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a b s t r a c t

The non-isothermal behavior of the stem biomass of Nicotiana tabacum was investigated in depth using
thermogravimetric analyzer (TGA). The thermal behavior of tobacco stems showed different patterns
depending on decomposition conditions as well as tobacco varieties.

The higher contents of the volatile components and simple sugar in the bright stem resulted in the
greater thermal decomposing in the temperature range ca. 120–250 ◦C. The structural difference in hemi-
cellulose and cellulose depending on tobacco varieties could be detected by the temperature difference
in the derivative TG result. The thermal analysis of the freeze-dried soluble obtained from hot water

◦

obacco
tem

extraction of tobacco stem demonstrated that the distinct weight loss of the bright stem at around 570 C
was due to oxidation of the residual char originated from the soluble fraction, such as simple sugar.
iomass
ot water extraction

. Introduction

The stem biomass of Nicotiana tabacum L. (commonly called
obacco) is one of the major agricultural by-products originated
rom tobacco leaf processing factories and cigarette manufactur-
ng mills. Since the tobacco stem biomass forms more than 20 wt.%
f the whole tobacco leaf [1], the proper utilization of the stem has
een a major issue for the economics of tobacco business. Actually,
he physical and morphological properties of the tobacco stem are
ot suitable for direct application to the cigarette, therefore var-

ous processes have been developed, for example, the expanding
rocess for the expanded tobacco stem and the papermaking pro-
ess for the reconstituted tobacco sheet [2]. These processed stems
rovide not only the economic benefits but also the improved phys-

cal properties such as the higher filling power which provide fewer
aterials per a cigarette. And the great potential for reducing the

otential risk components in smoke and the increasing demand for
afer cigarette make the processed stems become one of the major
omponents of the modern blended cigarette [3,4]. Although the
ignificance of the tobacco stem biomass has been increasing in
obacco industry, there has been relatively little information on the
obacco stem, especially on the thermal behavior of tobacco stem.
For the practical reason, intensive studies have been conducted
o reveal the thermal behavior of tobacco materials [5–10], to find
he pyrolysis products from tobacco leaves and ingredients [11–14],
nd to understand the actual burning mechanism in cigarette
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[15,16]. And many studies on the chemical composition of tobacco
leave show that there are significant differences in chemical com-
position between tobacco lamina and tobacco stem [17–19]. The
stem usually has more rigid structure and higher proportion of cell
wall biopolymer such as cellulose, pectin, lignin and less soluble
materials such as non-polymeric constituents, which may lead to a
different thermal behavior of tobacco stem. In order to utilize the
tobacco stem more usefully, the deeper knowledge about the prop-
erties of tobacco stem especially the thermal behavior would be
greatly required as regards with the chemical components of the
stem.

In this study, the thermal behavior of tobacco stems were deeply
investigated depending on decomposition conditions as well as
tobacco varieties. Especially, the differences in thermal decompos-
ing pattern were rationalized by relating with the difference in
chemical composition between tobacco stems and extracted sam-
ples. And it was examined whether the changes in the chemical
composition and in the structural cell wall biopolymer of tobacco
stem could be distinguished by using TGA method. Therefore, the
usability of TGA method for the researches on the developing the
stem treatment processes was demonstrated.

2. Experimental

2.1. Materials
Two typical types of tobacco stem biomass, bright stems and
burley stems were applied to this study. The samples were collected
from a commercial tobacco leaf factory in KOREA, 2007. The stem
samples were ground and sieved, and particles ranging in size from

http://www.sciencedirect.com/science/journal/00406031
http://www.elsevier.com/locate/tca
mailto:ybseo@cnu.ac.kr
dx.doi.org/10.1016/j.tca.2008.12.010
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Table 1
Composition of burley tobacco stem and bright tobacco stem (all values expressed
on a percentage dry weight basis).

Components (wt.%) Burley stem biomass Bright stem biomass

Hot water solubles 45.8 55.5
Total alkaloids 0.66 0.52
Nitrate 7.29 0.32
Total reducing sugars Trace 20.73
Glucose 0 5.17
Fructose 0 6.15
Sucrose 0.38 2.08
Citric acid 0.77 0.34
Malic acid 2.21 4.81
Oxalic acid 1.23 1.06
Protein type nitrogen 0.88 0.91
Ethyl ether extractive 0.56 1.42
Crude fiber 19.9 15.0
Total ash 26.2 16.1

Ca 2.12 1.92
K 8.92 3.80
Mg 0.60 0.57
Na 0.01 0.01
P 0.46 0.37

temperature was detected for both stem samples as shown in
Fig. 2. This result indicated that the greater oxidation reaction of
the residual char took place during thermal decomposing of bright
stem samples under air atmosphere [8].

Table 2
Temperature of DTG peaks under air atmosphere.
Y.J. Sung, Y.B. Seo / Therm

5 mesh and 60 mesh were selected for experiments to minimize
he effects of sample size on the extraction analysis and the thermal
ecomposing behavior.

.2. Chemical composition analyses

The chemical compositions of the stems were analyzed accord-
ng to other researches [17,20]. Total ash content was obtained
ravimetrically by combustion of stem samples at 550 ◦C for 2 h
n a muffle furnace.

The inorganic compounds were analyzed quantitatively by using
nductively coupled plasma-atomic emission spectrophotometry
ICP-AES, PerkinElmer). The sample pre-treatment procedure and
he ICP operating conditions were done according to the literature
21].

.3. Thermal analysis

The non-isothermal analysis of the tobacco stems was con-
ucted with a TGA standard equipment (TA Instruments, model
DT 2960). The sample weighing approximately 10 mg ± 0.5 mg
f each kind of tobacco stems was pyrolyzed with a heating rate
f 10 ◦C/min from room temperature up to 900 ◦C. The volatiles
ere carried out by either air or nitrogen gas with a flow rate of

00 ml/min.

.4. Hot water extraction

A 1.00 g sample of grounded tobacco stem was weighted into a
50 mL glass flask and 100.00 g of distilled water was added. The
ample was boiled under reflux condenser for 1 h cooled, and fil-
ered on Whatman No. 5 Paper with normal laboratory vacuum. The
esidual fraction on the Whatman paper was washed thoroughly
ith distilled water and dried in an oven at 100 ◦C for 3–4 h to per-
it a more specific examination of the thermal decomposing of

ell wall biopolymers [12]. The filtrate was separately collected and
ried with a freeze dryer (Ilshin Lab Co., Ltd.) with −50 ◦C condition,

n order to reduce the loss of the volatile compound in the filtrate
y hot drying process.

. Results and discussion

.1. Characterization of tobacco stems

Although the chemical composition of tobacco leafs varies not
nly in stalk position but also in the cultivation factors such as
eather, fertilizing, soil, place, and harvesting, etc. [19], there was
distinct difference in chemical composition originated from the

obacco types. In case of tobacco stem, the chemical composition
lso varies greatly depending on the tobacco types as summarized
n Table 1.

The remarkable differences between burley stem and bright
tem were found in the contents of nitrate, total ash, various reduc-
ng sugar and crude fiber, etc. [17]. While burley stem has much
igher contents of nitrate and total ash than those of bright stem,
ery little sugar was found in burley stem. Bright stem was com-
osed of more than 20% of simple sugar compounds based on the
otal weight, which resulted in the higher water soluble contents.

.2. Thermal behavior of tobacco stems in nitrogen and air
tmosphere
The typical thermal decomposing patterns of the tobacco stem
amples are shown in Fig. 1. The weight loss below 120 ◦C was orig-
nated from the moisture retained in the stems, which resulted in
bout 10% weight loss [7]. In the temperature range ca. 120–250 ◦C,
Fig. 1. TG and derivative TG curves for two tobacco stems obtained in air gas flow
of 100 ml/min and at heating rate of 10 ◦C/min.

the higher weight loss of bright stem might be come from the
higher contents of the volatile components and non-polymeric con-
stituents in it than those in burley stems [13].

The main thermal degradation took place between 250 and
500 ◦C. In this temperature range, two strong peaks in the DTG
curve were observed. The peak around 260 ◦C was originated from
the thermal decomposition of cell wall biopolymer such as cellu-
lose, hemicellulose, sugars, lignin, pectin etc. And the peak around
465 ◦C was due to the combustion of the residual char of the carbo-
hydrates [13,22,23]. Table 2 shows the temperature of DTG peaks
under air atmosphere.

The burley stem showed no noticeable degradation over 500 ◦C,
while a clear peak at around 570 ◦C was found in the DTG curve
of the bright stem. Under nitrogen atmosphere, no peak at this
Tp (◦C)

1st peak 2nd peak 3rd peak

Bright stem 266 472 576
Burley stem 255 460 NA
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oxidation for the bright stem [8].
In addition, the most distinct change in thermal decomposition

pattern after hot water extraction treatment could be the shrink
of the peak at around 255 ◦C. According to other researches [24],
ig. 2. TG and DTG curves for two tobacco stems obtained in nitrogen gas flow of
00 ml/min and at heating rate of 10 ◦C/min.

The more distinct pattern in thermal decomposition of cell wall
iopolymer was observed under nitrogen atmosphere as shown in
ig. 2. The broad peak at around 270 ◦C developed under air atmo-
phere was recorded as two distinct peaks in DTG curve at nitrogen
tmosphere. The first peak appeared at 250 ◦C for the burley stem
nd at 253 ◦C for the bright stem, which were originated from the
hermal decomposition of hemicellulose and pectin [23]. The ther-

al decomposition of cellulose resulted in the second peak shown
t around 296 ◦C for the both samples [24].

As pointed by other researchers [16,25], the condition of atmo-
phere has great influence on the thermal decomposition of
iomass, not only the decomposing rate but also the amounts of
hermally decomposed materials, expressed as the thermal weight
oss. The amounts of remaining char residue at 880 ◦C temperature
aried between burley stem and bright stem, for example, about
0 wt.% more weight loss for bright stem. However, under nitrogen
tmosphere, the gradual weight loss was observed in both tobacco
tems after 400 ◦C and the difference in the remaining char weight
t 880 ◦C between tobacco samples was greatly reduced as shown in
ig. 2. The difference between the residual char weight of samples
as only about 2.7 wt.%.

.3. Effects of hot water extraction on the thermal behavior of
obacco stem biomass

Tobacco stem contains significant amounts of non-structural
onstituents that could affect the thermal decomposition of cell
all polymer and might lead to indistinct decomposition pattern.

n order to investigate the thermal behavior of cell wall biopolymer
n tobacco stem more precisely, the hot water extraction treatment
as applied for removal of the non-structural constituents. Fig. 3

hows the thermal decomposing pattern of the both stem residues
nder air atmosphere.

The significant changes in DTG curves by extraction took place in
he 100–250 ◦C temperature region. The shoulder of the peak at this
emperature, which was observed in DTG of non-extracted samples,
as not found. This result indicated that the thermal decomposition
etween 100 and 250 ◦C temperature regions was originated from
he soluble components of bright stems [5,23].

In the DTG curve of the stem residue after extraction, the bright
tem residue showed very similar thermal decomposing pattern
s that of burley stem residue. It also became clear that the ther-
al decomposition of burley stem took place at the slightly lower

◦
emperature, as much as about 10 C less than that of bright stem,
or example, 295 ◦C vs. 305 ◦C for the first peak and 446 ◦C vs.
60 ◦C for the second peak in the DTG curve. This result indicated
he biopolymer of burley stem was thermally decomposed at a
ower temperature than that of bright stem, which might come
Fig. 3. TG and DTG curve of the residue after hot water extraction of two tobacco
stems in air atmosphere.

from the difference in fine structure of hemicellulose and cellu-
lose, for example, the lower crystallinity and/or the lower degree of
polymerization of the biopolymer in the burley stem [26].

At around 570 ◦C, there was a strong peak in the DTG curve of
bright stem before extraction as shown in Fig. 1. After extraction
treatment, the peak was not shown in the DTG curve of bright stem
residue. This result implied that the distinct thermal decomposi-
tion of the bright stem at this temperature might specifically be
due to the soluble fraction. In order to examine this hypothesis, the
soluble fractions obtained from hot water extraction process were
freeze-dried and thermally degraded with the same experimental
conditions. The TG and DTG of the soluble fractions of bright stem
and burley stem were shown in Fig. 4.

For both stem soluble fractions, the gradual degradation took
place from 120 to 450 ◦C. In case of the bright stem soluble, the sharp
thermal decomposition was found at around 580 ◦C, which could
match the peak of the bright stem in Fig. 1. This distinct oxidation
of bright stem soluble resulted in more than 20% weight loss of the
remaining ash compared with the residual char weight of burley
stem soluble over 580 ◦C.

Under nitrogen atmosphere, the residue of both tobacco stems
showed very similar thermal decomposition profiles (Fig. 5). This
result implied that the difference in thermal behavior between both
tobacco stems might come not only from the difference in the sol-
uble fraction but also from the different carbohydrate oxidation
reaction in the presence of oxygen, for example, more complete
Fig. 4. TG and DTG curve of the freeze-dried soluble obtained from the hot water
extraction of two tobacco stems in air atmosphere.
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ig. 5. TG and DTG curve of the residue after hot water extraction of two tobacco
tems in nitrogen atmosphere.

he thermal decomposition in this temperature was dominated by
he decomposition of the simple polysaccharides such as sugar and
emicellulose. Since some of those could be dissolved and removed
y the hot water extraction, the relative amounts of non-soluble
omponents such as cellulose were increased, which might result
n the more distinct peak at 313 ◦C for burley stem residue and at
25 ◦C for bright stem residue.

. Conclusion

The role and usability of tobacco stem for cigarette design have
een increasing these days, especially for the lower tar products.

n this study, a relationship between the chemical compositions
nd the non-isothermal behavior of the tobacco stems were investi-
ated by comparing those of burley tobacco stem and bright tobacco
tem.

The higher contents of the volatile components and non-
olymeric constituents such as simple sugar in bright stem biomass

esulted in the greater weight loss than that of burley stem biomass
n the temperature range ca. 120–250 ◦C. The bright stem showed
reater oxidation, which resulted in the obvious peak in the DTG
urve at around 570 ◦C and about 10 wt.% additional weight loss of
he bright stem. The thermal analysis of the freeze-dried soluble

[

[
[
[

ica Acta 486 (2009) 1–4

showed that the rapid thermal decomposition of the bright stem
at around 570 ◦C was due to the residual char originated from the
soluble fraction. The thermal decomposing temperature of polysac-
charides of burley stem was lower than those of bright stem, which
was shown more obviously in nitrogen atmosphere. This diver-
sity must be originated from the difference in fine structure of
the polysaccharides such as hemicellulose and cellulose of stem
biomass. This study showed the thermogravimetric analysis could
be very useful analysis method not only for distinguishing different
types of tobacco stem, but also for the evaluation of the changes in
chemical composition and biopolymer structure induced from the
stem treatment processes, for example, the expanded stem process.
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