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ABSTRACT

For the quality enhancement of harvested-year leaf tobacco to the quality of 2-year naturally aged
leaf tobacco, cellulose and nicotine degradative bacteria were isolated and identified. Effects of artificial
fermentation treated cellulase and nicotine degradative bacteria on the quality of leaf tobacco were investigated
from the chemical and sensory points of view.

1. Changes in chemical composition of leaf tobacco resulted from the addition of cellulase extracted from
Cellulomonas sp.[3ml(um D-glucose/ml. mil™*) of enzymes solution/ 1009 of leaf tobacco] and nicotine
degradative bacteria, Pseudomonas sp. 2ml(1X10° cells< 1009 of leaf tobacco). and subsequently fermented
at 40C, 65% R.H. for 40 days are as follows :

1) Centent of crude fiber decreased 12%

It took 9 min. 53 sec. to reach full combustion in control group but took only 7 min. 47 sec. in
the treated group, taking almost equal time to 2-year naturally aged leaf tobacco(7 min. 35sec.).

2) Light intensity of control group was 60.96% with bright lemon color but that of treated leaf tobacco
accounted for 47.69 with orange to dark brown color series, which was almost equal to the value, 45.69,
of 2-year naturally aged leaf tobacco.

3) Linoleic acid, serving mild taste among organic acids, amounted to 1.11m9/9 in control group but
increased to 1.35m9/9 in the treated leaf tobacco, identical to the content(1.35m3/9) of 2-year naturally
aged leaf tobacco.
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4) Content of solanone, one of the typical leaf tobacco flavor compounds, accounted for 2,.95% in control
group but increased to 4.87% in treated group.

5) Methyl furan, useful flavor compound in smoke composition, accounted for 17.6ug/cig. in control
group but increased to 35.9u9/cig. in treated group. However, acroleine decreased from 69.3u9/cig. in
control group to 58.6ug/cig. in treated group

2. In sonsory test, mild taste evaluation of control group scored 5.47 and treated group 7.93 which was
evaluated almost equal to the value(8.00) of 2-year naturally aged leaf tobacco. Aroma evaluation of control
group scored 5.60, treated group 8.20, and 2-year naturally aged leaf tobacco 8.33. In addition, total
harmony taste of control group showed 5.67, treated group 8.07 (p<C0.01), and 2-year naturally aged

leaf tobacco 8.00.

From these results, it can be said that quality of treated leaf tobacco is not inferior to that of 2-year

naturally aged leaf tobacco.
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2. Cellulase % U3E 2sjMztel Xzl

7}, Cellulase 3 A AT #2144
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73 350708 A A5t PY-CMCH A ¥ ] o 4] 40°C
3 7h Z el % (200rpm) T F VAT A
022 CMCase, avicelase P-glucosidase B xyla-
nase?] &4 FAEE &8l HnY BLEA]
FL 157) TFE A3 3 Table 19 e R 2.H
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Table 1. Enzyme activity of cellulolytic bacteria

G, Uz BN £34%

Al Fo] FHEH YE alkaloiddEY
UREg vAES o] &3l MgFoz RIAY
4 glthe FojA U Zg Wi A5l ¢4
UTFFE ARG Aed FFE A9YT
% J3g 27L& 2AE 23 60% ol #
Heo) T AL 11FFer 1 AREF) 848
Table 491 U}t 2% 714 A7} Qg o2
g Jzel 23 AF .24 Alcaligenes®) T-8-

& 4434l Alealigenes® uchida® ol 9
o) Y=l F#go] dvka AFE AFL2A
Zg 8o A Bokugton gl Bald Al
T T-8-6& U2g E&f o] 58 302 AAQF
ZAojt}, olg HelNEY WA EA 4L Table
5ol Velllen Uzl BHfHe] s spdn
AE8H B4 o7 Hol Pseudomonas sp. = FF
HAth

Unit © #m— Goucose,” ™, min®*

Strains Enzyme activities(Unit) Optimal

. CMCase Avicelase B— Glucosidase Xylanase temp. €
LSW— 1 4,0 24 42 9.5 37
LSW— 13 38 25 45 10.7 37
PCK— 1 4.6 20 4.8 12.0 37
LTH— 10 45 26 5.2 15.6 42
CYC— 53 4.0 20 5.0 134 42
CYC— 56 39 18 4.2 12.5 45
CYC— 78 44 19 6.2 11.8 45
CYC— 87 41 18 6.2 12.5 45
CYC—104 42 24 5.7 98 37
LBC— 3 47 22 6.0 105 37
LTH-—203 48 29 6.3 132 42
HSW— 16 39 24 6.0 130 42
HSW— 24 4.2 20 6.1 118 42
HSW— 52 4.5 25 58 92 45
HSW— 68 45 25 52 84 45

Strains were cultured at the indicated temperature for 3 days with shaking in PY—CMC medium.
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Table 2. Morphological and cultural charateristics of isolated strains

Strains

LTH—10

LTH203

Morphological characteristics
Form
Size(#m)
Motility
Spore
Gram staining

Cultural characteristics
Nutrient broth
Nutrient agar
Gelatine liquefaction
Filter paper degradation
Pepton water

Temp. for growth(C)
Range
Optimal

Optimal pH

Rod
05X1.7-23
+

+ 4+ 4+

15—54

7.0

Rod .
05X14—22
+

4+ ++

15—55

6.8

Identified to be Cellulomonas sp.

ble 3. Biochemical characteristics and carbohydrate

assimilation of

isolated

strains

Strains

LTH—10

LTH—203

“Biochemical characteristics
Starch hydrolysis
Nitrate reduction
Melthyl red test
Indol test
Catalase
Urease
H. S
Voges proskauer

Carbohydrate assimilation
Glucose
Fructose
Mannose
Galactose
Rhamnose
Ribose
Arabinose
Xylose
Maltose
Sucrose
Lactose
Raffinose
Sorbitol
Mannitol
Cellulose

I+ +++++
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i+t +++++++++ 4+
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Table 4, Nicotine degradative activity of selected strains

Strains Growth Degradation Catalase
Ao (A600) (%) activity
T—8—6 0.420 815 +++
T—7-3 1424 71.1 ++
T—8—3 0.335 67.5 +
T—9—3 0.321 68.6 +
T—8—-1 0.324 69.6 +
L—=5-3 0.342 62.5 ++
L—5—4 0.351 64.6 +
L-6-3 0.321 67.7 +
L—6-5 0.541 74.3 ++
LS—6 0.443 70.1 +
Alcaligenes 0.493 78.8 ++

Table 5. Characteristics of isolated strain, L—6—5 and T—8—6

Characteristic L—6-5 T—8—-6
Motility + +
Gram stsining - -
Urease - -
Oxidase + +
Catalase + +
Denitrification - -
Fluorescence pigment + +
Gelatin hydrolysis - -
Temp. for growth
Range(®) 20~48 20~48
Optimal 35 35
pH for growth
Range 6.0~8.0 6.0~8.0
Optimal 7.0 7.0
Hydro carbon utilization
Glucose + +
Mannose + +
Arabinose + +
Maltose - -
Rhamnose - —
Manitol - -

Identification - Pseudomonas sp.
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Table 6. Change of chemical and smoke compositions of flue—cured leaf tobacco
Crude Nicotine Burning Smoke(mg,cig.)
Item Fiber Rate ;
Nico-

(%) (%) (m. s/3cm) Tar tine CO

Control: 10.20 1.85 923" 21.7 157 20.3
lyear 10.21 1.67 837" 19.8 1.39 18.5
2year” 10.21 1.59 7'35” 177 127 16.7
treated” 8.98 1.56 747" 18.6 1.25 17.0

-mnon--aging leaf tobacco
rone year natural aging leaf tobacco
stwo years natural aging leaf tobacco

wnon—aging leaf tobacco treated with selected two strgins of bacteria
(T—8—6 and LTH—203) under the condition of 40C, R.H. 65% for 40days

Table 7. Changes of pH value in tobacco smoke

Control: 1 year

2 years Treated~

5.22 +0.014 5.17 + 0.018

5.02 +0.021 508 +£ 001

mon—aging leaf tobacco
vone year natural aging leaf tobacco
+wo years natural aging leaf tobacco

wnon —aging leaf tobacco treated with selected two stl;ains of bacteria
(T—8-6 and LTH—203) under the condition of 40C, R.H. 65% for 40days.
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Table 8. Change of color of leaf tobacco

Mg JgatA vmetr] YA sy A4
g 320, 4%@), A=ME 2339 9=
uj o] 71 E Ao gl ¥ alE da= Table 83 2t}

272 4o oo, dre guEgez g
on, MeE #HEANAH AP FAS w3 Qe
Aog Bigshd 24z Ad&4E ddule A
T HES 27t wolx AL 7R WA
F24-g GEhlE, A5 FolA A o rixe).
AL 7HH

Color Control’ 1 year’ 2 yearsx Treated»
L 60.96 50.70 45,95 47.69
a 2.84 5.69 6.13 5.80
b 26.99 20.93 19.57 20.46
L : Lightness
a . Green—Red
b . Blue—Yellow
*non—aging leaf tobacco
sone year natural aging leaf tobacco
itwo years natural aging leaf tobacco
vnon—aging leaf tobacco treated with selected two strains of bacteria

(T—8-6 and LTH—203) under the condition of 40T, R.H. 65% for 40 days.

4 714 ' A A7) w&ol 7t A3 AEREE YT UAUL
CHA4E oo wFHLA R 2 g AW Al zpA Y 7)ok FAME FHAES A4S 5
Abg B4E Fdyte Table 98 2o} AE TE5F7] FHFUE o83 Ao K

S E=Ae] AR Malic, oxalic, citric e 34F 4R SHe BRR, 37 R

acidt: ©&To Hidted H7s Aok @9
ZAo 45T AHEA IFA L4t linoleic acide
14 AAAdSse] 1.11mg/g, 2@ (Ads 2 7He
#2Al 1.35mg/90.2 HEF 1.09mg/gET F7h
st

o1 g HAAE Rhee 599 47}t dAH= 7
golglen, ol#d Q¥ FAFT Yo THo
ERE, REREY FA BEEN 549 /AL
it

5) 9u¥F FrAE

F714 89 £ vny A2qA F73

BEREE®7L dth

229 A2 797 A E-& Table 109 Ve T

g Afe AR F FAETolA 1% oldE
A28 9l A E-L furfural, solanone, p-dama-
scenone, 2-acetyl purrole, neophytadiene, palmi-
tic acid 5 671 A&l Ishiguro” = carote-
noid®el A frei3dke A% % damascenone™ me-
gastigmatrienoleol, thunberganoid%ol A 28t
AE % salanone®] FAZF Adgujo] AREHQA F
71 el sk FUIHE F UEH AEd
solanone> WAT 2,95%, AMET 4.87%, 29
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Table 9. Changes of non—volatile organic acid fatty acids of flue—cured leaf tobacco

‘ mg, g
Acids Control- " lyear 2 years: Treated~
Oxalic. acid 22.20 20.15 16.80 14.7
Malonic acid 1.80 1.90 2.30 1.50
Succinic 0.38 041 0.35 0.31
Citric acid 420 4,10 3.90 3.70
Malic acid 41.50 34.40 36.2 35.9
Stearic acid 0.52 0.51 0.54 0.53
Oleic acid 0.62 0.57 0.19 017
Linoleic acid 1.09 111 1.35 135
Linolenic acid 348 346 311 314
Myristic acid t* t 0.05 0.05
Palmitic acid 410 4.10 3.60 3.70

* t . trace

mon—aging leaf tobacco

vone year natural aging leaf tobacco

+two years natural aging leaf tobacco

»non—aging leaf tobacco treated with selected two strains of bacteria
(T—8—6 and LTH—203) under the condition of 40C, R.H. 65% for 40days.

Table 10. Change of volatile aroma components of flue—cured tobacco leaves

Peak area(%)

Compounds
Control’ 1 yearr 2 years: Treated~
Ethyl formate 0.01 0.01 0.01 0.01
Ethyl acetate 0.03 0.02 0.04 0.03
iso—Propyl alcohol 0.03 t t t
Ethanol 028 2.06 1.37 0.55
iso— Valeraldehyde 0.03 t t t
n—Valeraldehyde 0.04 t t t
Toluene 0.05 0.02 t t
n— Butanol 0.03 0.03 . 0.03 0.03
trans —2—Pentenal 0.04 t t t
pyridine 0.04 t t t
sio—Amyl acohol 0.05 0.03 t 0.04
Limonene 0.04 t t 0.03
2—Pentyl furan 0.10 0.06 t 0.03
trans —2— Hexanol 0.03 t t 0.02
n—Pentanol 0.02 t t t
2—Methyl tetrahydrofurane —3-one 0.03 0.02 t 0.02

— 12 —
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Table 10. Continued

Peak area( %)

Compounds Control* 1 year 2 years Treated”

n— Hexanol 0.08 0.04 t 0.04
cis—3—Hexen—1—ol 0.04 0.03 t 0.02
6 —Methyl —5-hepten—2-one 0.12 0.07 0.05 0.09
Acetic acid 0.06 0.04 0.07 0.06
Furfural 1.38 0.85 0.15 0.66
2—Ethyl hexanol 0.18 0.09 0.19 0.29
2—Acetyl furan 0.15 0.09 0.06 0.06
n—Pentadecane 0.06 0.08 0.08 0.07
Benzaldehyde 0.09 0.09 0.08 0.10
n—Propionic acid 017 0.19 0.33 027
Linalool 0.26 0.17 0.40 0.39
5—Methyl furfural 0.16 0.14 0.20 0.20
Protoanemonin 0.22 0.18 0.25 0.23
n—Hexadecane 041 0.36 0.20 0.29
Pulegone 0.10 0.09 0.14 0.11
Phenylacetaldehyde 017 0.11 0.09 0.31
Pentadecanolide 0.65 0.52 0.55 0.68
Furfuryl alcohol 051 047 0.23 0.54
3—Methyl butyric acid 0.26 0.24 0.11 0.27
2 p— frimethyl =2~ cyclohexen g9 022 0.28 0.38
2—Terpineol 0.06 0.11 0.08 0.15
5—Methyl fufuryl alcohol 0.03 0.04 0.05 0.09
Benzyl acetate 0.04 0.05 0.06 0.12
n— Valeric acid 0.08 0.08 0.05 0.08
Solanone 295 3.35 6.31 4.87
Methyl salicylate 0.26 0.32 045 0.39
¢—Damascenone 0.08 0.07 0.11 0.08
2— Butenoic acid 0.06 0.01 0.26 0.21
Cyclotene 0.17 0.15 0.23 0.18
A—Damascenone 3.19 3.63 4.07 319
Benzyl alcohol 041 0.46 0.58 0.50
Geranyl acetone 0.78 0.69 0.81 0.72
B—Phenylethyl alcohol 0.35 0.56 0.71 0.58
BHT (artifact) 0.38 0.28 0.20 0.30
2—TJonone 0.02 0.78 0.09 a

2—Acetyl pyrrole 5.01 5.74 4,28 521

t . Trace
a . Not detected



olHE - A

Table 10. Continued

Peak area (X)

Compounds

Control* 1 year 2 year- Treated»

Neophytadiene 59.31 58.23 60.80 58.80
A—Tonone epoxide 0.07 042 0.23 0.21
phenol 0.16 t t t
O—Cresol 0.31 0.34 0.37 0.30
3, 4—Dihydro—#—ionol 0.19 0.20 0.24 0.21
Caprylic acid 0.20 0.20 0.13 0.17
Pentadecanol 0.69 ‘ 0.72 0.71 0.82
Methyl iso—eugenol 0.19 0.20 0.19 0.22
Megastigma—4, 6, 8—trienone 0.20 0.17 0.25 0.29
Nonanoic acid 0.31 0.21 0.26 0.30
23 - Dimethyl =4~ Pentyl —2 0.25 021 0.28 0.34
4—Vinyl guaiacol 044 0.36 0.35 : 0.36
Methyl palmitate 042 0.32 0.39 042
Megastigma—4, 6, 8—trienone 090 . 0.99 141 145
Megastigma—4, 6, 8—trienone 0.30 0.22 0.38 0.35
Megastigma—4, 6, 8—trienone 0.51 050 0.65 0.75
Dihydroactinidiolide 0.62 0.62 0.35 0.38
Farnesyl acetate 0.22 0.15 0.08 0.15
Benzoic acid 0.12 0.10 0.06 0.11
Diethyl phthalate 0.09 0.04 0.04 0.08
Farnesy! acdtome 0.14 0.17 0.13 0.15
3—ox0—2—ionol 0.34 0.36 0.31 0.37
Indole 0.25 0.25 0.15 0.21
Dibutyl phthalate 0.40 0.42 0.24 0.32
Palmitic acid 4,14 3.87 1.13 172

‘non— aging leaf tobacco

wone year natural aging leaf tobacco

1two years natural aging leaf tobacco

"non—aging leaf tobacco treated with selected two strains of bacteria
(T—8—6 and LTH—203) under the condition of 40T, R.H. 65% for 40days.

AALE AL 6.31% Atk Peak No. 33, acroleinZ aldehyde®R2Z4 F2
6) ey AR EAT9 SR st LY Qo FAA
GC-MSell % Huld 7] F 14 chroma- A543 &g FAED. dE2T= 69, 3u9/cig
togram¥ I A¥-2 Figl, 2, 3, 4% Table 11°] o)™, HElF+ 58.6p9/cigel et 237 Rld S
el 4" AL 56.6p9/cigel At
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RISTENLTON TIME : MINUTES
Fig.l. Gas chromatogram of aroma components in smoking material of cigarette maunfactured
with non—aging flue—cured leaf tobacco(Control).
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Fig.2. Gas chromatogram of aroma components in smoking material of cigarette manufactured
with 1—year aged flue—cured leaf tobacco.
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Fig.3. Gas chromatogram of aroma components in smoking material of cigarette manufactured
with 2—year aged flue—cured leaf tobacco.
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Fig4. Gas chromatogram of aroma components in smoking material of cigarette manufactured
with flue—cured leaf tobacco treated with selected two strains of bacteria.
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Table 11. Compounds identified in flue—cured tobacco smoke

Peak Compound Identi- Peak Compound Identi-
No. fication HNo. fication
15 Ethanol GE.”MS 61 HCN GC./MS
17 Isoprene GC/MS - 62 Iso butyronitrile GC/MS
18 Hexane GC/MS 63 Propionitrile GC./ MS
20 Pentadiene GC/MS 65 2, 5 dimethyl furane GC/MS
26 Methyl formiate GC/MS 67 Pentanal — 2 GC/MS
27 Cyclopentadiene GC./MS 67 Pentanal GC/MS
29 Propanal GC./MS 68 Prntanone — 3 GC/MS
30 Acetone GC./MS 71 Butenal GC/MS
31 Furane GC./MS 72 Ethyl vinylcetone GC/MS
32 Heptane GC/MS 76 Nonane GC./MS
33 Acroleine GC/MS 77 Propanol GC/MS
35 Methyl acetate GC/MS 81 Toluene GC/MS
43 Methanol GC MS 82 N — butyronitrile GC/MS
46 Methyl furane GC.“NS 03 Hexanal GCMS
47 Butanone GC/MS 105 Cyclopentanone GC/MS
50 Octane GC/MS 106 Ethyl benzene GCMS
51 Butenone GC./MS 108 P—xylene GC/MS
52 Methyl—3—butanol ©  GC./MS 110 M—xylene GC/MS
54 Acetonitrile GC/MS 117 Cumene GC/MS
56 Benzene GC.”MS 119 O~ xylene GC./MS
57 Acetonitrile GC/MS 126 Styrene GC/MS
59 Methacrylonitrile GC./MS 130 Limonene GC/MS
60 Diacethyle GC./MS

Table 12. Sensory evaluation of flue—cured leaf tobacco
Item Control* 1 yearr yeras Treated"
Aroma 5.60 6.73 8.33 8.20
Miild 547 6.20 8.00 7.93
Taste 540 6.20 8.00 7.93
Total 5.67 6.20 8.00 8.07
harmony .

-non—aging leaf tobacco
sone year natural aging leaf tobacco
two years natural aging leaf tobacco
vnon—aging leaf tobacco treated with selected two strains
(T—8—6 and LTH—203) under the condition of 40C, R.H.65% for 40days.
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W, whelel B AL gzlop BrlolAt ) 2P 5,600 ALt A E

WzT7e At 283 1d ¢ 297 Ad t 8.202 FEMC) Anoew 247 AAKHE

Table 13. Score of sensory evaluation

(Mild)
Sample penal
Control’ 1 year 2 year Treatedv
1 7 7 8 9
2 5 6 9
3 6 5 8 8
4 6 7 9 9
5 5 7 8 7
7 5 6 8 3
8 5 6 8 7
9 6 6 8 7
10 5 6 9 8
11 5 6 7 8
12 5 4 8 8
13 6 8 7 8
14 5 6 8 7
15 6 7 7 9
Total 82 93 120 119
Mean 5.47 6.2 8 7.93
non—aging leaf tobacco
vone year natural aging leaf tobacco
two years natural aging leaf tobacco
“non— aging leaf tobacco treated with selected two strains of bacteria
(T—8—6 and LTH—203) under the condition of 40C, R.H. 65% for 40days.
Table 14. Analysis of Variance
Factor df SS A" FO S % F
Total 59 103.0 175 3.74 (00D
Sample 3 72.3 24.10 51.50"" 52.7 100 4,29
Personal 14 114 814 1.74 248
Error 42 19.7 468
254 Sum 52.7 100

P 1001
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