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Fig.2 HS-GC-IMS 2D spectrum of volatile composition of tobacco leaves with different parts and maturity
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Fig. 3 Gas-phase ion mobility spectra with sample BU as reference
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Table 1 Identified volatile constituents of tobacco leaves with different parts and maturity %

25 B BU BR BM cU CR CM
HE(HE) BRAE M 0.00+0.00°  0.17+0.02"  0.09+0.01"  0.06+0.01°  0.04+0.00"  0.07+0.03"
B 0.95+0.11'  1.17£0.15°  1.52+0.10™  1.65+0.05"  1.49+0.10°  1.40x0.09"
ST 0.43+0.04"  0.58+0.03°  0.67£0.05"  0.60£0.05° 0.57+0.03°  1.17+0.05°
1= 180 -3~ 0.04£0.01°  0.41+0.11  0.74+0.05°  0.98+0.07*  0.78+0.09"  0.84+0.03"
(; IETEM 1.99+0. 11*  1.58+0.06"  1.25x0.05°  0.99+0.03'  0.93%0.03°  1.00x0.02"
IETEED 0.20+0.04"  0.17£0.03"  0.29+0.05  0.96+0.02"  0.62+0.06"  0.38%0.08°
5 0.38+0.01'  0.63+0.05°  0.72+0.05  0.79+0.01°  1.14£0.02*  0.92+0.02"
B (L) BB D 1.59+0.22°  1.11x0.06"  1.15+0.04° 0.83+0.06™  0.70£0.03"  0.82+0.01"
N2k 5.58+0.21"  5.82+0.19° 6.43+0.27"  6.86+0.24"  6.27+0.18"  6.60+0. 19"
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25 HFR BU BR BM CU CR CcM
NEE M 1.62+0.27"  0.88+0.14°  1.37+0.07" 1.51x0.20" 1.75+0.32°  1.69+0. 16"
WD 4.20+0. 63"  4.40+0.21* 4.07£0.05™  3.59+0.15"  3.77+0.04*  3.84+0.08""
IE T 0.23+0.06"  0.34+0.05°  0.38+0.06"  0.57+0.08"  0.73x0.09°  0.79=0. 06"
3-HFRE N 0.93+0.13*  0.28+0.04"  0.40+0.08"  0.22+0.05° 0.21+0.03"  0.40+0. 05"
1E G 0.16+0. 06"  0.40+0.08°  0.44+0.08™  0.68+0.09"  0.50+0.04"  0.24x0.04°
KA 0.59+0.06°  1.58+0.14*  1.66+0.06*  1.51+0.11°  1.27+0.06"  1.280.04"
- 2-HIBL-2-ATE 1.02+£0.09°  1.47+0.04"  0.33+0.05"  1.43+0.02°  1.3320.05"  1.43+0.04"
( i@?ﬁ:) 2-CUIATE M 0.83+0.12'  0.84+0.06"  0.98+0.05* 0.59+0.01™  0.92+0.04°  1.01x0.09"
- D 0.20+0.03*  0.46+0.01"  0.51+0.03"  0.4320.01°  0.40+0.03°  0.44+0.06"
IEA 4.28+0.11°  5.23%0.19°  4.99+0.03"  4.99+0.11"  4.86+0.15"  4.88x0.10"
(E)-2-FH&IEM  0.92+0.10°  0.75+0.03"  0.54£0.02°  1.50+0.07*  1.42+0.05"  1.390.02"
(E)-2-PH&MED  0.1820.02"  0.40+0.03°  0.64+0.04"  0.61+0.09°  0.64+0.07°  0.51+0.03"
Tms 0.19+0.04°  0.25+0.07°  0.99+0.16"  0.51+0.14"  0.44£0.07°  0.19+0.04°
e 0.61+0.04°  0.65+0.10° 0.60£0.06° 1.17£0.09"  1.30£0.03"  1.08+0.08"
NN 15.96+0.18° 17.93+0.22" 17.90+0.30" 17.80+0.33" 19.54+0.23" 19.17+0. 16
2-CV 1.28+0.09*  0.88+0.03° 0.77+£0.01"  0.72+0.02°  0.52+0.04"  1.07+0.05"
VS 7.65+0.30"  6.32+0.41"  5.64+0.20° 3.73+0.34°  4.71%0.23"  4.86+0. 18"
TEAZEENEN  0.8420.08"  0.96+0.13°  0.92+0.06"  1.27+0.04°  1.09+0.10"  1.28=0. 04"
4.5 ‘}g%;gé )= 5 3040.09"  2.75:0.52°  2.51+0.12"  2.83+0.13*  2.89+0.07°  1.90+0. 14°
2,3-T i 0.52+0. 13" 0.44+0.08°  0.84+0.04*  0.56x0.04" 0.46+0.04™  0.49+0. 04"
( 1@11']%1:) 3-F 0.44+0.02"  0.43+0.06"  0.38+0.04°  0.56+0.01*  0.34+0.05°  0.37+0.01°
1- 13975 3~ 0.89+0.06"  0.82+0.16™  0.90+0.06" 0.85+0.05™ 0.73+0.05™  0.63+0. 06"
PRI 0.09+0.04  0.34+0.07°  0.75+0.05" 0.61+0.04"  0.58+0.01"  0.37+0.11°
5-HF-3-FFf  0.64+0.06"  0.68+0.07"  0.69+0.04°  0.79+0.04° 1.14+0.03"  0.95+0.03"
- m-1-f  0.05+0.01°  0.08+0.01"  0.12+0.01°  0.38+0.03"  0.45+0.02*  0.46x0.02°
3-H-2-TH]  0.22+£0.03°  0.45+0.01"  0.52+0.01*  0.41+0.01°  0.39+0.03°  0.34=0.01"
NIn 15.01+0.31*  14.15+0. 19" 14.0420.28" 12.71+0.12" 13.30+0.29° 12.72=+0. 31"
H R 2 I 0.49+0.11*  0.24+0.06" 0.21+0.07°  0.16x0.03°  0.08x0.01"  0.47+0.07"
RS T 0.49+0.05"  0.62+0.09*  0.58+0.03*  0.40+0.04°  0.63+0.04*  0.58=0. 04"
LR TR 0.19+0.09*  0.69+0.11°  0.79+0.10°  2.62+0.30"  2.96+0.32"  2.85x0. 12"
- TEHEE  0.18+0.09"  0.11+0.01"  0.14+0.03"  0.17+£0.02"  0.33+0.12°  0.20+0. 06"
- (E)-2-CMMRLEE  0.00+£0.00°  0.33x0.09"  0.40+0.02*°  0.27+0.04° 0.17+0.01°  0.17+0.01°
( 18@) RTRH R M 1.28+0.16™  1.34+0.05™  1.18+0.05°  1.37+0.06" 1.23+0.06™  1.24x0.04"
REHEE D 1.17+0.16*  1.15+0.04™  0.97+0.04° 1.16+0.07" 1.04+0.07™ 1.11+0.03"
2-HELTERTHERE  0.82+0.18"  0.74+0.02°  0.73+0.03"  0.43x0.02"  0.54x0.02°  0.55+0.01"™
R T 1.69+0.01°  1.63+0.02"  1.48+0.04° 1.38+0.03" 1.38+0.04"  1.40=+0.03"
3-BRIETRREE  0.00+£0.00"  0.07+0.01°  0.11+0.02°  0.33+0.03"  0.34x0.01"  0.54+0. 09"
NIy 6.31+0.15°  6.92+0.19'  6.59+0. 15"  8.29+0.11°  8.70+0.16"  9.11x0. 18"
e n5|We—3— N iR 0.69+0. 04"  0.86+0.10* 0.61+0.13™  0.85+0.14"°  0.49+0.04“  0.37x0. 15°
2 ;g) N 0.95+0.10"  0.92+0.10"  1.35+0.11*  0.88+0.05™  0.78+0.08°  0.54x0.04"
NIy 1.6420. 15"  1.78+0.19"  1.96+0.23* 1.73+0.17" 1.27%0.12°  0.91x0. 14°
B HEN 1.19+0.09*  0.97+0.11"  0.62+0.06"  0.85+0.07°  0.66+0.03"  0.63+0. 04"
TR B-IR M 0.59+0.04"  0.74+0.04™  0.70+0.05°  0.86+0.03"  0.78+0.02"  0.71+0.03"
(37h) p—Lx bz 1.93£0.25°  1.68+0.14°  3.03x0.12"  3.88x0.17° 2.66+0.08"  1.85x0.09°
/Nt 3.71+0. 17°  3.39£0.25"  4.35+0.18"  5.59+0.25"  4.10+0.17"  3.19+0.22°
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R1(%)

il 2R BU BR BM CU CR CM
P R Pk 0.42+0.05™  0.59+0.09" 0.31+0.06™ 0.18x0.03°  0.16+0.04°  0.28+0.05"
T e ek 0.86+0.08"  0.49+0.03°  0.56+0.03" 0.72+0.03" 0.79+0.08"  0.71+0.11*
- T3 T A 1.20+0.08"  1.44+0.05"  1.38+0.06"  1.38+0.06" 1.18+0.08"  1.18x0.07"
(6 ;*?) TR LA 2.30+0.06"  1.99+0.08"  1.73+0.06° 1.69+0.06° 1.57+0.05"  1.55+0.03"
LI M 1.36+0. "% 1.49+0.10*"  1.32+0.08° 1.58+0.15™ 1.74x0.13"  1.82+0. 09"
LFETHREE D 0.74+0.07"  0.67+0.04"  0.48+0.02° 0.37+0.02' 0.35+0.01"  0.33+0.00"
N2 6.88+0.22"  6.67+0.19*  5.78+0.17° 5.92+0.19" 5.79+0.17°  5.87+0.11"
I Sk e 1.16+0.08"  0.97+0.14"  0.69+0.06°  0.14x0.03"  0.32+0.04"  0.29+0.04°
PN 7.55£0.20°  5.33%0.22"  5.05+0.03°  4.12+0.15"  5.04+0.09°  5.00=0. 12°
2,3,5-=HEMBEM 1.2320.12°  1.06+0.16"  1.85x0.12"  1.95+0.10°  2.10+0.10"  1.84x0.07°
PU S E Y 8.44+0.10°  7.70+0.23"  6.87+0.19°  6.62+0.18' 6.23+0.18°  6.31x0. 13°
2-PERL NG 0.11+0.05°  0.03+0.00"  0.12+0.03°  0.24+0.07" 0.67+0.07"  0.71x0. 10"
2-F LNk M 1.55+0.16°  1.82+0.55" 1.64+0.05" 1.68+0.07"  1.54£0.06°  1.53%0.04°
2-HIJLntE D 2.27+0. 11" 2.11x0.10"  1.77+£0.06° 1.77+0.07°  1.57+0.07"  1.60+0. 04"
Tohk 5,6,7,8-PUS(MEEME 0. 11+0.05°  0.42+0.03"  0.70£0.08*  0.28+0.04"  0.35+0.03°  0.38+0.02"
(15 ) 2N 1.17£0. 12" 0.92£0.20°  1.81£0.19"°  0.91%0.03°  1.26=0.11" 1. 11x0. 10"
2-Z FEmk g 0.23+0.03"  0.39£0.04"  0.22£0.02°  0.34£0.02° 0.32+0.01°  0.50%0.02°
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Differential analysis of volatile components in tobacco leaves of varying parts
and maturity based on HS-GC-IMS

ZHANG Liang' ,LIU Xianjun',SUN Haifeng' , CHEN Zhuangzhuang' , HE Peng',
YANG Pengfei’, WU Wei*, SHANG Zibo®
1. Technology R&D Center ,Shenzhen Tobacco Industrial Co.,Ltd.,Shenzhen 518000, China
2. College of Tobacco Science and Engineering, Zhengzhou University of Light Industry , Zhengzhou 450001, China

Abstract; To investigate the differences in volatile components of tobacco leaves from Yongzhou, Hunan,
headspace-gas chromatography-ion mobility spectrometry ( HS-GC-IMS ) was employed to analyze volatile
components in tobacco leaves with various parts and maturity levels. Differences of relative content were evaluated
using principal component analysis, hierarchical cluster analysis, and orthogonal partial least squares regression
analysis. The results showed a total of 69 volatile components were identified from tobacco leaves of different parts
and maturity levels. Additionally, noticeable variations were observed in the volatile components among different
tobacco leaves, with clear regional affiliations. The total 2b distinct volatile components were identified. Among
these, the relative concentrations of 2-hexanone, isoamyl formate, furfural, 2, 6-dimethylpyrazine, 2-methoxy-3-
isobutylpyrazine, ethyl acetate, and geraniol exhibited significant variation in tobacco leaves depending on their
stark positions within the plant. Concurrently, the relative concentrations of tetrahydrothiophene, 2-hexanone,
isoamyl formate, nonanal, acetic acid, indole, salicylaldehyde, and isobutanol showed significant variation in
tobacco leaves at different stages of maturity. These findings could be used to distinguish tobacco leaves from
different parts and maturity stages.

Key words: headspace-gas chromatography-ion mobility spectrometry ; tobacco leaf parts; tobacco leaf maturity;

volatile component

[ FAE 4R M uRds T4k



