APPENDIX I

In this appendix, the components measured in 33 tobacco products have been shown with
their CAS number and the retention time at which the peak appeared on the chromatogram.
For each product, the box is marked green when the component is present. The number in the
green box represents the signal-to-noise ratio. The final columns respectively represent the
components’ flavour description and, if known, its odour threshold. The components
numbered from 1 up to 144 (coloured blue) represent flavour additives; the components
numbered from 145 up to 149 (coloured red) represent the five excluded non-flavour
components; and the final components numbered from 150 up to 186 (coloured orange) are
the components present in at least one of the reference products (natural tobacco leaves and/or

research cigarettes containing no additives) and are therefore not considered flavour additives.
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University of Kentucky

American Virginia flue-cured 213

Un-cut Burley

Semi-Oriental 456

Description

unknown

unknown

unknown

Cooling; less cooling than
(-)-menthol, with musty-
minty notes

Weak, sour, buttermilk
odor and taste

unknown

unknown

Minty-herbaceous (not
green); dry woody notes

Has a minty type odor
and an cooling type
flavor.

Fresh, minty, slightly
fruity for (+)-neomenthyl
acetate

Substance of GHB, with
salty taste

unknown

Woody, spicy, dry odor;
spicy, woody, with citrus
undernote taste

Sweet, floral-cherry
(heliotrope); sweet
cherry-vanilla taste

Dry, woody, faint cedar,
tobacco like notes

Sweet, floral, fruity odor
of jasmin and gardenia,
fruity taste

Floral-woody, faint citrus
note odor; sweet floral &
slight citrus taste

Sweet, oily-fermenty
weak rose odor; fatty
fruity-musty, tea-floral
taste

Rose-like, geranium-like
odor

Odour threshold
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pyrrole-
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carboxal
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Strong, spicy, dry,
pungent, smoky, clove-
like

Sweet, spicy, balsamic-
clove, fruity; warm clove-
like taste

Sweet, floral (lilac), lime
odor; very sweet taste in
dilution

Woody, earthy

Natural substances and
extractives

Intense, sweet, vanilla
like odor; creamy vanilla
taste

Very weak ethereal-fruity
odor;a mild sweet taste;
normal use as solvent

Coconut-peach like odor;
in dilution, peach taste

Fruity odor of green-
apple, pineapple, tropical,
mango, apricot. cognac

Fresh, sweet,
hydrocarbon and orange
citrus odor

Tarry-medicinal phenolic
sicy smoky odor

Strong, fresh fruity;
cherry, raspberry,
blueberry nuance flavor

Natural substances and
extractives

Sweet, spicy, clove-like,
somewhat smoky odor;
sweet taste

Somewhat burnt, roasted,
cracker, nut

Strong herbaceous-minty
odor; herbaceous, minty,
bitter taste

Strawberry, fruity

Woody, spicy, dry odor
Powerful, creamy,
vanilla-like odor & sweet
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taste

Fruity type odor and an
green type flavor

Woody, herbal-balsamic,
slightly earthy with hint
of mint notes

From clove oil

unknown

Dry, woody, piney,

somewhat musty odor

Antioxidant for flavor
oils - See comments:

unknown

unknown
Citrus, herbaceous,
Jjuniper berry, green

vegetative; important to
apple

unknown

Rose-like odor and taste

Strong, sweet, smoke-like

& vanilla, phenolic-
medicinal notes

Spearmint odor & taste

Strong, fatty, coconut
odor and taste

Weak, sweet, winey-
fruity-plum-like odor;
slight bitter taste

Has an pine type odor.

Chemical, winey, slight
fatty-fruity odor

Mild woody-balsamic
with earthy weak spice
notes

Strong, sweet, medicinal-
herbaceous, spicy-
phenolic odor/taste
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Strong, camphoraceous,
cool, fresh odor

Sweet, herbaceous, sour,
woody-lilac notes

Natural substances and
extractives

Sweet, woody-cuminic,
floral odor; minty, sweet
weedy spicy taste

unknown = (R)-
dihydrocarvyl acetate

Strong fatty, peach-
apricot odor; peach taste
in dilution

unknown

Has an minty type odor

Very weak, balsamic odor
and burning taste

Sweet, fruity, pear-apple
like odor; green, banana,
apple-pear like taste

Has an herbal type odor.

Cooling, menthol, fresh,
minty

unknown

Pungent, Earthy, Woody

Sweet, creamy, milky,
peach, nut; peach, buttery
in dilution

Coumarinic-coconut,
tonka-like odor; sweet
vanilla-tonka taste

Sweet fruity rose odor;
bittersweet, floral-green-
citrus-plum-like taste
Fruity, green apple odor

w

[N

c oo wnx

oo -



N

]

©

[N

te <cis-
3-
hexenyl-
>

butyric
acid

isophoro
ne

2h-
pyran-2-
one,
tetrahydr
0-6-
propyl-
2(3h)-
furanone
,5-
butyldih
ydro-4-
methyl-
acetic
acid,
phenyl-,
isopentyl
ester

3-hexen-
1-ol,
formate,

(2)-

muurole
ne
<gamma
=

octalacto
ne
<gamma
>
2(3h)-
furanone

dihydro-
5-
propyl-

ionone
<(e)-,

beta->

nerolidol
<(e)—>

methyl
isobutyr
ate

3=
cyclohex
en-1-
one, 3-

methylet
hyl)-
2(3h)-
furanone

dihydro-
5-
methyl-
1,3-
dioxolan
e-2-
acetic
acid,
24-
dimethyl
-, ethyl
ester

nonanoic
acid,
ethyl
ester

ethanol,
1-(2-
butoxyet
hoxy)-
benzalde
hyde
propylen
e glycol
acetal

15
4-
45-
1
10
7-
92-

19-

33
46

73-

30
02
1-
74-

10
4-
50-

10

21-

07

77-

40
71

66-

54
7-
63-

10
8-
29-

62
90-
17-

12
3-
29-

54
44
6-
78-

25
68-
25-

4

S

W

= R e o

L. N, A= O . W W N, O~ WL W= O . B

o —

% o\

O POo. — =N, O

o — 0 wu.

00,

v

—

o =

1
4
0
1
3
8
1
3
7
1
3
3
1
3
0
1
3
0
1
2
8
1
2
6
1
1
9
1
1
7
1
1
5
1
1
4
1
1
0
1
0
6
1
0
5
1
0
3

and taste

Strong, cheese, butter-
like, sour-rancid odor and
taste

Sharp, sweet-green-
camphoraceous odor;
minty-honey-tobacco on
dilution

Coumarinic, coconut
odor, creamy, coconut
flesh taste

Coumarinic, coconut,
lactonic, woody, maple
and lovage

Sweet, balsamic-floral-
fruity, honey notes;
reminiscent of cocoa bean

Strong, sharp, green
fruity-apple; green fruity
vegetable taste

Has an woody type odor
= gamma muurolene

Sweet-coumarinic,
coconut-like odor and
taste

Coconut, hay-like,
coumarinic odor

Woody, violet, fruity
odor; woody-raspberry on
dilution

Faint, woody-floral, slight
green odor; weak green
floral taste

Fruity, apple-pineapple-
apricot-rum like odor and
juicy fruit taste

Fresh strong herbaceous,
minty

Sweet, hay-like,
coumarinic odor and
coconut taste

Fresh, sweet-fruity notes
reminiscent of apple and
strawberry

Fatty-waxy, oily, cognac,
grape, nut-like odor;
wine-cognac tropical taste

Natural substances and
extractives

Practically odorless; faint
cherry, bitter almond
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Fruity, apple-tropical like
odor

Strong, heavy, sweet,
fruity-floral ylang odor;
spicy-berry phenolic taste

unknown

Resinous, pine odor;
turpentine taste

unknown

Sweet, herbaceous, anise
(artificial Licorice) odor
& taste

See comments

unknown

Green, sweet, apple/pear,
fruity, tropical in
odor/taste

Faint, slightly floral,
sweet, jasmine-like odor

Strong, sweet floral-
honey odor; sweet honey-
like taste; slightly spicy

Fatty-floral-rose, waxy
odor; citrus taste in
dilution

Has a spicy type odor and
an spicy type flavor =
caryophyllene

Coumarin-like, sweet
odor and taste; creamy
note

unknown

Strong, sweet, honey-like
odor; honey flavor with
cocoa & fruity notes

Has an tonka type odor (=
heeft iets weg van vanille,
amandel, kaneel en
kruidnagel)

Heavy, fatty, cheesey-
sweaty odor and taste
Has an caraway type odor
(sweet, sharp, slightly
spicy aroma) = (Z)-
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carveol

Creamy, Fatty, Buttery

Floral, hay-like odor;
sweet anisic-vanilla-fruity
herbaceous

Herbaceous, oily-nutty,
earthy, mushroom odor

Has an herbal type odor =
(+)-dihydrocarvone

unknown

unknown

Baked potato, roasted nut,
cocoa, coffee, burnt odor
& taste

Sharp fruity-green, green
banana, pear odor; dry
fruity, green, pear taste

Waxy-fatty-oily, slightly
green floral with cream,
dairy & fruity notes

Floral-green, metallic
geranium odor

Alcohol like odor

Natural substances and
extractives

unknown

unknown

Gardenia (flower), Perilla
(mint), apple

Sweet fruity, with
pineapple, tropical, green,
floral, apricot, peach note

Weak waxy hydrocabon
odor

Potent odorant in acid
hydrolysates of crude
glycoconjugate fractions

isolated from grapes and grape

vine leaves
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methyl-

methyl
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Phenolic medicinal odor
and taste

unknown

The elemenes contribute
to the floral aromas of
some plants

unknown

‘Warm, sweet,
wintergreen odor and
taste

Has an herbal type odor

Ethereal, floral fruity-
banana odor; weak,
‘warm, fruity taste

Creamy-buttery, yogurt-
like odor and flavor

Weak

Roasted, hazelnut, cocoa,
cooked potato like notes

Bready, brown, coffee-
like and nutty cereal-like
taste

Floral, fruity-wintergreen

ylang-ylang like odor;
fruity-wintergreen taste

Pungent, corn, burnt
roasted notes with some
nutty charcacter

Faint, sweet, earthy odor;
rosy-almond-mushroom
notes.

Solvent, humectant,
preservative, comparable
to propylene glycol

Solvent

Odorless

Odorless when pure with
a weak mild, sweet taste

Solvent

unknown

Almost odorless
An herbaceous, cheese-
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like odor that is sweet
upon dilution

Odor of bitter almond oil;
characteristic sweet
cherry taste

Fishy type odor

Has a acidic type odor
and an fruity type flavor

Flowery odour

Stale cheese, hard cheese,
sweaty or putrid flavour
that occurs in beers

Faint, sweet, almond

fruity aroma; sweet, but
somewhat chemical taste

Has a floral type odor and
an floral type flavor

Has a cinnamon-like odor
with a coconut undertone

unknown

Tobacco/incense aroma
Oily-green, herbaceous
odor; green fruity taste
Green, nutty, cocoa,

musty, potato, fishy-
ammoniacal notes

unknown

unknown

unknown

Tobacco taste and flavor
improving agent

Musty, nutty, buttery,
peanut odor; chocolate-
peanut taste

Has a chocolate type odor
and an nutty type flavor

Tobacco/incense aroma

unknown

Has a bready type odor
and an brown type flavor

Has a bready type odor
and an burnt type flavor
Has a caramellic type
odor and an sweet type
flavor
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Oily-buttery, fatty odor;
butter, cream, milk taste

unknown

Has a balsamic type odor
and an nutty type flavor

Weak, slightly caramellic,
nutty, buttery odor

Sweet and solvent-like
odour, nutty and
astringent flavour with a
creamy almond nuance

A fresh, rose, magnolia-

type odor

unknown

unknown

Has a floral type odor and
an woody type flavor

Has a musty type odor
and an nutty type flavor

unknown
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78 2h-pyran-2-one, tetrahydro-6-propyl- 698760 11.08 137 Coumarinic, coconut odor, creamy, coconut flesh taste 400
79 2(3h)-furanone, 5-butyldihydro-&-methyl- 39212-23-2 11.61 133 Coumarinic, coconut, lactonic, woody, maple and lovage 48
80 acetic acid, phenyl-, isopentyl ester Sweet, balsamic-floral-fruity, honey notes; reminiscent of cocoa bean
81 3-hexen-1-ol, formate, (z)- 130 Strong, sharp, green fruity-apple; green fruity vegetable taste
82 muurolene <gamma-» 128 Has an woody type odor = gamma muurolene
83 octalactone <gamma-> 104507 10.67 126 Sweet-coumarinic, coconut-like odor and taste 400
82 2(3h)-furanone, dihydro-5-propyl- 105215 9.13 119 Coconut, hay-like, coumarinic odor 400
85 ionone <(e}-, beta-> 079776 1379 117 Waady, violet, fruity odor; woody-raspberry on dilutian 06
86 nerolidol <{e)-> 40716-66-3 14.66 115 Faint, woody-floral, slight green odor; weak green floral taste 120
87 methyl isobutyrate 547637 7.59 114 Fruity, apple-pineapple-apricot-rum like edor and juicy fruit taste 7
88 2-cyclohexen-1-one, 3-methyl-6-{1-methylethyl)- 089.81-6 10.68 113 Fresh strong herbaceous, minty 680
89 2(3h)-furanone, dihydro-5-methyl- 10829-2 6.1 110 Sweet, hay-like, coumarinic oder and coconut taste 10000
90 1,3-dioxolane-2-acetic acid, 2,4-dimethyl-, ethyl ester £20017-1 10.27 106 Fresh, sweet-fruity notes reminiscent of apple and strawberry
91 nonanoic acid, ethyl ester 123-28-5 1108 105 Fatty-waxy, aily, cognac, grape, nut-like odor; wine-cognac trapical taste 850
92 ethanol, 1-{2-butoxyethoxy}- 5424678-5 9.59 104 Natural substances and extractives
93 benzaldehyde propylene glycol acetal 2568354 10.84 103 Practically odorless; faint cherry, bitter almond
94 butanoic acid, 2-methyl-, phenylmethyl ester 5E423-40-5 12.44 103 Fruity, apple-tropical like odor
95 benzoic acid, methyl ester 09358-3  5.26 /0100 Strong, heawy, sweet, fruity-floral ylang odor; spicy-berry phenolic taste 110
96 11,11-dimethyl-4,8-dimethylenebicyclo[7.2.0]undecan-3-ol 79530011 15.79 100 unknown
97 &-pinene 080-56-8  5.85 EL) Resinous, pine odor; turpentine taste 6
98 1-[(1-propoxypropan-2-yljoxylpropan-2-yl acetate EPA372321 10.22 a7 unknown
939 anethole 104-46-1 11.07 94 Sweet, herbaceous, anise (artificial Licorice) odor & taste
100 cyclohexanol, 5-methyl-2-(1-methylethyl)-, (1a,2a,53)- 451010 9.70 52 See comments
101 bisabolene <beta-> 4891-79-6 14.04 92 unknown
102 isobutyrate <hexyl-> 2349077 B.95 50 Green, sweet, apple/pear, fruity, tropical in odor/taste ]
103 dihydrojasmonate <methyl-, trans-» 2630399 16.17 %0 Faint, slightly floral, sweet, jasmine-like odor
104 benzeneacetic acid, methyl ester 101417 348 29 Strong, sweet floral-honey adar; sweet honey-like taste; slightly spicy
105 nenanal 124196 8.32 89 Fatty-floral-rose, waxy odor; citrus taste in dilution 1
106 bicyclo[7.2.0]undec-4-ene, 4,11, 11-trimethyl-B-methylene- 13877935 12.98 87 Has a spicy type odor and an spicy type flavor = caryophyllene
107 2(3h)-furanone, 5-ethyldihydro- 695067 7.63 86 Coumarin-like, sweet odor and taste; creamy note 1600
108 caryophylla-4{12) 8(13)-dien-53-0l 19431.79-9 16.15 81 unknown
109 benzeneacetic acid, ethyl ester 79 Strong, sweet, honey-like odor; honey flavor with cocoa & fruity notes 650
110 couma 78 Has an tenka type odor (= heeft iets weg van vanille, amandel, kaneel en kruidnagel)
111 hexanoic acid 78 Heawy, fatty, cheesey-sweaty odor and taste 3000
112 2-cyclohexen-1-ol, 2-methyl-5-{1-methylethenyl)-, cis- 77 Has an caraway type odor (sweet, sharp, slightly spicy aroma) = (Z)-carveol
113 humulene epoxide ii 19888347 15.47 bzl Creamy, Fatty, Buttery
114 benzaldehyde, 4-methoxy- 123115 10.66 77 Floral, hay-like odor; sweet anisic-vanilla-fruity herbaceous a7
115 hexanol <ethyl-> 589.950 6.65 76 Herbaceous, oily-nutty, earthy, mushroom oder 110
116 oyclohexanone, 2-methyl-5-{1-methylethenyl)-, trans- 5948049 9.95 76 Has an herbal type odor = (+)-dihydrocarvene
117 calacorene <alpha-> 77129501 1458 74 unknown
118 10,10-dimethyl-2,6-dimethylenebicyclo[7.2.0Jundecane 357414-37-0 13.16 72 unknown
118 pyrazine, trimethyl- 14667551 6.80 72 Baked potato, roasted nut, cocoa, coffes, burnt odor & taste 400
120 3-hexen-1-ol, acetate, (e)- 3681-82-1 6.81 70 Sharp fruity-green, green banana, pear odor, dry fruity, green, pear taste 56
121 dedecanoic acid, 1-methylethyl ester 10233-13-3 15.33 69 Waxy-fatty-oily, slightly green floral with cream, dairy & fruity notes
122 diphenyl ether 101848 1273 68 Floral-green, metallic geranium odor 15
123 1,3-dioxane 505-22-6 3.09 &8 Alcohol like odor
124 cyclohexanemethanol, a,a-dimethyl-4-methylene- 7299425 938 66 Natural substances and extractives
125 amorpha-4,7(11)-diene 486998-53-2 14.35 85 unknown
126 caryophyllene <9-epi-{e)-> 68832-35-8 13.60 &5 unknown
127 1,3,6,10-dodecatetraene, 3,7,11-trimethyl-, (z,&)- 26560145 13.95 62 Gardenia (flower), Perilla (mint), apple
128 hexaneic acid, phenylmethyl ester 6938450 14.45 62 Sweet fruity, with pineapple, tropical, green, floral, apricot, peach note
129 hexadecane <n-» 544.76-3 1501 5 Weak waxy hydrocabon ador
130 (e}-1-(2,3,6-trimethylphenyl)buta-1,3-diene (tpb, 1) EPA357257 12.62 61 Potent odorant in acid hydrolysates of crude glycoconjugate fractions isolated from grapes and grape vine leaves
131 phenel 108-55-2 6.38 &1 Phenolic medicinal eder and taste 5500
132 1h-2-benzopyran-1-one, 3,4-dihydro- 4702345 12.52 61 unknown
133 elemene isomer 11029-06-4 11.85 61 The elemenes contribute to the floral aromas of some plants
134 gyclooctane, methyl- 1502-38-1 .30 61 unknown
135 methyl salicylate 119368 9.80 &0 Warm, sweet, wintergreen odor and taste 40
136 selinene <beta-> 17066670 13.94 &0 Has an herbal type odor
137 2-furanmethanol, acetate 623176 6.632 59 Ethereal, floral fruity-banana odor; weak, warm, fruity taste
138 acetoin 513860 330 59 Creamy-buttery, yogurt-like odar and flavor 55
139 2,3-butanediol 513-85-5 3.93 58 Weak
140 pyrazine, 2-ethyl-6-methyl- 13925036 674 58 Roasted, hazelnut, cocoa, cooked potato like notes 100
141 furfuryl formate 13493-97-5 535 58 Bready, brown, coffee-like and nutty cereal-like taste
142 benzoic acid, ethyl ester 093830 9.38 57 Floral, fruity-wintergreen ylang-ylang like oder; fruity-wintergreen taste 80
143 1h-pyrrole-2-carboxaldehyde 1003258 6£.85 57 Pungent, corn, burnt roasted notes with same nutty charcacter
142 benzyl ether 103-50-4 15.87 57 Faint, sweet, earthy odor; rosy-almend-mushroom notes.
145 4352443 350 615 E22 Solvent, humectant, preservative, comparable to propylene glycal
146 084662 15.07 141 129 206 172 Solvent
147 054-11-5 1200 435 557 331 666 583 370 225 426 659 BO2 464 445 375 300 262 225 226 383 454 418 522 350 444 460 1167 696 727 485 557 565 524 1869 1082 Odorless
148 057556 3.52 582 607 €91 752 502 748 787 632 530 635 279 1732 Odorless when pure with 3 weak mild, sweet taste
142 102-62-5 11.77 97 104 295 238 209 172 186 253 95 &7 Solvent
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Elixyr Menthol (RYO)
Djarum Kretek Cherry

Retention time

Elixyr Menthol
Belinda Menthol
Marlboro Menthol
Marlboro Flavour Plus
GauloisesBrunes
Kentucky University
Un-cut Burley

Description

unknown

Almost odorless

An herbaceous, cheese-like odor tha

American Virginia flue-cured 213

AuldKendal Gold V:
Verso Euphoria Apple
Verso EuphoriaHoney
Verso Euphoria Mango
Surfside Pina Colada
Semi-Oriental 456

Verso Euphol

é CAS number

I Surfside Mango

§

105-43-1

100-52-7 Odor of bitter almond oil; characteristic sweet cherry taste
110-86-1 Fishy type odor
116530 | ] Has a acidic type odor and an fruity type flavor
122-78-1 Flowery odour
503-74-2 Stale cheese, hard cheese, sweaty or pu flavour that occurs in beers
100516 Faint, sweet, almond fruity aroma; sweet, but somewhat chemical taste
060-12-8 Has a floral type odor and an floral type flavor
1604-28-0 4. Has a cinnamon-like edor with a coconut undertone

102-27-2 unknown
33818552 Tobacco/incense aroma
110930 6. Qily-green, herbaceous odor; green fruity taste
109080 Green, nutty, cocoa, musty, potato, fishy-ammoniacal notes

24070700 5.32 unknown
unknown

2237301 unknown
581500 Tobacco taste and flavor improving agent
13525-00-3 Musty, nutty, buttery, peanut odor; chocolate-peanut taste
108-50-9 Has a chocolate type odor and an nutty type flavor
38818552 Tobacco/incense aroma
108577 unknawn
098-01-1 Has a bready type odor and an brown type flavor
098-00-0 Has a bready type odor and an burnt type flavor
620020 Has a caramellic type odor and an sweet type flavor
600-14-6 Oily-buttery, fatty oder; butter, cream, milk taste
28564-83-2 unknown
1182627 Has a balsamic type odor and an nutty type flavor
096-43-0 Weak, slightly caramellic, nutty, buttery odor
3188003 Sweet and solvent-like odour, nutty and astringent flavour with a creamy almond nuance
379670-1 Afresh, rase, magnolia-type ador
475036 unknawn
085716 unknown
23726924 Has a floral type odor and an woody type flavor
1072-83-8 Has a musty type odor and an nutty type flavor
592-20-1 unknown

15

163

28

Odour threshold



16



