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The nicotine from tobacco stalk showed obvious inhibitory effect on the activity of
cellulase and fermentability of microorganisms, which seriously hinders the utilization of
tobacco stalk. Dilute sulfuric acid presoak of tobacco stalk was used to enhance the
performance of instant catapult steam explosion (ICSE) for tobacco stalk pretreatment.
The presoak was beneficial to break the recalcitrant structure of tobacco stalk, reduce
nicotine content to relieve the inhibition on the activity of cellulase and metabolism of
microorganisms, and promote the performance of enzymatic hydrolysis and ethanol
fermentation. The optimized 0.8% sulfuric acid (w/w) presoak–integrated ICSE
pretreatment resulted in 85.54% nicotine removal from tobacco stalk; meanwhile, the
total sugar concentration from enzymatic hydrolysis of pretreated tobacco stalk
increased from 33.40 to 53.81 g/L (the ratio of dry tobacco stalk to water was 1:8,
w/w), ethanol concentration increased 103.36% from 5.95 to 12.10 g/L in flask,
compared with separate ICSE pretreatment. Finally, the ethanol concentration
achieved the highest 23.53 g/L in a 5-L fermenter with the ethanol yield from the
glucose of tobacco stalk hydrolysate achieving 71.40% by increasing the solid
loading of the tobacco stalk in the enzymatic hydrolysis process (the ratio of dry
tobacco stalk to water was 1:4, w/w). These results achieved the expected purpose
of efficient utilization of discarded tobacco stalk.

Keywords: tobacco stalk, nicotine, dilute sulfuric acid presoak, instant catapult steam explosion (ICSE), enzymatic
hydrolysis, ethanol fermentation

INTRODUCTION

With the vigorous development of the world economy, the environment pollution and nonrenewable
resources consumption have become a severe challenge to the human society; more and more
attention has been focused on new renewable and environment-friendly energy; and relevant
research has become a mainstream of scientific community (Herbert and Krishnan, 2016). As a
clean and renewable energy, bioethanol showed many significant advantages such as being green and
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environment-friendly, having low manufacturing cost, having
wide availability, and so on (Zhou et al., 2019). In the
foreseeable future, it is expected to gradually replace the
diminishing fossil fuels, such as oil, coal, and natural gas
(Morales et al., 2015).

The planting area and annual output of tobacco in China
ranked first in the world in recent years (Qin et al., 2018).
Tobacco stalk as the main waste of the tobacco industry had
resulted in a series of environmental problems (Wang et al.,
2019). The resource utilization of tobacco stalk has become an
urgent problem to be solved. As a kind of lignocellulosic biomass,
tobacco stalk could be used to produce many valuable bio-based
products, such as bioethanol by biorefinery. Tobacco stalk was
mainly composed of cellulose, hemicellulose, and lignin, and their
content in tobacco stalk was approximately 45, 15, and 20%,
respectively (Su et al., 2016). In addition, tobacco stalk also
contains nicotine, solanesol, pectin, protein, amino acid,
organic acids, sugar, and other compounds (Akpinar et al.,
2010; Huang et al., 2019). Nicotine is the main alkaloid of
tobacco, which accounts for over 95% of the total alkaloid
content of tobacco (Henry et al., 2019). Meanwhile, nicotine is
both an addictive and a toxic substance, which can inhibit the
activity of biological enzymes and the growth of microorganisms,
and finally can go against tobacco stalk efficient utilization
(Swanson et al., 1994; Zhong et al., 2010; Falco and Bevins,
2015). Therefore, removal of nicotine is as important as the
breaking of the compact structure for the bioconversion of
tobacco stalk. Pretreatment of tobacco stalk was the
precondition for the conversion of cellulose and hemicellulose
of tobacco stalk into fermentable sugar. The pretreatment
methods of lignocellulose at present mainly includes physical,
chemical, biological methods, or a mixture of these methods (Cai
et al., 2016; Sun et al., 2020; Zhang et al., 2020). Instant catapult
steam explosion (ICSE) has become an efficient, economic, and
environmental pretreatment technology, depending on its short
pretreatment time, low energy consumption, and zero pollution
to the environment (Wang et al., 2020; Xie et al., 2020).

The mechanism of ICSE is to break the compact physical
structure by the energy from high pressure release to barometric
pressure and high temperature cool down, not more than 100°C,
instantly (Yu et al., 2012). The cellulose, hemicellulose, and lignin
were all hydrolyzed partly and separated in this ICSE process,
which benefits the subsequent cellulosic ethanol fermentation.
However, a separate ICSE pretreatment could not reduce nicotine
to a satisfactory concentration, and this pretreatment method had
to be improved. As an alkaloid, nicotine easily combines with acid
to form salt, which is more easily dissolved in water and excluded
from tobacco stalk (Henry et al., 2019). In addition, acid can
change the surface chemical and cellulose crystalline structure of
the tobacco stalk (Liang et al., 2021). The integrated dilute acid
presoak and ICSE technology was used for tobacco stalk
pretreatment in this study, where the compact crystal structure
of the tobacco stalk was broken and more than 80% of the
nicotine removed, which could improve the enzymatic
hydrolysis of the tobacco stalk and fermentability of
bioethanol. This study provides a kind of lignocellulosic
ethanol production process from tobacco stalk with a potential

for industrial applications, and also a theoretical basis for the
diversified utilization of tobacco stalk to produce more bio-based
products.

MATERIALS AND METHODS

Feedstocks
Tobacco stalk was harvested from a tobacco test field at the
Henan Agricultural University (Xuchang campus) in the fall of
2018. After collection, the biomass was milled coarsely using a
hammer crusher and screened through a mesh with the circle
diameter of 10 mm. The milled tobacco stalk was washed to
remove field dirt, stones, and metals, and then dried to constant
weight at 105°C in an air oven. The composition of the tobacco
stalk after pre-handling treatment contained 41.64% cellulose,
14.96% hemicellulose, 15.74% lignin, and 7.43% ash determined
by the method described in the NREL protocols (Sluiter et al.,
2008). The nicotine content of the tobacco stalk was 0.83% (w/w),
which was measured by HPLC (Dash and Wong, 1996).

Enzyme
Commercial cellulase was purchased from Hunan Youtell
Biochemical Co., Yueyang, Hunan, China. The filter paper
activity was 214 FPU/g cellulase, according to the National
Renewable Energy Laboratory (NREL) protocol LAP-006
(Adney and Baker, 1996).

Strains and Mediums
Issatchenkia orientalis HN-1 was isolated from decayed tobacco
stalk at our lab and stored at Key Laboratory of Enzyme
Engineering of Agricultural Microbiology.

Saccharomyces cerevisiae 1308 was obtained from Henan
Tianguan Group Co., Ltd., Nanyang city, Henan province, China.

Strain activation medium: 30 g of glucose, 10 g of yeast extract,
20 g of peptone, 20 g of agar in 1 L deionized water.

Seed medium: 30 g of glucose, 10 g of yeast extract, 20 g of
peptone in 1 L deionized water.

Fermentation medium for ethanol production (synthetic
medium): 50 g of glucose (or tobacco stalk hydrolysate), 3 g of
yeast extract, 5 g of peptone, 0.2 g of urea, 0.1 g of (NH4)2HPO4 in
1 L deionized water, pH 5.5.

Fermentation medium for ethanol production (tobacco stalk
hydrolysate): 3 g of yeast extract, 5 g of peptone, 0.2 g of urea,
0.1 g of (NH4)2HPO4 in 1 L tobacco stalk hydrolysate, pH 5.5.

All the medium of I. orientalis HN-1 and S. cerevisiae 1308
were the same in this study.

Activation and Large Scale of Strain
The culture solution of I. orientalis HN-1 (or S. cerevisiae 1308)
was maintained at −80°C in a freezer in 2-ml stock vials
containing 30% (v/v) glycerol solution. 100 μL of liquid from
one stock vial was inoculated onto a plate with activation medium
by spread plate method and cultured at 38°C for 48 h. A whole
colony of I. orientalis HN-1 growing on slant medium was
inoculated into a 250-ml flask containing 50 ml seed medium
for seed culture at 38°C, 180 rpm for 12 h. A whole colony of S.
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cerevisiae 1308 growing on a slant medium was inoculated into a
250-ml flask containing 50 ml seed medium for seed culture at
30°C, 150 rpm for 16 h.

The Effect of Nicotine on Activity of
Cellulase
The carboxymethyl cellulase (CMC) activity of cellulase was
measured by the DNS method (Eveleigh et al., 2009). The
filter paper activity of cellulase was measured by the National
Renewable Energy Laboratory (NREL) protocol LAP-006 (Adney
and Baker, 1996). 0.1, 0.2, 0.3, and 0.5% (w/w) nicotine were
added into the enzymatic reaction system.

Dilute Sulfuric Acid Presoak
The tobacco stalk was presoaked into a series of dilute sulfuric
acid solution concentrations (0.2–1.0%, w/w, on dry tobacco stalk
weight) at a ratio of the solid (the dry materials) to the liquid (the
sulfuric acid solution) of 1:10 (w/w) for 12 h at room temperature.
The presoak slurry was filtered using double gauze; the solid
residue was collected and dried, until the moisture was
maintained at 60°C.

Instant Catapult Steam Explosion
Pretreatment
The ICSE method was used for pretreating the tobacco stalk
feedstock in this study (Yu et al., 2012). 100 g fresh dry tobacco
stalk (or presoaked dry tobacco stalk) was fed into a pretreatment
reactor directly, and the pretreatment was operated at 2.0 MPa for
2.5 min (the optimized condition obtained from previous
studies). The pretreated tobacco stalk after ICSE contained
approximately 40% water of dry solid matter (w/w).

Washing of the Pretreated Material
The pretreated material was washed by tenfold volume of water at
60°C for 1 h, and then the solid residue was collected by Buchner
funnel filtration. After this operation was repeated, the solid
residue was dried at 75°C in an oven until constant weight,
then sealed in plastic bags and stored at room temperature
until use.

Enzymatic Hydrolysis
The pretreated tobacco stalk solution at a ratio of the solid (the
dry materials) to the liquid (the deionized water) of 1:8 or 1:4 (w/
w) was hydrolyzed at 50°C, 150 rpm, pH 4.8 for 48 h at the
cellulase dosage of 15 FPU/g DM (dry materials). The hydrolysate
slurry was centrifuged to remove the solids, then autoclaved, and
filtered by filter paper before use.

Ethanol Fermentation
The seed broth of I. orientalisHN-1 was inoculated into a 300-ml
flask containing 240 ml fermentation medium with 10% (v/v)
inoculation ratio at 38°C, stationary culture for 72 h. The seed
broth of S. cerevisiae 1308 was inoculated into a 300-ml flask
containing 240 ml fermentation medium with 10% (v/v)
inoculation ratio at 30°C, stationary culture for 72 h. All flask

cultures were carried out in triplicate. For the fermenter culture,
the seed broth of I. orientalis HN-1 was inoculated into a 5- L
fermenter containing 3 L fermentation medium with 10% (v/v)
inoculation ratio at 38°C, pH 5.5, 100 rpm for 72 h.

Analysis Methods
Samples were periodically taken, centrifuged, and filtrated
through 0.22-μm filters before analysis. Glucose, xylose, and
ethanol were measured by HPLC (LC-20 AD, refractive index
detector RID-10A, Shimadzu, Kyoto, Japan) with Aminex HPX-
87H column (Bio-Rad, Hercules, United States) at 65°C using the
mobile phase of 5 mM H2SO4 at the flow rate of 0.6 ml/min. The
sample size was 10 μL (Zhao et al., 2020). The concentration of
nicotine was determined by HPLC (Thermo UltiMate 3000,
UVVis detector, Thermo, Waltham, United States) with
Inertsil ODS-3 C18 column (Shimadzu, Kyoto, Japan) at 35°C
using the mobile phase of methanol–citrate phosphate buffer (15:
85°v/v, pH 2.4 adjusted by addition of perchloric acid) at the flow
rate of 0.7 ml/min. The column effluent was monitored at 260 nm
with a UV-Vis spectrophotometric detector (Dash and Wong,
1996).

Calculation of Ethanol Yield
Ethanol yield based on glucose of tobacco stalk hydrolysate was
calculated by the following formula:

Ethanol yield (%) � [C1] − [C0]
0.511 × [Glucose] × 100%,

where [C1] is the final ethanol concentration (g/L) of the
fermentation broth at the end of fermentation; [C0] is the
initial ethanol concentration (g/L) of the fermentation
broth at the start of fermentation; [Glucose] is the initial
glucose concentration (g/L) of the fermentation broth at the
start of fermentation; 0.511 is the conversion factor for
glucose to ethanol based on the stoichiometric
biochemistry of yeast.

RESULTS AND DISCUSSION

The Effect of Nicotine on Activity of
Cellulase and Ethanol Productivity of Yeasts
Tobacco stalk as a bulk lignocellulosic biomass would have an
important impact on biorefinery if it could be used for
biochemical production efficiently. Previous research indicated
that the tobacco stalk was more difficult to be used in biochemical
production than common crop stalks (such as corn stover, wheat
stalk, and so on) because of its high nicotine content. Nicotine
from tobacco stalk has been shown to obviously inhibit the
activity of glutathione reductase, aldehyde dehydrogenase,
lactate dehydrogenase, and lipase (Gan and Zhuang, 2002;
Erat et al., 2007; Trigo and Foll, 2016; Yalcin et al., 2018).
However, the effect of nicotine on cellulase has been rarely
reported.

Three substrates (sodium carboxymethylcellulose, filter paper,
and corn stover) were used to study the effects of nicotine on the
activity of cellulase which was always used in biomass hydrolysis
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processes. In this study, cellulase activity was characterized by
CMC activity and filter paper cellulase activity (FPA), and the
results showed that the activity of cellulase decreased gradually
with the increase of nicotine concentration (Figure 1). In the
control group, CMC activity and FPA were 2820.99 U/ml and
214.12 FPU/ml, respectively, under zero nicotine addition. When
nicotine addition reached 0.1% (w/v), CMC activity and FPA
were 2567.90 U/ml and 143.29 FPU/ml, respectively, which
decreased by 8.97 and 33.08% compared with the control
group, respectively. The enzyme activity decreased more
significantly with more nicotine addition, and when the
addition was 0.5% (w/v), the CMC activity and FPA decreased
by 42.99 and 69.44% compared with the control group,
respectively. The results demonstrated that nicotine inhibited
the activity of cellulase significantly.

Based on the above results, the effect of nicotine on enzymatic
hydrolysis of pretreated corn stover (the ratio of dry corn stover to
water was 1:10, w/w) by ICSE (2.0MPa, 2.5 min) was subsequently
verified. With the increase of nicotine concentration in the
enzymatic hydrolysis system of corn stover, the concentration of
total sugar (glucose, xylose, cellobiose, and arabinose, similarly
hereinafter) showed a significant decrease compared with the
control group (Figure 1C). The total sugar concentration in the
hydrolysate reached the highest 35.99 g/L in the control group and
gradually decreased in the range of 0.1–0.5% (w/v). When the
nicotine concentration was 0.5% (w/v), the total sugar
concentration reached the lowest 21.38 g/L which decreased by
40.59% compared with the control group. The trend
demonstrated that nicotine had a significant inhibitory effect on
the enzymatic hydrolysis of corn stover.

FIGURE 1 | The effect of nicotine addition on the (A) carboxymethyl cellulase activity, (B) filter paper cellulase activity, and (C) total sugar concentration in enzymatic
hydrolysis.
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The nicotine not only inhibited the enzymatic activity of the
cellulose system but also inhibited the fermentability of ethanol
producer strains. S. cerevisiae 1308 is an excellent industrial
ethanol producer which was obtained from the largest
producer of fuel ethanol in China, but its fermentability
decreased obviously under the nicotine stress (Figure 2A).
Yeast (I. orientalis HN-1) isolated from decayed tobacco stalk
showed excellent nicotine tolerance and was used in this research.

The obtained highest ethanol concentration from I. orientalis
HN-1 (22.94 g/L) in 60 h was similar to that from S. cerevisiae
1308 (20.05 g/L) under the control group (no nicotine addition in
the fermentation medium). But when nicotine addition achieved
just 0.1% (w/v), the ethanol concentration of I. orientalis HN-1
(18.17 g/L) decreased by 20.70%, and the ethanol concentration
of S. cerevisiae 1308 (11.95 g/L) was even more inhibited, with
40.40% reduction compared with the control group. The results

FIGURE 2 | The effect of nicotine addition on the ethanol fermentability of yeasts: (A) S. cerevisiae 1308; (B) I. orientalis HN-1.
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shown in Figure 2 indicate that nicotine had a serious impact on
ethanol concentrations of both strains, especially on S. cerevisiae
1308. Therefore, the removal of nicotine from the tobacco stalk is
essential in order to produce ethanol from discarded tobacco
stalk. In addition, it is worth noting that I. orientalis HN-1 which
was isolated from decayed tobacco stalk had a stronger nicotine
tolerance than S. cerevisiae 1308 obviously, this laid a good
foundation for subsequent high concentrations of ethanol
production from tobacco stalk.

The Effect of Separate Pretreatment
Methods on Removal of Nicotine and
Enzymatic Hydrolysis of Tobacco Stalk
The existence of nicotine had seriously hindered the effective
utilization of tobacco stalk, which might be the reason that
tobacco stalks were rarely used to produce a bio-based chemical
in previous studies. Therefore, efficient nicotine removal was
particularly important for the development process of tobacco
stalk utilization. A separate dilute sulfuric acid soaking
pretreatment and a separate ICSE pretreatment were carried
out in this experiment firstly. The nicotine removal rate and
enzymatic saccharification efficiency of pretreated tobacco stalk

were investigated and demonstrated in Figure 3. Dilute sulfuric
acid solution could break the compact structure of tobacco stalk
slightly; meanwhile, the nicotine from tobacco stalk as an
alkaloid could combine with sulfuric acid easily. The nicotine
content of pretreated tobacco stalk decreased gradually with
increase in sulfuric acid adding dosage. The nicotine content
achieved was the lowest at 0.44% (w/w) when the sulfuric acid
adding dosage was 1.0% (w/v), and the nicotine removal rate
was 46.99%. The nicotine always existed inside the tobacco stalk
and was difficult to remove by water soaking. Yet, when 83.13%
of the nicotine was retained in the tobacco stalk after water
soaking, only 53.01% of nicotine was retained by water soaking
after steam explosion pretreatment. This could be attributed to
ICSE pretreatment that could break the internal structure of the
tobacco stalk deeply, leading to more nicotine release into water
that could be removed from pretreated tobacco stalk. The dilute
sulfuric acid soaking could increase the nicotine removal rate
significantly compared to water soaking; however, the nicotine
removal rate was increased with the sulfuric acid concentration
increasing inconspicuously. When the sulfuric acid
concentration increased from 0.2 to 1.0% in the soaking
process, the removal rates of nicotine were all similar to
those of ICSE.

FIGURE 3 | The (A) nicotine content of tobacco stalk and (B) total sugar after hydrolysis by different single pretreatment methods. TS means tobacco stalk;
0.2–1.0% means concentration of dilute sulfuric acid solution (0.2–1.0%, w/w, on dry tobacco stalk weight) at a ratio of the solid (the dry materials) to the liquid (the
sulfuric acid solution) of 1:10 (w/w) for 12 h at room temperature. ICSE means instant catapult steam explosion pretreatment, 2.0 MPa, 2.5 min.
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The removal rate of nicotine was an important indicator in this
study, but the concentration of total sugar from enzymatic
hydrolysis could not be ignored. Although dilute sulfuric acid
soaking was effective with removal of nicotine, its contribution to
the efficiency of enzymatic hydrolysis was limited compared with
ICSE. The total sugar concentration from enzymatic hydrolysis
(the ratio of dry pretreated tobacco stalk to water was 1:8, w/w) of
the separate dilute sulfuric acid soaking pretreatment was
12.41–17.41 g/L and increased 252.56–394.60% compared with
fresh tobacco stalk when sulfuric acid adding dosage was from 0.2
to 1.0% (w/v), but the highest total sugar concentration was
approximately half that of ICSE. The total sugar concentration of
ICSE was 32.05 g/L, but it still did not achieve satisfactory results
because of a certain concentration of nicotine being present in the
enzymatic hydrolysis system.

Optimization of Integrated Pretreatment
Condition for Tobacco Stalk
Separate sulfuric acid pretreatment or steam explosion
pretreatment for tobacco stalk showed unsatisfying enzymatic
hydrolysis efficiency and nicotine removal rate, and the
integrated pretreatment carried out achieved better

performance (Figure 4). The nicotine content further
significantly decreased from 0.37 to 0.11% (w/w) with sulfuric
acid addition of presoak increasing from 0.0 to 1.0% in the
integrated pretreatment (Figure 4A). Meanwhile, the total
sugar concentration achieved the highest 53.81 g/L when
sulfuric acid addition of presoak was 0.8% (w/w), which
increased 74.58% compared with separate ICSE. When sulfuric
acid addition of presoak increased continuously more than 0.8%
(w/w), the total sugar concentration reduced a little and achieved
51.76 g/L at sulfuric acid dosage 1.0% of presoak (Figure 4B).
High sulfuric acid addition of presoak might have enhanced the
pretreatment strength too much to convert the sugar into
inhibitors.

Therefore, the compositions of pretreated tobacco stalk
materials by integrated pretreatment and separate ICSE were
measured (Figure 5). The results demonstrated that the
hemicellulose and lignin content of pretreated tobacco stalk
were both decreased which lead to the increase of cellulose
content after both separate ICSE and integrated pretreatment
compared with fresh tobacco stalk. But the cellulose and
hemicellulose content decreased with the increase of sulfuric
acid addition of presoak from 0.2 to 1.0% (w/v) in the
integrated pretreatment, and this indicated that high-titer

FIGURE 4 | The (A) nicotine content of tobacco stalk and (B) total sugar after hydrolysis by different integrated pretreatment methods. TS means tobacco stalk;
ICSE means instant catapult steam explosion pretreatment, 2.0 MPa, 2.5 min; 0.0%+ ICSE1.0%+ICSE means concentration of dilute sulfuric acid (0.0–1.0%, w/w, on
dry tobacco stalk weight) in the presoak progress of integrated pretreatment.
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sulfuric acid enhances the hydrolysis of hemicellulose and
cellulose, and the presence of free monosaccharides was more
likely to produce inhibitors in the intense pretreatment process.
Consider both the total sugar concentration and nicotine removal
rate comprehensively, 0.8% (w/w) sulfuric acid dosage of presoak
was used in subsequent ethanol fermentation.

Ethanol Fermentation of Pretreated
Tobacco Stalk
The ethanol fermentation by using tobacco stalk after integrated
pretreatment with 0.8% (w/w) sulfuric acid presoak was carried
out in this experiment, and the results are shown in Figure 6. The
glucose concentration of tobacco stalk hydrolysate (the ratio of
dry tobacco stalk to water was 1:8, w/w) through integrated
pretreatment was 38.73 g/L, and the nicotine content was only
0.02% (w/v). Such a low concentration of nicotine would hardly
affect the efficiency of enzymatic hydrolysis and I. orientalis HN-
1. The ethanol concentration reached 12.10 g/L in 36 h, which
increased 103.36% compared with 5.95 g/L of separate ICSE, the
ethanol productivity was 0.31 g/L/h and the ethanol yield was
62.57%.

Based on the excellent nicotine removal performance of the
integrated pretreatment, high solid loading of tobacco stalk could
be implemented during enzymatic hydrolysis. A higher
concentration of glucose could be obtained to produce higher
concentration of ethanol. The glucose concentration of high solid
loading tobacco stalk hydrolysate (the ratio of dry tobacco stalk to
water was 1:4) through integrative pretreatment was 69.53 g/L,
and the nicotine content was 0.05% (w/v). For better mixing and
more precise control of pH, the next ethanol fermentation was
carried out in the 5-L fermenter, and the results are shown in
Figure 6B. With the increase in solid loading of tobacco stalk, the

initial glucose concentration achieved was 62.00 g/L, and the
growth of I. orientalis HN-1, consumption of glucose, and
production of ethanol were affected to some extent in the first
12 h compared with the results shown in Figure 6A. But, the final
ethanol concentration and yield for glucose of tobacco stalk
hydrolysate were both increased and were 23.53 g/L and
71.40%, respectively, in 48 h.

Discussion
In recent years, more attention has been paid to the effective
utilization of tobacco residual. A combined hydrothermal (100°C,
20 min) and alkaline (2% CaO, w/v) pretreatment was used for
bioethanol production from tobacco stalk, and the highest 5.43 g/
L reducing sugar and 1.58 g/L ethanol were obtained in the
fermentation process (Sophanodorn et al., 2020). Alkali
pretreatment and acid pretreatment were used for ethanol
production from tobacco stalk, and the highest 4.17 g/L
ethanol was obtained under 2% NaOH pretreatment for
60 min (Guo et al., 2019). Yuan et al. compared ethanol
fermentability of two different pretreatments (alkaline and
acid-catalyzed steam pretreatments) for resource utilization of
tobacco stalk, and the final ethanol concentration of alkaline
pretreatment (14.2 g/L) was slightly higher than that of acid-
catalyzed steam pretreatment (13.8 g/L) (Yuan et al., 2019). The
integrated dilute sulfuric acid presoak and ICSE pretreatment
technology were used in this study, which could enhance the
degradation of hemicellulose in tobacco stalk and the removal of
nicotine, and then weaken the inhibition of nicotine on the
activity of cellulase in enzymatic saccharification process and
fermentability of yeast strains. In this study, the highest ethanol
concentration was 23.53 g/L, which was at a relatively high level
compared with the current researches on the resource utilization
of tobacco stalk.

FIGURE 5 | The cellulose, hemicellulose, and lignin content of pretreated tobacco stalk by different pretreatment methods.
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In addition, it is worth noting that the important role of
nicotine in ethanol fermentation by using tobacco stalk was
studied in this work. Even though the low concentration of
nicotine showed significant inhibition of cellulase and
microorganisms, the ethanol concentration increased
significantly after a large proportion of nicotine was removed
in this integrated sulfuric acid presoak and ICSE pretreatment
process. The reasons for insufficient ethanol yield (71.40%) might
be because, although the nicotine in the tobacco stalk was almost
removed out, there was still a variety of harmful substances (such
as tar, benzopyrene, and so on) that could still inhibit the
microorganisms. Although I. orientalis HN-1 showed strong
tolerance to nicotine, the tolerance to other harmful
substances remained to be studied. On the other hand, high-
intensity pretreatment could produce a large number of common
inhibitors (such as furfural, HMF, phenolic aldehyde, and so on),
which could also inhibit the growth and ethanol fermentability of
I. orientalisHN-1. In the future, some weak acids (such as organic

acids) could be used for presoak to reduce the intensity in order to
reduce the production of inhibitors. Dai et al. used furoic acid to
assist hydrolysis of sugarcane bagasse, and a satisfactory result
was obtained with a low concentration of inhibitors (Dai et al.,
2021). In addition, many kinds of byproducts such as acetic acid
and glycerol were generated inductively from I. orientalis HN-1
under the stress of inhibitors. These factors would lead to a
reduction of ethanol yield. In order to achieve higher ethanol
yield, the ethanol production strain should be strengthened in the
future.

CONCLUSION

A lignocellulosic ethanol production from residual tobacco stalk
by integrating sulfuric acid presoak and ICSE pretreatment was
investigated in this study. The optimum concentration of
sulfuric acid for presoak of tobacco stalk was obtained.
Neither single dilute acid soaking nor single ICSE could
achieve a satisfactory nicotine removal rate, but the
integrated pretreatment methods could remove almost all the
nicotine of tobacco stalk. Effective removal of nicotine is
essential to ensure that a high glucose concentration is
achieved in the enzymatic hydrolysis process, and finally, a
satisfactory ethanol concentration and yield were achieved by I.
orientalis HN-1 in the fermenter. This environment-friendly
technology provided a promising option for tobacco stalk
resource utilization for ethanol production. Tobacco residual
could be an important alternative feedstock for future industrial
ethanol production.
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