRERE . AKIE. B, FRk.
A HL L AN, TR 10 IR X SRR AL, B SEL
BT R 5MIREAFE SRR BT S48 808505
FIF i 2 XA I R R B S LE TR — 1R R TR
GC-MS R MM U 5 28 ik, HEAr 4R E82E Rm—K
SR /20 R R A, TET AL B X R AR 8O i
TR RMA S . VIRE R RIRGIT 25 WS e 8
T 57 hh S RIS AL AT B AL AR AR, T BrE 57 A
TE FY R RS G 2 5 B R A AR R A Tk R

1 #MR5RE%

1.1 St

SEES AR B H IR B 10 4~ 248, 89T 2022 4F
(%4 5—6 A5l GC-MS L Tk EEE—F=
UM BR R A 2 B R MR R, 20k REF L L
FOGTHRQ O LML, SHELLTE £ SA M.
BARMZEFAE BNE 1.
1.2 UFE5RF

LFP-2500A % = 8 22 D REM HEML (RS I AR B BHB (LAY
HBRAFD; 7890A-5975C BRI AT T- Bk AL . Agilent
J&W HP-5MS B4 (60 mx0.32 mm, 0.25 pum)(3E E 24
eRHL A FD); PEN 3 HLF5(TE[H Airsence 22 w]); FA1204N
RIBF 0T KO BE 0.1 mg, FHESIE s A TR A 7).

FAEN(EERE =99.8%, EZGHERLFRAFIARRA ), H
FE(EGal, SRE=99.9%; LIBTHl T A bR A FRA F);
BB L TR(PE =98%; gz oA AR A BRA D) s
ARG ali, W B iz oA AR BRA A

R1 TRMXIESHRFHES
Table 1 Information on sun-dried green tea samples from
different regions

75 AHE %5 1)

1 ik BW AR S IR
2 AR DKH B SR T2 A
3 A ZB A & H AR
4 YR BPDQ SCAR S WNFRA
5 K5k ST SCAR & KSR
6 H XC B KOKH 1 X
7 212 ND Kk & BB
8 T XGD BT A AT
9 /NI XB WA S /NI
10 P MJ RS

1.3 SKWHE
1.3.1 GC-MS #iil

K GC-MS ¥, FIFIFRAER GC-MS Jiik, 456 T3l
[&] FH 3% #E B (solid-phase microextraction, SPME)H B i
5 o FREUK B IR 2 J5 I ASRE 0.20 g BT 20 mL A i,
A G ALAN 0.20 g, 70 °CHIFHE LK 1.0 mL DL K NARA R
10 uL[ZEFR R 50 mg/L(H WL f#)), LRI 2%, 16
70 °CoKIEZAE T HIEIF#E i FE 8 20 min; BE/SHRA
50/30 pm DVB/CAR/PDMS =i&JZ SPME 214k, F[rl—if
AT W B & AR A 40 ming WEINEE RS, B4y
B3 A GC-MS HERET, 7E 240 °C4 T #URMT 3~5 min J&
HERES T o

(o 5 ARERE K Agilent J&W HP-5MS B4 H:
(60 mx0.32 mm, 0.25 pm). SN H LA (L =
99.999%), ik 2.15 mL/min. JEEEITIREE 240 °C, 433kt
1:30, VAT 40 °C{#HF 3 min; LA 3 °C/min F} % 70 °C
FAEF 2 min; L 2 °C/min FFE 110 °CHAREF 1 min; YA
3 °C/min F} & 170 °CIF5F4E 3 min; LA 5 °C/min FF% 190 °C
FEARHFR 1 min; L 1 °C/min FFZE 192 °CHAREF 2 min; )5
2L 10 °C/min F+Z 220 °CIF15:4% 2 min,

JRTE A B X O BT 2 I B (electron
ionization, EI), HLEEEHE 70 eV; B FIRIREE 250 °C, 43
BRI 240 °C; KM E 0.89 kV; R
35~500 m/z.

EES A AR NIST20S RS FER:
RIF4E 517 BB 15 B (retention index, RDBEATEMMMIN; K
FHNARIR (PSR 2 1) 45 A W T AR — ALtk A 72 2 52 50 T o
1.3.2  HFEKLm

K % Airsense 23 7] PEN 3 {8 #5 2 f 1 24 R A TAGM,
FRFEERBIAY 5 s; AR E R 300 mL/min; V& VEEHE
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200's, FHF45 s, MEHE R 60 s, 81 TS B w e 4 I
MRFE 57~59 s KBRS [AHXTHR (i 22 (relative standard
deviation, RSD)<5%], #iBUZ X AIKHs . FAAH T 5%
AR RERE IR ISR 2,

TR EERE BACRNE, A5 200
TAE AT HRER SRR TR TR
ANZEFERREL T g B 150 mL HEEH D, % E#E 30 min
JET T RRERMMGE . 8% FEHIEMTEA 50 mL
BB ALK, KR DRI R E 45 min))E, WE A7
A MK HEGEEL2)E, BMHIKE T 30 min
SR TERCRE . U BB IRRM BRI EEIE 3 IR,
IR 3 YCHA TR AR S BIOS S

% 2 Airsense PEN3 T 2L REETIEE(ER)

Table 2 Sensor information for the Airsense PEN3 electronic
nose (Germany)

MESFS A RAEIE RS PEREAE AT
R1 wiC XISy . RE R
R2 W5S X RAAL G MR R
R3 W3C XS RAY . KR
R4 W6S FE A R
R5 W5C Xof e e ot e 5 A LA R
R6 WIS Xof YRR R
R7 WIW X wiA R
RS w2s MR . RS R A
R9 Waw xﬁ%ﬁﬁ%; ﬁf HLER ALY
R10 W3S ROR IS (3PS PRE 7

1.4 HEEALIE

SERGEHRE 3 FH SPSS 27 AT T, LATEAR A
AJAAS 5, F WinMuster1.6.2, Origin 24 I R i 5 &4
PEF TR AL B SR . H - S B 2 bR HE AL S R AT 3 03
43 #(principal component analysis, PCA)FIZ 4347 o

2 HER5SH

21 AREWMXESRMBFESH
PCA J3#t

MHER 3 FPARBCER S B0 7 6 AR B A L
PE, SeATR AN . R SRR T B A 3 Rk
B PCA XFIEH, 28373k (8 1) 5L (& 2) 5
A SR (i 1] — 5 2 55 (A ZB AT 2 30 A ARk 7 1) i B A
A), (HERRE ST TRE, EEERL, ROCRET
THL, HT U, AT AEE 3B AKX 10 A
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Fig.1 PCA score plot of tea infusions
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W5 25 (A S A TR AT o TASIR I T A OC AR BE M
T, EMr Tk E Bt 91.88%, PC1 TTHkE H 78.84%, PC2
TUHRAEN 13.04%, PO 40 RERAEZSHE 1Y F 245 BURRAE,
PCA XAFEETRILF] 91.88%, i HH1% 5 10 %A ] i X il 75
AR T 2R PCA 22114345 R, ZB W i
AR, WHHERASSHMERE LR R, BW
5 XB tHESE, R - HEHFIEXEFHEHL, XGD 5
ND. XC 5 DKH. MJ 5 BPDQ 4B F48 % &, $il]
TRARRLI A SRRAE
2,12 ZA AT

AT R, G WIWERALY)) . W2W (5 .
BB YNS W3SKEERBEEIOXT PC1 Jr i) kM3 58
Joge i, T OWIS(H L), W2S(BE . BEERE) S8 a1
PC2 Jr ] ERYEATRIX R (K 4), RMITEA [l X AR
SR RIEBMEY . THERS . BB S A
YR RO AE . F5 4R Y S, PEN3 b4 8 AL 14 Jk
RS, AFAE— 0 38 SURHURNE, A% I8 1 58 A5 1 4
gUFE S TR S, HAMSREITRE G GC-MS
SEIRIE— LR P — A TS SMEBL(E 5), ZB TETE
KB RN, W RE R A WIW, W2W., W3S,
W5S A EF R, W WIC, W5C 5 W6S 1483
A HH B0 ) S8 I P e P . X R ZB SRR A 2 X )
FARIE B sk R a2 AR AR L, T AT RS A
&Y. IR EA =Y L R e 5 A I 22 S e 4%
& PCA [MER a7 ), XA U 2 Hi8) PCL. PC2 1Y
F 1, Hit ZB K R .
2.2 GC-MS %
22.1  FERMERIRALS WAL B o b

AW TSl 2 R0 R A P L BT, AS TR A R Y
JEH FE BT AN [R50 B 5 B 55 75 A A e WBE ) 25
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Fig.4 Loading analysis plot of sun-dried green tea
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FEEA W R B G B 2 B0 . BW 38 i
DKH 44 ffi . ZB 53 #' . BPDQ 44 il . MJ 54 ffi , ST 50 i1
XC39ff, ND42 Ff, XGD 46 fl, XB 52 (3 3),

AHRFEXS NG F 2% h R PRS0 R G4 3= W,
FERRAFRE IR T 2 28 0 Bl & W (0 26 2500 5 1 ) 4 F
B AR R th 2 P s 2IS (LA O o s S AR A S5 )
e Jeie . RIEcn -2 B . Arda), i s
FRER. HY T EE &SN S AL N 7 B
(19.62%~42.89%) . #H ¥ % (5.78%~20.85%) . a- ¥ il BE
(0%~11.11%) . & M- 2 (1.82%~8.34%) 1 Jii & 7% #5 ft
(0%~4.17%) - 3X 5 WU S5 5 v 58 5 H 0 75 2% 0 42
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il (565 22067 . -5 TR (CHYRAREE S 22 467F) . W CGR A
). KELHREOR . TS 24 P BN F, DV REEE
SR A, BIEBOR. KA. £ 2 B EE T
TS | S50 H5RELY g- 5% WTE
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3 MEBBTRHEESATETEE

Table 3 Relative content of aroma compounds in sun-dried green tea samples from Lancang County

A5 Bk okl AHEATR
7! G U M
BW DKH ZB BPDQ MJ ST XC ND XGD XB
S -2-C T HER ., G - 057 050 048 021 059 039 022 034 0.51
IR A EE 0.50 025 040 049 076 157 048 0.76 0.64 0.46
CLE A, G 127 1.19 087 128 1.12 157 134 125 1.07 0.96
P BWiA . NS 0.64 1.12 095 046 037 0.78 0.66 0.72 046 0.51
B BENiR . HEA - - - - - - - - 010
S MG . BRI - - - - - - - 027 012
/% (E)-2-Beisi BWiTE . HEE - 048 - 008 - - - - -
S 2 NEWiA . A 130 030 - - - - - - - -
R WA T 1.17 069 1.10 123 335 123 - 0.78 127 1.86
AL 1A ey 0.82 0.80 0.70 0.88 1.15 092 1.63 143 098 041
BT MG . 2 049 043 032 036 038 038 0.55 037 038 034
2,428 I REWIA . IhMKER - - - - - 108 - - - -
4-F B3 e HEE ., GFE - - - - - - - - 021 -
i B 7 8 8 7 8 8 6 7 9 9
R 5/ % 6.19 535 532 518 742 8.12 5.05 553 541 527
iyl TEPAET, MGFIAMAARSE 331 416 269 348 3.87 318 - 417 3.62 165
R ESAER, SR - - 013 - - - - - - -
B FEbE . HURIIHER S - - - - 007 029 016 - 027 08I
A 5y R WA GHREIRGES - - - - 011 - - - - 015
A S AIBOR AR 2 - - - - - - - - 048 029
F7 WHAEE, B AN E 38.02 42.89 34.62 30.33 22.15 36.32 19.62 33.87 29.08 25.85
4-2 FI N - - - - - 032 - - - -
6E-A 4 X PR, 8 L ARA - - - - - - - - 012 -
WL WAL, B A2 <k - - 002 - 025 - - 105 - 068
— FEAERE AT, BAERMBS® 056 048 3.03 204 - - - - - -
FEAEANE WEGARTHES 039 046 - - - - - - - -
a-PATHEE AR 1028 11.11 9.72 - 739 747 490 7.56 10.09 8.39
1-2F-3-1% B REER 130 1.00 0.83 9.42 0.61 0.60 0.65 122 0.55 031
A WEAEE, B KAZERS. 446 575 349 263 495 834 1.82 741 7.19 7.04
4-Ti I TR, ETHMNRGES - - 066 082 062 - - - - -
FAA FAARFIRAARTE S - - - - - - - - -0l
THYIBEE TR, RMHSR 11.95 5.78 16.03 16.18 17.34 16.63 19.07 10.77 9.49 20.85
S HE, GHES - - 013 012 015 009 - - - -
SEATEE HE, GHR - - - - - - - 010 014
FATHIF-4-T LT HFAEES 0.77 0.66 - - - - - - - _
o eSS 9 9 11 8§ 11 9 6 7 10 12
AT /% 71.04 72.29 71.35 65.02 57.51 73.24 46.22 66.05 60.99 66.27
2,2,6- = HIFLIR L i TR AR A AR 049 031 - 033 020 019 - - - -
a- L vy - - 010 020 021 0.17 031 - - 021
B-E5 PIYRARLES 2 10T 1.01 073 0.84 133 125 125 207 098 1.19 158
R B S LT B R GTES - - - 016 017 - 078 023 022 0.13
2-(1-FAFEZ 38)-2-FR a5 -1- AR . TR G BRI - - 063 - - - - - - -
—_— 4-FEHE-6-F 5E-2- ML B BHaER - - 074 - - - - - - -
P SETN PG . RRA A - - 009 - 021 - - - - -
KhA-fill HH ., T - 012 - 018 021 032 052 024 044 022
JIGE- Rl Py - 053 045 - - 043 - 051 075 028
F HH . RMTHRGHESEE 093 045 092 1.61 100 0.68 234 0.60 0.87 1.17
1-Hekfi-3 -1 HE, BRemEEAe<E - - - 018 - - - - - -
D-f i AR A 0.18 023 036 036 022 041 074 - - -
o [l e 4 6 8 8 8 7 6 5 5 6

AEXT 5/ Y% 261 237 413 435 347 345 676 256 347 3.59
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) L A ARHEAR

BW DKH ZB BPDQ MJ ST XC ND XGD XB

T EBRIEA I R iR 0.70 0.67 237 137 190 3.01 1.10 176 -

EilA Y% - - 017 - - - -

FEAERF R TR - - - - 019 - -

K% S hER R ES IR - - - - - - - - 013
VBRI i CERNER 020 013 - 005 - - 017 0.17 021

KR g SN 061 - - 030 - i i - B

INERE TR TEHEER . MR 007 - 0.09 - - - 007

ST BRE FEAE R @I, K% - - - - - 021 - - - -

il RSB 1 2 3 1 3 4 1 3 2 3
FEXT 5 B/ Y 0.70 0.81 0.87 237 1.72 237 3.01 146 193 041

1,7,7-=HXOA[2.2.115¢-2-4 - - - - - - - - 017 - -

Rk HE AR 092 076 045 - - 100 0.65 0.80 0.55 0.47

(HB ARG R T 1) 0.70 0.86 0.77 095 0.73 0.66 0.63 0.67 0.55 0.53

T8 T Pk R 0.75 0.65 0.63 0.78 0.54 1.02 123 0.86 090 0.61

(E)-B-Z il TR, PR 025 024 0.18 0.19 0.2 0.5 0.19 020 0.17 0.16

ZRA IR Rib, FEEFSR 0.18 023 026 0.14 0.13 065 115 - - -

v Yy - - 007 - 0.0 027 033 0.14 - -

3-E5 AR MRS 203 220 1.77 1.60 1.72 027 1.54 249 2.09

o-FEE M FIER . RO ESR - - - - 010 - -

B-EATIG FHAFEERHM. TH) 024 0.22 - 012 018 - 098 - 024

H WG AR, MRS 011 - 016 027 - 020 034 0.18
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Fig.6 Circular heatmap with hierarchical clustering of volatile compounds in sun-dried green tea

3 g5 ER

AWFFEER A B -5 5 GC-MS SR /e E 104~ i i 75
IRUEATRRNT, SR BARNERMEA N5, AEZER
25 [a] rp R BUAT HEHE A XI5k . PCA 455 BoR, ZB FE e
F s ] e B A S LR AR B, SRR R A RS
Az Ik i o AR X R A7 A B AR 1 25 S BW 5 XB 7EAR 4 ]
HOAH X I, 0] R AR R i R 5 T SR R
N HAT S AR . T R, LA WIW ik
Y1), WISCHEZS) . W2S(E . BEEIZS). W2W(5 & . bl
b)) 5 W3SHEERERESS) I A5 O otk R
4 ZB 1E WIW WL 2, GC-MS HIAAG I F %) 7 =5 - FE

[

8T

JJRRAEE Ji T ™ A 1 A% ) 1 R AL A o I
SR 2 KR AR 2 7 ) 0 R W R B A R

P, DALERE AR B R 0 R A AR R, IR IR K B R
15 CBE(HN 1-F45-3-M) B AR, AT S B 1) KUK G AE
5 AT R A

A
N-Z I

Vi

413 RUARTRE
A

1,16 SIS0
I s

Wi

By
Jﬁﬁf’?/r:
L8y,
y ety i

Mg,
”fg‘%}! iy

W75 245 R VAL S P SRS PR TE AR

), HED5 L GC-MS XR 3 a L o Ad  R AT R,
DA A RS 14 5 S B34 4 400 1) 4 AR L AT 060,
WG 75 25 1) A LA A 2, L KUBRAEAIE 5 S
AEFYIAAE . GC-MS Kl &5 R W], Wl 25 i) & AL H:
1 A S R DG, Her P LI . B -5
B HARE I T B R T AR AR A A
FRHELR, 5T PR SHEN SPORF53 i B2k 1 i
OFtals . FrMmE ., o-tiheg), Bl S SR AR R o 45
AW A TR, 2% ™ HURE i i o SC B <0201 A 13 1]
¥, SBLHERR DOEAR A EMTERRR, FRERK
FERIFAR LGP iE, TR th 2 HA 25 RS
A LN RE A L RIME TR AR, XA R eRIBIES



298 B 24 iR AR I 2 4l

FH1TE

PRI 2 KR BT IR E . ZRFRIE GC-MS fREUP 2B
MR GENE2E 5, 5 L DA A 0 i o A X 32 B3 43
rh R IR BGER T M, IR AE T PR 2 A I T B A XU R AT
O EAMAMEL . 1225 5 R I 255 14 XU 23 505 7 el ) 1) i1
TAEEAR Y, AT T2 W U5 R PR e/ R AR,
PASZIAE )RR B0 3 5 ] MR i) 7 bR . A5 AR R4 LA
FKRE, AL 2E 58S T MRS R, ZB SR - A
BT XB LU B H -2 AR 325 MY 2 i 28 U -
TH R AREE A %A, DKH W S5 & - &1,
BPDQ I B . WA SBAANE IR, kRS
TR VR T A AT B R bR B0, R A R TR 5
BTN SR AR o H T AR I TR SORH €833 - W5 ) o Bk
JH(gas chromatography-olfactometry, GC-O) , 7S, F5 2H /il 5
TR RGIEE I, B GC-MS B 1 52 1 (1 2
WINESE R, AR FERETERDIES RS
TR X A, R BT YA R R DT AR R S 2k
R i — I . BARAIF R R B E R
RS 0 DI A A AR s R BRI B 2 A S 451 )
K. CABFREY, ZhE D3R Y g B Tl
M, TIEBUESATRES S EH AR G RS A i
o AR HEBRAEPE BT KR BRI R 3 AT 2 R 5
T BB R, A [] 1 DX 7 % 4 7 <
FRAEAR S AR AR A PR 1 AR S e

BT ARG Z H 0 F UG YESE 5815
AR N RFAE, W7 28 76 7 Hi ) R B 1 AR 9 AT XA
Sy ) g2 XA B BTy A S b TR A TR B 1 T M S 9 B4R
fills AR5 GRAPUN S 2B B AR A WnE
INZIRFNBN AT S AR LA, TRER 2 RE ) 5
AR AL DG 2R, ALl EL I B AT R R R [,
Al HE—A A A A A | A A S IR E T A 2 2 2B,
RS R ZE R AR IR | B SRR 28 o KUK RFALE [1]
PR GEEAENLR, S B 25 b BT TR L e dr . A
HEAL AR 5 7 MDA TR SR BE e 4 S HOR B8R

SE R

[1] BJLH, 4675, i BAT LIRS R il [T]. Alk T
R, 2021, 41(35): 15-16.
ZENG FY, LI GX. Present situation, problems and development
suggestions of tea industry in Lancang County, Yunnan Province [J].
Agricultural Engineering Technology, 2021, 41(35): 15-16.

[2] XT3 SOH I ASMSCE ORI BT L 38" - PrRar R I F
FE[D]. DL AT RAE, 2024.
DENG ZX. Research on the formation history, heritage value, and
protection and utilization of cultural landscape of old tea forests of the
Jingmai mountain [D]. Wuhan: Central China Normal University, 2024.

(31 BRELHH, BRESE). 358 AT AR B IR tH SR AT I iy B A LE R ).
Al F i, 2007(5): 257-267.
CHEN ZZ, CHEN PJ. The abundant resources of ancient tea trees are the

best proof of the origin of tea trees in the world [J]. Agricultural

(4]

(6]

Archaeology, 2007(5): 257-267.

P, il — 5T T E AU R BRAERR]. AREAET, 2024,
46(8): 11-13.

LI JL. International spread of Chinese tea culture in the context of “The
Belt and Road Initiative” [J]. Tea in Fujian, 2024, 46(8): 11-13.

FAAGR. BRI AR RIS RS BE D). Lk SEOR, 2019,
39(18): 161-163.

WANG YB. Countermeasures and thoughts on green development of tea
industry in Lancang County [J]. Agriculture and Technology, 2019, 39(18):
161-163.

FRAE, B, X, 55 Zr AT A A T2 ST
dh Tl RHE, 2023, 44(4): 345-351.

WANG QH, LUO H, LIU CY, et al. Comparative analysis on quality of
sun-dried tea from main tea production areas of Yunnan [J]. Science and
Technology of Food Industry, 2023, 44(4): 345-351.

BRAT, R0, BRBEL, 55 SORE IR A BRI S AT
ILBFFCUERT]. 20T IR, 2021, 48(4): 589-597, 605.

HUANG DZ, LI MR, CHEN Q, et al. Research progress on aroma of
green tea and extraction and detection methods of aroma substances in
green tea [J]. Journal of Tea Communication, 2021, 48(4): 589-597, 605.
R T RS 3 A R TEAE I A S ST AL 5 it R A ).
HaAEAAT, 2024, 46(8): 28-30.

LI CH. Principal component analysis was used to explore the correlation
between the characteristics and quality of tea aroma substances [J]. Tea in
Fujian, 2024, 46(8): 28-30.

9] W, AR, BRI, % Zi Al A BRIEAA S ). Y

[10]

[11]

[12]

[13]

[14]

[15]

[16]

BHETRIRSAR, 2020, 21(2): 296-307.

JIANG HB, TANG YC, CHEN LB, et al. Survey and analysis of ancient
tea plant resources in Yunnan Province, China [J]. Journal of Plant Genetic
Resources, 2020, 21(2): 296-307.

i, Fimé, BEA, & BANMEER(SPME)7EA M- & U Hr i
A B bR, 2014, 35(2): 346-349, 353.

DENG J, WANG YX, MAO XI, et al. Research progress in solid phase
microextraction (SPME) in tea aroma analysis [J].
Technology of Food Industry, 2014, 35(2): 346349, 353.
Xy, SRAW, ®LAh, 5. SRR LRI [T W
el Rl2E, 2016, 55(16): 40854089, 4092,

LIU PP, GONG ZM, GAO SW, et al. Research progress in aroma quality
Hubei Agricultural Sciences, 2016, 55(16):

Science and

evaluation of tea [J].
4085-4089, 4092.
PANG XM, ZI'Y, ZOU JX, et al. Combined analysis of grade differences
in lapsang souchong black tea using sensory evaluation, electronic nose,
and HS-SPME-GC-MS, based on Chinese national standards [J]. Foods,
2024, 13(21): 3433.

HOU ZW, CHEN ZY, LI L, et al. Comparison of volatile compounds in
Jingshan green tea scented with different flowers using GC-IMS and
GC-MS analyses [J]. Foods, 2024, 13(17): 2653.

AT, TEEG, RLDE, S ETHRTEM GC-MS SR LLRGANHIE R
SRS RFFE]. ETER G, 2025, 50(3): 184-191.

LIN L, DONG W, YAN HG, et al. Study on characteristic aroma
components of red sour soup based on electronic nose and GC-MS [J].
China Condiment, 2025, 50(3): 184-191.

R, AR, S, FR T SBR[ SR EAE R U], Ak
WRHEFF K, 2014, 28(4): 93-96.

TIAN HX, LI FH, WU Y. Fragrance identification for three cultivars of
Osmanthus  fragrans by electronic nose [J]. Journal of Forestry
Engineering, 2014, 28(4): 93-96.

Wi, XL, Wik, 55 BT UME TR Rl TSR T
BRI A RIS BT0]. R, 2021, 46(12): 127-135.



%3

BRI, S5 LTSS UM -

TR A g A 100 v EL AN [R] B 7 2%

S A PE SO I 2E 7 299

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

YANG SW, LIU CJ, TANG SW, et al. Analysis of volatile flavor
compounds in walnut by gas chromatography-ion mobility spectrometry
and electronic nose [J]. China Oils and Fats, 2021, 46(12): 127-135.
LRSS, BRENE, KRBT, 4. BT GC-MS FI T-RRAA I Iy ikfe
B EIE IR & VT SRSMI].  E AR S, 2024, 49(10): 153-160.
AN BF, CHEN CY, SONG KY, et al. Investigation of volatile aroma
components of rose essential oil extracted by different methods based on
GC-MS and electronic nose [J]. China Condiment, 2024, 49(10): 153-160.
B, FRRA. TARALARMAE LA 2508 B At ANER Dt st
WS L MO R RI]. BRI, 2023(9): 92-99.

CHEN YH, WANG RJ. Millennium inheritance: Forest-tea symbiosis
draws worldwide attention in a harmonious exploration of the world
heritage Pu’er Jingmai mountain ancient tea forest cultural landscape [J].
China’s Ethnic Groups, 2023(9): 92-99.

LI H, WANG Q, HAN L, et al. Quality characterization of tobacco flavor
and tobacco leaf position identification based on homemade electronic
nose [J]. Scientific Reports, 2024, 14(1): 19229.

WHE, XUBEA:, BRES, A5 280t ST G B 5
AT, 2014(21): 58-61.

SHEN LF, LIU GS, ZHANG C, et al. Research progress on the formation
and detection of tea aroma [J]. Farm Products Processing (Academic
Journal), 2014(21): 58-61.

WU Y, LV S, WANG C, et al. Comparative analysis of volatile differences

of Yunnan sun-dried Pu-erh green tea from different tea mountains:

L), A7

Jingmai and wuliang mountain by chemical fingerprint similarity
combined with principal component analysis and cluster analysis [J].
Chemistry Central Journal, 2016, 10: 11.

EVHERE, SEPCHE, FRukAy, &5 AT AT R A S M ST
JEHERE[T]. BB, 2014, 35(11): 292-298.

LU SD, MENG QX, XU YQ, ef al. Recent progress in aroma analysis
methods and aroma-active compounds in Pu-erh tea [J]. Food Science,
2014, 35(11): 292-298.

NIU X, AO C, YU J, et al. GC-MS combined with proteomic analysis of
volatile compounds and formation mechanisms in green teas with different
aroma types [J]. Foods, 2024, 13(12): 1848.

F2E, BLLE, RE, S AR TET AN EFERAEER
], i TR, 2021, 42(9): 1-9.

WANG Y, LUO HY, YUAN LY, et al. Effects of drying methods on
volatile components of summer green tea [J]. Science and Technology of
Food Industry, 2021, 42(9): 1-9.

BUESE, WU, TR S SRR MR B S A A
FRAGWFTE D). Z5ntR2, 2012, 32(1): 1-8.

HE ZR, XIANG W, XU Y, et al. Progress in the research of biosynthesis
of volatile terpenoids and their glycosides in tea plant [J]. Journal of Tea
Science, 2012, 32(1): 1-8

EFHH, Aok, UEL S 2RIk R i A
ROBIFFE[T]. PRS2 (E SRR/, 2015, 37(10): 43-50.

WANG XQ, LI YM, XIE J, et al. Study on soil nutrients and microbial
quantities in ancient and modern tea gardens [J]. Journal of Southwest
University (Natural Science Edition), 2015, 37(10): 43-50.

CARE WSS, il b, R T AR - B 46 W [EB/OL]. (2023-09-17)
[2025-10-27]. https://www. news.cn/2023-09/17/c_1129868221.htm
Cultural New Observation. A thousand-year tea aroma on Jingmai
mountain-Xinhuanet [EB/OL]. (2023-09-17) [2025-10-27]. https://www.
news.cn/2023-09/17/c_1129868221.htm

jtiﬁ“ﬁiﬁ%%fﬁ%f&u TARZERK, P — Il S R A B
PR A R <<% T SO 1l 2% AR SC Ak O R gt ) 2 [EB/OL.
(2023-10-30) [2025-10-27]. https: //www.ues.pku.edu.cn/xyxw/9cf980256
8ef49f79d82dadf3£380e6b.htm

st SO R

[29]

[30]

[32]

[33]

[34]

[35]

[36]

[38]

[39]

Peking University College of Urban and Environmental Sciences.
“Millennium tea forest, world guardian”: Chen yaohua narrates the world
heritage application process of puer Jingmai mountain ancient tea forest
cultural landscape [EB/OL]. (2023-10-30) [2025-10-27]. https://www.
ues.pku.edu.cn/xyxw/9cf9802568ef49f79d82dadf3f380e6b.htm
FHECRH, BRIEAC, R, 45 HS-SPME-GC-MS %54 OAV *f
il o o 6 A B LD A RN )
315-324.

YANG JY, CHEN YQ, LIANG XZ, et al. HS-SPME-GC-MS coupled with
OAV to evaluate the aroma of flowery-aroma black tea made from Oolong
tea varieties [J]. Science and Technology of Food Industry, 2025, 46(6):
315-324.

FLAMg, RICH, Vo, S5 EEENN LIS R YT
[J]. VTFRAOEEAR, 2021, 37(4): 1010-1015.

WANG SM, SONG WM, LENG Y, et al. Gas chromatographic analysis of
volatile compounds in flowery-aroma type ancient-tree Dianhong tea [J].
Journal of Jiangsu Agricultural Sciences, 2021, 37(4): 1010-1015.

TeRKIE, O, KRBT, 55 T 2R RAE S AR L I S [1].
AR, 2023, 44(8): 194-200.

YOU QS, SHI YL, ZHU Y, et al. Effect of different processing
technologies on the key aroma-active compounds of green tea [J]. Food
Science, 2023, 44(8): 194-200.

LIU N, SHEN S, HUANG L, et al. Revelation of volatile contributions in
green teas with different aroma types by GC-MS and GC-IMS [J]. Food
Research International, 2023, 169: 112845.

M I5H, SkiET, FIR, . B RN S
Br[I). frih TRk, 2023, 44(13): 332-339.

XIAO QM, ZHANG XY, WANG J, et al. Comparative analysis of

aromatic components of sun-dried green tea from different townships in

e Zh
LB TR, 2025, 46(6)

GG T

SIS

Menghai County [J]. Science and Technology of Food Industry, 2023,
44(13): 332-339.

T, AL, XUATE, SE. ZE R RN 2R AR AR EE RS>
FIASERFFE ). PR, 2021, 41(2): 213-227.

NING J, LI JQ, LIU BY, et al. Study on the changes of main flavor
components of Yunnan large-leaf sun-dried green tea before and after
fungal fermentation [J]. Journal of Tea Science, 2021, 41(2): 213-227.
WARD RJ, RAHMAN S, WUERGER S, et al. Predicting the crossmodal
correspondences of odors using an electronic nose [J]. Heliyon, 2022, 8(4):
¢09284.

SHEN S, WU H, LI T, et al. Formation of aroma characteristics driven by
volatile components during long-term storage of a tea [J]. Food Chemistry,
2023, 411: 135487.

EBR, R, BUE. KRG R WS X AR
MR[T]. BEl 2524417, 2005(4): 669-672.

WANG DL, ZHANG LZ, MAO MH. Effects of different light intensities
Acta

SRS

of sun-drying on aroma components of Dancong tea [J].

Horticulturae Sinica, 2005(4): 669—672.

ﬂ* ARG AE PR LR R T 23 . MO 1 S e M Z2 AP X i
Ui UGN [D]. BN : WL K2, 2016.

ZHAO X. Responses of carbon and nitrogen nutrients, enzyme activities

and microbial communities to extreme climate in various cultivation ages

of tea orchards [D]. Zhejiang: Zhejiang University, 2016.

0L 2 A AR B T 0 1R 2R F 5 (0]

2023(34): 148-150.

FAN HZ. Research on innovative strategies for maintaining and improving

tea aroma [J]. China Food Safety Magazine, 2023(34): 148-150.

L BEMEAEST,

(U FEE BAR)



