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Physico-chemical properties of leaf tobacco
by expansion processes.
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ABSTRACT : Flue-cured tobaccos(cv. NC82, grade AB30-1) expanded by super steam,
volatile organic solvents(trichlorofluoromethane, propane), carbon dioxide, nitrogen, and by
freeze-drying were examined for their physico-chemical properties. The expanding rate- by
using the organic solvents or carbon dioxide at the impregnated pressure was 70% or more,
whereas the rate by super steam and freeze-drying was 49.4 and 42.9%, respectively. The
contents of total sugar, alkaloid and ether extracts of the expanded tobacco by organic
solvents or carbondioxide were decreased to 27.6, 20% or more, and 13%, respectively, when
compared to non-expanded one. The contents of citric acid of the tobacco expanded by using
trichlorofluoromethane and carbon  dioxide were increased to 19.1, 14.0%, respectively.
Linoleic acid in the tobacco expanded by super steam or trichlorofluoromethane was also
increased to 17.3%, but malonic acid in the tobacco expanded by super steamn was 18.5% less
than that in the non-expanded one. Nineteen essential oil among 22 assayed in this
experiment were decreased in the expanded tobaccos.
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Table 1. Comparison of expanding conditions according to the different expansion processes.

Expansion_processes

Condition Units S.Steam CO: N2 Propane  Freon-11 F.drying
Process type Continues Batch Batch Batch Batch Batch
Feed moisture (%) 9--28 21~28 17~21 1822 125~14.5 30--50
Impregnator
temperature  ("C) -16.2 96~107 ]
pressure (kg/cm?) 293 750 --900 43~57 53 0.8(torr)
time (min.) 15 14 ~-20 1/2 16
Sublimater
temperature  (°C) 150 ~400 350~-390  150--250 200~300 105 0
residual time (sec) 2--8 4~6 4-~-5 45 360
Exit moisture (%) 4~-6 3-—-6 412 9~-13 135~155 10~115
Expansion rate (%) 22~50 60~113 62--105 65~115 70 4767

S.Steam

: super steam, F.drying; freeze drying, Freon-11 : trichlorofluoromethane
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Table 2. Comparison of filling capacity (cc/g) and expansion rate (%) of cut tobacco expanded by six

different processes. co/g, (%)
Expansion processes by using

Grade  nonexpanded S.Steam CO; N, Propane Freon-11  F drying
(NC82)

AB30-1 4.63 6.92 9.14 9.54 9.21 7.22 6.22

E.rate - (49.4) (97.4) (106.0) (98.9) (55.9) (42.9)

CD3L-1 5.35 7.45 10.25 11.01 - 813 748

E.rate - (39.3) (91.6) (105.8) (52.0) (39.8)
(Burley21)

AB3T-1 522 7.64 10.58 - 10.19 8.06 -

E.rate - (46.4) (102.7) (95.2) (54.4)

CD3W-1 592 825 11.93 - - 8.76 -

E.rate - (394) (101.5) (48.5)

NC82 : AB30-1, CD3L-1., Burley21 : AB3T-1, CD3W-1
harvested in 1993, E.rate :

expanded rate
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Table 3. Comparison of chemical component of processed leaf tobacco expanded by the different

processes.

(%)

Expansion processes

Components  Blank SSteam  CO;  Propane Freon-11  F. drying

Total sugar 11.6 847 8.42 8.54 10.40 11.59
Total Alkaloid 292 235 2.39 253 273 290
Nitrogen 349 327 3.32 359 347 3.47
Ether Extracts 6.77 5.65 6.04 591 5.88 6.54
Crude Ash 12.04 1216 12.25 1235 12.62 11.67

NC82(AB30-1), harvested in 1993
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Table 4, Difference of organic and fatty acid components of cut flue-cured tobacco expanded by four

methods. (mg/g)
Expansion methods (°C)
Organic acids Control Supersteam CO» Freon-11 - F.Drying
250 °C 250 °C 105 °C 0°Co) 3}
Oxalic acid 21.02 20.65 2298 2205 20.25
Malonic acid 259 21 220 253 257
Succinic acid 0.43 0.44 0.46 0.46 0.44
Malic acid 4.53 4,25 4.82 4.69 4,27
Palmitic acid 0.76 0.90 0.80 0.90 0.83
Citric acid 11.32 12.23 1291 13.48 11.27
Stearic acid 0.23 0.27 024 0.30 0.27
Oleic acid 0.86 1.04 0.88 1.00 0.98
Linoleic acid 0.75 0.89 0.76 0.88 091
Linolenic acid 220 - 260 225 225 2.60

NC82(AB30O-1), harvested in 1993

condition : 90°C(3min.) —~> (5°C/min.) —> 250°C(20min.)

SP-2340

Q1
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. Table 5. Comparison of the essential oil components in flue-cured tobacco expanded by four different

methods. (area of peak: ISTD=100)
GC Rt Expansion methods (°C)
Compound name control g gpunrn CO, Freon-11
No. (min) 250 250 105
14 86 Furfural 28.03 8.70 - 8.47
17 112 Furfuryl alohol 6.77 - 4.48 -
20 221 6-Methy-5-heptene 8.14 1.20 - -
21 260 Benzyl alcohol 29.97 8.85 253 10.86
22 267  Phenyl acetaldehyde 1397 1318 5.85 12.95
24 301 Acetophenone 1.14 1.73 135 274
26 318 a.- Tonene 1.88 151 . 1.04
28 413 m-Hydroxy-benzyl alcohol 12.89 - 1.33 1.97
34 518 Solanone 22.64 16.69 11.83 19.95
36 529 B - Damascenone 18.25 15.24 7.51 18.22
37 53.2 1,4,6-Trimethyl-5,6-dihydronaphthalene 5.80 6.14 7.87 7.41
39 53.5 1-(3,5,5-Trimethyl-2-Cyclohexen-1 5.18 3.75 3.24 3.96
-ylidene)-2-propanol

42 57.6 Neryl acetone 7.16 499 5.03 488
4 583 2,3-Dihydro-2-methyl-benzofurane 9.84 352 5.03 243
51 614 1-ethyl-3,5-diisopropyl benzene 94.48 95.65 103.41 90.23
55, 643 2,6,6-Trimethyl-2-hydroxy cyclo 12.52 8.56 9.37 9.97

hexylidene acetic acid lactone
57 654 Megastigmatriene 70.92 4242 4011 48.48
87 806 Neophytadiene 1023.01 100231 1159.40 1298.96
89 823 4,8,13-Cyclo tetradecatriene-1,3-diol 50.36 239 36.75 2853
92 845 7,11,15-Trimethylene-hexadeca 27.61 18.95 30.99 2431

-1,6,10,14-tetarene
93 849 Hexadecanoic acid 15.74 12.60 20.82 14.76
94 853 Cembrene 16.14 6.67 8.40 7.80
NC82(AB30-1), harvested in 1993
condition : - SPB-5 fused silica capillary column

( 30cm x 032pm ID )

- Column temperature : 40°C(10 min) > 250°C (60 min)

2T /min
- Detector : FID

.82 -



Qo) Pshyel ME Pie @ PEHE B4

B3 A super steam, CO; A=yl A BT} 748
 £o] HYLL B FJu) freon-112] process
= AEA JtERY £ER TUE WA Boe
Hd A2 105TAA BEe& doyn 9
3}¥ freon-11 o] 985%0)4 A3 =onad g
A& F2HUAY HJEES AA HEA 9
B AlgAje] F7157) qEo2 498 & UL
Zlolt}. benzl alcohole FE7 E&A A4S
FE A¥onE i 24de I3 RREAHeZ
BEAg Axelas AZ4g 4+ e Aotk
phenyl acetaldehydes Z¢ EYA E& b9}
22 WAEs s dEoE ¢ F e
freon-11 WM e A9 Z4AFHR ggoy
super steam, CQ; a3 YoM = 24 A4 HYe
Bl o] & HA] solanone FI Zo] CO| g
2, F2 YA H4zFEo] doves Aoz
5349tk  neophytadiene, 1-ethyl-3.5-diisopropyl
benzeneg A &% R ES HEESC) BIA 2o
g4& 2oug FAEHULY oE EHo) 718
AL WA goll 3t AEF e nRA ZA
A B8 e AL Bdolr e FA4o) £
o dojynz Qe YHEE Aoz FAHI,
H97 AEdE d7HRE AR WEY 7ol
Ba¥ Zeolzt Az @9 neophytadienes
chlorophylle] E&d] 28] Ax E&= £4 A3
d AA=He A HemE R gyl A
(Leffingwell  1974). ©|E Exa FAANMgY

chlorophylle] B&l o A% 7158 2oz 4

2=y ol9] A ARe 2F PEsuz §@
o olgt e ARE adse Bod A
v ¥€ 2AY F31L BAEEEA ArpEg
R AFY A FAFLES FPATIEE N4
T e AF= JAeuy, dvrFoz go) 4
B Zol WEHEe Zars Id¥ £7) glenz
WA A ol X3 FHY B HY=xA
< TEIEEN TFEI HHARE ANPL
€ 20 ggre JuiE 2 Y ARFY dge
2 FRe 9 32 A&HeE A% 4 e
HE AFL ALE 4 AL Aok

E-| =

A E HIsled AAFHez AML3e 291A
WHEY 23E& AL A AR
ot Uk BH4F NCRAR,ZFF A3H)H
Burley2l(&,2% Z3%)9 #Hi&e AT @
#7188} b8 o]t HIEWYAHE 70%
ol =& WEHES ¢S & AUT FAFG
WEARe &% Wy ME 22, 50%9} 47, 67%2)
T4 e A8 Ao AR guhysA
e YA & 2xdM AHse wydAe
total sugar= 27.6%, alkaloid 20%09)4 ZT+AZ=
A4S BYch L {714 2 A4k Qo]
M= citric acid”} trichlorofluoromethane 3 3}
A o7t FItEE RPen malonic acde
steam A el et 185% A e WAL ¥y
o AfFAEe] AeJME neophytadiene, 1-ethyl-
3/5-diisopropyl benzene& |23 vl e ARE
o] WA & 98 wouzm #iile ARE

Ve T
g&ngEd

1. Chang, C. S. and Johnson W. H.  (1975)
Studies on the heat transfer properties of
tobacco during freeze drying. Tobacco Science
19: 56-59.

2. Cho, K. H, T. J. Clarke and Dobbs, J]. M.
(1993) Process for impregnation expansion of
tobacco. U.S. Patent 5,251,649,

3. Conrad, L. J. (1978) Recovery system for use
with a batch process for increasing the filling
capacity of tobacco. U.S. Patent 4,095,605.

4. Z71¢, SR, JAS, o)FT, o]$H, B3
9 Nesd ANE, IEW (1999 e ¥
4% 2 oAAEY FN4E WaAT, B
QUE2ATY, SHATNLAY ATRI
A, p46-62.

5. %8714, HA (1992) F4F Jele) AuF 3

- 83 -



10.

11.

12.

13.

14.

., James,

SRR

Egzded oE nHeA {714 R AT 4
2] A3} A2 A 14 151-157.

. De la Burde, R. Z,, P.E. Aument et al. (1976)

Process for expanding tobacco. U.5. Patent
3,982,550.

. Fujimori, T., R Kasuga, H. Kaneko & M.

Noguchi (1978) Neutral volatile components of
burley tobacco. Beitrage zur Tabakforschung
Int. 9: 317-325.

. Hawkins, W. J. (1931) Expanding tobacco. U.S.

Patent 1,789,435.

G. Ashburm  (1970)
increasing the filling capacty of tobacco. US.
Patent 3,524,452

James, G. Ashburn (1973) Tobacco expansion
process. U.S. Patent 3,753,440.

John, A. A. and CD.Watson (1973) Freeze
Drying shredded
pressure, Am. Inst. Chem. Eng. Symp. Vol. 69,
No. 132, p.42-46.

Katherine, Esau (1977) Anatomy of Seed
Plants, 9074, A%, 2857 & (1981)

S A E AL, p.(98-113, 327-404).

Kwang, H. C, T. ]J. Clarke and Joseph M.
D.(1993)

Process for

tobacco at atmospheric

Process for impregnation and

‘expansion of tobacco. U.S. Patent 5,251,649.

AW, 1078, A3F, {F2, olHE (1995)
TEZVNE ol &F dguje HsAT.
[=A £ A 17: 68-78.

15.

16.
17.
18.

19.

20.

21.

22

23.

24

HAAB e QT 0] 7« 0BT

2RE, YA, #F9, TN, oL ol
& g, 4719, A8, PYes,
F, A2 (1991) AR, 7
AAxdF4 19 el 2549, p30-148.
o] &%, o4 (1992) CFC WA AN, 3
Zo87)$wA5A% s, pl62s.
Leffingwell, J.C. (1974) Tobacco flavoring for
smoking products. Tobacco Science 18: 55-57.
Bl F, o)l&®, FW, AW, olFT(1999)
4% gl S4EY # sA4ABHAT,
FRAAAEETE SHETRIM: FRE
of Ajuwj®H, p.55-100.
Robert, G. A., ].D.Edward and Jhone W. M.
(1973) Process for puffing tobacco. U.S. Patent
3,771,533
Sykes, L. M., W. H. Johnson (1973) Bulk
thermal conductivity of cured bright tobacco

p:R
-
©

i

shreds during freeze drying. Tobacco Science
17: 47-51.

Tso, T. C. (1990) Production physiology and
biochemistry of tobacco “plant. p 55-592,
Ideals, Beltsville, Maryland, USA.

Utsch, F. V. (1980) Process for the expansion
of tobacco. U.S. Patent 4,235,250.
Wochnowski, W.  (1980) Method
apparatus for increaing the volume of tobacco
or the like. US. Patent 4,195,647.

Ziehn, K. D. (1981) Process for improving the
filling capacity of US. Patent
4,289,148.

and

tobacco.



