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A Comprehensive Study on the Forced Aging of

Flue-cured Tobacco-Leaves
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(Central Re“s'éarch Institute of Korean Monopoly)

Summary

The process of the forced aging of flue-cured tobacco leaves were studied extensively
from various scientific points of view. The Flue-cured tobacco leaves were inoculated and
fermented with nicotine resistant Hansenula yeast, or the leaves were subjectied wunder

simple forced aging. The above two processes of forced aging were studied from ' the

summarized points of microbiology, physics, chem'stry, and biochemistry, and the resulted
products were compared in their physical, chemical and biochemical quality ~determining
factors with that of raw material tobacco leaves (dried-tobacco leaves) and 2 years aged
high quality tobacco leaves. The summary results were as follows.

1) The Korean flue-cured tobacco leaves, were forcedly aged under the basic optimum
aging condition, temperature 40°C, moisture contents 18%, relative humidity 74%. It was
found that this aging conditon was the best in bringing the quality of forcedly aged
tobacco leaves to the utmost state.

2) Under this optimum . temperature and moisture condition of forced aging in about 20
days the forcedely aged tobacco leaves both with yeast inoculation' and without yeast
inoculation showed the equivalent tobacco qualities comparable with that of more than
2 years aged tobacco leaves. )

3) The forcedely aged tobacco leaves both with and “without yeast -inoculation under
40°C temperature and 74% relative humidity achieved the necessary ‘quality determining
physical and chemical changes in about 20 days. )

4) The microbial changes during the forced aging were as follows. The population of
yeasts and bacteria increased until to 15 days of aging, then decreased théreafter. Whereas
the molds grew continously until the end of fermentation.

5) The tobacco quality determing physico-chemico-properties of yeast inoculated aged
and simplé forcedly aged tobacco leaves, progressed as the follows in time. As the forced
aging progresses, swelling and combustibility properties were improved. The pH, total

reducing materials, total sugars, alkaloids contents decreased. The contents of organic and
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ether extractable materials increased. The total nitrogen, protein, crude fiber, ash

contents showed no changes. The color properties, excitation purity, luminance, main
wave length, showed equivalent changes comparable with that of 2 years aged tobacco leaves.

6) The changes. in chemical components in yeast treated and simple forcedly aged tobacco
ledves during 15~20 days of forced aging were as follws. The following chemical
components decreased as the aging. Sugars—sucrose, rhamnose, glucose. Pigments—chlor-
ophyll, carotenes, xanthophyll and violax anthine. Polyphenols—rutin, chlorogenic and, coffeic
acid. Organic acids—iso-butylic, crotonic, caprylic, galacturonic, tartaric, succinic, citric acid.
Alkaloids—nicotine, nornicotine. The following components increased as the forced aging
progressed. Sugars—frutose, maltose, raffinose. Amino acids—proline, cystine. Organic acids—
formie, acetic, propionic, n-butyric, iso-valeric, n-valeric, malic, oxalic, malonic, a-ketog-
lutaric, fumaric, glutaric acid.

7 During the forced aging of tobacco leaves the oxygen-uptake decreased graduaily.
The enzyme activities of polyphenol oxidase, g-amylase a-amylase decreased gradually. The

activities of the enzymes, catalase, and invertase increased once then decreased at the later

stage.
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Table 1. Growth and aroma of yeasts at 30 and 40°C.

growth aroma sensory. test
yeast .
30°C | 40°C | 30°C | 40°C | score | grade
Hansenula angusta y-512 # H H# H# 120/20 1
Hansenula anomala y-515 H# i + + 123/20 4
Hansenula fabianii (nrrl-y-2167) 4 H H + 128/20 2
Hansenula fabianii (nrrl-y-2168) W RiIY + + - 144/20 8
Hansenula subpellicalosa (nrrl-y-1974) H# + + + 140/20 7
. Hansenula asturnus y-514 H H#H + # 136/20 6
Candida lypolytica. y-133 + H H- + 148/20 9
Candida pseudotropicalis y-134 + + - — 170/20 15
Saccharomyces corcanus (type-1) + H+ H + 125/20 3
Saccharomyces sake (29) H H + + 160/20 13 -
Saccharomyces sake (27) H# H + + 157/20 12
Zygosaccharomyces ashbyii (nrrl-y-1598) H H - + 164/20 14
Toluraspora fermentati + H + + 130/20 5
Tolula utilis y-200 # Ht + + 150/20 10
Tolura utilis henneberg + + + + 154/20 11
— bad <+ ordinary H good H# highest
Table 2. Equilibilium moisture content at different temperature and relative humidity.
ix\‘__v —_— temp. ’ 30°C 40°C
gade  —— | 0% | 7% | so% | 0% | 75% | 0%
top 5 16.6 19.1 23.0 15.8 18.3 22.4
leaf 1 16.9 19.3 23.3 16.1 18.4 22.7
leaf 3 16.5 19.0 23.1 15.8 18.2 22.3
cutter 1 17.1 19.6 23.5 16.3 18.6 22.8
cutter 3 16.8 19.2 23.3 15.9 18.2 22.5
lug 5 16.5 18.8 22.8 15.6 18.0 22.0
Table 3. Composition of the selective medium and culture.
aerobic bacteria , mold - [ yeast
T.G.Y. medium [ medium II medium
yeast ext., 5.0g NaNO; 3.0g malt ext. 20.0g
tryptone 5.0g K:HPO, 1.0g peptone 1.0g
glucose 1.0g MgS0,. 7H,0 0.5g dextrose 20.0g
K,HPO, 1.0g KcCl 0.5g agar 20.0g
agar 20.0g - sucrose 20.0g tobacco ext. (1.5%)
tobacco ext. 1.5%) agar 20.0g dist.! water u
dist. water 1 tobacco ext. 1.5%) pH 5.5
pH 7.0 pH 5.0
35~37°C 2~7days 25~30°C 3~7days 30~35°C 3~7days
in aerobic condition in aerobic condition ' in aerobic condition
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Table 4. -Analytical condition of amino acid by amino acid autoanalyzer.

Conditions \ Neutral and acidic amino acid [ Basic amino acid ;
standard i standard | ]
sample No. | amino CUREDnggc'!YEAST I AGED | amino (CURED [F ORC YEASTl AGED
acid 1 acid | i
leach 0.1 each ‘
sample size ‘ mole | 0-5ml IO. 5ml! 0.5ml| 0.5ml| 0.05 | 0.5ml|0.5ml| 0.5ml | 0.5ml
“ i { # mole ) .
column ‘ 0.9X70cm } 0.9X%15cm
resin | amberiteCG-120 (25~28u) | amberite CG-120 (19~22u)
flow fat§0f .bl}:llff- 100ml/hr 100ml/hr
E;iiofeagegén Y 50ml/hr 50ml/hr

column temp. | 49°C | o°C | 51°C! 50°C | 52°C | 49°C j 49°C | 50°C| 52°C | 52°C

buff ) pH 3.25 and 4.25 pH 5.28
et sof. 0.2N-citrate buffer sol. 0.35 N-citrate buffer sol.

time of buffer 57min

Chane i i 60min

analysis time | 140min ‘

chart speed 9inch/hr i 9inch/hr

E FAAA A2 ¥ e gsg Fae  Aasdsh

Total acidity = 80X (meq of NaOH tit. — meq of NaOH tit. of blank)
ol acdity Weight of tobacco sample (grams) ’
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chromatography A 8.2  iv}. paper chromao-  7Fote] alkalidoz ¥ & 60°C 584 A
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& 32:52-102-202-302-401 5027524  7Hel Aoz dm FRHEE 3~4ml/min o
spoting 3to] 1% A & ethanol: ammonia: water £ 37 FFZ FEFYL 100ml 4¢3 8
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75:1:3)% 2 Abgste] 20~25°Col A 15~ Aol $H04 43¢ CHCOOH 2 433ty
1641 7F M A Z b, A7) 2= bromophenol blue o},

AHg-etgl = (*}) Gas chromatography o} ¢]3 324 &
AL 50% acetone o] &l 294 S o 7| A4

CEETAY Aye m ] A28 zA = Kaburaki®e) wwlo] 349l ot
0,1524 oo &7 AMsz wA 2 ubel ofa] Wy eSL888848E Ay dol
AA AY RE2 planimeter 2 Atz 2ANS  F= B2l 100gel 4N-H,S0, 100ml = 73
semilogarithm A of] A Y uid s} P2 Hxz Fx  FAJo g do £27] ZEL gxn o539
et 2ohg A28 FaAwAdo EFAY F 1512 Hsbd NaClz ZHA7 ohL  ethyl
EFES dAHES ARde 24 471 b ether I50ml Mo 53 FZse F2e s
Holl vhe} 24§40 A s o). 8 ether 22 12% HCl 45ml & 33 A4 974
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AAE % 5% NaOH L4 45mlz 33 %
& g9¢ B4 F HCl=z 244 (pH D2
2 3o ether 2 58 F&4-¢ v 250ml 2’ NaCl
349 sml oz AFHE MgSOsz &, 4
a72E SR F2AA AYRE dEn.®
methyl ester 34L& Kaburaki 2] diazo methane g
Ao o 5] FAukE F o] £ diozomethane
L. okol & B A amberite IRC 508 713l ol

e A
w2

Wik} WA F glass filter 2 sl 2 Jdg

gas chromatography Al & 2 9] c}.
gas chromatography o] ¢} & ¥4 27 & &5}
2.
gas chromatography £ 4 7] 7] :Shimadzu model2B
column: PEG 20M

carrier gas: He

column temp.: 80°C
flow rate: 50ml/min
sample size: 0.2ml range: 8mv

chart speed: 2cm/min  detector: T.C.D.

AR AL RI14 esters] EFEET Y
23 7ol AAs] EFEA peak & 47 F
olgtz 7zt $7] 49 retention timeE AP F
zA 3 gl A 59 gas chrométogram.v«]— u] 2,
4, A#sdd.

(10) alkaloid o] A g

(7}) Total alkaloids & A & )

CORESTA standard method®9] g7l20]=
2o oste] zAE Ard FAHINUA. F
total alkaloid 8] # 2 Kijeldahl flask off ¥4 &
1g® W32 NaCl 20~40g 3} 8N-NaOH £ 5ml
£ g FF3d 2 FEES 2N-H;SO, 15ml 2
3 5stx o] 34E F2E-g 250ml mess flask o
A olF 25mlg 0.05N-HSO, &4z w4
3 4 A 7142 Beckman D.U. spectrophotometer 2
st7 236, 259. 282mpojd OD. & 274 o124
o Sshel A ssich.

percent nicotine in dry sample

_ 100A.v.m.
.3 dbs. [10=H]

100
(*}) Nicotine 2 nornicotine & 4 %

Nicotine & nornicotine ¢} 3 %2 Bowen %,%
Girifith®"9] 2)9} Kobashi®®e] g st
o] nornicotine & NaNO, &} 44 A ¥ 324
A 2okl o 2 wtE}E $£F7) FF 2 nicotine & £
2] ¥}¢] spectrophotometer 2 }7 236, 259, 282mp
oA 0.D. & =3 AAA 3o AHA

28] 3 nornicotine & total alkaloids of] 4] - nicotine

2e W oz A

11) 9471 %9 nicotine % tare] A F

7B Q79 =394 g
' CORESTA wi®o] wz} Ag dghis A7)
FAA cigarette 2 wbEo] ¥ 12%=. 25
t}-& cigarette & smoke -collected trap ol 7] 51
A 5le}o] pipeting machine o2 VA F2] A%
2o g@ehe holder 9] Cambridge filler CM 113A
ol £AY 94718 ¥4 methanol 2 FEF o
dAZo 2 Tt

W) |75 tare] A F

@A %2% 9752 Karl Fisher reagent 2 &
4 FFe tar 2 AF T ‘

t}) 7] % nicotine &} A F

A7%22% 9A e S nicotine F F

gsp 2ol 437 FFE 278 alkaloid &

Beckman D.U. spectrophotometer 2 259mg 5}
Ael4 O.D.& ZAste] nicotined HFIAZ
o,

5. Helzx WSl MEEhE A

a. AxE53d 23 .

Noguch?®e] uhel Fdto] Warburg 4 ¢A &
Ag84 2A%ASG. F FTAE 00mg o T
24 3mlg Warburg flask®) F4o] ¥3 54
& CO, 442 2N-NaOH 0.5ml & 713tz
28°C ol A 147 A wsle] FaF5FE AL
2o 1ge] AG 1429 BeFTBEDLE BA
sl et

b, 9z made YA 24

gz Basdel Ased A A48T 4
z gade Au®s QA PHd g3
AE 2~3g& 0°C YEAA A ofe] 2 E
o H4 939 =x FFF L 2EEA 2~3g
g Al AARTAA ¥ 1087 Zz AL
2 dagd. 29e J594%8(0°C 8,000~
10,000 r.p.m. 20min)3te] = AFBEL FaHe
2 9.

c. 54 FAE A W

(1) a-amylase T = 73

Hirotas” 2] Blue-value method o] 25l &4
.o oepul A g 2g 2 Mcllvain phosphate buffer
(pH 7.0) 20ml & A-£84 b.o wWioz 24
o] 28 AHgSA T F4NES 439 4ml, 1%
A8 ALLY smlg E§de 40°C 544
A 1587 v At w-ee 2N-H.S0, 10ml-&
sAeted HAAFZ 2 ugd 1mle] 0.001N-T; &



9 10ml-¢ stste] st 650mp oA O.D. & 27
HA AF 1gF W 0.D. 8 HEEEAN E&
9 AEE BARAH.

(2) p-amylase 23 = &4 v

B-amylase 4] =9 %—lzé 2 Somogyi new method
o] Zaloict. & A& 1g @ Mcllvain phosp-
hate buffer (pH 6.0) 20ml 2 b. 9] o] 3}
E4Ne 2AS 2 2% 5ml& cellophane tube o]
Yz 394 24¢ £4, AAADL £ 0°CeA
20ml 2 339 k. 23 1ml & F3lod buffer &
4 2ml 9} 1% 7H4A AE+EY 2mlg £

40°C &4l A 3087 w347 & Somogyi
new reagentol 9ldtel QA" P& A
%t

A 2 27430 AF 123 244
+ glucose &) mg 2 FL A3} .

(3) Invertase ¥4 = &4

A7) famylase FA P FE3dHo. =, 732
24 AFLA 4 1% sucrose &4 -& A-E3F
A

EAgHE pamylase 9 Zut.

(4) Catalase 34 % &4 .

Euler®0 9] I, wt-&iie] #3bo] A5 2g 9 Mcll-
vain phosphate buffer (pH 6.0) 20ml & A}
sl AZ) ASFAY b.o] wel wel FHad
WE2 2 Iml-g buffer £ 2ml, ZEF4 2ml
A &gl 2 2 Iml AL AgFe] 932 0.1
H;0; 1ml-& 7H3le] ubgA7l 2 108 F 20%
H,SO; 2ml 2 w182 A=A A7 & 5% KI 1ml
%+ 7hete] 5EZE WAS ¥ 1% 44 AEEY
& AA%o 2 &3] 0.05N-NayS;05 2 A 4 3}
Ak, ol Ao AL 0°Coldtel A z2sty . &
e 2E 2R AE 189 2989E
0.005N-NayS;03 8] ml 2 Z A 3}9] et

(5) peroxidase #4x ZA

Akabori®®, Adams® 59 Warburg 7 ¢4 of
F3to] A 8 3g 9} Strensen phosphate buffer (pH
7.0) 20ml-& AHEEte] A7 pads e o
Hoz gide vtEw 2% (0.5ml& Warburg
flask Z4o] ¥z FAolE J1A2A 1% HO,
1ml 8} 5% pyrogallol 0.5ml&, HAd+E 10%
KOH 0.2ml & ¥of 25°Col4 1087 HPd =

T4 eE CO o &

€+ A% 5439 E 2L 2RA AE 1g
T wAg COx 8 gz EAY .

tjo mlo

o
o=

3

(6) Polypenol oxidase (o-diphenol oxidase) %
AE %4

Adams® Tomita®® %9 Warburg 24 4ol &
3l A2 3g 9} Mcllvain phosphate buffer (pH
6.0) 20ml ¢ Abg3e 2 Fadzd e
o2 Fadg zASE 2% Iml g Hstd F
Aol ¥z ZAels AA2A M/100 chlorogenic
acid 0.4ml &, HA & 10% KOH 0.2ml & =
30°C oA 1587 Ffol =2A & F U3¢ A
A 10 B7kel F58 0,9 2 FAHAG. £x
Bl g 27484 A% 1g% F57E 0.9

6. Wwa=M sl EEYIL
a B4 A%
Shumuck,®’ Kovalenko, Pyriki,*? Pillips, Briic-

kner** 59| EAA o] wzk dgwEAAA A
oA 2% WY A4t
b. #5A A

wasyd A=lE dgilE A7E = cigarette &

A z5e] Kataoka® 2] wbe] Fsle] A7 3l
FeA e AR,
AEH 2 3
1. MejiHst
a. £% WAk
4 yabge 4% A9 Fig. 1, 29 24,
ol oA B uis} Zo] HiAEL HA &
Zl 415mp o) A 17.0% #H 3} 685my ol A 62%

olglom Uutd o2 505~625mpu ¥ §lo 4 A}
A FAHE 2FE el e o= ART
AAY durd oz Wit APRel W 5109
Apolofl & yEAl-go] & Holrb gleor 15~304 %
o] 415mp~475mp W9 st A A3 HAE
o] wropx= Aol ek EF 505mp~685my o}
ARdANAE A e AFE v F= gl 2
gz AT 9 55T JAA wiAE 2 2n
of WEZE ubARES] WEL Erioly gl &
Fol 7k glolet.

b. A AT 9} 354

A9 Wz Fig. 39 A%t zor 49 o4
o] Eeinct 493 o AHET FA T
g Aelsh glgdeh gt ez i % olwlel
o] FETFI & Fol wlehe] ok e A
F& Jehtz gl 4T QA~2d)d 299
EE ERT 302 Az 47 vort ome
273099 A Aol gokeh. wE dFst A
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Table 5. Combustibility and bulkness of tobacco leaves.

e Sample CURED FORCED | YEAST AGED
_ Item TT—— " {0 days) (20 days) (20 days) - (2 yrs)
combustibility (min sec/60mm) 22.08 20.53 20.17 20.04

bulkness(ml/15g) 4.7 45:1 46.6 47.2

Table 6. The analytical data of common constituents.

—— _ _ Sample " CURED FORCED YEAST "AGED
Item 77— | (0Odays) (20days) (20days) (2yrs)
equibilium moisture contents 18.30 18.20 17.90 17.60
total sugars 23.15 19.26 20.07 . 18.64
reducing sugars 17.04 17.01 17.88 O 17.73
total reducing materials 20.29 20. 46 21.33 21.38
total nitrogen 1.89 1.62 1.63 1.60
proteins 5.89 5.45 5.51 5.40
amide nitrogen 0.32 0.33 0.31 0.30
nitrate nitrogen 0.22 0.23 0.25 0.25
ammonia nitrogen 0.37 0.36 0.35 ; 0.35
total organic acids 8.61 9.51 9.29 9.85
total volatile organic acids 0.18 0.25 0.26 0.18
total non volatile organic acids 8.53 9.26 9.03 9.67
crude fiber 12.50 12.70 12.50 - 12.90
ash 9.45 9.57 9.65 9.80
ether extracts 7.54 8.51 8.47 7.99
petrol, ether extracts 5.49 5.46 5.62 6.24
resins 4.92 5.53 5.30 5.3¢
alkaloids 2.40 2.09 2.15 2.35
pectins 7.20 7.23 7.18 .7.09
nicotine in smoke (mg/60mm) 2.11 2.00 2.06 2.23
tar in somoke (mg/60mm) 37.15 32.50 35.70 36.04
pH 5.30 4.98 4.95 4.80
alkalinity (ml/0.01gN-H,SO,/g) 0.40 0.39 0.36 0.35
% Egkor %*&%(Mmzﬁ)h 159 Az Tﬁﬂ
s s e s wase 1| D H
2 Fig. 59} o] £4 :!L7]' EET B gdwid e “: LT roReED J
2 o7 £ AP o 47 4T F 7 -
]o‘] :‘ = FhE H] »—-6]-93\1;} é r’{:“\_ 4,/,<i/:’ s
o a4 2 354 ST
£ A9 44 Aael @ dxd 2 AsY 2|/ /\
% &A% A= Table 59 7ol g ) ‘%"/{ o—o
Qade ZZFt $47Y Qs wF T gt
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of ekl Wzl AL ok azh,
6. S wa=Mol ulE njy B HE
Q) FEEHo] BE PFEY 24 Az Fig. 6. Viable counts of microorganisms during
Fig. 69 2] 52 £4 24 6, 5000] 9171 2 forced aging of tobacco leaves
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Yol & 30,0000.2 =gt FHolE HESH 2
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43,00001 L& 2Zo] 54 210,000, 10deE
230,0002.2 4% FIME Bolgsl 159 o F &
A skl 30¢6]E 184,000712) A=z
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A F 54 F+209 Hie AT 9 F4
F9 44 Age] dE Qi dEIE F4ESE
Zg3}e] Table 63 #ch. & ZAA )y 9 =
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Fig. 16. Column chromatogram of pigments in ‘Fig. 17. Paper chromatogram of free sugars in

tobacco leaves (YEAST 20days)

various tobacco leaves

Table 7. Carotenoids contents of various tobacco leaves.

§<tem

‘ - xanthophyll violaxanthine ! carotene
Sampl\e _Hﬂ_\ mg/g % ,l mg/g % l mg/g 9%
CURED (0day) 0.25 100 0.10 100 0.3 100
FORCED (20days) 0.018 70 0.07 70 0.26 87
YEAST (20days) 0.15 59 0.06 60 0.14 45
AGED (lyr) 0.22 89 0.07 67 0.29 95

(2yrs) 0.18 71 0.06 58 0.18 60
Table 8. Sugar contents of various tobacco leaves. (mg/g)
_— Sample CURED FORCED | YEAST AGED
Item (0day) (20days) | ~(20day) | (2years)
rhamnose 8.70 1.26 5.47 2.74
glucose (galactose) 89.78 75.00 71.70 42.00
fructose ' 73.75 90. 00 90.25 91.00
sucrose 59.05 - 43.35 37.50 10.05
maltose 3.19 1.65 6.30 8.25
raffinose 4.87 3.00 8.25 23.25
Table 9. Amino acids content of various tobacco leaves. (pg/100mg)
=" Sample | CURED | FORCED | YEAST | FORCED | YEAST AGED
Ttem ) (0day) (10days) (10days) | (20days) (20days) (2yrs)
aspartic acid 10.41 12.56 20.71 5.12 04.62 35.67
threonine 0.33 1.07 7.74 0.26 4.69 5.69
serine 22.09 22.07 - 35.50 21.84 43.70 59.63
glutamic acid 0.47 11.86 23.22 0.15 8.57 18.66
proline 169.77 200.03 201.09 117.78 25.18 393.10
glycine 9.50 4.67 6.53 8.23 88.40 2.36
alanine 42.52 47.80 66. 68 27.74 77.34 82.22
cystine - — - — 32.49 -
valine 0.28 3.21 4.83 0.30 - 0.23
methionine - - — 2.48 - -
iso-leucine — 1.10 — — — 0.76
leucine — 2.76 — — - 0.02
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Table. 10.” Volatile organic acids content of various tobacco leaves. (mg/10g)
**** R — Sample | CURED FORCED YEAST AGED
[tem D (0day) (20days) (20days) ) (2yrs)
formic acid 1.87 4.21 3.35 0.78
acetic acid 1.77 3.05 2.97 1.38
propionic acid 2.21 3.11 3.78 1.92
iso-butylic acid 3.52 4.76 4.51 5.01
n-butylic acid 1.73 2.22 2.70 1.70 -
iso-valeric acid 1.82 2.74 3.52 1.57
n-valeric acid 1.71 2.54 3.62 1.40
crotonic acid 1.16 1.43 0.72 2.66
- capryric acid 1.63 0.97 1.09 1.43
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Table. 11. Non volatile acids content of various tobacco leaves. (mg/10g)

T e Sample CURED FORCED YEAST AGED
Item T —— (0day) (20days) (20days) (2Yrs)
oxalic acid 91.8 85.4 95.8 87.8
citric acid 175.6 215.5 191.5 239.4
malic acid 239.4 255.4 263.3 159.6
galacturonic acid 9.5 27.0 13.0 7.0
tartaric acid 7.2 13.0 8.0 5.0
malonic acid 40.0 16.0 48.0 27.0
a-ketoglutaric acid 12.0 42.0 53.0 10.0
fumaric acid 19.0 40.0 64.0 : 29.0
succinic acid 53.0 44.0 37.0 -61.0
glutaric acid 3.0 4.0  6L0 14.0

genic 2 caffeic acid o] &3 & v AT A4 B
T rutin ¥ £4F B3] AN HAHTF
o AL BF wel HA oo

Fig. 20. Paper chromatogram of non volatile
organic acids in AGED (2yrs) tobacco
leaves.

9 caffeic acid 2] ¥ 3}+= Fig. 219} #-& chroma-
togram & 4o 2 FeFL rutin g T A Fig. 21. Paper chromatogram of polyhenols in

Table 125} zkch. pholyphenol % rutin, chloro- forced tobacco leaves.
Table. 12. Polyphenols content of various tobacco leaves (% dry wt.)
Ltem T Sample chlorogenic acid caffeic acid rutin
CURED 3.25 0.35 1.00
FORCED (10days) 3.10 0.32 0.70
YEAST (10days) 3.05 0.30 0.69
FORCED (20days) 3.05 0.30 0.40
YEAST (20days) 2.95 0.30 0.50
FORCED (30days) 2.85 0.29 0.35
YEAST (30days) 2.80 0.27 0.45
AGED  (2yrs) 3.15 0.28 0.50
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Fig. 22. Changes of nicotine
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Fig. 23. Changes of nornicotine content durin
forced aging of tobacco leaves.
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Fig. 24. Changes of oxygen up-take during forced
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Fig. 25. Changes of a-amylase activity during
forced aging of tobacco leaves.
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Fig. 26. Changes of g-amylase activity during
forced aging of tobacco leaves.
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Fig. 27. Changes of invertase activity during
forced aging of tobacco leaves.
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Fig. 28. Changes of catalase activity during forced
aging of tobacco leaves.
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Fig. 29. Changes of peroxidase activty during
forced aging of tobacco leaves.

= Ags] L 3e nojbgst 4o AP w
g A4 ozt AT $4F P 2 &
Ax7t @l gl ot

=
-
<
)
=
\Z; 300 o
E] T
] 2
e 2
£5 \
2 © 200F \\ .
g ‘AXo\ ]
: oS o
& 100l ST T
-— - - =}
=] a
2
5
&
ey
£ - . ; . — N
o 5 10 15 20 25 30 1yr  2yTs

Days of aging
Fig. 30. Changes of polyphenol oxidase activity
during forced aging of tobacco leaves.
6. BE=ME AT ERWIL
FAA T

gagAel B Al FAe st o3}
4 EAAE o ATAEd 4% FAAS

443 42%& Table 133} Zgrh
(1) Shmuck
#$43 %

CTERT 2
ARALED %
S %

(2) Kovalenko

Ade%—Jagd qd+%
ARQ4Ed %
A 2% —adl s} A 2%
(3) Shmuck, Pyriki et al

Polyphenol %

€)

AB9T %
) wxz % P HzgaEd %
(4) Pyriki



]
4z 375 % +resine ¥ wax% X 400

F3)

vade+(1g —vaadd)+aey
*AFQAEA, 31-% %, polyphenol = glucose =
A 4%

Table 13. Quality index of various tobacco samples.

CURED

I] FORCED ﬁ YEAST | AGED

a 2,98 (100) 3,12 (104) 3,25 (109) 3,28(110)
& 11,28 (100) 13,39 (118) 13,86 (122) 14,57(129)
¢ 3,61 (100) 3,75 (103) 3,87 (107) 3,98(110)
d 14,18 (100) 15,86 (111) 16,53 (116) 17, 52(123)
e 9,07 (100> 10,51 (115) 10,96 (120) 11,08(122)
F0.19 (100) 0.17 A1) 0.16 (118) 0.17(111)
799(101)

g 784 (100) 803 (102) 813 (103)

Shmuck®, Kovalenko 9] 3-89 45132
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Table. 14. Sensory evaluation of various tobacco samples.

"T\tm\Sanle aroma taste i mildness i pungency quality i grade
CURED (0days) 31.0 28.5 29.5 37.0 28.5 ¢ 4
FORCED (20days) 34.0 36.0 35.0 34.5 34.5 3
YEAST (20days) 35.0 36.5 37.5 34.5 35.5 2
AGED (2y1s) 35.0 35.0 33.0 28.5 36.0 1
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