Volatile Character-Impact
Sulfur Compounds and their

Sensory Properties -

By Mans H. Boelens, Boelens Aroma Chemical Information Service, The Netherlands
and Leo J. van Gemert, TNO Biotechnology and Chemistry Institute, The Netherlands

‘ Jolatile organic sulfur compounds are important con-
stituents for the flavor of food, beverages and natural Table I. Volatile suifur compounds detected
isolates. Character-impact sulfur compounds have been in food as of 1991
found in foods (bread, potato and prepared meat), bever-
ages (beer and coffee), vegetables (allium species, truftle Thiols and sulfides 172
and radish}, fruits (grapefruit, pineapple, grape, tomato, “l\l;lmolsf ml;?;captans 40
melon, passionfruit and black currant) and natural isolates D;ﬂﬁ:’uesl es g?
like essential oils, absolutes and oleoresins (rose, hop, gal- Trisulfides 20
banum, absinth, cassia, patchouli, pepper, helichrysum and Tetrasulfides 8
geram.um). The-se charactemmpgct sulfur com{.)()}mds are, Thiophenes 78
often in a certain low concentration, characteristic for the Normal thiophenes 62
sensory properties of the material. Although these facts are Dihydrothiophenes 9
generally accepted in the flavor and fragrance industry, still Tetrahydrothiophenes 7
some questions can be put forward, namely: Thiazoles o1
*  What are the identities of these compounds? Normal thiazoles 73
. D . . Thiazolines 5
e What are their sensory properties? That is, what is Benzothiazoles 13
their odor and flavor character and in which .
: - hev b cived? Thianes 52
concentration can they be perceived: Dithianes 27
In this article we will try to answer these questions as Trithianes 7
much as possible mainly based on a survey of the available Tetrathianes 14
literature Pentathianes 4
. Thiocyanates 44
Occurrence of Volatile Sulfur Normal thiocyanates 8
Compounds in Food Isothiocyanates 36
Until 1991 up to 6,200 volatile compounds had been Thiolanes 24
detected in foods and beverages.l As shown in Table I, 633 Dithiolanes 7
of these compounds, or about 10%, are sulfur compounds. Trithiolanes 17
T T TP T SN R Alkane-thio acid esters 22
it mdy pe expectﬁu TIidt LIl 111 101 [IlCUIlllllg yUdlb s011Ee
hundreds of new sulfur compounds will be detected in Dithiines and dithiazines 18
foods and beverages. This expectation is based on the fact Other bifunctional methylthio-derivatives 42
that a lot of sulfur compounds, which can be derived from
the existing ones, have not yet been detected. For instance Miscellaneous %0
on the basis of the occurrence of 40 thiols one could expect Total 633
820 disulfides, where 820 = n(n + 12 whenn = 40. Up to
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now only 51 have been found.
Of course not all the 40 thiols occur in one

andthe came fand haverage or naturalienlate
e crago Of

Table Il. Character-impact sulfur compounds in foods

and beverages (except Allium species)

alild LT Salnd 1090, OV

in which all the possible disulfides could be
formed. Nevertheless, a lot more disulfides

ligtinal Isvlatc,

Food/
will be proved to exist. beverage
Another aspect regarding the number of B

; read
natural sulfur compounds is the frequency of
the occurrence of the methylthio group in
heterocyelic molecules, such as pyrazines and Meat
thiazoles. Forinstance, from the 155 pyrazines
detected in food! only one contains a methylthio Potato
substituent; it will be clear that several more Coffee
should exist and will be found in the future.
Most of the volatile sulfur compounds are Beer
essential constituents of the material. That Tomato
means they are necessary for the sensory qual- Grapsfruit

ity, but that they are not characteristic. A small
number of the sulfur compounds, however,
are characteristic compounds, which are rec-
ognized by experts as representing a great deal
of the sensory quality of the material. These
are the so-called character-impact compounds

Grape

Passionfruit

Black currant

Thresheld
value ng/l

Character-impact compound of water  Reference
2-[{methyldithio)methyl]furan 40" 3
2-acetyl-2-thiazoline 1,300* B1
2-methyl-3-(methylthic)furan 507 15
bis-{2-methyl-3-furyl)disulfide 0.02" 62
3-(methylthio}propanal 200" 13
furfurylmercaptan 5* 15
3-methyl-2-butene-1-thiol 0.2* 16
2-isobutylthiazole 3,500 22
(+)-(R)-1-p-menthene-8-thiol 0.02** 24
(-)-{S}-1-p-menthene-8-thiol 0.08** 24
3-(methylthio)hexanol unknown
2-methyl-4-propyl-1,3-oxathiane unknown
ethyl 3-thisl-propancate 200,000 27
1-methoxy-3-methyl-3-butanethiol 30-680" 32
p~menthan-3-cne-8-thiol unknown
bis(methylthio)methane <300** 63
(E)-4-(methylthio)-3-butenyl

isothigcyanate unknown
4-pentenyl isothiocyanate unknown
2-phenylethy! isothiocyanate 8,000"* 64

{Table II). Buchu leaf
Structure-Activity Relationships of Truffle
Volatile Organi¢ Sulfur Compounds Radish

The structure-activity relationships of vola-
tile organic sulfur compounds are rather com- Horseradish
plicated because the qualitative sensory

. Watercress

properties of the compounds often are strongly
dependent on their concentration. . odor

This olfactive dependence on stimulant

flavor; ™** = odor threshold in sunflower oil

concentration may be caused by the so-called

multiplicity of the compound. Multiplicity of a

compound is its ability to trigger different receptor sites at
various concentrations.

From an olfactive point of view the volatile organic sulfur
compounds can reveal various qualities, depending on the
accessibility of the sulfur-atom in the whole molecule.

High sulfur concentration: Sulfur compounds smelled
at relatively high concentration, for instance in 0.1-1.0%
solution in water, may show the following qualities:

* Sulfurous (alliaceous): lower alkylthiols, mono-, di-
and tri-sulfides

o Qlefinic (benzenoid): bifunctional monosulfides,
substituted thiophenes

* Camphoraceous: bulky substituted sulfides, such as
di-tert-butylsulfide.

It is generally known? that benzene has some odor resem-
blance with thiophene. This resemblance is even more pro-
nounced with the odors of p-xylene and 2,5-dimethylthio-
phene.

Probably the odor-character does not change a lot if one
substitutes a sulfur atom for a cis carbon-carbon double
bond. A nice example of this substitution is demonstrated
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by a cis-3-hexenyl derivative and replacement of its double
bond by a sulfur atom.? See Scheme 1 for examples.

Low sulfur concentration: Another aspect of organic
sulfur compoundsis the influence of other functional group(s)
in the molecule on the overall olfactive or sensory quality.
This influence often is demonstrated at rather low concen-
tration (<1 ppm). In this type of sulfur compound one often
encounters a proton-releasing (-S H} group and at a certain
distance a proton-attracting group (-C=0 or -C-O-C-} more
or less according to the Shallenberger principle for the
sweetness of organic compounds.

Examples of this type of sulfur compound are: p-menthan-
3-one-8-thiol (so-called buchu-thiol); 4-methyl-4-thio-
Ipentan-2-one (so-called cassis-body); 1-methoxy-3-
thiol-3-methylbutyl formate (coffee and beer). See Scheme 1.

All these compounds contain a tertiary thiol group. One
can notice a significant difference between the threshold
values of primary or secondary thiols on the one side and
tertiary thiols on the other side. See Table IIL. The thresh-
old values of tertiary thiols are a factor of 300-3000 lower
than those of primary and secondary thiols. (In this article
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Scheme 1. Structure-activity retationships of sutfur compounds

all threshold values are given in nanogram per liter or
nanogram per kilogram, indicated as ng/l or ng/kg.)

Character-impact Sulfur Compounds in Food

A list of character-impact sulfur compounds is shown in
Table I1. See Scheme 2 for examples.
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Bread: 2-[(Methyldithio)methyl]furan or methyl furfuryl
disulfide has been detected in bread crust by Mulders et al.®
They proposed that the compound was responsible for the
“golden brown” crust aroma of white bread. This observa-
tion was based on its aroma quality and its odor threshold
value in water of 40 nanograms per liter (ng/1).
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Folkes and Gramshaw?® mentioned that .
. L i ) Table lll. Flavor threshold values of some primary, secondary
2-acetyl-2-thiazoline could also contribute and tertiary thiols. in nanograms per liter
to the crust aroma of bread. The compound y ’ 9 P
has an odor threshold value in water of
1.300 ng/l 61 Flavor threshold value
i o Thiol in ng/l Reference
Meat: T 11 i h -
ea . woexcellentreviewson the c'zom 1-Butanethiol {primary} beer 700 19
pounds with meat flavor have been written oot e s e ‘-
b Ml L d5 . d M tt . 'G [Spi=ivyirinl— 1R V] ‘DG\JU' aal ” [N} RFL LV 1
y viacheodan 0. ram 2-Methyl-1-propanethiol {primary) heer 2,500 19
The odor properties of a number of . )
K ! . , 2-Methyl-2-propanethiol {tertiary) beer 80 19
furans with thiol and methylthiol substitu- .
3-Methyl-2-butanethiol (secondary) beer 200 19
ents have been shown to have meaty char- . .
C 7. o 2-Methyl-2-butanethiol (tertiary) heer 0.07 19
acteristics, MacLeod and Ames” identified . .
. (+)-(R)-1-p-Menthene-8-thiol (tertiary) water 0.02 24
2-methyl-3-(methylthio)furan as a charac- . .
. . (—)-(8)-1-p-Menthene-8-thiol (leriary) water 0.08 24
ter-impact compound generated during the
cooking of beef. The compound has been

reported to have an odor threshold of 50
ng/l and a meaty aroma at concentrations below 1,000 ng/l,
becoming thiamin-like at higher levels.!?

Two compounds that showed the highest aroma values
and meaty aromas were identified as 2-methyl-3-furanthiol
and its disulfide bis-(2-methyl-3-furyl) disulfide. The thiol
also had a very low threshold value, estimated to be 2,500
times lower than that of its methylated derivative 2-methyl-
3-(methylthio)-furan. The latter compound was also found
in the beef flavor extract, but it had only a low aroma value,
and the authors” considered that it was of relatively minor
importance in the aroma of cooked beef compared with the
wmethylfuranthiol and its disulfide.®1*

Baines and Mlotkiewicz® noticed that the 2-thio-substi-
tuted furans and thiopenes appear to have burnt or sulfu-
rous characteristics, while compounds with thio-substituents
in the 3- and 4-positions have more meat-like qualities.

Gasser and Grosch®!! confirmed the presence of 2-
methyl-3-furanthiol and bis-(2-methyl-3-furyl) disulfide in
cooked beef and chicken broth They mentioned that both

[SgNgn I Tk r ea
lJlUuuLl.‘_i had d heat- luu:: Liuaul_y aud dctermmed the OdGI'

threshold value in air of 2-methyl-3-furanthiol as 0.0025-
0.001 ng/l, and of bis(2-methyl-3-furyl) disulfide as 0.0006-
0.0028 ng/l.

Kubota et al.'? identified pyrrolidino[1,2-e]-4H-2,4-di-
methyl-1,3,5-dithiazine in prepared shellfish species, such
as cooked shrimp, clam and corbicula. They mentioned that
the compound could be formed during heating of the
shellfish from 1-pyrroline, ethanol and hydrogen sulfide.
The pyrrolidinodimethyldithiazine, which consists of two
enantiomers, contributes a roasted odor to the taste of
boiled corbicula, and has an odor threshold value of
0.00000001 ng/l in water. To the best of our knowledge this
is by far the lowest threshold value ever found for a flavor
component. This threshold value means that very low levels
of impurities of this and, perhaps, related compounds can
have a very large contributing effect on threshold values
determined so far. To check on odor purity of compounds
for which threshold values are to be determined is thus very

Tryrrveadbaa
J.llltJUl tan.

Potato: Buttery etal." found that 3-(methylthio)propanal
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{methional) was a character-impact compound of boiled
and baked potatoes. The odor threshold value in water of
this compound was published as 200 ng/l.

Coffee: A thorough review of sulfur compounds in
coffee has been made recently by Flament.!'4

Tressl and Silwar!? estimated the odor threshold value in
water of furfurylmercaptan at 5 ng/l, smelling like freshly
roasted coflee at concentrations of 10-500 ng/1, but exhib-
iting the aroma of stale coffee with a sulfury note at values
of 1,000 to 10,000 ng/l.

5-Methylfurfurylmereaptan has an odor threshold in
water of 50 ng/l and delivers also a sulfury note above 5,000
ng/l. Both compounds are formed during roasting of coffee
and increase 5 to 10 fold during storage.!

Very recently Holscher et al.!® and Blank et al.'” identi-
fied 3-methyl-2-butene-1-thiol (prenylmercaptan), 3-thiol-
3-methylbutanol and its formate in roasted coffee.
3-Methyl-2-buten-1-ol (prenyl alcohol) was mentioned as a
common precursor for the sulfur compounds.

3-Thiol-3-methylbutyl formate could be identified as an
aroma-potent constituent of roasted coffee flavor with an
odor threshold value in air of 0.0002-0.0004 ng/1'” and with
an odor threshold value in water of 2-5 ng/].16

Beer: Angelino'® recently wrote that sulfur compounds
are flavor-active constituents in beers. Dimethyl sulfide has
been mentioned as responsible for the sulfury note in beer.
He also mentioned that one particular compound in beer
has been traced back to its very origin and chemical Dath-
way. Itconcernsthe cause of so-called sunstruckor hghtstruck
flavor in beer due to exposure to ultraviolet light.!* 3-
Methyl-2-butene-1-thiol (prenyl mercaptan) is considered
to be responsible for this “off-flavor.” The composition of
the sunstruck flavor substance and the mechanism of its
evolution were studied by Kurciwa and Hashimoto.?" They
published a flavor threshold value in beer of tess than 3x 10
ng/1; Holscher et al.,'® however, found a flavor threshold in
water of 0.2-0.3 ng/l.

Prenyl mercaptan has been mentioned as causing an off-
flavor in beer, but a minimum concentration of about 100
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Scheme 2. Structures of character-impact compounds (sensory quality)
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ng/l in beer seems to be necessary for its characteristic
flavor. More recently Schieberle?! also detected 3-thiol-
J ko ok o 1ilen e

+h
lJ"lllULIl_leLll)’l 101 lJld.l.U, WJ.L].I IS Ld.tl,y d.lld ubr;a —LIRG Uiug,

in pale lager beer (see also Hop oil).

Tomato: Buttery et al* made a quantitative study of
the fresh tomato aroma volatiles. One of the compounds
considered to be most important for the raw tomato flavor
is 2-isobutylthiazole with a threshold value in water of 3,500
ng/l.
McGlasson et al. 2> mentioned that dimethyl trisulfide
was an important tomato aroma component.

Grapefruit: The two character-impact compounds

Table IV. Olfactive qualities of enantiomers of
p-menthan-3-one-8-thiol®

proposed for the grapefruit flavor are nootkatone and 1-

p-Menthan-3-one-8-thiol

Stereoisomer Odor Quality

1R, 4R onion-like, weak fruity, tropical, dirty

15,48 stronger than (1R,4R)-isomer,
tropical, sulfurous, pronounced
Buchu leaf oil note

1R, 48 rubber, mercaptan-note, isopulegone-
note, burnt, sulfurous, disagreeable

18,4R black currant leaf, tropical note of

p-menthene-8-thiol.

Demole et al.** isolated 1-p-menthene-8-thiol and 2,8-
epithio-cis-p-menthane from grapefruit juice. l-p-
Menthene-8-thiol consisted of two enantiomers, {+}-(R)
and (—)-(S), which were separated. For the flavor detection
threshold values in water, the authors found 0.02 ng/l for the
(+)-(R)isomer and 0.08 ng/l for the (-)-(S) isomer. Qualita-

tively there was no e1gp1{"'r19nf difference hebween the

tively, there was rificant difference betw
sensory properties of the racemic mixture and of the opti-
callyactive (+)-(R), while the (=)-(S}-enantiomer appears to
have a somewhat more fruity and natural aroma than its

34/Perfumer & Flavorist

antipode; the mixture behaved just like a mixture of both
forms.

Mosand!® more recently determined the sensory quali-
ties of the two enantiomers of 1-p-menthene-8-thiol. He
found for the (R)-(+)-isomer a pleasant, fresh grapefruit
juice character and for the (S)-(-) an extremely obnoxious
sulfur note.

Passionfruit: Winter and coworkers® identified two
new sulfur compounds in passionfruit. They are 3-
{(methylthio)hexanol with a green, fatty sulfury note and 2-
methyl-4-propyl-1,3-oxathiane with a green slightly burnt
connotation. They are considered to be key flavor compo-
nents in the yellow fruit.

Grape: In 1983 Kolor”” identified an important new
flavorcompound in Concord grape: ethyl 3-thiol-propancate.
He mentioned that it is well recognized in the flavor indus-
try that variations in the concentration of certain chemicals
can have a dramatic effect on their flavor characteristics.
Ethy! 3-thiol-propanoate, which has a flavor threshold in
water of 2 x 10° ng/l, is a very good example of this phenom-
enon. At low concentration levels it has a very pleasant,
fruity, grape character, while at higher concentrations its
aroma takes a skunky or foxy, animal-like note.

Black currant: The catty note of black currant bud has
always been of interest for the flavorist. This note can also
be achieved with synthetic compounds, such as 4-methyl-4-
thiol-2-pentanone or p-menthan-3-one-8-thiol, a constitu-
ent of buchu leaf 0il.?® In 1986 Rigaud et al.™ and later Le
Querre and Latrasse®” identified and synthesized 1-methoxy-
3-methyl-3-butane-thiol, a character-impact sulfur con-
stituent from black currant.

From this compound in black currant bud extract, Joulain
and Laurent? found several derivatives, for instance the
dimer. More recently Guth and Grosch® detected 1-
methoxy-3-methyl-3-butanethiol, with a black currant-like
odor, in virgin olive oils. They mentioned that the com-
pound had a threshold value in air of 0.00008-0.00030 ng/l.

Buchu leaf 0il: Because buchu leaf oil is often used as
an enhancer for black carrant flavor, it seems worthwhile
here to mention its character-impact compound, p-menthan-
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Essential Qils, Flavors, Fragrances, Natural and Synthetic Chemicals

Natural Chemicals Ethyl caprate Iscpulegone Rum ether
Acetal Ethylcaproate Isovaleraldehyde Sciareol
Acetaldehyde (100%, 50%, 10% in Em gﬁpngme Isovalericacid Sinensal
hangl p
"m""e*:aiggg"}de ex orange oil Ethyldecancate Kelonarome 8ol
Acetic acié v Ethyl heptanoate Lacticacid Tannic acid
Acetone Eihylhexanoate Lauricacid Tartaricacid
Acatoin (Kosher) Ethylisobutyrate Leafalcohol a-Terpineol
Acetyl propionyl Ethylisovalerate Lemenaldehyde Terpinyi acetate
A % IPC% il Green Fort 1800 Elvllactate Limealdehyde Tetramethyl pyrazine
Algohod C(Ssee \efeln ?d v ) Ethyllaurate cLimoneng Thymol, natural
Aldghzdg c6 (see Valeraldehyde) Ethyllevulinate I-Lin'ialotl)l( DR Ho) Valencene
g Ethyl-2-methyl butyrate Linalool (ex BDR, Ho . ,
Aldehyde C-7 Elh¥'l myrista%; Iy Linalool ex Orange {reqular and extra) 3:2 I||||Ilfla1 absolute (CO, extraction)
g:dehyde C8 Ethyloctanoate Linalyl acefate {ex BDR, peffigrain) 'y inco
A|§§2§3§ G4 Eltyloleate — Maltol /
Allyl caproate (see Pineapple 2500) ; yloxrhydrate{see um ether) Maltane New Items Currently Being
y pp Ethylpalmitate o
Altyl isothioeyanate {(Mustard oil) - ¢Mannose Worked On:
AR Ethyl propionate Maple factone
AITIANu, et E".Iyl pyruvate VIgETY IebTIG
Amy acetat Massoialactone #Decalactone
/ i Eucalypiol p-Mentha-1,8-dien-7-al 2,6-Dimethoxyphenal (Syringol}
ﬁmyl E*CDEL Eugenol (ex Bay, Ex Clove} ‘Menthol iy formateyp yring
Amgl h:;yanoaie dFenchane FMenthone Ethyl pelargonate
Anethole Fen’nentabefr% Menthyl acetate Formicacid
Anisic aldehyde Furaniol (see Strawberryfuranone} ~ Methanol Guaicol
Anisyl acetate Furfural Methyl amylketone Heptalactone
Anisyl alcohol dGalactose mmay: gmhranllate ethyl acetate
Appla cider vinegar (200 grains) Geraniol ethyl benzoate Raspberryketone

Methyl butanal

c-Arabinose Geraniol {ex Citronellal) y
FArabinose Geranyl acetate "C” ﬁigﬁ;’i?;élubtyug;gldehyde K‘.Tﬁ])‘e" f‘.frbll’“gsm"e“ 4 of 1992
ckArabitol Geranyl acetale "D" 2-Methylbutyric acid (wil be available by the end of 1592)
FArabitol Geranyl butyrate Methyl ginnamate Ethylacetate

Geranyicaprale I Ethyl butyrate
ggggl"mgfe Geranyicaproate MSER&IE%?J&%%"J&"“‘ e Ethylformate
Benzyl butyrate Geranytcaprylate Methyl heptencne Ethyl propionate

Benzyl propionate

Geranyl isovalerate

Methyl heptyl ketone

; ’ . . Geranylpropionate i al ifiers
Bitter almond il (ex Apricot kemet oi] : P Methyl isobutyrate Natural Fortifiers
n-Butyl acetate fex A ) giape}ruzt gg; g Methyl-n-methyl anthranilate Apple #4900
n-Butyl alcehol apeir Methyl nonylketone Apple 7000
n-Butyl isovalerate Heptanal Methyi salicylate Apple 7400
n-Butyl lactate 2-Heptanone (Methylamyl ketone) ~ Methylsulfide Apricot 2600
n-Butyraldehyde Heptyl acetate Morindihydrate
Butyric acid +2-Hexenal Mustard oil {Allytisothiocyanate) Blueberry 1000
Capric acid (Kosher) t-2-Hexenyl acetate (see Green Myristic acid Blueberry 1700
Caproic acid (Kosher) Maringen Cherry 1000
Caprylic acid (Kosher) Hexanol Neral Chery 1400
4-Carvomenthenol Hexylacelate Nerolidol Cherry 9600
dCarvone Hexylbutyrate 2-Nonanane (Methyl heptylketong)  Cocoa flavor 1000
Caryophyllene gg*g_‘ﬁegﬁ]‘gﬁ butyrate Nootkatone Cranberry 8500
ggnnamic a::idh | cis-3-Hexenyl acetate Qcimene Fermented flavor 2000
Cinnamic aldehyde dls-3-Hoxenylbutyrate Octanal (50% and 90%) Grape 4000
Cinnamyl acetate ¢is-3-Hexenyl caproate 3-Octanol Greennate 1205
Cinnamyl cinnamate cis-3-Hexenylisovalerate Octyl acetate Greennote 1800
Citral (Std, Exira, ax Lemongrass) cis-3-Hexenyllactate Octyl butyrate Greennote 3100
Citronellal ' cis-3-Hexenyl-2-methyl butyrate Qclyl isovalerate Greennote 5050
FCitronellol lonone o, (60:40) 8';': f:,fl dehvdes Greennote 9000
Citronellyl acetate lonone & 50% in alcohol Orange carbo%yls Malt fortifier type 3000
Citronellyl butyrate longne p 50% in alcohot Peach 2000
Citronellyl propicnate Isoamyl acetate Palmitic acid Do an
GCocolacione _ Isoamyl alcohal Perilla aldehyde Pineapole 2500
Cocotone 7500 (CQ, extraction) Isoamyl butyrate o-Phellandrene Pine. apple 2100
Cocotene 8700{CO, extraction) iscamyl caprate o-Pinene Prat gp 4000
Cocotone 9800 (CO, extraction) Iscamyl caproate B-Pinene H'a '"b 100
Decalactone Isoamyl caprylate ¢-Piperitone aspherry
yuﬁgicﬁ;ctone (Aldehyde C-14) Isoamyl cinnamate Propioni¢ acid Raspberry 1120
Decanal (50% and 90%) Isoamyl isobutyrate Prapyl acetate Raspberry 1600
Decanoic acid :soamyll '|50V3:9f319 Propyi alcehol gaspgerry ;ggg
Diacetyl soamyl laurate Propyl butyrate aspberry
Dihydrz; cuminyl aldehyde :gggm:g{dﬂg;%gle Eropyl caprg:lete E:ggg::g %gag
i i ropyl capr
g?gmég;trggﬁ)tﬁuranone Isobutylacetate Pfo‘g' cagrylate Raspbemy 3615
(10% and 20%) isobuty aloohol Propyl laurate Strawberry 3000
Dimethy! pyrazine Isobutys butyrate Propyl prapionate Strawberry 3030
Dimethyl sulfide Isobutyl caprate Pulegone Strawberry 7000
Isobutyl caproate Pyrazines Strawbarry 7005
Estragole Isobutyl caprylate Pyruvic acid Strawberry %00
Ethyl acetate [sobutyl isovalerate Sronbe %835
Ethyl benzoate 1sobutyl laurate FRhamnose my
Ethyl butyrate Isabutyl propionate Rhodinol Tomato 1026
Ethyl butyrate ex orange oil Ischutyric acid d-Ribose Tomato 1034
P.O. Box 283, Garnerville, NY 10923-0283 . Tel. #: (914) 786-3121 . Fax #: (914) 786-3139
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3-one-8-thiol * Kopke and Mosandl* very recently iso-
lated the four enantiomers of p-menthan-3-one-8-thiol and
determined their olfactive qualities (Table IV).

Pineapple: Takeoka and coworkers® identified methyl
3-(methylthio)-propanoate, ethyl 3-(methylthio)propanoate
and 3-(methylthio)-propyl acetate in pineapples and they
mentioned that the first two appear in such concentrations
th&L their odor unit values are u1 slgmucance J.he OdOT
threshold values in water were mentioned to be 180 x 10°
and 7 x 10% ng/l for methyl- and ethyl 3-(methylthio)

propanoate respectively.

Melon: Sulfur-containing compounds in the aroma
volatiles of melons were recently studied by Wyllie and
Leach.? They demonstrated the occurrence of sixthioether
esters: methyl and ethyl {methylthio)acetate; 2-(meth-
ylthio)ethyl acetate; methyl and ethyl 3-(methylthio)
rrnmanaata. and T mmoatholthiinbeneer] aoafatrs Te el d3H e
lJl UPﬂllUﬂ.lC cl.lJ.u. u—\ulculyuluulllu UP)‘I (ILCLCI.lC 11l aul_uuuu
they determined the concentrations of these compounds in
a number of cultivars, varying from 1 x 10° ng/l up to 1.5 x
109 ng/], and mentioned that some have shown to have odor
values which indicate that they contribute to the overall
aroma perception of the ripe fruit.

Truffle: In an excellent review on vegetables, Whitfield
and Last* mentioned that two sulfur compounds, dimethyl
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Table V. Character-impact sulfur compounds
in Allium species

Allium Species Character-impact Compounds

Onion
raw, fresh thiopropanal S-oxide
propyl propanethiosulfonate
cocked dipropyi disuifide
1-propenyl propyl disulfide
fried 2-(propyldithic)-3,4-dimethyl-thiophene
Garlic 2-propenyi 2-propenethiosulfinate
di-2-propenyl disulfide
(dially! disulfide)
Leek methyl/propyl diftri)sulfides

3,4-dimethyl-2,5-dioxo-2,5-dihydro-
thiophene ? {hydrogen sulfide release)

sulfide and bis(methylthio)methane, are considered to be
the compounds principally responsible for the characteris-
tic aroma of truffles. These truffle compounds were de-
tected by Fiecchi et al.* and Talou et al.

Publications by Whitfield et al.* indicated that the
distinct garlic-like aroma possessed by bis(methylthio)
methane, which has been detected in prawns in concentra-
tions between 1,000 ng/kg and 4,000 ng/kg and in lobsters
as high as 14,000 ng/kg, is regarded as an off-flavor in both
seafoods.

Various vegetables: (Methylthio)alk{en)yl isothiocy-
anates are the major components in extracts from radish.*
These isothiocyanates are mainly responsible for the typical
radish flavor. Twoin particular, {E)-4-(methylthio}-3-butenyl-
and 4-(methylthio)butyl isothiocyanate, are present in rela-
tively high concentrations and may be considered as charac-
ter-impact constituents of radish.

Alkenyl and arylisothiocyanates, such as 4-pentenyl-and

2-phenylethyl isothiocyanate, are major constituents from
horseradish.’” These compounds are regarded as respon-
sible for the intensely pungent flavor of horseradish. 2-
Phenylethyl isothiocyanate is considered to provide the
characteristic “hot” or “burning” sensation of watercress,
and 3-phenylpropanenitrile is believed to provide an impor-
tant modifying effect. 374!

Allium Species

More than 50% of the volatile compounds isolated from
the Allium species—onion, garlic, leek and chive-—contain
organic sulfur compounds. Thus it is not surprising that
character-impact sulfur compounds have been found in the
volatiles from these products (Table V). 4247

Recently Block et al.® found that after cutting or erush-
ing, Allium plants release alliinase enzymes that convert
sulfoxide precursors to intermediate sulfenic acids, which
then condense to form odorous thiosulfinates. Thiosulfinates,
which can be analyzed only at 0°C, contain allyl, methyl or
1-propenyl groups in garlic, elephant garlic, wild garlic, or
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Chinese chive. They contain propyl, methyl, and 1-propenyl
groups in onicn, shallot, leek, chive and scallion.

Onion: Character-impact sulfur compounds have been
proposed for raw {fresh), boiled and fried onion by Boelens.*3
In raw onion some important components are: thiopropanal-
§-oxide; and alkyl alkanethiosulfonates with four or more
carbon atoms, such as propyl methanethiosulfonate and
propyl propanethiosulfonate. The last two compounds had
odor threshold values in water of 1,700 ng/l and 1,500 ng/l,
respectively.®?

Anumber of compounds contribute the aroma of cooked
onion. Dipropyl disulfide and cis- and trans-1-propenyl
propyl disulfide have odor threshold values in water of
3,200 and 2,000 ng/! (mixture of isomers), respectively.

More than 20 years ago Boelens reported that
dimethylthiophenes have adistinct fried onion aroma. These
dimethylthiophenes were prepared by heating cis/trans
propenyl propyl disulfide. This reaction was completely
reproduced by Brandsma of the University of Utrecht,*
with the same fried onion sensory quality of the end prod-
uct. In the meantime it turned out that in spite of the fact

nnnnnnnnnnnn
character, this character was not due to 24- or 3.4-
dimethylthiophene*® butto minorimpurities (<4%), which
very probably are 2-(propyldithio}-dimethylthiophenes, as
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very recently demonstrated by Kuo et al. and Kuo and
Ho.5'%2 The flavor threshold values of dimethylthiophenes
in water have been found to be 3-3 x 10° ng/1.5° With an
estimated concentration of 1% 2-(propyldithio)-
dimethylthiophenes in the mixture and an observed odor
threshold value of this mixture in water of 1,000 ng/l, the
threshold value of pure 2-(propyldithio)-3,4-dimethylthio-
phene can be calculated as 10-50 ng/l in water.®3

Garlic: A recent study on the volatile flavor components
of garlic essential oil has been made by Pino et al.> They not
only quantified the main constituents in the oil, but also
made an odor intensity evaluation and determined the odor
threshold value of new volatile compounds found in the oil.
Examples of these new volatile compounds include: (Z)-
and (E)-1-propenyl 2-propenyl disulfide; 1,2,3-trithi-4-ene;
and 2-propenyl tetrasulfide. The most important character-
impact compounds in garlic are di(2-propenyl) disulfide
and di{2-propenyl) trisulfide, which are present in the oil at
more than 50%.%

Leek: Whitfield and Last? mentioned that the com-
pounds described as possessing leek aromas are propanethiol,
methyl propyl disulfide, methyl propyl trisulfide, dipropyl
trisulfide and 3,4-dimethyl-2,5-dioxo-2,5-dihydrothiophene.

The latter compound, having an odor threshold value in
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water of 7,000 ng/l, was said to have an o
aroma similar to that of hydrogen sul- Table VI. Some essential oils with their number and
fide.’ Tt seems more probable that concentration of sulfur compounds
this compound as a potential thioan-
hvdride gives a slow release of hvdro- Number of Concentration 4,5-Epithlocaryophyliene
Y \g ! Y Essential oil compounds in 0il (ppm)  and epithiohumulenes (ppm)
gen sulfide by hydrolysis with traces of
water. Rose (Bulgarian) 20 600 500
Pepper 10 ’ 300 100

Sulfur Compounds in Absinth 6 200 50
Natural Isolates Patchouli 5 100 50

Sulfur compounds occur in almost Immortelle 5 50 - 30
every natural isolate. Some sulfur com- Cassia 4 40 15
pounds may be formed during isola- Clove 3 10 5

tion, for instance disulfides during
steamn distillation,

Essential oils contain sulfur compounds in concen-
trations from part per billion {0.001 ppm) up to part

per mille (1060 ppm}. Often the low concentration of
these materials present in the natural isolate {essential

Table VII. Quantified sulfur compounds in rose oils (in ppm)

Bulgarian Turkish Moroccan Russian

oil or extract) does not allow their detection by normal Dimethyl sulfide a8 41 2 5
gas chromatographic techniques. Detection is only Dipropy! sulfide 49 27 124 50
pOSSible by the use of the inherent sensitivity and 4,5-Epithiocaryophyliene 480 351 120 100
specificity of the flame photometric detector (FPD) Dibenzothiophene 16 21 10 10

for the determination of sulphur-containing com-

pounds.

In Table VI some essential oils are shown with their
number and concentration of sulfur compounds according
tounpublished observations. All these compounds were iden-
tified and quantified with a specific FPD sulfur detector.

As can be seen from this Table, 4,5-epithiocaryophyllene
and epithiohumulenes (1,2- and 4,5-} are predominant
sulfur compounds in the oils.

Rose oil: Nineteen sulfur compounds have been de-
tected in various rose oils in a total concentration of up to
600 ppm.>357

mathanethiol

dimethyl sulfide

dimethyl disulfide

dimethyl trisulfide

dipropy! sulfide

hexyl methyl sulfide

4,5-epithiohumulene
1-methyldibenzothiophene
3-methyldibenzothiophene
3-(4-methyl-3-pentenyl)thiophene
3-methyl-2-(3-methyl-2-butenyi)thiophene
3-(4,8-dimethyl-3,7-nonadienyfjthiophene
4-(4-methyl-3-pentenyl)-1,2-dithia-4-cyclohexene
butyl methyt sulfide

B-mintsulfide

1,2-gpithichumulene

4 5-epithiocaryophyllene
2-methyldibenzothiophene
4-methyldibenzothiophene

i ke 3T al ar il o e

Omata et al. reportea”’ tat e sulfur CUulPUuer‘llS of
Bulgarian rose oil play an important role in its overall odor-
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character (Table VII). Dibenzothiophene and its methyl
derivatives (dimethyl mono- and dimethyl trisulfide), dipropyl
disulfide, butyl methyl disulfide, 3-(4-methyl-3-pentenyl)-
thiophene, and 3-methyl-2-(3-methyl-2-butenyl)thiophene
seemed to contribute to the topnote.

Omata also reported that 4-(4-methyl-3-pentenyl)-1,2-
dithia-4-cyclohexene has a seaside green odor with a leath-
ery and powdery undertone that is very long lasting.
4,5-Epithiocaryophyllene also has a seaside green odor, but
it has a spicy (nutmcg—like) and powdery undertone, it
possesses a great tenacity®” Although these compounds
were present only at the ppm level in rose oil, because of
their tenacity they seemed responsible for the middle and
base note.

Hop oil: Peppard® wrote a thorough review on volatile
sulfur compounds in hop and hop oils. These compounds
include alkyl sulfide, polysulfides, epithio-sesquiterpenes
and S-methyl thioesters. Hop oils distilled at high tempera-
tures from sulfur-treated hops may give rise to compounds

e whaoereae han ails nrenared ot raom

FURICYR RO I vl 0 0., < +
Wllll buuu1y O11- J.ld.VUIb WIIETCAS [lUlJ UIELY }.)lCPalUU at room
temperature contain less volatile sultur compounds.

Galbanum oil: Burrell et al.”® isolated five thio-esters
from galbanum oil and established their structures as S-
isopropyl 3-methylbutanethioate, S-isopropyl 3-methyl-2-
butenethioate, S-sec-butyl 2-methylbutanethioate,
S-sec-butyl 3-methylbutanethioate, and S-sec-butyl 3-
methyl-2-butenethioate. Although the concentration of these
compounds in the oil is rather low (less than 0.01%), they

rantrihite cigniflicantly tn Hhe avarall ndor of the nil
CONnuinuie 3xbuluuauu)' 20 Ul OVOTan ULOT UL UhT Uil

Very recently the importance of sulfur compounds in
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galbanum oil was confirmed by an investigation of Fellous

et

al &
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