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Abstract: [Objective] This study explores the unique flavor characteristics and volatile compounds of black tea
produced from the large-leaf variety in northern Guangxi, aiming to reveal the material basis of aroma formation
of this variety. [Method] Sensory evaluation, determination of biochemical parameters, headspace-solid-phase
microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS), and odor activity value (OAV)
analysis were performed in combination with chemometrics analysis to analyze the flavor characteristics and
volatile compounds of the black tea. [Result] The black tea samples produced from the large-leaf variety in
northern Guangxi had similar aroma properties and were characterized by distinct floral and fruity aromas. A total
of 88 volatile compounds including alcohols, esters, aldehydes, ketones, and acids were identified from the black
tea samples. The mass concentrations of esters, aldehydes, and ketones were higher. Six key aroma components

were selected by the chemometrics analysis, with the criteria of variable importance in the projection (VIP)>1 and
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OAV>1.0. Among them, linalool, geraniol, and a-myrcene were the characteristic aroma compounds conferring the floral

and fruity aromas of the black tea. Nonanal, methyl salicylate, and f-ionone were the characteristic aroma compounds

conferring the floral aroma, the mint aroma, and the strong floral and creamy aroma, respectively. These components

were considered to be the key factors for the aroma formation of the black tea produced from the large-leaf variety in

northern Guangxi.

[Conclusion] The black tea produced from the large-leaf variety in northern Guangxi is

characterized by floral and fruity aromas. The key aroma compounds are linalool, geraniol, a-myrcene, nonanal,

methyl salicylate, and f-ionone, which together constitute the unique aroma characteristics of the black tea in this area.

Keywords: large-leaf variety in northern Guangxi; black tea; aroma compound; key volatile component
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Table 1 Sensory evaluation of black tea produced from the large-leaf variety in northern Guangxi
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Heat map of main biochemical components of black tea produced from the large-leaf variety in northern Guangxi
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Table 2 Volatile components of black tea produced from the large-leaf variety in northern Guangxi

_ J R B /Cug/L)
PES ¥R R CAS
MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8  MP9

LT 64-17-5 221 2.13 2.03 — — — — 1.84
2-JEE 543-49-7 — — — 8.88 — — — — —
(D)-00,0,5- = H H-5-2 )8 VU A
-2 5989-33-3 1519 20.65 16.16 62.57 17.41 76.99 3512 5105  45.63
5 R 78-70-6 44551  505.66 40585  758.04  502.81 177240  704.03 74539 1285.63
4 100-51-6 10.19 8.18 7.30 12.24 384  — 819 — —
AR 29957-43-5 1495 2890  26.50 61.35 18.36 63.04 6526  81.01 4847
J5 R AL 34995-77-2 7548 101,53 5726  165.08 8420 24492 11690 17647 125.84
A1 A7 562-74-3 — — — — — — — 21.33
BN 60-12-8 4168 2575 2578 26.85 5.16 18.43 1925 5347  14.08
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FEAERS 106-25-2 3386 3856 2270 32.05 13.13 48.47 1917 4755 3951
I 106-24-1 1390.72 1062.95 131772 1908.61 104673 3176.15 141843 350234 2101.05
2,6- IR E2,7-20f-1,6-FF 64142-78-5 — — — — — — — 506 —
CE)-FE 1 AU 40716-66-3 1091 9.96 18.13 21.02 1510 180.65 9.69 770 13.40
EgN 77-53-2 1847 — 23.34 46.33 27.97 — 2382 —
ey 102608-53-7 6.78 8.00 11.08 11.41 15.44 10.53 723 525 4.76
S 505-32-8 — — 0.85 — 128 — — — —
k7t 150-86-7 8.48 7.90 15.15 13.83 34.17 13.59 11.36 6.94 5.30
[N 66-25-1 1550  14.22 7.93 13.14 6.08 2436 7.14 4.07 8.37
(E)-2-CU ) 6728-26-3 77.10  46.16  35.10 95.89 32.29 51.83 2340 2063  35.80
B 111-71-7 1435 2288 11.98 18.94 1288  — 635 — 7.83
7 100-52-7 121.78 — 116.97 160.09 — — — — —
i 124-13-0 1264  19.53 13.25 13.45 11.29 52.17 13.25 874  14.97
(E,E)-2,4-PF I s 4313-03-5 1478  14.08 6.02 12.23 — 18.09 421 9.10  15.00
K 122-78-1 20227 32845 207.02 20621 69.07 10327  141.80 105.88 140.41
T 124-19-6 10498 22241 12751 136.86 11632  189.97 13991 10043  112.92
(E,E)-2,4-3 s 30361-28-5 165 — — 2.00 — — .01 —

- (E)-2-T )i 18829-56-6 — — — — 384 3376 — —
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7-F Bk 3317 k- 6- 3 A 1 13066-51-8 — — — — — — 760 —
2,6,6-— FR:-1-3F O Jk 2 472-66-2 8.27 8.12 6.88 1121 480  — 471 — 9.76
(2)-3,7-ZF 32, 6-¢ s 106-26-3 3805 3981 2226 33.75 6.10 5253 1732 — 26.36
7 141-27-5 8625 9773 5737 81.79 2761 114.61 49.75 10571  71.68
o-W. -2 4411-89-6 2003 — 20.31 24.05 — — — —
2-—Jh 2463-77-6 — — — — — 18.02 — —
o-(2-F RV P 46D 28 2 % 26643-91-4 6.69 1320 7.83 — — — — —
T 104-61-0 3.13 333 2.48 5.72 2.60 18.58 2.30 1.62 2.52
5-FR AR -2 ORHE - CUI i 21834-92-4 6.69 7.04 5.68 434 — — 1.82 221 425

17



18

Journal of Food Science and Biotechnology

BE308H] 2025 F 11 A | ERE5EYMHARFR

R B PE /(pg/L)
paES ERD) CAS
MP1 MP2  MP3 MP4 MP5 MP6 MP7 MP8  MP9
LR 2.1 123-66-0 2.85 3.05 — — 175 6.64 — — —
BRR T 106-30-9 — 1.43 — — — — — — —
(ED-3-CU 04k T 1 53398-84-8 — — — — 4.19 — 3.73 774 20.65
K 1R A T 119-36-8 215.02 38037 33521 102142 35277 138587 43259 690.69 660.53
CL R M i 31501-11-8 — — — 391 483 22.30 3.12 192 10.05
MR (Z,)-3-CHH IR -3-C M B 61444-38-0 — — — — — 22.00 — 9.35 7.19
1 T hL%E T 705-86-2 — — — — — — — 241 —
U B N TR 17092-92-1 1877  18.18  15.08 21.87 11.89 27.82 7.98 7.58 6.07
HKHER2-2 O 5444-75-7 — 133 — — — — — — —
IRFTIR T I 1211-29-6 — — — — — — 1.06 1.30 131
FRAA R H 112-39-0 1.29 1.08 1.14 1.45 1.47 2.69 0.92 1.77 091
FENR £ T 628-97-7 4.87 3.08 2.13 2.82 3.03 3.17 1.54 3.11 131
4-F 3E-2- Ui 105-42-0 — — — — — 26.45 — — —
3-3F 106-68-3 — — — — — 2.13 — — —
FR P A7 1) 110-93-0 5.12 3.88 3.14 6.21 1.53 — 1.73 242 3.89
2,2,6-= H I Ol 2408-37-9 — 275 2.11 3.34 — 341 1.02 1.16 2.57
2- T 821-55-6 — — — — — 48.78 — — —
3,5-3 -2 30086-02-3 6.34 453 3.85 12.04 3.60 20.76 3.21 2.39 5.65
2-Z5 i 693-54-9 — — — 5.55 — 48.06 — — 3.14
3,42 F B -3k g Ik -2- 4030-22-2 — — — — 18.28 — — — —
2-+ 112-12-9 — — — — — 9.73 — — —
% K5 L7 23726-93-4 4448 5892 4171 60.02  18.16 49.12 3020 3076  30.88
(1g)  NABEPM 1604-34-8 — — — — — 1874 — — —
(Z2)-KFI T 488-10-8 8.84 — 9.13 42779 2485 165.03 4024 3640 4821
4-(2,6,6-=H 3228 CUIfi-1 -
3T 4525 6901-97-9 21.58  14.43 — 29.62 9.45 2663  11.85 751 1374
BT AT 14901-07-6 6623  58.87  68.02 9444 4549 14121 4249 2703  56.80
4-(2,6,6-—= F J:-1,3-3F & )i - 1203.08.3 - - - - 597 529 - - o
1-25)-3-T 45 -2
4-[2,2,6-= HHL-7-5 4 IR
4100133 T -2 23267-57-4  11.44 8.96 9.22 15.69 6.40 36.18 5.36 4.14 5.90
(2)-T0 % -6-(2- 1%} 56D -2H-
N2 25524-95-2 2.80 — — 3.39 4.13 12.27 2.51 2.47 —
et 502-69-2 9.48 938 1195 11.13 11.74 34.40 6.22 5.96 2.05
- &Yz 142-62-1 11.84 9.60 3.61 21.40 7.58 54.70 233 — 135
(;& 2-CE IR 1191-04-4 4.93 — — — — — — — —
BRIR 111-14-8 18.19 1853 — 2062 11.20 43.93 4.01 — —
FER 124-07-2 1574 1457 8.63 2654 1112 143.11 6.57 — 6.02
R 112-05-0 8141 103.85  44.41 98.49  57.87 25759  48.09 4740  49.44
(E)-3,7- =W HE-2,6-F ZIHTR 4698-08-2 8297 8723  35.87 8440  28.83 17472 4048 11474 4750
GBS B
W 2,4-Z U T HE 96-76-4 837  11.80  10.63 14.34 6.06 9.20 8.52 9.38 5.19
WA 100-42-5 — — — — — 118.63 — — 174.09
) o- I 123-35-3 62.04 9463  60.03 81.94 356 10493  57.19 13174  93.83
SR b 100-44-7 — 3.26 1.45 1.80 — — — — 0.17
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(2) A AR b 36431-72-8  36.58 2819 18.79 25.59 5.16 32.86 19.55 1654  20.25
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T "R AR HAZ RS
R FrIRERBUEN, RO o- A HEHEREA v HEME.

KB, FEFBGERARUED, 2, -2 0T
Fe Ty ANZS L 0%
232 Adb Kot A KA R RS AT

1 2Ca)~(b) BT 5, B4 1CPC D A il 4y 2
(PC2) 77 22 DURR 2 43 0 9 42.4% F121.1% , 2 it
DTk 20K 63.5% , K B 0 T H R0 R AR A TR
FEL R FRERLERE PCAZH /i — 5,
bei e 7 o A N i P 2 = i | N L o AN S R

151 oMPI
mMP2
ok AMP3
vMP4
SMP5
—~ s} eMP6
S a@ v ®MP7
= A +MP8
S *MP9
N * *
£ L *%
_10_
_15 1 1 1 1 1 1 1 ]
20 -15 -10 -5 0 5 10 15 20
PCI (42.4%)
(a) PCAE
oMPI
,MPZ
MP3
40 zMP4
MP5
ol “' ®MP6
] ®MP7
~ w MP8
Sy o ‘ MP9
=
)
I 20
54
,40_
++
,60 1 I+ 1 1 1
=150  -100  -50 0 50 100

R2=(93.4%)
(c) OPLS-DA 7 5]

REELRT = N R T EAR S s A N UPS
B 72 S PR R G LR SRR L 2 OPLS-DA
BEAY, WL 2(c) . f£ OPLS-DA #7% fv, R3=93 4%,
2=97.1%, 0>=88.0%, H. R* 5 Q* ¥ it 0.5, % W
OPLS-DA BRI AT £ 52 . 4200 X B #H: K 5%, 0* 7]
VA 26 5 Al 1 A A UL T A ARk, LI 2(dD
XKW OPLS-DABE MM , AFALENE . &
VIP 8 T 73 A1 K B LA 20 i 44 K 15 1 43 XF 1%

35000
30000
25000 [
ff} 20000 [
o8
=
Ry 15000
10 000 [
0 “."_::'.“\.'T“.“\.'T"."T‘T‘?T“.“’.‘T‘T“‘PT“.”’.“’.‘T‘T"’.‘T‘\.'
NSNS SN NI -
S S SSS55S5555555 e
G
(b) JZRRHH
151 OR?
1.0} e
0.5
0
_05 -
Qi -1.0F
_15 -
2.0t
,2.5 =~
-30
_3 5 1 1 1 1 1 1 J
02 0 02 04 06 08 10 12

R B B
(d) OPLS-DAM R & 4k 46 1%

B2 Adb ket ARk £ & & k% A OPLS-DA

Fig.2 Main aroma components and OPLS-DA of black tea produced from the large-leaf variety in northern Guangxi
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Table 3 OAVs of the key aroma components of black tea produced from the large-leaf variety in northern Guangxi

OAV

Rk Ry VIP AR
MPI1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9

A 4.353 210.7 161.1 199.7 2892 158.6 481.2 241.9 530.7 3183 ftEHEFH
75 3.180 74.3 84.3 67.7 1263 83.8 295.4 117.3 1242 2143  HFEHE
K% R Y 3.030 5.4 9.5 8.4 25.5 8.8 34.6 10.8 17.3 16.5 A HEF M F
7% g 1.972 0.3 ND 0.3 0.5 ND ND ND ND ND  HF
KW 1.915 ND ND ND ND ND 1.8 ND ND 2.7 H
K 1.616 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 ND <0.1 <0.1 EHLHF
o2 il I 1.563 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 ND <0.1 <0.1 A%
T 1.507 95.5 202.2 1159 1245 105.7 172.7 127.2 913  102.6 fEF
(E)-2-C s 1.408 <0.1 <0.1 <0.1 <0.1 0.7 <0.1 <0.1 <0.1 <0.1 HE
T 1.390 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 RIENI&
CE)-F& 1 AU 1.294 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.7 <0.1 <0.1 fHFAKHEF
75 1 AL L 1.268 0.4 0.5 0.3 0.9 0.4 13 0.6 0.9 0.7 f&HF KFH
(E)-3,7- W &- 1255 - - - - - - - - o o
2,6-% G R
A R 1.215 — — — — — — — — — —
FIR 1.084 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 ND <0.1 RE
(Z)-ZRF1 il 1.084 4.6 <0.1 4.8 22.5 13.1 86.8 21.2 19.2 254 @R E
EgrN 1.052 <0.1 ND <0.1 <0.1 <0.1 ND ND <0.1 ND K&
& 1.036 1.2 1.2 0.7 1.1 0.2 1.6 0.5 ND 0.8 FER
o- R A 1.034 51.7 78.8 50.0 68.3 29.7 87.4 47.7 109.8 782 MG A
B-5E 2 1.029 18.9 16.8 19.4 27.0 13.0 40.3 12.1 7.7 162 JHAEE IE
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