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Analysis of Volatile Aroma Components of Black Tea Samples from Different Tea
Varieties in Guangxi Based on HS-SPME-GC-MS Technology
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Abstract: [Objective] This study aims to analyze the characteristics of volatile aroma components and key
aroma components of black tea samples from different tea varieties in Guangxi. [Method] The aroma
components of 12 black tea samples from Guangxi were identified by sensory quality evaluation, headspace solid-
phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS), hierarchical cluster
analysis, and orthogonal partial least squares-discrimination analysis (OPLS-DA). [Result] The black tea samples
from different tea varieties showed different aroma characteristics and mainly presented a floral fruity aroma or a
sweet aroma. The black tea from ‘Wuniuzao’ demonstrated the highest comprehensive score (91.20), being a
representative of black tea with a sweet aroma, followed by ‘Huangguanyin’ (with a comprehensive score of
90.55), which was a representative of black tea with a floral fruity aroma. A total of 40 aroma components were

detected in 12 black tea samples, including alcohols, aldehydes, ketones, esters, olefins, pyrroles and their
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derivatives, and other aroma components. Among them, alcohols, esters, and aldehydes were the main aroma
contributors, with the relative content of 59.84%~79.21%, 4.21%~17.68%, and 2.93%~13.64%, respectively.
An OPLS-DA model, which enabled the effective distinguishing of black tea samples with a floral fruity aroma
and a sweet aroma, was constructed based on the relative content of 33 common aroma components.
Dehydrolinalool, linalool oxide II, linalool oxide I, geraniol, methyl salicylate, (£)-2-hexenal, linalool, and
f-ionone were identified as the key differential aroma components between black tea samples with the two
aromas. [Conclusion] The black tea samples from different tea varieties in Guangxi have a floral fruity aroma or
a sweet aroma. The findings provide a theoretical basis for the recognition of tea aroma characteristics and the
development of characteristic black tea.

Keywords: black tea; aroma components; hierarchical cluster analysis; orthogonal partial least squares-

discrimination analysis; headspace solid-phase microextraction-gas chromatography-mass spectrometry
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Table I Information of black tea samples
ELRE) Ze ML it ol ZeM P X
IX & ST
WNZ L g R AN T
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Table 2 Results of sensory quality evaluation
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IX BH ISR, S, S 90 KM 88  fEFIWAL 93 WIS 93 R, H% 90  90.45
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QC B4Rz, 5 90 T 87  WEWAEEH 87 AR 93 W, WIsE, % 93 88.95
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IGY 55, B8 79 BE)E 89 A 89 LW 93 4, RAE 86 86.60
IMD il i R A 81 WK 89 A FE 92 RBLWlE 90 B4 86 87.55
LICY B4, B2, 5% 87  HmE 91  RF 92 LI 93 LLWIsE, A 89 90.25
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Table 3 Aroma components and their relative content of black tea BAL:%
) FABS LEE

JX WNZ GZ QC HGY BXZ 7ZJ] MZ HIC JGY JMD LICY
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B 338 1.98 10.04 681 1066 1040 1.63 299 547 407 922 454
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2 H 091 301 281 151 1.49 1.79 111 0.62 094 098 149 138
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it 2 5 At e 13.02 208 258 3.13 6.74 1.34 327 219 057 1.67 1636 1238
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(E)-3,7-—H3-2,6-% /R 035 0.20 052 0.38 0.10 037 031 085 1.76 126 1.19 1.41
EN (e
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Fig. 2 Hierarchical cluster analysis results of black tea samples

AR . OPLS-DA 4 18] B B 4 Hh 46 7s 2 KA 7Y
R ER. HE3COR F, {6 RA T E MM
A5 R 5 R B A AT T R RE A AL O R
P S AP TIL S 05 A B SR AL DTV L O R I 5 A 0T 5 &
e T A A B A B AR B A R K R
g B- B WA L (ED-2- O B S A & & m T e R
HEMAT. AP M2 RARXFEHERES
B4y, A FH A2 & 4% 8 B 2 E (variable importance
for the projection, VIP) >k i £ OPLS-DA #: ! [
FEIT . —BINA VIPE>1 R i%L & 7E
2HMAT RABKER I H VIPHB K 2 7
WD 3D TR A DT AR T (2.446) 05
I S AL W ILC1.891) 07 M I S AL 71C1.788) W &
i (1.626) 7K 1 B YR (1.434) L (E) -2- T ) 1

129



130

Journal of Food Science and Biotechnology

*B

1.197 99 * to[1]

vJGY YHIC

3008 6 4 2 0 2 4 6 8 10

1.018 19 *{[1]
(a) OPLS-DA7375 &

04r
w2 l§
mX11 a
02} BX4
— = X7maX6 WX 12 ;.X”XI
z 0 uX3 X240, &HIXHIXZZ
é SM2.DA(A) X30mX2! .XHXEX.XHIXIS SM2.DA(B)
: B
o 02F uX26
I
o~
3 04
*
S
_06 L
wX1
_08 1 1 1 1 1 1 ]

204 -03 -02 -01 0 01 02 03 04
0.888 235 * pq[1]

(c) OPLS-DA# i &5 5

BE3038|2025F 6 B | RMEEVEARER

101 P % "
05f P =
o3 4§ ,I:
&&-05F | H
-10f
[
-15F i,
_2 0 | | ] " | ]
25 . 1 = 1 1 1 ]
202 0 02 04 06 08 10
BHREE
(b) 17 B 4k 50 45 R

TSRS ORI T ONONOTO
XKKXXXXXXXXXXXXX

HHFESR
(d) OPLS-DAERIVIP{E

<t
> o
><><><><§<‘><><>N<>< ><><><><><><><

A—ER BB B— A BUZL % XA — A I s X2— 28 01 s X3— 05 Wi s X4— 5 Mg S AL T X 5— 5 A i S AL 0T ; X 6— 7 A e e AL T

X7— 75 i B

ATV X8 L : XO— B ALRE s X10—(2)-3,7- ~ I 5E-3,6-3F Jf5-1-F% s X 11— B &0 5 1R B2 X 12— R AL LT

X13—(E)-3-C B s X 14—2-F1 BE T s X 15— 2K i s X16—3-F B T8 s X 17— B-A AP I I s X 18— (ED-2-C i i s X 19— T i

X20—

X25—3,5-3¢ i -2-M s X26— K ¥ R B g s X27—

FRLLAETE s X21—(E, E)-2,4-FF s ; X22— -5 F B ; X23—6- 1 H-5-PE I -2 ; X24—6- 1 3 -5- 7,k -3-PE I -2 ;
TR WG X28— - A HEMS s X20—F7 B #f s X30—(2)-4-% 1) ;

X31—1-2, 3 -2-F FE L g s X32—2-Z Bh it % s X33—(ED-3,7- 1 3-2,6-F Il -

B3 OPLS-DA #%

SEEAE RS RER AT LERAVIPA

Fig. 3 OPLS-DA score plot, permutation test of OPLS-DA model, loading scatter plot, and VIP values

(1.350) 75 Kl (1.334) . p- 4L B (1.273)8 Fh &% <,
%A B VIP AR >1, & & & B 20 28 fnfe 3 & B 40 4%

(SRR o e W2
2.5 g

Z5 I TR 5 At R B e IXOAS R 3R B S [
AURRAERY SR VR A A% I R Y AR A
Z —o HHl,HS-SPME i R A&} # & M 5k 45 $2 Hi
M ERE A, B BEA RO I R R A

] B R SR S, 45 & GC-MS B R CLfE 25 41
ﬁ il 224 I o TP R ) T R A T
M. 1E# KM HS-SPME-GC-MS £ AR X 1~ 74 12
AN T 5 B ot P AL R g AT A0 A, SR B e 40 B
SRS S AN TR B R LD B B SRR AE 2 R
YLV TR A0 F VR PU 1| 32 4R o Fh ar 260 3= 2
AR NEESS BRI R G AEHBAR R T
AHE B &5 8, T 78 AN [ 4% B o 20 5% o A 2 B2
ST I R G ) (59.84%~79.21%) ,

W BE K1 & W (4.21%~17.68%) Al i K4k & ¥
(2.93%~13.64%) . BEIAL G W72 M A 5 & )
B, fEA SR T R T, E BRI
RAE T EDS . AEF R, T T A R F R R
PR IR RN G EZRNF NI K LR T
W 7 R R AL 5 AR AL, e AT 3L R
MR T T P8 AN [F) 25 B b Fl 20 25 I i A A AE SR &
ik 2 — PP B A R R ) BB AL RN A A AL A
Y, 15 H A R PR SR DY K H R 2-H
BETHAEREUEMTHHENEER S, KT A
A, 2-F AT BAEAME A KREED B
B AR - TR C3-HETHRAREY
FEY mUL AT RN AW EAGLZFEF BN
A A A R A R R, A6 1S
CLAMRE TE R . KR B2 T A B R A Y
R R S B A W 5, ELAE BT R RE R 34 R
H, 5 Qiu I A F & AN /W 4 R — 8L



Vol. 44 No. 6

Ut B 7K M B H R A P AS () % R o £ 5% 0 AN T
DTS EY R . TS, p-K D . 6-H
FE-5- P M -2 1) AH R B BB E, o B R e
AR A R AERS 76 & SR o P2 B 2R A& )
FETTERY R .

BT o5 4 R MR S o AR B B R R R
PREE R R R, AT 12 S 20 A Ry
2K R R ERORR MR FRMOT, X
Re G R i A A . A T HE— D SR A R 40
MUEREMAOXMEEEFEK NS, BT
OPLS-DA 73 2| 8 B VIP H>1 & S 7 » 70 Al oA
Jit S 05 AR I O R B AL L O R AL
MW KR R L (E)-2-C M 5 Rl p-5
Wi . G BF TR B, A5 A i LA R R A, O A
A BB EED, (B)-2-C G BHH &5
FECS KA R R e BT ok N g vk A . JF BLE
H ORI 8 M A B R A T AR A
ML K R H B B-55 B B L (ED-2- O M B AH X 5
HE TR EMNARE, R EAM&EMAORD
AR A ST 5 1 A6 S A B A A 1 T AR L T
1o SR A T O A T A DT O A I A 0 B B v
TEEE R, WAE NI R A B L R A R
YR .

3 45

K Fl HS-SPME-GC-MS £ AR X |~ 12 AN AN [A]
Z5 i Bl 20 2% 0 A SR A HEAT 0 b, SRS E 40
Pl &SRS B R BE RS2 T A
FEWRMMARREENEISK TR, 465 KE
GRS R I NP TR AP e o i W S
T A0 & REAE . 83 OPLS-DA 43 My, i i% Y 8 A
TEREFMAFAMERAORFTEEZRESND,
o A B K R R - B W (ED-2- O
ok R AR SR/ T =Wk A
W S AL T 55 B B SR AL W T 55 M 2 A8 R A T 4T
R RS . AZ AT AT R 2% KR 4 AE R
AR B 20 R AR LB IR 2% .

R
(1] SR JEAR S, B DRI, 55 . 35T R 3 ke €0 B8 R G RO
TR R B A B [T, 250 i@ i, 2016, 43(4)
9-15.
HUANG H S, SU B W, ZHONG X G, et al. A

BRESE: 2T HS-SPME-GC-MSEAK ATRRXNSMARELMESRT T

comparative analysis of the quality of time black tea with
several special resources (varieties) in Hunan[J]. Journal
of Tea Communication,2016,43(4):9-15.(in Chinese)

[2]OI Y, FUJITA H. Body weight and body mass index
(BMD in preobese and overweight Japanese adults treated
with black Chinese tea water extract (BTE) using a more
appropriate statistical analysis method [J] . International
Journal of Food Properties,2015,18(6):1345-1349.

(3] T3, S85 mem, %, RETE LR REIVRA

FOR TR K HEms [I]. Aol AR AL BF 58, 2011, 32(5) «
592-595.
DING Y,LEI P D, XU Y D,et al. Development status &
technology demands and realization strategies of Chinese
black tea industry [J]
Modernization,2011,32(5):592-595. (in Chinese)

(4] 25, B2, W&, 5. TRAKEIERSH LR
(1. frf2e 4 R 2441, 2021, 12(22) : 8834-8842.
LI C, YUE C N, YANG P X, et al.

Research of Agricultural

Research progress on
characteristic aroma of Congou black tea[J]. Journal of
Food Safety and Quality, 2021, 12 (22) : 8834-8842. (in
Chinese)

[5] i e, WCAFHA , BRI, 55 . 0 4% R & SO 05 09 T i K T

Zx R m e s R LI]. & & TR B, 2019,
40(11>:351-357.
ZHANG Y N,OU Y L,QIN L,etal. Research progress on
the formation of aroma substances and its influence of
processes in black tea[J] .
Food Industry,2019,40(11):351-357. (in Chinese)

[6] BHSEEH , 2 71, M4 Mg, % . AT AMEE#R2S
LKA A i KA I DT ks Dk B 8, 2020,
41(16):67-73.

YANG J Y, LI Z P, LU J M, et al.

discrimination of aroma compounds of Guire 2 black tea

Science and Technology of

Analysis and

treated with different drying methods [J] . Science and
Technology of Food Industry, 2020, 41 (16) : 67-73. (in
Chinese)

[7]ZHU Y, LV H P, DAl W D, et al. Separation of aroma

components in Xihu Longjing tea using simultaneous

distillation extraction with comprehensive two-dimensional

gas chromatography-time-of-flight mass spectrometry[J] .

Separation and Purification Technology, 2016, 164:
146-154.

[8] EAF T ARTT, okt , 55 . ZC -5 A VE i 73 o O B 52 7 i
SrE Tt RLT]. R ,2019,40(23):341-349.
WANG M Q, ZHU Y, ZHANG Y, et al. A review of

recent research on key aroma compounds in tea[J]. Food

Science,2019,40(23):341-349. (in Chinese)

[9] MAO S H,LU C Q,LI M F, et al. Identification of key

131



132

[14] PR AR 88 RS, S0 , 45

Journal of Food Science and Biotechnology

aromatic compounds in Congou black tea by partial least-
square regression with variable importance of projection
scores and gas chromatography-mass spectrometry/gas
chromatography-olfactometry [J] . Journal of the Science

of Food and Agriculture,2018,98(14):5278-5286.

[10] 25 We A, 75 0 1, Ak A 2%, 45 3k - T00 % [ A Al 25 T/

BRI 20 R R AR A L B AR MR T A1), &
LB ,2016,37(23):304-310.

GE X J,SU Z C, DI D R, et al. Comparison of odor-
active components of two different odor type black tea
based on HS-SPME/GC-O-MS[J]. Science and Technology

of Food Industry,2016,37(23):304-310. Cin Chinese)

[11] 2227 B e, S e, 45, DU LR M b Fh 20250 &

KR4y 1) SPME-GC-MS 4> #7 (1] .
37(16):173-178.
LUO X P, LI L X, MA C L, et al.

& &R, 2016,

SPME-GC-MS
analysis of aroma components in black tea prepared with
main tea cultivars in Sichuan[J]. Food Science, 2016,

37(16):173-178.(in Chinese)

[12] X%, X, 5K )7, 5. 0280 Tk B & AR AL 0 70

JELI]. ZEmRE%,2018,38(1):9-19.
LIU F, WANG Y, ZHANG T, et al. Review on aroma
change during black tea processing[J]. Journal of Tea

Science,2018,38(1):9-19.(in Chinese)

(13] ARG, AR S . AN [R5 WY ot Rl I 0 T A R 7 28 2 7T

PR ATLI]. PR K%M CE AR AR ) ,2008,30(8) :
62-66.
LIAO S J, TONG H R.

glycoside aroma precursors of different tea varieties[J] .

Studies on the fatty acid and

Journal of Southwest University (Natural Science Edition) ,
2008,30(8):62-66.(in Chinese)

BN T 8 B AL T B A Ay
SBTLI]. FE TR % 4R, 2018,49(12):2532-2538.
CHEN G L, ZHENG F J, DONG W B, et al.
components of eight black teas from Hezhou[J]. Journal
of Southern Agriculture, 2018, 49 (12) : 2532-2538. (in
Chinese)

Aroma

[15] M, 2 rhob, spROBL, &5 . B JROAS 8] 2% 0 b o 2 2%

LR LI VE R R A iRk CH AR B 1RO
2019,41(6):21-27.

YANG J,LI Z L, YUAN L Y, et al. Analysis of aroma
components of Congou black tea made of different tea
varieties in Chongqing[J]. Journal of Southwest University

(Natural Science Edition) ,2019,41(6) :21-27. Cin Chinese)

[16] 4% AR IBUGE , BRi, 45 . AN [F) 2% 0 fb R AL 48 R

PR T G SR B A RO 4 A ]
2023,39(1):281-290.
XU M T,SHAO S X,CHEN J,et al. Analysis of volatile

B & i R

BEE 30381 2025F 6 A | ERE5EMEARFER

and key aroma components in Congou black tea varieties
[J]. Modern Food Science and Technology,2023,39(1) :
281-290. (in Chinese)

[17]YANG Y Q, YIN H X, YUAN H B, et al.

[18

]

[

Characterization of the volatile components in green tea
by IRAE-HS-SPME/GC-MS combined with multivariate
analysis[J]. PLoS One,2018,13(3):e0193393.

Te/NRe B8 B, AR 55 AR 7 RS T2
X LL AR AR R MR RSy IR L] . el AR P 2k i, 2017,
38(8):1572-1577.

QIAO X Y,CAO JX,WUH L,et al. Effects of different
withering measures and Peng-qing treatments on volatile
flavor compounds of black tea[J]. Chinese Journal of
Tropical Crops,2017,38(8):1572-1577. (in Chinese)
AR AR A 0, AR, 4. T HL T 5 5 HS-SPME-
GC-MS £ AR X A7 7™ 1 8 W & & e % & RZ 70T
[J1. frihRlS2,2023,44(4):232-239.
SHAO S X, XU M T, LIN Y P, et al. Differential
analysis of aroma components of Huangguanyin oolong
tea from different geographical origins using electronic
nose microextraction-gas

and headspace solid-phase

chromatography-mass spectrometry [J]. Food Science,

2023,44(4):232-239.(in Chinese)

[20] GIANNETTI V, BOCCACCI M M, MANNINO P, et al.

Volatile fraction by HS-SPME/GC-MS and

chemometric modeling for traceability of apples cultivated in
the Northeast Italy[ J]. Food Control,2017,78:215-221.

analysis

[21] J7 40, B AN IR X240 3 o S 4 & U 20 LRSS 5

[J]. %5m,2014,40(3):138-145.
FANG W Y, CHEN P.
characteristic aroma components of black teas from
different regions[J]. Journal of Tea,2014,40(3) : 138-
145. (in Chinese)

Comparative study on

[22] YANG Y Q,XIAO Y M, LIU B F,et al. Comparison of

headspace solid-phase microextraction with conventional
extraction for the analysis of the volatile components in

Melia azedarach [J]. Talanta,2011,86:356-361.

[23] EAEMG, MG, BRIk , 55 . HERR I (8] 55 20 72 2 06T 24 Y

8 R R W R 5 m [0] .
34(12):16-21.
WANG H P, WU P, CHEN S S, et al.

& 55 LM, 2018,

Effects of aging
time and cooking degree on volatile flavors of beef[J] .

Food & Machinery,2018,34(12):16-21.(in Chinese)

[24] S Bt ¢, DHEAE 5. HYoR MR AR ET R K

M Z 70T, R ERE R ,2019,52(13):2309-2327.
DONG J, ZHONG C F, WANG G X, et al.

study on fruit volatiles of different day-neutral strawberry

Comparative

cultivars in autumn and winter[J]. Scientia Agricultura



Vol. 44 No. 6

Sinica,2019,52(13):2309-2327. (in Chinese)

[25] 32, MRk, 260, 55 . N[ S Fp <8 a7 A K E/ER

oy oy M LI, B SR HOR i, 2023, 42(4)
103-111.
Al A T, CHEN X, LI Y L, et al. Analysis of aroma
components in different varieties of “Zunyi Red” black tea
[J1. Journal of Food Science and Biotechnology, 2023,
42(4):103-111.(in Chinese)

[26] 225Kk M. BRUJEL 5 M8 n o 2 o 42 1 A A0 40 AR
E AL, B A S LB 2024,4002) £ 152-160.
LI Z W. Changes of volatile aroma components and
biochemical components
during processing [J]. Food & Machinery,2024,40(2) :
152-160. (in Chinese)

(27] Z3%, @l B 8%, A b, &8 T502s ] AR Al 36 - = 16 A
(HS-SPME-GC-MS) $7 AR 73 # < 7 BUAT I b 2 <k 73
CIT. PO K 27 22 4R CH SR REE D 5 2020,43(3)
364-372.

in Fenghuang Dancong tea

LIT,SIM X,LIC,etal. Analysis of aroma components

in Luzhou-flavor bamboo wine by headspace solid phase

microextraction-gas  chromatography-mass
(HS-SPME-GC-MS) [J] .
University (Natural Science) , 2020, 43 (3) : 364-372. (in
Chinese)

(28] skHi, sk ¥, M1, 55w ol M ek 32k 7 1R ) 8 B 95 T 40
WA gl a5 E R
2023,42(7):72-83.

ZHANG Y, ZHANG B, YANG B, et al. Effects of

caffeic acid and rosmarinic acid on aroma components of

spectrometry

Journal of Sichuan Normal

Pinot Noir dry red wine[J]. Journal of Food Science and
Biotechnology,2023,42(7):72-83.(in Chinese)

[29] YUE C N, YANG P X, QIN D D, et al. Identification of
volatile components and analysis of aroma characteristics
of Jiangxi Congou black tea[ J]. International Journal of
Food Properties,2020,23(1):2160-2173.

[30] B, Beak e, 30 R 5. /MR R 21-1 TRAKE
A AT LT]. AR HE R, 2019,46(1) 1 10-16.
LEI'Y,DUAN J H,HUANG F Y,et al. Aroma analysis of
the Congou black tea with 21-1 a new tea strain[ J]. Journal
of Tea Communication,2019,46(1):10-16. (in Chinese)

[31] FPMEAE, iy, 38 1 0, 45 WAL 20 RS A P & U 2>
AHLI]. ZEm AL ,2017,37(5):465-475.

ZHENG P C, LIU P P, GONG Z M, et al. Analysis of

BRESE: 2T HS-SPME-GC-MSEAK ATRRXNSMARELMESRT T

characteristic aroma components of Hubei black teal[J] .
Journal of Tea Science,2017,37(5) :465-475 . (in Chinese)
[32] 4R CH8 T80, BT RA MG, 55 . AN ) it DX 2 KRk P 40 2% &
A ZEFELI]. WL RS 2 AR CROL 5 4 A B2 RO
2015,41(3):323-330.
XU Y J,HE J,JIALY,etal. Differentiation of aroma
compositions in different regions and special varieties of
black tea[ J1. Journal of Zhejiang University (Agriculture
and Life Sciences),2015,41(3):323-330.(in Chinese)
[33] iR, TILin, sigdk. Ja KW T 20 B AL 4 5 R
R li]. &5 kB Tk, 2021,47013)
180-189.
XIA'Y M, WANG J J, YUAN H B. Effect of post-
fermentation process on the quality of summer-autumn
black tea[J].
47(13):180-189. (in Chinese)
[34] SCHUH C, SCHIEBERLE P.

aroma compounds in the beverage prepared from Darjeeling

Food and Fermentation Industries, 2021,

Characterization of the key

black tea: quantitative differences between tea leaves and
infusion[ J]. Journal of Agricultural and Food Chemistry,
2006,54(3):916-924.

[35] QIU X L, WANG J X, YU X F,et al. Aroma formation
in Dianhong black tea: effects of baking[J]. International
Journal of Food Properties,2017,20(11):2724-2735.

[36] DULP,LIJ X,LI W,et al. Characterization of volatile
compounds of pu-erh tea using solid-phase microextraction
and simultaneous distillation-extraction coupled with gas
chromatography-mass spectrometry [J]. Food Research
International ,2014,57:61-70.

[37] W&, VL, AR W, & 5 A il R 2% 2% (F ) 4

R B AR S BRI LI, f iR, 2020,41023)
153-158.
LIN Z Y, SHI J, TAN J F, et al. Effect of drying
temperature on drying efficiency, energy consumption and
flavor quality of Xiangcha,a kind of green tea[ J]. Food
Science,2020,41(23):153-158. (in Chinese)

[38] i, 5 —H, BRI, 5. ZLRFHEE R I E
SO AR L], &AL ,2023,44(6) :292-300.
NIUY W,MAY W,XIAO Z B,et al.
perceptual interaction of characteristic aroma compounds
in black tea[J]. Food Science,2023,44(6):292-300. (in
Chinese)

Identification and

(FTAL S 4 VFHE DD

133



