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Non-targeted Metabolomic Analysis of Aroma Metabolites of Black Teas from Different Production Regions in China

WANG Qiushuang, QIN Dandan, FANG Kaixing, JIANG Xiaohui, WANG Qing, LI Bo, LI Hongjian, NI Erdong, PAN Chendong, WU Hualing#<
(Guangdong Provincial Key Laboratory of Tea Plant Resources Innovation and Utilization, Tea Research Institute,

Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China)

Abstract: Non-targeted metabolomics based on headspace solid-phase microextraction (HS-SPME) coupled to gas
chromatography-mass spectrometry (GC-MS), multivariate data analysis and odor activity value (OAV) were integrated
to clarify the aroma metabolites in representative black tea samples from different production regions of China and also
to determine their key aroma compounds. The results indicated that a total of 140 aroma metabolites were identified in
this study, which were classified into 12 types based on their chemical structures, including alcohols, esters, aldehydes,
acids, ketones and alkenes. The proportion of alcohols in the total aroma compounds was quite high, ranging from 22.90%
to 47.16%. Jiangsu black tea had the highest content of alcohols, followed by Jiangxi, Hubei, Guangdong, Zhejiang, and
other regions, while Shandong tea samples had the lowest value. Esters accounted for 2.75% to 26.30% of the total aroma
compounds, with the relative content of esters being significantly higher in China Taiwan black tea than tea samples from
other regions. Sensory evaluation revealed that all black tea samples shared the common characteristic of sweet aroma, yet
each had unique characteristics, presenting a diverse range of aromas, such as medicinal sweet, ripe sweet, roasted sweet,
fruity sweet and honey sweet aromas. Black tea samples from Luokeng, Guangdong had a rich almond-like aroma and

received the highest score of 96.0 in sensory evaluation. Partial least squares-discriminant analysis (PLS-DA) allowed clear
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differentiation black tea samples from different regions of China, and 27 differential aroma metabolites were identified
based on variable importance in projection (VIP) values > 1.0, among which seven including linalool, phenylethanol,
phenylacetaldehyde, methyl salicylate, hexanoic acid, 1-methylnaphthalene, and geraniol had aroma activity with OAV > 1.
Methyl salicylate in China Taiwan black tea, as well as phenylacetaldehyde in Guangdong black tea could serve as a marker
aroma metabolite to differentiate them from those produced elsewhere. This study offers a scientific basis for identifying the
aroma quality of black tea from different regions of China.
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Table 3  Results of sensory evaluation of Chinese black tea samples produced in different regions
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Fig.1  Composition of VFC in Chinese black tea from different

production regions
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(A7 H622.90%) o HARK i) B0 A48 28 LB
ML, J5AEEE . PR EESR26 B, HRIE R A A
(G2-1) R HIZR Ol S 8%, 1X31828.23 ng/g:
R A TR (F5-1) HREHKNETESERZ,
KB 772.61 nglg; JARBELISALR (A1-4) PR
PR R, 1AF1582.70 ng/g; TE GBS
(VI-3) KRS 8%, 155)672.68 ng/g. IF
FUEVI AL E . LRE . HEHEEEHFIFERIE L
FREE, ROWLLIHEH MBI E, BT E T
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FER NPRE TP A B, o™ i 254 o bR 21248 B AR DT R 11 B
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EERL /) A N N N SRR A 7 N O e el
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BRI HEERY RS & (1526.30%) B3 & T HAib
WX, WEEE (13.57%) « ILI% (11.35%) . #riL
(11.14%) « 7R (2.75%) “5th. B2 ha 2 i
2 FNK IR G, 2B ED %O R,
FOPRRE ()3 T AT A SR T T ALRIEH R, BE R
FETARMIHRE ., PEGEAELSE (VI-2) 1KY
1% PG 1 & ik F1)4 867.47 nglg, LA REA T & 8K
fe CAWHFUIRH, EASM R RSP EAN
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HR, BEHAERENEM P EERAEH, LEEM
MR TR ESRMNE RN SE ). Mk T, HAh
e o AR — R — 2 FE (488.86 nglg) . 2,2,4-=
FE-1,3- % 5 TRl (153.58 ng/g) MO M3
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T KA I R R AE S A SR B R OB

i i 5 S HEEYIN8.87%~23.13%,
Ho R R R AT S R, b ik E
23.13%, HXFZILZE (20.02%) « T 7 (16.43%) .
fEE (16.08%) %, VL75 (8.87%) Framik. Kt
Y AR KB W . f- KDLl 2(5H)-PE
MR 2-3F M- 1-F . 1-F3E-2-TH A% . e, T4 h
LR (A2-2) HR - LB G ERE, X3
346.23 ng/g. B-K % WA A& A4S F A — P O Y IR 2
VEC®™, — R AR 216 F, En 2 H KRN E
SR, ARSI T AR R

MR W I 15 2 5 A YI3.35%~9.00%,
CLARBERAMN B R m, TRAREGRRM. AT

B R FEARE R TR, KOBE. BB, Hpx
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$2 619.61 ng/g. BEEHH WK, ZABEART TR
I A A A URRE (3R o A K A A 52 T
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B FRAE R E SR R R R e R | B T A
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RIEIEE A BB . FFBEEEAES RIEMLAT (A3-2)
TrERE, NS55.70 nglg, BARKRMTESRS, #ek
ARSI WS B

TE % B 1912 P VFCR B RREYIIR 5 & 05 &
YI2.95%~11.62%, #5215 1T 35 B 2K 900 S AR 55
B, |OARICEER Y AR & R K. R H R
KR FEATE R R, KOS, Hfwmamea
Fx (F1-2) Hfh R %, & E1A3853.76 nglg; Hir
HW L% (H1-1) R iRz, S8 N151.68 ng/g;
WNHEZELDRE (L1-1) FRERLEREL, §8N
93.44 nglg. HHEFLRY, BN W% 44 MR = A 21 75%
HREFWBAIRBRBEY YIS S REER 3% L, &
TR ZHh Ea R, Rk E MR R &
HIRER R, 1T [ P 2L IR P A SRR AN B
23 ERARFHAEELI S VECE TR S0
23.1 PLS-DA

FIFSIMCA-P 14.08 41, BT CL %€ 140 FiéF=
&Y, NHPLS-DAWE S ANR = #2128 VEC 2% 5+
HE2ARTLUE H, A FREAS B 8 5 H s SR AR 7 — e,
RIS EI R B WA= H K 2 5 A FEATT
PAX 4, WiliZR. @k, R, VL5, VL. Bl 5t
N WIS YLPE. WiV, WAL S AR AL T A AL
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B VYL R A WA A, BB
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RFEARD BB K, YT RAFFEARZ AEA /N
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PERT BB i A AR BB EIT O I AL B, R I S
st 2 [ 1) P Bl A ARR AR Bl 2 B B A — AR AL o
PLS-DAZKGU& S HR=0.981. 0°=0.738; F|H EH#
K6 7723347200 R3S EAE (R°=0.126. O°=—1.11)
(E2B) , RIER . O*HIME W] LA H i 22 37 I PLS-DAFH
RATEE, HEAHHEEISR.
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Fig.2  PLS-DA score plot (A) and cross-validation plot of PLS-DA
model by 200 permutation tests (B) for VFC in Chinese black tea from

different production regions
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SHATEMANH, “HEFVMAFUIREA 2 0] T . oL TE
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Table4  OAYV of VFC in Chinese black tea from different production regions
0AV .
OO TR 7w mE B S BW BE LB W PHGA LF Mk %H W WL Uk e L
EHE 1687 1969 454 744 458 698 529 585 566 1678 1496 575 295 102 629 179 T, HkH 0.002
FIE 7041 3499 6182 5435 7099 5138 3382 9521 4345 2397 103.08 8601 10296 39.26 108.74 851 b16) PRS2 0.000 71
LW 311 355 451 589 581 853 406 713 620 256 796 738 507 615 588 501 WE, FH. I TE 0.012
I-REZE 211 185 139 171 171 207 235 170 134 181 149 180 260 124 127 095 ES PR i EEd 0.007 5
KHERTEE 270 382 140 222 220 255 112 260 229 927 339 218 L4 098 333 020 i 0.016
OB 670 403 233 331 274 590 619 345 400 346 417 310 143 360 262 353 #E. LF. BUE MR 0.001 7
R 251 373 650 238 773 660 881 649 594 498 448 840 722 148 745 539 QKA. %O 0.0048

W a FUHIES| A http://www.flavornet.org/flavornet.html; b 7 < BRI {E 2% SCHiR[48]



P Vil =IT

2025, Vol.46, No.13 241

5, 6,000+
2 5000 :
3 4000+
41 3.000-
I 2000
¥ 1000 -
R L] EPY TS, S
h D NI IR
R
AR IS i}
4004
%
& 300
3\@ 200 E
I
& 100 & . i
th & * - -
#® - I:] l¥ . E

)63 T T ‘:\| T T \* -S%') {S'/ )61’ S T T T \L)
FEESEFIELIEIINTY
R
2L

«ZVFCHIX & m 5 A= tha k=R B¥E (P<0.05) .
El4  EP2Ep7 fisEVECHDY & bt

Fig.4  Relative contents of seven VFC in Chinese black tea

38 #

TEAB U, i 3R #E 4R 4 5 45 & HS-SPME
GC-MSEH AN H J A [F] 7= X R AR ML R VECHEAT
RN, Je%e 140 FIVEC, R4 AL 22 S5 R m] &)
SYN12 MRS, EEARERES. BRI, B M
Ky WAL IR R R EYE. AR HLE
WLRIEFSWI RN EREZES, BRI G S T
FALAI22.90%~47.16%, F& 5 b 5 AL & 4 b
¥, HATLHAREERY R & B, HOOGRILTE. 1
by TR WS, RIS 5 AR EEER
H R B SII2.75%~26.30%, b [EE a4
TR (526.30%) ©FE T HALMIX . B 29 5 AE
T EN88T%~23.13%, WML Fm, TLAmk: B
KW AR X & VG N3.35%~9.00%; BRI i AR Xt

SRIEEN2.95%~11.62%. BEH S BELW, ARHF
FTCAE IR RE AR Y e 2 TR A “FEF”
Fiot, BARRIUH A, KA. Rid . e A
BRIES: BRTE#ES, TR RAFEARMME L
F; PEABEARAAGEME. Bd, LRSI
DL BRI E SRR | R A RHEARNF R E &
PR Em (96.0 73D, HUGRST RAMMPHE AR
(95.0 43> o PLS-DAZ R, [EHANAFEF=HLL %5
BRI BIA A IR, AT#ATRAE X 58 AN X AR AR
S, MREEHVIP> 1.0 EREVECE 2T Fl, EE
W KR P, FHEE. KPR, K.
KHR. RAN-FREEMAD. 1-FEZE, OR%. K
, BERSEERYR (OAV>1) IG5, 2
LEE. RO KMRHE. 4. 1-FFEZE, FriEg
7 Rhe FEARTFEREK, TE GBI TRKGR T T
IRELAS P I 2R 0] AR S 5 Foh = X 2025 04T X 43 1)
FrEMEVEC,

EE DU

[1] WANG Q S, QIN D D, JIANG X H, et al. Characterization of
the aroma profiles of Guangdong black teas using non-targeted
metabolomics[J]. Foods, 2023, 12(7): 1560. DOI:10.3390/
foods12071560.

2] KANG S, YAN H, ZHU Y, et al. Identification and quantification
of key odorants in the world’s four most famous black teas[J].
Food Research International, 2019, 121: 73-83. DOI:10.1016/
j-foodres.2019.03.009.

[3]  EFRKHE, BRbk, VPR, 45 ) R E BLARAE A RN LT
FI). B TR, 2012, 33(14): 116-119; 123. DOI:10.13386/
j-issn1002-0306.2012.14.062.

[4]  EBKE, bk, P FR, . R E AR F RS I LU A 0.
o i 2, 2013, 13(1): 195-200. DOI:10.16429/1.1009-
7848.2013.01.030.

[S1 A58, =T GC-MS/IMS AN [ 4 [X 2158 & S L S I B ot I
FHIRTER FUD]. & 2Bl k%, 2023, DOI:10.26919/d.cnki.
gannu.2023.000591.

[6] TR, e/, AR, 5 BB 2R AKX A FH YR
HS-SPME/GC-MSHI5E[J]. &t 5T K, 2016, 37(22): 128-133.
DOI:10.3969/j.issn.1005-6521.2016.22.030.

(71 XUz, 2550, BETAE, 25, GO/MSAR AL H AR AE & fh 8T b v s
FHRER). B 50T K%, 2023, 44(21): 173-179.

[8]  &5Eda, Avimell, MRE, & TR ER SRR, 5
IHE LT ZARUT = IR LU [0, BB, 2020, 41(12): 197-203.
DOI:10.7506/spkx 1002-6630-20190128-358.

91  WEE, REF, BEM, & BT IR AR 2 LA R R T
T AL VAR T ZE 5 (7], £ 22 4 R 2741, 2022, 13(16):
5288-5296. DOI:10.19812/j.cnki.jfsq11-5956/ts.2022.16.033.

[10] AkvkdE, EMOA, &3, 5. 36T 2 ¥0 ) A A 2 10 A [6) 7=
ZLAARE P LA BT[], &R TR, 2022, 43(2): 9-19.
DOI:10.13386/j.issn11002-0306.2021040110.

[11] VFHR, EEE, WEE, & 2 TR n A4 2 A [ 2R A
IO SR R 0 22 5 2 T (7). 2RI AR, 2023, 50(4): 419-436.
DOI:10.3969/j.issn.1009-525X.2023.04.002.



242 2025, Vol.46, No.13

E6miltl Z

XRS5y 53

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

JTE, JEARTT, BRI, A5 T RE VR R R 2 e A AT 25 ().
iR, 2024, 45(7): 191-201. DOIL:10.7506/spkx1002-6630-
20230808-052.

50T BT AR AL R A A ST 1 PR R R KUK R TR R 7
FFEFED]. AR A8 AR AR %, 2023, DOL:10.27018/d.cnki.
fjnu.2023.000409.

WANG M Q, MA W J, SHI J, et al. Characterization of the key aroma
compounds in Longjing tea using stir bar sorptive extraction (SBSE)
combined with gas chromatography-mass spectrometry (GC-MS),
gas chromatography-olfactometry (GC-O), odor activity value (OAV),
and aroma recombination[J]. Food Research International, 2020, 130:
108908. DOI:10.1016/j.foodres.2019.108908.

CHEN Q C,ZHUY, YAN H, et al. Identification of aroma composition
and key odorants contributing to aroma characteristics of white teas[J].
Molecules, 2020, 25(24): 6050. DOI:10.3390/molecules25246050.

[ 55 M B A B A 2 B R, B SR MEAL R B A oy R R o
V7% GB/T 23776—2018[S). b 5t: o Elkxifk i Fiitt, 2018: 8-13.
W, XIANE, FIPEE, 55 RSB ARG T 708 R 0. A5nt
JR, 2023, 50(4): 446-453. DOL:10.3969/j.issn.1009-525X.2023.04.004.
BLETE, BRERe, 4 1E AR LR T 25 M it E D).
£ fh 2 G R EAR TN 22 4R, 2024, 15(13): 248-257. DOI:10.19812/
j.cnki jfsql1-5956/ts.20240412007.

BE, ERY, Y E, & L RAZEHEEFES R ED]. 7%
SRR ZAIR, 2021, 12(22): 8834-8842. DOIL:10.19812/j.cnki.
jfsq11-5956/ts.2021.22.028.

SRR, ZR A EIMI. 3R B 5T HrE Ol HE R, 2003: 180-203.
Bk R, FBF A, Tk, 5. PR A B L2 0 ol #2 vh B SOy
FIASAR[T]. B BT 5T &, 2019, 40(22): 82-90. DOI:10.12161/
j.issn.1005-6521.2019.22.014.

AR M, B, KL BIDRHE RS KUK KR 225 & R
ZESEOMTIL. B TR, 2024, 45(5): 281-291. DOI:10.13386/
j.issn1002-0306.2023050077.

FARA, TLAEHA, I, S, s IR0 16 S 21288 UK i 3 1) 5
WA[T]. £ AR, 2024, 45(2): 258-267.

WRZ T, XSS, SRR, &5 LA FICA T 4 e b R
SRR ] BUARE SRR, 2023, 39(5): 271-280. DOI:10.13982/
j.mfst.1673-9078.2023.5.0732.

ThH e, R, BB, & A TR 2R E BH L0 T R
W], R EER, 2023, 23(9): 192-201. DOI:10.16429/5.1009-
7848.2023.09.020.

TR, RIS —, PR, & AR TR E R, 2
AL, 1993, 13(1): 61-68.

FmE, G, MAIELRE, & SRR R I E MR R
HAER). £ ELE, 2023, 44(6): 292-300. DOIL:10.7506/spkx1002-
6630-20220419-235.

T YENE, BRAE. AN [F) 4 XA R S P A U LU FE ). e,
2014, 40(3): 138-145. DOI:10.3969/.issn.0577-8921.2014.03.003.

A E, H i, BE, % 3T GC-MS/GC-OM AR HLIX 41 %%
FHER RS TIRRE ST I]. BaFHE, 2023, 44(24): 262-268.
DOI:10.7506/spkx 1002-6630-20230110-073.

iR, M7 ER, BKHIME, . kT HS-SPME-GC-MS 43 #i AN [R s
PP LS A SR (0], B TR, 2023, 44(7): 260-268.
DOI:10.13386/j.iss11002-0306.2022040295.

BN, FMIE, B, . AR R AT R 7 BB 25 PR AIE e 22 5
PESHTIIN. LTGRO 244R, 2023, 35(3): 56-61. DOI:10.19386/j.cnki.
jxnyxb.2023.03.010.

SOWE, BIWRAR, SISO, . SRS S5 AL R T R FI S
FRAE LR (D). & DAL RN, 2022, 43(9): 276-283. DOI:10.13386/
j.issn1002-0306.2021080138.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[45]

[46]

(48]

SHIY L, WANG M Q, DONG Z B, et al. Volatile components and
key odorants of Chinese yellow tea (Camellia sinensis)[J]. LWT-
Food Science and Technology, 2021, 146: 111512. DOI:10.1016/
jIwt.2021.111512.

FRKRE, XUBUE, £0etE, &5, )R D ST AR R R LL R B A
SEHTIN. P AR, 2015, 31(5): 120-126.

WANG Q S, JIANG X H, QIN D D, et al. Metabolic profiling of flavor
compounds in black teas with almond odor during processing[J].
European Food Research and Technology, 2020, 246(10): 2039-2053.
DOI:10.1007/s00217-020-03554-4.

SHEVCHUK A, JAYASINGHE L, KUHNERT N. Differentiation
of black tea infusions according to origin, processing and botanical
varieties using multivariate statistical analysis of LC-MS data[J].
Food Research International, 2018, 109: 387-402. DOI:10.1016/
j-foodres.2018.03.059.

EKFE, BT, TR, 45 FE T ARSE I AL 2 43 A B EEAS [
LA R B SACE]. BT AL S TFR, 2024, 45(21): 152-163.
ZHU Y, LV H P, SHAO CYY, et al. Identification of key odorants
responsible for chestnut-like aroma quality of green teas[J].
Food Research International, 2018, 108: 74-82. DOI:10.1016/
j-foodres.2018.03.026.

SCHUH C, SCHIEBERLE P. Characterization of the key aroma
compounds in the beverage prepared from Darjeeling black tea:
quantitative differences between tea leaves and infusion[J]. Journal of
Agricultural and Food Chemistry, 2006, 54(3): 916-924. DOI:10.1021/
j£052495n.

TR, TR N, HROE R, ST AR AER R A 2 A Sy
FIGC-MS/HHT[I]. £ iR, 2015, 36(4): 114-118. DOI:10.7506/
spkx1002-6630-201504022.

LIU P P, ZHENG P C, GONG Z M, et al. Comparing characteristic
aroma components of bead-shaped green teas from different regions
using headspace solid-phase microextraction and gas chromatography-
mass spectrometry/olfactometry combined with chemometrics[J].
European Food Research and Technology, 2020, 246(9): 1703-1714.
DOI:10.1007/s00217-020-03514-y.

WU QY, ZHOU Z W, ZHANG Y N, et al. Identification of key
components responsible for the aromatic quality of Jinmudan black tea
by means of molecular sensory science[J]. Foods, 2023, 12(9): 1794.
DOI:10.3390/foods12091794.

LI HY, HAO C H, JIA HY, et al. Aroma characterization and their
changes during the processing of black teas from the cultivar, Camellia
sinensis (L.) O. Kuntze cv. Jinmudan[J]. Journal of Food Composition
and Analysis, 2022, 108: 104449. DOI:10.1016/j.jfca.2022.104449.
YIN X, HUANG J A, HUANG J, et al. Identification of volatile and
odor-active compounds in Hunan black tea by SPME/GC-MS and
multivariate analysis[J]. LWT-Food Science and Technology, 2022,
164: 113656. DOI:10.1016/j.1wt.2022.113656.

RAVICHANDRAN R. Carotenoid composition, distribution and
degradation to flavour volatiles during black tea manufacture
and the effect of carotenoid supplementation on tea quality and
aroma[J]. Food Chemistry, 2002, 78(1): 23-28. DOI:10.1016/S0308-
8146(01)00303-X.

BT, WRA, WRIRIK, 5. S (T i B R i SR AR T S 36
et T R [T]. AR, 2002, 22(2): 147-151. DOI:10.3969/
j-issn.1000-369X.2002.02.011.

RWRZR, BBE, BRE, &5 KRBT H B L8 F W]
oRE SN T, 2021(2): 32-35. DOT:10.15905/j.cnki.33-1157/
t5.2021.02.007.

VAN GEMERT L J. Odour thresholds Compilations of odour threshold
values in air, water and other media|[M]. 2nd. Netherlands: Utrecht,
2011: 100-155.



