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Screening of Cellulase-producing Bacteria and their
Effect on the Chemical Composition and Aroma Quality
Improvement of Cigar Wrapper Leaves
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A high yield cellulase production strain was screened from the surface of
cigar wrapper leaves and added to cigar wrapper leaves for fermentation
in the present study. The enzyme-producing strain was identified as
Bacillus velezensis, and its maximum carboxymethyl cellulase activity
could reach 44.3 U/mL. Making the cellulose degradation rate of cigar
wrapper leaves as the index, the fermentation temperature, inoculum
concentration, and carbon and nitrogen source addition concentration
were optimized by response surface methodology. The results showed
that under the conditions of inoculation concentration of 20%, fermentation
temperature of 37 °C, addition of 4.5 %o glucose and 2.25 %o glutamate,
the highest degradation rate of tobacco cellulose was 31.7%. Significance
analysis results showed that the order of factors affecting the degradation
rate of cigar wrapper cellulose was: inoculation concentration > carbon
and nitrogen source addition concentration > temperature. The analysis of
aroma substances under the optimal conditions found that the total
amount of aroma substances of cigar wrapper increased by 26.1%
compared with that before fermentation, in which (-damascenone,
megastigmatrienone, farnesyl acetone, and solanone were significantly
improved. The results were conducive to improving the aroma quality and
concentration of cigar wrapper leaves.
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INTRODUCTION

Cellulose is an important component of tobacco leaves. The content of cellulose in
tobacco leaves is generally about 11% and increases with the decrease of tobacco grade
(Yan et al. 2005). The content of cellulose not only has a great impact on the smoking
quality of tobacco leaves, but it also affects the physical properties of tobacco leaves. It is
found that high cellulose content in tobacco leaves will result in rough and broken tobacco
tissues (Pu and Liu 2019).

Cellulose content is important for cigar wrapper, which is a special tobacco product.
It is only used for the outer skin of the cigar. The integrity is an important factor
determining the quality of cigar wrapper (Shi et al. 2006). The demands of cigar wrapper
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leaves with high quality include thin leaves, thin veins, strong toughness, and uniform color
and luster. The thick veins of tobacco leaves and high cellulose content could lead to poor
toughness and poor application of cigar leaves (Li et al. 2022). Furthermore, when the
cellulose content is too high, the tobacco tissue becomes rough and easy to break. Tobacco
leaves would produce rough smoke after combustion with high cellulose content, which is
easy to produce unpleasant smell (Pu et al. 2019).

Fermentation is an essential process to improve the qualities of tobacco by
eliminating harmful odors, degrading harmful substances, reducing offensive odor, and
producing tobacco-specific flavors (Yang et al. 2018a; Li et al. 2020a). Many studies have
shown the important role of microbiology through the whole process of tobacco
fermentation (Du et al. 2016; Zhou et al. 2018). In recent years, researchers have found
that adding specific microorganisms during tobacco fermentation can greatly improve the
smoking quality of tobacco. Yeast and Bacillus were applied in the process of solid-state
fermentation of tobacco leaves. The results showed that the added microorganisms could
decrease the contents of starch and protein, while increasing the contents of amino acids
and petroleum ether extracts of tobacco leaves significantly (Wang et al. 2015). In another
study, tobacco leaves were fermented with Bacillus amyloliquefaciens GUHP86 and
GZUO3. It was found that the relative content of aroma substances such as linalool, -
damascenone, and B-ionone in tobacco leaves were increased, indicating that microbial
fermentation can significantly improve the quality of tobacco leaves (Shuai et al. 2020).
Furthermore, it was found by Zhang et al. (2012) that Saccharomyces cerevisiae could
double the aroma substances in the tobacco extract compared with the control, in which
ketones, esters, alcohols and other aroma substances increased in various extents. After
screening aroma producing Bacillus from tobacco leaves and applied in tobacco leaves
fermentation, it was found that aroma components such as esters, aldehydes, and acids in
tobacco leaves were significantly increased, in which acetoin accounted for more than 60%
(Zeng et al. 2020).

The quality of tobacco leaves could be improved by reducing the content of
cellulose in tobacco leaves (Wang et al. 2012). Li et al. (2020b) isolated a strain
(Luteibacter sp.L43) from tobacco straw with high cellulase production ability. The
enzyme activity was 16.9 U/mL and 39.62 U/mL for filter paper activity and exoglucanase
activity, respectively. Cellulase activity produced by Bacillus pumilus isolated from
tobacco reached 9.91 U/mL (Liu et al. 2015b). In addition, other researchers also found
that Bacillus subtilis has the ability to produce cellulase (Liang et al. 2019; Li et al. 2019a;
Wang et al. 2019). Crude enzyme from Trichoderma viride was used to treat tobacco leaves
by Chen et al. (2015). It was shown that with the increase of crude enzyme solution
concentration, the degradation rate of cellulose in tobacco leaves increased, and the total
sugar content was increased accordingly, which was brought about by the degradation of
cellulose (Chen et al. 2015). Bacillus cereus fermented with cigar leaves showed that the
contents of hemicellulose and cellulose were decreased by 6.63% and 8.19% respectively.
The contents of phyllol alcohol, n-hexacosane, and other substances increased significantly
(Li et al. 2022). But up until now, the application of cellulase production strain in quality
improvement of cigar leaves has not been reported.

In this study, a strain with high cellulase production ability was isolated and
screened from the surface of cigar wrapper leaves. Then, it was added to the fermentation
process to explore the effect of the strain on the cellulose content and aroma components
after fermentation. The fermentation process of tobacco leaves was optimized to provide a
theoretical basis for industrial production to improve the quality of cigar wrapper leaves.
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EXPERIMENTAL

Materials

The cigar leaves were CX-014 after drying in Enshi Prefecture, Hubei Province,
China. All the chemical reagents used in the study were purchased from Sinopharm group
(Shanghai, China).

Culture medium

Bacterial isolation medium: beef extract 5.0 g, peptone 10.0 g, NaCl 5.0 g, agar 20
g, pH 7.0 to 7.2, deionized water 1000 mL, ampicil 1%o, and sterilized at 121 °C for 20
min.

Cellulase production screening medium: CMC-Na 10.0 g, peptone 5.0 g, yeast
powder 5.0 g, KH2PO41.0g, NaCl 10 g, agar 20.0 g, deionized water 1000 mL, pH 7.0 to
7.2,121 °C, and sterilized at 121 °C for 20 min.

LB medium: 10 g tryptone, 10 g NaCl, 5 g yeast powder, 1000 mL deionized water,
pH value 7.0 to 7.2, and sterilization at 121 °C for 20 min.

Cellulase producing medium: 10 g protein, 10 g yeast powder, 10 g CMC-Na, 5 ¢
NaCl, 1g KH2PO4, 1000 mL deionized water, pH value 5.8 to 6.0, and sterilization at 121
°C for 20 min.

Methods
Isolation of strains

First, 10 g cigar wrapper leaves were cut into pieces and mixed with 90 mL sterile
0.85% (w/v) NaCl solution containing glass beads under sterile conditions. Then the
mixture was shaken at 30 °C at 200 r/min for 1 h to obtain microbial extract. Next, 1 mL
of supernatant was taken out and diluted with sterile 0.85% (w/v) NaCl solution to a
concentration of 10 to 107. Then, 100 pL of each concentration was spread on the
bacterial isolation medium and incubated at 37 °C for 24 h. Individual colonies with
obvious morphological differences were selected and cultured individually. The purified
strains were stored in the refrigerator at 4 °C.

Screening of cellulase producing strains

The above preserved strains were spot-plated on the cellulase production screening
medium. After being cultured at 37 °C for 24 h, they were flooded with 1 mg/mL Congo
red solution for 30 min, then rinsed with saline 3 to 5 times. Strains with the presence of
halo zones around bacterial colonies were selected. The D/d value was calculated based on
the diameter of halo zones (d) and colony diameter (D).

Cellulase activity determination

The determination of cellulase activity refers to the work of Dong (2011). At 50 °C,
1 unit of cellulase activity was defined as the amount of enzyme required to release 1 pg
glucose per min.

Protease activity was determined according to SB/T 10317-1999. At 40 °C, 1 unit
of protease activity was defined as the amount of enzyme required to release 1 pg tyrosine
per min from casein.

The a-amylase activity was measured with reference to the work of Xiao et al.
(2006). At 50 °C and pH 7, 1 unit of amylase activity was defined as the amount of enzyme
required to make the disappearance of 1 ug starch per min, which was bound with iodine.
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Identification of strains

The DNA was extracted with the DNA extraction kit (Tiangen dp302, Tiangen,
Beijing, China), which was used as the template. Additionally, 27F (5 '- gagttgatcctgctcag-
3", 1527r (5 '- agaaggaggtgatccagcc-3') was used as primer for polymerase chain reaction
(PCR) amplification of 16SrDNA gene sequence (Dai 2012). The amplification procedure
was: pre-denaturation at 94 °C for 10 min, denaturation at 94 °C for 30 s, renaturation at
60 °C for 1 min, extension at 72 °C for 1 min, 30 cycles, and extension at 72 °C for 10 min.
The amplification product was detected by agarose gel electrophoresis. The sequencing
results were compared on NCBI (Bethesda, MD, USA). The strain phylogenetic tree was
constructed by Mega X64 software (Mega Software, Paris, France).

Table 1. PCR Amplification System

Reagent ML
Premix Tag polymerase 25
Upstream primer 1
Downstream primer 1
Template DNA 1
Sterile water 22
Total 50

Fermentation method

First, the cigar leaves were rewetted to the moisture content of 30% +0.07%. The
bacteria cultured to the late logarithmic growth stage were mixed with a certain
concentration of glucose and glutamate (added based on the weight of cigar wrapper leaves)
to obtain the inoculum (Qin et al. 2020). The inoculum was evenly sprayed on the cigar
wrapper leaves. After balancing the moisture for 2 h, cigar leaves were put into a constant
temperature and humidity incubator for fermentation. After fermentation, cigar leaves were
dried at 40 °C. All the experiments were done in triplicate, the standard deviation is shown
in all figures.

Optimization of fermentation conditions by central composite design

Based on the preliminary results, fermentation temperature, inoculation
concentration, and carbon and nitrogen source addition concentration were optimized by
central composite design (CCD). The statistical analysis software “Statistica 10” (Statistica,
Tulsa, OK, USA) and ‘‘SPSS 26” (SPSS, Chicago, IL, USA) were used for the
experimental design and data analysis (p-value analysis), respectively.

Determination of chemical components and cellulose content of cigar leaves
(1) Cigar leaves were prepared according to YC/T 31-1996 (1996).
(2) Water-soluble total sugar and reducing sugar were determined according to
YC/T 159-2002 (2002).
(3) Total alkaloids were determined according to YC/T 160-2002 (2002).
(4) Total nitrogen was determined according to YC/T 161-2002 (2002).
(5) Cellulose content was determined by cellulose (CLL) content detection kit
(Solarbio bc4285 100t96s, Solarbio, Beijing, China).

Simultaneous distillation extraction (SDE) - GC/MS determination of aroma components
After removing the main vein, the cigar wrapper leaves were dried at 75 °C for 3 h,

Yao et al. (2022). “Cellulase-producing bacteria,” BioResources 17(1), 1566-1590. 1569



PEER-REVIEWED ARTICLE b | oresources.com

then Wiley-milled (screen size < 2 mm was used). Accurate 10 g tobacco samples were
weighed and put into a 1000 mL round bottom flask. Then, 200 mL saturated NaCl and 60
mL dichloromethane were each added into a 100 mL round bottom flask, which were
connected to each side of the SDE device respectively. The organic phase
(dichloromethane) was heated with a 55 °C water bath, and the aqueous phase was heated
with a 160 °C oil bath. The reaction continued for 5 h after liquid-liquid stratification. The
extract were collected and concentrated to 2 mL with a rotary evaporator. Lastly, 50 uL
1.2028 mg/mL phenylethyl acetate was added as internal standard.

GC/MS determination

Gas chromatography mass spectrometry (Agilent Technologies 5975¢, Agilent
Company, Santa Clara, CA, USA) was used to detect volatile flavor components.
Chromatography included HP-5MS capillary column (30 m x 0.25 mm % 0.25 um). Helium
was used as a carrier gas (flow rate: 1.0 mL/min). The initial temperature was 40 °C, which
was maintained for 2 min. A 2 °C/min rate was then used to reach 200 °C maintained for
5 min, and then a 10 °C/min rate to reach 280 °C. Mass spectrometry involved a
transmission line temperature of 250 °C, an ion source temperature of 230 °C, the El
ionization mode, and electron energy of 70 eV.

Statistical analysis

The statistical analysis software “Statistica 10.0” (Statistica, Tulsa, OK, USA) and
SPSS 26.0 software (SPSS, Chicago, IL, USA) were used for the experimental design and
data analysis (p-value analysis).

RESULTS AND DISCUSSION

Isolation and Screening of Cellulase Producing Strain

A total of 30 strains of bacteria were screened from cigar wrapper leaves. After
being incubated in cellulase production screening medium and stained with Congo red
solution, halo zones around bacterial colonies could be observed from 6 strains, named Y1,
Y2, Y3, Y4, C1, and C2 respectively. The results are shown in Table 2, including the
diameter of halo zones (D), diameter of colonies (d), and D/d values of each strain. The
D/d value can indirectly reflect the ability of the strain to produce cellulase. It can be found
in Table 2 that the maximum D/d value was 3.4 from strain C1. The values D/d of other
strains were less than 2. Therefore, strain C1 was selected for subsequent experiments of
cellulase production and fermentation application of cigar wrapper leaves.

Table 2. Halo Zones Diameter (D, cm), Colony Diameter (d, cm), and D/d Value

Strain D d D/d
Y1 1.3 0.8 1.6
Y2 1.7 1.1 1.5
Y3 1.4 0.8 1.8
Y4 1.1 0.9 1.2
C1 2.4 0.7 3.4
C2 1.4 0.9 1.6

Cellulase production and determination from C1
Strain C1 was inoculated into LB seed medium. After growing to stable period, it
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was inoculated into cellulase-producing fermentation medium with initial optical density
(OD) 0.1, at 37 °C, and 200 r/ min. The carboxymethyl cellulase activity was determined
every 12 h. The results are shown in Fig. 1. As shown in the figure, carboxymethyl cellulase
activity began to be produced at the 12" h after inoculation of strain C1. It increased rapidly
at 12 to 24 h and reached the maximum value of 44.3 U/mL at 24 h, and then decreased
and stabilized with the increase of time.

In recent years, cellulase-producing strains have been reported by many other
scholars. Sinorhizobium meliloti 224 was cultured with tobacco waste as substrate by
Bunti¢ et al. (2019). It was found that carboxymethyl cellulase activity reached 1.62 U/g
after 2 days. A high-yield cellulase fungus from the soil of Shennongjia, Hubei Province,
China was screened by Lu et al. (2012). After optimization of enzyme production
conditions, the maximum carboxymethyl cellulase activity reached 5.17 IU/mL. It was
indicated that the cellulase production ability of C1 was higher than most reported bacteria
and could be applied in cigar wrapper fermentation.
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Fig. 1. Changes of carboxymethyl cellulase activity secreted by C1 with time

Molecular identification of C1

The genomic DNA of strain C1 was extracted and amplified by 16SrDNA. After
electrophoretic detection, obvious bands could be observed near 1400bp (Fig. 2). Blast
analysis of the sequencing results with known bacteria on NCBI showed that the strain had
99% homology with Bacillus. Phylogenetic analysis (Fig. 3) showed that strain C1 was
clustered with Bacillus velezensis in the genus Bacillus, and the strain was identified as
Bacillus velezensis.
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Fig. 2. Electrophoretic spectra of strain C1

e[ CI
100 L Bacillus velezensis strain R-QL-88-5 MT078629.1

99 ———— Bacillus tequilensis strain NC755 MW741512.1

H Bacillus subtilis strain soilG2B MT641205.1

Bacillus subtilis strain IAM 12118 NR 112116.2
Bacillus vallismortis strain DSM 11031 NR 024696.1
Bacillus licheniformis strain ATCC 14580 NR 074923.1
Paenibacillus favisporus strain B9-4 KT382227.1

100

100

100

59 [ Bacillus mycoides strain DSM 11821 NR 024697.1
Bacillus cereus ATCC 14579 NR 074540.1
Bacillus paranthracis strain MCCC 1A00395 NR 157728.1

Fig. 3. Phylogenetic tree of 16srDNA of strain C1

Optimization of Fermentation Conditions by Central Combination Design-
Response Surface Methodology

Taking the degradation rate of cellulose in cigar wrapper as the response value,
three factor and three-level experiments were designed based on the results of single factor
experiment results (data not shown). The levels of variables are shown in Table 3. The
experimental design and results are shown in Table 4. The results indicated that trial 15
had the highest cellulose degradation rate among all trials. The percent of cellulose
degradation reached 31.7%, which was significantly higher than other trials. Figure 4
showed the response surface curves based on the results of Table 3.

From analysis results, shown in Table 4, it was found that apart from fermentation
temperature, the other conditions were the same for the 13", 14" and 15" trials. It was
suggested that with the increase of fermentation temperature, the cellulose degradation of
cigar wrapper leaves increased first and then decreased. The cellulose degradation of cigar
wrapper leaves reached the highest at 37 °C, which was 31.7%. It was shown that 37 °C
was the optimum temperature of Bacillus velezensis to secret cellulase.

The fermentation conditions of the 9", 10", and 15™ trials were the same except for
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inoculation concentration. The analysis results of the three trials showed that the
degradation of cellulose increased first and then decreased with the increase of the
inoculation concentration. When the inoculation concentration was 20%, the degradation
rate was increased by 57.7% (compared with 10%) and 25.6% (compared with 30%),
respectively. It was indicated that the degradation rate of cellulose would not increase with
the increase of the inoculation concentration. High inoculation concentration would result
in fierce competition among strains, which is not beneficial to the consumption of cellulose
in cigar wrapper leaves.

According to the analysis results of the 11™, 12" and 15" trials, the degradation
rate of cellulose was the highest with a glucose dose of 4.5%.. Compared with the glucose
dose of 1.5 %o and 7.5 %o, the degradation rate of cellulose was increased by 29.4% and
60.5% respectively. The results suggested that the degradation rate of cigar wrapper leaves
cellulose was positively correlated with the addition amount of carbon source within a
certain range. With the continuous increase of the addition amount of carbon source, the
degradation rate of cellulose began to decline. Because when carbon source content is
enough to meet the growth of the strain, there is no need for strains to secret cellulase to
degrade cellulose.

The results showed that concentration of inoculation, fermentation temperature,
and the addition of carbon and nitrogen sources could affect the growth of Bacillus
velezensis C1, thus affecting the degradation of cellulose in cigar wrapper leaves. Cellulose
has a great impact on the quality of cigar leaves. Research studies have shown that with
the increase of cellulose content, the aroma quality and aftertaste of tobacco leaves become
worse. Furthermore, the increased content of cellulose could result in decreased aroma
amount, increased miscellaneous gas, increased irritation, and decreased overall sensory
quality of tobacco leaves (Liu et al. 2015a). Cellulose in tobacco leaves is degraded into
glucose by cellulase, and then glucose is transformed into aroma substances through
different metabolic pathways by microorganisms. At present, some scholars have found
that adding specific microorganisms in the process of tobacco fermentation can improve
the quality of tobacco leaves. A strain of Bacillus pumilus producing cellulase was isolated
from the surface of flue-cured tobacco and applied to increase the quality of tobacco leaves
by Ni et al. (2012). It was found that the total sugar content in tobacco leaves was increased
by 13.9% and that of reducing sugar was increased by 18.1%. Bacillus subtilis was sprayed
on tobacco leaves for fermentation by Wang et al. (2012). Results showed that the cellulose
degradation rate of tobacco leaves reached 8.94% at the 168" h, and the total soluble sugar
content of fermented tobacco leaves increased by 7.66%. A strain (Pseudomonas) that can
degrade starch, cellulose, lignin, protein, and pectin at the same time was screened from
tobacco leaves (Yu et al. 2021). After being applied in the fermentation of tobacco leaves,
the pectin degradation was the most significant, more than 30%, followed by cellulose
(20%). The degradation efficiency of starch and lignin was slightly weak, about 10%. The
content of total sugar in fermented tobacco leaves increased significantly. The analysis of
the quality of fermented tobacco leaves showed that ketones, esters, and alcohols in tobacco
leaves increased in various degrees. A strain of Bacillus subtilis producing cellulase was
isolated from the surface of tobacco (YYang et al. 2018b), and the cellulase activity reached
up to 6.6 U/mL. When applied to the surface of tobacco leaves, the cellulose degradation
rate was 30.6%, which was similar to the current study. In this study, the highest
degradation rate of tobacco cellulose reached 31.7%, indicating that the degradation of
tobacco cellulose by Bacillus velezensis C1 reached a medium and upper level in the
current study.
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Table 3. Variables and Levels in the Central Composite Design

. . Coded Level
Variable Unit X] 0 )
A Temperature °C 30 37 44
B Inoculation volume % 10 20 30
C Glucose addition amount %o 1.5 4.5 7.5
Table 4. Central Composite Design and Results
Temperature Inoculation Glucose GIu_tarznc CeIIu!ose
°C) Volume (%) | Content (%e) | “id (k) Degradg}(‘);’” Rate
1 30 10 1.5 0.75 4.67
2 30 30 1.5 0.75 14.74
3 30 10 7.5 3.75 14.24
4 30 30 7.5 3.75 2.86
5 44 10 1.5 0.75 4.01
6 44 30 1.5 0.75 20.96
7 44 10 7.5 3.75 3.72
8 44 30 7.5 3.75 21.42
9 37 10 4.5 2.25 20.09
10 37 30 4.5 2.25 25.23
11 37 20 1.5 0.75 24.48
12 37 20 7.5 3.75 19.74
13 30 20 4.5 2.25 25.20
14 44 20 4.5 2.25 20.96
15 37 20 4.5 2.25 31.69
Table 5. Variance Analysis
df Mean square F P
Model 14 252.804 23.745 0.0001
B 1 10386.820 975.609 0.0001
C 2 273.989 25.735 0.0006
A 2 102.590 9.636 0.0024
B*C 2 79.029 7.423 0.0005
A *B 1 162.417 15.255 0.0001
A*C 1 481.005 45,180 0.6245
A*B*C 1 2.605 0.245 0.0003
Error 30 10.646 - -
Total 45 - - -

The variance analysis of three factors on the degradation rate of cellulose is shown
in Table 5. According to the analysis results, the regression of the model was very
significant (P <0.01, R2 =0.917), indicating that the linear relationship between dependent
variable and independent variable was significant. Comparing the F-value of each factor,
the order of factors affecting the degradation rate of cellulose was: inoculation
concentration > carbon and nitrogen source addition amount > fermentation temperature.
According to the results, the three single factors and the interaction of the three factors
showed a significant effect on the cellulose degradation rate of cellulose (P < 0.01). It was
suggested that the interaction between inoculation concentration and fermentation
temperature had very a significant effect on the degradation rate of cellulose (P < 0.01).
The interaction between carbon and nitrogen source addition and inoculation concentration

Yao et al. (2022). “Cellulase-producing bacteria,” BioResources 17(1), 1566-1590. 1574



PEER-REVIEWED ARTICLE

bioresources.com

had a very significant effect on the degradation rate of cellulose (P < 0.01). The interaction
between carbon and nitrogen source addition and fermentation temperature had no
significant effect on the degradation rate of cellulose in cigar wrapper leaves (P > 0.05).
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Fig. 4. Response surface curve representing the interactive effect of inoculation concentration,
temperature and carbon source addition on cellulose degradation rate of cellulose: (A) inoculation

concentration and temperature; (B) effect of nutrient addition and inoculation concentration; and
(C) effect of nutrient addition and temperature
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Effect of Bacillus velezensis C1 on Properties of Cigar Wrapper Leaves
Chemical composition

In order to study the effect of Bacillus velezensis C1 on the chemical composition
of cigar wrapper leaves during the fermentation process, the changes of chemical
composition of cigar wrapper leaves under the optimal fermentation conditions were
compared with the controls. The results are shown in Fig. 5. The changes of reducing sugar
are shown in Fig. 5A. It was found that the content of reducing sugar in control 1 and 3
was low before fermentation. With the progress of fermentation, the content of reducing
sugar first increased, reached the maximum value of 0.13% and 0.14% respectively on the
2" day, and then started to decrease to 0.09% on the 6" day. This may have been caused
by the microbial degradation of starch, cellulose, and other substances in cigar wrapper
leaves, producing reducing sugar in the early stage of fermentation. In the later stage of
fermentation, the reducing sugar content of cigar wrapper leaves begins to decrease due to
the needs of large numbers of microorganisms (YYao 2017). The content of reducing sugar
in control 2 and treatment 4 was higher before fermentation, mainly due to the added
glucose. With the progress of fermentation, the content of reducing sugar in control 2
decreased and tended to be stable after 4 days of fermentation. The content of reducing
sugar at the end of fermentation was 0.26%, while the content of reducing sugar in
treatment 4 showed a downward trend in the whole fermentation process, which was 0.11%
on the 6" day.

The growth of primary microorganisms on the surface of cigar wrapper leaves
consumed a lot of reducing sugar, which greatly reduced the content of reducing sugar in
control 2. After 4 days, the primary microorganisms of tobacco leaves entered a stable
period, so the content of reducing sugar in tobacco leaves decreased less slowly than
before. In addition to glucose and glutamate, cellulose degrading strain C1 was added in
treatment 4, so its sugar consumption rate was higher than that in treatment 2, resulting in
a continuous decrease of reducing sugar content. In the process of cigar wrapper leaves
fermentation, part of soluble sugar is used as a carbon source for growth and development
by microorganisms, and the other part reacts with alcohols and polyphenols to produce
glycosides, which release aroma substances through pyrolysis (Mo 2017; Niu et al. 2020).
In the process of cigar wrapper leaves fermentation, the change of total sugar content of
tobacco leaf was basically consistent with that of reducing sugar (Fig. 5b). The research
shows that the reduction of total sugar in the process of cigar wrapper leaves fermentation
is conducive to improving the aroma of tobacco, and the smoking quality has a strong
correlation with the content of total sugar and reducing sugar of tobacco (Liu et al. 2016;
Xu 2016).

It can be seen from Fig. 5C that the total nitrogen content of cigar wrapper leaves
did not change significantly during the fermentation process. A small amount of nitrogen
source was added to the cigar wrapper leaves in control 2 and treatment 4 during the
fermentation, but there was no significant difference in the total nitrogen content of the
four treatments at the end of the fermentation, which was about 3.06%. According to the
analysis of Fig. 5D, nicotine fluctuated during the fermentation process, but the change
was not obvious before and after fermentation, and the content was about 0.90%, which
was consistent with the research results before by Xu (2016). It was shown that the contents
of total sugar, reducing sugar, nicotine, and total nitrogen after cigar fermentation were
0.41%, 0.04%, 1.41%, and 3.91% respectively (Guo et al. 2021), which was similar to the
present study.
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Fig. 5. Changes of chemical composition in cigar wrapper leaves during fermentation

Volatile aroma compounds

Aroma is one of the criteria to evaluate the quality of tobacco leaves. According to
different extraction methods, aroma substances can be divided into acidic aroma
substances, neutral aroma substances, and alkaline aroma substances (Chen et al. 2011).
Acidic aroma substances include volatile acidic aroma substances and non-volatile acidic
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aroma substances. Most of the alkaline aroma components are nitrogen heterocyclic
compounds. The main neutral aroma components include five categories: carotenoid
degradation products, Siberian degradation products, aromatic amino acid metabolites,
Maillard products, and neophytodienes. They are the most important aroma components in
tobacco and have an important impact on cigarette quality and flavor style (Lu et al. 2012).
Each of the neutral aroma components has different aroma characteristics, which has the
greatest impact on the aroma quality, quantity and aroma type of tobacco leaves. On the
other hand, acidic aroma components and alkaline aroma components have no obvious
direct effect on the aroma of tobacco (Pan 2016). In recent years, studies in China and
abroad have shown that substance with fragrance characteristics from tobacco leaves or
smoke is mainly neutral aroma components (Yang et al. 2020), which is the focus of most
related studies (Lu et al. 2012; Shi et al. 2013; Mo et al. 2017; Guo et al. 2021; Li et al.
2022). The aroma quantity and quality of tobacco leaves are determined by the composition
and content of aroma components. Previous results showed that the increase of aroma
substances in tobacco leaves can make the aroma softer, the smoke more delicate, and the
taste more coordinated (Shi et al. 2013; Xun et al. 2019).

The analysis results of simultaneous distillation extraction and GC-MS are shown
in Table 6. A total of 22 neutral aroma substances were detected, including 2 Maillard
reaction products, 3 phenylalanine conversion products, 6 carotenoid conversion products,
1 cembranes conversion product, and 10 other types of aroma substances. In cigar wrapper
leaves, the highest content of aroma substances was neophytodiene, followed by
phytoalcohol, solanone, and phytoketone. These components play vital roles in producing
fragrances and increasing the concentration of tobacco smoke (Li et al. 2020a).
Neophytodiene is considered as one of the key ingredients that contributed the most to the
aroma of tobacco. It not only can effectively reduce irritants and soften the smoke, but also
enhance aroma (Li et al. 2020a; Qin et al. 2020). Fitone, solanone, and phytol have floral,
sweet, and jasmine aroma respectively, which can improve the aroma quality of cigar
wrapper leaves.

In order to determine the effect of Bacillus velezensis C1 on the formation of aroma
substances in cigar wrapper leaves, three groups of control experiments were carried out,
I.e., sterile water treatment, 4.5 %o glucose and 2.25 %o glutamate treatment, treatment of
mixed sterile water, and Bacillus velezensis C1. As shown in Fig. 5, compared with cigar
wrapper leaves before fermentation, the total content of aroma substances after
fermentation in the other four treatments increased significantly, and the total amount of
aroma substances under the optimal fermentation process (No. 5) increased by 26.1%
compared with that before fermentation. After fermentation, the content of carotenoid
conversion products was higher than others (32 to 63 ug/g), followed by cembranes
conversion products (20 to 30 pg/g) and phenylalanine conversion products (7.5 to 14
ug/g), and the content of Maillard reaction products was the lowest (3.4 to 6.3 ug/g) (Fig.
6). During the fermentation process, a series of biochemical reactions happen in tobacco
leaves (Zhang et al. 2021). The diversity and abundance of microbial community change
dynamically, which produces a variety of hydrolases, including protease, pectinase,
amylase, etc. Microorganisms cooperate with enzymes to transform polymers
(carbohydrate and protein) in tobacco leaves into a series of small molecular aroma
compounds (Li et al. 2019b; Du et al. 2016; Kou et al. 2011), which results increase of the
volatile neutral aroma substances.

Maillard reactions are a non-enzymatic reaction between amino groups on protein,
peptides, and amino acids with carbonyl groups of carbohydrates (Fu et al. 2019). Maillard
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reactions contribute to flavor, color, aroma, and taste, in addition to the bioactive properties
of foods (Lund and Ray 2017). Maillard reaction is a source of beneficial flavours for
cooked dairy products (Newton et al. 2012). Bitter taste of protein hydrolysates could be
reduced by Maillard reaction (Abdelhedi et al. 2017). In addition, sweet, cocoa-like and
milk powder-like aroma was intensified by Maillard reaction (Arsa and Theerakulkait
2015). It could also enhance the biological characteristics and antioxidant activity of milk
proteins (Oh et al. 2013). Based on the principle of Maillard reaction, the extraction of
tobacco powder was analyzed. It was found that Maillard reaction could effectively reduce
the adverse components in the extraction and increase the flavor aroma components, such
as furfural, megastigmatrienone, other aldehydes and ketones (Zhang et al. 2016). The
Maillard reactions product contains many pleasant aromas, which has a significant impact
on the taste when smoking and is beneficial to the formation of cocoa aroma (Zhang et al.
2020). The aroma substances produced by Maillard reaction included acids and carbonyl
compounds, pyrrole, pyrazine derivatives, and pyridine. It can be seen from the results in
Table 6 that the total amount of such substances before fermentation was only 1.33 pg/g,
and it was increased by various extents after fermentation. The content of Maillard reaction
products in treatments 3 and 5 was higher than the others, with a total amount of 6.32 pg/g
and 6.10 pg/g, respectively. The content of furfuryl alcohol in treatment 5 was 4.5 times
higher than that before fermentation (Fig. 7), which may be because the Maillard reaction
was a polymerization reaction between amino compounds and reducing sugars, and the
glucose and glutamate sources added in treatments 3 and 5 just met the needs.
Phenylalanine degradation products include benzyl alcohol, phenethyl alcohol,
benzaldehyde, phenylacetaldehyde, and other components, which have a good impact on
the aroma of tobacco. Phenylalanine conversion products can make the fragrance of
flowers and fruits more prominent in fume. Before fermentation, the phenylalanine
conversion product in cigar wrapper leaves was 4.06 ug/g. After fermentation, it was
increased to 13.7 ug/g and 11.4 ug/g in treatments 4 and 5, respectively. It was about two
times higher than that of cigar wrapper leaves before fermentation, in which the contents
of benzyl alcohol and phenylalcohol increased significantly (Fig. 7). Benzyl alcohol has a
weak flower fragrance, while phenylethanol has a sweet and nutty fragrance. Benzyl
alcohol and phenylethanol are important aroma components in tobacco leaves, which can
enrich the aroma of tobacco leaves and improve the smoking quality of tobacco leaves.
Carotenoids are important aroma precursors in tobacco leaves, and their
degradation products affect the aroma quality of tobacco leaves to a great extent. B-
damascenone has the characteristic aroma of rose. Geranylacetone has a green flavor,
which can increase the concentration of flue gas. Megastigmatrienone can increase the
floral and woody aroma in tobacco leaves, and farnesylacetone has a sweet flavor and a
green flue-cured tobacco flavor. The threshold of these aroma components is relatively
low, and the contribution of them to flue gas aroma is huge. After fermentation by Bacillus
velezensis C1, the content of carotenoid transformation products in cigar wrapper leaves
was about twice as high than that of control 1, 2, and 3 (Fig. 7). Among them, the contents
of B-damascenone, megastigmatrienone, and farnesyl acetone were significantly increased.
These substances have a unique flower fragrance, which can not only greatly improve the
aroma quality and aroma concentration of tobacco leaves, but also remove the impurities
of tobacco leaves and make the aroma of tobacco leaves more coordinated (Li et al. 2008).
Carotenoid transformation products were mainly ketones. The increase of ketones may be
due to the conversion of some alcohols into ketones by Bacillus, or the enzyme secreted by
Bacillus promotes the degradation of carotenoids in tobacco leaves to beta-damascenone
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and megastigmatrienone (Shuai et al. 2020; Xu et al. 2012).

A variety of aroma substances are produced during the degradation of cembranes
substances, among which solanone has an important impact on the smoking quality of
tobacco leaves. The main cembrane-like compound in tobacco is 2,6,11-cembratriene-4,8-
diol. Its degradation product, solanone, is one of the important aroma substances in
tobacco. Solanone itself has good fragrance and can be used as an important monomer
fragrance. It can be seen in Table 6 that the content of solanone increased significantly
from 21.6 to 36.1 pg/g after fermentation of cigar wrapper leaves with Bacillus velezensis
C1 (Fig. 7), indicating that Bacillus velezensis C1 has a great contribution to the
transformation of cembranes substances. Neophydiene was the highest content of neutral
aroma substances in cigar wrapper leaves. It has no obvious aroma, but as a precursor it
can be further transformed into other aroma substances to make the aroma of tobacco leaves
more coordinated. Table 6 shows that the content of neophydiene in treatment 5 was 249
ug/g after fermentation, the highest among all the treatments.

Table 6. Changes of Volatile Neutral Aroma Components in Cigar Wrapper

Leaves After Fermentation

Treat ¢ 1 2 3 4 5
reatmen (ugl/g) (ugl/g) (ugl/g) (ugl/g) (ugl/g)
Furfural 0.17 - 0.84 - -
Furfuryl alcohol 1.16 3.44 5.48 5.79 6.10
Browning reaction product 1.33 3.44 6.32 5.79 6.10
Benzaldehyde 0.55 0.47 0.42 0.54 0.65
Benzyl alcohol 1.59 4.08 4.39 7.03 6.21
Phenethyl alcohol 1.92 3.01 5.00 6.15 4.50
Phenylalanine conversion 4.06 7.56 9.81 13.72 11.36
products
2,6,6-Trimethyl-2- 0.82 0.70 0.81 1.20 1.28
cyclohexene-1,4-dione
beta-Damascenone 5.88 5.97 6.78 12.46 10.20
Geranylacetone 3.17 1.80 2.28 3.62 3.58
Megastigmatrienone A 4.78 7.56 7.78 13.75 14.97
Megastigmatrienone B 5.63 8.22 9.61 15.24 14.92
Farnesyl acetone 7.77 8.62 12.47 16.12 18.15
Carotenoid products 28.05 32.87 39.73 62.39 63.10
Solanone 21.65 19.85 26.51 36.09 30.15
Cembranes conversion 21.65 19.85 26.51 36.09 30.15
products
Trans-2-Hexenal 0.37 - 0.55 0.49 0.82
6-Methyl-5-hepten-2-one 0.43 1.23 1.06 1.35 1.42
Trans,trans-2,4-Nonadienal 0.61 - 0.40 0.47 0.52
3-Acetylpyridine 4.63 - 4.83 2.38 8.03
Beta-cyclocitral - 0.16 0.17 0.36 0.40
4-Hydroxy-3-methoxystyrene - - 2.16 2.86 5.32
Boronal 3.40 1.83 3.02 3.50 6.16
Fitone 15.75 13.98 17.52 22.86 19.28
Phytol 123.68 59.68 115.65 84.25 131.54
Neophytadiene 219.19 160.84 202.45 231.358 249.26
Total aroma (except
Neophytadiene, Phytol) 80.28 80.92 112.08 152.26 152.66
Total 423.15 301.44 430.18 467.87 533.46
“-” means not detected.
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Figure 8 is the heat map made of main aroma substances in cigar wrapper leaves.
It can be clearly seen from Fig. 8 that the contents of furfuryl alcohol, megastigmatrienone,
farnesyl acetone, and 3-acetylpyridine in treatment 5 were significantly higher than those
in other treatments, while the contents of benzyl alcohol, f-damascenone, and phytol in
treatment 4 were higher than those in other treatments. After the fermentation of cigar
wrapper leaves by Bacillus velezensis C1, the content of aroma substances in cigar wrapper
leaves increased significantly, indicating that the fermentation by strain C1 plays an
important role in improving the quality of cigar wrapper leaves.

The type and content of aroma substances in cigar wrapper leaves have a great
impact on smoking quality, and the content of aroma substances in tobacco leaves has a
significant positive correlation with sensory quality (Guo et al. 2019). After treating
tobacco leaves with cellulase, it was found that the total amount of neutral aroma
substances in tobacco leaves increased by 25.5% (L.i et al. 2008). The total content of aroma
components in the treated tobacco leaves by Bacillus, increased by 33.2% compared with
the control (Xue et al. 2019). It was also found that adding Aroma Producing Strains during
tobacco fermentation can significantly improve the content of aroma substances in tobacco
leaves and improve the smoking quality of tobacco leaves, which is basically consistent
with the results of the current study (Hu et al. 2020).
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Fig. 6. The effect of different fermentation process on the amount of volatile neutral aroma
components in cigar wrapper leaves
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Changes of enzyme activity during cigar wrapper fermentation

In order to elucidate the mechanism of Bacillus velezensis C1 on aroma substances
production, the changes of protease, amylase, and cellulase activities during fermentation
under the optimal process conditions were studied. The results are shown in Fig. 9. As can
be seen from Fig. 9a, the protease activities of treatments 1, 3, and 4 generally showed a
downward trend during the fermentation process, while treatment 2 basically was stable
after 2 days of fermentation. The highest protease activity of 16.6 U/g was found at the
beginning of fermentation. On the 6" day, the protease activity was not significantly
different among various treatments, which was between 10 to 14 U/g.

Figure 9B shows that during the fermentation process, the amylase activity
generally increased first and then decreased, in which the amylase activity of treatments 2
and 3 reached the maximum on the 2" day of fermentation. Treatment 4 reached the highest
enzyme activity of 144.9 U/g on the 4" day, and the activity decreased to 81.9 U/g on the
6" day. The results indicated that amylase secreted by Bacillus velezensis C1 was not the
main contribution to the quality improvement of cigar wrapper leaves.

It was suggested from Fig. 9C that the cellulase activity of treatment 1 basically
remained unchanged during the whole fermentation process, while the cellulase activity of
treatments 2 and 3 slightly increased and then decreased during the fermentation process.
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In treatment 4, the cellulase activity increased rapidly and reached the maximum value of
289 U/g on the 6™ day. This may be because in the early stage of fermentation, Bacillus
velezensis C1 grew well with the exogenous added nutrients. With the process of
fermentation, when the nutrients were insufficient, Bacillus velezensis C1 began to secrete
cellulase, and cellulose was used as the carbon source. Therefore, it can be preliminarily
concluded that the improvement of cigar wrapper leaves quality by Bacillus velezensis C1
was mainly achieved by cellulase production.
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Fig. 9. Changes of enzyme activity in cigar wrapper leaves during fermentation
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CONCLUSIONS

1. In this study, a strain called C1 with high cellulase production ability was screened
from cigar wrapper leaves in Enshi, Hubei Province, China.

2. After being cultured in enzyme producing medium, it was found that the highest CMC
enzyme activity was at 44.3 U/mL in 24 h. It was identified as Bacillus velezensis by
molecular biology.

3. When the strain was mixed with a certain concentration of glucose and glutamate, it
was sprayed on cigar wrapper leaves for fermentation. It was found that the cellulose
content of tobacco leaves decreased significantly. At the optimum condition
(inoculation concentration of 20%, fermentation temperature of 37 °C, addition of 4.5 %o
glucose and 2.25 %o glutamate), 31.7% of cellulose in tobacco leaves was degraded.

4. The total amount of aroma substances were increased by 26.1% compared with that
before fermentation, in which -damascenone, megastigmatrienone, farnesyl acetone,
and solanone were significantly improved. It was indicated that fermentation of cigar
wrapper leaves can significantly improve the aroma quality and reduce the
miscellaneous gas of cigar wrapper leaves.
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