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Freface

Voluma 19 of Recant Advances in Tobacco Science pressnts
a reviev of a very important subject to the tobacce industry
under the title “Menthol and the Design of Mentholated
Cigarettes.” The six symposium speakers bring together a
wealth of axperience and rasearch on the subject, covering
topics ranging from tha chemistry of manthol to its use in
designing manthclated cigarettes.

The Program Editorial committee thanks each of the
authors for their contributions tc the symposium progras and
to this presant Recent Advances in Tobacco Sclence sedition,
spacial recognition goaas to Thomas A. Perferti, Symposiuvm
chairaan, for his efforts in organizing and ccordinating the

aympos lum papers.
5. Wayne McCarty, Chalrman

Program Editorlal cCommittee
47th Tobacco Chemnists’ Research Confarence
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INTRODUCTION TO SYMPOSIUM

Thomas A. Perfetti

R. J. Reynclds Tebacco Company
Bowsman Gray Technical Center
P. O. Box 1487
Winston-Salem, NC 27102

“The most important tool you have is your mind. The mast
important technique we can ever apply is to keep cur minde
opan.” Someone of great insight left us with this deep
thought. As we bagin this symposium, let us keep our minds
open to take in new ideas and concepts to share, nurturs, and
build on.

This sysposium will center on two topics, that to my
knowledge, have not been previously reviewed at this
confarance, namely menthol and mentholated cigarettes.
Menthol is "cne of the primary flavorants employed in the
tobacco industry. Mantholated clgarettes represent a major
product line, accounting for about 25% of the markst in the
Unitad States. There is a vary large body of workse on both
toplcs which will be reviewed today by known experts in their
respactive fields. It is our hops this symposium will he of
great benafit to the industry and to you, the participants.
It is also cur hopes that each of you will find value in this
work and that you will be able to apply some of the ideas and
concapts to your own situation. '

Dr. Rudolph Hopp of Haarmann & Reimer GmbH will discuss
the origin of menthol, its chamistry, and its physiological
and toxicological properties. Kr. August J. Borschke of R. J.
Reynolds Tobacco Company will review technologiss ralating to
manthol use in cigarattes. Mr. Borschke is an attorney amd
will trace the historical developments of mentholated
cigarsttes from the patent perspective. Dr. Jack R. Reid of
Lorillard Tobacco Company will present a talk concerning the
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colorful history surrounding the development of tha
mentholated cigarette market. Dr. Michael F. Borgerding of
R. J. Raynolds Tobacco Company will delivar an overviev of the
chenical determinations of menthol employed in the tobacco
industry from an historical perspective. Dr. Steven A.
Wilson of Eastwan Chemical Company will discuss the
theoretical aspects of menthol migration and transfar,
Finally, Mr. Fred W. Best of R. J. Reynolds Tobacco Company
makes & presentation dealing with effects of cCigarettae
construction parameters on menthol sigration and transfar.

Before turning the program over to our first speaker, let
me note that we are all indebted not only to our spsakers but
also to their sponsors vho have supported their participation.
Additionally, we are alsc beholden to & host of individuals,
groups and institutions, companies and corporations whose
investigations and reports and support of ressarch in this
field make this symposium possible.
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MENTHOL: ITS ORIGINS, CHEMISTRY, PHYSIOLOGY
AND TOXICOLOGICAL PROPERTIES

Rudolf Hopp

Haarmann & Reimer GmbH
Corporate Research
Pumchrtalstrasse 1

D~376&03 Holzminden, Germany

ABSTRACT ’

(=)-Manthcl, the main constituent of peppermint cils, is I
the wvorld‘s second largsst aroma chemical. It is shown that
the major types of peppermint oil are different with respect
to flavor profile and chemical composition. In the
biosynthesis of the main constituents, geranyl pyrophosphate
is tirst cyclized enantioselectively to (-)-limonene and then
transforsed to the oxygenated p-menthanes. The stereo- |
chemistry of manthol is a good example of structure-odor |
relationahip. Praparation and sensory impressions of the
aight enantiomers are described. Cornmint o0il (mentha
arvensis) is still the main source of (-)-manthol, though a
faw synthetic processes have to be mentioned which have
achieved commarcial importance. The major sensory property of
(=)-menthol is its cooling sensation on the skin or in the
mouth. This effect results from a stimulating action on
peripbaral cold receptors. Soms menthol analogues, possessing
a longer lasting cooling effect, have been developed and
marketed mors recently. The reviewed toxicological and
biological studies on menthol show that it is nontoxic at
levels used in commercial products, not carcinogenic and
sasily blodegradable.
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LNTROACTION

Mint As A Taste Trend

Mint (both pepperaint and spearmint) is the world’s
third most popular flavor complex, baing surpassed only by
vanilla and citrus flavors. Thsa main applications (Figure 1)
consist of oral hygiene products, cheving gqum and
confectionery. World consumpticn in 1989 wvas estimated at
more than 10,000 tons (30).

The desire for mint flavors, especially peppermint, was
originally an English phenomenon. The mentha piparitsa plant
was first cultivated in Mitcham, & town southeast of
London (10, 11). From Mitcham, use of this oil as a flavorant
spread throughout all English-speaking overseas countries,
®.g., Australia, South Africa and the United States. in
recent decades, mint flavors have gained increasing popularity
on the European continent and in numerous other countries
throughout the werld, The high acceptance of mint is based
not only on its pleasant taste, but also on its association
with freshness and cleanliness. An important featurs of mint
flavor is its cooling sensation in the oral cavity, imparted
by (-)-menthol, the main constituent of pspparmint oil.

FIG. 1
Main Applications Of Nint Flavors

Confectionery
10%  Othens

Oral hygiene
products
65%
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Paptecaint Olls And (~)-Menthol

Bbasides spsarmint oll (from mentha cardiaca or mentha
spicata) which is not reviewed hare, peppermint oils and
{(-)-manthol are the main mint commodities. Wea have to
distinguish betwean (a) "true* peppermint oil (also known as
Mitcham oll, American pepparmint oil or M. piparita oil)
obtained from mentha piperita varieties, and (b} cornmint oil
{Japanese mint oil, M. arvensis oil) cbtained from sentha
arvensis varietiaes.

The production of M. piperita oil is dominated by the
Unitad States and amounted there to approximately 3,000 tons
in 1932, i.e., more than 90% of the world production. For
economic and quality reasons M. piperita oil is used almost
exclusively as a flavorant.

As a result of its high manthcl content of approximately
80%, crude N. arvensis o0il is alwvays used as a raw material
for the production of (-)-menthoi. The relatively simple
freazing procass provides menthol crystals and the r-.-'aining
ell is known as "demantholated peppermint o5il.® For years,
Brazil (and some parts of Paraguay) was tha main growing area
with a peak production of around §,000 tons of crude oil in
1972/1573. Today, China and India contribute 6,000 and 5,000
tons, respectively, to an estimated overall world production
of 12,000 tons (Table I}.

TABLE T

Suppliars ©f (-}-Menthol

—  Supplier 1992 Tons' 1978 Tons
China? 2,300 s0¢
Inaia? 750 100
Brazil/Paragquay 350 200
Haarsann & Reimer’ 1,600 600
Takasage' 650 500
othars __650 __ 900
Total 6,300 1,500

'2stimated by Haarmann & Reimer Aroma Chemical Division
3ot including internal consusption
3synthetic menthol

LZheeess
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Though cormmint oil is atill the main source of
(-}-menthel, many synthetic processes have been daveloped,
starting from natural optically active raw materials, e.q.,
(+)-citronsllal or (+)«)-carene, or from basic organic
chemicals, such as m-cresol or isoprens. Only a few processes
have been commercially successful. In the past, synthetic
menthol was only produced on a smaller scals when menthol
prices werse high due to shortfalls in the production of
natural menthcl. These fluctuations in {-)-menthol prices dld
not end until a fevw manufacturers (Glidden, Haarsann & Reimer
and Takasago) made considerable investments to produce on &
large scale (-)-menthol by totally synthetic or seRisynthatic
means. Today, production of synthetic (-)-menthol accounts
for approximatsely 35% of the world market.

(=) -Msnthol is widely used in pharsaceutical, oral care,
tobacce, confectionery and perfumed products bacauss of ita
unique mlifug and stimulant effect {(Figure 2 and Table II}).

FIG. 2
Major Uses Of Manthol

Oral care
K1y 1

Pharmaceaticals
35%

Remarkably, none of the other seven enantiomers of
p-menthan-3-o0l1 gives rise to a comparable cooling sensation.
As will be shown later on, for special uses several cooling
ogents have baen developed, which ars less volatila and

L]
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posasass a longer lasting cooling effect compared to
(=) -menthol.

TABLE II

suggested Dosage Of (-)-Menthol In Various Froducts, ‘
Usually In Addition To Essential oils )
(e.q,, Peppermint 0il}), Flavors Or Perfumes i

Products Dosage (%}
Pharmacauticals
Drugs 0.1 '
Medicated Oils 2.0 - 4.0
Linipents 2.0 - 3.0
gral Care
Toothpaste 0.5
Mouthwashes ({Concentrated} 1.0 - 2.0 T
Tobycco Goods
Regulay Cigarettes 0.003
Menthol Cigarettas 8.1 - 0.2 (Wesak Effect)
Menthol Cigarettes 0.25 - 0.45 (5trong Effect)
Pips Tobacco 0.3
Chewing Tobacco 0.0% - 0.1
Confectionery
Cheving Gum 0.5
Cough Drope/Lozenges 0.1
Licorice 0.05 -~ 0.1
Earfumed Products
Freshave Lotions 9.2 - 0.1
Bandkerchiefs 0.1 - 0.2
Foot Sprays 0.5
Refreshing Towels 1.0
Cooling Gels 1.0

Last but not least, {-)-menthol is used in synthetic
substitutes of M. piperita oil along with some menthol
derivatives and other constituents of peppermint oil.

7
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THE ORIGING OF PEPFERMINT AND MENTHOL

This part is based chiefly upon the raview of
Landing (19) on peppermint oil and the standard works of
Glldemalster and Hoffmann {10} or Guenther (11} on sssential
oils.

Peppermint and Japanese mint are members of & complax
potanical family referred to as Labiatae (two-lipped flowers)
which is represented in essential oil production (basides
mints) by such well-known and widely used plants as rosemary,
lavender, basil, sage, and thymeé. The geanus mentha, which
includes the true mints, is believed to have ¢riginated in the
Mediterranean basin and spread from there tc the rest of thas
world by both natural and artificial means.

The major properties of the mints, a delightful aroma and
a mildly stinging fresh taste, have been recognized sinca
ancient days. Mints are mentioned twice in the Nevw Testament
(Matthew 23:23 and Luke 11:42) and thas diztillation of mint
0il appeared in tha literaturs as early as 410 A.D. in an
account written by Synesius of Alexandria, thea Bishop of
Ptolesais. 1In the 10th century A.D., a Japaness madical book
described the utilization of mint in an eyewash preparation.

In medieval Europe, mints and other usaful herba wera
cultivated in the monastery and convent gardens. The monkse
and the puns cospounded froa these herbs numerous medicines
for the allmants of the day. But It is doubtful if tha plant
which we know today as peppermint already axisted in those
times. Specimens of cur cultivated sentha piperita L., which
is considered a triple cross between M. sylvestris L.,
M. rotundifolia L. and N. acquatica L., were discovered in
1696 near Hertfordshire, England by a Dr. Eales and later in
Essex by a Mr. Dale. They were dsscribed by John Ray (28).
By 1750 peppermint was being commerclally cultivated near
Mitcham in the county of Surrey, England. Commerxcial
peppermint production moved outward from England to the
Netherlands about 1770 and soon spread into Germany, Prance
ard the United States. Today, most of the world’s production
ise derived from the sc-called English or black wmint

(M. piperita variety wvulgaris L.}). ¥enthol obtained from

88338330
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pPeppermint 0il was first described by Gaubjus in 1771 as
"Canphora Iuropasa Manthas Pipsritidis.*”

¥anthol from N. arvensig oil has been used in Japan for
about 300 ysars. About 350 A.D., Enzan (a Japanase priest)
brought mint plants from China to Japan and planted thea in
the vicinity of Kyoto, but distillation of Japanese mint apd
preparation of senthol from mint oil probably did not start
before the end of the 17th century (17). Japan advanced to
the world‘s dominant supplier of menthol when, starting about
1870, large acreages of mint were planted on the main island
and on Hokkajido. The dominant varjety grown in Japan wae
M. arvensis varlety piperascens Malinvaud, Prior to World War
II (1935 to 1939) Japan’s annual export of manthol amocunted to
approximately 300 tons, about 70% of the world market. The
balanca was furnished mainly by China where primarily
M. arvensis variety glabrata Holmes was grown.

The sudden disruption of supply, due to Japan’s entry
into the war, shcouraged Brazilian antreprensurs to start with
the production of cornmint oil and menthol. M. arvensis
variety piperascens was introduced to Brazil by Japanese
immigrants and was first planted in the state of S&c Paulo
about 1936 on a small scale. But later on, virgin land and
forast vere clsared for this nevw crop, and senthol production
increased rapidly, from a few tons in 1941 to 500 tons in
1945. Aftar the wvar, production was continued at a lower
lavel and increased again since 1955, reaching a peak of
around 3,000 tons in 1973. Since then production has fallen
rapidly to around 3150 tons in 1992. There have been several
reasons for this decrease: (a) limited availability of virgin
land suitable for wmint cultivation, (b) decreasing
attractivenssa of mint compared with other crops, (&)
competition of China and, wore recently, India, amd (d)
competition of synthetic wenthol.

RENTHA ARVENSIS VERSUS MENTHA PIPERITA OILS

flavor Profile
Compared with M. arvensis, N. plperita oils are
significantly more valuable and higher in guality. Their

9
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flavor is fresher, richer, swester, and more well rounded. As
shown in the comparative flavor profiles (Pigurs 3} such
positive flavor characteristics as jimpact, taste volumss
{fullness), freshness, cooling, swveetnass, and the notes of
tea, hay, camomile and flovers are Bore pronounced in
N. piperita oils.

FIG. 13
Flavor Profiles Of Nentha Piperita and Mentha Arvansis oll
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The harshar flavor of N. arvansis oils is characterized
by pronounced earthy, mushroomy, phenolic and bitter notes.
Soma of thess differanclas can be corrected by rectification;
however, the corraction is vary limited. Therafore, the
rectified cornmint oils are merely used as sxtendsrs for
peppermint oils (30).

Chenical Composition
The chemical compositions of peppermint and deaentholized

cornmint oil have bsen the subject of numercus studies (20).
As can be seen in Table III, both oils contain similar
quantities of the main constituents menthol, menthone, menthyl
acetate and neomenthol.

TABLE II1

Typical Chemical Compositions Of Peppermint And
Damantholized Cornmint 0il: Oxygenated p-Menthanes

Cornmint 0il

Pappermint D11 (Brazil)

Conpound (%) 3
Manthol 40 30
Isomanthol 0.2 Trace
Mecmenthol 3 3
Naciscuenthol 0.8 0.4
Manthyl Acstats 4 4
Isomanthyl Acetate 0.3 0.2
Meomenthyl Acetata 0.2 0.08
Neoisomenthyl Acetate Trace Trace
Isopulegol Trace 0.4
Weoisopulegol Trace 0.6
Isoisopulagol - 0.5
frans-Sabinene Hydrate 0.8 Trace
1,8-Cineocle 5 0.5
Nanthona 22 3a
1somenthons 3 10
Pulegone 1 1
Piperitone 0.5 2
Kenthofuran 1 =4 Trace = 0.2
ll.nthoturo_lactone 0.05 Trace

11
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However, valuable (flavoring substances, such as
1,8-cinaclae, menthofuran, sabinane hydrate and
wenthofurolactons (mintlactone) are found in much higher
concentrations in N. piperita oil. They are rasponsible for
the positive flavor characteristics of peppermint oil,
together with numercus high-impact flavor compounds vhich have
bean detected among a total of around one thousand minor and
trace constituents. These have basn jisolated and
characterized using high-perforsance analytical sethods and by
the systematic evaluation of the organcleptic properties.
This was a decisive step toward high-quality synthetic
duplicates of peppermint ofl (30, 16).

Chirospecific analytical methods have been usad teo
determine the optical purity of variocus peppsrmint componants
(Pigure 4, Pigure 5 and Pigure 6). Werkhoff et al. (38, 29}
demonstrated that the menthol and menthons isomars in both
M. pipsrita and N. arvensis oile are almost optically purs
(> 99.5%). That is also trus for minor componants such as
menthofurclactone (40). Today, fused silica GC columns costed
with modified cycledextring are tha nost powarful toola for
the ssparation of snantiomsrs. 1In flavor and assantial oil
research, usually a pressparation stsp ils necsssary. It is
possible either by preparative capillary GC (off-line method}
or by multidimensional GC (MDGC) including heart-cutting
techniquas from an achiral preseparation column onto a chirsl
main-column {(on-line coupling).
Biosynthesis Of C)-Oxygenated p-Menthanes

The high optical purity of peppernint constituents is
attributed to the sterecsselectively controlled biosynthetic
steps involved in their formation. Croteau et al. have
studied the biosynthesis of C3- and Cé-oxygenated p-manthanes
in mantha species for several ysars and proposed the pathway
outlined in Pigure 7 (6).

12
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FIG. 4
optical Purity Of Peppermint Constituents: Henthol Isomers

Peppermint oil

Achiral column: DB-WAX

Ao

1 Neomenthol 2 Neolsomenthal
Hj ¢} 3 [{ e}

{+) +)
>99.5% >90 8%

Ju j 8
3 Menthol 4 isomenthol
o) hdd |k () #1401
»0G 5% »>99.5%

2 L

Chiral column: Heptakis-{2,3.6-tri-O-methyl)-B-cyclodextrin
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FIG. 5

Optical Purity Of Pepparmint Constituents:
Manthone And Isomanthons

Peppermint oil

I

1

. Achiral column: DB-WAX

() [>99.5%

Natural enantiomer
composition

Chiral column:

/l\ Q Racemate

Menthone

Octakis- (3-O-triffuoracetyl-2,6-di-C-pentyl)- ¥ -cyclodextrin

{+) [>99.5%

Natural gnantiomer
composition

IJ Isomenthone

Chiral column: H‘eptakis-(E.3.6-tri0-methy1)- B -cyclodextrin

® (+)
¢

o Racemat
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FIG. 6
Optical Purity Of Peppermint Constituents: Menthyl Acetate

Pepperminl
oil
L
Achiral column: DB-WAX
Matural compasition @ Racemate
)
>99.5%
OCOCH; O |«
Menthyl acetate
PO

Chiral column: Heptakis-(2,3,6-ri-0-methyl)-p-cycledextrin

The first stage of monoterpene biosynthesis involves a
coupled lsomerization—cyclization reaction by which the
universal Clo-isoprencid precursor geranyl pyrophosphatas
is transformed to initial cyclic products. In the case of
perparmint, (-)-limonene synthase catalyzes the formation of
{-)-1isonene. The next step, the cytochrome P 450-dependant
hydroxylation of (-)-limonend leads specifically to
{(-)-trans-iscpiperitencl. An  MAD-dependant terpenol
dahydrogenase converts (-)-trans-isopliperitenol to
{=) «isopiperitencne.

15
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riG. 7
Pathway For The Biosynthesis Of CI-Oxygesnatsd p-Menthane
Monoterpenes From Geranyl Pyropbosphate

‘
L]
1
1

— - feves r—
prapbowha b —t— g

bbb fedeo.
5

The next step in the sequence is ths NADPH-dspendant '
reduction of the A'?-double bond of isopiperitenons to yield
{+) —cis-isopulegone. The homoallylic double bond of
cis-isopulegons is then isomerized to the allylic position to
afford (+)}-pulsgone as the product. The sniyssa resemblas the
well-known  ketostercid isomerases in catalycing an
intramclecular hydrogen wmigration and in requiring ne
cofactors.

The remaining steps of the sequencs arse notable for the
prazance of twc stsrsospacific doubls bond raductases
(NADPH-dapendent) for the conversion of (~)-pulegone to
(-)-manthone and to (+)-isomanthone, and two starsospecific
dshydroganases responsible for the reduction of (-}-menthons
to {~)})-wanthol and to (+)-nedmenthol, respectively. Tha sama
two dehydrogenases reduce (+)-isomenthone to {+)-necisomanthol
and to (+)-lsomenthol, respectively, The primary metabolitas

i6
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that accoumulate in peppermint are (-)-menthone and
{=)-menthol.

SIEREQISOMERS OF MENTHOL

Homsnclaturs Aod Graohic Formulas

The work on the structurs slucidation and sterecisomerisa
of senthol, and the preparation of purs stereciscmers, has
been shared by many prominent workers, as reviewed by Simonsen
ard Owen (31) and Merkel.

{=)-Kenthol (Figqure 8) is one of eight enantiomers of
manthol (p-menthan-3-ol) owing to three asymsetric centers in
the molecule (Figure 5). The R,S nompenclature and/or space

 formulas are used to define the abscluts configuration, e.g.,
{1R, 3R, aS)-manthol for ({-)-menthol, In recant ysars,
Cheaical Abstracts has adopted a cosbined R,5 anmd «,f
nowenclature (the latter is used in stercid chemistry).
Menthol is listed under the name cyclohexancl-5-sethyl-
2-(i-methylethyl) and the configuration of (-)-menthcl ix
characterized as (1R-(le,2f,5a)].

FIG. 8
Various Graphic Formulas Of (~-)-Menthol

2
2

"
]

ol HO HE

HO/;\GH H

E) Ll 3 L]

1
D

Por sansory avaluations, six of the eight enantiomers ot
manthol had to be prapared and purified, as both (-) and
{+)-manthol were available from the Haarmann & Reimer menthol
PIoCess. In Table IV, starting materials, methods of
preparation and purification procadurss are summarized (9).

17
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FIG. 9
The Eight Menthol Sterscisomers
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TABLE IV

Preparation And Purification Of Menthol Enantiomers

Preparsd Starting Material, Separation,
—Enantiomar = _Preparation Method
{+)}=1Isomanthol Sodium Reduction Of A
{—) —Manthone/
{+)-Isomenthone
Mixture (77:23)
Rectification,
(—) -Isomenthol Sodium Reduction of A Derivatization
(+) -Menthoney (Anisate),
(-) ~Isomenthone crystallization
' Mixture {(77:23) Which And
Isiobtallnod by Saponification
Oxidation ({Ma,Cr.0,/
) And 3,Cr 0,
Isomerization (NaoOH) |
From (+)-Menthol i
(+) =Naomanthol . NaBH, Raduction Of ;
(~) -Henthone
Provides A 50:50
Mixture Of Menthol Ractification,
And Nacmenthol Darivatization,
Crystaliizaticn
{-)-Kaocmanthol ‘As Above, {Acetate) And
. Starting From Saponification
(+) -Manthone Which
Is Obtained Prom
{+)-Menthol By
Oxidation
(+) -Neoisomenthol WaBH, Raduction Of
{+)-Isomenthona
Gives &7%
Neoisomanthol ;
{+) ~Isomenthone Is Rectification,
Obtained By HPLS Preparative
Separation RPLC

(=)=Mecisomenthol As Above,
Starting From
{~)-Isomenthone

Physical and analytical data are listed in Table V,
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TABLE V
Physical And Analytical Data Of The Sterscisomsars Of Manthol

| DB- 1 1! u.p.|n.p.
Substance R.1.2]purity|r.1.2 | Purity| [u]&' L *“"c
(=) -Menthol 100% 1008 | -50.2¢], ,,
(+) -Menthol 1632] loo0% 1160} 100% | +50.1* 216.5
(¢)-Menthol 100% 100% - is
(=) ~Iscmenthol 100% 100% | =25.9* } 82
{(+) -Iscmenthol 1659! 100% 1174| 100% | +24.7* 218.6
(1) -Tsomanthol 100% 100% - 53
(-} -Neomenthol $9.5% 99.4%| -20.8"* }-15
{+)-Neomenthol 1596| 99.4%) 1148) 99.5%| +20.9° 211.7
() -Necmenthol 99.6% 99.5% - 52
{~)=-Naoisomanthol 100% 100% |- 2.0° - 8
(+) -Neoisomantholl 1616] 99.9%| 1171} 100% |+ 2.0* 214.6
(1) ~Neglsomenthol] 90.5% 98.5% - 14

lYemparaturs program §04C = 220°C at 1°C per minuts
Ipetantion index

Senscory <haracterization of Menthol Enantlonsrs {93

For the reconstitution of peppermint oll, it is important
to knov tha flavor propertiss of all ralevant constitusnts.
Basides othsrs, we compared the (1R)-menthols which oceur in
peppermint oll with the (15)-menthols. All snantiomers wers
tepted In 5% sucrose solution by a test pane]l of saven
exparienced flavorists.

In the first step, sach substance was evaluated by a
dilution prefile method to detarmine the concentration levels
of (a) taste threshold, (b} neticeable cooling effect, (c)
Bost acceptable dosage range, and {(d) bitter tasts. The
results are summarized in Table VI.
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TABLE VI

Taste Properties Of Menthol Enantiomers:
The Dilution Profile (Concentrations: ppm)

Taste Cooling |Acceptable | Bitter
| Dosage | Threshold

{1R) -Manthols
{~) -Manthol 0.4 n.8 1.5 - 6.0 15
{+) -Isomanthol 0.7 7 1.5 - 4.0 20
(+) ~Neomanthol 0.5 2.5 1.0 - 3.0 25
(+)}-Naoiscmenthol 0.2 > 25 0.5 - 1.5 > 25
115) -Henthole
(+) -Hanthol 0.1 3 1.6 - 5.0 25
{~) -Isomanthol 0.6 3o 1.5 - 5.0 50
{-)-Naomenthol 0.6 F17 1.5 - 5.0 30
{~)=-Kacisomenthol 1.0 [3 2.0 - 5.0 > 25

T™he taste thresholds of the manthol snantiomars vary
within a relatively narrow range of 0.2 tc 1.0 ppa. Apart
from neoiscmanthol, there jis only a small differanca betveen
the {1R) and (15) isomars. Howaver, the cooling level varies
significantly and (-)-menthol has by far the lovest cooling
threshold. Both (+)- and (-)-necisomenthol c¢ould only be
tasted up to 25 ppm due tc very small amounts of pure
substances. The cooling thrashold of (-}-necisomenthol was
highar than that concentration. The acceptable dosage range
is also quite similar for most of the substances: from about
1 to S ppa. The thresholds of bitter tasting were found
batween 15 ppm and 50 ppm, whereby (-}-menthol surprisingly
has the lowest value.

The flavor profiles of (1R)-menthols (Figure 10} and
{15} -manthols (Figure 11) wers determined in a 5% sugar
solution at 3 ppm, and each flavor characteristic was scored
on & 5 point scals (1 very low; S very high). Agajn, the
outstanding flavor properties of (-)-menthcl concerning the
attributas cool, fresh, minty and sweet were confirmed.
{+)-Manthol ranks sacond with respact to freshness and cooling
properties (which is somewhat surprising), but it also has
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some negative features such as phenolic, musty and bitter.
Nevertheless, this result suggests that a purs racemic menthol
is not the worst substituta for (-)-menthol. With respect to
the constituants of peppermint oil (+)-necmenthol (3%),
{+)=isomenthol (0.3%) and (+}-neoisomenthol {0.B%) contributs
to the earthy, woody and musty notes. This opens up the
possibllity for the flavorist to “correct nature® and to
develop tajilor-made blends with respect to wors freshnass,
sveetness or other desirable characteristics.

+ FIG. 10
Flaver Profiles Of The {1R)=-Msnthol Isomers

[ T T
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rIG. 11
Flavor Profilas Of tha (15)-Menthol Isomers

concerning this topic there already exist some axcellent
reviews {3, 4, 21) vhich are recommended for in depth studies.
Considerable affort has bean devoted to the production of
{-})-manthol by synthetic or semslsynthetic means from other

more readily available rav matsrials such as {a) dementholized ¢,)
cormaint oil {example mentha arvensis), (b) (+)~-citronellal 8
{sxample citronalla oil), (c) (+)-3-carene (example Western X
U.5. and Indian turpentine), (d) (=)=a-phellandrene and .
[
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(=) =piperitone (example eucalyptus dives oil), {®)
(+}-pulagona (example pennyroyal oilj, (£} (+}-limonens
(example crange ¢il). (¢} racemic manthol (example thymol) via
optical resclution, and (h) myrcana (example f-pinens) using
an enanticselective isomeriration step.

These syntheses, a f#w of which have bsen comsarclally
important are shown in Figure 12 to Figurs 20 and will ba only
briefly described here because of the above mantionsd reviews.
An axception is made with respect toc the main processes used
today for manufacturing {-)-menthol--the Haarmann & Rsimer
(Figure 17} and the Takasage (Figure 18 to Figure 20
procassas.

IClassical® Menthol syntheses (Fiqure 12)

Fxom Dementholized cCornmint ©jl: This relstively
inexpensive by-product of natural senthol production is still
rich in menthol, menthone and some othar components which can
be transformed to menthol (see Tahle III). Hydrolysis of
menthyl acetate, mild reduction of menthones or hydrogenation
respactivaly, followed by distillation and crystalliszation,
vlelds additional (-)-menthol.

Erom (+)-citronellal (Example Citronellal: This process
has besan used widely vhenevar the supply of natural manthol
was short. (+)-Citronellal can be isclatad with an optical
purity of approximately 80% from citronella oil. Accordingly,
it is cyclized by acidic catalysts {(s.9. silica gel} to give
a mixture of optically active isopulegol isomers and 20% of
the corresponding racemates. Preferably, (-)-isopulegol is
separated by crystallization at lov temperatures and directly
hydrogenated to pure (-)-menthol. Tha altarnative procadure
of hydrogenating the isopulegol mixture and separating
{—)})—menthol from its isomers raquires derivatization.

Erom_{-)-Piperitone (Fxample Fucslvptus CDives): This
procass has bsen usad in Australia on a smaller scals.
{-)-Plpearitone isolated from eucalyptus dives oil usually is
alrsady partially racemized, due to the unstable asymmatric
center at C4, adjacent to the carbonyl group. MNorsovar, the
hydrogenation to either {(+)-isomenthone or to an isomeric
mixture of menthols is not completely chirospacific with
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Therefore,

respect to the newly formed chiral center at C1.
(=} *mantho]l has to bes purified via derivatization.
Hydrogena-

From (+)-Pulegons (Example Pennyroyal Qil):
tion and reduction of the (-} -menthons/(+)-isomenthone nixture

with nascent hydrogen gives predominantly (-)-menthol.
However, the actual price of pennyroyal cil is prohibitive for

commerclal production.

FIG. 12
"classical® (-)-Menthol Syntheses
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{=)-Menthol From Various Natural Terpenas (Figurs 13)

From [(+i-31-Carene: The MRC-Proceds (MRC = Malti-Chea
Research Centre, Nandesari, Vadadora, India) starts from
(+)-3-carene, the major component of Indian turpentine oil
{55t to &5%). Base catalyzied isomarization provides
{+)-2-carene which is pyrolyzed to (+)-trans-2,8~
p-menthadiene, followed by an isomsrization step to
(+]-isoterpinolene in the presence of strong Dbases.
Hydrogenation to (+)-3l-p-manthana, apoxidation and subsaguent
rearrangement provide a menthone/isomenthcne mixture which is
reduced and purified in the usual way {34}. A drawback of
this process is a partlal racemization which has its origin in
the isomerization step to iscterpinclane (24). It is obvious
that a multistep process like this can only be competitiva on
a rather large scale. Again, a pure (-)}-menthol is only
obtained via derivatization.

Alternatively, (+)-trans-isolimonens can ba
hydrochlorinated-dehydrochlorinated to glive
(+) -isoterpinclene. A second hydrochlorination followed by
treatuent with sodium acetats and acatic acid yields & mixturs
of cis and trans-puleqyl acetate which is hydrolyzed to
(-)-cis- and (+)}-trans-pulegol, Becauss tha absolute
configuration of C1 is fixsd in this pathway, hydrogenation of
sither pulegol provides (lR)-menthols which can be
equilibrated and separated as previcusly described. This
promising route, developsd by Hercules, Incorporatsd, has not
been commercialized (Figure 14).
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FlG. 13
(-)-Kanthol From (+)-3-Carena: The unc-m-oces_s (India)*
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FIG. 14
{(—)-Manthol From (+}-3-Carena: The Hercules Route
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Frowm  (+)-Limonane (Figure _151:

: optically pure
{¥)-limonena is an ineaxpensive by-product from ths citrus
industry. Hydrogenation to (+)-l-p-menthene and air oxidation
in acetaldehyde yislds (+)-1-menthens spoxides sconomically.
Thess ars hydrolyted to (+]-l-hydroxyneocarvo-menthol and
acetylated to give the desired (+)-1-hydroxynsocarvomenthyl
acetate vhich is then pyrolyzed to (-)~trans-2-p-menthen-1-ol,

via pilperityl acetate (by acetylation and asllylic

rearrangement) and (=) -trans-piperitol, (=)-menthol is finally
cbtained by hydrogenation containing 25% (-~)~-lsomenthol.

This
{15)—1scmer cannot be transformed to

(=) -menthol. The
drawback of this interesting route is its low overall yisld,

PIG. 15
(-)-Menthol From (+)-Limonhene: The Reynolds Route
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-y - 1 (+)}-Trans-plperitol
obtained via piparityl chloride can bs hydrogenated to give a
mixture of 97% (+}-isomenthol and 3% (+)-manthol.
{+})-Isomenthol can bs converted to (-}-manthol by
cxystallization, equilibration and distillation. The procass
suffars from tha disadvantage of by-products and isomer
saparation.

FIG. 16
(=} =Menthol From (-)-a-Phellandrene: The Glidden Route
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The Haarsaon & Relwer (—]-Nenthol Process (Flaure 171

Arpund 1965 Hasrman & Reimer decided to develop a total
synthesis of (-)-menthcl starting from thymol. Hydrogenstion
of thymol produces & mixture of isomers containing all sight
wenthol enantiomers, although (-)-menthol is the only target
product (16}.

The difficult part of the synthesis is first to separste
(t)-menthol from the other isowmers snd than to separate it
into (~)})- and (+)-menthcl. For economlc reasons (+)-manthol
and the other remaining menthol isomars have to be recycled.

Pigures 17 shows tha varjious stagss in the HER manthel
proceas. oO-Alkylation of the --ci'ml produces thysol which,
on hydrogenation, gives a mixture of approximately 58% to 50%
(1) =-menthol, 28% neomanthol, 12% isomenthol and 1%
neoisomenthol. After distiliation, (t)-menthol of approxi-
mately 99% purity is obtained which is ssterified te msnthyl
panzoata. The most important step is then to sepirata the
benzoates into the enantiomers (2). Pinally, the banzostas
ars transesterified once again to form (+)- and (-)~msnthol
and w»ethyl benzoate which is recycled to the production
pProcess.

The crucial step of this procass, as mantionad above, is
the ensntioselactive crystallization of (-)- and (+}-menthyl
benzoats, carried out continuously in two ssparats vesssls, by
seeding s supersaturatsd solution of (t)-manthyl banzoata with
crystals of the (+)- and (-)-form respectively. Wa did of
course attempt the aenantjosslactive crystalligation of
(f)-menthol, but the melting point djiagrans showed that
(:)-menthol crystallizes as a racemic compound and not as a
mixture of (+)- and (~-)-menthol crystals. All cuy sfforts to
bring about selective crystallization in a varisty of solvents
wvare to no avall. On the other hand, crystallization of
(t)-manthyl benzoate, whils invelving an sdditional stage of
purification, does in fact snhance the quality of msenthol.
The overall yleld of tha HE{R process, based on tha starting
material thymol, is more than 50%.
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The HELR menthol plant in Bushy Park near cCharleston,

South Carclina, USA went on stream in 1978. The menthol plant
in Bolzminden has been in operation since 1973.

rFIiG. 17
Total Synthesis Of (-)-Menthol From a-Cresol:
The Haarmann & Reimer Process
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piochemical wathods for enantiosslective hydrolysis of
racemic menthyl asters have bean devaeloped by Takasago
Pearfusery Company (13) in the late 1960's, but we have no
confirmed information if this wathod was utilized for the
resolution of (i)-menthol (from thymocl)] into its optical
antipodes on & technical scale.

FIG. 18
The Takasago Synthesis Of (-)~-Menthol From Myrcene
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For about ten years, Takasage International Company has
been manufacturing (-)-menthel from myrcane (27). First, the
triene is converted in a regio- and stersosslactive manner to
diethylgeranylamine by lithium catalyzed adadition of
diethylamine. The key step is the subsequent BINAP-Rh(I)

32
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catalyted snanticselective isomerization of the allylic amipe
in TH? giving (R)-citronallal enamineg in 96% to %9%. The
chiral catalyst usad in this step is shown in Figure 19. |

FiGc. 1%
Chiral Rhodium BINAP Complex, The Key
Catalyst In The Takasago Synthesis

O RO

Enantiomeric purity of the chiral aldshyde cbtained by T
hydrolysis is =much higher than natural citronellal from
citronella oll. Stareoselective cyclization ot
(R)-citronallal promotad by zinc bromide, giving imopulegel,
followed by catalytic hydrogenation completes the synthesis of
manthol. The tschnical refinement of tha Rh catalyzed
asymsstric reaction bas enabled the procass to work up to a
9-ton scale, Whérs the turndver humbar (produced &namine
mOl/Rh catalyst mol in 18 hoursi approaches 8,000 per cycCle.
The BINKAP-RhI complex catalyst can be recycled efficiently,
giving the overall turnover number of 400,000, This
isowmerization is chirally flexible leading to either natural
or unnatural citronellal enamine. In addition to geranyl- and
nerylanines, a varisty of allylic amines can ba iscmerized in
an enantiosslective and predictable manner. The genaral
scheme 18 given in Pigqure 20 (16).
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FIG. 20
Rhodium BINAP Catalyst: Stersochemical
Correlation Between Substrate, Catalyst And Product
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Early investigators clearly demonstrated that manthol
affects the response of many receptors tec stimulation. Like
many other substances, the response to menthol is enhanced in
small concantrations and depressed in large concentrations or
after extended expesure. The electrophysiclogical response to
menthol was first demonstratad for thermal racaptors (8, 15).
Similar responses to menthol were cobserved in chamcrsceptors
of the carotid body. carotjid hbodias are regions of recaptors
located in the neck area which are ssnsitive to substancas
that stimulate and transmit information to the brain,
particularly the medulla and brain stem (18).

An increase as well as a decrease in sensitivity to
menthol after sustained menthol sxposuras has bsan obsarved for
the olfactory sense (32) and the gustatory (taste) sense (31),
These studies employed psychophysical techniques which require
scaling measuresments of perceptual responses rathsr than the
recording of impulses from the recaptor calls themselvas.

To bridge the gap betwesn the alectrophysiological
technique used in the studies of nongustatory recaptors and
the psychophysical technique used in tha studies of gustatory
recéptors, Hellekant {14) investigated the alectro-
physiological effects of menthol on gustatory receptors. The
excitabllity of the gqustatory receptors was avaluated by
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recording the impules activity in tha chords tympani nerve of
the cat. It wvas observed that menthol slicited a slowly
increasing activity in all gustatory fibers. Adding menthol
changed the gustatory response to sapid sclutions
[concantration of sapid solutions (noncffensive levels of
agresable flavor solutions) was (agquecus) 0.01 ¥ guinine-
monohydrochloride, 0.05 M acetic acid, 0.5 M sodium chloride,
1 X sucrose and 2.5 M aeathyl alcohol--menthol sclution
concentrations were 0.05, 0.1 and 0.2 gram per liter
(squeous}] in two respects: {a) it slightly suppressad the
initial burst of activity and (b) it enhanced the sustained
responss. Rinaing vith menthol left the gustatory receptors
with a changed sansitivity to stimulation with other sapid
solutions. This effect on the receptors was related to
concentrations and length of the preceding menthol rinse. It
also showed variation with regard to stimulus, concentration,
and subject.

Receant studies on the. sensory transducer mechanisa of
pasal and lingual cold receptors have dJdemconstrated that
santhol activates cold recaptors by interfering with the
calcius conductance of the neuronal sansory membranes (29,
15).

Tha Cooling Effect Of Menthol And Menthol Analogues (37)

Benthel doez not cool by volatilization. Tha cooling
sffect SesRa tO rasult from chamical action at or near thosze
narve endings which are associated with the sensation of cold.
whan menthol is placed on the lingual nerve of the cat, the
cold fibers of that nerve are either provoked into firing or,
if already firing, respond with a higher rate of firing.
8ince the neurophysiclogical basis of the response to cold is
sssentially the same in al)l mammals, including man, and since
thare are many common features in the action of menthol and
synthetic cocling agents, it seems reascnable to assume that
all such coolants act by a common wmechanism, which is
sssantially that of a stimulant-recaptor interaction. Cooling
responses can be produced as a result of nasal, oral, or
toplcal application.
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NHelecular Feguiremsnts For Cooling Activity (37}: It has
been astablished that four important critaria wust be
satistied for a compound to possess effective cooling
activity: (a) a hydrogen bonding group, (b) a compact
hydrocarbon skeleton, (c) a correct hydrophilic/hydrophoblc
balance, and (d) a molecular veight in the range 130 to 1350,

Hydrogen Bonding: A hydrogen bomding function is
essential for cooling action. We bealieve that tha
function sust contain an oxygen atom capable of acting
as a hydrogen bond acceptor. For greatest cooling
activity, strong hydrogen bond accepting capability is
necessary. There is no indication that the provision of
more than one hydrogen bond accepting group in the
wolecule enhANCES tha cooling affact; [ Y.
p-menthanediols are active, but nons iz as activae as
{-}-menthol.

Hydrocarbon Skelston: It is assumed that tha
functional group takes part in hydrogen bonding at a
receptor site, amd that for cooling, the hydrocarbon
portion or portions of the molescule must provide a
compact hydrophobic region near to the sits of hydrogan
bonding.

Hydrephilic/Eydrophobic Balance: For strong cooling
activity, a compound  must have the correct
hydrophilic/hydrophobic balance. This balance s
important in stimulant-recepter interactions. The BOSt
common measure of hydrophilic/hydrophobic balance is tha
Hansch log P valus, vhere P is the partition coetficiant
of the compound batwean p-—octanol and water. Thae log P
value is well sstablished as an important factor of the
pharmacological activity and it is also recognized as ons
of the factors vhich determines ths rats of transport of
compounds through biclogical membranss, especially tha
skin,

The log P values of cooling compounds wvers
calculated from published tables of the substituent
values. Strong cooling compourdds have log P values in
the relatively narrow ranga of 1.5 to 4.0 and values for

36
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nearly all cooling compounds lie in the range of 1.0 to

5.0. 7Tha log P valua of menthol ig 3.1.

Molscular Weight: If a hydrocarbon skeleton capable

of giving strong cooling compounds is combined with a

strong hydrogen-bond accepting functional group, and if

the log P value of the resultant molecule is in the
correct ranga, than cooling will be cbserved if the
molacular weight iz in the range 150 to 350. The
criterion of molecular weight is more flexible than the

criteria for hydrogen bonding, skeleton and log P.

Gsneral Pxoverties Of Cooling Compounds: Apart from the
cooling affact and a degqres of flavor potentiation and odor
modification, there are no common sensory properties of
cooling compounds. For instance, there is no association
between minty smell and cooling.

Because thers are many structural variations in cooling
compounds, the physical properties of thesa compounds also
vary. Wost cooling compounds ars solids, although liguids are
not uncommon vhan the funetional group is hydroxyl or
W, M-dialkxylcarboxamide. In addition, most of them are readily
solubls in common organic solvents btut, due to the
requirements of the 1log P valus, all have very limited
solublliity in water. It should be noted, however, that
saturated aquecus sclutions bhave readily perceptible cooling
affects. The alcohols and N, ,N-dlalkylcarboxamides are, in
ganeral, velatile and some are odorous with odor types ranging
from minty to fruity and from earthy to camphoraceous.

MM X OGUCEd DY e, v g Compound

All cooling compounds produce sensations other than pure
cooling including tingling, stinging, burning and bitter.
These othar sensations are most readily described by reference
tc a strong psppsraint candy, which produces tingle in the
wmoath and, if strong anough, a burning ssnsation. Compounds
differ in tha relative degree of cooling and other sensations.
Thoes compounds that produce little sensation other than
cocling ars (in our terminoclogy) high "quality.* The relative
degres of cooling appears to correslate to some degree with
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compound type. For example, hydroxyesters and hydroxyacatals
tend to produce low levels of sensations other than cooling.

These sensations are dosa sensitive. In gesneral,
increasing the doss of the cooling compound beyond a certain
limit gives no apparent increass in cooling. However, it does
cause an increass in other seansations, finally to ths point
wvhers tha other sensstions dominate the cooling effact.
Sensitivity Of pifferent Parts Of Ths Body

Parts of ths body differ greatly in their sensitivity to
cooling compounds. No attempt has been made to detsrmine
their relative sensitivities in absoluta terms; howsver, the
suggasted order of mansitivity' is: eye >> tongue > intertor
buccal region > ano-genital area > lip > trigqeminal area >
other face areas > axilla > inside forears, breast > other ars
areas, thigh, back, hands, feet >> palms, soles. The aya is
extremely sensitive with thresholds probably measurable in
nanograms and & simple test for cooling effect in & volatile
compound is to hold the opensd bottls near the eys. This test
with menthol gives a sharp and very cbvicus sensation which
sgrees with consumars’ comments on the effsct of mantholated
shaving foam on the aye.

Like menthol, synthetle cooling compounds also give a
cooling ssansation in the lungs (when added to clgarettes or
inhaled as an asrcecl spray) and to the gastrointestinal tract
(when ingasted).

The order of sensitivity clearly follows a genersl order
of increasing thickness of stratum corneus. It sesms probable
that the sensitivity of an area is determined mainly by thes
ease with vhich the compound cah penetrate this barrier. For
exampls, abraded or hydrated forsarm skin has a resduced
threshold comparsd to intact skin. Although the barrier rolas
of ths stratum corneus is probably dominant, it is also likely
that the number of cold-sensitiva narve sndings psr unit area
and the efficiency with which tha cantral narvous systas
processes nerve signals vary with the locaticn on the skin.
Meghanism Of Action

When a composition containing a cooling compound is
applied to various body surfaces, thres procasses must occur
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befors a cooling sffect is perceived: (a) molecules of the
compound aust transfer from the vehicle and must peanetrate the
surface of the stratus corpesum, (b) molecules must diffuse
through the skin, and (c) molecules must interact with the
recaptors.

The role of each of the three processes in producing the
cooling effect iz dependent upon (a) the properties of the
compound, (b) the kind of solvent or formualation in which the
compound iz used, and (c) the properties of the body surface
to which it is applied.

Some commercialized cocling compounds are shown in
Figure 21 including one which is in the development stage.

FIG. 21
Various Cooling Compounds
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Menthol is ona of the wost thoroughly studisd flavor and
fragrance materials with respect to toxicology and biological
Properties. Many ©of these data are summirized in a
monograph (26) and other reviews (5, 7). The esssntial
results are briefly reported.

Beuulatory Status: Menthol has been given generally
recognized 25 safe (GRAS] status ard is approvaed as s direct
food additive by the FDA. The Council of Burops (1961) has
also approved menthol for food use, giving an acceptabls daily
intake (ADI) of 2 ailligrams per kilogram for total manthol
and menthyl esters. In addition, the Joint PAO/WHO Expert
Committes on Food Additives (1968) has published a monograph
and spacifications for menthol listing an unconditional ADI of
0.2 milligram per kilogram.

Acute Toxicity: The cral, sc and ip LDy, values are in
the range of 0.8 gram par kXilograsm t3 é grams per kilogram in
rats, mice and cats. The inhalation RDy, lavel for menthol has
been determined to be 760 mg/m® (116 ppm) for Swiss-Webstar
mice (1). The RD, is that concentration capable of inducing
a 50% reduction in mean respiratory fraquency.

Short-Term Yoxlcity: No detrimantal sffects ©of menthol
wers observed in short-tsrm biglogical stuwdies,

Carcinogenity: Menthol is not carcimogenic, as shown in
studies by the National Cancar Institute (2s).

Genotoxicity: Litton Blonetics (23) conducted a
mutagenicity study on menthol using the host-mediated sssay,
cytogenetic studies, and the dominant lethal assay. The
results of all three assays wers negative., Menthol pyrolysate
was tested against salmonslla typhimurin strains (21) with
negative results.

Hetabolism (26): The urinary setabolite of senthol wvas
identified as menthyl glucuronida in several species.

Some test results on Haarmar & Relmer senthol, concerning
gkin frritation and gengitization are summarized in Tabla VI1I.

88338362
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TABLE VII

Survey Of Safety Studies For H4R tanthol:
Irritation And Sensitization Tests

Dose %

Jest Yehicle | Specjes | Test Resylts
skin Irritation 100, 50, 25 | Rabbit Irritation At
{OECD 404)' 25, 5,1, 0 100% And S0%

DEP

Skin Irritation 100 Guinea No Irritation
{¥ot oEcm)? Pig
Skin sansitization 25 Guinea No
Bushler (OBCD 406)3 BtO#/DEP Plg Senaitization
Bkin Sensitization 100 Guinea No
{Mot OFCD)? pig sersitization
Eys Irritation 8.6 Rabbit No Irritation
{OBCD 405)° DEF
Bye Irritation 50 Rabbit slight
{orch 40s}! OEP Irritation
Bya Irritation 10, 206, 30 Rabbit No Irritation
(Mot OEZCD)? 40, 50, 60

Olive o011

Author - K. sSkydshaard; date - August, 1989

puthor - G. Hopf; date - April, 1574

JAuthor - J. Cuthbert; date - February, 1991

A tew gcotoxicological data are listed in Tabla VIII,

showing that manthol is readily biodegradable.
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TABLE VIII

Ecotoxicological Data For HER Menthol

Teskt Results Author/Xear

Blodegradability 100% Degradation G. Miller/1992
After 21 Days

Fishtoxicity LCO 1 13.2 mg/l N. Caspers/1992
(Brachydanio Rerio) LC100 : 18.4 mg/l
LSS0 : 15.6 mgfl!

Bacteriatoxicity BCS0  : 237 mgfl G. Miller/1992
(Activataed Sludge) ECS50 306 mg/l Bayer AG/1992
BCS : 89 mg/l

.

calculated
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REVIEW OF TECHNOLOGIES RELATING TO MENTHOL USE IN
CIGARETTES

August J. Borschke

R. J. Raynolds Tobacco Company
Bowman Gray Technical Center
P. O. Box 1487
Winston-Salem, NC 27102

Tha patent art relating to tha use of menthol in smoking
articles for the pariod from 1%24 through 1992 has been
reviewsd. The majority of tha patant documants revisved have
bsen avarded to cigarstts mamufacturing companies. EHowever,
& significant number of patent documents also are owned by
companiss which supply matsrials or machinery for cigarette
manufacture. Approximately 100 patent documents which have
been raviewed have disclosed mathods for applying menthol to
tobacco, mathods for incorporating menthel into emcking
article components, and various menthol compositions.
Typically, manthol is applisd to tobaces by spraying solutions
or dispersjions containing manthol onto tobacco. Manthol has
bean incorporated into papers used to manufacturs cigarsttes,
into cigarette rods and into cigarette filters. Menthol alsc
has besn incorporated into cigarette packaging materials.
Nenthol compositions often use precursor compounds which
release mantha] wvhen cigarsttas incerporating such compounds
ars saoked.
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INTRODUCTION

This paper contains a review of thoss tachnologies
pertaining to the use of menthol and related flavors in
smoking articles, such as cigarettas. Tha technologiss
discussed in this paper are those vhich havs been described in
selected patent documents.

Individuals and corporations ssek patent coverags because
they balieve that they have devalopad unique technologies.
Becouse such individuals and corporations recognize thae
potential value of such unique tachnologies, they dssirs to
take steps to prevent other individuals or corporations from
employing similar technologies. Therefors, individuals and
corporations can use patents to protect novel, commsrclally
valuable technologies from baing infringed upon by othsr
individuals and corporations who have net been qiven
parmission to employ such technologies.

Patents can be obtained in many countries throughout the
world. Each country has its own laws relating to procedurss
for obtalning patents and ways to enforce patents against
infringers. In the United States of America, patsnts are
legal documants which are used to pravent other individusls or
corporations from making, using or sslling inventions or
discoveriss which are nev, useful and uncbvicus (1). The
owner of a Unitad S5tates patent can snforce that patent
against anyone who infringes that patant in the United Statss.
A United States patant is enforcsable for a period of 17 years
from its date of issue (2). After a patant expires, the
technology protectsd by that patent is frees for the public te
use.

Patents are a good source of technical information
becauss each patent contajins a disclosure of the technology
which is intendsd to be protactsd. Each patent contains a
written description of the patented invention sufficlient to
allow that invention to be mads and used (3). Mormally,
patents contain at least one draving along with s writtsn
description of the invention sought to be patanted (4).
Technologies described in patents can ba machines, articles of
manufacture, compositions of matter or procassas (5).

88338370
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Givan that patents describe novel invantions or
discoveries, patents can ba used as effective tools in setting
forth a historical perspective of ths development of
technology. That is, inventors who recognite uniqua and
valuable technologies promptly describe their inventions in
the patants that they receive. As such, vhen a fairly broad
time frams of the patent literature for a selected technology
is viswed, the chronclogy of events associated with the
development of that technology can ba observed.

This paper provides a reviev of the patent art for the
pericd from 1924 through the and of 1992. The subject matter
of that review rslates to manthol and related flavors in
saoking articles. Accordingly, 99 patent documents from the
United States and several cther countries are reviewsd in this
Paper. Those patent documents are listed in the bibliography,
which includes the patent number, tha name of the inventor,
the owner of the patent, the title of the patent and ths year
of issus of the patent.

Patant documents are discussed in this paper according to
thres categories. The first category relates to the
application of menthol to tobacco, and includes a description
of procassing techniques and machinery used for inceorporating
menthol into tobacco. The second category reslates to
clgaretta components incorporating menthol, and inciludes a
description of various techniques for incorporating menthol
into certain regions of cigarettes. The third category
relates to chemical compositions including menthol, and
includes a description of compositions which have a tandency
to provide menthol flaver charactaristics during smoking.

APPLICATION OF MENTHOL TO TOBACOOD

The first patent relating to the application of mentho)
to tobacco for use in cigarettes vas avarded to L. P. Hughes
in 1925 (§6). That patent described a procass for treating
tobacce for use in the production of cigarettes in order to
provide cligarette tobacco which, vhean smoksd, reportedly wvasz
cooling, soothing and pleasant to taste. The process involved
spraying tobacco with a solution of menthol, cassia oil and

49

TLESELSY

: £l et - *
r . 4" S m .
v A LR W
' & "t P ]

g ‘n';u *




47th Tobacco Chemists’ Rasearch Confarance

alcohol. The tobacce 30 treated then was rollsd into
cigarsttes.

Numerous refsrences Also suggest spraying menthol onto
tobacco, particularly when the menthol is contalned In &
liquid carrier. One method involved spraying s mixturs of
water, ground tobacco and menthol onte tobacco filler (7).
Another method involved sprayimg onto tobacco & manthol-
containing casing composition incorporating glycerin and an
organo-silicon compound (B). Another method for treating
tobacco to form mentholated tobacce invelved providing a
mixture of menthol crystals, butylene glycol and water, and
spraying that mixture over the tobacco {9). U. S. Patant
No. 3,419,015, assigned to Hauni-Werke Xorbar & Company, K.G.,
contains a description of a msthod and apparatus for mixing
casing and flavoring solutions with tobacco (10). Othar
techniques for contacting additives with tobacco have involved
propelling a supply of tobacco through a zone in which a spray
of finely dispersed additive is supplied (11). It alsc has
bean suggested that menthol can bs dispersed in water,
agitatad using a high speed emulsifier, and sprayed onto
tobacco (12). Further proposed technigues for applying
menthol to tobacco involved spraying tobacco with an smulsion
which included a mixture of menthol, aethanol, propylens
glycel, malto-dextrin, modified corn starch, gqum arable,
sorbitol laurate, collagen hydrolysate and watar (131).

Attempts hava bean made to apply ssnthol to tobacco while
that tobacco is in a moving stream. A solution of senthol and
ethanol reportedly was applied to a moving stresm of tobacco
through a spray norzle in a venturi area of s conduit through
which the tobacce stream passes (14, 15). It alsc has bean
proposed to provide unifors absorption of menthol within
tobacco by pneumatically conveying heated menthol vapor in an
air stream in a conduit, and injecting tobacco into ths
conduit sc as to allow contact of the tobacce and menthol
atreams (16). Yet another method involvad spraying a
controlled amcunt of menthol within a polyhydric alcohol
carrier onto tobacco which fell through a tower {17, 18).

S0
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Cartain attampts have bsen made to incorporate menthol
into tobacco bafore that tobacce is processed or while that
tobacco is being procsssed. As one exompla, menthol has baen
dispersed in liquid carbon dioxide which then was used to
axpand tobacco using the dry ice expanded tobacco (i.a., diet)
precess, 80 as to provide an expanded, mentholated tobacce
(19). As a further examplas, mantholated tobacco rods have
bean subjected to conditions surficient to expand the tobacco
within those rods without significant loss of menthol (20).
As yet another axampls, an sxtracted tobacco pulp has a
prédeternined amount of tobacco extract distributed within
that pulp along with a controlled amcunt of menthol (21},

Atteampcs have besn made to apply menthol to clgarette
component materials as cigarettes are manufactured. It has
bean proposed to spray a solution of alcohol and menthol
through a noxzle onto tobacco positioned on the suction belt
of a cigarettes maker just pricr to the point in time that the
tobacco is transferred to the garniture region of the
maker (22). It also has been suggested to spray menthol onto
tobacce accuymulatad on the suction belt of a cigarette making
machine prior to the time that all of the tobacco to be
transfarred to the garniture region of the =maker has
accumulated on that belt (23}. Foams containing menthol
reportedly have been applisd to tobacco at locations within
the cigaretts Baker during cigarettes manufacture (24). Philip
Morris Incorporated has suggested adding menthol to a tobacco
stream in the garniture region of a cigarette maker by passing
menthol through a conduit formed in the short tongue of the
maker (25).

Thers have besh davelopsents directed toward improvement
in the guality of mantholated tobacco. Por example, R. J.
Raynolds Tobaces Company has developed an automated system
utilizing a nsar infrared reflsctance spectrometer in order to
detarnine the amount of menthol in tobacco (26).

Benthol has been incorporated into cigarettes as an
additive within cartain components which are used to
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manufacture cigarsttas. In this regard, manthol has been
incorporated within the tobacco which makes up the tobacco rod
of tha cigarette, within the papar which is used to
manufacture the cigarstts, or within tha cigarstts filter. On
numerous occadions, menthol is incorporatsd into casrtalin
cigaratte components in order to minimize migration of menthol
throughout the cigarette and to preovide for controlled release
of menthol during the smoking pariod. On other occasions,
menthol is incorporated into certain regions of the cigaretts
in order that the menthol will migrate throughout ths
cigarette, and hence flavor the cigarstte.

Various references have propossd incorporating flavors,
such as menthol, within the paper which circumscribes the
tobacco filler to provide the tobacco rod. volatile
flavorants reportedly were applisd to cigarette paper as part
of an sncapsulating fils-forming vehicle (e.q., a starch-based
paste or a casein-based paste} (27). Cellulosic substrates
(e.g., cigarette papers and tipping papars) wers impregnated
in anhydrous solutisns of amsonia and menthol, and the amacnia
was svaporated to yield menthol physically ancapsulated within
the cellulosic structure cof the substrats for later
relsase (28, 29). It alsc has basn suggested that senthol
could be entrapped in a film applied to plug wrap. Buch a
film was provided from a mixture of msanthol, sthanol,
triacetin and peolyvinyl acetats (20). Cigarette papers
raportedly have heen printed vith inks containing senthol and
sthyl celluloss (31}). It also has bean suggeasted to
incorporate menthyl glycosides into cligarette papers (32).

Ccarbon=containing papars have besn reported to Dbs
attective in holding menthoi until releass is desired during
the smoking period. Papers incorporating activated carbon,
molecular sieves or polymaric microsponges rsportedly hold
manthol until thosse papers are subjectsd to slevatsd
temperature conditions (33). Ccarbon filled inner paper
wrappers for double vwrapped cigarstts rods raportadly have
been used to hold menthol which is released by the heat of the
burning zone of the cigarette during the smoking pericd (M4).
Another carbon-containing paper reportadly capable of carrying
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menthol includes activated carbon and magnesium hydroxide
fillers (35). It has bean suggastad to incorporate activated
carbon particles impregnatad vith menthol into a paper, which
paper than is used as a componant of a filter element {36} .
In addition, a gathered carbon-containing paper carrying
manthol has been used as a flavor subetrate segment for the
southend region of a cigaretts (37).

Numercus refersnces have proposed incorporating flavers !
within coatings positioned at the sxtrems mouthends of
cigarettes. As early as 1924, it was proposad that flavors
such as pappermint could be incorporated inte a water soluble
coating applisd to the mouthend tip of a cigaretts (38). In
that ragard, the flavor was mixed with a pasts provided from
gelatin. In 1936, it was propossd that menthol could be
employed with nitrocellulose and paraffin as a coating to the
mouthend of cigarettas in order to provids a moisturs proof
region to those cigarettes (33). Manthol alec has been
suggestad as a Tlavoring agent which could be incorporatsd
into a flsxibls low density polysthylans tip for cigars (40).

Various tachniques for incorporating menthol into
cigarstte filters have been proposed. It was suggested that
finely divided menthol crystals could be incorporated into a
fibrous mass in a tubular stem or holdar for a cigarette (41).
It also bas been suggestad to provide a cigaretts holder with
& cantral cavity for smoka passage which is filled with
manthel crystals (42).

Certain cigaretts filters have contained fiavors which
can be releassd prior to smoking in order to provida for
transfer of flavor to mainstream smoke. As such, cigarettes
incorporating such filtars can be manipulated by the smoker to
provide tha desired dalivery of menthol. One type of filtar
included an alginate encapsulated flavor which vas positioned
in a sagmant within the filter, and forcs applisd by squeating
the filter reportsdly released tha flavor (41). Ancthar type
of filter included [lavor-containing wmicrocapsules, which
flavor wvas disclosed as being released by the application of
fotce to the filtar (44). American Tobacco Company has
proposad & method for incorporating wmenthol-containing
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microcapsules in a filter {45). Ancther cigarstte southplece
included a sealed flavor-containing receptacle wvhich
raportedly could be woved to provide a smoke flow pathway in
order to flavor that smoke (46}. A rotatable filter had the
capability to be adjusted to provide a selectad amount of
flavor to swmoks passing through such a filter (47).

Numercus rararences contain disclosurss which suggast
that menthol can be combined with & carriser, and than
incorporated into cigarette filters. Menthol incorporated
into cigarette filters in such a manner reportedly teands to be
held in placa by the carrier, until the cigaretts is smoked,
vhen manthol then is transferred to the mainstreas emoks.
Such typaz of cigarettes filters raportedly provide for
increasad cigarette shelf life as manthol tepds not to migrats
from the carrier, decreased loss of menthol in the sidestrean
smoke during the smoking period as the menthcl is contained in
the filter rather than the tobacco rod, and controlled
delivery of menthol as the degree to which the carriar holds
the manthel ecan be controlled. HNaenthol has badn minad with
carbon particles, and the resulting menthol-containing carbon
particles then have been placed in a cigaretts filter (48, 4%,
80} . Menthol reportedly has been adsorbed te inorganic
ion-sxchange saterial (e.q., zirconium phosphats or hydrous
titanium oxide) (51). It alsoc has bean suggestad to provide
nagnesium silicate hydrate charged with menthol in a cigarstts
mouthpiece in ordar to aromatize smoks (52). Other types of
cigarette filters containing magnesium silicate also have basn
proposed (53). Zeolite granules reportedly hava besn
impregnated with menthel and incorporatad into s cigaratte
filter (54). Granular activated carbon particles impregnated
with pore modifying agents (e.g., sugar) and impregnated with
manthol, reportedly provided for relesase of manthal from the
filter during smoking (55).

Certain plastic materlals incorporating menthol have
raportedly besn incorporated intc filters. FPlastic pellets
impregnated with flavor have Dbesn incorporatsd jinto
filters (56). It aleo hac besn propossd to wrap filtsr tow in
a microporous polymer sheet {(e.g., sheets of polypropylens or
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polyethylene) having flavor adsorbed therein in order to
provide for release of flavor into mainstream smoke during the
smoking period (57). Other cigarette filtews reportedly have
included flavor-carrying threads extending through the filter
or flavor carrying-tape extending around the filter
material (58).

Other types of filter materials have been suggested as
potential carriers for menthel. Hollow tiber polyethylene
tilter materials reportedly have been impreghated with menthol
and embedded within the filter plug (e.q., cellulose acetate
tow) of a cigarette filter (59). Polyester fibers having a
complex geometry have been suggested by Pastman Kodak Company
to be cigarette filter materials capable of carrying
flavorants for delivery during swoking (60). Polypropylene
clgarette filter materials have been suggested as suitable
carriars for menthol (61). <Cigarette filters having inner
core regions also have been suggested as baing capable of
retaining menthol during storage, while being capable of
delivering menthol during the smoking period {(62). It also
bas been proposad to incorporate menthel into an inner annular
region of a cigarette filter manufactured from filter
materials of different dansities (63).

Menthol has been incorporated into the ssokable material
of ths tobacco rod. It has been proposad to provide a filter
cigarette having a mentholated tobacco rod and a filter
incorporating a mixturs of activated carbons in order to
control the degree of menthol flavor present in mainstream
smoke (64). It also has been suggested that menthol can be
carried by an adsorbent substance (e.qg., particles of
activated charcoal, activated bauxite, alumina hydrogel or
silica hydrogel) {65). HMenthol encapsulated within gelatin or
gum arabic to form heat rupturable capsules of 5 to 40 microns
in diamatar repertedly were incorporated into reconstituted
tobacco or spraysd onto the tobacco leaf (66). HMenthol also
has been disclosed as being physically entrapped in a solid
satarial and distributed vithin tobacco for wniform releass of
flavor during smoking. The solid material reportedly was a
mixture of hydroxypropyl cellulose and gelatin, dextrin or gum
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acacia (67). It has alsc besen suggested to incorporatae
menthol into a tobacco substitute (68). It has bean suggestad
to sprinkle a amixture including crystalline senthol
microcapsules over the tobicco of a cigaratts (69). It alss
has been proposed to provide for a controlled concentration of
menthel in sainstream smoke by providing santhol containing
rupturable microcapsules in contact with tobacco filler (70).
Suggested flavoring agents for tobacco also have included
spray dried mixtures of menthol and gum arabic (71). Menthol
crystals also have bheen incorporated into a high viscosity
liquid strand which extends through a tobacco rod (72).
Manthol has been encapsulated in an elongated ribbon-like
capsule, and that capsule has bean positioned within & tobacco
rod {73}). The use of the ribbon-like capsule reportadly
provided for uniform release of the additive flavor during tha
smoking period. Philip Morris Incorporated has proposed
incorporating filamentary flavor ralease materjal into a
cligarette rod (74).

Basides being applisd to clgarette components, menthol
also has been applisd to cjigarstte packaging materials. As
such, it is reported that cigarettes packagsd within such
mnaterials axpsrience contact with manthol, and hance becoms
mentholated, dus to the migration of »enthol from those
packaging materials. In this regard, menthol has besn applied
to a traveling wab of cigarette packaging material, and a
menthol sclution has been applied to the foll backed paper
used for packaging cigarettes (75, 76). It also has been
suggested to enboss a cigarette packaging material impregnated
with a solution of menthol and alicohol (77).

Ancther aethod for providing msenthol to packsged
cigarettes involved incorporating within a cigarette package
2 voodsn stick impregnated with menthol in order to provide
for migration of wmanthol from the atick to tha
cigarettes (78}. It also has besen suggested to incorporate a
senthol-containing tubs resembling a cigarette {nte a
cigarette package in order to provide msenthol flavor to
cigarettes within that package (79). In & similar vein, an
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applicator which allowed the smoker to apply menthol to
individual cigarettss also has been proposed (B80).

CHEMICAL COMPOSITIONS INCIUDING MENTHOL

Beginning in tha 1960°s, there were proposed various
mathods directed toward maintaining and preserving menthol
during cigarstts manufacture and storage. As a result, there
axist mmerous patents disclosing ways to control the
volatlility of menthol.

In the early 1960’s, Brown & Williamson Tobacco
Corporation developwd several menthol-containing additives for
tobacco products. Tha additrives raportsdly aliminated
probless in manutfacturing rooms assoclated with wvolatile
»enthol acting as a contaminant. In addition, thae additives
reportedly provided for a protracted shelf 1life to the
santholated tobaccoe product, as wall as desirable manthol
realsase ints swoks upon smoking of tha tobacco product.
Cartain menthol precurscer additives included manthyl estars of
polycarboxylic aclds (e.9., monomenthyl maleatss, monomanthyl
succinnates and monomanthyl phthalates) (81). Other such
additives included menthyl acetals (e.g., vsratraldehyde
mathyl sthyl acetal and benzaldshyde dimethyl acetal) (B82).
Yot othar manthol precursor additives have included menthyl
athars (e.g., manthyl phenyl ether and wmenthyl amyl
sther) (83), and esters of menthol and organic keto acias
(a.g., menthyl acetoacetate and menthyl levulinate} (84).

Mumerous othar attempts wers made to provide menthyl
estars, partioularly during the 19607s and 1970°'s, Liggett &
Myers Incorporated proposed several carbonate asters of
menthol and polyhydroxyl compounds («.q9., monosaccharidas,
dissccharides, polysaccharides and glycols) (85, 86, 87).
Philip Morxis Incorporated investigated varicus polymeric
carbonats astars of manthol, which ware provided from monomars
of carbonata astars of manthol (88, 89, 90). One axauple of
a polymsric carbonate ester of wmenthel is 1-menthyl-1,
1-disenthylallyl carbonate (91). Finely divided microporous
polymars of divinylbenzensa and styrane alas have been
suggested as carriers [for wmenthol which then could be
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positioned in the filter region of & clgaratte (32). Other
f£lavor release cospounds have been proposed. Compounds such
as menthyl-z, 3-dideoxy-D-erythrchexapyrancside can yisld
ralease of menthol upon pyrolysis (93). Another menthol
release additive for cigarettes is comprised of a mixture of
menthyloxy-carbonyl glucose cospounds (94). In the 19607s,
Philip Morris Incorporated investigated using Inclusion
complexes in order to provide for incorperation of manthol
into a tobacco product as well as release of menthol when the
product is smoked. Inclusion complexes were forsed between a
flavor compound and a host vhich hald that flaver cospound
until exposure to eslevated temperatures. One typa of
inclusion complex was comprised of wmenthol and alpha-
cyclodextrin (9%). Other inclusion complexses included
cyclodextrin and tri-o-thymotide hosts (%96). Bata-
cyclodextrins alsc have been suggested as hosts for inclusion
complexes containing menthol (97).

Cartain attempts have besn made to provide compounds
which yield menthol or menthol-like notes or ssensations.
Certain references contain disclosuras relating to the
synthesis of such types of compounds (98, 99). Anothar
reference discloses that l-menthyl linalosl carbonate as &n
addjitive to cigarettes provides for controlled relsass of
manthol and citrus flavors during a smoking period (109),
Other referances suggest delivering manthol flavor along with
lime or monellin (101, 102). Yet another refarencs suggests
that 2-hydroxywathyl-manthol and 3-(beta-hydroxyethyl)-
cayrvomenthel produce cooling sensations, and are usaful
flavoring additives in tobacco products (103). It also has
basn suggastsd to provide a menthol sansation to tobacco smoke
by incorporating terpin hydrate into swoking tobacco (104).

SUMMARY

The majority of the patents relating to the uss of
menthol in smoking articles s owned by cigarette
manufacturing companies, such as R. J. Rsynolds Tobacoo
Company, Philip HNorris Incorporated, Liggett & Hyers
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Incorporated and Brown & Williamson Tobacco Corporation. A
significant number of patents relating to the use of menthol
in smoking articles also is owned by suppliers of components
for cigaretts manufacture. In this regard, suppliers of
clgaretts papar (s.g., Zcusta Corporation and Kimberly-Clark
corporation), clgarstte filters and filter materials (e.q.,
Amsrican Piltrona Corporation; Baumgartner Papler, S5.A.;
Zastman Kodak Company and Hoachst Cslanese Corporation},
cigaretta flavoring agents (e.g., TFirmenich S.A. and
International Flavors & Fragrances Incorporated) and tobacco
processing machinery (e.g., Hauni-Werke Korber & Company,
X.G.) have been active i pursuing patent cowverags for
technologies relating to the use of menthel in smoking
articles.

Although the use of menthol in cigarettes was suggeated
during the 1%20‘s, significant efforts toward the devslopment
of patentsd technologies did not occur until the 1960‘s, as is
avidanced by the data pressnted in Tabls I. Inspection of the
data in Table I alsc leads ome to conclude that there
continues to be significant efforts directed toward the
devalopment of technologies associated with improving menthol
cigareties, the components of those cilgarettes or the
manufacturs of those cigarsttes.

TABLE I

Mumber Of Patent Documents Relating To The Use Of
Menthol and Related Flavors In Smoking
Articlas Refesranced In This Paper
According To Dacade Of Issue And Publication

Number Of
—Xears _Patents
1920 - 1929 2
1930 ~ 1939 4
1940 — 1949 0
1950 - 1959 2
1960 - 1969 20
1970 - 1979 25
1980 -~ 1989 ‘ 26
1990 - 1992 19
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Wumerous patent documenta describe tachnologias
concerning application of menthol to tobacco. Many of those
documants describe tachniques for spraying santhol-containing
solutions or dispersions onto tobacco. Reprassntative of such
techniques are mathods for spraying manthol-containing
solutions or dispersions onto tobacco while the tobacco either
is presant in casing-typs drums ar cylinders, or has the form
of a moving stream passing throuwgh a duct or condujit. Other
technologlies concarning application of manthol to tobacco have
involved contacting the menthol with the tobacco in various
reglons of a cigaretts making machine during cigarettas
manufacture, Technologles which have besn devaloping relative
to menthol application to tobacce have besn dirscted toward
improving the efficiency of the usa of menthol by avoeiding
waste, avoiding contamination of wmanufacturing facilities
rasulting from escaps of volatile manthol, applying controlled
levels of manthol to tobacco and cigarettss, and providing
uniform application of manthol to tobacco and cigarattass,

A large nuabar of the patsnt docusents raviewed in this
paper 4 ibe technologies rning cigarstte components
incorporating menthol. Menthol has bsan incorporated into
papars used to manufacture cigarettas. As such, taschnologles
diracted toward minimizing migration of manthol throughout
cigarettes have involved sncapsulating or sntrapping the
manthol. Henthol alsc has bsan applisd to tobsoco or
incorporated into a cigaretts rod. Rspressntative techniguss
for incorporating menthol into cigarstte rods hava involved
the use of microencapsulated menthol, capsulized menthol and
mentholated filaments. Menthol also has been incorporated in
filcar regions of cigarsttes, eslther because of convenience
considerations associated with applying menthol to filter
materials or bscause of attampts to hold the santhol in place
within the filter until the smoking period. In theory, it has
been desirable to incorporate menthol inte the filtar regions
of cigarettes in ordar to avoid loss of menthol from the
tobacco rod during the smoking period, to provide cigarettss
which exhibit good shelf life due to & propensity to resist
loss of menthol, and to provide a controlled delivery of
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manthol into mainstream smoke. Techniques associated with
menthol incorporation into cigarette filters have involved
tachnologies relating to filter configurations, filtar
materials and filter additives.

Cartain patant documents dascribe technologies concarning
chemical compositions, and particularly those compositions
resulting from the resactjon or interaction of menthol with
other chamical compounds. Many of the chemical compositions
are precursor compounds which minimize to a great degree the
volatility of menthol, but upon exposura of heat andfor
noisture releass manthol. As such, disadvantages associated
with menthol migration throughout the cigarette and loss of
volatile menthel reportsdly can be minimized.

Attempts toward developing improved cechnologies
associated with méntholated cigarettas appear to be
continuing. Saveral reasons for tha interest in pursuing
patent coverage for tschnological developments relating to
mantholated cigarsttes can be postulated. One reason could be
the commercial intersast in mentholated cigarettes which
results in companies associated with the tobacco industry
allocating rescurces to ressarch toward developing unique
isprovemants to a popular produckt. Another reason could be
tha compatitive nature of the industry, and consequantly a
dasire by cigaretts manufecturers to provide a high gquality
product wvhich iz popular among smokars. Yet another reason
could ba a desire by cigarette manufacturers to apply
innovative technologies to develop products which can be
mapufactured sfficlently and effectively using cost sffectiva
tachniquas.

As iong as cigarette manufacturers remain competitive,
continue to explore and improve their products, continue to
apply nav technologies to provids improved products, continue
tc viev mentholated cigarettes as being popular among smokers
and continue to bs conscious of manufacturing products in a
cost effective manner, it can bs axpected that cigaretts
manufacturers will continue to provide the environment and
r rces ¥y to allow their ewployeas to make
inventions and dimcoveries. As long as competitivae companies
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have employsses saking inventions and discoverias, it can be
axpected that those cowpanias will be pursuing patant
coverage. For this reason, it is reascnable to expsct that
the patent litsrature should continus to contaln tsachings of
many new technologies directsd toward mentholated cigarettas,
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A HISTORY OF MENTHOLATED CIGARETTES
"THIS SPUD'S FOR YOU*

Jack R. Raeid

Lorillard Tobacce Company
Research Center
P.0. Box 21688
Greansboro, MC 27420

ABSTRACT

In the late 1920’'s, Spud (tha first mentholated
cigarette) was marketed. Following early sntries of Penguin
and Kool brands in the 1930°'s, the market share maintained a
consistsnt 2% up until the introduction of filters in the mid
19580's. Salem, then other, filtared mantholated cigarettas
wares offered to the public, and the parket share o©of
mentholated cigarsttas increased, finally reaching = peak of
about 30% in the mid 1970’'s. Currently mentholated clgarsttes
sccount for apout 25% of the total cigarette sales.
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INTRODUCTION

I have a lot of slides, mostly of cigarette pack designs,
that I will be showing rather rapidly. The large numbar of
beautiful pack designs, and intsrssting advartisements, mada
the selection of which to present extremsly difficult. I
sincerely apologize if 1 have, by this seslection procass, left
out somecne’s favorite pisce of nostalgia. I have trisd to
represent a balance of different manufacturars, different
years of introduction, and radically different visual designa,
So =it back, relax, and lat’s go back to tha lats 1920's for
the beginning of the mentholatsd cigarette.

THE BEGINNING - THE TORRID TWENTIES

Mentholated cigarettes were developed in quita an unusual
way. A young man who suffered from chronic colds, placed his
treatment dosage of menthol crystals, prescribed by his
mother, into a baking powder tin, aleng with his favorits
smoking tobacco. He allowed the two materials to remain
sealed together overnight. 7The next morning, as ha rollsd his
cigarettes for that day, he 1lit one and found that ha had
created the first sentholated cigarette. For tha first time,
he was able to tsll his mother that he had villingly usad his
menthol traatments. It is suspected that he avoided
mentioning that, at the same time, he 2lso vas able to enjoy
his favorite cigarette tobacco.

The youny man was Lloyd F. Hughas, known by the nickname
of "Spud” Hughes. Spud worked in his father’s restaurant in
Mingo Junction, Ohio, a small town on the Chio River about 20
miles north of Wheeling, West Virginia. He began by offaring

‘ , his new cigarsttes to the railroad men and mill workers who
T ”’»:"g “‘5‘** + : frequentsd his father’s sstablishment. The instant popularity

¥ : . of this nev cigarette reguired him to roll increasingly wors
clgarettas sach day as gifts. At that point he decided to try
selling his new creation. With the help of a friand, Spud
further refined his process. He applied for, and was granted,
a patent for the process of treating tobacco vith manthol (3).
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When the clgarette began to be successful, Spud gave up
his job in the restaurant and set cut for famse and feortune.
What name did he chooss tor his new cigarestte? What slse -
Spud. He got married, moved to Bridgeport, Ohio and then to
Whesling, West Virginia, whers his father-in-law, the
chauffeur of one of the city’s millionaires, gave him a place
to vork and slesap. During this time he continued to improve
his mantholation process. Ha signed a contract with Blech
Brothers Tobacce Company, makars of Mail Pouch cheving
tobacco, to manufacturs Spud. Oncs aach week he arrived at
the factory and perforsed his mentholation process with a
pitchfork and hand-sprayer.

The popularity of the new cigaretta concept increased and
ke began to make a lot of money, as word of his new cigarette
spread. In May 1926, in his basement home, he formed a
company Xxnown as the Spud Cigaretta Corporation. Bloch
Brothars was still doing the bulk of the manufacturing for
him. His ocorporation had three employses: Bpud, the
Prasident and main cigaretts salssman; his wvire, stanographer,
sscratary, package handler, and shipping clerk; and within a
year, his father, Thomas Hughes, cilgarstta salesman.
nr. Hoghas had quit tha restaurant business to join Spud for
a more lucrative opportunity. The three wara able to make a
decent living from the volume of local sales Spud had
astablinhed.

Spud did not let the grass grow undar his feet for long.
His newfound wealth became addictive and he began to canvass
tobacco companias with larger facilities to manufacture
jncreased quantities of Spud cigarettes. The Axton-Fisher
Company agrasd to manufacturs the cigarettes in the summer of
1926 and becasa the chisf supplisr of thess cigarettes. This
arrangement lasted several months, than Colonel Woodford
Axton, a colorful charactar in his own right, offered to buy
out the Spud Clgarstte Corporatiom.

Colonel Axton felt that the cigaratte could be much mora
profitable if handled correctly. Before the advent of 10¢ per
pack brands, tha 20¢ per pack Spud was already outsaelling the
15¢ per pack pramium brands, with ths exception of Lucky
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Strikes, Camels, Chesterfislds, and Old Golds. Ths Axton=-
Fisher Company made the offer for ocutright purchase of tha
Spud brand, Spud Hughes agreed and the sale was finalized
after a transfer of §90,000 cash to Spud in person. Spud wvas
out of the Spud cigarette business.

Before following the Spud cigarstts oncea it was turnsd
over to Colonel Axton, I would like to pursus what happensd to
Spud Hughes, after selling his cigarette brand, as an insignt
into his character. $pud divided the money between himsell
and his father. The lure of this sxorbitant amount of monsy
wag too great for him. Not noted for being a completaly
regpongible young man, he went on a vild spanding spras. A
day or so later, Spud went to Cincinnati, whars he bought a
new Waco biplane. The company, fearing liability probless,
would not let him fly it immediately, sinca he had no flight
experience. However, he convinced a friend, a former Army
flier, to get him started. Once in the air, he took over the
controls, overshot the field on landing and with all the skill
of a ground dvellar, smashed it into & slag pile near the and
of the runway. Discouraged? Not on your lifa. He had ths
plane repajred and managed to land it without serious incident
later that week. Encouraged by this limited success, hes spent
the money to open an alrport in Yorkville, Chic, and went
barnstorming throughout the state for the next two yYears.

. ' Within two years, Spud had completely smashed nc less
than six airplanes. A spectacularly desvastating crunch into
the side of a mountain in Pennsylvania was clossly followed by
totalling a new airplane on a hillside in Ohio, whan he tried
to land at night, in fog, using only a flashlight. The
amazing part of his entire airborne, or viclently grounding,
experisnces is that tha only personal damags he sustained vas
Sae T | the loss of ssveral front testh. Airplane breakage and
! ' . declining sales of Wacc biplanes forcad him to ssll the
airport in 1928. Money deplated, he got a job, first as a
filling station attendant, then as a postman. Whan last sean
he had packed up his wife and they were headed toward Hahira,
Georgia, in an attempt to make and ssll Julsp, a cigarstte
with a Mint Julep taste. Spud Hughes was not heard from
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again (7). The Julep cigarettes, however, were marketed firsc
by the Julep Cigarstts Company, located in Boston, then later,
in a redesigned cigaretts pack, by Brown & Williamson. The
relationship of these companies with Spud Hughes is unknown.

I would like to make a small digression concerning
Colonel Axton. Colonel Axton‘s approach to business wvas
radically different from that of Spud Hughas. Originally a
grocery salesman, he accepted some tobacco-making equipment as
paysent for an outstanding debt of $60. Thus, he began to
sall tobacco products under his own name. Kis brands were
popular in the small communities around his immediate area,
but he did have some trouble with other manufacturers. The
Tobacco Trust was giving the Axton Tobacco Company problems
with their new lowsr-priced cigarsttas and arrogantly
aggressive sales forca.

Here ars two short stories to give you some insight inteo
Woodford Axton’s character. Axton-Fisher’s short lived Clown
clgaretts (1911-1924), appeared during the time of the Tobaces
Trust troublas. The pack design, in vhich a girl dressed as
a clown sticks her head through a very familiar bull’s eye,
wan conjectursd, by parsons at that time, to be a rude gesture
directad at American Tobacco Company’s Lucky Strike. While
not actually violating the existing tobacco regulations he
skirted the edge of legality, possibly to make a point. 1In
tha 1930’s, the Axton-Fisher Company scld Head Play, an 11
inch cigarette that tock advantage of a tax loophole. It was
a novalty item for three years, until the loophole was
clossd {4).

Through personal contact and his naighborly approach,
Colonal Axton was able to maintain local salss and actually
increase distribution of his products. As buslness grsvw, he
tock on a partner, Ceorga H. Fisher, to run the plant vhila he
was on the road as salesmsan. The company bacame the Axton-
risher Tobacco Company. Business vas still confined to a
relatively small sales region.

Now we return to Spud, the mentholated cigarette. Word
of Spud continued to spread. 'Under the watchful eye of
Colonel Axton, the cigarette was launched nationwide in
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December of 1926. Profits did indesd increass, but tha
Colonel ran into a problem he hadn‘t expected. At Iirst,
aistribution was very segmanted and completely inadsguata for
the unprecsdented demand. Pecple besisged the stores looking
for the new brand and retailers predicted a deluge of orders.

The Axton-FPisher Company responded, by divarting
resources toward thas production of Spud, thus dramatically
increasing their cigarette output. Soon the retailers werse
complately stocked, and sat around waiting for the predictad
daluge to hit. Unfortunately, it never matsrialized as
expected, and much of the stock sat on the retailers’ shelves,
rapidly deteriorating in quality. The restailars, of coursa,
sold their older stock first, so ths product distributed to
the smoking public began tc taste worse and woree. Tha
resulting poor guality of product distributed to the gensral
publiec, and the previous supply problem, brought the
reputation of tha brand intoc disrepute.

puring 1527, Spud was a big disappointment to the Axton~
Fisher Company. In 1928 the Axton-Fisher Company, nesding
capital, broke its long-standing policy of private ownership
and sold $1,000,000 of common stock, thus acquiring banking
connections in New York. With the new capital, the company
refurbished its old plant and built an additional wodern
processing area. On oné trip to Nev York, Colonal Axton mat
with some advertising executives, wvho convinced his of the
benefits that could be gained by promoting his products
through the media. A combination of judicious advertising and
an sye on quality brought the brand back into favor and salss
increased up through the year 1%30.

The years of the Depression, 1929-193)2, were dangsrous
timas for cigaretts companles. By ths and of 1932, 20% of tha
total U. 5. cigaretts market was occupled by the ten-centers,
the nev 104 per pack brands, as sales of the then dominant 1%¢
packs dropped by 10 billion units. Theare vas an squivalent
rise in roll-your-own brands as the 15¢ per pack brands lost
volume. The tean-center was able to be offered as a chsaper
mlternative because of the geperal fall in leaf prices, along
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with what was called "sensible economies™ in advertising and
packaging.

THE THREAD-BARE THIRTIFES

The majority of the advertising money that Axton-Pisher
spent in the period 1928-19311 was for the Spud cigaretts
brand. Trying to devise sdvertising copy for a clgarstte
brand with a nase connoting a potato must have baen
challenging. The depression was in full swing and the year
1931 sav a drastic decrsase in profits. Adding to this, the
Brown & Williamson Tobacco Company had introduced Fenguln
mentholated cigarettes in 1931; then as time progressed, they
introduced Kool Menthol in 1933, As a result, Spud lost
additional market share (5).

Figure ) summarizes the published facts, but does not
tell the whole story.

FG. 1
Axton-Fishar Company
1926 - 19311
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In the late 1930’s, the Axton-Fisher Company was taken
over by Philip Morris Incorporated. Under the new lesdership
of Philip Morris, Spud held onto a small segment against Xool.
The cigarette Spud was destined to hold its own until its
sventual dissolution in 1963, The mantholated cigaretts
market sustained a relatively static 2% market share froa ths
late 1930’s up until the early 1950's.

This was not the first time treated cigarettes vwers to be
offerad to the smoking public. In 1927, Listerins cigarattes
were sold (Lambert Pharmaceutical Company) in which the
tobacce had been impregnated with antiseptic cils. Ancother
prasantation included Idcalyptus, an sssantisl oil treated
cigaretta. Tha mantho}l trsatment, hovevar, was sminently more
successful. During this time, numerous companies dsvelopsd
their own versions of a mentholated product and new
mantholatsd brands vere introduced. Some of thase include the
previously manticned Penguin {n 1931 (Brown & Williamson),
Snowball (Paul A. Werner, MNev York), the phenossnally
successful Kool in 1933 (Brown & Williamson}, Cigarette=Time
{Philip Morris), and Nenthorettes (Rosedor Cigarstta Cowpany) .

INE FANTASTIC FORTIES

The era of increasing econcmic prosperity, beginning with
the start of World War II, had a positive effect on ths
tobacco industry. In spite of leaf shortages and long waiting
lines outside tobacco shops, ths war ysars encouraged
consumption. Tobacco was classified as an sssential matsrial
by Prasident Roosavelt, and soms tobacco farmars won
defarments from military servics. Batwean 1939 and 1945,
cigaretta salas in general rose by 508, and manufacturers
faced peacatime with a known demand for peatly 270 billion
cigarettes at home. This damand increased aven mors aftar the
war, since the raturning sarvicemen had taken ist of the total
output, for ovarseas supply, during tha war years (1).

The use of mentholated products was {initially promoted to
offetr an alternative to the heavy, harsh-tasting, hot, and
many times unpleasant experisnce of soms norsentholated
products. The trend was to offer these mentholated cigarettes
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a¥ & change-of-pace product, particularly as a "refreshsent®
cigaretts during the winter months when lowered indoor
humidity was thought to contribute to dry throata.

IHE FILTER FIFTIES

Filter cigarettes were developed and introduced in the
nid 1950’s, and came to dominate the market. A spate of hew
filterad wmenthol brands wera introduced, reflecting the
positive image of cooling and reduced harsh-tasting tobaccos.

The addition of a filter to regular cigarettes changed
the stronger tobacco tastes to which many smokers had become
accustomed. Thus, therse vas already a need for flavoring to
compensata for this loss of tobacce flaver. 1In its rise, the
£ilter market absorbed and enlarged the once limited demand
for mentholated cigarettes. In spite of the Spud brand
introduced in 1926, this market, like the mouthpiece market,
remained small for many years. Only Brown & Williamson's
Xool, offering prize coupons along with menthol flavoring,
managed to achleve any kind of wvolume as & mantholated
nonfilter cigarette (12,700,000,000 by 1955). The popularity
of tilters, the long-term assoclation of menthol with a cool
rafreahing taste, and the growing popularity of Xool, a
nonfiltered, mentholated cigarette, undoubtedly prompted the
introduction of Salem, the first manthol filter cigarette, in
May, 1956 by R. J. Reynolds. National distribution was
actained a month later (2, 6).

In response to Reynolds’ invasion of the menthol market,
Prown & Williamson immediately placed a filter on its regular
sized Xool brand and put it on the market later in 1956.
Although Brown & Williamson had good success with its regular
(nonfilter) Kool Menthol brand, it apparently had bsen
uncertain as to the strength and direction of the filter trend
versus the nonfiltarsd Xing wite trend for cigarettes. As a
result, it offared a king size version of its popular, regular
sized Kool Menthol brand in 1953, instead of the riltered
versicn. The king size brand was discontinued in 1956, when
the Xool Mentho] Filter was introduced.
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Othar entries into the menthol filter market included
Newport {Lorillard) and Oasis (Liggett & Myers) in 1957, amd
Lorillard‘s Sprint 100‘s and Philip Morrie‘s Alpine Menthol
Filter brands in 1959. By the and of 1958, mentholatsd brands
accounted for about one out of svery six fillter cigarsttas
smoked, or one out of evary twelve cigarettes of all typew.

THE SALIENT SIXTIES

Broun & Williamson responded in 1960 with Balailr Nentho]
Filter, followed closely by Mentclair Henthol Pilter from the
Amsrican Tobacco Company in 1962. Ths menthol filter market
seamad t0 reveal thit first entry My be sssocisted with
substantial, but not evarlasting succass. For sixtesn years,
Salem majintained the leading position in the menthol filter
market, but jin 1972 it was overtaken by Keol. Kool‘s lead
continued on through 1979, despite large incresasss in
advartising expenditures by Salaa.

Kool’s mscendancy cannot bs explained by the amount of
dollars spent to advertise the brand. Except for 1971, Xool
spent less on advertising than did Salem throughout the & Year
span of the 1968-1974 period. Possibly ZXool’s succass
indicates that it had a wore effective advertising campaign
than did Sales. Another possibility was that according to the
1969 Maxwell report, Kool was then the wmost hesavily
sentholated of 2ll the mentholated cligaretts brands (9), and
this wvas the preferresd taste of that sra.

Initially, mentholated  products and  associated
advertising campaigns were devaloped bazed upon ths fesdback
received from the smoking public in general. The lack of
response, evidenced by the aessentlally flat sales volume,
caused the sdvartizing agancies to uss a diffesrent approach.
companies responded with a proliferation of visually appealing
advertising and nev packs targeted to appeal directly to tha
manthol smoking public. Since 1962, mentholatad counterparts
of brand raleases have been taken for granted. In almost
avery case, when a new brand is currently released, there is
a mentholated version developsed and released as well to
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capturs that segment of the smoking public which prefers this
taste mixed with its tobacco.

IHE SCHISMATIC SEVENTIES

In the saventies, markets bagan to level off. Sales
stabilized at about 27% to 30% of tha total cigarette market,
and advertising continued to change with the needs of the
customers. A proliferation of additional brands was
introduced, many ©f which were discontinued within two to
thraa ysars.

IHE EIGHTIES AND NINETIES

¥hile some initial exparimentation was done to find the
wost desirabla lavels of menthol, the levels of menthol have
changed very little over the years. Some 390% of all
cigarettes contain & very small amount of wmaenthol, This
supplement warsly snhances tha tobacco tastes, without the
minty, cooling components of mentho]l taste being noticeable,
Mentholated clgarettss contain from 0.3% to 0.7% of the
tobacco weight in menthol, with the range extending to nearly
1% for highly-mentholated cigarettes, While menthol cigarettes
today do not account for mors than 1% to 5% of the market in
most countriss, the tota)l is greater than 25% in the United
States. In the Philippines, menthol cigarettes account for
wore than 60% of the market (8).

The three largest menthol branpds through the seventies
and on into the nineties were Salem, Xocl, and Newport. In
the ¢arly sevantiss Kocl passed Salem as the brand leader.
This lasted for approximately 10 ysars. Reynolds’ Salem brand
than recapturad its position as tha lsader. Lorillard’s
Newport passed Brown & Williamson‘s Kool kbrands In 1991.
within the last few months, Newpcrt has passed Salem in market
share to become the top selling menthol brand.

The menthol clgarstte of today owes its origins to Spud
Hughes and Colonel Axton, but has changed significantly in
responss to the changes ©f the public needs over the
intervaning years. Modern mentholated cigarettas are

-3 %
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formulated with the menthol smoker in mind. Advertising has
changed accordingly to reflect the changes in lifestyle and to
appeal to tha current wants of the msenthol cigaretts smoking
public. Advances in the understanding of tobacco in the areas
of cigarette construction, blending, and flavor applications,
along with visually appealing advertisaments, allow today’s
tobacco companies to meet the wants of increasingly sslective
and discriminating menthol cigarette smoking customers.

SUMMARY

In the late 1920’8, Spud became a reality. In the
193075, the early entries were first Penguin and then Kool.
In the 1940's, the market wvas small but consistent at akbout
2%. In the 1950‘s, the filters were introduced, Sales laaped
into the lead, and methol was acceaptad and grew. In the
19603, the growth continued and some nev brands case and
went. In the 1970's, the growth topped out at about 0% and
more brands wera introduced. In the 1580's, the menthol
percentage dropped slightly to 268 and the Drands
proliferated. 1In the 1990‘s, opportunity exists for better
design and formulation.

FIG. 2
Percent Of Market Share For Manthol Clgarettes
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FIiG. 3
Manthol Brands Introduced
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especially wish to thank Gennie Greens, Starr Pennington and
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to thank Mr. Jos Hudgins, whose private cigarstts pack
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1. Corina, M. 1975, i et
Michael Joseph Publishing,
London, p 237.

2. Heinmann, R. K. 1960. Tobacco and Amsricans. NcGrav-
Hill Book Company, Wew York, p 255.

3. Hughes, Lloyd F. September 25, 1925, U. 5. Patsnt
No. 1,555,580.

4. Mullen, C. 197%. Cjigarstta Pack Art. St. Martin's
Prass, Mew York, pp 92-94, 105,

§. Nicholls, W. H. 1951,

Brice Politics in ths Cigaratte
. Vanderbilt Univarsity Press,
Nashville, Tennessae.

6. Sabel, R. 1978. They Satisfv - The Cigarette in American
Life. Anchor Books/Doubleday, Mew York, Mew York,
p 108.

7. Anonymous. 1932. 5Spuds. Fortune. 6:51.

8. TJI Report. 1984. The situation on ths world manthol
markat. Tobacco Journal Intarnational. (5):404=-40S.

9. Whitten, I. T. June, 1979. DBrand Performance in the

-74.- Federal Trada Commission, Bursau of
Economics, Washington, D. C., pp 28-31.

88338406

84




47th Tobacco Chemists’ Resasarch Conference

THE CHEMICAL DETERMINATION OF MENTHOL IN THE
TOBACCO INDUSTRY FROM AN HISTORICAL PERSPECTIVE

Michael F. Borgerding

R. J. Esynalds Tobacco company
Bowman Gray Technical Csnter
P. O. Box 1487
Winston-Salem, NC 27102

ARSTRACT

A general overviev of the apparatus, procedures and
instrusentation applisd to the determination of menthol as it
réalatesd to the tobacctd industry is presented. Evolution and
rafinement of chsmical analyses for the determination of
msanthol in topacco, cigarette smoke, cigarette components and
flavoring materials are reviewed. Particular emphasis is
placed on sumsarizing and comparing reported method validation
data.
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ERQLOGUE

As I began to think about this symposium paper, I
considered some of the most boring research papers I had sver
read or listenad to. As ] recalled those papers, I reslizsd
that the experimental section of s boring research papsr can
make the rest of the paper look pretty exciting. A paper on
analytical methodology has the potential to be & lot eof
axperimental sections strung togather. Not to worry. About
this time I remembered "PIN"--an acronys for the ideal way to
consider new thoughts, ideas and, yes, even manuscripte (62).
When applying “PINY, 'first consider the Positive, next the
Interesting and then the Negative.

From the positive side, there have baen many interesting
analytical methods developed and applisd to the determination
of menthol. On reviewing the menthol litarature my interest
peaked. Each paper added to anh overall story. As you read
this review, my hope is that the origimal negative thoughts
that I had will not surface in you......enjoy.

INTRODUCTION

Since the introduction of the first mentholated
clgarette (2, 32), -au assortaent of chemical analysss have
baan applied to meat the diverss demands for manthal analysis
within the tobacco industry. Chemical analysass have bsen
developed o track or address#: (a) the application of msenthol
to tobacco during cigaretts manufacturing, (b) migration and
equilibration of menthol within the cigsrette and cigarette
pack, (<] the fate of menthol upon ssoking, with speclial
emphasiz on the menthol yield to mainstreas smoke, and (d) the
purity of menthol and the chemical composition of menthol
containing flavors.

This paper will consider analytical methods developed in
several of thess arsas. Eaphasis will be placed on (a) the
historica)l aspects and evolution of current senthol analysis
technology, and (b) the figures of merit which have basn
reported to describe a particular mathod, i.s., mathod
accuracy, precisjon, selectivity, and limit of detection.
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THE DETERMINATION OF TOBACCO MENTHOL

With the advent of mentholated cigarettes in 1925 {2,
32, chamists wers faced with tha devalopmont of analytical
methodology to monitor the application of menthol on tobacco.
A simple chronology denoting significant events in the
evolution of this measurement is presanted in Figure 1. This
tine line is intended to esphaslize the diversity in analytical
approach which has evolved since the introduction of
mantholated cigarettes, as well as the creativity of the many
sclantists vho have contributed to this field.

FiG. 1
Tobacco Menthol Analysis Time Line
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1952 - Houted $hubd BN
':5_'-? [ ] oo
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Dwsniaged snd 13t TORG 1981 - Dl Coluonn Ayt
o with Cingis GC
J | | ! 1
0 1940 190 1m0 000
1663 - Rapid Extracien with Tefion
=l =
I - Mmgasused Publivlas
Colnsbmatrls Manthed Anasy 0 - TEI0 ADAC DS - Wbk
& PR Capliory Cobsmen

The avents from 1925 to present can be separated into
three distinct periods, each with a different principle focus.
Prom 1%2% to 1963, research efforts were directed to the
jdentification and develogpment of a selactive analysis
approach vhich vas spacitic for menthel. The bulk of the work
during this period occurred aftsr tha introduction of the
first successful filtered menthol cigarette brand in 1955,
From 1966 to 1980, research saphasis shifted to refinemmnt of
analysis accuracy and precision. Finally, having davalopad
savaral suitabls tobacco senthol mathods, rassarch from 1981
to prasent has been concentrated on ways to increase sampls
throughput, wvhile maintaining accuracy and precision.
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The seslective determination of menthol was difficult
prior to the mid 195¢’s. Early analysis methods ralied on
optical rotation for the detsrsination of tobacco manthol
content. For example, in one such procedurs tobacco was steas
digtilled and menthol was extracted from the ajusous
digtillate with chloroforms (27), The rotation of the
chloroform solution was then determined. Both the sensitivity
and gelectivity of this method were limited. Largs sample
sizes and small solvent volumes ware nacessary to yiald a
detectable rotation, with some rotation attributable to
sources cother than menthol. Obsolascance of this approach vas
to come, circa 1956, as several scientists took neote of
earlier work by Hasamune {d45).

In 1533, Masamune reportad a colorimetric procedurs for
the datermination of menthol in tissue and blood. In the
procadure, protain vas resoved by sthansl sxtraction and
filtration. Thae extract was then distilled at 70°C and the
menthol contant deternined with p~dimethylaminobenzaldehyde in
the presence of sulfuric acid by sonitoring the red color
produced., Adaptations of Nasamuns’s procedurs werd to fora
the basis for tobacco menthol datermination throughout much of
the tobacco industry for many years, and even today manthel
analysis with a colorisetric and-determination s still
practiced.

In 1956, T. Gibson Harrell completed the davelopment and
validation of a nav, selective method for wanthol on
tobacco (27). The method separated menthol from tobacco by
distillation, providing a relatively “clean™ axtract
compatible with a colorimetric end-detsrsination according to
chemistty adapted from Hasamune. The fact that santhol could
be separated from tobacco by distlillation rather than by
direct solvent extraction was a Xey finding in this wvork.
Unfortunately, solvent extracts of tobacco contained many
compounds that could react within the bounds of the chemistry
described by Masamune. Tobacco samples with or without
menthol weare found to develep unacceptable color when
extracted with ethanol, carbon tetrachloridas, haxhne,

88338410
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chloroform, acetome or ether. As colorimetric end-
datermination for tobacco menthol was considered by other
workers, significant divarsity wis demonstrated in dealing
with this limiting phenomenon (15, 42).

Oone of the most impresgive aspects of Harrell’s work is
the wethod wvalidation riger which he applied. Method
precision and accuracy ware carefully characterized.
pistillation was accomplished with the apparatus shown in
Figure 2 without tha addition of stesm; a gentle flame
provided sufficient heat.

TI1G. 2
Distillation Apparatus Of Harrell (27)

20 weh 0.0, TURENG
5

1 40 GROABD GLASS JORNT
24/ 40 GRS QLAE JOm
YA

e

500w LD
BOT IO ALASH.

-
;a-nmwm

(L 1.8 ]

WO W LA e PRSI

Tweanty milliliters of distillats were required for
Bximum menthol recovery (Pigure 1), hence sample preparation
was relatively rapid.
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FIG. 3
Distillate Volume Required For Quantitative Neasuremant
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To ensure end-determination accuracy as applied to a
mentholated tobacco distillate, the heating time for maximum
color dsvelopment and the temporal stablility of the colored-
complex formed were charsctarized. It was found that a two
minute haating time (Figure 4) yislded maximum color vhich vas
stable for approximately 15 minutes (Figure 5). Based on the
transiant nature of the colored-complex, it was recommended
that absorbance measurements be made as rapidly as possible
after the color was fully daveloped.

riG. 4
Influence Of Heating Time On Absorbance
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FIG. 5
Stability Of Colored-Complex At ROOR Temperatura

end-

Aftar astablishing suitable distillation and
detsrmination parameters, overall method accuracy vas assesded
by a recovery study. "Known quantities of menthol were added
t0o tobacco and menthol determinations were made (Table I).

The averagea recovery ocbserved was 99.8%.

TABLE 1
Colorimetric Method Recovery Study

Manthol Added Menthol Found Recovery
{mg) {mg) (%)
S.11 5.07 99.3
5.11 5.13 100.3
5.11 5.08 99.5
1.3560 1.558 99.8
10.23 10.22 100.0
Average Recovery 99.8

Mathod precision was estimated by performing duplicate
determinations on a number of cut filler tobacco samples.
Average method precision was found to be % 1% (Table II).
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Sample-to-sample variation for typical mantholated cut filler
] tobacco was found to be approximately 7% to 8%,
~ TABLE 11
3 Estimation Of Method Precision
; Deternination £1 Determination #2 Relative
i (Weight %) (Weight %) Varlation
(%)
1
. 0.302 0.310 1.8
* { 0.251} 0.256 0.8
E H 0.262 0.260 0.5
0.257 0. 258 0.3
0.256 0.257 0.2
. 0.280 0.286 1.5
Y 0.311 0.308 0.7
o8 1 0.285 0.287 0.5
n 0.263 0.262 0.3
0.291 0.300 2.2
wer . . 0.286 0.282 1.0
i 0.263 ©.276 3.4
“* .ol Te &
’ ; 0.310 0.309 0.2
‘l‘ + 1.0
The attention to detail in the development and validation
of this analysis produced one of the most desirable attributes
for an analytical msethod--longevity. It is Iinterssting to
. note that this mathod was latar chossn as ons of two
unpublished méthods for collaborative study under the auspicas
of the Aasociation of Official Analytical Chemists (AOAC) (1,
55, 56, 64, 65, &6) and it is currently an official AGAC
mathod for the determination of tobacco menthol (55).
Several other approaches to the determination of menthol
via colorimetric end-detsrmination have been reported. Each
method addressed, in a unigque way, the critical problam of
92
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ssparating manthol from tobacco while providing for selective
detaction of menthol without interfsrance from other tobacco
constitusnts. At this conference in 1956, R. D. Carpenter and
. B. Geligman of Philip Morris reported a method which used
drop—wise extraction of a single cigaratts (15). According to
their procedurs, an aliguot of the sthanol sxtract was asrated
with nitrogen for ons hour. In this manner, menthol was
selectively separated and collected for determination by
rsaction with p—dimethylamincbenzaldehyde.

J. J. Lubus and H. D. Bogus of P, Lorillard Company
advocated solvent extraction followed by distillation to solve
tha salectivity probles in the first published procedure for
the determination of menthol in mentholated clgarsttes (42).
Using the apparatus shown in Figure 6, an sthanol axtract of
mantholated tobacco was distilled with an air stream vhich was
tirst drawn through a sulfuric acid bath. Menthol was then
datarninad colorimetrically aftar reaction with p-dimethyl-
amincbentaldahyds.

FIG. &
pistillation Apparatus Of Lubus And Bogue {42)

Several datails from this procedure are important to
consider. Pivst, tha sample size and extraction volume
raported ware siv cigarsttes and 150 ml, respectively. Thils
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is a largsr sample size than was used by sither Carpentsr and
seligwan (one cigarstts) or Harrell (2 grams). Second, an
axtraction timea of two hours vhile continuously shaking at
rocom temperature was racommended for quantitative results.
This particular method parametar has bsen sxtensively studied
in the years that have folloved. Accurate, precise recovary
of known amounts of menthol added to tobacco was found with
these comditions (Table II1).

TABLE I1I
Recavery Study Accerding To The Method Of Lubus And Bogus

Menthol Kenthol Nenthol Manthol Avarags

Added Found Found Found Racovery
(mg/ml) (mg/ml} (mg/ml) (mg/ml) (%)
0.035 0.036 0.036 0.034 101
©.050 0,051 0.0%0 0.050 103
0.9075 0.076 0.075 0.0713 100
0.085 0,091 a.084 0.091 104
0.100 0.104 0.101 0.100 102
0.125 0.125% 0.125 0.124 100
Racovery Grand Average 101

In addition to rock music, hippies and anti-var
demonstrations, the 1960‘'s brought something useful for
analytical chemistry--gas chromatography began to emarge as a
valuable analysis teol. Betty Mitchell ot al. from the
American Tobacco Company published the first method for the
chromatographic determination of menthol in cigarettes and
cigaretta smoke (48). The method involved the vaporization of
mentheol in a helium stream, vith subsequant collection in a
liquid nitrogen cooled U~-trap (Figqure 7). Nsnthol collected
in the cryogenic trap was dissolved in chlorofors and analyzed
by gas chromatography with a Carbowax 550 stationary phasas.
The method was found to be both accurate (96% to 102%
recovery) and precige.
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FIG. 7
Vaporization And Collection Apparatus Of
Mitchell, Barbee And Irby (48)

TO HELLI A1

As a chromsatographer by training, I found this work both
interesting and enjoyable. It is interesting that the
techniqus described is analogous In some aspects to both
static and dynamic headspace GC. Despite the commercial
availability of this instrumentation, headspace GC methods
have not been reported to datse for the detsrmination of
menthol on tobacco. Reflection on tha instrumental analysis
conditions described in the work brought a smile to my face.
Injection volumes of 25 ul, column flow rates of 150 ml per
minute and manual injection (!) are conditions which many of
today’s analysts have never seen. Yet with all of the
refinements to chromatographic analysis in the last thirty
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years, the principal differences realized for menthol snalysis
from 1961 to 1993 are not accuracy and precision, but rather
sauple throughput and operator sass of use.

With the davelopment of chrosatographic methods, tobacco
chemists had two different techniques availabla to detsramins
menthol on tcbacco, colorimstric and chromatographic. The
primary analytical challenge, i.e., salactive cheaical
determination, had been largely solved. The contipuation of
work in this area began to focus on the rsfinesent of method
accuracy and precision.

The validation of mathod accuracy is frequently the most
difficult part of any method validation process. <Currantly,
accepted procedures for asssessing method accuracy include!
{a] analysis of certified reference materials, (b} comparison
to standard reference methods, (c) use of standard addition/
recovery techniques, (d) comparison of results over s rangs of
method conditions with a single method, and (e) comparison to
other working metheds, i.e., other methods not accepted as
official reference methods.

Although the first two approaches are prafarred, thesa
wera not possible with early tobacco menthol methods. The
third and fourth methods, use of atandard addition/recovery
techniques and comparizon of results over a rargje of mathod
conditions, were applied to validate method accuracy during
the late 1550°s and early 1960‘s. However, with multiple
analysis techniques avallable, the last approach, compar ison
of different working methods, was also applied to validate
method sccuracy in a serias of AOAC collaborative studies
conductaed from 1966 to 1970 (1, 64, &%, 66).

Two AOAC collaborative studiss were conducted which sach
compared a colorimetric method and a gas chrosatography
method, leading to the adoption of both of these methods as
official ACAC methodk in 1970 (55, 56). It is interesting to
note that both methods evaluated in these studies wera
previcusly unpublished. The colorimetric procedurs was the
method of Harrell, which has been described in detalil, and the

88338418
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gas chromatography method was tha mathod of Wickham and
Bannett of Philip Morris., In the latter method, mentholated
tobacco was extracted with athanol and the extract wvas
analyzed by gas chromatography without furthar clean-up.

Tha first collaborative study, published in 1967 by C. L.
Tucker of P. lorillard Company, involved fifteéen
collaborators, fourteen of whom applied both mathods to three
different mentholated tobacce samples (65). Quadruplicate
datarminations of sach tobaccs sample vers completed by each
method. Solvant extraction in the GC method consisted of
meachanical shaking for one hour followed by passlve sxtraction
overnight. Findings reported from this work included: (s) no
significant differences wars cbssrved betwean means with the
two mathods for any sample, although a trend to higher mean
values wvith the colorimetric method was noted apd (bB) no
statistically significant differsnces within or between
laboratories wers found, although a trand to lower within-
laboratory standard deviations with the gas chromatographic
mathod was also noted.

A second collaborative study was completed and published
in 1968 (66). This study was designed to determine if the
tandency to slightly greatar colorimetric values in the first
study wvas dus to the choice of "blank" correction. Both a
reagent blank and a nonmentholated tobacco blank were included
as part of the colorimetric detarmination in the study design.
Tha gas chrosatography method was also modified slightly. The
sample axtraction time was shortaned to two hours of
sachanical shaking. Thirtean collaborators participated in
the second study, with twslve applying both methods.

Rasults from the seacond study were virtually identical to
the first study. Uaa of & nonmentholatad tobacco blank seansd
to reduce the perceived difference in msan values obtainad
with the two mathods. Hence, both the ponmentholated tobacco
blank and the two hour sthanol extraction time vere adopted in
tha final, officlal methods.

It is interesting, parhaps even a statemeant to the
analytical chemjists’ wmentality, that a rs)atively small
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difference in méan values for tha two mathods--a differenceyp
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stated as insignificant in both reports--should be the object
of such consideration and attention. Figure 8 and Figure %
present the observed differences between mathods for one
sample from each gtudy. Difterences are plotted as
colorimetric result minus GC result for each collaborator.

FIG. 8
Difference Comparison Of First AOAC
Collaborative Study Sample #1
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Examination of these figures which are somewhat akin to
residual plots ussd in statistical analyses reveals: {a)
there is no conslstent directional bjlas--both positive and
negative difference results are found in both studies,
although the differences are veighted to greater colorimetric
nathod responss, (b) both negative and positive values are
obtained for the difference regardless of which blank
correction technigue is used for the colorimetric method, and
{c) the absoluta magnitudea of the observed response is roughly
+ 0.05% by weight of menthol on tobacco.

It is ipportant to note that consideration was given in
both collaborative studies to the premise that the
colorimetric procedure may have yielded (marginally) inflated
results, but no data are available which indepandently verify
that the extraction procedure ylields quantitative data.
Review of the various sample preparation procedures and
conditions which have besn reported to yield quantitative
analysis (Table IV} confirms that (a) menthol addition to
sanples and (b} "maximum rasponsa* optimization have each been
used to establish senthol recovery; i.e., sample preparation
accuracy. Experiments in which menthol is added to the sample
invariably yield rapid and largely quantitative results under
a wide range of analysis conditions. The limited number of
axpariments in vhich extraction time is studied to determine
maximm response suggest that quantitative menthol extraction
B3y not be achieved gquickly. Based on this point of
difference, further consideration of the twe technigues is
warranted,

The former technigue involves the addition of known
amounts of mentho] to representative tobacce samples, analysis
of the sample and comparison of the amount found with the
amount added. It is not always clear from the literature
axactly how the menthol is added, or to what it is added in
the experiments that have been repcrted. In some cases,
santhol is added to tobacco and the sample iE permitted to
»dry"™ or equilibrate. In others, it appears that menthel may
have been added to the tobacco in the extraction solvent.
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TABLE IV

Summary Of Sample Preparation Procedures, Recovery Data

And End-Daterminations Reported For The Determination Of Tobacco Menthol

Atudy Preparation stated Technique Used To na-
Technique Recovery Determing Racovary Dotérm.
1%
Harreil, 1936 (2T oistillation 958 Haximum Rasponss, Color.
Manthol Additlon
Lubus and Bogue, 1940 Ethanal Extraction (2 Mrce) 101 senthal Addition Color.
142} Followed By Dimtillation
Neseoann and Seshofer, Distil)ation 9t ¥ o
1972 {%2)
Sroeinak]l ot al., 1972 pilatillacion 8.4 Menthol Addition -
{13} {85 To 101)
Yashmatau ot &l., 1977 gthanol Bxtraction 33 To 100 MARLiMUR REEpONES oc
{69) {2 Hras Machanical Bhaker +
-20 Hours Fassive)
urran, 1972 (18) Methanol Rxtractlion {1 fr) 101.2 Manthol Addition -2
ourean, 1975 (19) Ithanol Extraction (2 Wrs} Not Reported — aC
Frank. 198} 122} Methanol Kxtractlon 9.6 Manthol Addition oc
(1% Kin/Spscial Shaker)
NLcks and Dualap, 199) trhanol Extractlion 99 To 100 Maxius Reaponse ac
{3 {1 Rr Mechanlcal Shaker +
-23 Heurs Pasaival
Hicks and Dunlap, 1%92 kthanol Ewtraction 100 BAxisun ReSpoOnNSE oc
{3

{Reated Shakar BRath,
50 Rirutes)
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In any event, the fundamental problem when adding a
material for the purpose of testing analysis recovery is
verification that a chemical matrix has bean preduced which is
analogous to and representative of the actual tast sample of
intarast. In essence, the addition of a standard material
“models”® the sample matrix, with the quality of tha racovery
astimate dependeant upon the quality of the wodel. This
potential limitation is not unique to the determination of
tobacco manthol and it doas not invalidate the approach, a
priori. Rowever, it must be considered with regard to
ultimate method validity. .

Some authors astablish guantitative sample recovery by
maximizing the snalyte response acrose all pertinent analysis
variables. TFor sxample, menthol response might be datarmined
as a function of sample extraction time tc detine the length
of time required before a maximum and cconsistent response is
cbsarved., Figure 10 is such an experiment from work by
Yasamatsu et al. (63). Menthol respinse was determined at
various times during an extended passive eaxtraction perlod
which followed an initial, two-hour period of mechanical
ahaker axtraction.

FI1G. '10
Effect Of Mditionsl Passive Extraction After
Two Hours Of Mechanjical Shaking With Ethanol
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It iz clear from this figure that a maximum and
consistent response was not cbserved in Yasamatsu’s work until
approximately twenty hours after wmechanical shaking was
completed., While this approach has ths advantags of defining
a functional relatiohship betwean analyta reasponss and
analysis parameters, in the strictest ssnse, optimized maximum
response alone does not ensure gquantitative recovery and
response.

Ideally, it is desirable that both experiments, recovery
of added standards and maximum response, ba conducted for the

' purposes of method validation. Clearly, if consisteant results
are not obtained by the two wmethods, then further
experimentation is needed.

It js the cpinion of this author that tha conclusion
detailed by Tucker in the gecond AOAC collaborative study (66)
is correct--either method is suitable for the determination of
_tobacco menthol, Why then, have tha last several pages of
this manuscript focused on (some might suggest “"quibbled
about®) the #small resportsd diffsersanceés betwvesn ths two
official AOAC methods. Acadsmic intarest and the pursuit of
absolute accuracy play a part, of course. The most compelling
reasch ig practical, however. Tobacco menthol method accuracy
affects conclusions which may be drawn from menthol migration
studies., The ability to accurately detect small changes in
tobacco menthol content is not particularly significant to the
production of mentholated tobacco, but it is critical te
determining precisely when migration within a cigaratte has
reached a steady state and equilibration has besen achieved,

WAYS TO INCREASE SAMNPLE THROUGHPUT AND IMPROVE

With the ever increasing popularity of mentholatad
cligarettes from 1960 to 1985, the nead for improved stmple
throughput when determining tobacco wmenthol has been
paramcunt. Tobacce or whole cigaretts manthol is often used
as & quality assurance end point for the production of
mentholated cigarettes, hence sample throughput regquiremants
may number in the hundreds of samples per day. Gains in
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sample throughput have been achieved by the development of
mathods which yisld: (a) shorter end-determinations, (b) more
and-determinations per instrument per unit time, (c) shorter
manple preparation times, and (d) multiple analytes per
analysis.

Reported studies have tried not only teo achieve maximum
sample throughput, but also to minimize apparatus and
instrusentation cost. Thus, efficiency, rather than a "brute
force® approach, has been an analyseis goal.

With my co-auther, Bert Gordon, I presented the use of
dual, simultansous chromatographic analyses in a single GC
oven at this conference in 1981 as a means of increasing
sample throughput (26). Commercially available instrumen-
tation coupled with “fast GC columns® enabled approximately 40
samples par hour per instrument to be completed. Later
studies in our laboratories suggasted that the packed columns
reported wera not suitable for all commarcially available
menthol cigarettes, Thersfora, based on subsegquent work, we
adopted a packsd column with a Carbowax stationary phase
(Figure 11} (8). A throughput of -i0 samples per hour per
instrument is possible with this column in a dual analysis
configuration, largely due to the chemical simplicity of the
distillate sample. With fav peska to separate--propylene
glycel, nicotine, glycercl and neophytadiene although
prevalant vhen samples are satracted are largely absent ip the
distillate--short chromatographic run times are possible.

othar workers have reportad ways to reduce sample
preparation time in order to increase throughput. M. 5. Frank
of Brown & Williamson reported the use of a novel extraction
technique at the 37th TCRC which substantially reduces
preparation time by pulverizing the sample during extraction
(22)- 1In tha procedure, a Teflon agitator ls present in sach
saspls and samples are agitated at 650 to 700 rpm, yielding
quantitative extraction in 15 minutes. R. D. Hicks and S. P.
punlap of R. J. Reynolds Tobacco Company have developed a
mathod based on aextraction in a heated shaker bath ({31).
Quantitative extraction with ethanocl is possible in about an
hour (Figure 12).
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Manthol (w%)

F1G. 11
Typical Packed Column Ssparation Of
Kentholated Tobacco Distillate
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Table V attempts to summarize and compare the relativa
throughput of various methods which use gas chromatography for
the and-determination. Based on uss in the literature (22),
throughput is defined tor the purposes of this table as the
mmber of samples which can be analyzed from start to finish
by one analyst with one gas chromatograph during a single
sight hour shift.

Ancther approach to maximizing the sample “cost/benefit®
ratioc is to target multiple analytes per analysis. Inciuding
multiple analytes in a single analysis provides an efficiant
way to minimize cost and maximize total sample throughput. It
is not necessarily the fasteat way to process a group of
samples if menthol is the conly analyte of interest. At the
418t TCRC, M. S. Frank and O. C. Lin of Brown & Williamson
Tobacco Corporation resported an adaptation of Prank’s earliar
manthol work, combining humectant, plasticizer and manthol
mathods into a single analysis (23). HMultiple analytes were
saparatsd in about 8 wminutes with a JiW DB-WAX Megabore
capillary column. Sample throughput for a single analyst with
one chromatograph is estimated to be about 40 samples per
eight bour shift.

AMALYSIS PRECISION CONSIDERATIONS WHEN
—— DETERMINING TOBACCO MENTHOL

Analysis variation or "measurement error” is inherent in
all chemical Adatarminations. The overall variance for a
particular wmethod iz the sum of individual varliance
components. TFor the determination of menthol on tobacco,
pradominant contributiona to the total wmethod variance
include: end-datermination variance, sample preparaticn
variance, product sampling variance and manufacturing
variance. Recent sxperiments conducted in our laboratory
provide a crude sstimate of the relative contributions to the
total variance from sach of thése sources (7).
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TABLE V

Sample Throughput Summary For Methods Which Use
Gas Chromatography As The End-Datarmination

Method Sample Samples Prapared | Approximatas GC Throughput
Preparation Tima Per Run Run Time
(min) (min)
Room 120 1] 10 38
Tenparaturs
Extraction
(56)
Distillation 20 40 -1 120
(26)
Huated &0 20 7 75+
Extraction
(31}
Pulverized 20 To 38 20 5 754
Extraction
(22)

Notes: {1)

sampla preparation pariod.

{2) A dual column instrusent configuration and a 1.5 wminute autcsampler
injection saquence time wars considersd for throughput calculations with

the second and third proceduras.
(1) A machanical shaker with 24 sasple

procadure.
The sasple preparation time for last procadurs includas a 15 minute

capacity was

sxtraction time and a 5 to 15 minute settling tims.

All throughput valuses assume instrunsent calibratlon occurs during first

assumad for first
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In the axperiments, GC end-determination variance was
sstimated during a two week period by repetitive sample
injection on sach day of the study (Experiment F1). Sample
praparation variance was sstablishad by analyzing replicate
samples pear pack of mentholated cigarettes on each day of the
study (Expariment #2). Combined product sampling and
manufacturing varianca was approximated from long-term
analysls results during a multimonth period (Experiment #1).
Thus, these three experiments together provide a means of
saparating individual variance contributions when treated as
a series of simultanecus eguations.

2 2
%@, 1 = TEnd Deters.
F F1 2
O, 2 ™ Oganple rrep. + Urnd Deters.
o3 - a? + gl . a2
Bp. 3 = 9product sampling / Manufac. Samp. Prep. End Determ.

Pigure 13 illustrates the apportionment of total method
variance among the significant sources for three different
mentholated brand styles: a full flavor (FF) brand, a full
flavor low *tar’ (FFLT) brand and an ultra low ‘tar’ (ULT}
brand. For FF and FFLT brand stylea, product sampling/
manufacturing variation is the largest variance component,
with sample preparation and end-determination contributions
ranking second and third in crder of significance. The
cbsarved relationship between the variance components with
thess brand styles is typical of what has been reported in the
literature for other analytes (68).

Por the ULYT brard style, sample preparation was found to
account for ~27%k of the total method variance (Figure 13).
Assigynment of this large proportion is artifactual, however.
Implicit in the experimental design used, ig the assumption
that the cigarsttes within each pack studied were completely
homogenaous. For the ULT brand studied, significant variation
axisted throughout each pack of cigarettes (Figure 14}, hence
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sample preparation and product sampling/manufacturing varl-
ation could not be effectively ssparated. It is interesting
that tha total variance obsarved for the ULT brand studisd vas
an order of magnitude greater in absolute terms than that of
either the FFLT or FF brand styles.

Fic. 12
Apportionment Of Varjiance Contributions For Tobacco
Henthol Detsrmination

TS End Dutsrmingion
Full Flavor Brand
Style
™
Product Sompling /
asutactusing Valakon
Full Alavor Low “Tar* TE Ent Dutormination

e Sanple Papectian

Uttra Low “Tar*
Brand Style

A Eamgle Prpaalion
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FIG. 14
Manthol variation Within The Cigarette Pack
On The Pirst Days After Manufacturing

The successful determination of menthol in mainstreas
cigarette swcke lagged some years behind that of menthol in
tobacco. Tachnical challenges related to the chemical
complaxity of sEoKe were a prilnry reason for the slower pace.
Tha fact that smoks menthol is not a typieal manufacturing
endpoint probably contributed as well. Smoke menthol studies
have generally consisted of either the determination of
menthol in mainstream emcke tc assess the effacts of some
fabrication or aging parameter on menthol yleld, or more
specialized wmaterials balance studies to determine the
complate fate of manthol upon smoking. Each analysis type
will ba considersd in turn.

Early attsmpis to detarmine manthol in swoke with tobacco
wathods provad largely unsuccessful bPecause of interferences
from othar smoke components (27, 42, 43). Mitchall et al. in
1963 (48) and Lyarly in 1967 (43) capitalized on menthol
volatility to overcoms this limitation. In both methods,
manthol vas selectively esluted from mainstream smoke collected
on Cambridge filters by passing a helium streaw through the
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filter while heating. Menthol was thus volatilized from the
Cambridge filter, vhile the less volatile smoke components
were retained. The two methods differed in ocns key feature.
The method of Mitchsll et al. collected the volatilired
menthol in a cold trap for subsequent GC analysis (Pigurs 7).,
while in Lyerly‘s method, menthcl vapor was tranafaryed
directly to the &€ columit from the apparatus in Flgurs 15.
One advantage of the latter approach wvas incressed
sensitivity, enakling puff-by-puff =enthol data ¢o be
generated.

FIGC. 15
special Cambridge Filter Holder
From The Method Of Lyerly (43)

VO wmVE

FULTER waT
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Brozinski and co-workers found that, as with tobacco,
smoke could be stsam distilled, partitioned intc methylene
chloride and analyzed by gas chromatography (13}). Thelr work
stands out from most raports, in that a complete sat of mathod
validation data is reported. Method precision (CV) was found
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to be 4%, recovery through the sample preparation procedure
vas found to be 100.2%, an? the trapping efficiancy of
Capbridge filtars (CF) and slactrostatic precipitation (EP)
for smoke manthcl wvas compared.

Brozinski et al. found that some menthol passed through
the FP smoke trap and condensed in a second trap containing
glass wool impregnated with triacetin. In addition to
braakthrouwgh sut of tha EP trap, the total amount of menthel
found in the EF and the second trap was leas than that found
with the CF trap (see Table VIj.

TABLE VI
Comparison Of Smoke Menthol Collection By EF And CF

[ tmoking #1 I Smoking #2 I Average
Cambridge Filter/riltrona CSM 10 Smoking Machine
Cigarettea Swmoked L) 5 Average
Manthol In Main Trap 0.44 0.47 0.46
Manthol In Second 0.00 o.00 0.00
Trap
Total Menthol 0.44 0.47 0.46
Electrostatic Precipitation/Borgwaldt RM 20/68
Clgarsttss Emoked 20 20 Average
Manthol In Main Trap 0.39 0.42 0.41
Menthol In Second 0.02 0.02 0.02
Trap
Total Menthol 0.41 9.44 0.43
Note: All menthol values are mg/cig., The second trap
consisted of glass wool impregnated with triacetin.

Electroatatic precipitation has been used extensively in
my laboratory, this technique oftan being the preferred smcke
collection method in our work (10, 11). Subsaguent samplas
preparation of neat total particulate matter (TPM) collected
by EP is often simple. Based on a scientific fondness for EP
colliection, the earlier work of Brozinski was recently
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rspested and expanded in our laboratory (9). The two smoka
collection techniques ware compared by raplicats smokings with
three different mentholatsd brand styles. Results i{n Table
VII show good genaral agrssmsnt bstween EF and CT smoks
menthol collection.

It should be noted that in addition to the main EP trap,
two cryogenic solvent traps containing methancl, the first
maintained at 0°C and the second at =-70¢C, vers placed after
the EP trap in this experiment toc datermine if menthol
collection was less than quantitative (Figure 16). Measurable
amounts of menthel (0,01 mg/cigarstts or grsater) wers not
detected in either trap for any brand styls. Thess data
suggest, therefors, that EP is a suitable smoks menthol
collection technique. Differences in the results of the two
studies were due, possibly, to refinements in EP trap design
over the years,

TABLE VII

Recent Comparison Of EP And CF sSmoke Manthol Cellaction
Efficiency With Three Brand Styles

l ULT BrandJ FFLT Biand [ FF Brand
Smoke Menthol ({mg/cig)

1 Electrostatic 0.331 ¢ 0.02 0.60 £ 0.03 | 0.81 £ 0.04
Precipitation
cambr idge 0.32 £ 0,02 | 0.57 £ 0.02 | 0.76 % 0.02
Filter
Majinstrean TFM (mg/cig)
I Electrostatic 2.8 £ 0.1 13.3 = 0.5 23.8 £ 1.3
ol Pracipitation
ll Cambridge 2.5 % 0.2 13.1 £ 0.5 24.7 2 1.0
il Filter

! Hote: All values are ths average * one standard
deviation for six replicats determinations. Twenty
cigarettas vare smoked for each EP sample and five
clgarettes vers smoked for sach CF sample.

Another unigue aspect of Brozinski's work is the fact
that data are presented for a smoke menthol trap subseguent to
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the Cambridge filter. As new cigarstte designs are evaluated,
it is important to be cognizant that a single Cambridge filtsr
may not collect all smoke senthol. It is conceivable that
smoka from new cigarstte designs may exit the mouth snd at
temparatures which differ from most cigarettes sold today.
One example of such behavior was the CF menthol trapping
sfficiency observed for PFremier cilgarettes. With this
cigarette, approximately 80% of mainstream sacke menthol was
trapped with a singls Cambridge filter, while two Cambridge
tilters yielded quantitative collectlion (30).

FIG. 16
Elactrostatic Pracipitation Smoke Collection
With Back-Up Traps

-2 ORY CF 1 SOPROPANCL PHE WMATIC, PULD
SLUARY BaTH

since the work of Curran reported in 1975 (19), smoke
manthol has besen determined by collection on a Cambridge
filter, direct extraction of the filter and analysis of the
axtract by gas chromatography. Table VIII summarizes the many
esxtraction solvents and extraction times employed for the
neasursmant of sacke menthol. The diversity of sample
preparation conditions found in Table VIII reflects the wide
scopa of analysis constraints which confront the analyst.

One of the most challenging aspects of determining smoke
santhol by gas chromatography 1s the separation of propylene
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glycel and mentheol. These two smoke components tend to
co-elute under many chromatographic conditions. It is
possible to separate the two materials, but usually at the
expense of a longer analysis time. McMurtrie and Cannon
reported a novel approach to this problem in 1979 (46). 1In
their procedure, <Cambridge flltars are extracted for 30
wminutes with a binary mixture of chloroform and watar.
Propylene glycol partitions inte the water laysr and is
eliminated as a chromatographic interfersnce. Manthol
extraction efficiency was reported to be greatar than 99% by
this procedure with a chromatographic run time of 3 minutes.

TABLE VIIY

conditions Used For the Direct Extraction Of
Cambridge Filters When Determining Smoke Hsnthol

Study Extraction Solvent Extraction Time
{min)
Curran (19) Ethanol 120
Yasumatsu {6%) Ethanol 120
McMurtrie and Chlorofora/Water 30
cCanon (46)
Shoffner and Freon 113/ 30
Ireland (61) Isopropancl
RIR Standard Test Mathanol 60
Method
RIR Standard Test Chlorcform Overnight
Method

As with tobacco, some analyses targat multiple smoke
analytes to waximire overall analysis throwghput. As an
example, Shoffner and Ireland hava reported the usa of a
trichlorotriflucrcethans/isopropancl binary mixture in a 4:l
ratio for the rapid detsrmination of menthol and nicotine in
smoke (61), Average recoveries of menthol and nicotine from
the Cambridge filter weras reported to be 1004, and sgquivalent
results were found when the method was cospared to the
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official AOAC method for smoke nicotine {57) (menthol was not
compared) .

It im significant that the litarature does not currently
include & citation for the use of capillary column CC to
determine smoke manthol given the widespread use of capillary
GC today. Pigure 17 is a typical smoke menthol separation
from cur laboratory which employs a Megabore capiilary coluan.

FIG. 17
Smoke Manthol Separation With A Megabore GC Column
1000 Cobararc DBLAX Mgt sekipmy
1M x 053w LD,
fn ]
960 :
Smtm Qi
Swubve wiirnde boinl m e
920 Corslae G Hatum, 3.2 pat hind prowese.
s
E gm0
2
g 840
&
o 800
¢
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720

The chemical detarmination of menthol in swoke streams
othear than sainstream smoke has been limited. Sensory
evaluation testing of sidestream odor conducted by Gains and
Marmor (24) suggests that subjects cannot detect a diffarence
batwveen the sidastrean odors of mentholated and nonmentholated

cigarettes. In their study, sidestream odor was collected by %
exposing cCambridge Iilters moistened with mineral oil to {2
sidestrean smoks in & modified bell-jar apparatus. Menthol %
collection eafticiency was not reported. -
(]
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There have been no reports in the literature which define
the collection efficisncy of sidestream smoke menthol on a
Caubridge filter. It is possibla that, like nicotine, menthol
is not quantitatively trapped by a Cambridge filter.
Cryogenic solvent traps may, therefore, bs necassary to study
sidestream smoka menthel. Additionally, there may bs a
dependance upon the type of apparatus used for smoke
collection, e.g., a Neurath chamber (53) versus a B.A.T.
tishtail chimney (56). Hopefully, this general deficiency in
the literature will eoon be corrected.

Total smoke collection chambers have been ussd by a
number of workers to detarmine the fats of carbon-14 labsled
menthol in total smoke. In these studies, mainstrsam sacke
TPM, wainstream gmoke gasses, sidastream smcke TPN and
sidestream smoke gasses are collected and the radicactivity of
each sasple type determined, Cigarette ash and putt sre also
agsayed for residual radicactivity. AR ovarview of the
historical development and refinement of total smoks
collection apparatus is beyond the scope of this review. The
reader is referred to the literature, thersfors, for detailed
descriptions of these sydtems (&, 33, 34, 50, 54, £3).

One finding from radiotracer studies which is pertinant
to a discussion of analytical msthodology is the amount of
radicactivity vhich iz found in the mainstresn smoke gaasss.
Approximately 1t or less of menthol radioactivity has bsen
found in the mainstream gas fraction of smocke. This confirms
the fact that mainstream smocke menthol is quantitatively
trapped by a Cambridge filter.

Most analyses of neat menthol or menthol containing
flavors have historically besn conducted to answer ons of four
quastions:

a. What is the quality of the menthol?

b. Is the correct amount of manthol present in tobacco

top dressing solutions?

c. Is the correct amcunt of wmenthol present in fllter

flavor solutions?
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4. ¥hat is the composition of a peppermint or other

manthol containing flaver?

Analysss conducted to answer these gquesticns have
sxploited chemical and physical properties of the menthol
moleacula. Manthol (€840} is a woncterpencid, secondary
alcohol. The cheamical structure of menthol contains thrae
asymnetric canters, hence  manthol eXists in four
diasteriomeric forss known as manthol, igsomenthol, neomenthol
and naoizomenthol. Each diasteriomeric form exists as a
racamic mixture. The physical constants for menthol isomers
bave besn well characterized (60}. HMelting point (M.P.),
boiling point (B.P.), specific gravity (d at 15°C), refractive
index (n at 20°C) and optical rotatisn (a) data for some
coapounds are found in Table IX.

TABLE IX
Summary Of Physical Constants Tor Menthol Isomers

Compound N.F. B.P. a® n¥ [a)2®
( <) {*c} ‘

(i} Menthol 38 216 0.504 | 1.4615 ——

{=) Menthol 43 216 0.904 | 1.4609 | -49.4

(2) Necmanthol 53 212 0.503 | 1.4604 -

(+) Weomenthol -22 212 0.903 {1.4603 | <19.7

(1) Isomenthol 53.% 219 —— -— -—

[+) Isomenthol 82.5 219 — -—- +27.08

{t) Meclsomenthol 14 215 —— 1.4649 -

{+) Wecisomenthol -8 215 0.913' | 1.4649 ] +0.14
'a®. *In alcohol.

Prior to the invention of gas chromatography, menthol wax
assayed in a number of ways. During the 1930'6 and 1940°s,
wanthol wvas detersined in peppernint 6il based on the presence
of the hydroxyl group by acetylation and titration (4, 12, 16,
36, 51). CcColorimetric and spectroscopic techniques were alge
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reported (41, 45). Yoshitani et al. determined the menthol
content of top dressing materisl colorimetrically and by
optical rotation (70). However, the volatility of menthol
makes it jdeally suited for gas chromatographic analysis (40).
Hoore and Xossoy reported the separation of menthol isomers on
a 12 foot packed column with a Hyprose stationary phase in
1961 {49). Development of gas chromatographic alternatives
continued for many years. Gillen and Scanlon published a
separation of menthol and menthone isomers using Carbowax 400
in 19872 {25). Haut and Core successfully applied liqujd
chromatography to the same task, sepirating all six compohants
in about fifteen minutes (28). The separation of menthol and
menthone isowmers is relatively stralghttorvard today using
capillary gas chromatography, an sxasple of peppesrmint oil
separations can ba found in the work of Emberger and
Hopp (21). In fact, pappermint oil separations can be found

.in the applications section of a leading capillary column

wanufacturers sales cataloy (17). Chiral saparations of
menthol isomers are also possible by either gas or liquid
chromatodraphy. The reader is directsd to ths last two
refarences cited for sxamples (21, 37).

QINER AMALYSES

Menthol volatility not ohly mskes the compound wall
suited for GC analysis, but also makes it difficult to keep
the compound in a singls location within the cigaretta pack.
Phenomenolegical data and theoretical aspects of manthol mass
transfer and equilibration processes ars tha subjacts of othar
papers at the symposium. Civen sufficient time, menthol
sgquilibrates bstwesn the cigarette tobacco rod and filtar, as
well as the pickaging satarial. As such, chesilcal analysas
for each of these components have been reported.

Tobacce rod analyses have already been described in

detail. Most topacco senthol methods have alsc besn applisd

to filters (13, 18, 1%, 23, 31, 52, 59, &9) andjfor the
complete cigarette (8, 18, 23, 31, 48, 59)}. One auception is
the filter (only) method of Kaburaki which is based on tolusne
extraction (38). Considering the collective literature,

88338440
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filter extraction is ralatively straightforward, with
quantitative menthol recoveries eanily achieved (18, 69).

Measurable amounts of menthol have alsc been found in
cigarstta packaging saterials. Uhrig et al. determined
wmanthol in both soft pack and crushproof box materials by
methylane chloride extraction followed by capillary GO
analysis (67). Mickey evaluated the foil §nner wrapper by
distillation and gas chromatography (47). More recently,
Beard and Hicks have also analyzed packaging by heated shaker
bath extraction (5).

Ancthar senthol analyszis wvhich the tobacco chemiat must
congider is the dstarmination of "trace®™ menthol. Low levels
of menthol ara of interest bhoth by design and by fate--
contamination of nonmentholated tobacco with mentholated
tobacco. Most analysts approach "trace®™ menthel as a
maximization problem; the amount of tobacco is increased and
the final solvent volume is reduced to Increase the final
santhol concentration in tha sample. Harrall raported
measuresents as lowv as 0.02% weight percent menthol when
starting with 6 grams of tobacco and 50 ml of distillate {27).
Brozineki was abla to measurs 0.003 weight percent {13) and
Hicks saslly measures 0.01 weight percent by heated shaker
bath extraction (Figure 18).
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Fi1G. 18
Traca Tobacco Menthol Separation
770 Column: DB-WAX Megabore column, 30M x

0.53mm LD, 1 fim

Oven Temp:  1M'C, ksothermal for 4 min,,
760 then 20°Clmin to 220°C.
Fifteen mingte total ran Sme

Helium, 15 psi head pressure

FID intensity (mV)

20 22 24 26 28 30 32 34 36 3B
Time {minutes)

SUMMARX.

In hindaight, ths last forty ysars have .bsan an axciting
time for tobacce chemists working in the area of menthol
analysis. As the tobacco industry, mentholatsd clgarettes and
consumers have sach svolved, the analyst has been faced with
new questions, problems and challenges. Hany diffarent
analysis approaches have besn necsssary to address the divarse
chemical questions and varied analysis constraints vhich have
been posed. Fortunately, due to rapid advances in chemical
seasurement instrusentation coupled with personal craativity
and innovation, tobacco chemists have prevailed.

Menthol analysis promisses to provide continuous challenge
for the immediate futurs. Mathod accurscy and precision
improvesents will continue to be a goal. However, with
current sample volume demands and the prevailing economic
climate, simplification of sample preparation and improved
analysis throughput will be areas of prisary amphasis.
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AMditional laboratories wmay adopt the total automation
approach to sampls analysis which Philip Morris has pursued.
Mora likely, semiautomation will be explcited to simplify
sample preparation and increass throughput.

Finally, several analysis technigues have either been
largely ignorsd or only invastigatsd in a cursory fashion for
the detsrsination of menthol. Headspace gas chromatography is
ideally sujited to the determination of menthol. Refinement of
haadspace GC instrumentaticn during the last 5 to 10 ysars
provides an opportunity for renewed application of this
technigque in a high volume analysis mode. The use of near
infrared reflectance spectroscopy (20) and supercritical fluid
sxtraction (29} are further examples of analysis technigques
for which the full potential has not yet been realized. The
tobacco chemist should keep in mind a thought from a recent
telavision commarcial when considering the investigation of
thase and other techniques, ®"Your only limits are the size of
your dreams and the degres of your dedication to them™ (3).

1 am gratsful to my colleagues at R. J. Reynolds who have
contributed to this work in many ways. They ars both a source
of inspiration and a pleasure to work with. I appreciate the
tine and effort Mr. Ken Beard spent preparing the apparatus
figures. He is truly an artist disguised as an analytical
chamist. I am also very grateful for the kindness and
assistance of Ms. Marian DeBardeleben of Philip Morris whe
provided some othervies difficult to find 1literature.
Finally, the patience and counsel of Dr. Tom Perfetti will
alwvays be fondly remenbersd.

1. ANRORYROUS. 1968. changas in official methods of
analysis made at the 81st annual (A.0.A.C.) meeting,
1967. VI. Plants. Journal of the Association of
official Analytical Chemists. S51(2):447-449.

2. Anonysous. 19%32. Spuds. Fortune. 6:51.
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THEORETICAL ASPECTS OF MENTHOL MIGRATION AND
TRANSFER

Staven A. Wilson

Eastman Chemical Company
Research Laboratories
P. 0. Box 1972
Kingspert, TN 17662-5%5150

ABSTRACT

The behavior of menthol in cigarettes during storage and
smacking has been sxtensively studied because of the popularity
and the unique proparties of menthol. Most studies have
involved smpirical measurements of menthol‘s migration during
storage and transfers during smoking.

It is well known that manthol has significant migration
during storage, because of its volatility. In general, the
studies have found that menthol sesks a balance betwean the
two major components of the cigarette: the tobacco column and
the cellulose acetate filter. This balance is influenced by
ths cigaretts construction parameters and has an impact on the
transfer into smoke. Studies have shown that the transfer
from the tobacco column during smoking is constant with time,
but the transfer from cellulose acetate filters changes with
time dus to diffusion of the menthol into plasticized fibers
of the filter.

Some ressarchers have formulated and tested theoriss for %
these beshaviors and have been successful at making reasonable [R)]
predictions. A review of the general behavior and current %
"
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theories of the procasses occurring within mentholated
cigarettes would be valuable, becauss it allows one to link
the results and conclusions from the various studies. This
paper discusses the current theories that describe the
characteristice of menthol’s wmigration and transfer in

cigarettes.
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INTRODUCTION

Bacause of menthol’s popularity and unigque properties,
several groups hava studied the behavior of mentholated
cigarettes. This paper reviews results of key studies and the
current theories that describe the characteristics of
menthol’s migration and transfer in cigarettes.

For an area of study to make significant advances,
researchers wust continually test theories against
axperimental data. A quote oh this experimentation process by
a pionesr in analytical chemistry, Dr. I. M. "Piet" XKoltoff,
is "Theory guides, experiment decides® (34). As theories are
raviaved against experimental results, they are refined and
improved, thereby allowing for more focused axperiments. This
raviev should be ussaful for clarifying our understanding of
mentholated cigarettes and also for understanding the general
behavior of other volatile additives in cigarettes.

There ars two sections to this paper. The first section
covers the migration and diffusion phenomena that occur during
storage of mentholated cigarette products. The second section
covers tha transfer of menthol ints and out of the aerasel
during cigarette smoking. The results from key studies will
be pressnted vhich describe the behavior of wmentholated
cigarettas in order to tast the current theories.

MIGEATIOR DURING STORAGE

The migration of menthol in cigarettes has been studied
saveral times since it was first learned that menthol migrates
betwsen the various components in a pack of cigarettes. There
are a number of parameters vhich influsnce menthel’s migration
and several studies have svaluated these influences {8, 11,
12, 13, 14, 15, 17, 24, 37, 28, 20, 31, 32, 37, 38). HMenthol
has an affinity for both the teobacco column and cellulose
acetate filter tips and will migrate from one tc the other
during storage (Figurs 1). Some menthol will reside on the
Paper or packaging material, but the amount is small (< sS%)
and doas not change vith tise (e.g., 32 or 28).
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FIG. 1
Menthol Migration

l

PACK

A\

FILTER TOBACCD

Curran in 1973 and 1975 (12, 13) and Wood in 1983 (J8)
studied the effecte of construction varjables of csllulose
acetate filters on the migration of menthol. Filtars
employing cellulose acetate fibers can be assembled with
various fiber sizes and cross sections, numbers of fibesrs, and
weights to generate the filtration efficiency and pressure
drop Yequired. When making s filter, a solvent or plasticizer
which dissolves into cellulose acetats is sprayed onto the
fibers to bond them and increase the firmness of the filter
tip. The wost common plasticizers ars triacetin, tristhylens
glycol diacetate {TEGDA) and polyethene gylcol 600G (PEG 600].
curran studied the liquid filter additive variables of: tha
amcunt and type of plasticizer; the addition of
1,2-propanedicl or glycerel; and the effect of filter surface
area on the migration from the tobacco column to the [ilter.
Wood studied the effects of plasticizer type and level, and
the effecte of denjer per filament and total denier. Both
curran and Wood found that the level of plasticizer was the
wost important parametsr, followed by the type of plasticizer.
More menthol migrated to filtars bonded with TEGDA than with
triacetin, resulting it less manthol dslivery upon smoking.
Curran found no correlation betwsan surface arsa and
migration, wnile Wood found that the filter‘s affinity for
menthol increased wWith denjer per filament and total denier.

In a recent study, BRenfro evaluated the effact of
triacetin on the migration to a filter (28). Tha presance of
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7% triacetin significantly incresased the amount of menthcl on
the filter (Figure 2) compared to no plasticizer (Figure 3).
The rssults from this study, lasting almost a vyear, are
representative of tha =anigration behaviors that occur in
tobacco column menthol applicaticns.

FIG. 2
Benthol Distribution (Renfrc, 15%0)

Fitter During Storage:
7% Tracetn

TOBACCO
FILTER

% of Total Menthol

Y 100.0 200.0 300.0 400.0
Storage Time, days

FIG. 3
Menthol Distribution {Renfre, 1999)
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In 1983, Mathis reportad a study of the migrstion, from
tha rilter tip to the tobacco column, and delivery of several
volatile flavorants added to the filtar (20). Tha rata of
migration of the model flavorants was determined to obay
first-order kinetics, with the rate constant being detarmined
by the velatility of the flavors dissolved in the plasticized
fibers of the filter. The migration can be characterized by
curve fitting the following equation to the migration data;

Mty =M (1 - )
Where: HM(t) = Migration level at time ¢
M, = Migration level at equilibrius
- = Natural base
K = First order rate constant
t = Time
This interpretation of migration data allows for an
estimate of the bhalf life and equilibrium level of volatilse
flavorants (Table I and Figure 4).

TABLE I

Kinetics Of Fllter Flavor Migration {(Mathis 1983)

[ V.'mapaa k t L.
Flavor VW | (Torr) | (Terr) (Weak'') | (Week) 't}
Iscamyl 6.72] 0.9 6.05 z28.98 | < 0.077| ses
Iscvalerate 2
Methyl 1.05 0.4 0. 42 1,18 9.59 28
Benzoate t 0.15 t 2
Hathyl 0.79 | 0.26 0.21 0.60 1.2 21
Cinnamate t 0.27 £ 2
{-Ethoxy~= 1.39 ¢.004 0.00586 0.51 1.4 13
Acetophenona t 0.38 2
Cinnamyl 0,97 | o0.002| o.0019 0.68 1.0 |
Propionate * 0.40 1
Cinnamyl 1.36 0.001 0.0014 0.311 2.1 16
Isovalerate t 0.33 t 5
Menthol 10.4 0.1 1.4 1.20 0.58 50
t 0.10 1
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F1G. 4
Migration Of Flavors (Mathis, 19813)

70— sommyt Bovalerate
b [} o

Migration, %

Time, week

This study pointed out that, since a flavorant’s vapoer
prasaure is affected by itz environment or surroundings, any
change in a cowponsant of a cigarette which would affect
manthol’s vapor pressure will influence the migration rate and
equilibrium level. Therefore, any modification of a cigarette
which affacts the vapor pressure of the additives would likely
affect the ultimate performanca.

There are two thsories for why the addition of a
plasticizer affects the menthol migration rataz and
equilibration levels in filtar tow filters. The first is

based upon & tharmcdynamic viawpoint, in wvhich the plasticizer
increases ths sclubility of the filter for wmenthol, and

therafors increases the affinity of the filter for menthol. %
The second is based upon a kinetic viewpoint, in which the ()
plasticizer Increcases the diffusion rate into the fibers, %
é:
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which increases the amount of menthol which is absorbed into
the filter during the study time.

Taking the thermodynamic viewpoint, the balance or
equilibrium level betwean the tobacco column and filter tip is
affected by the affinities of sach for menthol. Insight into
the ability for compounds to mix can be gained from comparing
the Hildebrand solubility parameters. This weasure of
solubility is based upon the cohesive energy {(the snergy of
interaction in a substance) per unit volume (4). Table Il
lists the Hildebrand solubllity parameters for typical
cigarette components. Substances with similar solubility
parameters are scluble in one ancther (29). As ‘xp-&ctltd, the
typical plasticizers used in filters, triacetin, TBGDA, and
PEG 600 are similar to cellulose acetate. Nota also, that the
solubility parameter for manthol is close toc celluloss
acetate, imdicating that there should be good solubility. In
a study by Brozinski et al. in 1972, it was found that the
cellulose acetate filters had 4.5 times the affinity for
manthol compared to the tobacco column (B8). This greatasr
affinity for the filter is supported by the solubility
parameters, since tobacco’s solubility is belisved to be
similar to glycercl which is significantly differant from
menthol (21)}). The poor solubjlity of menthel in the tobacce
column causes menthol net to readily absorb ints the tobacce
column (4, 5, 16).

TABLE II

Solubility Paramesters

CORpoUnd Hildsbrand vnits
Menthol 9.7
Triethylene Glycol Diacetate (TEGDA) 10.1
Triacetin 10.7
Polyethene Glycol 600 (PEG €00} 10.7
Cellulose Diacetate 11.7
Propylene Glycol 14,
Glycerol 17.7
Mater 3.4
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From the kinetic viewpoint, the diffusion rate into
esllulose acetate fiber is the rate limiting atep. Data in
Table I11I show the diffusion rate of wate in various media
and show that the diffusion rates of smail meclecules into
polymers are significantly slower than in a ligquid or air.
The presence of a plasticlzer in a polymer will increase the
diffusion rate and therefore the migration rate.

Diffusion in most media is Fickian in benavior with the
Aiffusion coefficient being constant and the rate being
proportional to the sguare root of tiwe, There is an
sxcaption in the case of a solvent dissolving into a glassy
polymar. Thixz type is called Case II diffusion behavior and
is unique to glasey polymers balow their glass transition
temperature, t (9, 316). This Aiffusion im characterized by
a sharp solvent front compared to the gradual changing front
of Ficklan diffusion. The sharp front is caused by the
solvent or plasticizer arffecting the diffusion rate in the
pelymar, l.e., the diffusion coefricient, The polymer
moleculas ayre freer to move with the plasticizer present than
without plasticizer. In Case [T diffusion, the penetration of
the solvent or plasticizer is proportional to the amount of
small moleculas and temperature.

TABLE IIX

cowparison Of Diffusion Rates In Varjous Media

Water Diffusion

Media

Alr

Water

Polymer
Poly {Ethyl Methacrylate)
Poly (Vinyl Chloride)

Laxan

137

Coeff icie;lt At
-

0.25

0.000024

0.000000102
0.000000024

0.00000068
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An example of the diffusion effects of plasticizers and
heating is the manufacturing of steam cured filters in which
the steam gives heat and water which allows for the rapid
forming of filters. The increazsed rate of diffusion is also
seen when heating plasticizied filters. The plasticizer
concentration in the heated filters changes little, while the
plasticizer transterred upon smoking is measurably reduced,
becauge the plasticizer has diffused further into the fibers.
In the case of mentholated clgarettes, heating the filter
causes deeper penetration of the plasticizer and manthol into
the filter, thus reducing the amount of plastjcizer or menthol
which can transfer into the swoke.

Recent advances in spectroscopic techniques may allow the
direct mensurement of the diffusion processes in a plasticirzsd
filter in the future. Koenig’s ressarch group at Case Westarn
University has shown the feasibility of observing the
diffusion of small moleculas, such as solvents, into polymers
by pulsed two-dimensional nuclear magnetic resonance (20 NMR)
speccroscopy (19, 35, 16).

Mathis, at the Tobacco Chesists’ Rassarch Confarence
(TCRC) in 1990, presented a computer model which simulates
behavior of menthol (21). The model was a “finite difference
simulation” which approximated the migration and airfusion
processes. The model is based upon Fick’s lav of diffusion
and a variation of Henry's law to estimatas volatility. Fiek s
law describes the flux of a substance, such as msenthol:

F = -D {4C/dx)

wWhere: F = Flux of wenthol per unit area per second
D = Diffusion coefficient of menthol, ca’/second
C = Concentration of menthol, mole/cw’
X = Distance, ci

Henry‘s lav governs the vapor pressure of jdesl mixturss.
A variation of Henry’s law for nonidea)l mixturss includes the
addition of activity coefficients and allows one to
compensate for the nonideal nature:

138 88338460
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P =yXxp
Where: P° = Solutien vapor pressure of menthol
¥y = Actlvity coefficient of menthol
X = Mole fraction of menthcl in solution
P* = Vapor pressure of purs menthol

Using these two squations, this model was able to
simulate the migration seen in the foll application study
reported by Strickler et al. in 1991 (32), Figure 5, and the
tobacco column application study reported by Renfro in 1990
(28), Pigurs 6.

FIG. 5
simulation Of Menthol Migration (Mathis, 1990)
{Pack Application Case)
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Al) published menthcl studies have been with cigarettes
that were sither unfiltered or filterad with cellulose acetate
based filter tow. But from first principles, one can estimate
the migration behavior of spacialty filtersd cigarettes. In
the use of molded cigarettes with high plasticizer levels
presant, ona would expect an increase in the level of menthol
on the filter due to the plasticizer, and the increase is
affected by the heat history of the filter which would
influence the diffusion rates. If the surface area in the
tilter is significantly increased, such as by using activated

138
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charcoal, then an increass in migration would alsc ba
expected.

ric. 6
Simulation Of Menthol Migration (Mathis, 1990)
(Tobacco Application Case)

3.0

Menthol, mg/cig

There are several processss which occur during the
smoking of a cigaretts. In addition to the dynamic
environment of the burning fire cone, there is filtration and
condensation onte the tobacco column, as well as flltration
and condensation by the filter tip, and transfers into the
smoke. The processas occurring during puffing and smouldering
are illuystrated in Figqure 7 and Figure 3.

Tobacco Column - Fire Cone And Condensation

Extensive research has been conducted to understand the
dynamics of the burning tobacco column, i.s., the fire cone.
Baker Wrote an sxtensive review of these studiss in 1981 (3).
His raview highlighted that the fire cone has a temparaturas
profile as shown in Figure 9 for the gas phase. The tobacco
column is degraded by combustion and pyrolysis during swoking.
Combustion occurs at the end and sidas of the fire cons,

because of the avallability of oxygen. Pyrolysis and
distillation occur betwesn the fire cone and the tobacco
e 883384
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column during puffing, bacause of the high temperatures of the
gasss and the lack of oxygen.

FIG. 7
Processes In A Burning Cigarette: Puffing (Baker, 19%31)

A
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1 ‘
Mainsiream 0 Congensation
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rilG, 8
Processes In A Burning Cigarette: Smouldering (Baker, 1981}
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FIG. 9
Temperature (*C) Distribtuion Of S0lid Phass In The Coal
1.0 Second After The 5tart Of A Two Second Puff.
Estimated Air Flow Pattern Into Coal Shown.
Thickness Of Arrow Is Proportional To Magnitude Of Air Flow,
(Bakar, 1961)

- =

-8 «10

Jenkine in 1970 (17) and Eble in 1987 (15) studiad the
fate of radioactivaly labeled menthol in untfiltetred cigarettes
(Table IV). They found about half of the radicactivity wvas in
the mainstreas smoke, mainly in the TPH with very littla in
the vapor phase. The rast of the activity was in the
sidestrean smoke and was roughly evenly distributed between
the TPM and gases.

Eble in 1587 (15) and Renfro in 1990 (28) performed
experiments using mentholated and nonmentholated tobacco
coluling €O svaluate the transfer of santhol to smoke. In this
experimant, one switches the tobacco columna and filter tipe
from cigarettes which were identically made and aged axcept
for the menthol load. Such an experiment gallowed tha

142 88338464
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independent determination of the fate of manthol from the

tobacco column and the filter.

TABLE TV

Parcent Distributien Of Manthol In Swoke

—COmponent Jenkins (17)
Kainstream TPM 28
Hainstream Gases 1
Sidestream TPH 23
Sidestrean Gases 21
Butt 27
Ash -
Total 100

{Cigarettes were unfiltered)

48

17
22

-

Renfro found ne change in the delivery efficiency of
menthol from the tobacco column over time (Flgure 10). This
result implias that no significant diffusion or interaction
occurs with tobacco which would limit the availability ef

menthol .
FIG. 10
Tobacco Column Menthol {Renfro, 1990)
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Savearal research groups hava studied the pechanisas of
transferring volatile componants from tha tobacco column into
swoke and formulated mathematical models (6, 7, 21, 33). 1In
general, they found two basjic proceasses: (a) slution from the
tocbacco column, and (b) distillation occurring vithin 10 =m
behind the fire cone.

Filter - Filtration and Elution

The filter plays & key role in the behavior of menthol in
a cigarette. Menthol is both filtared and eluted as the snoke
flows through the filter.

Host of the »enthol in the smoke aerosol 1I‘I.'lm.d
through the typical mechanisss of smoke filtration, e.9.;
impaction, diffusion and interception. Several groups hava
developed models for predicting the ‘tar’ removal efficiency
of celiulose acetate filters (e.qg., 18, 26).

FIG. 11
Hechanical Filtration Of Smoke Particles

A - Direct Interception
8 . Diftusion
C - Inertial Impact

Flow Linas Near Fiber

39b8LEss
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Morle et al. in 1975 studied the parameters that affect
the selective filtration of meveral smoke components (1, 22).
In general, they found that compounds with sufficient
volatility and a high solubility parameter (& > 13) will bhe
selectively removed from cigarette gmoke by filters made with
celluloss acetate. Renfro {(28) found the selective filtration
of wantheol to be rather small for both the plasticized and
unplasticized filters (Figure 12). Apparently, most of the
menthel is retained in the particulate phase.

FIG. 12
Menthol Removal Efficiency (Renfro, 1990}

1000 o Ouring Storage:
7% Triacetin
% Triacetin
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T
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Storage Time, days

The alution of flavorants, such as menthol, into smoke is
not & simple vaporization process, as shown by the difference
in transfers when aerosol is drawvn through a cigarette varsus
hot air. Both Curran in 1973 (12) and Eble in 1987 (15),
found that little menthel is transferred from a cigarette’s
filtar vhan bhot dry air is drawn through an unlit cigarette,
but significant menthol is transferred with a smoke asrosol,
When smoke 1s present, volatile compounds are belisved to
vaporize trom a tiber and condense onto an aercsol particle,
rather than back onto the fiber (Figure 13).
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FIG. 13
Elution Of Compounds From A Filter (Renfro, 1890)

°  Compound Avallabla for Elution

@ Aerosol Particle

NN, Fiber

Curran et al. in 1969 =svaluated the factors which
influenced the slution of high-beiling compounds (10). Ha
found slution is related to: (a) the vapdr prassure of the
compound being eluted, (b) the relative affinity betwean ths
eluting compound apd aarosol, (c) the awount and composition
of aerosol, and (d) the temperaturs of the filter or aerosol.

The elution efficiancy from the filter decreases with
time (FPigure 14). The slution efficiency for msenthol from the
filter is higher with no plasticizer present, versus vith 7%
plasticizer, but the amount is lover bscauss lass menthol has
transferred to the filtar. The higher elution efficiency is
due tco less menthol diffusing into the fiber, becausa of the
low plasticizer level. When the cigaretts is smoked, the
pemivolatiles, i.e., water, condense on the filtar during the

88338468
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last few puffs and this may snhance the delivery in addition
to varaing the filter in the last few puffs.

PFIG. 14
Pilter Menthol (Renfro, 1990}
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Note that the amount of menthol transferred to smoke is
highar from the filter than from the tobacco column (filter
* 25% wvarsus tobacco <« 20%), FPigure 10.

Ovarall Smoke Trends

In aging studies, total =menthol delivery from the
cigarette increases for approximately one wmonth, then
decreases (Figure 15) (31). This response is caused by the
aigrations, both between the various components in the
cigarette pack and out of the pack. Hormalizing the amount of
manthol transferred intoc swoke to the amount in the pack, one
sess that there is a slow change In sfficiency {(Figure 1s).
This result impliea that the decrease is not just due to pack
losa but also to diffusian into ths fibar.

As wa have seen, menthol cigarettes will change over time
and ona key question is wvhat magnitude of change will be
noticeable to the smoker. In 1985, Perfetti et al. (25)
piablished an extensive study which used "Just Noticeable
Difference® (JND) wmethodology to determine the amount of
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manthol changs that a smoker could parceive. The study’s
summaYry results are shown in Takle V.

Fi&. 15
Menthol Tranafer Versus Age (Strickler, 15839)
0.6
€ 04
5
£
5 02
[
oo L [ A . ' L . - L 1 }
0 20 40 60 B0 100 120 140 160 180 200
Time, days
FIG. 16
Menthol Transfer BEfficiency varsus Age (Strickler, 1989)
15

Transfer EY., %

07 L 'l A 1 L A i A A J
0 20 40 60 B0 100 120 140 160 180 200
Time, days

TABLE V

Just Noticeable Differences In Menthol Cigarettes
(Perfetti, 1585)

Jlnu
— _Cigarette Type Im/cigarette)
Full Flavor Menthol + 0.41
Full Flaver Low "Tar’ Menthol + 0.06

Ultra Low ‘Tar’ Menthel - 0.08/+ 0.07

(Cigarettes were made by applying menthol to the tobacco)

148

88338470




47th Tobacco Chemists’ Research Conference

The axtansive studies of the mjigration and transfer of
menthol in clgarettes allows the formation and testing of
various theoriass. By reviewing the current thecriss, we

clarify

our understanding of the chemical system called

mantholated cigarsttas. The following generalizations can be
made about menthol cigarettes:

g

Manthol is a highly velatile flavorant which migrates
to the various components of a cigarette pack during
storage.

Manthol will continue to sesk a balénce between the
tobacco column and filter tip, but will take several
months ts apprevimats an eguilibrium.

The migration to the filter is controlled primarily
by the plasticizer’s type and concentration.

Thars is less or slower migration to a filter tip
within a gliven time without plasticizer. .

Higher lavels of plasticizer cause faster migration
and higher equilibrium levels on the filter.

The migration rate is proportional to the surface
arsa, but the rasponse is smaller than the sffect due
to plasticizer. '

The genaration of menthel from the tobacco column is
constant with time, indicating that there is no
significant diffusion process taking place in the
tobacce column which would restrict the availabllity
of menthol.

Thara 1is a ralatively high level of menthol
tranafarred into the mainstream smoke, due to the
high volatility of menthol.

There is little selective tfiltration of menthol by
the fllter, since the removal efficiency of manthol
by the filter is constant with time, independent of
plasticizer 1level, and close to the removal
sefficiency of ’'tar’.

The elution of menthol from filters is affected by
the plasticizer’s concentration and type.
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EFFECTS OF SOME CIGARETTE CONSTRUCTION PARAMETERS
ON MENTHOL MIGRATION AND TRANSFER

Fred W. Best

#. J. Reynolds Tobacco Company
Bowman Gray Technical Center
P.O. Box 1487
Winston-Salem, NC 27102

ABSTRACT

In the sarly days of mentholated filter cigarettes, *tar’
yield wvas high and menthel transfer to mainstream smoke was
fairly efficient. Filters were undiluted and generally
inefficient. Early fate studies determined the distribution
of menthol to mainstream smoke and filter andfor butt to be
greater than 50% of the applied menthol. But, modjifications
to cligarettas to decreass ’tar’ also reduced menthol transfer
afficiency. Only about 10% (or less} of the menthol in
contemporary cigarettesa transfers to majinstraam smoke. In
attempts to find ways to achieve ‘tar’ reductions with
minisum impact on menthol transfer efficiency, the effect of
various cigarstte components and wvariations in cigarette
construction on menthol transter has been extensively studied.
Filters exart a major influence on manthol transfer to smoke.
Eftfeacts of filters and variations in filter construction on
menthol transfer to mainstream smoke have besen the parameters
on vhich most studies focused. This report will review some
of the previously reported research and discuss some
previocusly unreported findings. Effects of a tobacco
humactant, propylene glycol, and of five different individual
tobacco bland components on menthol migration and transfer are
also discussed,
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INTRODUCTION

It is impractical in a papsr of this typs ts attampt to
cover all of tha published data relating to cigarettas
construction parametar effects on menthol migration and
transfer to smoke. This report will review some of the
published work and discuss soss previcusly unpublished studies
that address the &ffects of cigaretts construction paramstars
on menthol migration and transfer. We have ussed & broad
definition of the term construction paramsters to include
configurational aspects, as wall as filter materials, filter
additives and differing tobhacco types.

Unfiltered mentholated cigarettas were introduced in the
1920‘8. Until the popularization ¢f celluloss acatate (CA)
filter-tipped cigarettes in the 1950's thare was little reason
to be concerned about menthol migration. Once a filter is
added to a mentholated cigarette, migration of menthel to the
filter becomas important and transfer to saoke becomss
complex. With the rapid rise in sales of filter-tippad
cigarettes, tobacco scientists began daveloping and improving
methods for analysis of manthol in blands, filters and smoke.
As it turns out, menthol migration to the filter can both
snhance and inhibit menthol transfer to smocke. E£ince menthol
transfer to smoke is tha desired goal, it became vaery
important to understand thes intaractions batween menthol
migration and transfer and, alss, to dstermine hov othar
factors affect manthol transfer to mainstream smoke (M5).

FATE STUDIES OF MENTHOLATED CIGARETTES

Making use of Cambridge filtars and gas chromatography,
-~ the first analysis of menthol in mainstream smoke (M5) was
reported at the 1962 TCRC by Mitchell et al. (16). It was
found that, with four lsading brands of mentholated filtar-
tipped cigarettas, menthol transfer sfficiencies ranged from
19% to 26%. The importance of clgarette construction and
configquration parametears was not well known at that time, sc
there was no disclosure of filter plasticizer levels or age of
the cigarsttes when smoked. In 1968, Newell st al. usad
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randomly (R) labaled "‘c—unchol, to deteranine the "Fate of
Manthol in Cigarstte Smcke® for a popular mentholated fjlter-
tipped brand with a prototype total recovery smoking apparatug
(17). There was a slight problem; this study only accounted
for about 85% of the starting radiolabel. Examination of
unpublished fate study data with compounds other than menthol
genarated by Newvell with this technique and system at about
that same time, comparison with later unpublished data
ganaratad with an improved system on the same compounds, and
reviev of subsequent literature values suggested that the
nissing radiclabal was related t¢ sidestream smoke (S5) gas
collection and analysis. Another possible pitfall, as
tactfully pointed out by Jenkins et al. (12) was, that this
study was performed with nonequilibrated cigarettes. The
original data from the Nawell ot al. study and corracted data
ahovwing menthel distribution if all of the missing radiolabsl
were in the SS gas phase are shown in Table I.

TABLE I

Fate Of Menthol In Total Smoke
{Data From Newell of al., 1968, Reference 17)

original Correctade

Recovered Recoverad
—  PFraction
NS Solids 42.1% 35.90
(Intact Menthol) (40.67) (34.61)
HS Gases 0.75 0.64
ES Solids 33.40 2B.42
{(Intact Menthol) (30.73) (26.15)
85 Gases 4.54 18.77
Butts & Filters 1%.11 16.27
Ashas —0.07 —0.06
Total 99.99 100,01

sAgsuming all miszing radiclabe)l was in S5 gases

The corrected value of 19% in S5 gases is in better
agresenent vith levels of 21% and 17% subsequently reported by
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Jenkins ot al. (12) and Eble (9). The data from the study by
Newell et al. vevealed that at least 35% of the manthol
transferrad to MS in the particulate phass (solids). This vas
a very efticient transfer, but remember those were the days of
inefficient nonair diluted filters. Most importantly, it was
determined by inverse isotope dilution that 96.4% of the
radioactivity in ms solids and 92% of the radlocactivity in 88
so0lids was due to intact mentheol.

i In 1970, Jenkins at al. reported the smcke distribution
and mainstream smoke pyrolytic composition of added uniformly
labeled (U} “c-menthel from 70 mm ponfiltersd cigarattes with
100% accountability of starting radiolabel (12}. Thair
findings are shown in Table I1. With gas radiochromatography,
it was deterained that 98.9% of the radicactivity found in the
mainstream total particulate matter {TPN) was due to intact
menthol transfer. Allouing for ths reported 0.4% menthons
impurity in the starting material, this seans that only 0.6%
to 1% of the applied menthol transferred to sainstreas TPHM as
B R thermal degradation products. Schmeltz and Schlotzhauer had
previously reported high levals of menthol deqradation, 22% at
£00°C and 84% at 860°C, during pyrolysis expariments (26}. The
data of Hewell ot al. (17} and Jenkins et ai. (12) support the
contention that in many cases pyrolysis data cannot be used as
a predictor of the fate of a material in cigarette smoke.

TABLE II

Vec-Menthol Distribution In Total Swmoke
(Data From Jenkins et &l., 1970, Referance 12)

_Smoke Fhase Distribution (%)
Sidestrean Gas 21.2
Eidestream TPM 231
. Mainstream Gas 1.0
Mainstream TPM 27.9
Butt (20 =mm) _26.9
Total 100.1
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In a more recent radiotracsr study, Eble reported the
distribution of menthol in total smoke from £¢ mm unfiltersd
cigarattes fitted with cardboard mouthpieces (9). He found
48% of the applisd radicactivity in mainstream TPM, 8% in the
butts and 0.96% in mainstream gases. It should be noted that
Eble’s data vere based on transfers from the radiolabel zone
{about 55 of the 66 mm length), and he only accounted for 95%
of the starting radiclabel.

In these three fats studies, only about 1% of the
radiolabel was found in mainstream gases (a5 thermal
degradation products). WVery efficient menthol transfer to MS
vas 'ohlcrvod

MS menthol (radivactivity) transfer data for studies
conducted by Newell &t al., Jankins et al. and Eble are
summarized in Table III.

TABLE III

Manthol Transfer To Mainstream Smoke, Fate Studjes Summary+

Butt/ ns

Source HS TPH Pllter Total
Newell ot al. (17) 5.9 16.3 52.2 Filtered
Jankins et al. (12) 27.% 26.9 54.8 Unfiltered
Eble ot al. (9} 48.2 7.8 56.0 Unfiltered

a¥alues repreasent percent of total recovered radiolabel

Total mainstream distributions are very similar, but NS
TPHM levels ars vastly different. Alsc, menthol appears to be
a unigque or at lsast an upusual cigaratte flavorant because,
depending on smoking paramsters, it preferentlially transters,
predcainantly intact, to MS. Inclwding values from the
Mitchall et al. study, thus far, menthol transfars to M5 range
from 13% to 48% with the sams standard smoking paramseters but
with different cigarettas. In a study to determine menthol
“Just Moticeable Differences® (JND} levels of a range of
mentholated products (22), Perfetti and Gordin reported that
for full-flavor menthol (FFM), full-flavor low ’‘tar’ menthol
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(FFLTM}, and ultra low ‘tar’ manthol (VLTM), avarage M5
menthol yields ware 0.54 1 0.05 »g, 0.52 1 0.09 mg and 0.30 2
0.10 my, respectively (sesa Tablae IV). The avarasga applied
menthol levels (percent pack manthol} required to achieve
thess transfers wers 0.39% + 0.05%, 0.67% 2 0.12% and 0.94% ¢
0.21%, respactively. These data repressant transfer
efticiencies of approximately 174, 10% and 4% for FPM, FFLTH
and ULTH, respectively.

TABLE IV
! . Menthol Transfers From Varying “Tar’ Laval Froducts
(Data From Perfetti And Gordin, 1985, Reference 22)

cigarette Pack Menthol. & = Transfer. mg TIransfer, %

FFH 0.39 0.54 17
FPLT™ Q.67 0.52 10
ULTH 0.94 ¢.30 4

These are wmuch lower menthol transfer efficiencies
compared to the earlier values, and emphasize the fact that
configuration and construction parameters, which vary in thess
products, play significant roles in manthol transfer to MS.

FILIERED VERSUS UNPILTERED CIGARETTES

Significant differences in X5 menthol yiald pattarns over
time for filtered and unfiltered cigarettes (ses Fiqure 1)
have been rsported (1, 9)}. In an aging study, a commercial
Xing size filtered cigarette with a CA filter plasticized with
triacetin gave an extremaly low menthol yield at O-time. On
aging, menthcl yields incrsassed and psaked sopevhere between
tus and five weaks, after which the yields began declining.
For an unfilterad mentholated cigaratte, menthol yield was
greatest at O-time and did not axhibit the sharp rise in yleld
ag seen with the filtersd products but was rather unifors over
time. This suggests ths mentha]l transfer rise and dacline (s
filter related.
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FIG. 1
Comparizon 0f Manthol M5 Yialds From
Piltared: And Unfiltered Cigarettes
(Data From Bast, 1992, Reference 1)
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MIGRATION TO DIFFERENT FILTERS

It has besn determined that there are differences in
menthol migration rates from cigarette rods with different
filtar typas (23). Manthol migration from identical American
bland tobacco rods with identical menthol loads (0.66% pack
manthol) was auch greater to plasticized CA fllters (46% after
200 days) than to polypropylene filters (17% after 200 days)
as 1llustrated in Flgure 2. A study by Curran (¢) revealed
that plasticizer was the migration driving force rather than
CA. Untreated paper has very low menthol affinity. Menthol
migration to paper tube mouthpieces ls included in Figure 2 te
snphasizs the lack of menthol affinity for polypropylene.
However, because of their popularity and market domination,
most of this discussion will be concerned with effects of CA
filters on menthol transfer.
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FIG. 2
Menthel Migration To Various Filters
Callulose Acetats {(CA), Polypropylene And Paper Tube
(Data From Ferfetti And Teot, 1986, Refel'ence 21)
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THE EFFECTS OF MENTHOL PLACEMENT

In 1972, Cutrran raported that the age Of mentholatad
products and the distribution of menthol betwesn filtar and
tobacce can affect manthol transfer efficiencias (3). He
found that 28 days after menthol applicaticn to filters, 41%
of the menthol had migrated to the tobacco rod; and, that 28
days after application of menthol to tobacco, 20% had migrated
to the filters. After complsting migration and smoke studies ‘
uith commercially available 85 mm cigarsttes (65 mm rods and
20 mm filters plasticized with an undisclosed level of 55/45
triacetin/polysthylene glycol), he concludsd that *menthol
distribution betveen the tobacco and fllter does not affsct
the amount of menthol delivered by individual puffs over the
$5:5 to 80:20 (menthol tobacco:filtar ratie) range but doas
affect it over the 30:70 to 59:41 range." Further, hs
concluded that for maximum menthol transfer efficiency, a

883238483
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mantholated cigarette with 70% of the menthol on the taobacco
column and 30% on the filter might be more satisfactory than
a cigarestte wvhich had manthol appiied only to the tobacco. In
1979, Park ot al. also found increased menthol transfers to Xs
as tha manthol lavel on tha filter incraased (20). This was
recently corroborated by Deutsch (7). In a study that had
from 0% to 100% of tha menthol applied to the filters in 25%
incremants, he found that appiication of 25% to 50% of the
manthol to the filters minimized changes in menthol transfer
with time as shown in Figure 3. Deutsch found highest O-time
transfer when 100% of the menthol was on the filter, but
tranifer began decresasing immedjately.

FIG. 3
Parcent Delivery Of Applied Menthol
{Data From Deutsch, 1990, Reference 7}

Time (Day)

Also, Cusran found no differenca in tha rats of menthol
transfer to Ms (about 19%) from flltered cigarettas with
manthol applied to the tobacco after 3 and 28 days of aging
{3). Howvever, for c¢igarattes with menthol added te the
fllters, the MS transfer was 49% after 2 days and 31t after 238
days of aging (see Table V). This lllustrates that there are
effects of age and location of menthol application on menthol
transfer to KS from cligarettes with plasticized filters.
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TABLE V

The Effects Of Cigarstte Age And Menthol Placemant
On Manthol Delivery
{Data Prom curran, 1972, Referencs 1)

__Cigarette F __Cloaretta T

Age (Davs) (mq) 1% Ingl JLi}
3 Q.92 49 0.48 20
28 0.59 1 0.45 19

Cigarette F = All menthcl applied to filter
Cigarette T = All menthol applied to tobacco

The influence of application site on menthol transfsr to
M5 was also studied by Brorinski ot al. (2) and Eble (9).

In 1973, Riahl st al. raported sn manthol migration and
transfer to HS for 854 mm cilgarettas prepared with 21 ms
flilters (25}). Plasticizer levels on the Cilters were not
reported. When menthol was applisd to the filters, 40%
migrated to the tchacco after four weeks aglng. When al) of
the menthol was applied to the tobacco, 30% migrated to the
filters. Liks Curran and Deutsch, Rishl et al. also found tha
highest menthol transfer to MS vhen most of ths menthol was on
the filters (see Figure 4}. It is important to nots that the
age of cigarettes when smoked was not given. The importance
of age, already suggested by Curran, vill become even mors
apparant later in this paper.
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FIG. 4
Menthol Transfer To SmoKe From
Differant Menthol Distributions
(Data From Riehl et al., 1973, Reference 25)
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EEEECTS OF LIOUID FILTEE ADDITIVES

In 1975, Curran reported the effects of ligquid filter
additives on menthol wmigration from tobacco teo filters and
delivery to X5 after six weeks aging (4). He used
experimental cigarettes congtructed from purchased 64 nm
tobacco rods fitted with 3.3/39,000 CA tow filters with a
manthol content of 2.0 * 0.1 mg. He found limited menthol
nigration to filters without triacetin (10% after six weeks)
and that w=senthol wsigration increased with increasing
plasticizer level {24%t and 32% migration after six weeks aging ‘
for 5% and 8% triacetin levels, respectively). It was found
that menthol transfer to NS was greater for filters containing l
5% triacetin as compared to filters with 0% and Bt triacetin
{sse Tabls VI}. Addition of 1,2-propanediel (propylene
glycol) to plasticized filters resulted in increased menthol
migration while glycerol aadition had neo effect.
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Nevertheless, addition of either 1,2-propansdicl or glycerol
to tha filter resulted in reduced menthol transfer to MS.

TABLE VI

Effect Of Pilter Additives On Menthol Delivary And Migration
(Data From curran, 1975, Referencs 4)

Menthol Delivery

imql Menthol On
6 1,3,6 Wesk Filtar At
Additive ¥Necks Avelage b Vedks
Control (0%) 0.32 0,34 10%
Triacetin (5%) 0.386 0,39 24%
Triacetin (B%) 0.36 0.36 3128
Triethylene Glycol
Diacetate (5%) 0.31 0.33 28%
Triethylene Glyccl
Diacetate (8%) .27 a.30 34t
Control (0%) 0.36 0.16 31%
Glycerol {6%) 0.27 0.30 318
Glycerol {[10%) 0.27 0.30 318
1,2-Propanediol (6%} 0.27 0.29 424
1,2-Propanedicl (10%) 0.22 0.27 42%

Data collected by Lewis and Norman indicated that for
maximum wenthol yield from CA filtars the saximum triacatin
level should be below 8% (13). Thay conducted studies to
determnine the effects of plasticizer level on manthol lavel
meagured on filters before and after smoking and on the level
of menthol transferred to NS. For cigarettes that wvares aged
three weeks, it was found that the actual NS menthol level
increased =lightly for 6% plasticizer application on the
filter (0.41 milligram per cigarette) compared to the 0% and
12% plasticizer lsvels, both of wvhich transferrsd 0.3%
milligras per cigarette {see Figure %).
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FIG. S
Effect Of Plasticizer On MS Menthol
Yield And Fllter Deposition
{Data From Lewis And Norman, 1985, Rafarance 13}
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These data agrsa vith tha findings of Woods (32) that MS
menthol ylelds decreased as the fllter plasticizer level
incrsased from €% to 11% (see Figure 6). Woods did not report
results on lower plasticizer levels. Data from Woods’ study
indicate that Hf manthol yield is influenced by plasticizer
typa, with mera afficient transfer from filters plasticized
with triacetin. pata from both studies illustrate that
menthel yisld is influenced by plasticirer lsval. Lewis and
Worman also found that the menthol leval measured in the
filter after smsokimg was higher at each triacetin leval than
before smoking. For sacked and unsmoked filters, filter
menthol level increasad wsignificantly with plasticizer
applications of . 0% to 6% and than remajined fairly constant up
to 12% plasticizer application (see Figure 5). Lewis and
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Norman used 84 mm long cigarettes that vere mads ¥ith 27 mm
on-line laser perforated CA filters.

FIG. 6
Eftect Of Plasticizer Typs And Lavel
On Delivered Menthol Per Cigaraette
(Data From Woods, 1983, Reference 11)
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In a 1990 ptudy to provide a mschanistic dsscription of
menthol delivery, Renfro reported sffects of ths ahsance and
presence of triacetin in CA filters (4). Ha found that
menthol nigrated faster to filvers plasticized with triascetin.
This was in agreement with previously published studies (4,
6). Also, he reportsd that menthol sluted mors efficlantly
from 2 filter mads without triacetin. He concluded that, even
with filters treated with triacetin, menthol in the filter is
about twice as likely to bhe delivered to the M5 as is senthol
in the tobacco column.
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EFFECT OF BLEND PROPYLENE GLYCOL ON MENTHOL TRANSFER

Bince propylene glycol ls extremely volatile, the effect
of propylene glycol on menthol migration t. filters seen by
Curran was not unexpected. Results from a study in our i
laboratories to determina tha effects of propylene glycol on
manthol migration within the cigarette and jits effect on
manthol transfar toe MS (1) show that propylene glycel migrates
from the tobacco rod to filter at absut one-half the rate of
manthol migration (see Figure 7).

FIG. 7
Manthol And Propylene Glycol (PG) Migration Qver Time
To Filters Of Cigarettes With Different PG Levels
(Data From Bast, 1992, Reference 1)

1%

MENTHOL AND PG ON FILTERS (W)
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-~ MENCIGA +MENCIGC *MENCIGE wPGCIGA ¥PCGCIGE
PG LEVELS; A = 0.00%, C = 0.00%, E = 0.46%

Cigarette A was a popular brand with 0.8% propylene
glycol, Clgarette E was identical to Cigarette A except the
propylene glycol lavel was 0.48% and Cigarette C required
slight bland changes to eliminate all propylens glycol sources
and to achieve a 0% propylane glycol level. All thres
products had identical CA filters treated with 7% triacetin.
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Since menthol is very soluble in propylens glycol and in many
cases there is wore propyleme glycol than manthol in
mantholated cigarettes, it seemed vary likely that propylens
glycol would influence menthol migration and transfar tc MS.
After 42 weeks aging of cigarettes with identical filters and
menthol applications, 40% of the menthol migratad to tha
filter of product C made with no propylene glycol and 43% and
44% to filters of products A and E with 0.48% and 0.80%
propylene glycol, respectively. Regression analysis (14) of
these migration data found that product C with no propylens
glycol product had an intercept about 2.78% lower than tha
intercepte for products with propylens glycol, A and E (ssa
Fiqure 8).

FiG. B
Effect Of Propylsne Glycol (PG} Application
Rate On Menthol Migration To The Filters
(Data From Mangan, 1992, Refsrence 1l4)

% MENTHOL=12.1842.70°PG+5.08° T+ a277
~Where Zulog (AGE in weska+.1)

rrrvr 11 1T T 9TTd

MENTHOL ON FILTERS (%)

NGB BHRERBANZRE

O 2 4 § 3 10 12 1418 18 30 22 24 26 20 M0 32 M M M W 4
TIME (WEEK)

= CIG &, 0.80% PG + CIG C, 0.0% PG * CIGE, O.4% PO
* = Log regression plot

The regression egquatjions for the products made with
propylene glycol are not distinguishable from sach other but
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are consistantly different from the regression eguation for
the product made without propylsne glycel. Therefore, the
differences in menthol migration rates for products made with
and without propylene glycel are statistically significant.
Absence of propylene glycol in the blend, as well as in the
filtar as noted previously by Curran (4}, results in reduced
menthol migration to filters.

It was further speculated that propylene glycol levels in
ths blend and its consequent migration to the fillter should
hava an affect on menthol transfer to MS5. Curran reported
sarlier that propylene glycol added to the filter influenced
manthol transfer to MS. Evaluation of menthol M5 yields for
the threa filtered products studied in our laboratories with
different levels of propylene glycol applied to the blend
indicates that propylene glycol levels influence menthol
transfar to M5 (see Figure 9). Small but statistically
signifizant differancas vera obhssrved.

riG. 9
Smoka Manthol Yield Over Time From Filtered Cigarettes
{Data Prom Best, 1992, Refersnce 1)
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The average manthol transfer over 42 weaks was 17.4%%
% 1.01% amd 17.88% & 0.99% for products A and E, respactively.
The transfer rate of 19.05% # 0.75% for product C indicated a
more efficient menthol transfer rate to MS ssoke. Each data
point plotted in Figure 9 represents an average of four
replicates., It is interasting to note that the M5 menthaol
transfer pattern for each product doss not repressnt s émcoth
line, but rather a cycling phenomenon. This phencmenon will
be discussed later in this paper. Although significant
differences in menthol transfer afficiencies vere daterained
for products made with and without propylene glyccl, the
results of Perfetti‘s and Gordin‘s manthol JND study (22)
suggest that menthol related perceptusl differences do not
exist. IND studies are used to determine the change in
stimulue doses (in this case M5 manthol} nacessary to ba
detected as different (sensorially) by a specific proportion
of a population. Por example, JNDy, connotss that 50t of a
population could detact a menthol ssnsory change at some lavel
of smoke menthol difference compared to & reference product.
Earlier work by Ccurran (3] showed tha «ffect of age and filter
additives on menthol migration and transfer in fllterad
cigarettes. In this study, the erfect of a blend additive vas
illustrated.

EFFECTS QOF AGING

In 1972, Brozinskl et al. raported the effects of age and
initial menthol placement on menthcl migration and transfer to
smoke (2). They applied menthol to tobacco and to filters and
detarmined migration rates in both directions as a function of
time. They #lso determined menthol transfer to smoke from
eight commercially available mantholated U, 5. and Gersan
cigarettes., Gome of the cigarsttes were 85 mm and some vere
100 mm in length. Tha filter lengths (18 mm toc 25 mm),
weights (120 mg to 125 »g), resistance to drevw (53 mm to 75 mm
HoO) amnd nicotine filtering efficiencies varied. The
cigarettes contained betvesn 0.125 mg and 1.19 =g of total
menthol with 25% to 42% on the filters at time of smoking.
The authora concluded that there was no major effect of
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santhol application level on migration rates. Although
cigarestte age at smoking was not reportsd (probably between 2
apnd 3 months old), menthol HS transfer efficiencies of 28% to
42% wars measured (see Table VII).

TABLE VII

Comparative Analysis Of Cigarette Brands
(Data From Brozinski et al., 1972, Reference 2)

___Menthol — Smbke Mentho)
Rod Filter: cigarette Smoke Transfer

Cigarstte Imal}
A 2.11 1.08 3.1% 1.12 35
B 1.95 0.86 2.81 0.88 31
[ 1.58 0.77 2.35 0.76 32
D 1.70  0.57 2.27 0.64 28
E 1.29 0.77 2.0% Q.76 37
r 1.13 0.83 1.95 0.81 42
[ 1.00 D.56 1.56 0.52 a3
). | 0.079 0.046 0.125 0.035 28

Although specific cigaratte construction parameters were
not reported, Brozinski et al. found identical menthcl Ms
transfar sefficiencies of 78% for cigarsttes vith total menthol
loads of 0.125 mg and 2.217 mg per cigarette. These data
indicata that there vas nc major effect of menthol application
lavel on transfer afficiency. In an aging study (2},
Brozinski found that manthol transfer to MS incrsased from
O~time to one month, after which it leveled off through five
months and then decrsased through nine months (ses Table
VIII). This is the trend that is generally observed for

filtered cigarettes vhen all of the menthol is applied to the ()
tobacco. ® 4
(%)
)
@O
[+
: ©
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\ TABLE VII

. Menthol Transfer To Smoke; An Aging Study
' (Data From Brozinski et al., 1972, Reference 2}

o _Kenthol Manthol Transfer

Time Filter Cigarette __To H5 Smoke
{Months) (% —imgl miclg %)
[ 0.7 2.88 0.19 135

1 20.5 2.34 Q.44 18.8

3 29.9 2.71 0.52 19.2

5 5.5 2.62 0.48 18.3

9 41.8 2.94 0.43 14.86

Perfettl drev some profound conclusions from the work of
Brozinski ot al. as wall as from saveral othar studies dealing
with menthol migration, transfer and frllter retantion
data (21). Three different phases in the expected shelf lifs
of mentholated cjigarettes were DProposed as illustrated in
Figure 10. During Phase I, the freshly prepared cigiratts has
essentially no menthol on its filter and thus inltfally
tranfers smaller amounts of menthol to MS because of its high
filter efficiency for menthol. Later in Phase I, menthol vary
rapidly migrates to the filter and effectively decreasas the
cigaretts filtering efficiency for menthol which rasults in
greater transfers to NS. Phase II bagins when the efficiancy
of the filter for menthol remains relatively constant; that
ie, when elution from the filter and ramoval from ME are
roughly equal. This occurs ¢ver a fairly large range (20t to
35% in filter). Migratisn of menthol to the filter continues
until equilibrium is reached (ganerally, 45t to so& on the
filters and 50% to 55% on the tob of blanded cigarettes).
As the langth of storage tiss increases, thers is sventually
a decressa in the amount of menthol in the M8. This is Phass
III. During this period, menthol is belisved to be marse
deeply sorbed into the filter fibers and thus mAy not be
available for slution. MKathis found that penstration into
plasticized €A filters, over time, resulted in raduced
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transfers to MS for a seriees of filter flavors (15) thereby
indicating that this process iz not uniqus to menthol.

FIG. 10
Proposed Theory Of Menthol Migration/Transfer
For Conventional* Filtered Menthol Cigarettes
(Data From Perfetti, 1985, Reference 21 And
Brozinski et al., 1972, Reference 2)

20 G

-1 T
59 !

FHASE N

TIME QMONTH)

* Menthol applied 1o tobacco Blend

Prealoading filters with menthol eliminates or greatly
reduces the effacts of Phase I by shifting the transfer
profils to the laft az shown in Figure 11 (21). Projected
manthol yields from cigarettes with preloaded fillters are
axpacted to provide more efficient menthol transfers at O-time
mich like an unfiltered cigarstte. However, FPhase IIT will
occur at & much sarlier cigarstte age to decreass menthol MS
yialds. with 84 s cligarettes constructed with 21 sa standayd
CA tov filters bonded with 6% triacetin, as noted earlier,
Deutsch found that MS menthol transfers increased at O-tims as
the level of menthol applied to the filter was increased as
shown in Figure 1, and that after a few wveeks, transfers were
equivalent regardiess of application site (7).

GhEEESy

{

175




47th Tobacco Chemists’ Research Conlerence

FIG. 11
Proposed Theory Of Manthol Migration/Transfer For
Filtered Clgarettes With Menthol+ Applied To Filter
(Data From Ferfetti, 1985, Refearancs 21)

20 <

TIME (MONTH)
“MORMAL TRANSFER = FILTER APPLIED TRANSER

The influance of tobacco type on senthol migration and
transfer to NS has been invastigated in our laboratories (31).
wong et al. made singie tobacco cigarsttes from burlsy (B),
flue-cured Virginia (rc), oriental (0), reconstituted sheest
{Rc} and a klend of expanded burley and Virginia (XT)
tobaccos. Cigarettes were fitted with identical CA undiluted
filters made from 2.7/39,000 tow and treated with 7.19%
triacatin. Menthol {about 0.45% pack menthol) was applied via
top drassing to each tobaccoe type. MHenthol mjigration to the
filter and transfer to M5 were measuted at thresa wasks, three
monthse, six sonths, nine months and 12 months. Thers ware
larye differences in migration rates for the different tobacce
types (see Figure 12). After one year, they found 57%, 54%,
48%, 38% and 36% of the menthol migrated to the filters of RC,
XT, B, FC and O products, respectively. There were comparable
differances at sach sampling time point. Since the filters
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wers ldentical, thess data suggest the following order of
manthol affinity for different blend components: © > PC > B
> XT > RC. Note, in Figure 12, that even aftar one year,
manthol migration appeared to level off conly for the XT
product and was still occurring in the other products.

PIG. 12
Menthol Migration From Tobacco Rod To Filter
From Different Tocbacce Types Over Time
{Data Trom Wong &t al., 1988, Reference 31)
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TOBACCO TYPE

B3 weexs [13 MONTHS 36 MONTHS B9 mONTHS [J12 MONTHS

RC = Reconetiiied sheet, XT = Expanded lobacco;
B = Burley; FC = Flus-cured; O = Criental

Becauss of differing tobacco densities, these products
wars Bade to & tobacco rod firmness target and as such contain
different te of tob due to the difference in the rod
£illing capacity for the different tobacco types. When
menthol migration to the filter was plotted versus tobacce
weight, low affinity for manthol in the RC product was readily
apparent (see Figure 13). Percent pack menthol (total amount
of menthol on rods and filters) values were relativaly stabla
over the 12 month pericd for all products except the RC
product which sxperisnced a 15% drop. This drop was due to
its low affinity for menthol. The signiticance of this drop
vill be discusssd latsr in this report. While many studies
have suggested that mentholated cigarettes equilibrate over
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time, such that about 50% of the menthol is in the plasticized

CA filter regardless of original application site, these data

suggest that this may c¢nly be true for & blendsd cigaratte

since different tobacco types havae different affinities for
! menthol.

:‘ FIG. 13
Menthol Migration From Rod To Filter
From Different Tobacco Types
(Data From Wong ot al., 1985, Reference 31)

M ey .
MEBLEARSS RS - Q
ErHHLSS NN Vs 8 >
[
z -
(o] A
A A -I‘.
ik D 7 wos
g‘} Y.ugem
— Zws

0."?0 oars ﬂ?ﬂ 08 090 085 100 105 1—'1: 115 ‘.5
CIGARETTE WEIGHT (ma)
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RC = Raconstiiuted sheet; XT = Expanded tobacoo;
Bu Burley; FC = Flus-cured: O = Oriertal

In this single tobacco type study, the tranafer of
menthol to NS from the individual tobacco types was similar to
trends seen in the past for blended filtar clgarettes. Over
time, transter of menthel to MS increased for about six wonthé
and then decreasad (sees Figure 14). Absolute transfer of
menthol is influenced by application lsval and changss in pack
santhol (availsbla menthsl). On a percantags basis, increasss
in menthol transfers to K5 are usually coupled with decresases
in menthol transfers to 55 and vice versa. Tha MHB/E8
distribution is predomipantly & function of the burn rate, or
mare specifically, the amcunt of tobacco consumed during puff
and smolder periods. As more tobacco is consumad during
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puffing, transfer to M5 increases and transfer to SS
decreases. Thase M5/85S distributions can he controlled by
cigarstte construction parameters or by altering puffing
fraquancy and/or voluse. However, the burn rates of different
tobacco types are lnherently different. Since burn rates were
not maasured in this study, the only way to assess the impact
of burn rate was by analysis of puff count {nusber of puffs
required to consume the same length of tobacco rod). Menthol
transfers to MS very efficiently from freshly mentholated
filtars whether application is intenticonal or by migration.
As noted sarlier, after menthol migrates to a plasticized CA
filter, it begins to penetrate the fibers making less menthol
avallable for elution. As long as migration exceeds
panetration, menthol transfer to MS increases. once
aguilibration is achieved, menthal penetration into the CA
fibers continues and MS transfer drops. As expected, MS
transfers increass to a point with increased menthol level on
the filter. This is illustrated in Figure 12 and Figure 14.

FIG. 14
smoke Manthol Transfer For Differant Tobacce Types Over Time
{Data Prom Wong ot al., 1988, Reference 31}
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When percent M5 menthcl transfar is plottsd versus pufe
count, as illustrated in Figura 15, based on the migration
data, M5 manthol transfar wae avpsctsd to ocour in the
following order: RC > XT > B > FC > O. The RC product
exhibited most efficient M5 menthol transfer; however,
trangfer trends from the other components were just the
opposite of what was expectsd, with 6 > FC > B » XT. This

; suggests that lower MS transfer rates are dua to gredter
; consumption of tobacco during smolder resulting in wore
i menthol transfer to SS. As expected, the highly processed RC
H material had very little affinity for senthol and axhibited
high menthol migration to the filters vhich resultsd in higher
transfer to MS.

ric. 15
smoxe Menthol Transfer From Differsnt Tobacco Types
(Data From Wong et al., 1988, Refsrence 11}
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XT = Expanded tobacco; AC = Reconsttuled sheet;
B = Buray; FC = Flus-cursd; O = Oriental

EEFECTS OF PACEAGING

As noted sarlier in the mingle tobacco type study, pack
menthol of the reconstituted tobacco product decreassd over

88338501
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tims indicating very low menthol affinity for this particular
smoking matarial. There ls competition between blanded
tobacco rods and plasticized CA filters for the available
menthol. Both have tramendous menthol affinities. Brozinski
at al. found a digtribution coefficient of approximately 4.5
{plasticized filter:tobacco rod) at equilibrium (2}. This
coafficient would Le aexpected to vary with different
plasticizer lavels. Dube found levels of 2% and 5% menthol
migration from conventional blended filtered cigarettes to
soft pack and crush proof boxes (CPB's), respectively (8).
The manthol levels of these packaging materials are in good
agresment with those found by Renfro (24). In the study
discussed previously to investigate the effect of propylene
glycol on wmenthol migration and transfer with filtered
cigarsattes, the sffact of propylene glycol on the transfer to
MS from unfiltersd cigarettes was also investigated (1).
Tobacco rods and menthol content of products B, D and F, were
identical to the previcusly described flltered products, A, C
and E, respsctively. All products had approvimately 0.42%
manthol applisd to the tobacco bland. Products B, D and F
wars prepared vwith cardboard wmwouthpieces instead of CA
filtaers. With ussa of the cardboard mouthpieces, unfiltered
cigarettes wers smoked to the same butt length as the filtered
cigarsttes and consumed the same amount of tobacce and
penthol. Fack manthol levels decrsased through about 8 to 12
weaks (see Figurs 14). These pack manthol decreases vara
accompanied by reduced M5 menthol yield {sae Figure 17).
Packaging matarial psrmeabllity wvas assumed to be the cause
until it vas obsarvad that tha percent pack menthol values and
M5 transfer levels remained fairly constant for the rest of
the 437 weak study. This eliminated the permeability theory.
Another logical explanation was nmigration of menthel to
packaging matarial resulting in reduced amounts of wmenthel
available for transfer to ME (ses Table IX). The dats
supported this hypothesis. In the abesnce of the tremendous
manthol affinity provided by a plasticized CA filter,
significant menthol migration to packaging materials occurred
until the packaying materials were saturated. As much as 15%
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of tha applied menthol was found on the CPE. Whan the manthol
found on the packaging materiasls wvas added to that in the
cigarette, a menthal material balance was achisved.

FIG. 1&
Pack Menthol: Untiltersd* Cigarettes Over 42 Weaks
(Data Prom Best, 1992, Referenca 1)
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TABLE IX
Manthol Migration To CPB Packaging Matarial of Unfiltered

K5 Cigarstta With Cardboard Mouthpieces
{Data rrom Best, 1992, Raferenca 1)

. . Time (Weeks)
. I 8 —17 55
% Pack ¥enthol 0.41 0.36 0.4 0.32

Manthol {mg):

Rod 2.94 2.27 2,24
2.33ww
. Mouthpiecs 0.07 0.27 0.2%
Outarwrap* 0.00 0.038 0.045 0.043
Crushproof Box 0.00 0.409 0.529 0.564
Cigarstts 3.01 2.99 3.06 2.94
% Manthol On CPB o 11 17 19

sadjusted to milligrams per cigarstte
+4Rod and mouthplece

EXPECTS OF CIGARETTE CONSTRUCTION PARAMETERS

In 1982, Shofner and Ireland investigated the effect of
air dilution on ‘tar’, menthol and nicotine transfer (27).
They cbserved that percent yield reductions were linear for
all three paramsters over a 20% to 50% dilution range (see
Figurs 18). They found, that, “As axpected, the yleld
reduction of smoke condensate approached the 1:1 ratic line
vhen comparsd to air dilution. On a percent reduction basis,
manthol reduced wors than nicotine. Increasing air dilution
reduced the amcunt of smoke condsnsate deliverad but had less
of an affect on menthol and nicotine. The efficiency at which
menthol and nicotine are transferred Into mainstream
particulate incresses aven though less particulate smcke is
dalivered. Therefore, by increasing air dilution, the
nicotine to ‘tar’ ratic of smoke condensate was increased more
than the manthol to 'tar’ ratic.® For ventilation levels of
20% to 50%, air dilution had a smaller effect on reducing
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manthol ylelds compared to particulats sattsr ylslds and had
an even smaller effect on nicetine percent reductions.

FIG. 13
The Effect Of Alr Dilution On Percent Yleld Reduction
For *Tar’, Ricotine And Kenthol
(Data from Shofner and Ireland, 1982, Reference 27)
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In 1983, Woods raportad on effects of CA filtar and fiber
paramaters on senthol migration and transter (32). Woods
found that at a glven time after cigaretta preparation, thes
level of menthol found on filters incresased with increasing
plasticizer level. This supportad the earlisr findings of
curran (4). Woods further reported that menthol yields per
cigarette decreased with incrsased plasticizer level. The
parameters investigated by Woods sr& listsd in Tabla X in
order of the impact of thelr effects on M5 menthol yialds.
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TABLE X

Piltar And Fiber Parameter Effects On Delivered Menthol
In order Of Bignificance
(Data Prom Woods, 1983, Raferenc: 32)

Plasticizer Type
Total Denier
Plasticizer Level

Denier Per Filament

Rasults and clgarette descriptions from a study by Curran
(5} to determina the effect of filter surface area, filter
weight, plasticirzers, plasticirar concentration and storage
time on manthol migration from the tobacco to an acetate
filter of a filter cigarettas are compliled in Table XI. Curran
reported that, although there were significant differences in
the menthol content of filters with three different surface
arsas (171, 229 and 382 ca’), thare was no correlation between
filter surface arsa and the parcantage of menthel that
migrated from the tobacco to the fiiter. His data show that,
at constant total denier, menthol migration is faster at the
higher surface area/lower denier per filament (dpf) condition.
Curran purchased 84 mm clgarettas, removed the filters and
replaced them with unmanthclated experimental filters that
wers plasticized with 6% triacetin unless othervise noted.
Where apf, total denier and plasticizer level were constant,
& 10% increass in filter weight (142 mg to 156 mg) resulted in
only a 4% to 5% increase (21.7% to 22.7%) in menthol
nigration. Ha also sawv a definite effect of plasticizer lavel
on menthol migration. Lewis and Norman (13) found that as dpf
increased (i.e., as fewer fibers were lncorporated into the
tow bundle), surface area avallable for wenthol sorption
dacreassd and the amount of menthol available for delivery to
mainstrean wvas increased.
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TABLE XI

Effect Of FPilter Surface Aréa, Welght, Plasticizar,
Plasticizer Concentration And Storage Tima
On Menthol Migration
{Data From Curran, Reference 5)

Surface % Manthol on Filtar
Total Area L __ __ Storage Tims (Dave)
DPPs+ Denjer _fow’) PZs* Q0 4 9 14 22 .20 54
8.0 80,000 171 6 - 5.4 6.6 6.9 9.7 14.5 23,7
5.0 80,000 225 & - 5.4 8.6 8.2 11.1 17.8 27.9
1.6 57,000 382 6 - 5.3 B.) B.2 10.4 17.0 26.5
Filter
Welght
Amyl
3.3 42,000 142 6 - 4.5 5.7 7.0 8.7 15.0 21.7
3.3 42,000 156 6 - 4.5 5,7 8.0 10.3 15.7 22.7
3.3 42,000 - o 0 - 6.0 0.0 0.0 0.2 0.7
3.2 42,000 - 4 ¢ - 4.B 6.4 6.5 10.7 12.0
3.3 42,000 - 8§ o0 - €.% 11.3 11.7 14.7 21.9

-*DPP = Denier per filament
e4% PZ = Plasticizer

Effects of some filter tow parasetsars on wmenthol
migration and transfer to M5 are well explained in Hoschst
Celanese Technical Bulletin FPB-11 (10). Using 84 am
cigarettes with 27 mm CA tow tips treated with 9% triacetin,
menthol migrated more sfficlently to filters of higher total
denier (se# Figure 19}. When dpf and pressurs drop were held
conatant, tha effect was attributabls to mass differences.
Whan calculatsd on an aqual weight basis, menthol migratiom
was squivalant for total denier levels. Whan prassurs drop
and total denier wvers held constant, menthol migration to the
filter increased with increasing dpf dus to the grastsar tow
weight required te achieve a constant pressurs drop (see
Figure 20).
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FIG. 1%
Effect Of Total Denier Oon Tip Menthol Gain During Storage
(Data From Boechst Celanese Technical Bulletin, 1992,
Raference 10)

Menthol oa Fihier Befors Smoking (myg)

riG. 20
Effect Of Tow DPF On Tip Menthcl Absorption Durlng Storage
(Data From Hoechst Celanese Technical Bulletin, 1992,
Reference 10)

Manthal en Filtor Bafors Bmoking (mygl

Effect of total denier on menthol transfer to MS (over
the 17 weak storage pariod) is shown in Figure 21. As total
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BRI denier incrsasas, MS manthol yislds decresasse. This is dus to

- i greater menthol absorption (result of higher surface arsa) at

i higher total denier. As lllustrated in Pigure 32, mehtho}
transfer to MS was not affected by denier per filament.

FIG. 21
Effect Of Total Denimsr On Dealivered Menthol
(Data From Hoechst Celanesse Tachnical Bulletin, 1992,
Reterencs 10)
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FIG. 22

Effect Of Tow DPF On Deliversd Menthol
(Data Froa Hoechst Celaness Technical Bulletin, 1992,
Refarance 10)
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In the early 1980‘s, Norman et al. studied the effect of
filter pressure drop (varied by changing tow items), filter
ventilation level (citainsd by on-line laser perforation),
filter plasticlzer {triacetin) level and tobacco menthol load
on HS senthol yields of a popular 84 ma cigarette made with a
27 mm tilter (18). They developed regression models of MS
vields as functions of the four variables. The scope of this
prasentation does not include the model development but some
of the results of the study will be discussed. Pigure 23 thru
Figure 26 and Figure 28 were calculated from the regression
models. M5 menthol yields were significantly correlated with
filter drarft, ventilation level and tobacco senthol load. A
small but statistically significant regression coefficient was
also found for the plasticizer level. At given plasticizer
and filter draft levels, as ventilation level increassd,
menthol yields decreased {gee Figure 23). Also, at given
plasticizer and fjilter ventilation levels, as filter draft
increased, senthol yislds decreased. As plasticizer level
incresasad thers veres slight decreases in menthel yields at all
combinations. Therefore, menthol delivery ar a given FTC
‘tar’ yisld dapends on the particular combination of filter
draft and ventilation level used. HMS FTC ‘tar’ versus menthol
yield is shown in Figure 24 for all three filter ventilation
levels. Filter Araft was varied to effect the changes in FIC
‘tar’, As 'tar’ increassd, M5 wenthol ylelds increased at all
veantilation levals. But, as ventilation levels increased,
menthol increasss vers gresataer (in other words as ‘tar’ levels
increassd, manthol/’tar’ ratios increassd with increasing
vantilation). Wwhitton and McAdam later reported a simllar
relationship between smoke yield and HS menthol transfar for
an undiluted flus—cured cigaretts (30). HNorman at al. also
investigated the effects of filter ventilation and draft on
manthol transfer as illustrated in Figure 25. As ventilation
increased, manthol tranafer decreased for all three draft
lavels, and as draft increassd, santhol transfer decrsassd,
This relationship betwesn menthol/’tar’ ratios (pg/mg) and
vantilation for different filter draft levels is shown in
Fiqure 26.
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FIG. 23}
Computed Menthol Delivery As A Function
of Plasticizer Lavel
{Data From Norman et al., 1984, Raference 18]
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Vent = filter ventilation

At lower draft levels ths senthol per unit ‘tar/
increases with ventilation. At tha higher draft lsvel
(170 mm) almost no effect of ventilation is obssrved. 1In the
praviously mentionsad msenthol JWD study (22), it vas found that
tobacce menthol load (pack menthol} wvas most important to
manthol delivery per unit ’tar’, Perfetti and Gordin fournd
that for a particular configuration, the relationship between
pack menthol (menthol load) and menthol transfer was highly
linear for full flavor menthol (FFH), full flavor low ‘tar’
menthol (FFLTH) and ultra low ‘tar’ menthel (ULTH]} products
as shown in Figure 27 for the FFH product. Data for the FFUM
and ULT configurations wera very similar. FPiqurs 24 is a plot
of menthol transfar as a function of FIC ‘tar’ yileld whesn
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filter drafts were varied to effect changss in ‘tar’. Menthol
transfer increased with increased ‘tar’ yields and increased
ventilation lavel. Bowever, for a givan ‘tar’ lesvel, menthol
transfer can be slightly increassd by the combination of
lowered filter drafts and increased ventilation. Although
they can ba ussed to influence meanthol transfer, adjugtment of
the cigarette paramaters in this study did little to improve
wenthol transfer efficiency. The range of control of menthol
transfers was extremely limited when the ‘tar’ yield and
tobacco menthol load were arbitrarily fixed.

FIG. 24
Computad Menthol Delivery As A Punction Of FIC rTar’
{Data From Norman et al., 1904, Reference 18)
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FIG. 25
Effacts Of Ventilation And Filter Draft On
Fraction Of Applied Menthol Delivered
{Data Frcom Norman st al., 1984, Refa&rence 1b)
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Draft units are mm H.0 at 17.5 cc/sec flow

Whitton and HKcAdas described factors that influance
wenthol transfers from flue-cured tobacce clgarettes preparsd
with CA filters treated with 7% to 8% triacatin (30). They
tound that menthol transfer increased with increased smoke
yield. They also found that menthol transfar is sensitive to
chemical composition of smoke {Curran had claimed earlier that
cigarette smoks changes the affinity of CA filtars for menthol
(4)]1. They concluded that saoke moisturs (over ths rangs
studied} had 1littla influence on the amount of menthol
tranaferred to smoke. Cigaretts moisturs content at tima of
smoking ranged from 5.1% to 12.8%. This is in good agresment
with unpublished RJR findings (11, 18). When octanoic acid
wag added to the tobacco column, menthol transfer increased
but was accompanised hy a4 MS increase, In a study to measurs
menthol transfer from CA filters, WwWhitton and McAdam found
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that, becauss of high manthol lavels in filters, filtration
sfticiency increassd resulting in TPM decreases. Data in
Table XII shov the influsnce of manthol filter lavel on actual
menthol transfer and transfer normalized to reflect TFM
changes.

FIG. 26
Computed Msnthol/’Tar’ Ratios Versus
Ventilation Level For Various Filter Drafts
{Data From Norman et al., 1984, Rafarence 18)

———== Filiter Deaft = 170 mm
sererres Filter Draft = 110 mm
—— Filter Draft = 50 mm

T T T T T YTy y
T 1

Menthol/Tar’ (ug/mg)
8B & & & 8 & 8

[ S U FIIE I s e |

0 10 20 30 40 50 80 70
Ventilation Level (%)

Draft units are mm H.O at 17.5 cc/scc flow

According to Whitton and Mchdam, “thess results indicate
that the percent transfer lavels are depandent upon the
initial menthol loading on the filter, with higher tranafer
efficiency at low loading levels.™ The actual optimum menthol
filter load is probably below 6.2%.
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FlG. 27
Manthol JND For FF &5 mm Products
Pack Menthol Versus smoke Menthol
(Data From Perfetti And Gordin, 1985, Reference 212)
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Menthol Transfer As A Function Of FTC ‘Tar’ Delivery
As Varied By Ventilation And Filtar Draft
(Data From Norman st al,, 1984, Refarance 18)
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TABLE XII

Influance Of Load Laval On Transfer Cf Menthol
From CA filters
(Data From Whitton, 1991, Refersence 30)

Henthol
Piltar s Actual Adjusted
Load Yield Transfer Transfer
—A{ma) Imq) i3 ¢ 3
6.2 49.0 79 (19
13.2 63.6 62 41
18.7 47.2 4 31
23.0 35.6 22 27
30.1 26.6 16 27
3.8 20.9 9 18

This presentation has dealt mainly with observations and
soms speculation about menthol migration and transfer. Some
reviev and new disclosures have besn included. One additional
disclosurs of an unusual phencsenon that has been observed in
ouy laboratories over the last several years will be made in
this presentation. Generally, menthol M5 transfer patterns
gvar time are lllustrated as a smocth curve (see Figure 10).
Tha menthol transfer pattern from filtered cigarettes to N5,
increasing from O-time to a peak at ssveral wveeks than
gradually declining, was discussad sarlier. However, closse
sxamination of tha data in rigure 9 [each peint is an average
of 4 raeplicata analysss with very tight standard dsviations
(1)] show that menthol yleld increassd rapidly from O-time
levels for sevaral wvesks. Howavar, following these initial
increases, significant drops in manthol yield occurred
followed by rises in menthol MS yislds for all thres products
after peak yiald wvas achleved. Manthol yield appears to cycle
slightly throughout the study. These initial decreases in
menthol yield occurrad at diffarant times: three weaeks for
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IR E: ‘ the Ot propylena glycol product, four wvesks for the 0.48%
.3 propylens glycel product and eight weeks for the 0.80%
; ‘ propylans glyesl product, for thess thres different but vary
similar products, thus ruling out a tims related analytical
‘ probles. Samples wera submitted for analysis at the sase time
for all products at each time point. Similar menthol transfer
patterns to M5, over time, have been noticed in the literature
(7, 25, 28). These invastigators, in the absenca of
statistical corroboration, made no assartion that thess
menthol transfer cycles wers raal. They may havse felt that
the random cycling in wenthol yields was &n analytical
anomsly, and it may well be. However, for this study, manthol -
migration to filters was also measured for sach set of
cigarettes at the same time the ME menthol snalyses ware
performed (ses Figure 7) and there ware no cbserved cycling
phenomena in migration valuss. Examination of the results in
light of the successful modeling studies on othsr cigarstts
behaviors (1%, 29) has led to the following considerations:

a, <Carefu] studies of changes in menthol transfer to MS
with aging suggest a more complex behavior than
previcusly reported.

b. There is evidence from theses aging date that senthol
transfars do not simply increass to s maximus than
decline moothly. Ratier, there may ba rsproducible
fine structura on the declining portion which is
affacted by various cigaratte design parssstars,

c. ‘Thess rasults may be consistent vith a mors complex
mechanisa of menthol migration and transfer.

d. Detalled analysis of the kinetice of migration and
menthol transfer to M5 smoke with aging may give
more insight into these datails.

SUMMARY

As wa have sesn, menthol migration and transfer to M5
with filtered cigarettes are complex processes., The following
is an attempt to select some highlights from the 0ld and new
research: '
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Deapending on cigarette construction parameters, over
50% of the menthol in a cigaratts can be delivered
to M5,

AS a rasult of changes in contemporary cigarette
construction to contrel the yilsld of total
particulate wmatter, nicotine and other swcke
components, menthol transfer to MS is generally 10%
or lese.

There is very little, 1% or less, menthol
contribution to MS vapor phase as thermal
dscomposition products.

Cigarstte construction porameters influence the
distribution of manthol batween MS and 55,

Menthol migrates raplidly to plasticized cA filters
vith plasticlizer acting as the driving force.
Menthol on filters can both enhance and inhikit the
transfer of manthol ta MS.

¥When menthol is applied to tha blend only, menthol
transfer to smoke 1is lov unti]l abgut 20% of the
merthol has migrated to thae fllters.

Manthol transfers to smoke very efficiently from
freshly mentholated cigarette filtars.

The optimum initial menthol level on the filter, for
uniform menthol transfer to smoke over time, {8 25%
to 30%.

AS menthol penetrates the fibers of plasticized CA
filtars over time, less is available for elution to
NS and transfer sfficisncy decreases.

As long as senthol aigration to the filter equals or
axcesds penatration into the filter fibers, transfer
efficiancy to M5 remains level or increases.
Propylens glycol added to filters enhances menthol
migration to filters.

Addition of propylane glycol or glycerol to filters
rasults in decresased manthol transfer to smoke.
Mdition of propylene glycol to the blend results in
propylene glycol migration to the filter which in
turn anhances menthol migration to the filter.
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F Howaver, this ultimately results in reduced manths)

"‘ transfer to MS.

3 o. Ditferent tobacco types have different affinities
for menthol (oriental/Turkish > virginia/tlus—cured
> burley > expanded burley/Virginia blend >
reconstituted sheet) that result in different rates
of menthol migration to the filters of cigarettes
made from 2 single tobacco type.

p. Different tobacco types smolder at differant rates.
This difference affects tha distribution of menthol
and probably all additives bstween MS and 56.

g. For most efficient manthol transfer, the optimum
triacetin level on CA filters {s around 5% to 6%.

r. Henthol is transferred to smoke mora sfficiently
from a wentholated filter than from a mentholated
blend,

s. Menthol is eluted more afficiently from a flilter
without triacetin, but, even with triacetin, senthol
in the filter is about twicé as likaly to be
delivered to HS as is penthol in the tobaccd column,

t. For unfiltered cigarattes or cigarsttes vwith filters
lacking apprsclable menthol affinity, significant
amounts of menthol will migrata to the cigarette
packaging materials resulting in reduced msenthol
available for transfer to KS.

u, At given plasticizer and filter vantilation lavels,
as filter draft increasss wmenthol ftransfers
decrease,

v. Menthol tranafer st a givan FTC ’tar’ yield depands
on the particular combination of filter draft and
ventilation level.

¥. AS ‘tar’ increases, manthol transfers incraass at
all ventilation lavals

X. At lower draft levels, wmeanthol per unit rtar’
increases with ventlilation but at higher draft
levels there is no eftect of ventilation.

¥. Although adjustment of cigarette paramstsrs can be
used to affect menthol transafer, whaen tha ‘tar’

e
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yield and tobacco menthol load is arbitrarily fixed,
the range of control ls extremely limited.
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SYMPOSIUM SUMMARY

Thomas A. Perfetti

R. J. Reynolds Tobacco Company
Bowman Gray Technical Center
F. O, Box 1487
Winston-Salem, NC 27102

The history, sclence and technology surrounding the
topics of senthol and mentholated cigarsttes are exciting and
challenging. Our speakars have allowsd us to travel with thea
through history during this symposium. Many of you have
walked the path of this journey and have contributed to our
overall understanding of menthol and mentholated cigarettes,
Many of the pionsars whe tirst axperimntesd with the
davalopmsnt of sentholatsd cigarettas are no longer with us.
Bopefully, we have represented them well. The record of this
sysposium will be a valuable resourca for the future as well
as a valuable contribution to an already rich historical
record dealing with tobacco and smocke chemistry.

I am cartain we all are thankful to cur speakare for the
sxcellent reviews which they have shared with us,

Lat me thank the Program Editorial Committee of this TCRC
for asking me to chair this symposium. I feel vary honored to
have worked with all of thes speakers over the last few months
of An area of sclancs that I truly enjoy.

As I introduced the symposium with a provocative thought,
let me leave the symposivi condidering the wvords of Eric
Noffer, the Longshoreman Philosopher:

*In timss of change, laarnsrs inherit the sarth,
while the learned find themselvas beautifully
prepared to deal with the world that no longer
axists.”
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