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Abstract: Headspace solid-phase microextraction (HS-SPME) and gas chromatography-mass spectrometry (GC-MS)
combined with multivariate statistical analysis were used to explore the differences in the volatile components of three
kinds of black tea, including Keemun black tea, GABA black tea, and Yunnan black tea. GC-MS results showed that a total
of 78 wvolatile components were identified, including hydrocarbons, terpenes, alcohols, esters, ketones, aldehydes,
heterocyclic compounds, and phenols. The total volatile substances of three kinds of black tea were similar in quantity, but
their content was quite different, and the common volatile components mainly include linalool, geraniol, nonanal, methyl
salicylate, linalool oxide, etc. The results of multivariate statistical analysis showed that GABA black tea, Yunnan black tea,
and Keemun black tea could be distinguished according to the volatile components. Partial least squares discriminant
analysis screened 12 differential volatile components, including neryl acetate, methyl salicylate, isoborneol, linalool, citral,
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etc. Neryl acetate and citral had the highest content in Keemun black tea, which helped to form the floral and fruity aroma

type of Keemun black tea. Isoborneol and linalool had the highest content in Yunnan black tea. The content of linalool and

methyl salicylate was high in GABA black tea, which was conducive to the formation of the fresh and tender floral and

fruity aroma of GABA black tea. The results of this study can lay a theoretical foundation for scientifically and objectively

evaluating the aroma characteristics of GABA black tea, clarifying the difference in aroma quality between Keemun black

tea, GABA black tea, and Yunnan black tea, and constructing the flavor quality identification map of different types of

black tea.

Key words: Keemun black tea; GABA black tea; Yunnan black tea; volatile components

LA e THRR X)) WA
N OB U S A B EA 17 (811 A1 s i e L4 M -
21 LD EER) . FAJRE A0 S B i 2 e b,
JETE A XU 5 i BRI A B R A ARAE
AGEM S S5 9%, W AR 2 1 B2 T m] 22
—LO8 I AR R E A A ARSI B R AT
HEIIERY, I R S5 & ITEE
FAIFTE— EEZ R AR ] sk, HA BB il s
FAERBFSEMED ", BRI Ss BAHfH A I (HS-
SPME) 45 &S A0 3% - B B (GC-MS) ik Bl )
12 T AR i AN 24 S A 2 M A g el
HS-SPME J&—Fh &g (IR PR AR S A3 BT RT AL B R AR,
HA U, Psdt, BRER R, AR HE D L RN
ey R P (B U N [h Nl = ) BB o = b £
GC-MS, A SEEAE Zi A8 i Al ) v 2 . H B4k, K
KRN T EpERZE, RN TAERCER,

TEFR E AR Z LA PP IS h, LT RIAR LT R AR 32
W AR GEARR A LT 55170, AR XSIR Y GABA 4155
WZ B TIHFEE PR, BT, SHEL SR IE LT
% SR RE ST § R L7 A O P N EIE 3 Paa e
T BT ST IEAT T ELEF o, X By Wy 45 122 X6
17 ASE N PRI T RLAHAT T S 5255
P, B2 P25 SR EAHIAFE B (SPME ) 254 <HH
o3-S (GC-MS) BRFHIE XTI, IELT FIFBLTHS
ROYIHAT N, (X GABA £1 2544 &M a3 B it
GERL/D, /DA T A IR i B APF T 1 SR L S P,
DAL i TR IR ATIFSE, [RIASF A LR 3 = 2T 553 K1k
BT LG FERITSE o

N, ASHF 5T LAIX 3 FhLT 55 M 5E X 52, SR
HS-SPME-GC-MS 45 & ZIu8i i ik T —Fhei s
PR T M 25 57, LIS AT T4145 . GABA 41
&5 ELFRSN R 22 R B e Fe FEA, ARk R U
P GABA £TASF b AN BT B0 B 2T s e 1t
S, I A [FIFPSISLT 35 RUBR it o 4 31| g AL
B S
1 MR5E*®
1.1 MRS5S

ABIILLAS ZEBART IR IR AT A Al il 2%, &b
AR IRER R GABA 4158 =~ KEIT = e &
KGR AT FFH PR AR AL B ARl 5, SR = pi -+
S LT R ELTAE A A RS Fl A, AR

HEPUTS . ERSOREAS I T 2022 4F 4 A ¥
— 2 TR UEEA TR, AR A 2R | 2R
. RWE. TR, BIRAHE VUK IS BIE 27 ()
R RS H] o

CTC H shi#tEE#s . HP7890A-5975C %I GC-MS
XY . HP-5MS 2% 48 (30 m<0.25 mm, 0.25 pm)

F[E Agilent 24 F]; 65 um B B s/ — 2k

L 28 ( polydimethylsiloxane/divinylbenzene, PDMS/
DVB)# sk 32E Supelco 24F],
1.2 LWHE
1.2.1 HS-SPME 4514  FREUEEASEE 1.00 g LA
20 mL TS, I A 1.00 ng ZE1R Z.WEVE M AR,
S 5 mL 3K, EEHR T . ¥ CTC A ShitkEss T
60 °C 2Z5F FHRaxE 10 min, (R UEPERERR E PE; IR
65 um PDMS/DVB #HSk, £ 250 r/min. 60 °C 2514
TEAk 50 min, ARG TR 3 IR, S TER RGP
1.2.2 GC %M PAAES (He, 4l)%>99.999%) hy 4%
<., HP-5MS {4,3%4£(30 mx0.25 mm, 0.25 pm), A~
AR TRAHAE, PERE RS 230 °C, JBEIE B E] 5 ming T
IR )T WILRIRE 50 °C ££%F 5 min, LA 6 °C/min
Ft2 250 °C, £-£F 15 min.
1.2.3 MS & B EE: B EEE 230 C;
DR 280 °C; PUARAFIRLEE 150 °C; BiE A
[l m/z 35~500,
1.3 IR

ARPEAE A BB T A, 45515 ER R (Wiley Fl
NIST JZ) FIRT AAHICAFFER 20, %f =R LT 5548 R
STHFATYERE, LASSTR £ e h R, SR FH ARTE & it
B oo, AU
HA I T AR x ERI S E (1)

PIFFYIETAR X R ()

>R Excel 2019 #4740 ¥ 3 ; TBtools 1.098
PO E s el = By 1 PP e k2 PR (R S g e P |
93 43 #7 ( partial least squares discriminant analysis,
PLS-DA) FH Qi 4H 24 Z 3 53 H W 3 MetaboAnalyst
AT 5T -
2 HBRESHh
2.1 =MORELMRSESEREENH

SR GC-MS Xt = Fh LT 558 i A3 S P il 42
ARSI, R R AR | IR FEE. AR R AT L, dE

FHEE(ng/g) =



- 344 - B Tk B4 2023 4F 9 H

FETESERE Y 78 BRI A A oy (6 1: Q-#B 141 Ze AL G W (5 AP BRI S =z, e b i R 2
7% G-GABA Z£125%; D-IHZL), $# M HAR 45 g PR 5T nT (2F) o ABTT L0280 3% K il 53 3 8 28 58 Ff,
1ok 8 28, BLARIIEZE | iREAL G| BEE | WEZE . IR GABA ZLZE I R MERST R 8 28 60 B, THLLIHE A
2L WRIE . W AREMEE ) . Hoh, iSRS PEST R 7 2 58 F, SELL PRI H 2 5. h
Mtz (24 Fh), LIBSIEFIZE R 3, a2 (14 Fi) | et Al Y, Bk GABA 158 Y45 M o B i =2
BEE (9 Fl) | MRIS(O A | BRAZE(8 Fh) |\ BESR (7 Fp) . A, =AMAAAE B RV EY R BOR T T 22575 N

R SRR R RIS B

Table 1 Volatile components and their contents of three kinds of black tea

e CAS RIS, P 1552 i) Tt (ug/g)
&R AR (min) Q G D
(1352

1 586-63-0 i I Isoterpinolene CoHyg 11.091 0.03
2 5989-27-5 D-Frig s D-Limonene CioHyg 11.445 0.09 0.06 0.2
3 3779-61-1 - p-B i trans-g-Ocimene CioHyg 11.754 0.05 0.02 0.07
4 13877-91-3 B2 B-Ocimene CioHyg 12.046 0.3 0.21 0.24
5 3338-55-4 Wi -p-25 iy cis-B-Ocimene CioHyg 12.12 0.23
6 99-86-5 o= A a-Terpinene CioHyg 16.915 0.02
7 13466-78-9 B M Carene CoH6 18.14 0.06 0.14
8 3856-25-5 o1 B a-Copaene CsH,, 19.771 0.04 0.01 0.02
9 87-44-5 FaRUE Caryophyllene CsH,, 21.344 0.08 0.1 0.12
10 29873-99-2 y- A y-Elemene CsH,, 21.613 0.04 0.05 0.05
11 17699-14-8 o-BE T ik a-Cubebene CsHy, 22.477 0.03

12 502-61-4 o-TEWEM a-Farnesene CsHyy 23.124 0.07 0.05 0.05
13 483-76-1 S-HEAN IR d-Cadinene CsHyy 23.49 0.16 0.06 0.07
14 21391-99-1 a-F E W a-Calacorene C,sHy, 23.908 0.02 0.01 0.01

wELEY

1 629-73-2 11750 Cetene C¢Hs, 24.634 0.02
2 1755-05-1 TGN % 5 cis-Octahydropentalene CgHy, 10.902 0.03

3 17302-01-1 3-Z3E-3-F L Pihe 3-Ethyl-3-methylheptane C oHy, 14.255 0.07

4 62238-13-5 2,3,7-= Lkt 2,3,7-Trimethyldecane Cy3Hyg 14.73 0.03

5 1560-88-9 2-HIEE -\ 2-Methyloctadecane C,oH, 20.16 0.04 0.05 0.03
6 629-59-4 T Tetradecane C,H;, 20.806 0.22

7 2882-98-6 T IR bE Nonylcyclopentane C,Hyg 21.854 0.06 0.07 0.06
8 112-95-8 - Eicosane CyoHyy 22.924 0.28 0.18 0.48
9 295-48-7 7 iR Cyclopentadecane CsH;, 23.965 0.06

10 25117-32-2 5-HIEE - 5-Methyltetradecane CsH;, 23.965 0.03 0.02
11 2882-96-4 3-HIEE T Fn 3-Methylpentadecane CHyy 24.325 0.15 0.18 0.18
12 544-76-3 RNAYA Hexadecane CeHyy 24.903 0.17 0.13 0.2
13 6785-23-5 I Undecylcyclopentane Ci¢Hy, 25.973 0.02 0.03 0.03
14 629-78-7 ELk Heptadecane C,/Hyq 26.786 0.01 0.01 0.02
15 504-44-9 2,6,11,15-PUF L7k Tetramze’ti’ylllh’el;decane Cytly, 26883 0.02
16 629-50-5 =k Tridecane C,3Hyg 27.564 0.01 0.01
17 6418-44-6 3-M P 3-Methylheptadecane CgHyg 28.062 0.01
18 593-45-3 RWAY Octadecane C,gHyg 28.577 0.01 0.01 0.01
19 638-36-8 2.6,10,14- P70k Tetrami’t%;lol{;je;decane Caolly 28731 0.02
20 629-94-7 EZ Ak Heneicosane C,Hy, 33.463 0.01 0.01 0.01
21 91-20-3 % Naphthalene C,oHg 15.748 0.05 0.05 0.11
22 90-12-0 1-HEZE 1-Methylnaphthalene CHy, 18.46 0.14 0.04 0.1
23 30364-38-6 1,1,6-=H3E-10-— 528 1111}1§dgﬁsltllzlllnze Ci3Hyg 19.845 0.05 0.01 0.03
24 475-03-6  1,1,6-=M3E-1,2,3 4- M52 1,L,6-Trimethyl-1,2,3,4- Cp,Hq 19.919 0.02

tetrahydronaphthalene
1 78-70-6 b Linalool C,oH,;50 13.557 22 8.65 9.67
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A AR (min) Q G D
2 60-12-8 L Phenylethyl alcohol CgH, 0O 14.226 0.11
3 124-76-5 YA Isoborneol C,oH,40 15.325 0.04 0.1
4 98-55-5 a-Fi i a-Terpineol C,oH;s0 15.983 0.06 0.09 0.12
5 106-24-1 it Geraniol C H,;s0 17.579 3.86 1.06 1.26
6 106-25-2 AL Nerol C H,;s0 17.98 0.36 0.16 0.17
7 4602-84-0 e Farnesol CisH,O 18638 0.14
_ e 7)-2-(3,3-
8 26532-23-0 (2)2-33 -Jg%%%ajzﬁ;)a Dimeth;lci/clo(hexylidene) CoHi 0 22,128 0.05 0.03 0.04
ethanol
9 77-53-2 ES/N Cedrol C;sHyO  25.138 0.1 0.03 0.06
[[E2S
1 100-52-7 2 Benzaldehyde C,HO 9.471 0.11
2 5910-87-2 (E,E)-2,4-T 4% (E,E)-2,4-Nonadienal CyH,,0 10.352 0.39 0.13 0.31
3 124-19-6 T Nonanal CoH 0 13.665 0.63 0.56 0.84
4 112-31-2 L Decanal C,,H,,0 16.326 0.12
5 432-25-7 - B-Cyclocitral CiHi O 16721 0.13 0.07 0.07
6 5392-40-5 PR Citral CH O 17.923 0.25 0.06
7 13019-16-4 2- T Hk-2-2F I 2-Butyl-2-octenal C,H,,0  20.286 0.08
FiZE
1 2216-87-7 3-t—Tid 3-Undecanone C;H,0 18306 0.21 0.11 0.21
2 23726-93-4 BRI f-Damascenone C3His0 20526 0.17 0.14 0.06
3 488-10-8 SRHITH Jasmone C,H, O 21132 0.07
4 6901-97-9 H 25;;3?]%;:;%[% - cyclofl-e(x%c,r?-,?:}l;lr)lir;i)}:l};if-é-one CistlnO 21522 0.05 0.03 0.02
5 3879-26-3 M- - P cis-Geranylacetone C;3H,0 22,048 0.08 0.03 0.03
6 79-77-6 J-p-4% 2 trans-B-lonone Ci3Hy,0 22,769 0.26 0.14 0.12
7 14901-07-6 B2 24 S-Tonone C;;H,) O  23.026 0.05 0.02 0.03
8 55103-689  1-THLOERI6.4.01 k11 | MoIPieyclol040)dodecan ey 6 3305 0.02
fikzk
1 53398-84-8 J-3- TR O TR trans-3-Hexenyl butyrate CoH;30, 15834 0.05 0.16 0.06
2 119-36-8 KA T g Methyl salicylate C4H0,4 16.074 0.93 3.34 2.97
3 35154-45-1 -3 -4 B 5 R T cis-3-Hexenyl isovalerate C;Hy0,  16.956 0.18 0.14
4 141-12-8 JiE R AL P Nerol acetate C,H, 0, 18764 0.06 0.01
5 2349-14-6 IR R Methyl geranate C,H;0,  19.147 0.16
6 31501-11-8 JRE-3- 4 R CL 47 i cis-3-Hexenyl hexanoate C,H,0, 20417 0.32 0.47 0.08
7 53398-86-0 JR-2-CL R O I TR trans-2-Hexenyl caproate C,H»0,  20.595 0.11 0.09 0.04
8 84-69-5 SRIK W 7 TR Diisobutyl phthalate C,H,,0,  29.893 0.03 0.06
9 112-39-0 Tyl H T Hexadecanoic acid, methyl ester C;;H3,0,  30.854 0.02 0.03
25
1 2835-96-3 4-G - 2-H HOR 4-Amino-2-methylphenol C,H,NO 12252 0.05 0.03
2 2835-99-6 3-H -4 SR T 3-Methyl-4-aminophenol C;H,NO 12338 0.14 0.03
HIMEEY)
1 1139-30-6 AT Caryophyllene oxide CisH,, O 24755 0.05 0.03 0.02
2 5989-33-3 A AL Linalool oxide CHis0,  12.767 0.75 0.85 1.29
3 14049-11-7 5 Hm Ak Ottt g 7 ) Linalool oxide (pyranoid) CoHis0, 15411 0.24 0.27 0.45
4 2167-14-8 1- 2 THTHE I -2 lEézrygoﬁlgey;;‘(’il:Z CHNO  12.195 0.46
5 34995-74-9 2-(2- WM 5 ) -5~k e FF s 2-(2-Furfuryl)-5-furfural C, H,g0; 16509 0.05 0.12
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Fig.3 Hierarchical clustering (A) and heat map (B) of volatile components in three black tea
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Table 2 Main differential aroma components and their characteristics in three kinds of black tea
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Fig.5 Comparison of six aroma substances in three kinds of black tea
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