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Effect of a hemicellulase-producing strain of Actinacidiphila
bryophytorum on the quality of upper tobacco leaves

HAO Jie', GUO Chunsheng', ZHANG Bao', MA Shangyi', ZHANG Lei', HONG Jie',
WANG Shengli', DING Hai', LIU Xingming', SHEN Guoming*’, WU Yuanhua?, ZHANG Li’

1 Inner Mongolia Kunming Cigarette Limited Liability Company, Hohhot, Inner Mongolia, China

2 Tobacco Research Institute of Chinese Academy of Agricultural Sciences, Qingdao, Shandong, China

Abstract: [Objective] To improve the overall quality of upper tobacco leaves. [Methods] We
isolated a hemicellulase-producing bacterium from tobacco soil and identified it as Actinacidiphila
bryophytorum. After optimizing the culture conditions of this strain, we prepared the crude enzyme
liquid, which was sprayed on upper tobacco leaves. The physical properties and chemical
composition of the treated tobacco leaves were then evaluated. [Results] The optimal fermentation
conditions for the strain were an inoculation rate of 4%, pH 6.0, and incubation at 30 °C for 36 h.
Enzyme preparations of different concentrations (50, 100, 150, 200 and 250 U/mL) were then
sprayed on the surface of upper tobacco leaves, and the appearance quality, conventional chemical
composition, lignocellulose content, and sensory scores of the tobacco leaves were evaluated. The
results indicated that treatment of the enzyme preparation at 150 U/mL performed better than other
treatments. Compared with the control group, the 150 U/mL treatment increased the overall score
for the appearance quality (maturity, color, characteristics, and structure) of tobacco leaves by
5.15 points. Additionally, this treatment increased the total sugar content and reducing sugar
content by 29.87% and 35.77%, respectively. Meanwhile, it decreased the content of nicotine,
cellulose, hemicellulose, and lignin by 16.10%, 16.37%, 20.22%, and 17.13%, respectively.
Furthermore, the aroma characteristics were enhanced, and off-flavors were reduced. [Conclusion]
The enzyme preparation produced by the fermentation of A. bryophytorum S2 improves the
appearance quality, increases the soluble total sugar and reducing sugar content, and reduces the
lignocellulose content of tobacco leaves, thus improving the overall quality of tobacco leaves.
Keywords: tobacco leaf quality; hemicellulase; appearance quality; chemical composition; sensory
evaluation
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Table 1 Evaluation standard of appearance quality
Indicator Characteristic Score
Maturity Mellow 8-10

Ripe 7-10
Mature 4-7
Unripe 0-4
Premature 5-8
Leaf structure Open 7-10
Firm 4-7
Close 2-4
Tight 0-2
Body Medium 7-10
Less thin 4-7
Fleshy 4-7
Thin 0-4
Heavy 0-4
Color Lemon 6-9
Orange 7-10
Red 5-8
Greenish 3-8
Variegated 0-6
Oil Rich 8-10
Oily 5-8
Lessoily 3-5
Lean 0-3
Color intensity Deep 8-10
Strong 6-8
Moderate 4-6
Weak 2-4
Pale 0-2

.11 KERD S

TIBU AN o1 7 DR A 95 A Mt R
ARG RO . R . JEER . BAR . BRI L
PP, L AMERE (RERHE AT BRA w4
PWEMT . JEGEEE 10 000-3 800 cm !, JGigsr
PR 8 em™!, FHHIKECH 64 K. HEAE AL
LAMETESGEAT A K, AR5 A S
BN AT AL (PERR A JRBHEL A R A i 25 SRk 1 7
FHIEGMT -

1.12 KERALEZSEMNE
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AR R A 0 AR REBE T IS A S AL
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M E
AYESAIRTE 5 BREARE(S1-S5), HirrS2. S3 A
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x2 MERERETMEITE

Table 2  Evaluation standard of tobacco sensory quality

Indicator Characteristic Score Indicator Characteristic Score
Style typicality Typical 5 Concentration Strong 9
More typical 4 Relatively strong 7-8
Fairly typical 3 Medium 5-6
Rather weak 2 Relatively mild 3-4
Weak 1 Mild 1-2
Quality of aroma Good 9 Smoothness Gentle 9
Better 7-8 Relatively gentle 7-8
Medium 5-6 Medium 5-6
Rather poor 3-4 Relatively rough 3-4
Poor 1-2 Rough 1-2
Volume of aroma Sufficient 9 Irritability None 9
More sufficient 7-8 Slight 7-8
Fairly sufficient 5-6 Present 5-6
Present 3-4 Relatively large 3-4
Less 1-2 Large 1-2
Volatility Clear 9 Comfort level Comfortable 9
More clear 7-8 Relatively comfortable 7-8
Moderate 5-6 Fairly comfortable 5-6
Rather dull 3-4 Slightly uncomfortable 3-4
Dull 1-2 Uncomfortable 1-2
Strength Very large 9 Sweetness Strong 9
Relatively large 7-8 Relatively strong 7-8
Moderate 5-6 Medium 5-6
Relatively small 3-4 Weak 3-4
Small 1-2 None 1-2
Off-flavors None 9 Dryness Dry 9
Slightly 7-8 Relatively dry 7-8
Present 5-6 Medium 5-6
Relatively heavy 3-4 Relatively humid 3-4
Heavy 1-2 Humid 1-2
Cleanliness Clean 9 Combustibility Strong 9
Relatively clean 7-8 Relatively strong 7-8
Medium 5-6 Medium 5-6
Relatively poor 3-4 Relatively poor 3-4
Poor 1-2 Flame out 1-2
Ash color White 5
Ashy white 4
Grayish white 3
Grayish black 2
Black 1

>4 actamicro@im.ac.cn, 7 010-64807516
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Screening of strains and measurement of enzyme activity. A: Five strains (S1-S5) were isolated from

the tobacco planting soil; B: The enzyme activity assay of the five strains (S1-S5).
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A Actinacidiphila bryophytorum strain NEAU-HZ10 (NR_146707.1)
54
Streptomyces bryophytorum strain DS3 (OP295040.1)
66
Actinacidiphila yeochonensis strain NBRC 100782 (NR_112596.1)
55
— A Actinacidiphila bryophytorum strain S2 (NR_146707.1)
35
Streptomyces sp. strain MK844-mF10 (AB738076.1)

95

7 Streptomyces sp. strain FDZH12 (OK033363.1)

Streptomyces paucisporeus strain WZ092-100 (JF723499.1)

20 Streptomyces sp. strain 734H9 (KT803346.1)

Actinacidiphila paucisporea strain 1413 (NR _043247.1)

Actinacidiphila glaucinigra strain FXJ14 (NR_115197.1)

Peterkaempfera griseoplana strain NRRL-ISP5009 (NR _118417.1)
0.002

B2 FHEERS2EVFFIE. A: JET16S RNAZENFHIAYE RS2 R GEA T W (PR 0.00238 /R 7K J7 1) L4
B AR B X I DR 21 R A 2% B BB IR, 0 ST BT ORI SCE M BAR R, 5T
HH -5 R R NCBIAUE PE i sk i S P 514 5) s B TERRS2 WA 10000058 C: TAIES2 i 56400
Wi D: BRRS2MAMEET 000X W4

Figure 2  Characteristics of screened strain S2. A: Phylogenetic tree of strain S2 based on 16S rRNA gene
sequence (The scale bar “0.002” indicates that each unit length in the horizontal direction corresponds to a 2%
base substitution frequency per site in the genome. The numbers on the branch nodes represent the confidence
levels of the branching structure. The serial numbers in parentheses refer to the gene sequence accession numbers
recorded in the NCBI database); B: Strain S2 observed under a microscope at 100x magnification; C: Strain S2
observed under a microscope at 400x magnification; D: Strain S2 observed under a microscope at 1 000x

magnification.
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Figure 3  Optimization of cultivation conditions of strain S2. A: Enzyme activity of strain S2 with different

cultivation times; B: Enzyme activity of strain S2 with different pH values; C: Enzyme activity of strain S2 with

different temperatures; D: Enzyme activity of strain S2 with different inoculation volumes.
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Figure4 Different treatment groups’ total chlorophyll
content and carotenoid content. T1-T5 represent five
treatment groups using enzymatic preparations for the
treatment of upper tobacco leaves, with enzyme
concentrations of 50, 100, 150, 200 and 250 U/mL

applied in each group, respectively.
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E5 T REALIRLERERIEGRE
Figure 5
T4; F: T5.

=3 BRI RN SN R E VR G
Table 3

quality after enzyme treatment

Evaluation of tobacco leaf appearance

Group Maturity Color Body Structure Oil Color  Total
intensity score

CK 77 79 73 73 6.6 54 72.15
T1 8.0 80 78 75 6.7 5.6 74.45
T2 8.1 83 84 78 6.8 5.7 76.65
T3 8.2 83 80 &1 6.7 6.0 77.30
T4 8.1 82 80 77 6.8 5.8 76.00
T5 8.0 80 76 78 75 55 75.95
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Image collection before harvesting for different treatment groups. A: CK; B: T1; C: T2; D: T3; E:
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Figure 6 Changes in the physical properties of tobacco leaves after enzyme treatment. A: Leaf density of

tobacco in different treatment groups; B: Tensile strength of tobacco in different treatment groups; C: Flexibility
of tobacco in different treatment groups.
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Figure 7 Chemical composition of tobacco leaves after enzyme treatment. A: Comparison of total sugar and

reducing sugar among different treatment groups; B: Comparison of nicotine, total nitrogen, potassium, and
chlorin among different treatment groups.
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Figure 8 Lignocellulose content of tobacco leaves
after enzyme treatment. The contents of cellulose,

hemicellulose, and lignin were measured.
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Table 4 Sensory evaluation scores of tobacco leaves after enzyme treatment

Scoring item Group
T1 T2 T3 T4 T5 CK
Aroma characteristics
Aroma type N N N N N N
Style typicality 4.0 4.0 4.0 4.0 4.0 4.0
Quality of aroma 7.0 6.5 6.5 7.0 6.5 6.0
Volume of aroma 7.0 7.0 7.0 7.0 6.5 7.0
Volatility 6.5 6.5 6.5 6.5 6.5 6.5
Strength 6.0 6.0 6.0 6.0 6.0 6.0
Off-flavors 6.5 6.5 6.5 6.5 6.5 6.0
Smoke characteristics
Concentration 6.5 6.5 6.5 6.5 6.5 6.5
Smoothness 6.5 6.5 6.5 7.0 6.5 6.5
Irritability 7.0 6.5 6.5 6.5 6.5 6.5
Comfort level 7.0 6.5 6.5 6.5 6.0 6.5
Sweetness 7.0 6.5 6.5 6.5 6.0 6.5
Dryness 6.5 6.5 6.5 7.0 6.5 6.5
Cleanliness 6.5 6.5 6.5 6.5 6.5 6.5
Combustibility 4.0 4.0 4.0 4.0 4.0 4.0
Ash color 4.0 4.0 4.0 4.0 4.0 4.0
Total sensory evaluation score 75.5 73.5 73.5 75.0 72.0 72.5
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