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Abstract: Aroma was a key factor in evaluating tea quality. To investigate the dynamic evolution of aroma compounds
during the processing of Guangnan Dixu black tea, this study utilized headspace solid-phase microextraction combined with
gas chromatography-mass spectrometry (HS-SPME-GC-MS), to systematically analyze changes in volatile compounds at
five processing stages: Fresh leaves (XY), withering (WD), rolling (RN), fermentation (FJ), and dried tea (GC). Aroma-
active values (OAV) and principal component analysis (PCA) were used to identify key aroma compounds at each
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processing stage. A total of 96 volatile compounds were identified, including alcohols, aldehydes, esters, ketones, alkanes,
olefins, and others. The aroma components showed significant dynamic changes during processing. At the withering (WD)
stage, the content of alcohols (such as linalool) decreased, while some aldehydes began to form. During the rolling (RN)
stage, the total amount of volatile compounds increased the most. Aldehydes (such as (E)-2-hexenal), ketones (such as f-
ionone), and some alkenes increased significantly. In the fermentation (FJ) stage, aldehydes (such as nonanal) and some
esters (such as methyl salicylate) continued to increase in concentration. However, during the drying stage, the total amount
of esters sharply decreased due to high-temperature volatilization. At the dried tea (GC) stage, certain alcohol oxides (such
as (E)-linalool oxide (pyran)) and aldehydes (such as (Z)-3-nonen-1-ol) reached their peak concentrations. Principal
component analysis (PCA) showed that samples from the rolling stage were clearly separated from those of other stages,
indicating that rolling was a critical process for aroma formation in Guangnan Dixu black tea. In the final dried tea samples,
nine key aroma compounds with OAV greater than 10 were identified: 2-methylbutanal, heptanal, phenylacetaldehyde,
trans-linalool oxide (furan type), nonanal, linalool, (Z)-3-nonen-1-ol, (E)-linalool oxide, and benzaldehyde. Among these, 2-
methylbutanal, nonanal, linalool, (Z)-3-nonen-1-ol, and benzaldehyde (all with OAVs greater than 100) made particularly
significant contributions. Together, they formed the characteristic aroma profile of Guangnan Dixu black tea, which
featured intense floral, sweet, fruity, and fresh grassy notes.
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Table 1 Volatile substances during the processing of Guangnan Dixu black tea
N P
Bk ERIR cast FIH e gy iteke)
min) XY WD RN FJ GC
1-C 111-27-3 3.24 83  C¢H,0 - - 117.72+4.58"  62.86+3.83" -
- 4-3- P 3391-86-4  6.93 79 CgH O  28.54+1.46 - - - -
R 100-51-6 8.49 93 C,H,0 - 187.34+6.41°  809.50+4.62° 467.21£6.92° 459.55+30.16
FRE 78-70-6 11.70 92 CoH;0 1438.69+16.42° 948.73+13.33¢ 1168.17+44.53" 441.66+21.43° 996.133.59°
RO 22258 12.48 73 GgH; O 94.34£1.00° 441.70+15.43° - 537.94+32.16° 528.13+11.71°
(Z)-3-T-Jfi-1-F% 10340-23-5  13.55 83 CyH,,0 - - - - 60.59+1.30
ok i Pt 98-55-5 15.27 81  CH;s0  15.06£0.71"  28.62+1.45° - - -
REAERE 106-26-3 17.48 84  CH,O 42.48+£2.00° 107.26+2.72" 257.64+10.65" 96.26+2.09° 112.16+£3.67°
[LES iy 106-24-1 18.13 96  C,oH;sO  495.35+6.56 - - - -
1-J5 B 112-30-1 27.33 78  C,H,O - 3.57+0.18 - - -
FEAEAm 40716-66-3  30.81 96  C;sHyO  34.78+£1.29®  32.41+1.60° 4541£16.35° 24.99+4.46°  34.08+2.46™
TRABE 77-53-2 32.12 77 CisHpO  15.63£0.60°  13.64£1.39°  96.23+6.14°  63.10+2.29"  3.30+£0.41°
HEREEL 102608-53-7  42.14 94  C,H,O0 - 24.35£0.22°  46.44+£2.85°  8.19+0.54° -
-+ 112-53-8 48.49 78  Cp,H,0 - 2.15+0.15° - 3.33+0.07° -
1B 36653-82-4  48.50 95  C,H;,0 - - - - 7.61+0.89
Y] 150-86-7 49.37 94 CyHuO  104.83£0.41°  71.37+0.52°  119.54+6.34°  7.93+0.31°  19.60+0.64
AT MY 5989-33-3 1036 84 CiH;gO,  58.32+40.60°  185.49+6.37° - - -
&ﬁﬁﬁ?&%}{t% 34995-77-2  11.00 89  C,Hi 0, 71.17£1.95 - 241.7425.63°  176.6242.10°  347.42+4.55"
(E)'%Eﬁ%%m% 39028-58-5  14.53 78  C,H40, - 19.02+0.67°  52.45£1.02°  25.25£1.69° 342.91+18.57°
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min) XY WD RN FJ GC
2-HIET 96-17-3 0.84 85  CsH,O - - - 227.42+£10.45" 109.89+3.21°
3-SR 590-86-3 1.46 92 CsH O - 334.79+2.13 - - -
e 35796 2.57 81  CsH,O, - - 13.73£0.52°  13.83£0.54°  15.07+0.64°
L 66-25-1 2.78 92 CgH,O  172.11£1.59° 153.8043.69° 572.13£5.36" 195.77+£9.14° 213.31%11.08°
(E)-2-CL ol 6728-26-3  2.98 88  C¢H,;0 - - - 141.83£1.50° 414.39+11.31°
(2)-3-CL i 6789-80-6  3.52 86  C4HyO - 60.55£1.10 - - -
PR 111-71-7 3.76 74  CHLO - - - - 75.90+1.33
R 100-52-7 6.32 93 C,HO  110.55t1.57° 228.15+2.31¢ 340.83114.54° 401.60£6.31° 571.12+6.48"
RO 122-78-1 8.72 97 CeHO  135.00£2.45¢ 159.32+2.67¢ 244.72£10.26° 586.868.61° 206.40+3.67°
K T 124-19-6 11.37 81 CyH ;O - - - 449.84+24.98" 311.72+19.46
(E)-2-T-Hils 18829-56-6  14.09 83  CgH,0 - 20.37+0.90°  49.37+0.91°  9.43+1.17°  22.62+0.82°
L 112-31-2 1599 94  CHyO  17.13£0.55¢  22.69+0.84°  34.98+1.55"  28.38£3.27°  32.51+0.95°
B-IATIETRE 432-25-7 16.49 83  C,H,0 2436+0.86° 46.69£1.39° 26127+2.01° 62.7120.87°  64.69+4.97°
REAERE 106-26-3 17.48 84  C,H,,0 - 14.90£0.47°  41.50£27.59" 22.62+0.99°  40.23+1.94°
A 141-27-5 17.49 70 C,oH, O  227+0.11°  144.39£9.38° 361.07+51.77° 159.63+8.40° 233.20+15.77°
(B)-2-Z8Jiltte 3913-81-3 1836 71 C,H,;50 - 3.34+0.43" - 5.07+0.26° -
FrgE 5392-40-5  18.80 90  CiH;0  40.75+1.51 - - - -
(EE)-2,4-%5 "  25152-84-5  20.72 75 C,H;O  11.64+0.99*  15.25£1.04°  10.07+8.73° - -
o A A 116-26-7 24.0 74 C,H,,0 - - - - 0.80+0.23
F—mE 112-54-9 24.66 82  C,H, 0  563£024° 5554036 - 9.41+0.91° -
(2)-3-C9-1-BEH RIS 33467-73-1  3.67 76  CH,,0, 101.35+2.32 - - - -
CRR TR 106-70-7 5.56 70  CH,,0, - - 4.22+0.16 - -
(2)-THR3-CU%ME  16491-36-4  15.10 73 C,Hj40, - - - - 6.69+2.94
KA R A i 119-36-8 15.43 97  CgHgOy  231.00+£5.51° 651.44+2.77° - 1384.83+78.41° -
S-FMNFR 698-76-0 19.32 73 CgH,,0, - - - - 2.33+0.44
(2)-CIR3-CHHRE  31501-11-8  23.53 72 CpH,,0, - - 75.43+2.07°  7.85+1.28°  26.27+11.24°
CRC AR 6378-65-0  23.75 74 C;,H,,0, - - - - 3.85+0.37
AU A e 17092-92-1  29.27 84  C;HO, 29.46+0.96 31.40£1.60™ 91.47+7.16°  32.96+0.68™  32.96+0.68"
(z )'3'%%; Rl 25152-85-6  31.03 87 Ci3H O,  2.60+£0.42°  436£0.13%  32.54+2.06°  6.02£0.39°  11.23£1.16°
8-(2-WKIRS 46 ) R  38199-50-7  33.09 70 Cp3HyO;  0.64+0.10°  3.04+0.37°  55.63+0.84° 17.68+0.51°
BRI R PR 1211-29-6  33.95 73 C3Hy0;4 - - - 2.5240.42°  3.09+0.19°
M -3-C R AR IR 65405-77-8  35.21 82 Cy3H (04 - - 6.90+1.33*  2.06+0.71®  2.75+0.31°
AR R g 120-51-4  38.04 82  C,H\,0, - - 1.48£0.33*  0.58+0.05" -
Rav sl 112-39-0 43.61 98  C;H;0, 31.83+1.21°  66.24+1.05° 51.05£10.73% 77.23+1.10°  91.53+6.22°
LEES QZW’%%QW:J% 112:63-0 4881 92 C,H,0, - - 40.48+0.87" - 10.80+0.51°
(Z’Z’Zz)ig%é’é;};/ VB 301-00-8  49.00 91  CHy0, 11.93+0.40°  30.10£1.35°  50.37+2.01° 21.92+1.46°
5-HIBE2(3H)-MEME - 591-12-8 3.24 77 CsHO, - - - - -
3- 7 96-22-0 22.74 84  CiH O - 35.35+0.68 - - -
BRI AT 23726-93-4  23.64 91  C;H;40 - 17.57+0.65°  36.76+4.50°  42.87+2.18"  26.84+2.15¢
M S AT 488-10-8 24.26 93  C;H,,0 - - 48.12+2.01 - -
o o- 5% 1 127-41-3 25.38 79 CpiHyO o 1529+0.15°  19.33+0.85b™  82.90+4.95°  19.23£1.58b°  20.76+1.48°
A 2 1203-08-3  25.60 95  C;H;40 - - 21.22+0.84 - -
T HL T R 689-67-8 2646 97  CpH,0 1631074 24.62+0.61° - 30.29+0.96°  27.96%3.16"
P-4 22T 79-77-6 2774 73 CHypO  94.82£2.24°  109.52+0.80° 226.12+12.04° 118.90+£6.42° 134.21+9.87
3-F = 1534-26-5  27.97 81  C3H,0 - 6.46+0.60° - 12.66£0.91°  7.51+0.64°
HETR 502-69-2 40.93 71 CgHyO  13.45£0.19°  13.94£0.32°  33.69+2.43"  9.30+£0.53°  13.88+0.47°
[y 112-40-3 19.77 82 C,Ha - - - - 5.92+0.26
ke 629-62-9  20.23 86 CisHy,  19.53£0.60°  32.38+1.26°  40.53+0.98"  40.59+£0.77°  17.62+0.54
SREES PN 3 36431-72-8 2061 71 C;3Hpu0 - 4.91£0.25 - 5.1240.35°  5.26+0.32°
Iz 629-59-4 2432 82 CHyy 21284098 30.13+6.06°  104.44+2.77°  22.08+1.18°  23.99+2.42°
RAYSH 544-76-3 28.56 86 C,Hy, 6.13+0.23¢ 6.10£0.24°  50.52+1.04*  38.18+2.88"  16.79+0.61°
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N P
B% EEAR casy PRI g g At (ughe)
min) XY WD RN FJ GC
/Lt 593-45-3 37.80 71 CigHye  33.10£3.25%  29.91+0.48"  14.03+1.29°  9.74+0.32°  24.50+0.48°
bk 629-78-7 39.71 78 CiHye  12.654037°  15.41+1.03™  22.09+1.25°  17.67+0.88"  14.74+3.05™
o- B W 502-99-8 9.06 78 CoHyg - - - - 166.29+4.32
N 3016-19-1 12.63 84 CoHye - 99.56£1.51°  209.49+2.63"  74.61£2.84°  196.26+3.51°
HESS I B-12: W A 28973-97-9  26.64 93 CysH,, 6.53+027°  8.60+0.62°  51.12+2.82°  9.20+1.00°  12.45+1.10°
- - BN 123-35-3 2867 75 CoHye  273.1843.35°  347.92+4.87° - 317.24+24.22° -
MR EALYI 19888-34-7  30.29 70 C;sH0 - 1.56+0.27¢ - 4.09+0.22°  3.07+0.45°
I JRIT PR 1 19888-33-6  30.32 80  C;sHyO - - 14.93+0.61 - -
2-Z 31k 3208-16-0 479 72 CgH,0 1.08£0.04°  3.27+0.28" - - -
ZHIE =AY 3658-80-8 5.87 80  C,HgS, - - 69.47+1.38 516041  4.77+0.43"
X B 106-44-5 8.84 81 C,HO 2721177 - - 198.87+3.38" -
¥z 124-07-2 14.78 70 CgH,0,  29.33+0.80° - 15.86+4.83 - 19.03+1.73
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Fig.2 Proportion of volatile substances in the processing
of Dixu black tea (a), relative content changes (b)
of Guangnan Dixu black tea
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Table 2 Analysis of differential aroma active values (OAV) in different processing stages of Guangnan Dixu black tea
R I FRIHM B (pg/kg) B2 OAV
XY WD RN FJ GC
2-HIE T P AL 1 - - - 227.42 109.89
3-HEET S HHRAE 1 - 334.79 - - -
(B)-2-CL it T 190 - - - 0.75 2.18
(2)-3-C M T 190 - 0.32 - - -
(Z)-3-C - 1-BE H R g A DY 12.1 8.53 - - - -
B A 3 - - - - 25.30
- H-3- B Ay 1 28.54 - - - -
A THAE B AT T 4 33.75 39.83 61.18 146.71 51.60
Xof R T 2k 55 0.49 - - 3.62 -
MR R A Ak RAF AL 100 0.58 1.85 - - -
S AT R (WS ) Fierh R | AR 6 11.86 - 40.29 29.44 57.90
TR b N E RN T RN B Y 1.1 - - - 408.95 283.38
Iy W T AE 6 239.78 158.12 194.70 73.61 166.02
(2)-3-T-H-1-B LAy, R 0.209 - - - - 289.91
(B)-J5 A S A0 (iR ) A AR 6 - 3.17 8.74 421 57.15
KA R R g Wi, 55 40 5.77 16.29 - 34.62 -
iy BOA | i A 75 66.05 - - - -
(B)-2-Z8fs LAY IR 0.4 - 8.35 - 12.68 -
PP Frigey 30 1.36 - - - -
LS BT 140 0.02 0.05 0.02 - -
CERCL AR OAF 1 - - - - 3.85
R iR 1.1 5.12 5.05 - 8.55 -
AR Fayimes 3 36.85 76.05 113.61 133.87 190.37
E/N IRAFMATS 0.5 31.26 27.28 192.46 126.21 6.60
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Fig.7 Evaluation results of Guangnan Dixu black tea
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