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ABSTRACT: The agricultural waste sugarcane bagasse (SCB) is a kind of plentiful biomass resource.
In this study, different pretreatment methods (NaOH, H2SO4, and sodium percarbonate/glycerol) were
utilized and compared. Among the three pretreatment methods, NaOH pretreatment was the most
optimal method. Response surface methodology (RSM) was utilized to optimize NaOH pretreatment
conditions. After optimization by RSM, the solid yield and lignin removal were 54.60 and 82.30% under
the treatment of 1% NaOH, a time of 60 min, and a solid-to-liquid ratio of 1:15, respectively. Then, the
enzymolysis conditions of cellulase for NaOH-treated SCB were optimized by RSM. Under the optimal
enzymatic hydrolysis conditions (an enzyme dose of 18 FPU/g, a time of 64 h, and a solid-to-liquid ratio
of 1:30), the actual yield of reducing sugar in the enzyme-treated hydrolysate was 443.52 mg/g SCB
with a cellulose conversion rate of 85.33%. A bacterium, namely, Bacillus sp. EtOH, which produced
ethanol and Baijiu aroma substances, was isolated from the high-temperature Daqu of Danquan Baijiu in
our previous study. At last, when the strain EtOH was cultured for 36 h in a fermentation medium
(reducing sugar from cellulase-treated SCB hydrolysate, yeast extract, and peptone), ethanol
concentration reached 2.769 g/L (0.353%, v/v). The sugar-to-ethanol and SCB-to-ethanol yields were 13.85 and 11.81% in this
study, respectively. In brief, after NaOH pretreatment, 1 g of original SCB produced 0.5460 g of NaOH-treated SCB. Then, after the
enzymatic hydrolysis, reducing sugar yield (443.52 mg/g SCB) was obtained. Our study provided a suitable method for bioethanol
production from SCB, which achieved efficient resource utilization of agricultural waste SCB.

1. INTRODUCTION
With the rapid depletion of fossil energy, such as coal and
petroleum, research studies focus on renewable energy.1 So far,
ethanol is the most successful biofuel, which can be produced
from sugarcane and grain crops, such as sorghum and corn (first-
generation), and nongrain crops, such as lignocellulose (second-
generation) and microalgal biomass (third-generation).2−4 At
present, as a raw material of biofuel production, lignocellulose
has attracted widespread attention because of its rich reserve and
renewable characteristics.5 Lignocellulose is primarily composed
of cellulose, hemicellulose, and lignin.6 These components form
a compact structure by chemical bonds, which seriously
obstructs the lignocellulosic conversion into value-added
products.7 Lignocellulose can be divided into four categories:
hardwood, softwood, agricultural wastes, and grasses.8 The
agricultural waste SCB, originating from the sugar industry, is a
kind of plentiful biomass resource. In recent years, China’s
sugarcane production has accounted for about 5% of global
production. Sugarcane is an important economic crop in China,
especially in southern China. The annual sugarcane yields
reached about 100 million tons from 2019 to 2021. In 2021,
Guangxi’s sugarcane production reached 73.651 million tons,
accounting for 69.05% of the total sugarcane production in
China. Besides, SCB is rich in sugars such as cellulose and
hemicellulose, which is suitable for microbial fermentation to
turn agricultural waste into high-value-added products such as
ethanol.9,10

Pretreatment of lignocellulose biomass can destroy the stable
structure of lignocellulose by removing hemicellulose and lignin
and enhance the porosity and decrease the crystallinity and
polymerization degree of cellulose, which is favorable to
converting lignocellulose into high-value-added products.11,12

At present, many pretreatment methods have been developed,
which include physical processes (such as size reduction,
ultrasonication, steaming/boiling, and popping), chemical
methods (such as acid, base, solvent, and salt), physicochemical
methods (such as ammonia fiber explosion and liquid hot
water), and biological methods (such as white-rot fungi and
brown-rot fungi) to fractionate lignocellulose into its
components.13−15 However, most pretreatment methods have
their disadvantages, such as the appearance of inhibitors and
high cost, which severely hamper the subsequent utilization.16,17

For example, liquid hot water pretreatment of lignocellulosic
biomass is suitable for bioethanol production, but this method
requires a high temperature, which is costly.18 There have been
some advanced research studies. Anugwom et al.19 obtained
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optimal process conditions for wood fractionation with
switchable ionic liquids based on monoethanol amine and 1,8-
diazabicyclo-[5.4.0]-undec-7-ene. About 95 wt % wood lignin
was extracted in a short time. Jogi et al.20 dealt with the
fractionation of birch wood powder, which was liquefied under
supercritical ethanol over acidic or nonacidic catalysts (5 wt %
Fe-β-H-150 and 5 wt % Fe−SiO2), respectively. Different types
of lignocellulose biomass and production technologies will
influence the effect of pretreatment.
Cellulosic bioethanol is produced using lignocellulose

through three primary steps: pretreatment, hydrolysis, and
microbial fermentation.21 Chemical hydrolysis can produce a
variety of inhibitory substances and byproducts. Enzymatic
hydrolysis is more popular at present, which has a lot of
advantages such as more specific hydrolysis, mild conditions,
and higher yields.22 Hemicelluloses and celluloses are degraded
to sugar monomers by enzymatic hydrolysis. The enzymolysis
effects are related to enzyme dosage, time, and solid-to-liquid
ratio.23,24

Ethanol production through yeast (especially Saccharomyces
cerevisiae) is popular at present.25 Thermophilic bacteria can also
ferment lignocellulosic hydrolysates.26 An adapted xylanolytic
bacterium, namely, Thermoanaerobacter mathranii, could fer-
ment xylose from wheat straw to ethanol.27,28 In addition,
thermophilic bacteria such as Bacillus played an important role
in liquor making.29

In our previous study, a bacterium named Bacillus sp. EtOH,
which produced ethanol and Baijiu aroma substances, was
isolated from HTD of Danquan Baijiu.30 First, different
pretreatment methods (NaOH, H2SO4, and sodium percar-
bonate/glycerol) were utilized to determine the optimal method
in this study. Second, RSM was utilized to optimize NaOH
pretreatment conditions (NaOH concentration, solid-to-liquid
ratio, and time) and elaborate on the effect of different
pretreatment conditions on solid yield and lignin removal.
Third, enzymolysis conditions of cellulase including enzyme
dosage, time, and solid-to-liquid ratio, were optimized by RSM
to obtain the optimal enzymolysis effect. At last, Bacillus sp.
EtOH effectively utilized the enzymolysis product to produce
bioethanol.

2. MATERIALS AND METHODS
2.1. Experimental Materials and Strain. Sugarcane

bagasse was obtained from Hainan Guzun Technology Co.,
Ltd. (19°31′32″−20°04′52″ north latitude, 110°07′22″−
110°42′32″ east longitude). Bacillus sp. EtOH was isolated
from HTD of Danquan Baijiu Co., Ltd. (24°42′−25°37′ north
latitude, 107°1′−107°55′ east longitude) in our previous
study.30

2.2. Selection of SCB Pretreatment Methods. SCB was
pretreated by acid, alkali, and sodium percarbonate/glycerol
based on the previous studies.31,32 Four compounds of analytical
grade (NaOH, H2SO4, sodium percarbonate, and glycerol) were
purchased from Sangon Biotec Co., Ltd. (Shanghai, China).
SCB was dried to constant weight and then crushed with a
grinder. 1 g of SCB through a 100-mesh screen (diameter, 0.15
mm) was treated with 2% NaOH, 2% H2SO4, and 12% sodium
percarbonate/glycerol at 121 °C for 40 min. A solid-to-liquid
ratio of 1:10 (g/mL) was used. After centrifugation (Centrifuge
5702R, Eppendorf, Germany) at 8000 rpm for 5 min, the solid
part was washed with deionized water to neutral pH. Then, the
solid part was filtered, dried to constant weight, and crushed.
The solid yield and lignin removal of each treatment method

were measured. Three replicates were conducted for each group.
The solid yield = dry weight after pretreatment/dry weight
before pretreatment. The acid detergent lignin method was used
to calculate lignin removal.33

2.3. Optimization of NaOH Pretreatment Conditions
for SCB by RSM. After the determination of the best method
(NaOH pretreatment), three factors including NaOH concen-
tration (A), time (B), and solid-to-liquid ratio (C) were
optimized to obtain the optimal lignin removal and solid yield.34

Different combinations of the three factors were designed by the
Box−Behnken design (BBD) of RSM (Tables S1 and S2 in the
Supporting Information). All tests were conducted in triplicate
to obtain the mean of lignin removal and solid yield. The NaOH
pretreatment conditions for SCB were optimized through
response surface analysis of Design-Expert 10.0.4 software.

2.4. Optimization of the Enzymolysis Conditions of
Cellulase for Pretreated SCB by RSM. Cellulase (10 000 U/
g) with analytical grade was purchased from Macklin
Biochemical Technology Co., Ltd. (Shanghai, China). Three
factors including enzyme dose (A), time (B) and solid-to-liquid
ratio (C) were optimized to obtain the optimal reducing sugar
yield.35 Different combinations of the three factors were
designed by the BBD of RSM (Tables S3 and S4 in the
Supporting Information). All tests were conducted in triplicate
to obtain the mean of the reducing sugar yield. The enzymolysis
conditions of cellulase for SCB were optimized through
response surface analysis of Design-Expert 10.0.4 software
after pretreatment.

2.5. Configuration and Inoculation of Sugarcane
Bagasse Fermentation Medium. After enzymatic hydrolysis,
the hydrolysate was centrifuged at 5000 rpm for 10 min. The
supernatant was collected to determine the yield of the reducing
sugar. A fermentationmediumwas prepared with reducing sugar
from the hydrolysate (20 g/L), peptone (20 g/L), yeast extract
(10 g/L), and pH (7.0−7.2) and then sterilized at 115 °C for 20
min. Bacillus sp. EtOHwas cultured at 37 °C and 200 rpm for 84
h in the fermentation medium. The ethanol production was
measured at 12, 24, 36, 48, 60, 72, and 84 h.

3. RESULTS
3.1 Effects of Different Pretreatment Methods on

Solid Yield and Lignin Removal of SCB. Solid yield and
lignin removal of SCB under different pretreatment methods are
shown in Figure 1. The results showed that solid yield (51.15%)
and lignin removal (75.52%) were the highest under NaOH
pretreatment. Therefore, the subsequent RSM was designed for
NaOH concentration, solid-to-liquid ratio, and time.

3.2. Optimization of NaOH Pretreatment Conditions
for SCB using RSM. Solid yield and lignin removal of SCB are
shown in Table S2in the Supporting Information. The
regression equation reflected the relationship among solid
yield (Y) or lignin removal (Z) and NaOH concentration (A),
time (B), and solid-to-liquid ratio (C).

Y A B C AB
AC BC A B
C

0.51 0.044 0.031 0.0022 0.013
0.013 0.004 0.029 0.019

0.016

2 2

2

= +
+
+

Z A B C AB
AC BC A B
C

0.84 0.020 0.030 0.005 0.027
0.062 0.001 0.031 0.006
0.003

2 2

2

= + + +
+ + +
+
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Tables S5 and S6 (Supporting Information) show the analysis of
variance (ANOVA) of two models (solid yield and lignin
removal). The F value (7.150, P = 0.0083), the lack of fit (P =
0.1777), and the coefficient of determination R2 (0.9019)
indicated the reliability of the model for solid yield. The F value
(10.214, P = 0.0029), the lack of fit (P = 0.1999), and R2
(0.9292) indicated the reliability of themodel for lignin removal.
As shown in Figure 2, there were very small differences in the
actual and predicted values for solid yield and lignin removal. As
shown in Figure 3, most of the points reflecting the relationship
between the predicted response values and the residuals were in
an irregular distribution. The results of Figures 2 and 3 showed

that the two models (for solid yield and lignin removal) were
reliable.
The interaction effects of the three factors on solid yield and

lignin removal were shown in 3D response surface plots (Figures
4 and 5). The steeper slope indicates a more significant
interaction between the two variables. In addition, a preliminary
determination can be made from the color of the response
surface plot, which tends to deepen when the trend of change is
sharp.
Figure 4 shows the effects of NaOH concentration (A), time

(B), and solid-to-liquid ratio (C) on the solid yield. As shown in
Figure 4a, when time was certain, the solid yield decreased with
the increase of NaOH concentration. When NaOH concen-
tration was constant, solid yield increased with the increase of
time. Figure 4b shows the effects of NaOH concentration (A)
and solid-to-liquid ratio (C) on solid yield. When the NaOH
concentration was certain, the solid yield increased with the
increase of the solid-to-liquid ratio. When the solid-to-liquid
ratio was constant, the solid yield decreased with the increase of
NaOH concentration. Figure 4c shows the effects of time (B)
and solid-to-liquid ratio (C) on solid yield. When time was
certain, the solid yield increased with the increase of the solid-to-
liquid ratio. When the solid-to-liquid ratio was certain, the solid
yield increased with the increase of time. The above analysis
(Figure 4a−4c) indicated that the interactions among NaOH
concentration, time, and solid-to-liquid ratio had a certain effect
on solid yield.
Figure 5 shows the effects of NaOH concentration (A), time

(B), and solid-to-liquid ratio (C) on lignin removal. As shown in
Figure 5a, when time was certain, lignin removal increased with
the increase in NaOH concentration. When NaOH concen-
tration was certain, lignin removal increased with the increase of
time. Figure 5b shows the effects of NaOH concentration (A)

Figure 1. Effects of different pretreatment methods on the solid yield
and lignin removal.

Figure 2. Predicted and actual response values for solid yield (a) and lignin removal (b).
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and solid-to-liquid ratio (C) on lignin removal. When NaOH
concentration was certain, lignin removal decreased with the
increase of the solid-to-liquid ratio. When the solid-to-liquid
ratio was certain, lignin removal increased with the increase of
NaOH concentration. Figure 5c shows the effects of time (B)
and solid-to-liquid ratio (C) on lignin removal. When time was
certain, lignin removal increased with the increase of the solid-
to-liquid ratio. When the solid-to-liquid ratio was certain, lignin
removal increased with the increase of time. The above analysis
(Figure 5a−5c) indicated that the interactions among the
NaOH concentration, time, and solid-to-liquid ratio had a
certain effect on lignin removal.
The optimum values of the influencing factors were obtained

by the analysis of Design-Expert software to achieve the highest
solid yield and lignin removal. The optimum conditions were as
follows: a NaOH concentration of 1%, a time of 60 min, and a
solid-to-liquid ratio of 1:15. Under the optimum conditions, the
theoretical maxima of the solid yield and lignin removal reached
56.5 and 84.1%, respectively. Then, the optimum solid yield and
lignin removal under the optimal conditions were verified. The
actual maxima of solid yield and lignin removal were 54.60 and
82.30%, respectively, which were consistent with the theoretical
values. Therefore, the models were reliable and could be used to
optimize the pretreatment conditions of SCB.

3.3. Optimization of Enzymolysis Conditions of
Cellulase Using RSM. The yields of reducing sugar in the
enzymatic hydrolysate are shown in Table S4 (Supporting
Information). The regression equation reflected the relationship
among the reducing sugar yield (R) and enzyme dose (A), time
(B), and solid-to-liquid ratio (C).

R A B C AB
AC BC A B
C

401.70 45.39 3.48 40.55 9.54
15.46 10.72 59.46 83.88

44.27

2 2

2

= + +

Table S7 (Supporting Information) shows the ANOVA of the
model for reducing sugar yield. The F value (10.26, P = 0.0028),
the lack of fit (P = 0.0863), and R2 (0.9295) indicated the
reliability of the model for reducing the sugar yield. As shown in
Figure 6a, there were very small differences in the actual and
predicted reducing sugar yields. As shown in Figure 6b, most of
the points were in irregular distribution, which reflected the
relationship between the predicted response values and the
residuals. The results of Figure 6 showed the reliability of the
model for reducing the sugar yield.
To visually reflect the interactions among influence factors,

the effects of three variables on the reducing sugar yields of the
enzymatic hydrolysate were shown in the 3D response surface
plot (Figure 7). Figure 7 shows the effects of enzyme dose (A),
time (B), and solid-to-liquid ratio (C) on reducing sugar yields.
As shown in Figure 7a, when enzyme dose (A) was certain, the
reducing sugar yield first increased and then decreased with the
increase of time (B). When time (B) was certain, the reducing
sugar yield increased with the increase of enzyme dose (A). As
shown in Figure 7b, when the solid-to-liquid ratio (C) was
certain, the reducing sugar yield increased with the increase of
enzyme dose (A). When enzyme dose (A) was certain, the
reducing sugars yield increased with the increase in the solid-to-
liquid ratio (C). As shown in Figure 7c, when the solid-to-liquid
ratio (C) was certain, the reducing sugar yield first increased and
then decreased with the increase of time (B).When time (B) was
certain, the reducing sugar yield increased with the increase of
the solid-to-liquid ratio (C). The above analysis (Figure 7a−7c)
showed that the interactions among enzyme dose, time, and

Figure 3. Comparison of residual and predicted response values. (a, b) Solid yield and lignin removal, respectively.
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solid-to-liquid ratio had a certain effect on reducing the sugar
yield of the enzymatic hydrolysate.
The optimum values of the influencing factors were obtained

by the analysis of Design-Expert software to achieve the highest
yield of reducing sugar in the enzymatic hydrolysate. The

optimum enzymatic conditions were as follows: an enzyme dose
of 18 FPU/g, a time of 64 h, and a solid-to-liquid ratio of 1:30.
Under the optimum conditions, the theoretical maximum of
reducing sugar yield was 466.59 mg/g original SCB. Then, the
highest reducing sugar yield under the optimal conditions was

Figure 4. Effects of (a) NaOH concentration and time, (b) NaOH concentration and solid-to-liquid ratio, and (c) time and solid-to-liquid ratio on
solid yield.
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verified. The actual maximum of reducing sugar yield was 443.52
mg/g original SCB, which was consistent with the theoretical
value. Therefore, the model was reliable and could be used to
optimize enzymolysis conditions of NaOH-pretreated SCB.

3.4. Bioethanol Production by Fermenting the
Enzymolysis Product by Bacillus sp. EtOH. The ethanol-

producing strain EtOH obtained from our previous study was
inoculated into a fermentation medium containing cellulase-
treated hydrolysate of SCB (final reducing sugar content of 20
g/L). The change in the ethanol concentration in the
fermentation medium was observed. As shown in Figure S1
(Supporting Information), ethanol concentration quickly
increased from 0 to 24 h and reached the maximum (2.769 g/
L) at 36 h. Ethanol concentration showed a decreased trend
from 36 to 48 h, had a slight increase from 48 to 60 h, and then
continuously decreased from 60 to 84 h.

Figure 5. Effects of (a) NaOH concentration and time, (b) NaOH
concentration and solid-to-liquid ratio, and (c) time and solid-to-liquid
ratio on lignin removal.

Figure 6. Graphs of reducing sugar yields. (a) Predicted and actual
reducing sugar yields. (b) Residual and predicted response values for
reducing sugar yields.
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4. DISCUSSION
Nowadays, the primary issue is the shortage of conventional
energy sources (such as petroleum, natural gas, and coal) and

the harsh environmental impact. Therefore, the alternative new
energy from lignocellulosic biomass has attracted great
attention. The agricultural wastes such as SCB emerged as the
interesting substrates for the microbial fermentation due to the
accessibility and composition (cellulose, hemicellulose, and
lignin).36 Sugarcane (1.6 billion tonnes per year) is one of the
most widely distributed biomasses in the world, and the
reasonable use of its waste SCB (such as bioethanol production)
may play an important role in relieving energy-related
problems.37 In recent years, China’s sugarcane production
accounts for about 6% of global sugarcane production. SCB
accounts for about 35% of the weight of the sugarcane.
Therefore, the utilization of SCB is an important issue in China.
The most difficult problem of the utilization of SCB is the

conversion process (i.e., the transformation of SCB into value-
added products).38 The transformation can be completed
through pretreatment, hydrolysis, and microbial fermentation.
The biological pretreatment methods are time-consuming
compared with chemical pretreatment methods.39 In this
study, the effects of three chemical pretreatment methods
(NaOH, H2SO4, and sodium percarbonate/glycerol) on solid
yield and lignin removal were investigated. The solid yield and
lignin removal were 51.15 and 75.52% under the treatment of
2% NaOH, a time of 40 min, and a solid-to-liquid ratio of 1:10,
respectively (Figure 1). The delignification efficiency of 75.52%
was higher than that of 57% under the treatment of 1.2% H2SO4
and 90% glycerol.40 A combined process of dilute acid and ionic
liquid treatments achieved 80.2% lignin removal, which was
slightly higher than our unoptimized result (75.52%).41

To further improve the solid yield and lignin removal, RSM
was utilized to optimize the NaOH pretreatment conditions
(NaOH concentration, solid-to-liquid ratio, and time). RSM is a
sophisticated method to optimize the process. In our previous
studies, RSM was successfully used to optimize the processes
including the removal of heavy metal chromium, carotenoid
extraction, and culture medium composition.42−47 The solid
yield and lignin removal were greatly affected by the NaOH
concentration and time in this study (Figures 4 and 5). The
optimal NaOH pretreatment conditions were a NaOH
concentration of 1%, a time of 60 min, and a solid-to-liquid
ratio of 1:15. Under the optimal conditions, the solid yield and
lignin removal were 54.60 and 82.30%, respectively. The contact
between the microbe/enzyme and the active ingredients of SCB
is hindered by lignin and the crystallinity of cellulose.48 The
objective of the pretreatment is to eliminate lignin/hemi-
celluloses, increase the area of contact between cellulose and the
enzyme, and decrease the crystallinity of cellulose. NaOH
significantly changed the structure of SCB and made it more
compatible with cellulase. Previous studies suggested that alkali
pretreatment was more suitable for SCB, which was consistent
with our study.49,50,15

After NaOH pretreatment, RSM was used to optimize the
enzymatic hydrolysis conditions (cellulase dose, time, and solid-
to-liquid ratio) that affected the yield of reducing sugar. Under
the optimal enzymatic hydrolysis conditions (an enzyme dose of
18 FPU/g, a time of 64 h, and a solid-to-liquid ratio of 1:30), the
actual yield of reducing sugar in the enzyme-treated hydrolysate
was 443.52mg/g original SCBwith a cellulose conversion rate of
85.33%. By optimizing the percentages of cellulase/xylanase/β-
glucanase/pectinase, 88.5% of cellulose in NaOH-treated SCB
was hydrolyzed.51 10% SCB pretreated with 1% H2SO4 was
hydrolyzed by 20 FPU/g cellulase at 50 °C for 96 h, and a
cellulose conversion rate of about 65% could be obtained.52 The

Figure 7. Effects of (a) enzyme dose and time, (b) enzyme dose and
solid-to-liquid ratio, and (c) time and solid-to-liquid ratio on reducing
sugar yield.
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alkali-pretreated SCB was treated with 10 FPU/g cellulase and a
solid-to-liquid ratio of 33:100 for 120 h, and the final conversion
rate of cellulose was 60%.53 The main bottleneck for the
industrial hydrolysis of cellulose is the cost of cellulase
production. In our study, through the optimization of the
enzymatic hydrolysis conditions by RSM, a high conversion rate
(85.33%) was obtained, which reduced the production cost.
Yeast, especially S. cerevisiae, is the industrial workhorse to

produce ethanol.54 In addition, some bacteria can produce a
small amount of ethanol. Ethanol-producing bacteria include
Bacillus, Zymomonas mobiliz, Leuconostoc, and Thermoanaer-
obacterales.55,56 Our previous study showed that the dominant
fungi included Aspergillus, Zygosaccharomyces, Issatchenkia,
Monascus, Millerozyma, Thermoascus, Thermomyces, Hyphopi-
chia, Rhizomucor, Lichtheimia, and Cladosporium in three
samples from Danquan Baijiu production (HTD samples
“dqjq_ck” and “dqjqcp”, and the fermented grain sample
dqjp3).57 Our previous study also found that with the higher
HTD-making temperature, most yeasts and molds were
destroyed, and the microbial community of HTD primarily
propagated thermophilic bacteria such as Bacillus.58 In addition,
Bacillus was the dominant bacterium in sample “dqjqcp”.58

Therefore, we suggested that Bacillus was primarily responsible
for producing ethanol rather than yeast in the Danquan Baijiu
production. Therefore, we isolated the bacterial strain Bacillus
sp. EtOH from the HTD of Danquan Baijiu in this study. This
strain can produce ethanol and Baijiu aroma substances such as
tetramethylpyrazine (an important active substance). When the
strain EtOH was cultured for 36 h in a fermentation medium
containing cellulase-treated SCB hydrolysate, yeast extract, and
peptone, ethanol concentration reached 2.769 g/L (0.353%, v/
v). The yields of sugar-to-ethanol and SCB-to-ethanol were
13.85 and 11.81% in this study, respectively. The ethanol
concentrations and yields are summarized in Table S8
(Supporting Information). As shown in Table S8, the ethanol
yield of strain EtOH was lower than that of a variety of
yeasts.59−63 However, strain EtOH can produce tetramethylpyr-
azine (an important active substance). Our study provided a
suitable way for bioethanol production from SCB, which
achieved the efficient resource utilization of the agricultural
waste SCB.

5. CONCLUSIONS
Among the three pretreatment methods, NaOH pretreatment
was the most suitable method based on the solid yield and
delignification efficiency. After optimization by RSM, the solid
yield and lignin removal were 54.60 and 82.30% under the
treatment of 1% NaOH, a time of 60 min, and a solid-to-liquid
ratio of 1:15, respectively. Under the optimal enzymatic
hydrolysis conditions (an enzyme dose of 18 FPU/g, a time of
64 h, and a solid-to-liquid ratio of 1:30), the actual yield of
reducing sugar in the enzyme-treated hydrolysate was 443.52
mg/g original SCB with a cellulose conversion rate of 85.33%. A
bacterium, namely, Bacillus sp. EtOH, which produced ethanol
and Baijiu aroma substances, was isolated from the HTD of
Danquan Baijiu in our previous study. When the strain EtOH
was fermented for 36 h in a fermentation medium (cellulase-
treated SCB, yeast extract, and peptone), ethanol concentration
reached 2.769 g/L (0.353%, v/v). The yields of sugar-to-ethanol
and SCB-to-ethanol were 13.85 and 11.81% in this study,
respectively. In brief, after NaOH pretreatment, 1 g of original
SCB produced 0.5460 g of NaOH-pretreated SCB, and then
after the enzymatic hydrolysis, the highest reducing sugar yield

(443.52 mg/g original SCB) was obtained. Our strategy
provided a suitable way for bioethanol production from SCB.
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