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Te composition/content of aroma compounds in tobacco leaves in the diferent producing areas varies too much, and it is very
meaningful to develop advanced analysis techniques to investigate the composition/content-producing area correlation. Here, gas
chromatography-ion mobility spectroscopy (GC-IMS) was used to analyze the composition/content of aroma compounds in
tobacco samples from eight diferent producing areas. With this technique, ion mobility spectrum, diferential ion mobility
spectrum, and fngerprint spectrum were constructed for two-dimensional analysis. Ten, the principal component analysis
(PCA) and similarity analysis were performed for the eight tobacco samples. Te results showed that the GC-IMS can detect 197
volatile aroma compounds in tobacco leaves and 75 of them are well identifed. Te fngerprint spectrum directly showed the
diference in the composition/content of volatile aroma compounds in tobacco leaves from diferent producing areas. PCA and
similarity analysis can clearly distinguish tobacco samples from diferent producing areas. Tis work demonstrated that the
application of GC-IMS in analyzing the composition/content of aroma compounds in tobacco leaves is efcient. GC-IMS is a very
powerful tool to give a direct and visual comparison of the composition/content of aroma compounds in tobacco leaves from
diferent producing areas. Te relationship between the composition/content of aroma compounds and producing areas could be
established by this advanced technology. Tis work ofers the possibility of planting or grading tobacco with diferent taste and
smell more precisely in the future.

1. Introduction

As an industrial crop, tobacco is widely planted in more than
120 countries and regions in the world, which contributed
too much to the local economy [1–3]. As the raw material of
cigarettes, tobacco leaves contain very rich aroma com-
pounds including alcohols, lipids, carbonyl groups, nitrogen
heterocyclic groups, phenols, and acids, and many of these
aroma compounds are closely related to the taste and smell
of cigarettes [4–6]. For example, phenethyl alcohol endows
the cigarette with the scent of fowers and acids can reduce
the ofensive smell of cigarette smoke. Terefore, identifying
the composition/content of the aroma compounds in

tobacco leaves and the corresponding infuence factor is very
important. To date, studies focused on the efect of the
maturation stage and stalk position on the aroma com-
pounds’ composition/content in tobacco leaves have been
reported [7–9]. Since the climate and soil conditions of each
producing area varies a lot, the impact of producing areas on
the composition/content of these aroma compounds in
tobacco leaves should be investigated carefully. Indeed,
producing areas are an essential factor in the favor of to-
bacco leaves [7, 10–13]. However, this kind of study is rare
and not deep enough. Signifcantly, precisely detecting the
composition/content of aroma compounds in tobacco leaves
will ofer basic data and will be further used, from the
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molecular level, in the producing areas-favor of tobacco
leaves study. Undoubtedly, the study will be essential for
planting and efciently utilizing tobacco. To achieve this,
advanced analytical equipment and technique are the pre-
requisites to comprehensively understand the relationship
between producing areas and the taste/smell of cigarettes.

Till now, many analytical facilities which were exten-
sively used in organic chemistry have been utilized to study
the composition of aroma compounds in tobacco leaves. For
instance, two-dimensional gas chromatography-time-of-
fight mass spectrometry (GC×GC-TOF-MS) combined
with solvent extraction has been demonstrated to quickly
and accurately determine free and bound aroma compounds
in tobacco [14], Fourier transform near-infrared spectros-
copy (FT-IR) combined with partial least squares regression
can be efectively used to analyze the chemical components
in tobacco [15, 16]. In addition, ultraperformance liquid
chromatography (UPLC) [17, 18], ion chromatography (IC)
[19], and nuclear magnetic resonance technology (NMR)
[20, 21] are also applied to the detection and identifcation of
tobacco chemicals. Although these methods have their
characteristics, there are still some limitations of the present
analytical facilities and methods. For example, tedious
sample preparation, long analysis time, costly, and sophis-
ticated data analysis hindered their practical applications in
aroma compounds’ detection. Not only that, these tradi-
tional methods cannot ofer a direct and visual comparison
between tobacco samples, lacking analytical capacity. Hence,
it is necessary to develop more powerful technologies to
meet the requirement of detecting all aroma compounds in
tobacco leaves efectively and precisely with a single testing
equipment.

In recent years, a technology integrating the advantages of
gas chromatography and ion mobility spectroscopy technology
(GC-IMS) attracted our attention because of its high sensitivity,
short analysis time, high selectivity, and no need for sample
pretreatment detecting ability [22]. Especially, GC-IMS can
perform orthogonal two-dimensional analysis. Due to these
merits, this technology has been widely used in food detection
[23], explosives detection [24], biomedical analysis [25], and
environmental monitoring [26]. We assume that the compo-
sition/content of tobacco leaves will be efectively analyzed by
this technology, resulting in a deep understanding of the re-
lationship between the composition/content of aroma com-
pounds and producing areas. Herein, as a proof-of-concept
experiment, GC-IMS was applied to obtain a direct and vi-
sual comparison of the composition/content of aroma com-
pounds in tobacco leaves from diferent producing areas. Tis
kind of detailed comparison is very helpful to build a relation-
ship between the composition/content of aroma compounds
and producing areas, then to distinguish samples accurately and
clearly fromdiferent production regions.More importantly, it is
of signifcance for tobacco favor control and tobacco
leaves grade.

2. Materials and Methods

2.1. Analyzing Materials. Te C3F grade tobaccos from
QujingMalong, Yunnan province (YN-QJML-C3F), Chuxiong,

Yunnan province (YN-CHX-C3F), Zhaotong, Yunnan prov-
ince (YN-ZHT-C3F), Guangyuan, Sichuan province (SCH-
GY-C3F), Liangshanhuidong, Sichuan province (SCH-
LSHHD-C3F), Liangshanhuili, Sichuan province (SCH-
LSHHL-C3F), Zunyi, Guizhou province (GZH-ZY-C3F), and
Qianxi’nan, Guizhou province (GZH-QXXN-C3F), were se-
lected as testing materials.

2.2. Analytical Instruments and Methods. Flavour Spec
GC-IMS was purchased from Gesellschaft für analytische
Sensorsysteme mbH (Germany). Aroma compounds in
tobacco samples from diferent regions were analyzed by
GC-IMS in a positive ion mode. Te GC-IMS was equipped
with an automatic headspace sampler and a nonpolar
chromatographic capillary column FS-SE-54-CB-0.5. Te
column length and internal diameter are 15m and 0.53mm,
respectively. Initially, a certain amount of tobacco leave
samples was randomly chosen from a place and ground into
powder. Ten, 1.0 g of the above-prepared tobacco powder
was taken and placed in a sample inlet bottle (20ml) for
further injection, which does not require the pretreatment of
tobacco samples. After incubation at 80°C for 15min, 500 μL
of the headspace was automatically injected using a heated
syringe (80°C) into the heated injector (85°C) of the GC-IMS
equipment. Te volatile compounds were separated through
the GC column at 60°C. Te carrier gas (N2, purity 99.999%)
is set at 0–2mL/min, 2mL/min, 2–10mL/min, 2–10mL/
min, 10–20mL/min, 20–25mL/min, 10–100mL/min, and
100–150mL/min in succession. Te drift tube was operated
at a constant voltage of 400V cm−1, a temperature of 45°C,
and the drift gas (N2, purity 99.999%) rate was set at 150mL/
min.Te output data were collected in a special software tool
that comes with the IMS instrument.

3. Results and Discussion

3.1. Te Ion Mobility Spectrogram of the Tobacco Samples.
Initially, the aroma compounds of the eight diferent tobacco
samples were detected by carrying out GC-IMS analysis. As
shown in Figure 1, a high density of reactive ion peak (RIP)
points was marked in the coordinate system. Te position of
these peak points was determined by the retention time and
drift time of the detected aroma compounds during the
GC-IMS analysis. In the ion mobility spectrum, one peak
point represents one aroma compound. In a selected tobacco
sample, as high as 197 peak points could be counted.
Moreover, the concentration of certain aroma compound
was displayed by the colorized diference method. Te red
area indicated that the concentration of the aroma com-
pound is high, the deeper the color, the higher concentration
it had, and the blue area was the opposite. Based on this rule,
the aroma compounds’ distribution and concentration in-
formation in a tobacco sample were obtained visually. In
addition, the diference among the eight tobacco samples can
also be refected through the direct comparison. By com-
paring the rectangular area in Figure 1, it was found that the
diference in concentrations of some aroma compounds in
tobacco is signifcant in diferent provinces. By comparing
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the circular area in Figure 1, obvious diferences were also
found that the concentrations of some aroma compound in
tobacco samples from diferent cities in the same province.

3.2. Qualitative Analysis of Volatile Compounds in Tobacco.
Te qualitative analysis of aroma compounds in tobacco is
the frst step to understand the relationship between origins
and tobacco taste. As discussed above, taking the YN-
QJML-C3F as the reference sample, 197 peak points could be
obtained in the ion mobility spectrum (Figure 2). In the
fgure, the x-axis represents drift time, the y-axis is the
retention time. As is displayed, 75 of the peak points could be
qualitatively analyzed, including alcohols, ketones, alde-
hydes, acids, lipids, furans, phenylalanine degradation
products, and browning products. To be noted, some peak
points correspond to the same compound because of the
existence of monomers and dimers. Tis could be explained
by the high content of the compound in the sample. Te
details of the identifed volatile compounds are summarized
in Table 1. In the table, the name of specifc compounds and
their corresponding peak positions in the ion mobility
spectrum were revealed. Te determination of the peak
position and drift time of a certain compound can act as the
reference and facilitate qualitative analysis of a tobacco leaf
sample from an unknown producing area. Moreover, the
odors of each compound are also clearly listed for reference
[27]. Tese compounds presented diferent degrees of plant
aroma. For example, some compounds presented pungent
odors, and some presented tobacco odors, which are asso-
ciated with the rich aroma compounds of tobacco. Aroma
acids in tobacco can directly volatilize into smoke, which has
a direct impact on taste and aroma compounds. Alcohol
compounds in tobacco have a great infuence on the quality
of fue gas, such as benzyl alcohol and phenethyl alcohol,

which can increase the fragrance of fowers in roasted to-
bacco [28, 29]. Carbonyl aroma compounds, including al-
dehydes, ketones, and quinones, have an important impact
on the quality and favor of tobacco [29]. Benzaldehyde can
increase almond favor in smoke, and 3-hydroxy-2-buta-
none can increase cream favor in smoke. Lipid aroma
compounds in tobacco also have important efects on aroma
and taste. Amyl acetate can increase the banana smell in
smoke, and ethyl valerate can increase the apple smell in
smoke [30]. Overall, all of these aroma compounds together
consist of the thick scent of the aroma of tobacco samples.

3.3. FingerprintAnalysis. Although a large number of aroma
compounds were qualitatively identifed and also their odor
taste was clarifed in the tobacco sample, it is still not easy to
know how much contribution of each aroma compound to
the whole favor of tobacco leaves, which further led to some
difculties in the comparative analysis of the infuence of
producing areas. To investigate the content of certain aroma
compounds more comprehensively in a tobacco sample, the
gallery plot plug-in of LAV software developed by G. A.
S. was used to select all the peaks in the ion mobility
spectrum and automatically generate the fngerprint spec-
trum. Te fngerprint spectrum enables easy and fast
comparisons of diferent samples, diferences in concen-
trations or presence/absence of marker peaks can be easily
seen. Te fngerprint spectrum of the sixteen batches of
tobacco samples is shown in Figure 3, where the X-axis is the
type of aroma compounds, and the Y-axis is the tobacco
samples. In the Y-axis, two parallel samples from the same
producing area were selected for the comparative analysis. In
addition to the fngerprint spectrum, the specifc data of the
peak position and the area of identifed compounds in the
fngerprint spectrum were also revealed for the comparison
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Figure 1:Te ion mobility spectrogram of the eight tobacco samples. Te red area represents a high concentration of aroma compound; the
deeper the color, the higher concentration it had, and the blue area was the opposite.
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in Table S1. As shown in Figure 3, the similarity of the
fngerprint spectrum of diferent batches of tobacco samples
but the same producing area is high. Tis result verifed that
this analytic method is reproducible and reliable. For the
tobacco samples from diferent producing areas, the vari-
ation in the content of aroma compounds is obvious. For
instance, compounds 3-methylvaleric acid dimer, isoamyl
acetate monomer, and 2-methylbutanol dimer are lower in
samples SCH-GY-C3F with a peak area of ≈288 and SCH-
LSHHL-C3F with a peak area of ≈269 in comparison to
those from other places (peak area are more than 600). Te
sample YN-QJML-C3F showed a much higher content of
ethyl 2-methylbutanoate and isoamyl acetate dimmer than
other samples. Especially for the compound ethyl 2-
methylbutanoate (peak area: ≈880), its highest content in
the sample YN-QJML-C3F can act as an important indicator
to distinguish it from other tobacco samples (most of their

peak area is below 150). Samples SCH-LSHHD-C3F and
GZH-ZY-C3F have more similarities in aroma compounds
even though they are from diferent provinces. Both of them
have a higher content of the compound Z-3-hexen-1-ol than
other tobacco samples, these two samples can be distin-
guished from other ones easily. To further distinguish
samples SCH-LSHHL-C3F from GZH-ZY-C3F, carefully
checking the content of (E, Z)-2, 6-nonadienal in these two
samples is helpful. According to the fngerprint spectrum,
the sample has a higher content of (E, Z)-2, 6-nonadienal is
SCH-LSHHD-C3F with a peak area of ≈180, the lower one is
GZH-ZY-C3F with a peak area of ≈70. To be noted, even in
the tobacco samples from the same province but diferent
countries or cities, a distinct diference in the concentrations
of aroma compounds between these samples also existed.
For example, samples from Yunnan Province YN-QJML-
C3F, YN-ZHT-C3F, and YN-CHX-C3F, each have their own
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characteristic aroma compounds. Te same phenomenon
was observed between samples GZH-ZY-C3F and GZH-
QXXN-C3F from Guizhou province. Other compounds,
such as 2-methylbutanoate acid, (E, Z)-2, 6-nonadienal,
pentanal dimer, ethyl propanoate, 2, 3-butandiol, and iso-
amyl acetate dimer are various much among the samples
from diferent producing areas. Tese results demonstrated
the big infuences of producing areas on aroma compound
compositions in tobacco samples. Te diference in the
concentrations of diferent aroma compounds between
producing areas are signifcant. Apart from the diference in
the content of a certain compound in the tested samples,
there are some compounds, such as c-butyrolactone dimer,
c-butyrolactone monomer, acetoin, 2-methylbutanol
monomer, methyl ester acetic acid, and acetone, are all
rich in all tobacco samples. It means that the content of these
compounds will not be afected by the producing areas, the
intrinsic factor decides their content. As discussed above, the
fngerprint analysis could help us to fnd out which tobacco
sample has low or high concentrations of a certain aroma
compound easily. Moreover, the fngerprint analysis can also
be used to compare the concentrations of diferent aroma
compounds in the same sample. Tus, the fngerprint
spectrum and its related analysis is a very powerful tool to
correlate the content of aroma compounds with the
producing area.

3.4.PrincipalComponentandSimilarityAnalysis. To further
analyze the relationship among samples, principal
component analysis (PCA) was conducted based on the
information acquired for all volatile aroma compounds
in tobacco samples. Te results are shown in Figure 4, in
which the contribution rate of the frst principal com-
ponent was 54%. Te contribution rate of the second
principal component was 16%, and the cumulative
contribution rate of the two principal components
reached 70%. Judging from Figure 4, each sample from
a diferent province had its characteristics, and the de-
termination of the frst and second principal components
rate could be used to clearly distinguish eight tobacco
samples from each other. Te dispersion degree of tobacco
samples was high in samples SCH-GY-C3F, SCH-LSHHD-C3F,

SCH-LSHHL-C3F, GZH-ZY-C3F, and GZH-QXXN-C3F, but
low in YN-QJML-C3F, YN-CHX-C3F, and YN-ZHT-C3F. Te
similarity between the two parallel samples in SCH-LSHHL-C3F
was very high. Conversely, the twoparallel samples in other cities
had a certain diference, which could be caused by the tiny
diference in soil constituents and temperature, and the variation
of environmental humidity because of the long distance between
the two cities.

To improve the accuracy of the analysis of tobacco
samples from diferent producing areas, all volatile material
information were used to calculate the similarity of each
sample. Two parallel samples from the same producing area
were also selected for the comparison. Te results are shown
in Table 2. Reasonably, the similarity between the two
parallel tobacco samples is high, which achieved 96% at the
lowest and 99% at the highest coinciding with the fngerprint
spectrum analysis. For the tobacco samples YN-CHX-C3F
and YN-ZHT-C3F, YN-CHX-C3F, and YN-QJML-C3F
from the same province, their similarity was located between
90 and 92%. However, the tobacco samples YN-ZHT-C3F
and YN-QJML-C3F were relatively low (87–88%), even
though they are produced in the same province. To our
surprise, most of the tobacco samples’ similarity is low
(72–89%) in Sichuan province. Te highest similarity value
is only (88–89%), which is obtained from samples SCH-
LSHHL-C3F and SCH-GY-C3F. Te same phenomenon
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Figure 3: Te fngerprint spectrum of aroma compounds in the tobacco samples from eight producing areas.

SCH-LSHHL-C3F

GZH-QXXN-C3F

GZH-QXXN-C3F

SCH-LSHHL-C3F

YN-ZHT-C3F

YN-ZHT-C3F

YN-CHX-C3F
YN-CHX-C3F

YN-QJML-C3F
YN-QJML-C3F

GZH-ZY-C3F
GZH-ZY-C3F

SCH-GY-C3F
SCH-GY-C3F

SCH-LSHHD-C3F
SCH-LSHHD-C3F

-3000

-2000

-1000

0

1000

2000

3000

PC
-2

 [1
6%

]

-6000 -4000 -2000 0 2000 4000
PC-1 [54%]
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happened to samples GZH-QXXN-C3F and GZH-ZY-C3F
from Guizhou province, resulting in a similarity of 82%. By
comparing and analyzing the similarity between tobacco
samples from diferent regions. Interestingly, the similarity
between tobacco samples GZH-ZY-C3F and YN-CHX-C3F,
GZH-ZY-C3F, and SCH-LSHHD-C3F reached 90%. Tis is
not normal because the similarity between two tobacco
samples from other regions was lower than 90%. Te high
similarity between the two samples from diferent provinces
may originate from the similar planting climate, soil con-
dition, moisture, sunshine condition. All of the above dis-
cussion indicates that the aroma compounds in tobacco
samples were greatly afected by the producing area.

4. Conclusion

In this study, GC-IMS technology was used for the quali-
tative analysis of aroma compounds in tobacco samples from
eight diferent producing areas. Moreover, owing to the two-
dimensional analytic ability of this technology, the re-
lationship between the composition/content of tobacco
leaves and their producing areas was well-built. In tobacco
leaves of this work, as high as 197 volatile aroma compounds
were detected and 75 of them were well identifed, including
23 alcohols, 20 aldehydes, 6 acids, 8 ketones, 9 lipids, and 3
furans. In addition to the qualitative analysis of the aroma
compounds in a certain tobacco sample, the ion mobility
spectrum and its corresponding fngerprint spectrum were
successfully applied to directly reveal the content of the 75
identifed compounds in the tobacco samples varying with
producing areas. With these two advanced spectrums, the
content of aroma compounds in the tobacco leaves is
compared and discussed in detail in the light of diferent
producing areas. Tis kind of comparison facilitates us to
understand the impact of producing areas at the molecular
level, bridging the gap between the macro tobacco-
producing areas and the micro aroma compounds com-
position/content. Furthermore, PCA and similarity analysis
were used to distinguish samples accurately and clearly from
diferent production regions, as well as to identify the origin
of unknown samples. Tis work provides an example of the
analysis of the composition/content of aroma compounds in
tobacco leaves from diferent producing areas by GC-IMS
for tobacco favor control and tobacco leaves grade.
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