
Casi ng Materials
(Part II)

The volatile components in cocoa
have been the subject of numerous

investi;ations reported since 1964,
the most comprehensive of which are
the works of Vitzthum, et. alL (30) .
Dietrich, et. al (31) . Flament, et. al . .
(30), Marion„et, al'. (33), Van Praag,
et. al (34), Van der Wal, et. al'. (35),
and Stoll, et . al . (36). Considerable
emphasis imthese studies has been on
the anal,ysis of the basic (pH) fraction
of cocoa volatiles which possess a
roasted, nutty, chocolate type aroma .

As a part of our work, we did a
comparison of cocoa volatiles with
known volatiles in tobacco an& to-

o bacco smoke (1) . In summary, we
found that the volatile constituents of
cocoa are, in the majority, identical
or analogous to natural tobacco or
tobacco smoke constituents . Table 6
provides an overview of the percen-
tage of each class of compound~found
in cocoa which is also found in to-
bacco and tobacco smoke, while
Table 7 provides the numerical com-
parison within eachiclass . Thus 59%
of all known cocoa volatiles are also
found in tobacco or tobacco smoke .
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cocoa

By G. C. Harilee and J. C. Lettingwell

In retrospect, now that we possess
a large portion of knowledge about
cocoa constituents, it is not really
surprising that the early tobacco
flavoring pioneers found this inex-
pensive flavor commodity (cocoa) to :
be so complimentary to the smokingg
properties of Nicotiana tabacum .

The smoking flavor properties of
many of the reported volatile cocoa
constituents have previously been re-
ported by Leflfingwell (37-38) and it
is not the purpose of this paper to
review these organoleptic evalua-
tions in detail. However, severali
brief general comments on some of
the classes of reported compounds is
in order, in order to comprehend the
potential contribution to the overall
cocoa flavor when used, in tobacco

products for smoking .
Within the reported acids, we find

that the lower fatty acids (C2 - Cio)
and the phenylacetic acids contribute
in a positive manner to the improve-
ment of tobacco flavor. Among the
reported alcohols, 1-octen-3-01,
geraniol, linalool, an& the
phenylethanols are positive flavor-
ants . The aldehydes (isobutyral-
dehyde, the methylbutanals,, and
phenylacetaldehyde) are important
tobacco flavorants . The class of es-
ters include such materials as ethyl
and methyl phenylacetates which
contribute positive honey, flue-cured
type notes to tobacco . Ketones, such
as diacetyl and 2,3-pentanedione,
provide buttery like notes to tobacco,
while 2-acetylfuran provides a

MAJOR COCOA VOLATILE CONSTITUENTS

% Also Present In
Tobacco Leaf Tobacco Smoke
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Alcohols 74 59
Aldehydes 55 59
Acids 84 78

Table 6. Esters 35 20
Ketones 59 53
Amines 56 100
Pyrazines 16 25
Hydrocarbons 47 85
Pyrroles 44 67
Ethers 6 13
Phenols 86 86
Pyridines 43 71
Lactones 83 33
Sulfur Compounds 7 36
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VOLATILE CONSTITUENTS OF COCOA
ALSO PRESENT IN TOBACCO OR TOBACCO SMOKE

Tobacco
Tobaeco/

Tobaeco5moke Tobacco5moke

Tobacco/
Tobacco Smoke

(°e)

Hydrocatbans(34) (16) (29) (31) (91)
Alcohofs (27Y (20) (16) (24) (89)
Aldehydes(22) (12) (13) (16) (73)
Pyridines (7) (3) (5) (6) (86)
Pyrarines (64) (10) (16) (16) (25)
Ketones (34) (20) (18) (26) (76)
Volatile Acids (37) (31) (29) (32) (86)
Esters(55) (19) (11) (22) (40)
I:astones (6) (5) (2) (5) (83)
Amines ia) (5) (9) (9) (100)
Pyrroles(9) (4) (6) (6) (67)
Eihers(16) (1) (2) (2) (13)
Mlseallaneous (11) : (1) (3) (3) (27)
Phenals (7) (6) (6) (6) (86)
Sulfur Compounds (14) (1) (5) (5) (36)

Total(;52) (154) (170)', (209) (59%)

Table 7.

burley-like note and 3-methyl-
cyclopentan-1,?=dione (cyclotene)
provides a rich maple characteristic .
The lactones reported in cocoa are
nearly all very positive in improving
tobacco flavor . Phenols, in -eneral,,
provide a sweetening effect in to-
bacco when~ used at extremely low
levels, althou& eusenol provides a
clove-like spiciness . One of the most
interesting classes of compounds as
tobacco flavorants are the pyrazines,
which contribute nutty, earthy,
roasted, and chocolate notes . The
pyridines also contribute to both
cocoa and tobacco flavor. For exam-
ple, 2-methylpyridine provides a bur-
ley note to tobacco while pyridine
contributes a flue-cured note . The
pyrroles are relatively weak flavor-
ants, but may contribute to sweet
ketonic notes found in tobacco : Sul-
fur compounds are verypotenrflavor
materials and they are found in cocoa
in quantities suggesting that they con-
tribute to the roast aroma . Very few
sulfur compounds have been reported
in tobacco or smoke and their con-
tribution as tobacco flavorants has
not been studied in any detail .

These limited comments regarding
flavor lead us now to examine in de-
tail the volatile compounds found in
cocoa and their occurrence in tobacco
or tobacco smoke . Those materials
for which a tobacco flavor evaluation
has been reported are also indicated
in the follawing tabuladon (Tables
8-27) .

One of the most interesting classes
of compounds found in cocoa are the

nitrogenous bitter principles which
consist of theobromine, caffeine and
a series of diketopiperazines (Chart
7) .

The latter compounds are pro-
duced by the heat induced cyc-
lodimerization of free amino acids .
Eleven diketopiperazines were iden .
tified by Pickenhagen, et. ai . (39) in
cocoa while Schumacher, et. al . (40))
has proposed two in tobacco smoke
(Table 25). Interestingly, one of the
major diketopiperazines reorted in
cocoa is also proposed as a smoke
constituent .

While the diketopiperazines are
bitter principles themselves, this bir-
terness is dramatically enhanced
synergistically by theobromine and
the combination is of key importance
to the bitter character of cocoa (39) .
Chart 7.

Tables 29-31 show the additive
smokine flavor evalUations of a series
of compounds reported as cocoa vol-
atiles but for which no smoking
flavor evaluation had previously been
reported in the literature . These
evaluations were carried out by pro-
cedures previously reported (37, 38) .

Table 32 shows the relative con-
centration of the major non-volatile
organic acids in cocoa beans, as re-
ported by Weissberger, et . al . (411) .
The relative concentration of non-
volgtile acids appears to be generally
in the order citric • phosphoric •
oxalic • lactic • malic =" succinic =
tartaric = gluconic . Although roast-
i'n ; of cocoa beans does not appreci-
ably change the relative acid concen-
trations, the fermentation step causes
a decrease in citric acid and an in-
crease in lactic acid .

The role of these acids contributed
by cocoa in tobacco flavor casin, is
considered to be essentially nil .

The relative amount of protein and
free amino acids present in cocoa
may vary somewhat, depending, on
the source of the various commercial
varieties of cocoa beans as well as
with bean maturity and desree of
fermentation . The variation in free
amino acids in unroasted beans has
been linked to observed differences
in flavor quality after roastin ; (for
beans from various sources) (21) .
Nevertheless, the amino acid~ com-
position of the protein fraction of

Tables on page 21
Text on page 26

BITTER PRINCIPLES IN COCOA
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COCOA VOLATILES
Tobacco

Tobacco Flavor

ds Cocoa Tobacco Smoke Referedce COCOA VOLATILES
Tobacco

Formic Acid A A ■
Tobacco Flavor

Acetic Aci d

picnic Acid

A

x
A

x

x

x A Alcohols Cocoa Tobacco Smoke Federence

AcidMile x x A
2-MAlhylgopionic Acid A x x Methanol x x x
Eutanolc Acid A x x Ethanol a x x x
Crotonic Acid x A x A

1•Propanol A A A
2-Melhtibulanoic Acid
3- Mothyibutanole Acid

4

A

A

A

x
x

A
2-Ptopanol A A x

2-Hydrgsy-3-methytbutanote Acid a A A lsobulsnol a x A

Pontan :lIC Acid A A A x 1-oulanoi x A x x
4•MsfhyipAntanotc Acid x x x 2-Bulanol x x x
2•Hydroay4-mAlhyipan1anoic Acid

X

A x 3•Methyib u lanol x x
Heaanolc Aci d
Hoptanoic Acid

A

A

A

A

x
A

A
x 1-Pentanol x x A

Oclsnoic Acid A x A A 1-Haxonol x x

Hananolc Acid x A x A 2-Heptanol x (isomer) A

baeanOic Acid A x A 1 .Oclanol A A a

kouric Acid A A A A 11 .Octen•3-ot A A x
Mynsilt Acid A A A A Geranlol x A It x
PAimltlc Acid A A x a Llnal ool x A x x
2-Nydr9 .y3-met yt lutatk Acid

aentylalcohol A x A Aeenxaic Acid
2•Melnexybanxnle Acid A

A
A

A A
I-Phenylethanol A x x x

4-Hydroxybanxoic Acid a x x 2-Phenylethanol x x A x
4.Me0hoAyb*nxatc Acid x 2-Phanylptopsn-2•ol A A
4.Hydro■ y 4•m0hAAybetntoie Acid It x 2-Methyl-3-pttenyiptopan•2•ol A x
A,a-bimaihoay-t»hydrAAybenaoic Acid A x

Menthol x x x A
3,4 Oihydtoxybenaok Acid A A

OFTerpineol A A A
Phonytaconc At'd A A 4•Tarplneol x x
2-Hydroxyphanytacette Acid
4•Nydtexypi Any4cetk Acid

A
A

A
A 9otneot x A A A

4MydreaypRanylproptonic Acid A Furturytalcohol x A A x
4-Nydroxyclnnamic Acid x A 2,3.8utanedtol x x x
4-Hydroxy-3-methduydrtnamlc Acid A ■ Llnalool oxide x A A
2-MethoaYPMnyacatic Acid

41-M0IhAttypho liscotic Acid x

Table 8 . Table 9.

COCOA VOLATILES

Tobacco
Tobacco Flavor

Amines Cocoa Tobacco Smoke Reference

Methylamine x x x
Dlmethylamine x x
Trimethylamine x x x
Ethylamine x x x
Isobutylamine x x x
Triethylamine x x
sec-Butylamine x x

Isoamylamine x Isomer x
Phenylethylamine x x x x

Tabby 11 .

Table 10.
COCOA VOLATILES

Table 12 .
COCOA VOLATILES

Tobacco
Flavor

Tobacco

A~dahydAo Cocoa Tobacco Tobacco Smoke Retaranca
E Cocoa

Tobacco Flavo r
ke R•lwencoTobacco Sm

Acatlidshyda A A x a

ste s

Ethyl-3-hoplonoats

o

Acyofetn x
Ethyl octenoA apremnal A A

X
Ethyl deCAnbala

l$obulylrrtdehyda x x Ethyl dodecanoale A a
a•M411hylprop-2-.flat Ethyl myflAlata
1•atlUnal A x x hobutyl bMloalo 1 ►omer A

Crolomldehydo A a Ethyl bentaste A a

244e0tylbutanal A Isa ► myl Mn :SAt e

a•M*ttivi luanal A A M►Ihyl phenylaceiata

Mexafal x x x a Ethyl phenyiaeeia a

ayl•2-IAO propylhex•2-anali ElRyt cinnamale

arnptnyt► caat aan A Ethyl fact to A A

2,4.OctAdlona1 Ethyl-2.2•dlethoAyouptonal e
Hanxnal a E ih yt-3. etho .ypropionat* A

`' Dawnkl A A x Ethyl-3• meihylbut afloat.
Cltreneital I A Ethyb2-hydt o rybutafloat .
e4~yaldahyde x E ih y I . b m a t h y Ipe nt Anoe a A aumer

a Ethyl LNydr a .y-4•methylurltr/anoxi al
2P onytbuton
iM

A

x Ethyl hebtAnAaI .

Eth l n n ► noab ■ ■x
att y42-pMnyl0anh2•emt A

y g

1~MatT1.2-pnanylhaA .2•enal
Malhyi-4-macho y ybanawte~

pefl(MAI A A
Ethyl tuccln Its a

■b-Athyl xucc,n ■ l e

M11h r11urAn 2 c ► +CaryiAta

Efnyl PAtAO 2 cA'DOryna
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COCOA VOLATILE S

Eaten coca Tobacco

Methyl acetate a
Ethylacetats x x
Propyl acetate x x
Isopropyl acetate x
Butyl dcetete a s

Itobulyl acetate K

2-Methylbutyl acetate x

Amy) scalars a

lsoam it acetate x

2-penlyl acetate it

Naryl ncetats a1

Geramrl acetat e

Ltnalyl acetate a x
Bentyl acetate a x
Phony acetate a
3-Phanyipfopyl acetat e

Furtur el acetat e
Ethyl pfoplonato a a
Amy)proplonat e
Hexyt uopionate a

Ethy) .2-oxoprep,onate a

Amyl butanoete it

Naayl hutan0ale a

Ethyl crotonate a

Ethy) -methylbut-2-enoale a

Ethyl-c•oeop*ntenosta A

Ethyl-/.-methytban0-enoata X
Ethyl•t.-mathylpenl•3 ,mete x

Ethyltexanoate X I

Table 13 .

Tobacco
Tobacco Flavor
Smoke Referenc e

a
a

x

x
a

X

COCOA VOLATILES

Tobacco
Tobacco Flavor

Hydrocarbons Cocoa Tobacco Smoke Referenc e

Urdecane a
Dodecene X
Trldeune a
Tetredacans a
Octadacana a

♦ Mycrene a
x Llmonene a

I
a
a

13Elemene s
$P)nene X
Valencona a
Caryophyllene a X
Benzene a
Toluene a x
1,2.01methylb•nxerne x K
1 .3-01mothylbenxene a x

x 1.4-D)me1hy)bonzeno a x
• t,2,4-Ttimethytbenzene x x
a 1,3,5-Trtmethytbenxene a a

1,21,5-Tetramethylb*nzene x a
x Styrene a
x 1•Ethyt-2-methytbonxene a
♦ 1 -Ethyl-3-me)hylbenxene, a

1•Ethyl-4-methytbanzene a
2-Ethyl-1,4-dlmethylbenxena a
2,4-Dimethyl-1•vinyfbentane a

a

X

Table 15.

COCOA VOLATILES

Tobacco
Tobacco flavo r

Ethers Cocoa Tobacco Smoke Reference

1,4-Cineole a
1,e-Clneole x x
2-Methylletrahydroturan a
Furan x

0

a
a

x

11

e

2-Methylluran x a x

3-Phenylturen x
1,1-Diethoxyethane x
1,1-0lethoay-2-methylpropane e
1,1-Dlethoxy-2-methylbutane a
1,1-Dlethoxy-3-methylbulane x
1-Ethoxy-l-isobutaxy-3-methy l
butane x

1,1-Dlethoxy-3-oxobulane x
1,1 •Dlmethoxyphenytethane (ocelot) x
Ollsoemyl ether x
9enzylethyl ether x Me analog

Salrote(1-Allyl-3,4-meihylene-
dloxybenzen e

Table 14 .

0

Continued on page 2 5
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COCOA Tables-From page 22

COCOA VOLATILES
Tobacco

Ketones Cocoa Tobacco
Tobacco
Smoke

Flavo r
Referenc e

2-Acetyl-5-methylfuran x x x x
2-Propioriy1furan x
2 .M ethyl tetrahydrofuran-3-one x x
Telrahydrofuran-2-one X
2-Pentanone x X x x
3-Hexanone x X x
1-Ace tyl-4-Isopropenylcyclo-

pent-1-ene x (dihydro analog )
4-Phenylbutan-2-one x x
Maltol x x x x

Ta3Ie 16 .

COCOA VOLATILES

Tobacc o
Tobacco Flavo r

Ketones Cocoa Tobacco Smoke Referenc e

Acetone x x x
Acetol acetate x x
2-Butanone X x x
3-Hydroxv-2-butanone It x
Diacetyl X x x
Trans-3-penten-2-one .4
2 .3-pentandione x x
5-0e thy I hex an -2- on e
2-Heptanon e
6-•iothyl-5-hepten-2-on e
2-Qctanone x
5-Hydroxyoctan-4-one It

4 .5-Jctandione isome r
2-Nonanone It x
2-)odecanon e
3-Heptadecanon e
Acetophenone x x x It

2-Hydroxyacetophenone x x x x
4-iethyIacetophenone x It x x
1-'henylpropan-2-one It x x
3-4ethyicyclopentan-l,2-dione x x x x
2- .'lcetyl-4-lsopropenylcyclo -

pent-l-ene x
Men thone x x
Camphor x X x
2-Acetyl furan x x x x

Table 17.

Table 18 .

COCOA VOLATILES

Tobacco
Tobacco Flavo r

Hydrocarbon Cocoa Tobacco Smoke Reference

Propylbenzene X
Cumene x
1-Isopropyl-4-methylbenzane
(Cymene) x

3-Methylblphenyl x
Naphthalene x
2-1Aethyfnaphthafene x
Dlrnethyl naphlhalene(s) X
Trimethylnapthalene(s) X
Telramethyinaphthaiene(s) x

X

X

X

X



COCOA VOLATILES

Tobacco
Tobacco Flavor

Lactcnes Cocoa Tobacco Smoke Referenc e

4-Hydroxybutanolc acid lactone x x z x
4-Hydroxy-2-melhylbutanof c

acid lactone x x x
4-Hydroxypentenoic acid lactone x x Isomer x
4-Hydroxyhexanoic acid lactone x x
4-Hydroxynonenoic acid lactone x x x
6,7-0ihydroxycoumarin x x x X
Table 19 .

COCOA Text--from page 1 9

cocoa reported by Lanteaume in 1972
(25, is considered to be representa-
tive and is given in Table 33 .

As we reported early in this paper,
fermentation partially hydrolyses a
portion of the protein to free amino
acids (Table 1) which are the flavor

precursors that partially degrade on
roasting (Table 2) to give cocoa
aroma constituents . Even so. cocoa
beans may contain between 0 .5-1 .0%
free amino acids after roasting (1-2%
in cocoa powder), Inasmuch as we
had previously studied a series of
amino acids individually as flavor

26---MARCH 23,1979

additives for tobacco, we undertook a
study on reconstituting the free amino
acid fraction of cocoa in the relative
proportions found naturally in
roasted Ghana cocoa beans for the
purpose of smoking evaluation . This
is shown in Table 34 . As noted, the
smoking effect at a level perceivable
(0.2-0.7%) was that of a drying, en-
hanced burley character which is not
dissimilar to at least one flavor
characteristic provided by cocoa in
the casing of tobacco. The fact that
the level of the added mixture ex-
ceeds that which would be naturally
occurring in cocoa used in tobacco
casing does not negate the possible
utility in artificial cocoa substitute . It
should be remembered that free
amino acids in tobacco products are
flavor precursors for components
found in tobacco smoke .

Thus, the role of amino acids as
flavor precursors in cocoa flavor may
be considered analogous to that re-
ported for tobacco by use several
years ago (42) .

In reviewing the data presented
here, it should be noted that we have
emphasized the aspects of cocoa
which we consider to be important to
those involved in the flavoring of to-
bacco products .

First, the changing aspects of the
world economic situation is projected
to lead to steadily higher prices for
cocoa products . Also, future price in-
creases could be compounded
dramatically by a failure to achieve
aggressive agronomic programs in
the major cocoa producing countries .

We have deliberately ignored
specialized aspects of cocoa agricul-
tural and processing techniques (e .g .,
Dutching) while emphasizing the re-
lationship between cocoa flavor con-
stituents and those of tobacco and to-
bacco smoke. We have also ignored
the subject of the flavonoid or tannin
(polyhydroxyphenol) fraction of
cocoa, which is known to contribute
to the astringent flavor of cocoa and
participates in promoting the brown-
ing reactions responsible for cocoa
flavor .

However, the data presented rep-
resent at least some of the important
aspects of cocoa composition, as it
relates to basic knowledge which
may be of interest in relationship to



COCOA VOLATILE S

Phenols Cocoa

Phenol x
Cresol(s) x
2,3.Olmethylphenol x
4-Ethylphenol' x
Gualacol (2-methoxyphenol) x
2-Mathoxy-4-methylphenal x
Eugenol (4•allyl-2•molhoxyphenol) x

Table 20.

Tobacc o
Tobacco Flavo r

Tobacco Smoke Referenc e

x X X
x X

X

a
x X •

x X a
x X x

x X x

tobacco tiavoring. The gross changes herein should be of value to those
which occur during the fermentation assessing the current state of the ar t

and roasting of cocoa beans have
been reviewed and the importance of
free amino acids and reducing sugars
shown for the formation of numerous
cocoa flavor volatiles, such as the
important pyrazine class . In addition,
the roasting of cocoa beans contri-
butes to the formation of important
bitter principles of cocoa, the di-
ketopiperazines . These processes are
analogous to those we have previ-
ously shown for the formation of
natural tobacco flavorants via the
browning reactions (42) .

A proposal for the observed flavor
effect of cocoa butter in smoking
products is presented, explaining
why this material exhibits a flavor
enhancement of the tobacco product
on smoking even though the molecu-
lar weight of the cocoa butter con-
stituents exceed that normally as-
sociated with compounds that exhibit
flavor properties .

A comparison of cocoa volatiles
with constituents reported in tobacco
and tobacco smoke shows that the
majority of compounds found in the
former are also present in the latter .

The importance of the classes of
- cocoa volatiles as flavorants is men-

tioned, but the reader is referred t o
our more comprehensive works on
tobacco smoking evaluations refer-
enced (37, 38) for specific details .
' The role of the free amino acid
fractions of cocoa in tobacco flavor-
 ing has never been reported previ-
ously, but in view of the importance
found in tobacco itself (42) we fin d
that reconstitution of a typical fre e
amino acid fraction of cocoa exhibits
certain aspects shown by cocoa in
tobacco casing .

In conclusion, the data presented

relating to cocoa composition and the
specific aspects which contribute to
the flavor of cocoa as a casing mate-
rial for tobacco .
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COCOA VOLATILES

pytuina• Cocoa Tobacco

A x2-Mahytpy1611n0
2,2-Dimalhytp uaalna x a
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COCOA Tables-From page 28

Table 23 .

Pyrazine

COCOA VOLATILES

Tobacco
Tobacco Flavo r

Cocoa Tobacco Smoke Referenc e

2- 1sop'openylpyrazina x
2-Ethyl-6-propylpyrazine a
2,5-D1methyl-3-0-butylpyrazine x
2,3,5.l'riethyIpyrezlna x
2,6-Dimethyl-3-n-butylpyrazine x
2-Methyl-5-aeetylpyrazine x Isomer
2-Ethyl-5-acetylpyrezine x
2-n-Pentyl-3-mefhylpyrezIna x
2-n-Pentyl-5-methylpyrazine z
2-(2'-methylbotyI)-3-methyl -
pyrazine x

2-lsoamyl-3-methylpyrazine x
2,5-Dimethyl-3-n-pent ylpyrazine x
2,6-Di nethy63-n-pentylpyrazine x
2,6-Dinethyi-3-(2-melhylbutyl)-
pyrazine x

2-(2-Furyl)-pyrazlne x
2-Methyl-5-(2'-furyl)-pyrazine x
2-Methyl-6-(2'-furyl)-pyrazlne x
2(2' F(Jryl•5'-methyl)-5(6)-methyl

pyrazin e
2-(21Furyi-3'141,5'-dimethyl)-5(6)-

methylpyrazin e

Table 24 .

Pyridines

Tentativ e

Tentativ e

Cocoa

X
X
X X

Tobacco
Flavo r

Tobacco Tobacco Smoke Referenc e

Pyridine x
2-Methylpyridine x
3-VlnylpyrWine x
2-Methyl-5-ethylpyridine x
2-Acetylpyridine x
3-Phenylpyridine x
3-Phenylmethylpyridine tentative

(2 isomers )

Table 25.

x x
x
x

x

x
x

x
x

x

COCOA VOLATILE S

Pyrroles Cocoa

2-Formylpyrrole x
2-Formyl-l-melhylpyrrole x
2-Formyl-5-methylpyrrole x
1-Ethyl-2-Formylpyrrole x
2-Formyl-l-pentyipyrrole x
2-Acetylpyrrole x
2-Acetyl-1-pentylpyrrole x
2-Propionylpyrrofe x
1-Methoxycarbonylpyrrole x

Tobacco
Tobacco Flavor

Tobacco Smoke Reference

x x x
x x x
x x x

x x
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Table 26 .

Sulfur Compounds

COCOA VOLATILES

Tobacco
Tobacco Flavo r

Cocoa Tobacco Smoke Reference

Methyl Ihiomelhane x x
Methyidithiomelhane x x
Methyldithioisopropane x x
Methyldithlobenzene X
Methyilrithiomethane X
Methyltrithiopropane X
Propyflrithiopropane X
Isobutylthlocyanate x
3-M ethyl thlopropanol x
2-Methylthio-2-meihylpropanol x
5-Methylfurfuryithiomethane x
4-Methyl (p-hydroxyethyl)thiazole x
4-Methyl-5-vinylthiazole x
Benzothlazote x x x x

Table 27 .

COCOA VOLATILES
Tobacco

Flavor
Miscellaneous Cocoa Tobacco Tobacco Smoke Reference

2-Methyl Qulnoxaline x
2,3-Dimethyl Quinoxaline x
2,5-Dimethyl Quinoxaline X
Quinoline x x x
2,5-Dime thyloxazote x
4,5-Dimethyloxazole x
2.4,5-Trimethyloxazole x
2-n-propyl-5-methyloxazole x
Methyl-o-aminobenzoate x
3-Methylbutane nitrite x
Benzonitrile x

Table 28 .

DIKETOPIPERAZINES FOUND IN COCOA

AND PROPOSED IN TOBACCO SMOKE

x x

(dlhydro analog) x

x
x

Diketopiperazine Found in Cocoa (1) Proposed in Tobacco Smoke (2 )

Cyclo(-Ala-pro) x(minor)
Cylco(-Pro-leu-) x(minor)
Cyclo(-Val-phe-) x(minor)
Cyclo(-Pro-gly-) x(minor)
Cyclo(-Ala-val-) x(major)
Cyclo(-Ala-gly) x(major)
Cyclo(-Ala-phe-) x(minor)
Cyclo(-Gly-phe- )
Cyclo(-Giy-phe-) x(minor)
Cyclo(-Val-giy )
Cyclo(-Asn-phe-) x(minor)
Cyclo(-Asn-pro-) x(minor)

x

X

I . W . Pickenhagen et .al Helv Chim Acta 58 1078 (1975), ., . . , ,

2 . J .N .Schumacher . et .al .,Journal Agricultural Food Chemistry, 25, 310 (1977)

Continued on page 39
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COCOA Tables--from page 3 6

COCOA VOLATILES NOT PREVIOUSLY
REPORTED AS TOBACCO FLAVORANT S

ESTERS

Ethyl crotonoate

ADDITIVE
SMOKE FLAVO R

Somewhat nutty, drying,brown-
sugar arom a

Amyl acetate

Phenyl acetate

Amyl propionate

Ethyl dodecanoate (T )

PYRAZINES

2,3-Dimethyl-5-ethylpyrazine

Table 29.

Table 30.

Weak, banana-truity,pungent In
high concentratio n

Fruity-floral, honey-Iike,enhances
flue-cured smoke arom a

Weak, fruit y

Sweet, smoothing, somewhat
flue-cured like

Cocoa, chocolate note,enhanced
burley tast e

COCOA VOLATILES NOT PREVIOUSLY
REPORTED AS TOBACCO FLAVORANT S

ALCOHOLS

2,3-Butanediol (T,TS)

ADDITIVE
SMOKE FLAVO R

Green, sweet, slight chemical
off taste

HYDROCARBONS

Styrene (TS) Characteristic, styrax not e
at low concentratio n

PHENOL S

4-Ethylphenol (T,TS) Sweet, musty, cellulosi c

Table 31 .

COCOA VOLATILES NOT PREVIOUSLY
REPORTED AS TOBACCO FLAVORANTS

ADDITIVE
ACIDS SMOKE FLAVOR

4-Hydroxybenzolc Acid (T, TS) Drying, some styrax type not e

2-Methoxybenzoic Acid (T) Sweet, tobacco, flue-cured note

KETONE S

2-Methyltetrahydroturan-3-one(T) Sweet, flue-cured like, adds body

Continued on page 42
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COCOA Tables-from page 3 9

MAJOR NON-VOLATILE ORGANIC ACIDS
IN COCOA BEAN S

Acid Ghana Bahia Sanchez

Citric 0.60 0.60 1 .02
Malic 0.05 0.03 0.08
Succinic 0.04 0.05 0.02
Oxalic 0.39 0.39 0.24
Lactic 0.27 0.35 0.13

Tartaric
Gluconic t (see note (3) below )

(1) Citric acid decreases, lactic Increases on fermentation .
(2) Roasting of beans does not significantly change percentages .
(3) % not measured.

Table 32 .
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Table 33 . Table 34.

AMINO ACID COMPOSITION Of THE COCOA PROTEIN FRACTIO N

Amino Acid (gj1LO q. Protein )

Isoleucine 4 1 2

Leucine

.

7 .46

SMOKING EVALUATION OF SIMULATE D
COCOA AMINO ACID MIXTUR E

Lysine 5 .05 Smoking Evaluation o f
Ratio of Free Amino Acids In Cocoa' Synthetic Mixture "

Phenylalanine 5 .69
Isoleucine 5. 0

Tyrosine 3 .76 Leucine 14. 3
Lysine 7. 1

Cystine 2 .37 Phenytalanine 14. 3
Tyrosine 7. 0

Methionine 1 .50 Cysiln e

Threonine 4 .44
Methionin e
Threonine 2.9 Drying, adds body .

Tryptophan (estimated) 1 .50
Tryptophan harshness, enhances
Valine 7.0 burley tobacco notes
Aspartic Acid 7. 7

Valine 6 .00 Glulamic Acid 6. 1
Arginine 5. 7

Aspartic Acid 9 .12 Hlsildine 1 . 2
Alanine 8. 3

Glutam`c Acid 19 .08 Proline 4. 6
Serino 6. 9

Arginine 5 .77 Glycine 1. 5

Histidine 2 .30

Alanine 5 .79
• For flavor evaluation of Individual amino acids se e

Letlingweil, Bernasek and Young, Tobacco Flavoring fo r

Glycocoll 5 .23
Smoking Products (1972)
Solubulized by pH adjustment with NH4OH .

Praline 5 .25

Serine 6 .63
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