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ireface

Volume 19 of Recent Advances in ibbacao Science presents

a review of a very important subject to the tobacco industry

uMer the title •1lenthol and the Design of Mentholated

Ciqarettes .• The six symposium speakers bring together a

wealth of experience and research on the subject, covering

topics ranging froa the chemistry of menthol to its use in
designing sentholated cigarettes .

The Prograa Editorial Coaaittee thanks each of the

authors for their contributions to the symposium progras and

to this present Recent Advances 1n Tobacco Science edition .

Special recognition qces to Thomas A. Perfetti, Symposium

CDairean, for his efforts in organizing and coordinating the

symposium papers .

S. Wayne McCarty, Chairman
Proqra. Editorial Co.aittse
47th Tobacco Cheaist.' Research Conference
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INTRODUCTION TO SYMPOSIUM

Thomas A. Perfetti

R . J . Reynolds Tobacco Company
Bowaan Gray Technical Center

P. O. Box 1487
Winston-Salem, RC 27102

•TM .ost important tool you have is your aind. The wst

important technique ve can ever apply is to keep our ainds

open.• 8o.sone of great insight left us with this deep

thought. As we begin this symposium, let us keep our minds

open to take in new ideas and concepts to share, nurture, and

build on .

This symposium will center on two topics, that to my

knowledge, beva not been previously reviewed at this

conferenca, namely menthol and mentholated cigarettes .

Menthol is "one of the primary flavorants employed in the

tobeoco ilWustry. Mentholated cigarattes represent a aajor

product line, accounting for about 25% of the market in the

United States . There is a very larga body of works on both

topics which will be reviewed today by known experts in their

respective fields . It is our hope this symposium will be of

great benefit to the industry and to you, the participants .

It is also our hope that aach of you will find value in this

work and that you will be able to apply some of the ideas and

concepts to your own situation .

Dr. Rudolph Ropp of Haarmann & Refiar .ftibil will discuss

the origin of menthol, its chemistry, and Sts physiological

and toxicological properties. Mr. August J . Borschka of R . J. ~

Reynolds Tobacco Co.pany will review tachnologies ralatinq to Q~

menthol use in cigarette. . Mr . Borschke is an attorney and ~

~will trace the historical developments of mentholated

cigarettes from the patent perspective . Dr . Jack R. Reid of

Lorillard Tobacco Company will present a talk concerning the w

1
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colorful history surrounding the development of the

mentholated cigarette market. Dr. Michael F. Eorqardinq of

R. J. Reynolds Tobacco Company will deliver an overview of the

chemical deter.lnatlons of menthol eaployed in the tobacco

industry from an historical perspective. Dr . Steven A .

Wilson of Eastman me .iul Company will discuss the

theoretical aspects of asnthol migration and transfer .

Pinally, Mr. Pred W. Best of R. J. Reynolds Tobacco Company

makes a presentation dealing with effects of cigarette

construction parameters on menthol migration and transfer .

Sefora turning the program over to our first speaksr, let

me note that we are all indebted not only to our speakers but

also to their sponsors who have supported their participation .

Additionally, we are also beholden to a host of individuals,

groups and institutions, companies and corporations vhose

invastlgatlons and reports ad support of research in this

field make this symposium possible .

2
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MENTHOL: fTS ONGINS, CHEMISTRY, PHYSIOLOGY
AND TOXICOLOGICAL PROPERTIES

Rudolf 9opp

Raaraann & Reiser GshR
Corporate Research
Ruuohrtalstrasse 1

D-TI603 Molrsinden, Geraany

ABSTRLQ

(-)-Mnthol, the >tain constituent of pepperaint oils, is

the world's second largest arosa che.ical. It is shown that

the sajor types of pepper.int oil are different with respect

to flavor profile and chuical co.position . In the

biosyntbesis of the main constituents, geranyl pyrophosphate

is first eycli=ed snantiosalectivaly to (-)-llacnene and then

transforrd to the oxygenated p-asntkanes . The stereo-

chaistry of aenthol is a good exaaple of structure-odor

relationship . Preparation and sensory l.pressions of the

eight enantiosers are described . Cornsint oil (aentha

arvensis) is still the .ain source of (-)-rnthol, though a

few synthetic processes have to be .entioned which have

achieved ccoercial Saportance . She .ajor sensory property of

(-)-senUol !s its cooling sensation on the skin or in the

emutb. This effect raults fras a stisulating action on

peripheral cold receptors . Soss nenthol analogues, possessing

a longer lasting cooling effect, have been developed and

iarketed sore recently . The reviewed toxicological and

biological studies on .enthol show that it is nontoxic at

lavels used in cooercial products, not carcinogenic and

easily biodegradable .

3
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Mint As A Taste Trend

Mint (both peppermint and spearmint) is the world's

third wat popular flavor complex, being surpassed only by

vanilla and citrus flavors . The .ein applications (Figure 1)

consist of oral hygiene products, cheving qua and

confectionery . World consumption in 1989 was estimated at

sore than 10,000 tons (30) .

The desire for mint flavors, especially peppermint, was

originally an English phenomenon . The aenthe pSparite plant

was first cultivated in Mitchas, a town southeast of

Icndon (10, 11) . Proa Mitchu, use of this oil as a flevorant

spread throughout all English-spsaking overseas countries,

e.g., Australia, South Africa and the United States . In

recent decades, mint flavors have gained incrusinq popularity

on the European continent and in numerous other countries

throughout the world. The high acceptance of mint is based

not only on its pleasant taste, but also on its association

with freshness and cleanliness . An important feature of mint

flavor is its cooling sensation in the oral cavity, i.partW

by (-)-.enthol, the tain constituent of peppermint oil .

FIG. 1

Main Appllcations Of Mint Flavors

Source: https://www.industrydocuments.ucsf.edu/docs/npxm0068
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i.nne.+~nt Oila M /-~- MMl

lasida spaaraint oil (fros sentha cardiaca or sentha

spicata) which Ss not reviewed here, p.pparaint oils and

(-)-.enthol are tbe sain .int commodities . t1a have to

distinguish between (a) -true• pspperaint oil (also known aa

Nitcham oil, )lssriun peppar.int oil or M. pipsrlta oil)

obtained frw ssnths piperita varieties, and (b) cornsint oil

(Japanese .int oil, M. arvsnsis oil) obtained froa asnths

arvensis varieties .

The production of M . plperita oil is dosinated by the

Unitad States and aaounted there to approxi.ately 3,000 tons

in 1992, l .e., awre than 903 of the rorld production . For

.ca.wic and quality reasons M. piperita oil is used al.ost

exclusively as a tlavorant .

As a result of its high aenthol content of approxi.ately

80% . crude M. arvenals oil is always used as a raw .aterial
for the production of (-)-santbol. The relatively sisple

freezing process provides rnthol crystals and the rasaining

all 1s known as 'dsrnUwlated papperaint o11.• For years,

Brazil (and soma parts of Paraguay) ras the .ain growing area

with a peak production of around 6,000 tons of crude oil in

1972/1973 . Today, CTina and India contribute 6,.000 and 5,000

tons, respectively, to an estiaated overall world production

of 12,000 tona (Table I) .

T71BLE I

Buppliars Of (-)-Manthol

8umlisr 1992 Tonsi 1978 Tons

tLina= 2,300 500
I1dia= 750 10D
Brazil/Paraguay 350 900
Baaraann a )Ie11erl 1,600 600
Takasagol 650 500
otbers 650 900 a
Total 6,300 3,500

n
Go

' LStiaatad by Baarsann 6 Reiser Arosa Ciesical Division tDot including internal consuaption
W
C,.)
05

ISynthetic senthol C.J

i

5
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Though cornmint oil is still the main source of

(-)-aenthol, many syntbetic processes have been developd,

starting tros natural optlcally active rar materials, e .q .,

(+)-citronellal or (+)-3-carene, or from basic organic

cheaicals, such as a-cresol or isoprene . Only a few processes

(uva been cooercially successful . In the past, synthetic

menthol was only produced on a smaller scale when menthol

prices were high due to shortfalls in the production of

natural menthol. Theae fluctuations in (-)-rnthol prices did

not end until a few manufacturers (Glidden, Haarmann i Ni .ar

and Takasago) made considerable invutsrnts to produce on a

larqe scale (-)-.enthol by totally synthetic or seaisynthetic

means. Today, production of synthetic (-)-rnthol accounts

for approximately 35% of the world market .

(-)-Menthol is widely usW in pharmaceutical, oral care,

tobacco, confectionery and perfumed products because of its

unique cooling and stimulant effect (Figure 2 and Table II) .

FIG . 2

Major oses Of Menthol

Orri rse
30%

TobUcco
20%

Otlws
5%

pbrm.owtials
35%

Remarkably, none of the other seven enantio.ers of

p-senthan-3-ol,gives rise to a comparable cooling ssnsstion .

As will be shown later on, for special uses several cooling

agents have been developed, which are less volatile and

6
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possess a longer lasting cooling effect compared to

(-) -rnthol .

TABLE II

suggested Dosage Of (-)-Menthol In Various Products,
Usually In Addition To Essential Oils

(e.q ., Pnpperaint Oil), Flavors Or Perfu>tes

Prnducts Ooseae (i1

Druqs 0.1

tledicated oils 2 .0 - 4 .0

Idnisents 2 .0 - 3 .0

QLaI CMe

Toothpaste 0.5

Nouthvashes (COnwntrated) 1.0 - 2 .0

22hao22-C22d!

Regular Ciqarettes 0.003

Menthol Cigarettes 0.1 - 0.2 (Weak Effect)

Menthol Cigarettes 0 .25 - 0 .45 (Strong Effect)

Pipe Tobacco 0.3

C)lwing Tobacco 0.05 - 0 .1

s8ntssLlv02rx
ClNViny GUR 0 .5

f:ough Drops/Losenges 0.1

Licorice 0 .05 - 0.1

PerfVued YrGducts

Preshave Lotions 0 .2 - 0 .3

Nandlcerchiefs 0 .1 - 0.2

Foot Sprays 0.5

Rsfreshing Towls 1.0

Cooling Gals 1.0

Last but not least, (-)-senthol ia used in synthetic

substitutes of M . piperita oil along with sose senthol

derivatives and other constituents of pepperiint oil .

7
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THE ORIGINS OP PEPPOUIINI' AMD Mf1iTBOL

This part is based chiefly upon the reviw of

Landing (19) on peppermint oil and the standard works of

Gildesaistar and Noffsann (10) or Guenther (11) on essential

oils .

peppermint and Japanese mint are members of a complex

botanical fasily referred to as Lahlatae (two-lipped flowers)

which is represented in essential oil production (besides

sints) by such well-known and widely used plants as rosemary,

lavender, basil, sage, and thyme . The genus santha, which

includes the true mints, is believed to have originated in the '

Mediterranean basin and spread fros there to the rest of the

world by both natural and artificial seens .

The major properties of the sint., a delightful aroma and

a .ildly stinging fresh taste, have been recognized since

ancient days . Mints are ..ntioned twice in the New Testament

(Matthew 23 :23 and Luke 11 :42) and the distillation of mint

oil appeared in the literatura as early as 410 A .O . in an

account written by Synesius of Alexandria, the Bishop of

Ptolesais. In the 10th century A .O., a Jspanese .edical book

described the utilization of mint in an eyewash preparation .

In stsdieval Europe, sints and other useful herbs wsri

cultivated in the monastery and convent gardens . The .onks

and the nuns compounded fros these herbs numerous sedicines

for the ailsents of the day . But it ia doubtful if the plant

which we know today as peppermint already existed in those

times. Specimens of our cultivated sentha plperlta L., which

is considered a triple cross between M. sylvestrla L .

. M. rotundifolia L. and M. aoguatlca L ., were discovered in

1696 near Hertfordshire, Sgland by a Dr . Lles and later in

Essex by a Mr . Dale . They were described by John Ray (2s) .

By 1750 peppermint ras being commercially cultivated near

Mitchas in the county of surrey, England . Cooarcial

peppermint production moved outward from England to the

Netherlands about 1770 and soon spread into Germany, France

and the United States . Today, sost of the world's production

is derived from the so-called English or black ∎int

(M. piperlta variety vulqaris L .) . Menthol obtained fros.

e
88338330
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pepprsint oil was first described by faubius in 1771 as

•CaapBora Buropaea Menthas Piperitidis .•

Menthol troa M. arvensis oil has been used in Japan for

about 300 years- About 350 A .D ., Snzan (a Japanese priest)

prolgbt mint plants fros Ch1na to Japan and planted them in

the vicinity of IIyoto, but distillation of Japanese mint and

preparation of senthol frOSS mint oil probably did not start

before the snd of the 17th century (17) . Japan advanced to

tbe rorld•s dosinant supplier of aenthol when, starting about

1670, large acrsages of mint were planted on the .ain island

and on Mokkaido . The dcminant variety grown in Japan was

M. arvensls variety piperaacans Malinvaud. Prior to World War

II (1935 to 1939) Japan's annual export of rntlNol a .ounted to

approxisately 300 tons, about 70% of the world .arket . The

balance was furnished .ainly by China where pri.arily

M . arvensls variety glabrata Bolses was grown .

The sudden disruption of supply, due to Japan's entry

lato the war, encouraged Brazilian entrepreneurs to start with

the production of cornaint oil and .enthol. M. arvensis

variety pipsraac.ns was introduced to Brazil by Japanese

iraligrants and was first planted in the state of B8o Paulo

about 1936 on a sqall scale . But later on, virgin land and

forest were cleared for this nw crop, and sentbol Production

increased rapidly, fros a fer tons in 1941 to 500 tons in

1945. 1After the var, production was continued at a lover

level and increased again since 1955, reaching a peak of

around 3,000 tons in 1973 . Since then production has fallen

rapidly to around 350 tona in 1992 . There have been several

reasons for this decrease : (a) liiitW availability of virgin

land suitable for mint cultivation, (b) decreasing

attractiveness of aint ca.partl with other crops, (c)

coMpetltion of China and, aore recently, India, and (d)

c0.petltion of synthetic esnthol .

flavor Profile

Cospwr.d with M. arvensis, K. plperlta oils are

∎ignificantly sore valuable and higher in quality . Their

9
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flavor is fresher, richer, seeater, and sors well rwnasd . As

shown in the co.parativa flavor profiles (Fiqurs ]) such

positiva flavor charactaristica as ispact, taste voluse

(fullness), freshness, cooling, sv..tnus, and the notss of

taa, hay, canoaile and flwers are siora pronounced in

M. ptparita oils .

FIG . 3

Flavor Profiles Of Mentha Pipertta and Msntha .lrvsnsis Oil

10
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The harsher flavor of M . arvensle oila is characterized

by pronounced earthy, auahroory, phenolic and bitter notes .

Soms, of these ditferencies can be corrected by rectification ;

however, the correction is very li .ited . Therefore, the

rectified cornmint oils are merely used as extenders for

pepper.int oils (30) .

Cbaical Cosswsition

The chemical cospoaitions of pepperaint and deaentholized

corn.int oil have been the subject of numerous studies (20) .

as can be seen in Table III, both oils contain similar

quantities of the .ain constituents menthol, senthone, aenthyl

acitate and newenthol .

TABLE III

Typical Che.Scal Compositions Of Peppermint And
Ooentholised Corneint Oil : Oxygenated p-Menthanes

[o.mund
Peppert•int Oil

(t1

Cornaint Oil
(Brazil)

i

Ilenthol 40 30

Isomntbol 0.3 Trace
Micomentlwl 3 3
∎eoisOrntbol 0.8 0.4
Menthyl Acetate 4 4
Isosanthyl Acetate 0.3 0.2

Msosi.nthyl Acetate 0.2 0.05
Beoiao.anthyl Acetate
Isopuleqol

Trace
Trace

Ttace
0.4

IMolsopuleqol Trace 0.6

Isolsopuuleqol - 0.5

lrans-Sabinene Hydrate 0.8 Trace
1,t-Cineole 5 0 .5
NentAM:e 22 30

Isousnt4one 3 10
Puleyone 1 1

PiPeritOne 0.5 2 QD
MenthOfuran I - 4 Trace - 0.2 ~

IMnthoturolaatona 0.05 Trace ~
GJ
~
t.i

11
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Borever, valuable flavoring substances, such as

1,6-cineole, sentbofuran, sabinene hydrate and

sientbofurolectone (sintlactone) are found in much higher

concentratlons in M. piperita oil. They are responsible for

the positive flavor characteristics of pepparsint oil,

together with numerous hlqh-iapact flavor compounds which have

been detected among a total of around one thousand ainor and

trace constituents. TAese have been isolated and

characterized using bigh-perfor.ance analytical methods and by

the systematic evaluation of the orqanoleptic properties .

This was a decisive step toward high-quality synthetic

duplicates of peppermint oil (30, 36) .

Chirospecific analytical methods have been used to

determine the optical purity of various peppermint caponents

(Figure 4, Figure 5 and Figure 6) . Markhoff K a1. (7a, 39)

demonstrated that the menthol and sienthone isomers in both

M. ptperita and M. arvensis oils are almost optically pure

(> 99 .5%) . That is also true for minor components such as

rnthofurolactona (40) . Today, fused silica GC columns coated

with modified cyclodeatrins are the most powerful tools for

the separation of enantioaers . In flavor and essential oil

research, usually a praseparation step ls necessary. It is

possible either by preparative capillary oC (off-line method)

or by multidimensional OC (1mGC) including heart-cutting

techniques from an achiral pre.eparatlon column onto a chiral

.ain-colwn (on-line coupling) .

Biosvnthesis Of C1-Oxvaenated o-Menthanes

The high optical purity of peppermint constituents ls

attributed to the stereowlectlvely controlled biosynthetic

ateps involved in their formation . Croteau st a1 . have

studied the biosyntbasis of C3- and C6-oxyqenated p-..nthana,

in aentha species for several years and proposed the pathway

outlined in Figure 7 (6) .

12
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FIG . 4

Optical Puzity of Peppaxr.int Cbnstitu.nts: Menthol iso.ers

0

I Neonwnthol

3 mentlal

(-)
>995%

c•) II I-I

Peppermint oil

Achiral column: DB-WAX

2 Neolaornenthol

w P

4 Isomenthol

(Z)
QD
W
C..)

Chiral column : Heptakis-(2.3.6-tri-O-methyl)-S-cydodextrin W

W

I

13
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PIG . 5

Optical Purity Of P.pp.c.int con.titu.nt. :
n.nthon. AM I.on.nthon.

Peppermint oil

(-)

Natural enantiomer
composition

Achiral column: DB-WAX

>99.5% (+)
(-)

Raoemate

Menttwne
Chiral column :
Octakis-(3-4tri8uoracetyl-2,6-0i-O-pentyl)- y -Cydodex(rin

(+) >99.5% O (+)

(-)
Natural enantiomer
composition 0 Racemat

~
Isomenthone ~

Chiral column: Heptakfs-(2,3,6-tri-O-meth I)- ~y S -cyclodextrin W
W
W

I. ~
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lIG. 6
Optical Purity of Pepperft.nt Constituents : MentRyl Acetste

Peppermint
oil

1h
Achiral column: DB-WAX

Natural composition (7) Racemate

('1
>99-5%

CCOCH3

-L Menihyl acetate

Chiral column : Heptakis-(2,3,6-tri-O-methy)-S-Cydodextrin

The first stage of .onoterpene biosynthesis involves a

coupled iscaerisation-cyclisation reaction by vhich the

universal c10-isoprenoid ptvwrsor geranyl pyrophosphate

is transfors»d to initial cyclic products . In the case of

pepper.int, (-)-lisonene synthase catalyses the forsetion of

(-t-llaoneM . The next step, the cytorbro.e P{50-0ependent

hydroxylation of (-)-lisenene leads specifically to

(-)-trans-isopiperitenol . An 1UD-dependant terpenol

debydrogenase converts (-)-trans-isopiperitenol to

(-)-isopipsrite+wne .

15
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rlc. 7
rathray For The eiosynthuie of CJ-oxyqenated p-tlenthane

1lonoterpenas rrom Geranyl Pyrophosphate

~
- --- ~~2~

The next step in the s.quenee is the MADPN-depadent

reduction of the A'-2-douhle bond of isopiperitenone to yield

(+)-eis-isopulaqone. The ho.uallylic double bond of

cis-isopulegons is then isorrised to the allylic position to

afford (+)-puleqone as the product . The ensyme res"bles the

well-known ketosteroid isorrases in eatalysinq en

intrasolacular hydrogen .igration and in requiring no

cofactors .

The reaininq steps of the sequence are notable for the

prea.nce of two stereosp.cifle double bond roductaaes

(MADWI-dependent) for the convereion of (-)-polaqone to

(-)-snthona and to (+)-isoeenthone, and two stereoepecifie

dehydroqenases responsible for the reduction of (-)-fenttwne

to (-)-.enthol and to (+)-naoeenthol, respectively . The aaar

tvo dehydrogenases reduce (+)-isamenthone to (+)rneulsonanthol

and to (+)-lsoeenthol, respectively . 11Te pri.ary rtabolitu

16
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that accwulate in pepperaint are (-) -senthone and

(-)-aenthol .

5?77lEQISOIf0t5 OF tlBiT1iOL

fo.~-latu-- a_M Greohic for .ulas

The work on the structure elucidation and stereoisoaerisa

of aenthol, and the preparation of pure stereoisosers, has

been shared by aany proeinent workers, as reviewed by Sisonsen

and OVen (31) and Merkel .

(-)-Ilenthol (Figure 8) is one of eight enantiosers of

Menthol (p-rnthan-7-ol) oring to three asyasetric centers in

the .o)acule (figure 9) . The R,S nosenclature and/or space

foraalas ara used to define the absolute configuration, e .g .,

(1R, 7R, a5)-aanthol for (-)-senthol . In recent years,

Cheaical Abstracts has adopted a cosbined R,S and a,s

nosenclature (the latter is used in steroid chesistry) .

Menthol is listed under the nase cyclohexanol-S-sethyl-

7-(lrasthylethyl) and the configuration of (-)-senthol is

characterized as (1R-(1a,2B,5a)] .

FIG. a
Various Graphic 7oraulas Of (-)-Nenthol

prenaratim iM a_=lvticl Date

tor sensory evaluations, six of the eight anantiosers of

Menthol had to be prepared and purified, as both (-) and

(i)-senthol were available fros the Naaraann & Eteiner Menthol

process. In Table IV, starting asterials, Methods of

preparation and purification proeedures are sumrized (9) .
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FIG. 9
The 61qRt Menthol 6t.reoisoisers
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TABLE IV

Preparation And Purification Of Menthol Bnantiomers

Pr.par.d Starting Material,
muetio.ar o.`aelon Method

(+)-Isosanthol Sodlua Reduction Of A
(-)-M.nthona/
(+)-Isosenthone
MSYtura (77 :23)

Separation,
Puzifiution

Rectif iution,
(-)-ISOaantTol Sodiua Reduction Of A Derivatization

(+)-Menthona/ (Anisate),
(-)-Isaaenthone Crystallization

' Mixture (77 :23) Which And
Is Obtained By Saponification
Oxidation (NatfSiOq/
MisO,) And
Isa.erization (NaOB)
Tro. (+)-Menthol

(+)-N.oasnthol . NaBB Reduction Of
(-)-6nthone
Provides A 50 :50
Mixture Of Menthol
And Naa.entbol

(-)-Naaaanthol As Abova,
. Btarting Fro.

(+)-Manthona Which
Is Obtainad Fros
(+)-Manthol By
Oxidation

Rectification,
Derivatization,
Crystallizatlon
(Acetate) And
Saponification

(+)-NwiwMnthol MaBB Reduction Of
(+)-iso.anthona
Gives $74
Naoiso.anthol ;
(+)-isoasnthone Is Rectification,
Obtainad By BPI.C Preparative
Saparation MYLC

(-)-M.olso.anthol As Above,
Starting Prm
(-) -Isornthone

---'-----------------------------------_-------------------

Physical and analytical data are listed in Table V .
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TABLE V

Physical And Analytical Data Of The Stereoieo .era Of Menthol

~ - ~ M .p . s .p .

$ubstanoe .I .2 Purity R.L= purlty (a)T° C •C

(-)-Menthol 100% 100t -5
)

43
(+)-Menthol 1632 100% 1160 100, +50.1• 216 .5
(2)-Mentbol 200% 100t - ls

(-)-ISO.enthol 100% 100t -25.9•
) 82(+)-ISONntbol 1659 1001 1174

100%

+24 .7• 218 .6

(t)-Ieomenthol 100% 100t - 53

(-)-Neamentbol 99 .5% 99 .~t -20 .8•
)-15(+)-Neornthol 1596 99 .It 11{6 99 .5t +20 .9• 211.7

(t)-Neoaenthol 99 .6t 99.5t - 52

(-)-Keoisoaenthol 100% 100t - 2 .0•
)- s(+)-Neuisoaantbo 1616 99 .9t 1171 10ot + 2 .0• 214.6

(S)-Ka01a0mentbo 98 .5% 98.5% - 14

'Te.perature proqraa 60•C - 220•C at 1•C per rinute
1Aatention index

For tbe reconstitution of peppsrdnt oil, it is i .portant

to Icnoe the flavor properties of a11 relevant constituents .

eesldes others, we eomperW the (1R)-eenthols which occur in

pepper.int oil with the (1S)-eentbols . All enantiorra were

tested in 5t sucrose solution by ∎ test panel of seven

experienced flavorists .

In the first step, each substanee ras evaluated by a

dilution profile rtbod to detsr>tine the concentration levels

of (a) taste threshold, (b) noticeable cooling affect, (c)

ao.t acceptable dosage range, and (d) bitter taste . The

results are sumrized in Table VI .

20 88338342
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TABLE VI

Taste Properties Of Menthol Lnantioalers :
The Dilution Profile (Concantrations : pp.)

Taste Cooling Acceptable Bitter

fiBl-Nenthcla

(-)-Manthol 0.4 0 .8 1.5 - 6.0 15
(+)-IsoaisMhol 0.7 7 1.5 - 4 .0 20

(+)-Naoaanthol 0.5 2 .5 1.0 - 3 .0 25

(+)-Neoisoasnthol 0.2 > 25 0.5 - 1 .5 > 25

f18)-Nentbels

(+)-INnthol 0.3 3 1.0 - 5 .0 25
(~)-Isarntbol 0.6 30 1.5 - 5.0 50

(-)-NeOYnthol 0.6 25 1.5 - 5.0 30
(-)-Neeiasenthol 1.0 6 2.0 - 5.0 > 25

The taae threehnlds of the .enthol enantiorrs vary

within a relatively narrow range of 0 .2 to 1.0 ppa. Apart

from neoisorntnol, there Ss only a ssall difference between

the (3R) and (]S) isarrs . Bwever, the coolina level varies

significantly and (-)-rntaol has by far the lowest cooling

threshold. Both (+)- and (-)-aeoisoaenthol could only be

testad up to 25 ppe due to very saall a .ounts of pure

substances . The cooling threshold of (-)-neoiso.enthol was

higher than that concentration . The accentable dosaae range

is also quite siailar for .ost of the substances : froa about

1 to S pp.. The thresholds of bitter taetinc were found

between 15 pp and 50 pp., whereby (-)-aenthol surprisingly

has the lowest value .

Tbe flavor urofiles of (1R)-sent0ols (Plgure 10) and

(16)-senthols (7igure 11) vare de[erainW in a St sugar

solution at 3 ppe, and each flavor characteristic was scared

on a S point scale (1 vary low ; S very high) . Again, the

outstanding flavor properties of (-)-aenthol concerning the

attributes coul, fresh, .inty and sweet were confiraed .

(+)-Nenthol ranks second with respect to freshness and cooling

properties (which is soaevnat surprising), but lt also has
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so.e negative features such as phenolic, wsty and bitter .

Nevertheless, taia result suqqests that a QUM racs.ic menthol

ia not the worst substitute for (-)-sntbol . With respect to

the constituents of peppermint oil ( .)-nso.enthol (1t),

( .)-iso.enthol (0 .1t) and (a)-neoiso ..nthol (0 .at) contribute

to the earthy, woody and musty notes . This opens up the

possibility for the flavorist to "correct nature• and to

develop tailor-made blends with respect to more freshness,

sweetness or other desirable characteristics .

. FIG. 10

Flavor profilu Of The (1R)-Ilantlwl Isomers

hee
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FIG. 11
Flavor profiles Of the (IS)-ltenthol Isoaers
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Concerninq this topic there already exist sor excellent

reviews /7, f, 22) rhich are recommendW for in depth studies .

Caislderable effort has been devoted to the production of

(-)-.anthol by synthetic or soisynthetic .eans frow other

.ore readily available raw saterials such as (a) de.entholi.ed

corrvint oil (axm.pls rnths arvenstc), (b) (+)-citronellel

(exa.ple citronalla oil), (c) (+)-3-carene (exa.ple Western

U.S. and Indian turpentine), (d) (-)-a-phellandrene and

23
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(-)-piperitone (example eucalyptus dives oil), (a)

(+)-puleqone (exaaple pennyroyel oil), (f) ( .)-liwnene

(exanple orange oil), (q) rac.aic .enthol (ex.aple thyaol) via

optical resolution, and (h) .yrcene (exa.ple j9-pinene) tulnq

an enantioselective iwrrization step .

Thesa syntheses, a f.v of which have been corarcially

i.portant are shown in Figure 12 to Figure 20 and vill be only

briefly described here because of the above .antionW reviews .

An exception is aade with respect to the Yin processes used

today for aanufacturing (-)-senthol--the Haarsann L Rei ..r

(Figure 17) and the Takasaqo (Figure 18 to Figure 20

processes .

"Classical• Menthol Syntheses (Piuure 121

Proa Oeaentnolized Cornaint oil : This relatively

inexpensive by-product of natural Menthol production is still

rich in senthol, aenthone and sose other cosponenta which can

be transforswd to Menthol (ss. Table III) . Hydrolysis of

aenthyl acetate, .ild reduction of rnUwnes or hydrogenation

respectively, followed by distillation and crystalllsatlon,

yields additional (-)-aenthol .

Proe (+)-Citronellal (Exascla CStronella) : This process

has bean used widely whenever the supply of natural Menthol

was short. (+)-Citronellal can be isolated with an optical

purity of approxiaately 80% from citronella oil . Accordingly,

it is cyclized by acidic catalysts (e.g. sllica gel) to give

a sixture of optically active isopulegol isosrs and 20% of

the corresponding racesates . Preferably, (-)-isopulegol is

separated by crystallization at low te.peratures and directly

hydrogenated to pure (-)-sntlwl . The alternative procedure

of hydrogenating the isopuleqol .luture and separating

(-)-.enthol from its isc.ers requires derivatisation .

Bro. (-)-Pineritone (Exa.ol. Euulvotus Dive .l : This

process has been used in Australia on a waller scale .

(-)-PSparitone isolated from euulyptus dives oil usually is

already partially race.ised, due to the unstable asyoetric

center at c4, adjacent to the carbonyl group. Moreover, the

hydrogenation to either ( .)-iso.enthone or to an isonsrlc

aixture of .enthols is not coapletely chirospeciflc with

24 88338346
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respect to the newly for..d chiral center at C1 . Therefore,

(-)-rntbol bas to be purified via derivatization .

From l+l-puleoona (Lnawle Pannvroval Gill : Hydrogena-

tlon and reduction of the (-)-sentbone)(+)-is~senthone >tizture

vith nascent hydrogen qives predoainantly (-)-> .enthol .

However, the actual price of pannyroyal oil is prohibitive for

cooerclal produetion .

FIG . 12
•Claasical• (-)-Henthol Syntheses
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(-)-Menthol Pros Various Natural Tarnenea l[imtre 1]1

From r+1-]-Carene : The NRC-proosss (/WC - Nalti-QNa

Research Centre, Nandesari, Vadadora, India) starts fros

(+)-1-carene, the sajor component of Indian turpentine oil

(55% to 65%) . Base catalyzed isorrltation provldes

(+)-2-carene which is pyrolyzed to (+)-trans-2,s-

p-.enthadiene, followed by an isoaerization step to

(+)-isoterpinolene in the presence of strong basss .

Hydrogenation to (+)-J-p-Mnthane, epoxidation and subsequent

rearrangesent provide a aenthone/isosenthone mixture which is

reduced and purified in the usual way (J4) . A drawback of

this process is a partial rac.alzation which has its origin in

the isoserization step to isoterpinolane (24) . It is obvious

that a .ultistep process like this can only be competitive on

a rather large scale . Agaln, a pure (-)-s.nthol is only

obtained via derivatization .

Alternatively, (+)-trans-isollaonena can be

hydrochlorinated-dehydrochlorinatsd to give

(+)-isoterpinolene. A second hydrochlorination followed by

treatment with sodium acetate and acetic acid yields a mixture

of cis and trans-pulegyl acetate which is hydrolyzed to

(-)-cis- and (+)-tians-puleqol . Because the absolute

configuration of C1 ia fixed in this pathway, hydrogenation of

either pulegol provides (1H)-rnthols which can be

equilibrated and separated as previously described . This

promising route, developed by Hercules, Incorporated, has not

been cooercialized (Figure 14) .
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FIG . 13
(-)-Nenthol 1res, (+)-3-CGrene : The qec-Process (India)•
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FIG. 14

(-)-0MSnGiol Fro . (+)-3-Cerene: The Hercules Route

I s

c i ~°.ri ~r ri ~aw

27

Source: https://www.industrydocuments.ucsf.edu/docs/npxm0068



47th 7bDaeco Che.lst.' /deseareh Conference

Fre. (as-t.i.nnen. (Fiaurs 1s7 : optically pure

(.)-li.on.m is an inexpensive by-product from the citrus

industry. Hydrogenation to ( .)-1-p-rnthene and air oxidation

in autaldehyds yields (a)-1-snthene spoXidss .conewically .

Thess are hydrolyzed to (s)-l-hydrozyneocarvo-sntbol and

acetylated to qivs the desired (a)-1-hydroxyneocarvo.enthyl

acetate vhich is than pyrolyzed to (-)-tzans-2-p- .enthsn-l-ol .

via piperityl acetate (by acetylation and allylic

rearranqe.ent) and (-)-trans-piperitol, (-)-sentltol is finally

obtained by hydrogenation containing 25% (-) -isosnthol . This

(IB)-iso.er cannot be transformed to (-)-t.enthol . Ths

dravback of this interesting route is its low overall yield .

FIG. 15
(-)-Henthol From (+)-LilGnene : The Reynolds R.oute
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•ra (-1-a-Phellandrene fiimurs 16) : (+)-9Yans-piperitol

obtained via piperityl csloride can be hydrogenated to give a
iizture of 97% (+)-ieventhol and 3! (+) -eeathol .

(+)-Iwenthol can be converted to (-)-wnthol by

crystallization, equilibration and distillation. The process

suffers from the disadvantage of by-products and isomer

separation .

FIG. 16

(-)-Nenthol From (-)-o-Phellandrene : The Glidden Route

.:.+. . .. .r. H~~,~, Hrw..
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Around 196S Rasiaan 6 Raiser decided to develop a total

synthesis of (-)-rnthol starting from thy .ol . Rydroqanstion

of thysol produoes a .iuture of isomers containing all eight

menthol enantiusers, although (-)-fantlwl is the only target

product (16) .

The difficult part of the synthesis is first to separate

(i)-aentTol from the other isosers and then to saparate 1t

into (-)- and (+)-senthol. For econcalc reasons (+)-s.nthel

and the other remaining menthol isorrs have to be recycled .

Figure 17 shors the varlous stsqss in the H6R menthol

proaeas. o-Alkylation of the s-cresol produces thysol which,

on hydrogenation, qives a .ixture of approaisately Sei to 60%

(r)-.enthol, 28% necsenthol, 121 isoseathol and li

neoisomenthol . After distillation, (fl-s•nthol of approni-

.ately 99% purity is obtained which is est.rified to snthyl

benzoata. The .ost irportant atap Ss then to separate the

benzoates into the enentiorrs (2) . Finally, the bensoatea

are transssterified onu again to for. (+)- and (-)-asnthol

and sethyl benzoate which is recycled to the production

process .

1M crucial step of this process, as s .ntioned abova, is

the anantioselective crystallization of (-)- and (+)-..nthyl

benzoate, carried out continuously in two separate vessels, by

seedinq a supersaturated solutlon of (!)-santhyl bansoats with

crystals of the (+)- and (-)-for+ respectively . We did of

course attempt the enantloselactive crystallization of

(s)-nentlwl, but the rltinq point diagrams showed that

(t)-seathol crystallizes as a racesic compound and not as a

aixture of (+)- and (-)-s.nthol crystals. All our afforts to

bring about salective crystalllsatlon in a varlety of solvants

wre to no avail . On the other hand, crystalllsatlon of

(t)-.anthyl bansoate, ehile involving an additlonal stage of

purification, does in fact enhance the quality of menthol .

The overall yield of the R6R process, based on the starting

saterial thysol, is .ore than 90% .
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The 6LR .entlwl plant in Bushy Park near Charleston,

South Carolina, USA wnt on straas in 1978 . The menthol plant

in Holssinden has been in operation since 1973 .

FIG. 17
Total synthesis Of (-)-Mentnol Prom s-ctesol :

The Haersann & Reiser Process
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eioche.icai .ethods for enantioselectiw hydrolysis of

race.ic .enthyl esters have been developed by Takasaqo

perfusery Company (13) in the late 1960's, but w luve no

confirsed information if this sethod vas utilisW for the

resolution of (r)-senthol (fro. thysol) into its optical

antipodes on a technical scale .

FIG. 1s

The Takasago Synthesis Of (-)-Menthol From Myrcene

Mr.

M<YVW .r.+ .

OMNy.nsl.Kr

be4y

M1cbsM++ H+enbs
YsaMLw

For about ten years, Takasaqo International Ooepsny hss

been .anufacturing (-)-.ent6el from ryrcane (27) . rirst, the

triene is converted in a regio- and stareoselectiw sanner to

dietEylgeranylasine by lit6iua catalysed addition of

dietlNylasins. The key step is the subsequent OIMM-Rh(I)

32
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catalyzed enantio.electlve iso.arisation of the allylic aalne

in 'fHP giving (R)-citronellal snaaine in 961 to 99% . The

e4iral eatalyst used in this step is shovn in Figure 19 .

FIG . 19
Chiral Rhodius BINAP Complex, The Key
Catalyst In The Takesago Synthesis

ao,

n^.

Luntiosaric pority of the chiral aldehyde obtained by

hydrolysis is zxxh higher than natural citronellal fros

eitronalla oil. St.reoselectiva cyclization of

(R)-citronellal prc .ated by sinc Eramide, giving isopulegol,

follov.d by catalytic hydrogenation coRletas the synthesis of

sentbol. The technical refinwnt of the Rh catalyzed

asyrstrlc reaction has enabled tLS process to work up to a

9-ten scale, where the turnover nwbar (produced enazins

awl/BA catalyst sol in 18 hours) approaches 8,000 per cycle .

The BINnP-Ah coaplex catalyst can be recycled efficiently,

giving the overall turnover mober of 400,000 . This

isoaarisation is chirally flexible leading to either natural

or unnatural citronellal enasine . In addition to geranyl- and

nerylaslnes, a variety of allylic uines can be isosarised in

an 6mantloseleetivs and predictable ianner. The general

ac4as is given in tigure 20 (16) .
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PIG . 20

Rhodium BINAP Catalyst : Stereochesical

Correlation Between Substrate, Catalyst And product

Z
c1Sl

(M9/eMiw'

F R

1

PHYSIOLOGICAL EFFECTS OP NIIITNOL

The Yesoense Of Various Raceetors To Menthcl

Farly investigators clearly demonstrated that eenthol

affects the response of many receptors to sti.uletlon . Like

many other substances, the response to ienUiol is enhanced in

small concentrations and depressed in large concentrations or

after extended exposure . The electrophysiological response to

menthol was first desonstrated for thermal receptors (8, 15) .

Si.ilar responses to senthol were observed in chuorecsptors

of the carotid body . farotid bodies are regions of receptors

located in the neck area which are sensitive to substancus

that stimulate and transmit intorYtion to the brain,

particularly the medulla and brain stn (18) .

an increase as well es a decrease in sensitivity to

menthol after sustained menthol exposure has been observed for

the olfactory sense (32) and the gustatory (teste) ssnse (33) .

These studies eaployed psychophysical techniques which require

scaling .easureaenta of perceptual responses rather than the

recording of impulses from the receptor cells thmelvu .

To bridge the gap betveer. the electrophyslological

technique used in the studies of nongustatory receptors and

the psychophysical technique used in the studies of gustatory

receptors, Hellekant (14) investigated the slectro-

physiological effects of menthol on gustatory receptors . The

excitability of the gustatory receptors was evaluated by
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recurdinq the ispulse activity in the chozda tyapani nerve of

the cat. It ws observed that menthol elicited a slowly

iner.asinq activity in all gustatory fibers. Adding menthol

changed the gustatory response to sapid solutions

(cone.ntration of sapid solutions (nonoffensive levels of

agreeable flavor solutions) was (aqueous) 0 .01 N quinine-

sonelrydrochloride, 0 .05 N acetic acid, 0 .5 N sodium chloride,

1 N sucrose and 2 .5 N ethyl alcohol--aenthol solution

cooeantrations were 0 .05, 0.1 and 0 .2 qras per liter

(squeous)] in two respects : (a) it slightly suppressed the

initial hurst of activity and (b) it anhanced the sustained

response. Rinsing with menthol left the gustatory receptors

with a changed sensitivity to stiiulation with other sapid

solutions . This effect on the receptors was related to

concentrations and length of the preceding .enthol rinse. It

also showed variation with regard to sti.ulus, concentration,

and subject .

Recent studies on the . sensory transducer .eehanisa of

nasal and lingual cold receptors have desonstrated that

menthol activates cold receptore by interfering with the

ealcies conductance of the neuronal sensory aeabranes (79,

35) .

iTa Cooli_ Effact Olt Menthol And lNnt_Ml M aloeues f+71

Nenthol does not cool by volatilization. The cooling
effect seus to result froa choiul action at or near those

nerw mdings which are associated with the sensation of cold .

lmen 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 .

Since the neurophysiological basis of the response to cold is

essentially the sar in all aamis, including .an, and since
there are snny cc.a on features in the action of menthol and
synthetic cooling agents, it seas reasonable to assu.e that
all such coolants act by a ceoon aechanisa, which is
essentially that of a stisulant-receptor interaction . Cooling

responses can be produced as a result of nasal, oral, or

topical application .
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r . .l .+.1 r Pe....lr U^ For ..' .11ny Aetivity l±71 : It has

been establishd that four iaportant criteria sust be

satisfied for a compound to possess effective cooling

activity: (a) a hydrogen bonding group, (b) a compact

hydrocarbon skeleton, (c) a correct hydropbilic/hyArophoble

balance, and (d) a .olecular weight in the range 150 to 350 .

yy9roaen BonAina: A hydrogen bonding function is

essential for cooling action . Ye believe that the

function sust contain an oxygen atos 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

sore than one hydrogen bond accepting group in tlN

.olecule enhances the cooling effect ; soss

p-.enthaneciols are active, but none is as active as

(-)y.enthol .

Hydrocarbon Skeleton : It is assumed that the

functional group takes part in hydrogen bonding at a

receptor site, and that for cooling, the hydrocarbon

portion or portions of the molecule must provide a

cospact hydrophobic region near to the site of hydrogen

bonding .

yydr hilic/HVdrochobic 6alance: Por stronq coolinq

activity, a compound sust have the correct

hydrophilic/hydrophobic b.lance. This balance is

important in stieulant-rec .ptvr interactions . The most

eo>von measure of hydrophilie/hyerophobie balance is the

Hansch log p value, where P is the partition coefficient

of the compound between n-octanol and water. The log P

value is well established as an important factor of the

pbaraacoloqieal activity and it is also reooynireA as one

of the factors which Aetwrvines the rate of transport of

compounds through biological .eabranes, espeeially the

skin .

The log P values of cooling cospoUnAs were

calculated from published tables of the subetituwnt

values . Stronq cooling compounds have log P values in

the relatively narror range of 1.5 to 4 .0 and values for

Fi8338358
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nearly a11 cooling oa.pounds lie in the range of 1 .0 to

5.0 . 'fM log P value of menthol is 3 .1 .

Molecular Neiaht : If a hydrocarbon skeleton capable

of giving strong cooling ou.pcunds is combined with a

strong hydrogen-bond accepting functional group, and if

the log P value of the resultant molecule ia in the

correct ranga, then cooling will be observed it the

molecular weight is in the range 150 to 350 . The

criterion of molecular weight is more flexible than the

criteria for hydrogen bonding, skeleton and log P .

General Prooe ie. Of oolino 'mµu"w" : Apart from the

cooling effect and a degree of flavor potentiation and odor

∎odificati0n, there are no caoon sensory properties of

ceoling compounds. For Snstance, there is no association

between minty srll and cooling .

Because there are many structural variations in cooling

oospooMs, the physical properties of these compounds also

vary. Most cooling coRounds are solids, although liquids are

not uneas•on when the functional group is hydroxyl or

N,N-dialkylcarboxamide. In addition, sost of them are readily

soluble in ccaon organic solvents but, due to the

requirssents of the log P value, all have very limited

solubility in water. It should be noted, however, that

saturated aqueous solutions baw readily perceptible cooling

effects. The alcohols and N,N-dialkylrarboxasides are, in

gensral, volatile and sosta are odorous with odor types ranging

from alnty to fruity and from earthy to camphoraceous .

All cooling compounds produce sensations other than pure

cooling including tingling, stinginq, burning and bitter .

SMse other sensations are most readily described by reference

to a strong peppermint candy, which produces tingle in the

•ovtb and, 1t strong enargb, a burning sensation . compounds

differ in the relative degree of cooling and other sensations .

Those compounds that produce little sensation other than

cooling are (in our terminology) high •quality ." The relative

degree ot cooling appears to correlate to some degree with
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compound typs . For example, hydroxyesters and hydroxyacetals

taM to produce low levals of wnutions other than cooling .

These sensations are dose sensltlw . In general,

increasing the dose of the cooling cospound beyond a certain

limit qiv.s no apparent inQUse in cooling . Novevsr, it does

cause an increase Sn other sensations, finally to the point

vhers the other sensations dosinate the cooling effect .

1 1 it Of Diffe e_t P rts Of Th Bod

Parts of the body differ greatly in their sensitivity to

cooling conpounds . No attempt has been Yde to determine

their relative sensitivities in absolute teru ; however, the

suggested order of sensitivity' is : eye » tonque > interior

buccal region > ano-genital araa > lip > triqainal srea >

other face areas > axilla > inside foreara, breast > other ars

areas, thigh, back, hands, feet >> palms, soles . The eye is

extremely sensitive with thresholds probably asasurable in

nanograss and a simple test for cooling effect Ln a volatile

compound is to hold the opened bottls near the eye . This test

with menthol gives a sharp and very obvious sansation which

aqrses with consumers' cooents on the effect of mentholated

shaving foam on the eye .

Like menthol, synthetic cooling cospounds also give a

cooling sensation in the lurtqs (when added to cigarettes or

inhaled as an aerosol spray) and to the gastrointestinal tract

(when ingested) .

The order of sensitivity clearly follows a general order

of increasing thickness of stratus corneua . It seass probable

that the sensitivity of an area is determined mainly by the

aase with which the compound can penetrate this barrier . For

era.pla, abraded or hydrated foreari skin has a reduced

threshold compared to intact skin . Klthouqh the barrler role

of the stratw cornwa is probably dominant, it is also likely

that the number of cold-sensitive narw endings per unit .rsa

and the efficiency with which the central nervous system

processes nerve signals vary with the location on the skin .

Nechaniss of Action

When a composition containing a coolinq compound is

applied to various body surfaces, three processes must occur

i8 88338360
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before a cooling effect is perceived : (a) solecules of the

cot0ound must transfer from the vehicle and must panetrate the

surface of the stratus corneu ., (b) solecules must diffuse

through the skin, and (c) solecules must interact vith the

receptors .

The role of each of the three processes in producing the

cooling effect is dependent upon (a) the properties of the

cos,pound, (b) the kind of solvent or forsulation in which the

co.pound is used, and (c) the properties of the body surface

to which it is applied .

So.e cosaercialized cooling cospounds are shown in

Figure 21 including one which is in the developsent staqe .

PIG . 21
Various Cooling Co.pounds

r,... *..rrw., ov~~.. . . .
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Menthol is one of the most thoroughly studied flavor and

fragrance materials with respect to toxicology and biological

properties. Many of thesa data are suoarlsed in a

.onograph (26) and other reviews (5, 7) . The essential

resulte ara briefly reported .

Reuulaturv 5tatus : Menthol has been given generally

recognized as safe (GRAS) status and is approved as a direct

food additive by the FDA . The Council of 6aropa (1981) has

also approved menthol for food use, giving an acceptable daily

intake (ADI) of 2 silligrass per kilogram for total .entbol

and menthyl esters . In addition, the Joint FAOJMNO Expert

Cossittee on Food Additives (1968) has published a monograph

and specifications for menthol listing an unconditional ADI of

0 .2 .illigram per kilogram .

Acute Toxicity: The oral, sc and ip 1D, values are in

the range of 0 .8 gras par klloqram to 6 grass per kiloqraY in

rats, .ice and uta . The inhalation RD» level for menthol has

been detersined to be 760 .g/al (116 pp.) for 8v1ss-1/ebster

aice (1) . The RDyp is that concentration capable of lnducing

a 50% reduction in mean respiratory frequency .

ehort-Tem Texicitv: No detrimental effeots of menthol
rere observed in short-tera biological studies .

Carcinmenitv : IlentAol is not carcinogenic, as shown in
studies by the National Cancer Institute (2S) .

Genctnxicitv: Litton eionetics (23) conducted a

mutagenicity study on menthol using the host-rdiated assay,

cytog.netic studias, and the dominant lethal assay . The

results of all three assays were negative . Menthol pyrolysate

was tested against sal .onelia typhiaurin strains (21) with

negative results .

Metabolis. f261 : The urinary metabolite of .sntlwl was

identlfied as fentlryl glucuronida in several species .

Some test results on NaarNan & Rslrr .entlAol, concerninq

skin irritation and Bensitization are suaerised in Table VII .

88338362
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TABLE gII

Survey Of Safety Studies For H&R ianthol :
Irritation And Sensitization Tests

Dose %

Skin Irritation 100, 50, 25 Rabbit Irritation At
(OECD 404), 25, 5, 1, 0 100% And 50%

DEP

Skin Irritation 300 Guinaa No Irritation
(Not 0EW)a Pig

Skin Sensitization 25 Guinea No
lwhler (OLCD 406)1 EtON/DID pig Sensitization

Skin Sensitization 100 Guinsa No
(Not OLCD)z Pig Sensitization

iye Irritation 28.6 Rabbit No Irritation
(ORG9 405)1 DEP

6ye Irritation 50 Rabbit Slight
(ODCD 40S)l DEP Irritation

Eys Irritation 30, 20, 30 Rabbit No Irritation
(Not OLCD)1 40, 50, 60

Olive Oil

'Author - R . SkydshsarA7 date - August, 1959
'AOthor - 6 . Nopf ; date - April, 1974
1Auther - J . GLthbert; date -}ebrWry, 1991

A feN ecotomicalcolca] data are listed in Table VIII,

ahovinq that arntbol is readily biodegradable .

41

Source: https://www.industrydocuments.ucsf.edu/docs/npxm0068



47th Tobacco Chwists' Research Conference

TABLE VIII

Ecotoxicological Data For HiR Menthol

Test Results Author/Yaar

Biodegradability 100% Degradation G . MOller/1992
After 21 Days

Fishtoxicity LCO : 13 .2 ag/1 N . Caepers/1992
(9raehydanio Rerio) LC1o0 : 18 .4 sq/1

LC50 : 15 .6 a9/V

Bacteriatoxicity f:C50 : 237 sy/1 G . MUller/1992
(Activated Sludge) EC50 : 306 a9/1 Dayer AG/1992

P.CS . 99 a9/1

'Calculated
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REVEW OF TECHNOLOGIES RELATING TO MENTHOL USE IN
CIGARETTES

August J. EorsclUCe

R. J. Reynolds Tobacco Conpany
Bor.an 6ray Technical Center

P. O. Box 1487
Yinston-Salo, RC 27102

•.c.o.re

The patent art relating to the use of >.enteol in s.oking

articles for the period fro . 1924 tthrough 1992 has been

r.vl.vwd. The .ajority of the patent doctuwnts reviewed have

bsan awarded to cigarette .anufacturiny co.panies. However,

a significant ,wsEsr of patent docasentU alw are owned by

enmpaoies which supply .atGrials or >.achin.ry for cigarette

aanufacture. Approximately 10o patent documents which have

been reviewed have disclosed methods for applying menthol to

tnbaceo, s+.tEads for incorporating menthol into smoking

article oo.ponants, and various menthol co.positions .

Typically, menthol is applied to tobacco by spraying solutions

or disparsions containing menthol outo tobacco . Menthol has

been ineorporat.d into papers used to manufacture cigarettes,

into cigarette rods and into cigarette filters . Menthol also

has been incorporatad into cigar.tte packaging materials .

Menthol eospositions often use precursor eo.pounds which

rslsasa rnt4ol when cigarattu incorporating such eo .pounds

are s.nkad .

47

Source: https://www.industrydocuments.ucsf.edu/docs/npxm0068



47th 3bbacco ChesLte• Feaearch ConfaMnee

SIlTB4DS)S:T141

This paper contains a review of tAOSe technoloqip
pertaining to the uw of menthol and related flavors in

smoking articles, such as cigarettes . The teehnologies

discussed in this paper are those which have been described in

selected patent documents .

Individuals and corporations seek patent coverage because

they believe that they have developed unique technologies .

Because such individuals and corporations recognize the

potential value of such unique technologies, they desire to

take steps to prevent other individuals or corporations troe

employing similar technologies. Therefore, individuals and

corporations can use patents to protect novel, cosswarcially

valuable technologies fros being infringed upon by other

individuals and corporations who have not been given

permission to employ such technologies .

Patents can be obtained in .any countries throughout the

world. Each country has its own law relating to procedures

for obtaining patents and ways to enforce patents against

infringers. In the United Statea of AaMriG, patents are

legal documents which are used to prevent other individuals or

corporations from making, wing or selling inventions or

discuveriu which are new, useful and unobviow, (1) . The

orner of a United States patent can enforce that patent

against anyone who infringes that patent in the United States .

A United States patent is enforceable for a period of 17 years

from its date of issue (3) . After a patent expires, the

technology protected by that patent is tree for the public to

use .

Patents ara a good source of technical information

because each patent oontains a disclosure of the technology

which is intended to be protected . Rach patent contains a

written desoription of the patented invention sufficient to

allow that invention to be made and w .d (3) . Normally,

patents contain at least one drawing along with a rritten

description of the invention sought to be patented (4) .

Technologies described in patents can M .achinu, articles of

∎anufacture, compositions of matter or procesue (S) .
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Given that patents describe novel inventions or
di.coveria, patents can be used aS effective tools in setting
foVtb a historical perspective of the dewlop.ent of
t.ranoloqy . That ia, in•..ntore who recognize unique and
valuable technologies prcmptly describe their inventions in

the patents that they receive. As such, when a fairly broad
ti>te fraas of the patent literature for a selected technology
is viewed, the chronology of events associated with the
develop.ent of that technology can be observed .

This paper provides a review of the patent art for the

period froa 192{ tbrougb the and of 1992. The subject aatter

of that review relates to menthol and related flavors in

s.okinq articles. Accordingly, 99 patent docu.ents from the

United States and several other countries are reviewed in this

paper . 'Itiose patent docwents are listed in the bibliography,

which includ.s the patent muber, the naae of the inventor,

the oumer of the patent, the title of the patent and the year

of issue of the patent .

Patent docosents are discussed in this paper according to

three categories. The first category relates to the

application of menthol to tobacco, and includes a description

of prac...Lg t.chniques and aaahinery used for incorporating

menthol into tobacco . The second category relates to

cigarette co.ponents incorporating .entbol, and includes a

de.cription of various tecbniquu for incorporating menthol

into certain regions of cigarettes . The third category

relates to cbe.ical cc.positions including .enthol, and

includes a description of cospositions which nave a tendency

to provide menthol flavor characteristics during saoking .

lppLlGMdf O! 1®fl'801 . TO TOBACCD

The first patent relating to the application of menthol
to tohaooo for use in cigarettes was arardW to L . F . 6ughu
in 1923 (6) . That patent described a process for treating
tobacco for use in the production of cigarettes in order to
provide cigarette tobacco which, when saoked, reportedly was
cooling, soothing and pleasant to taste . The process involved
spraying tobacco with a solution of senthol, cassia oil and
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alcohol . The tobacco so treated then was rolled into

cigarettes .

Nunerous references also suggest spraying menthol onto

tobacco, particularly when the santhol is eontainW in a

liquid carrier . Gna aethod involved spraying a mixture of

water, ground tobacco and menthol onto tobacco flller (7) .

Mother method involved spraying onto tobacco a menthol-

containing casing composition incorporating glycerin and an

organo-silicon compound (e) . Mother method for treating

tobacco to form mentholated tobacco involved providing a

mixture of menthol crystals, butylene glycol and rater, and

spraying that mixture over the tobacco (9) . U. S. Patent

No . 3,419,015, assigned to tlauni-Uerke Rorber & Cospany, R .G.,

contains a description of a method and apparatus for mixing

casing and flavoring solutions with tobacco (10) . Gther

techniques for contacting additivas with tobacco have involved

propelling a supply of tobacco through a zona in which a spray

at finely dispersed additive is supplied (11) . It also has

been suggested that rnthol can be dlapersW in rater,

agitated using a high speed eaulsifier, and sprayed onto

tobacco (1s) . Further proposed techniques for applying

menthol to tobacco involved spraying tobacco with an uulsion

which included a aixture of menthol, ethanol, propylene

qlycol, malto-dextrin, .cdified corn starch, qu. arabic,

sorbitol laurata, collaqan hydrolysate and water (13) .

Attempts have been made to apply menthol to tobacco while

that tobacco is in a moving stream . A solution of menthol and

ethanol reportedly was eppliW to a moving stream of tobacco

through a spray nozzle in a venturi aru of a conduit throuqh

which the tobacco stream passes (14, 15) . It also has been

proposed to provide uniform absorption of menthol within

tobacco by pneumatically conveying heated menthol vapor in an

sir stream in a conduit, and injecting tobacco into the

conduit su as to allow contact of the tobacco and menthol

streams (16) . Yet another method involved spraying a

controlled amount of menthol within a polyhydric alcohol

carrier onto tobacco which fell through a tower (17, 1B) .
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Grtain atteapts haw been sade to incorporate menthol

into tobacco before that tobacco is processed or while that

tobacco is being processed . As one exa.ple, menthol has been

dispersed in liquid carbon dioxide which then was used to

expand tobacco using the dry ice expanded tobacco (i .a., diet)

process, so as to provide an expanded, .entholated tobacco

(19) . As a further exa.ple, .entholated tobacco rods have

hsan subjected to conditions sufficient to expand the tobacco

within those rods without significant loss of .enthol (20) .

As yet another exaapls, an extracted tobacco pulp has a

prWeterained asount of tobacco extract distributed within

that pulp along with a controlled a.ount of menthol (21) .

Atteapts haw been .ade to apply menthol to cigarette

co.ponsnt materlals as cigarettes are aanufactured . It has

been proposed to spray a solution of alcohol and menthol

through a no.ale onto tobacco positioned an the suction belt

of a cigarette aakar ]ust prior to the point in tiae that the

tobacco 1s transferred to ihe garniture region of the

maRer (22) . It also has heen suggested to spray menthol onto

tobacco aacawlated on the suction belt of a cigarette aaking

.aehine prior to the tiae that all of the tobacco to be

transferred to the garnlture region of the sakar has

aeelmlated on that belt (23) . ioass containing senthol

reportedly have been applied to tobacco at locations within

the cigarette malcer during cigarette .anufacture (24) . Philip

Morris Incorporated has suggested adding aenthol to a tobacco

streu in the garniture region of a cigarette aaker by passing

menthol through a conduit foraed ln the short tongue of the

.ater (25) .

Thera haw Eeen davelop.ents directed toward iaprovesent

in the quality of aentholated tobacco . For exa.ple, R. J .

Reynolds ToWcco Ce .pany has developed an automated systes

utilizing a .wr infrared reflectance spectro.eter in order to

detersina the a.wnt of menthol in tobacco (26) .

.1 paNm•. : :I :•JJ . :, :.) /.SYtV.

Renthol has been incorporated into cigarettes as an

additive within certain coaponents which are used to
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manufacture cigarettes . In tLis reqard, menthol has been

incorporated within the tobacco which makes up the tobacco rod

of the cigarett., within the paper which is used to

manufacture the cigarette, or within the ciqarette filter . On

nurrous occasions, menthol is incorporated into certain

cigarette components in order to .iniaire migration of menthol

throughout the cigarette and to provide for controlled release

of menthol during the smoking period . On other oaeasions,

menthol is incorporated into certain regions of the cigarette

in order that the .enthol will migrate throughout the

cigarette, and hence flavor the ciqarette .

Various references have proposed incorporating flavors,

such as menthol, within the paper which circumscribes the

tobacco filler to provide the tobacco rod . Volatile

Clavorants reportedly were applied to cigarette paper as part

of an encapsulating fila-forming vehicle (e .g., a starch-based

pasta or a casein-basad paste) (27) . Gllulosic substrates

(e .g., cigarette papers and tipping papers) wre impregnated

in anhydrous solutions of as.onia and menthol, and the aisonia

vas evaporated to yield menthol physically encapsulated within

the cellulosic structure of the substrate for later

release (28, 29) . It also has bean suggested that menthol

could be entrapped in a f1L applied to plug wrap . Such a

film was provided from a>,iature of menthol, ethanol,

triacetin and polyvinyl acetate (30) . cigaratte papers

raportedly have been printed with inka containing menthol and

ethyl cellulose (31) . It also has been suggested to

incorporate menthyl glycoaides into cigarette papers (32) .

Carbon-containing papers have been reported to be

effective in holding menthol until release is desired during

the siaoking period . Papers incorporating activated carbon,

molecular sieves or polymeric sicroeponqu reportedly hold

menthol until those papers are subjected to elevated

temperature conditions (33) . Carbon filled inner paper

vrappera for double wrapped cigarette rods reportedly have

been used to hold menthol which is released by the but of the

burning zone of the cigarette during the smoking period (14) .

Mother carbon-containing paper reportedly capable of carrying
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menthol includes activated carbon and .agnaium hydroxide

fillers (]S) . It has been suggested to incorporate activated

carbon particlu iRregnated with menthol into a paper, which

paper then 1s used as a ca .poo.nt of a filter elsnt (36) .

In addition, a gathered carbon-containing paper carrying

menthol has been cs .d as a flavor substrate segment for the

scuthand region of a cigarette (37) .

Nu..rous references have proposed incorporating flavors

within coatings positioned at the extrpe southends of

cigarettes . As early as 1924, it vas proposed that flavors

sarU as peppermint could be incorporated into a water soluble

costing applied to the sout6and tip of a cigarette (36) . In

that regard, the flavor was mixed with a paste provided fros

gelatin. In 2936, it was proposed that menthol could be

aployed with nitrocellulose and paraffin as a coatinq to the

swutMM of cigarettes in ordar to provide a soisturs proof

region to t4ose cigarettes (39) . Mentaol also has been

suggested as a flavoring agent which could be incorporated

into a flexible lw density polyethylene tip for cigars (40) .

Various tachniques for inoorporating aenthol into

cigarette filters have been proposed . It was suggested that

finely divided menthol crystals could be incorporated into a

fibrous aiass in a tubular stan or holder for a cigarette (41) .

It also has been suggested to provide a cigarette holdar with

a central cavity for ooks passage which is filled with

santhol arystals (42) .

Certain cigarette filters have contained flavors which

can be releasad prior to s.oting in order to provide for

transfer of flavor to mainstream sauRe . As such, cigarettes

incorporating such filters can be manipulated by the saoker to

provide the desired delivery of menthol . One type of filter

included an alginate encapsulated flavor which was positioned

in a segment within the filter, and force applied by squeezing

the filter reportedly released the flavor (43) . Another type

of filter included flavor-cantaining sicrocapsules, which

flavor was disclosed as being released by the application of

force to the filter (44) . lnwrican Tobacco Company has

proposed a method for incorporating menthol-containing
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microcapsules in a filter (45) . Another cigarette mouthpiece

included a sealed flavor-containinq receptacle rhich

reportedly could be moved to provide a s.oke flow pathway in

order to flavor that siokee (46) . A rotatable filter bad the

capability to be adjusted to provide a selected amount of

flavor to s.oke passing through such a filter (47) .

1luaerous references contain disclosures rhieh suggest

that menthol can be combined with a earrier, and then

incorporated into cigarette filters . Mentrwl incorporated

into cigarette filters in such a manner reportedly tends to be

hald in place by the carrier, until the cigarette is ssnnW,

when menthol then is transferred to the mainstream sroke .

Such types of cigarette filters reportedly provide for

increased cigarette shelf life as menthol tends not to migrate

from the carrier, decreased loss of menthol in the sidestreae

smoke during the smoking period as the menthol is contained in

the filter rather than the tobaeco rod, and controlled

delivery of menthol as the degr" to which the carrier holde

the menthol can be controlled . rtentlwl has been mixed with

carbon particles, and the resulting menthol-containing earbon

particles then have been placed in a cigarette filter (a!, 49,

50) . Menthol reportedly has been adsorbed to inorganic

ion-exchange material (e .g., zirconiua phosphate or hydrous

titanium oxide) (51) . It also has been suggested to provide

aagne.ium silicate hydrate charged with menthol in a cigarette

mouthpiece in order to aromatize ssoks (52) . Other types of

cigarette filters containing magnesium silicate also have been

proposed (53) . tenlita granules reportedly have been

impregnated with senthol and incorporated into a cigarette

filter (54) . Granular activated carbon particles impregnated

I rith pore modifying agents (e .g ., sugar) and impregnated with

menthol, reportedly provided for release of menthol from the

. filter during smoking (55) .

Certain plastic materials incorporating menthol heve

reportedly been incorporated into filters . Plastic pellets

impregnated with flavor have been incorporated into

filters (56) . It also has been proposed to wrap filter tow in

a .icroporoue polymer sheet (e.g., sheets of polypropylene or
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polyethylene) having flavor adsorbed therein in order to

provide for release of flavor into mainstream smoke during the

s.oking period (57) . other cigarette filte-s reportedly have

included flawr-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 menthol . Hollou fiber polyethylene

filter materials reportedly have been impregnated with Menthol

and embedded within the filter plug (e .g., cellulose acetate

tow) of a cigarette filter (59) . Polyester fibers having a

oosqlex gauNtry have been suggested by Eastman Rodak Company

to be cigarette filter materials capable of carrying

flavorante for delivery during smoking (60) . Polypropylene

cigarette filter materials have been suggested as suitable

ca=rlera for Menthol (61) . Cigarette filters having inner

core regions also have been suggested as being capable of

retaining Menthol during storage, while being capable of

delivering Menthol during the smoking period (62) . It also

has been proposed to incorporate Menthol into an inner annular

region of a cigarette filter manufactured from filter

materials of different densities (63) .

Menthol has been incorporated into the smokable material

of the tobacco rod . It has been propased to provide a filter

cigarette having a mentholated tobacco rod and a filter

incorporating a aixtura of activated carbons in order to

control the degree of menthol flavor present in .ainstream

smoke (64) . It also has been suggested that menthol can be

carried by an adsorbent substance (e.g., particles of

activated chareoal, activated bauxite, alumina hydrogel or

silica hydrogel) (65) . Menthol encapsulated within gelatin or

gue arabic to form beat rupturable capsules of S to 40 Microns

in diameter reportedly were incorporated into reconstituted

tobacco or sprayW onto the tobacco leaf (66) . Menthol also

has besn disclosed as being physically entrapped in a solid

.aterial and distributed within tobacco for uniform release of

flavor during smoking . The solid material reportedly was a

∎i8ture of hydroxypropyl cellulose and gelatin, dextrin or gum
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acacia (67) . It has also been suggested to incorporate

menthol into a tobacco substitute (68) . It !us been suggested

to sprinkle a sixturs including crystalline menthol

.icrocapsules over the tobacco of a cigarette (69) . It also

has been proposed to provide for a controlled concentration of

menthol in mainstream s.uke by providing menthol containing

rupturable aicrocapsules in contact with tobacco filler (70) .

Suggested flavoring agents for tobacco also have included

spray dried mixtures of menthol and qus arabic (71) . Menthol

crystals also have been incorporated into a high viscosity

liquid strand which extends through a tobacco rod (72) .

Menthol has bsen encapsulated in an elongated ribbon-like

capsule, and that capsule has been positioned within a tobacco

rod (73) . The use of the ribbon-like capsule reportedly

provided for uniform release of the additive flavor during the

smoking period . Philip Morris Incorporated has proposed

incorporating filamentary flavor release material into a

cigarette rod (74) .

Besides being applied to cigarette components, menthol

also has been applied to cigarette packaging materials. As
such, it is reported that ciqarettes packaged within such
materials experience contact with •enthol , snd hence becufs
mentholated, due to the migration of menthol fra those
packaging materials . In this regard, menthol has been applied

to a traveling web of cigarette packaging material, and •
menthol solution has been applied to the toil backed paper

used for packaging cigarettes (75, 76) . It also has been
suggested to emboss a cigarette packaging material impregnated

with a solution of menthol and alcohol (77) .
Another sethod for providing menthol to packaged

cigarettes involved incorporating within a cigarette package
a wooden stick impregnated with venthol in order to yrovide
for migration of menthol from the stick to the
cigarettes (78) . It also has been suggested to incorporate a
menthol-containing tube resembling a cigarette into a
cigarette package in order to provide menthol flavor to
cigarettes within that package (79) . In a similar vein, an
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applicator which allowed the ssoker to apply menthol to
individual algarettes also has been proposed (60) .

• :I ..I( q .1, . .YYn.

Beginning in the 1960's, there were proposed various

methods directed toward maintaining and preserving menthol

during cigarette manufacture and storage . As a result, there

exist nusarous patents disclosing ways to control the

volatility of menthol .

In the early 1960's, Brown 6 Williamson Tobacco

corporation developed several rnthol-oontainingadditives for

taEacao products. The additives reportedly eliminated

prollm in manufacturing rooss associated with volatile

menthol acting as a contaminant . In addition, the additives

repnrtedly provided for a protracted shelf lifs to the

mentholated tobacco product, as wall as desirable menthol

release Snto smoke upon smoking of the tobacco product .

Certain menthol precvrsor additives included menthyl esters of

polycarboxylic acids (e .g ., aono.enthyl .aleatu, nonornthyl

suocinnates and .onasentByl pht6alata) (s1) . other such

additives included senthyl acetals (e .g ., veratraldehyde

methyl ethyl acetal and E.nzaldesyde diaetByl autal) (82) .

Yet other senthol precursar additlves hava included santhyl

.tAets (e.g., aantAyl p6enyl etAer and rntAyl aryl

at6ar) (Bl), and esters of menthol and organic keto acidf

(e .g., aenthyl aeeteacetate and senthyl levulinate) (aI) .

leserous other attempts were made to provide rnthyl

esters, particularly during the 1960's and 1970's . Liggett &

Myers Incorporated proposed several carbonate astera of

arntbol and polyhydroxyl ecapounds (e .g ., .onosaccharides,

disaocWtides, polysaeeLarides and glycols) (s5, 66, t7) .

Philip Ibrris Incorporated investigated various polymeric

earbonate uters of rntBol, which were provided from sonosars

of carbonate Ytars of menthol (ai, 89, 90) . One example of

a polymeric carbonate uter of menthol is 1-aenthyl-1,

1-disanthylallyl carbonate (91) . Finely divided sicroporous

poly.ara of dlvinylbenrene and styrene also have been

∎ugguted as carriers for menthol which then could be
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positioned in the filter region of a cigarette (92) . Other

flavor release co.pwinds have been proposed . Coapounds such

as aenthyl-2,3-dideoxy-D-eryrarohexapyranoslde can yield

release of menthol upon pyrolysis (93) . Another menthol

release additive for cigarettes is cosprised of a sixturs of

senthyloxy-carbonyl glucose cospounds (94) . In the 19601s,

Philip Morris Incorporated investigated using inclusion

cwsplexes in order to provide for incorporation of menthol

into a tobacco product as uell as release of menthol rhen the

product is ssoked . Inclusion cosplexes were fors.d between a

flavor cospound and a host which held that flavor cospound

until exposure to elevated tesperaturss . One type of

inclusion ccmplex was cosprised of menthol and alptu-

cyclodextrin (95) . other inclusion c.o.plexes included

cyclodextrin and tri-o-thyaotide hosts (96) . 6ets-

cyclodextrins also have been suggested as hosts for lncluslon

co.plexes containing menthol (97) .

certain attaspts have been sade to provide caspoursls

vhich yield menthol or ..nthol-like notss or sensations .

Certain references contain disclosures relating to the

synthesis of such types of co.pounds (98, 99) . AnotLer

reference discloses that 1-.enthyl linalool earbonate as an

additive to cigarettes provides for controlled release of

menthol and citrus flavors during a saokinq period (100) .

Other references suggest delivering menthol flavor along with

line or oonellin (101, 10i) . Yet another reference suggests

that 2-hydroxysethyl-rnthol and 3-(beta-hydroxyethyl)-

carvaaentnol produce cooling sensations, and are useful

flavoring additives in tobacco products (103) . It alsu has

been sugguted to provide a .enthol ssnsation to toWCco s .oke

by incorporating terpin hydrate into s .okin9 tobaeco (104) .

FS91tlABY

The .ajority of the patents relating to the use of
∎enthol in s.oking articles is owned by cigarette

sanufacturing co.panias, such as R. J. Reynolds Tohacoo

Cc.pany, Philip Morris Incorporated, Liggett & Myers
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Incorporated and brorn & Nilliason Tobacco Corporation . A

significant nuaDer of patants relating to the use of menthol

in ooking articles also is owned by suppliers of components

for cigarette manufacture . In this regard, suppliers of

cigarette paper (e .g ., Ecusta Corporation and xlaberly-Clark

Cotporation), cigarette filters and filter saterials (e .g.,

Aaerican Filtrona Corporation; Bau.gartner Papier, S .A . ;

Eastaan Kodak Company and Hoechst Celanese Corporation),

cigarette flavoring agents (e .g., 7ir.enich S .A. and

International Flavors 6 rragrances Incorporated) and tobacco

processing machinery (e .g., Hauni-Narke 6orGer & Co.pany,

II.G.) pave been active iA pursuing patent coverage for

technologies relating to the use of menthol in smoking

articles .

Although the use of menthol in cigarettes was suggested

during the 1920's, significant efforts toward the development

of patented technologies did not occur until the 1960's, as is

evldaneed by the data presented in Table I . Inspection of the

data in Table I also leads one to conclude that there

oentinOes to be significant efforts directed toward the

development of technologies associated with improving menthol

cigarettes, the components of tbose cigarettes or the

manufacture of those cigarettes .

TABId I

Number Of Patent Doeusents Relating To The 0'se Of
Nentbol and Related Flavors In Smoking

Articles Referenced In This Paper
According To Decade Of Issue And PuDlication

Yeara
Number Of
Patent/

1920 - 1929 2

1930 - 1939 4

1940 - 1949 0

1950 - 1959 2 ~

1960 - 1969 20 m

1970 - 1979 25
~

1980 - 1989 26 ~
1990 - 1992 19 w
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Numerous patent documents describe t.chnolagia

concerning application of menthol to tobacco. Many of those

documents describe techniques for spraying fanthol-eontaininq

solutions or dispersions onto tobacco . Reprasentative of such

techniques are methods for spraying senthol-containing

solutions or dispersions onto tobacco vbile the tobacco either

is present in easing-typa druss or cylinders, or has the fora

of a .oving stream passing through a duct or conduit. Other

technologies concerning application of menthol to tobacco eave

involved contacting the santhol with the tobacco in various

regions of a cigarette Weing machine during cigarette

.anufacture . iechnologies which have been developing relative

to menthol application to tobacco bava been directed toward

improving the efficiency of the use of menthol by avoiding

raste, avoiding contamination of manufacturing facilities

resulting fros escape of volatile menthol, applying controlled
levels of menthol to tobacco and cigarettes, and providing

uniform application of menthol to tobacco and cigarettes .

A large number of the patent docu.ants reviered in this

paper describe technologies concerning cigarette eaaponents

incorporating menthol . Menthol has been incorporated into

I papers used to manufacture cigarettes. As such, technologies

~ directed toward minimizing migration of menthol throughout

~ cigarettes have involved encapsulating or entrapping the

I menthol . Menthol also has been applied to tobaoco or

incorporated into a cigarette rod . Representative techniques

for incorporating menthol into cigarette rods hava involved

the use of sicroencapsulated menthol, capsulized menthol and

mentholated fila.ents . Menthol also has been incorporated in

filter regions of cigarettes, either because of oonvanienee

considerations associated with applying menthol to filter

∎aterials or because of attempts to hold the menthol in place

within the filter until the smoking period . In tb.eory, it has

been desirable to incorporata menthol into the filter raqions

of cigarettes in order to avoid loss of menthol fros the

tobacco rod during the smoking period, to provide cigarettes

which exhibit good shelf life due to a propensity to resist

loss of menthol, and to provide a controlled delivery of
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menthol into mainstream smoke . Techniques associated with

rnthol incorporation into cigarette filters have involved

technologies relating to filter configurations, filter

materials and filter additives .

Certain patent docusents describe technologies concerning

Uaical oo.positions, and particularly those co.positions

resulting from tAe reaction or interaction of menthol with

other chemical compounds . Many of the chemical compositions

are precursor compounds which minimize to a great degree the

volatility of menthol, but upon exposure of nat and/or

wisture release menthol . As sucn, disadvantages associated

with menthol migration throughout the cigarette and Loss of

volatile menthol reportedly can be sini.ized .

Attempts toward developing improved technologies

associatW with mentholated cigarettes appear to be

continuing . Several reasons for the interest in pursuing

patent coverage for technological develop.ents relating to

mentholated cigarettes can be postulated . One reason could be

the cammercial interest in mentholated ciqarettes which

results in ce.panies associated with tte tobacco industry

allocating resources to research toward developing unique

improvaents to a popular product . Another reason could be
the cc.petitive nature of the industry, and consequently a

desire by cigarette manufacturers to provide a high quality

product which is popular among ookers . Yet anotAer reason

could be a desire by cigarette manufacturers to apply

innovative technologies to develop products which can be

manufactured efficiently and effectively using cost effective

techniques .

As long as cigarette manufacturers remain competitive,

continue to explore and iaprove their products, continue to

apply new technologies to provide improved products, continue

to view mentholated cigaretttl aa being popular among smokers

and continue to be conscious of manufacturing products in a

cost effective manner, it can be expected that cigarette

manufactoxers will continue to provide the environment and

resources necessary to allow their eaployees to sake

inventions and discoveries . As long as competitive companies
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have esployees making inventions and discoveries, it can pe

expected that those companies rill be pursuing patant

coverage . For this reason, it is reasonable to expect that

the patent literature should continue to contain teachings of
many new technoloqies directed tward mentholated ciqarstt.. .
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tobacco rods containing expanded tobacco material .
U. S . Patent No . 4,962,773 .

21 . Pagg, R . S., at a1 ., Assigned to R . J . Reynolds Tobacco
Ca.pany_ 1992 . Tobacco processing . U. S. Patent
No. 5,131,414 .

22 . Krnov, S . 14, Assigned to Svenska Tobaks 1lktiebolaget .
1974 . NMethod of producing cigarettes or the like
filled with toWcco containing one or ~e aromatic
liquid agents, and a device for carrying out tM'
rthod. U. S. Patent No. 3,817,258 .

23 . Lettau, K. D., Assigned to R . J. Reynolds Tobaccc
Company. 1991. Process and apparatus for
producing arosatizad strand-shaped smoking
materiel . U. S. Patent No . 4,995,405 .
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24 . Aln.rtson, D. B., et al ., Assigned to Philip Morris
Incorporated . 1986. Tobacco processing. U . S .
Patent No . 4,619,276 .

25 . Nichols, M. A ., Assigned to Philip Morris Incorporated .
1983 . Method for applying particulate matter to
tobacco. U. S . Patent N0 . 4,409,995 .

26 . Doeinguer, L. M ., et a1 ., Assigned to R . J . Reynolds
Tobacco COwpany. 1990 . On-line tobacco evaluation

system and method . U. S. Patent No. 4,971,077 .

27 . Keaton, J. L., Assigned to R . J . Reynolds Tobacco
Company . 1961 . Additives for smoking tobacco .
U . S . Patent No . 3,066,347 .

28 . Rainer, M. B., at al ., Assigned to Philip Morris
Incorporated . 1978 . Process for incorporating
flavorant into cellulosic substrates and products
produced thereby. U. S. Patent No. 4,123,592 .

29 . Rainer, N. B., et al ., Assigned to Philip Morris
Incorporated . 1980. Process for incorporating
flavorant into cellulose su6strates anA products
produced thereby . U. S. Patent No . 4 .284,495 .

30 . Nichols, N., at al ., Assigned to Philip Morris
Incorporated . 1997 . MMatrix entraprnt of
flavorings for
No . 4,715,390 .

smoking articles . U. S . Patent

31 . Ada.s, B., et al., Assigned to Gallaher Limited. 1988 .
Process for producing smoking rod Kapper and
smoking rod containing sa.e. U. S . Patent
NO . 4,784,163 .

32 . Herron, J., Assigned to P . M. Glatfeltar Cospany . 1989 .
Tobacco product containing sidastreas ssoke
flavorant . U. S. Patent N0. 4,804,002 .

33 . Cartrright, M . y ., at e1 ., Assigned to Nis6erly-Clark
Corporation. 1992 . Plavor release saterial .
U . S . Patent No . 5,144,967 .

34 . McCarty, S. M ., at a1 ., Assigned to Olin C.orporation .
1973 . Carbon filled wrapper for smoking article .
U. S. Patent Mc. 3,744,496 .

35 . OMens, Jr., N. P., Assigned to P . M. Glatfelter Company .
1992 . Nrapper for smoking article, smoking
article, and aetho0 of BWCing s.ae. U. S. Patsnt
No. 5,107,864 .

36 . Assigned to A.erican Tobacco Company . 1964 .

Improvements in tobacco s.oke filter element .
G. B. Patent No. 951,510 .
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37 . Perfetti, T. A., at al ., Assigned to R . J . Reynolds
Tobacco Casg,any. 1992 . Smoking article with
iaproved s.ans for delivering flavorants . U . S .
Patent No. 5,137,036 .

38 . Marshall, Jr ., H . H. 1926 . Cigarette. U . S. Patent
No. 1,507,925 .

39 . SulaWrger, N . 1936. Moisture proof cigarette and
process of making same . U. S. Patent
No . 2,033,791 .

40. Laporte, L. C., Assigned to Imperial Tobacco Coepany of

61 .

Canada. 1971 . Cigar holder . U . S . Patent
NO . 3,589,371 .

Ranks, M . S. 1934 . Smoking appliance . U . S . Patent
No . 1,952,352 .

42 . Pdlson, R. G. 1980 . Menthol filter for cigarettes .
U. S . Patent No. 4,227,540 .

43 . Tateno, A., at al ., Asigned To Japan Tobacco
Incorporated. 1989 . Filter for tobacco ssoking_
U. S. Patent No. 4,989,144 .

44 . Veluz, S. E., Assigned to Baumgartner Papiers S .A .
1985. Aro.atized cigarette filter . Switzerland
Patent No. 6{8,733 .

45. Vartaan, M . B., at a1 ., Assigned to American Tobacco
Campany. 1970 . Method of saking a composite
filter. U . S . Patent No. 3.550,508 .

46. Eeritsis, G . C., Assigned to Philip Morris Incorporated .
1991. Container for additive materials for smoking
articles . U . S . Patent No. 1,991,605 .

47 . Nallianos, A. G., et al ., Assigned to Philip Morris
Incorporated . 1987. Filter cigarette. U. S .
Patent No. 4,677,995 .

48. Lassiter, F. H., at al . 1964 . Cigarette. U . S. Patent
0e. 3,150,668_

69. Irby, Jr ., R. N. et al., Assigned to the American
Tobacco Co.pany. 1966. Tobacco sacke filter
element. U. S . Patent No. 3,236,244 .

50 . StoneLornsr,
1975 .

G. R., Assigned to Calgon Corporation .
Adsorbent carbons. G. B . Patent OD

No. 1,382,676 . 00
f.,7
W
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51 . Hiroshi, H ., at e1 ., Assigned to the Japan Tobacco i
Salt Public Corporation . 1982 . Flavorant
composition for tobacco, method for producing the
sa.e tobacco product comprising said co.position .
U. S . Patent No. 4,318,417 .

52. Bonnet, J., et al ., Assigned to Baueqartner Papiers,
S.A. 1982 . Nethod for aromatizing tobacco smoke .
U. S. Patent Mo. 4,311,156 .

53 . Phelpsteaa, J. M. P., Assigned to British-hlerican
Tobacco Company Limited . 1989. Smoking articles .
U. S. Patent No . 4,838,286 .

54 . Green, J. D ., Aesignee to British-ASerican Tobacco
Company Limited . 1987 . Smoking articles . U. S .
Patent No . 4,662,384 .

55 .

56 .

Tiggelbeck, D . D., 8asigned to Calgon
1976. Mentlqlated cigarette filter .

Corporation .
U. S . Patsnt

No . 3,972,335 .

Greene, Jr., C. C., at a1 ., Assigned to R. J . Reynolds
Tobacco Company . 1989 . Rods wntaininq pelletiie8d
material . U. S . Patent No. 4,862,905 .

57 . Woods, D . R ., at a1 ., Assignad to R . .7 . ReynOlds TObaoco
Company. 1998. Microporous materials in ciqaretts
filter construction . U . S . Patent No. 4,729,391 .

58 . Bynre, S. N., at al ., Assigned to 8.erican Piltrona
Corporatlon. 1981. Production of tobacco saroke
filters . U. S . Patent No . 4,281,671 .

59 . Deutsch, L . J., at al ., Assigned to Hoechst Celansss
Corporation. 1990. Filter for a smoking article
containing a flavored hollow fiber . U. S . Patent
No . 4,971,078 .

60. Mathis, D. E., et al., Assigned to Pwatsan Kodak
company. 1992 . A combination for improved
delivery of tobacco modifying agents. PCT
N092/05713 .

61. Cohen, R. R., et al ., Assigned to Hercules Incorporated .
1991. Method and device for control of by-products
fros cigarette ssoke . U. S. Patent M0 . 5,038,803 .

62 . Rutherford, H . J ., Assigned to International Flavors f
Fragrances Incorporated . 1991 . Msthod for
imparting functional ingredients, functional
ingredient-ieperting articles and methods for
preparation and use thereof. U . S . Patent
Mo. 5,069,231 .
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63 . TMsing, R. A., et a1 ., Assigned to Philip Morris
Incorporated . 1991 . Flavored cigarette filters,
and methods and apparatus for aaking easr . U. 8 .
Patent No. 5,012,829 .

64 . Lsdter, F. M ., et a1 . 1965 . Cigarette . U. S. Patent
No. 3,169,535 .

65 . Allen, R. P., 1936 . Tobacco. U. S. Patent
No. 2,063,014 .

66 . McGluaphy, J . B ., et el ., Assigned to the National Cash
Register Coapany. 1970. Reconstituted tobacco
oontaining adherent encapsulated flavors and other
satter. U . S. Patent. No. 3,550,598 .

67 . Marso, D., at al ., Assigned to International Flavors 6
Pragrances Incorporated . 1981 . Process for
augaenting or enhancing the arosa or taste of
saoking tobacco or a saoking tobacco article by
adding thereto a suspended flavoring coaposition .
U . S . Patent No . 4,253,473 .

68 . Carroll, A . G . . Assigned to Profair Corporation . 1968 .
Tobacco substitute . U. S. Patent No . 3,369,551 .

69 . Makajiaa, M. 1991 . Agent for reloving noxious tobacco

cceponents. U. S. Patent No. 5,000,198 .

70 . Taskino, L. M ., et e1 ., Assigned to Iiperial Group
Lisited. 1974. Cigarettes and sethod of providing

71 .

thes vith a flavorant. G . B. Patent No . 1,349,537 .

Assigned to L. Givaudan & Cie, Societe AnonyN . 1977 .
Plavoriny agent. G. B. Patent No. 1,472,737 .

72 . Rars, L. A., et al ., Assigned to Philip Morris
Incoporated. 1991 . Cigarette rods with liquid
flavor centers. U. S . Patent No. 4,993,434 .

73. Moll, Jr., C . J., Assigned to Brown & Ri1liaBSon Tobacco
Corporation. 1964 . Ssoking articles having
encapsulated tobacco additives and their
lanufactura. U. S . Patent No. 3,162,199 .

74. Mashinqton, J. M., Assigned to Philip Morris
Incorporated. 1992 . Pilaa.ntary flavorant-release
additive for .Moking coryositions. U. S. Patent
No . 5,144,966 .

75 . Scalu, J . T., Assigned to Iaperial Group Li.ited .
1975. Ilpragnation of a traveling web. U. S .

~Patent No . 3,906,893 .

~
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76 . Ropachkov, S . A., Assigned to Rotluans of Pall Mall
Canada Lisited. 1978. Machine for applying liquid
to absorbent saterial . U. S . Patent No . 6,068,616 .

77 . Gould, A., Assigned to Carreras Lisited. 1972 . Method
of treating a wrapper and a packing aiethod
incorporating such rrappers . Canadian Patent
NO. 899,172_

78 . Blank . M., et al . 1975 . Cigarette flavoring device and
proc.ess of aaking sase . U. S . Patent
No. 2,007,632, .

79. Rudiger, E . 1971. Menthol container for self
iapregnation of cigarettes . Fed . Rep . Geraany
No . 1,959,102 .

80 . Canan, M . T. 1961 . Ilaans for introducing flavor
iaparting agents into tobacco and tobacco articles .
U. S . Patent Mo. 3,105,499 .

81 . Jarboe, C. H ., Assigned to Brown 6 Nillianson Tobacco
Corporation. 1963 . Saoking tobacco product and
sethod of Wcing the sue . U . S . Patent
No. 3,111,127 .

82 . Jarboe, C. H ., et al ., Assigned to Brown 6 Milliaaison
Tobacco Corporation. 1964 . Smoking tobacco
additives in the form of senthyl aeet.ls. U. S .
Patent No . 1,126,012 .

81. Jarhoe, C . H., et a1 ., Assigned to Brown & Williuson
Tobacco Corporation . 1964 . Smoking tobacco
additives in the form of senthyl ethers. U. B .
Patent No. 3,128,772 .

84. Jarhoe, C . H ., Assigned to Brown 6 Nillia.son Tobacco
Corporation. 1964 . Smoking tobacco product having
senthyl keto estar additive. U. S. Patent
No . 1,136,719 .

85. Mold, J. D ., et a1 ., Assigned to Liggett 6 Myers Tobacco
Coapany . 1967 . Tobacco incorporating carbonate
asters of flavorants . U. S. Patent No . 1,112,628 .

86 . Mold, J . D., at al ., Assigned to Liqgett 6 Myars
Incorporated. 1968. Carbonate asters of
flavorants. U . S . Patent No . ],619,5{7 .

87 . Kallianos, A . G., et al ., Assigned to Liggett 6 Myers
Incorporated. 1970 . Tobacco co.positions
incorporating novel esters of polyhydroxy
co.pounds. U . S . Patent . No. 3,499,452 .
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88 . Ruxdherq, Jr ., E. G . S., at al ., Assigned to Philip
Morris Incorporated. 1977 . Ssoking compositions
incorporating a rnthol-release agent. U. S .
Patent No . 6,002,179 .

$9 . Van Aukan, T . V ., at al., Assiqned to Philip Morris
Incorporated. 1979 . Saokinq tobacco compositions .
U. S. Patent Ma . 4,177,339 .

90 . Van Aukan, T . V., d aQ ., Assigned to Philip Morris
Incorporated. 1980. Unitary pack of smoking
tobacco products containing polymeric alcohol
flavorant-release compositions. U. S. Patent
No . 4,312,310 .

91. RorWDert, Jr ., E. G. S., wt a1., Assigned to Philip
Morris Incorporated . 1975 . Menthol-release
compounds . U. S. Patent Nc . 3,887,603_

92 . Bad9att, C . E., Assigned to Philip Morris Incorporated .
1971 . Flavor-releasing s.oking article and .ethod
of >aking sama . U. S. Patent No . 3,603,319 .

91. Christsnson, P . A., at a1., Assigned to K & F
Corporation. 1990 . Novel asnthyl pyran compounds .
EPO 389,945 .

94. Oan, Y. G., Assigned to Philip Morris Incorporated .
1992 . Smoking ca.positions containing a .enthol-
release additive. U. S . Patent No. 5,139,034 .

95 . Bavley, A ., et ai., Assigned to Philip Norris
Incorporated . 1962 . Smoking camposition . U . S .
Patent Ro. 3,047,432 .

96. Bavley, A., at al ., Assigned to Philip Morris
Ineorporatsd. 1966. Coaqqsition for incorporating
flavor into tobacco swke. U. S . Patent
No. 3,268,166 .

97 . Dsiain, B. A., Assigned to Philip Morris Incorporated .
1992. Saokin9 compositions containinq a flavorant-
release additive . U. S . Patent. No. 5,16/,966 .

98 . Robrta, D. J ., at a1., Assigned to R. J. Reynolds
Tobacco Coapany . 1968 . Tobacco product. U. S .
Patent N0. 3,380,456 .

99. Van Auksn, T. V., Assigned to Philip Morris
Incorporated. 1982 . Synthesis of n-t-butyl-
p-.entb.ne-3-carboraaide. U. S. Patent
No . 6,350,832 .

100. Bavlay, A., at al ., Assigned to Philip Morris
Incorporated. 1967 . Smoking tobacco composition .
U. S. Patent Mo . 3,312,226 .
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101. Van Der Loo, N . C., at al., A..iynW to TatG 6 Iy la _
LiaitW. 1981 . Baokinq artielss oontainlnq
tha.aatin er aonallin . C . s. Parwnt Ib. 1,606,317 .

102 . Aulbacb, P . L., at al ., A6sipnsA to lriti9m-JUrricaU
Tobacco CoMany. 1972 . An iyrovs0 sso14b1e
tobacco product . South Africa No . 72/3609 .

103 . Nlubsrt, F. C. L., at al ., Assiqna0 to Lswr lrotllsrs
co.ppany. 1977. C.o.positions containing ec.pemMs
producing a cooling sensation. U. S . Patsnt
No. 4,029,759 .

104 . Norton, S. O. 1952 . Tobacco. U. S . Patant
No. 2,586,701 .

t
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A HISTORY OF MENTHOLATED CIGARETiES
'THIS SPUD'S FOR YOU'

Jack R. Reid

Lorillard Tobacco Coapany
Research Center
P.O. Bor 21688

Greensboro, NC 27420

ABEM=

In the late 1920'a, Spud (the first NntAolated
cigarKte) vas sarketed . Following early entries of Penguin

and Reol brands in the 1970's, the sarket share maintained a

consistent 24 up until the introduction of flltars in the aid

1980's. Sa1eu, then other, filtered .antholatad cigarettes

rere offered to the ynDlic, and the market share of

mentholated eigarettes increased, finally reaching s peak of

about 30% in the aid 1970's. Currently s.ntlwlated cigarettes

acco0nt for about 25% of the total ei9arett.e sales .
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So sit back, relax, and let's go back to the late 1920's for

the beginning of the sentholatad cigarette .

SITRDD=ION

i have a lot of slides, .ostly of cigarette pack duigna,

that I will be showing rather rapidly. The large nusber of

beautiful pack designs, and interesting advertisernts, Rade

the selection of which to present extreswly difficult . I

sincerely apologize if I have, by this selection process, left

out so.eone's favorite piece of nostalgia . I have tried to

represent a balance of different onufacturers, different

years of introduction, and radically different visual designs .

THE BEGIMMIMG - T[R'ITDBRID 11101TICS

Mentholated cigarettes were developed in quite an unusual

way . A young aan who suffered fros chronic colds, placed his

treatsent dosage of senthol crystals, prescribed by his

sother, into a baking powder tin, along with his favorite

ssoking tobacco . He allowed the two aistsrials to remain

sealed together overnight . The next sorninq, as he rolled his

cigarettes for that day, he lit one and found that he had

created the first sentholated cigarette . For the first tir,

he was able to tell his swther that he had willingly used his

aenthol treat.ents. It is suspected that he avoided

.entioning that, at the sar tirss, he also was able to enjoy

his favorite cigarette tobacco .

The young san was Lloyd F . Hughes, known by the nicknafe

of •5pud• Hughes. Spud worked in his father's restaurant in

Mingo Junction, Ohio, a saall town on the Ohio River about 20

∎iles north of Wheeling, West Virginia . He began by offering

his new cigarettes to the railroad .en and aill workers who

frequented his father's utablish .ant. The instant popularity

of this nw cigarette required hiL to roll increasinqly .ore

cigarettes each day as gifts. At that point hs decided to try

selling his new creation . With the help of a friend, Spud

further refined his process . Re applied for, and was granted,

a patent for the process of treating tobacco with .enthol (3) .
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When the cigarette began to be successful, Spud gave up

his job in the restaurant and set out for faae and fortune .

HMt n..e did he choose for his new cigarette? What alse -

Spud. He got msrried, wved to Bridgeport, Ohio and then to

Wheeling, West Virginia, where his father-in-law, the

chauffeur of one of the city's sillionaires, gave hia a place

to rork and sleep. During this tir he continued to i .prove

his aentholation process . He signed a contract with Bloch

BrotLers Tobacco Co.pany, >,akars of Hai1 Pouch chewing

to0aoco, to aanufacture Spud. Once each week he arrived at

the factory and perforrd his sentholation process with a

pitchfork and hand-sprayer .

The popularity of the new cigarette concept increased and

!e began to ialhe a lot of aoney, as word of his new cigarette

spread. In Way 1926, in his haseaant hor, he forsed a

cospany known as the Spud Cigarette Corporation . Bloch

Brothers was still doing the 6ulk of the Hanufacturing for

hii. His corporation had three e.qloyees: Spud, the

President and Yin cigarette salessan; his wife, stenographer,

secretary, package handler, and shipping clerk ; and within a

ywr, his father, ific.as Hughes, cigarette sales.an .

Hr. Hoghes had quit the restaurant EusilNss to join Spud for

a aome lucrative opportunity. 1'Be three wre able to aake a

decent living from the volume of local wles spud had

established .

spud did not 1K the gr.es grow under his feet for long .

His newfound wealth becaae addictive and he began to canvass

toBacco cowpaniu with larger facilities to .anufacture

increased quantities of Spud cigarettes . The Axton-Pisher

Coapany agreed to manufacture the cigarettes in the suaerr of

3926 and became the chief supplier of these cigarettes . This

arrangement lasted several Honths, then Colonel Woodford

Axton, a colorful character in his oun right, offered to buy

out the Spud Cigarette Corporation .

Colonel 1:tan felt that the cigarette could be .uch >.ore

profitable if handled correctly. Before the advent of loC per

pack brands, the 200 per pack Spud was already outselling the

150 par pack preaium brands, with the exception of Lucky

71

Source: https://www.industrydocuments.ucsf.edu/docs/npxm0068



∎

47th 7bbecco Cheaists' Reaarch Conferance

I

Strikes. Caaals, Chuterfields, and Old Golds . The Axton-

Fisher Co.pany sade the offer for outright purchase of the

Spud brand . Spud Hughes agreed and the sals was finalisW

after a transfer of $90,000 cash to Spud in per .on. Spud was

out of the Spud cigarette business .

Before following the Spud cigarette once it was turned

over to Colonel Axton, I would like to pursue what happened to

Spud Hughes, after selling his cigarette brand, as an insight

into his character . Spud divided the .oney between hisNlf

and his father . The lure of this exorbitant asount of .oney

was too great for his . Not noted for being a complstely

responsible young .an, he went on a wild spending sprae . A

day or so later, Spud went to cincinnati, where he bought a

new Naco biplane. The co.pany, fearing liability problas,

would not let hi . fly it ioediately, ∎ince he had no flight

experience . However, he convinced a friend, a forrr Ar .y

flier, to get his started . Once in the air, he took over the

controls, overshot the field on landing and with all the skill

of a ground dweller, ssashed it into a slag pile nsar the .M

of the runway . Discouraged? Not on your life . He bad the

plane repaired and managed to land it without serious incident

later that veek . Encouraged by this liLited success, he spent

the ioney to open an airport in Yorkville, Ohio, and wnt

barnstoaling throughout the state for the next two years .

Within two yurs, Sp,tl had coupletaly ssashed no lsss

than six airplanes . A spectacularly devastating crunch into

the side of a .ountain in Pennsylvania was closely followed by

totalling a new airplane on a hillside in Ohio, when he tried

to land at night, in fog, using only a flashlight. The

asasing part of his entire airborne, or violently grounding,

experiences is that the only personal dasage he sustained was

the loss of several front teeth . Airplane breakage and

declining sales of Yaoc biplanu forced his to sell the

airport in 1928 . Noney depleted, he got a job, first as a

filling station attendant, then as a post.an. When last s..n

he had packed up his wife and they vere headed tarard Nabira,

Georgia, in an atteept to eake and sell Julep, a cigarette

with a Hint Julep taste . Spud Hughes was not heard fros
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again (7) . The Julep cigarettes, however, were sarketed first

by the Julep Cigarette Cospany, located in Boston, than later,

in a redesigned cigarette pack, by lrown & Nilliauon. The

relationship of these oc.penies with Spud Hughes is unknown .

I would like to sake a seell digression concerning

Colonel Arton. Colonel Axton's approach to business was

radically different from that of Spud Hughes. Originally a

grocery ulawan, he accepted sor tobaccoyaaking equip .ent as

paysant for an outstanding debt of $60 . Thus, he began to

sell tobacco products under his own nasa- His brands vere

popular in the ssall couunities around his iuediate area,

but he did have soee trouble with other .anufacturers. The

Tobacco Trust vas giving the Axton Tobacco Company probleac

with their nev lower-priced cigarettes and arrogantly

aggressive sales forG .

Here are two short stories to give you sose insight into

1loodford Arton's character. Axton-Tisher's short lived Clown

cigarette (1921-1924), appeared during the ti .a of the Tobacco

Trust troubles. The pack duign, in which a girl dressed as

a elom sticks her head through a very faiiliar bull's eye,

vaa conjectured, by persons at that ti.e, to be a rude gesture

directed at 1Wrican Tobacco Co .pany's Lucky 5trike . while

not actually violating the existing tobacco regulations he

skirted the edge of legality, possibly to >.ake a point . In

the 1930'a, the .lrton-[isher Company sold Haad Play, an 11

inch cigarette that took advantage of a tax loophole . It was

a novelty itp for three years, until the loophole was

closed (4) .

Through personal contact and his neighborly approach,

Colonel Axton vas able to .aintain local sales and actually

increase distribution of his products . As business grew, he

took on a partner, C.orge H. Tishar, to run the plant while he

was on the road as ules.en. The company bacaee the Axton-

Fisher Tobacco Company . Business waa still confined to a

relatively s.a11 sales region .

Itow we return to Spud, the sentholated cigarette . Word

of Spud continued to spread . ' Under the watchful eye of

Colonel 1lxton, the cigarette was launched nationwide in
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Dsuaber of 1926 . Profits did indeed increase, but the

Colonel ran into a proble. he hadn't expscted . At first,

distribution was very segrnt.d and cn.plately inadequate for

the unprecedented d..and . People besieged the stores looking

for the nev brand and retailers predicted a deluge of orders .

The Axton-PLher Co.pany responded, by diverting

resources toward the production of Spud, thus dra.atically

increasing their cigarette output . Soon the retailers wre

co.pletely stocked, and sat around waiting for the predicted

deluge to hit. anfortunately, it never ∎aterialieed as

expected, and such of the stock sat on the retailers' shelves,

rapidly deteriorating in quality . The retailers, of course,

sold their older stock first, so the product distributed to

the s.oking public began to teste rorse and worse . The

resulting poor quality of product distributed to the general

public, and the previous supply proble., brought the

reputation of the brand into disrepute .

During 1927, 6pud was a big disappoint.ent to the Axton-

Pisher Cospany . In 1928 the Axton-tisher C.ospany, needing

capital, broke its long-standing policy of private ownership

and sold $1,000,000 of cooon stock, thus acquiring banking

connections in New York. With the new capital, the cospany

refurbished its old plant and built an additional fudarn

processing aree . On one trip to New York, Colonel Axton nat

with sone advertising executives, who convinced hi . of the

benefits that could be gained by prosoting his producte

through the .edia. A eosbination of judicioua advertising and

an eye on quality brought the brand back into favor and sales

increased up through the year 1930 .

The years of the Depression, 1929-1932, were dangerous

tLes for cigarette co.pennies. By the end of 1932, 220% of the

total U. S . cigarette .arket was occupied by the ten-cantese,

the nev 10C per pack brands, as ules of the then dominant 154

packs dropped by 10 billion units . There was an equivalent

rise in roll-your-orn brands as the 150 per pack brands lost

volume . The ten-osnter was able to be offered as a cheaper

alternative because of the general fall in leaf prices, along

I

76

88338398

Source: https://www.industrydocuments.ucsf.edu/docs/npxm0068



I7tb Tobnocc Chenista' Reeearch f.bnterence

with what was called •sensible econosies• in advertising and

packaging .

T)$ 19NE11D-BARE 74IIrIIFS

The aaiority of the advertiaing money that Axton-Pisher

spent in the period 1926-1931 was for the Spud cigarette

branl. Trying to devise advertising copy for a ciqarette

brand with a naae connoting a potato .ust have been

challenging. The depression ps in full aving and the year

1931 sav a drastic decrusa in profits . Adding to this, the

Rrovn 6 Yilliauon Tobacco Co.pany had introduced Penguin

atentdolated cigarettes in 1931 ; t3an as tiae progressed, they

introduced Bool 1lenthol in 1933 . As ∎ result, Spud lost

additional msrket share (5) .

Figure 2 surarlees the published facts, but does not

tell the whole story .

FIG . 1
Axton-Fisher eo.peny

1926 - 1931
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In the late 19300s, the Arton-Pisher Company was taken

over by Philip Marris Incorporated . Under the new leadership

of Philip Morris, Spud held onto a small segment against Rooi .

The cigarette Spud was destined to hold its ovn until its

eventual dissolution in 1963 . The mentholated cigarette

market sustained a relatively static 2% urket share from the

late 1930•s up until the early 1950•s .

This was not the first time treated cigarettes were to be

offered to the smoking public . In 1927, List.rine cigaretta

were sold (Laebert Pharmaceutical Company) in rhich the

tobacco had been ispregnated with antiseptic oils . Another

presentation included tecaiyptus, an eswntial oil treated

cigarette_ The menthol treatment, however, was eminently sare

successful . During this tir, numerous companies developed

their own versions of a .entholate0 product and new

mentholated brands were introduced . Some of these include the

previously mentioned Penguln in 1931 (Brown i Milliasson),

SnavDall (Paul A . Merner, Mev York), the phenomenally

succewful IIooi in 1933 (brown 6 Millioson), Ctgarette--0Yar

(Philip Morris), and Nenthorettes (Aos.dor Cigarette Co.pany) .

2He PAMxlbTIC 90QS1E8

The era of increasing economic prosperity, beginning with

the start of World War II, had a positive effect on the

tobacco industry . In spite of leaf shortages and long valtinq

lines outside tobacco shops, the var years encouraged

consumption. Tobacco was classified as an essential material

by President Roosevelt, and sar tobacco farsers von

deferments from military service . Between 1939 and 1945,

ccigarette sales in general rose by 50%, and manufacturers

i faced peacetime with a known duand for nearly 270 billion

cigarettes at hor . This duand increased even .oce after the

war, since the returning servicemen bad taken lst of the total

output, for overseas supply, during the war years (1) .

The use of mentholated products was initially prowted to

offer an alternative to the heavy, harsh-tasting, hot, and

many times unpleasant experience of some nonsentholated

products . The trend was to offer these mentholated cigarettes
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aa a change-of-paca product, particularly as a•refreshsent•

ciqaratte during the winter Montlu when lowered indoor

humidity was thought to contribute to dry throats .

TNE rZLTER FIPTIES

Filter cigarettes were developed and introduced in the

eid 1950's, and case to doainate the sarket. A spate of new

filtered .anthol brands were introduced, reflecting the

positive iNaqe of cooling and reduced harsh-tasting tobaccos .

The addition of a filter to regular cigarettes changed

the stronger tobacco testes to which aeny s.okers had hecoae

acenstoaaed. Thua, there was already a need for flavoring to

ca.psn.ate for this loss of tobacco flavor . In its rise, the

filter aarket absorbed and enlarged tha once li.ited desend

for rntholated cigarettes . In spite of the Spud brand

introducad in 1926, this .arket, like the .outApiece .arket,

remainW s.all for sany years . Only Brown 6 1lillia .eon's

Rcol, offering prize coupons along with aenthol flavoring,

aanagM to achieve any kind of volume as a rntholated

nonfilter cigarette (12,70o,do0,oo0 by 1955) . The popularity

of filters, the long-tere association of aenthol with a cool

refreshing taste, and the growing popularity of Rool, a

nonfiltered, aentholsted cigarette, undoubtedly proepted the

introduction of Sa1ea, the first menthol filter cigarette, in

May, 1956 by R . J . Reynolds. National distribution was

attained a month later (2, 6) .

In rasponse to Reynolds' invasion of the menthol market,

Brown i Yilliason immediately placed a filter on its regular

sSsad IIool brand and put it on the market later in 1956 .

Althaaqh Brown & Williamson had good success with its regular

(nonfllter) aool Menthol brand, it apparently had hean

uncertain as to the strength and direction of the filter trend

varsus the nontiltered king sise trend for cigarettes . As a

result, it offered a king size version of lts popular, regular

sised Rool Menthol brand in 1953, instead of the filtered

version. Tne king size brand was discontinued in 1956, when

the Zool Menthol Filter was introduced .
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other entries into the Menthol filter siarket included

Newport (Lorillard) and Oasls (Liqqett 6 Myers) in 1957, and

Lorillard's Sprint 1oo's and Philip Morris's Alpine Menthol

Filter brands in 3959 . By tM end of 1959, .entlolated brands

accounted for about ona out of every ∎ix filter cigarettes

s.oked, or one out of every twelve cigarettes of all types .

T+.2 S,Li .IFIiPl SIXTIES

Brovn a Milliaa.on responded in 1960 with lelslr Menthol

Filter, followed closely by Montclair Menthol Filter froa the

Lmerican Tobacco Caqasny in 1962 . The Menthol filter aarket

seeaed to reveal that first entry aay be associated with

substantial, but not everlasting success . For siataen years,

Salea saintained the leading position in the Menthol filter

smrket, but in 1972 it ras overtaken by 1[001. Fool's lead

continued on through 1979, despite large increases in

advertising eapsndltures by Salea .

IIool'a ascendancy cannot be explained by the .aount of

dollars spent to advertise the brand. Bxeept for 1971, Roo2

spent Less on advertising tMn did Salo throughout the 6 year

span of the 196a-1974 period . possibly ROol's success

indicates that it had a sore effective advertising ca .paiqn

than did Salea. Another possibility was that according to the

1969 Maxwell report, Rool was then the lost heavily

aentholated of all the sentholated cigarette brands (9), and

this was the preferred taste of that ara .

Initially, aentbolated products and associated

advertising caapaigns were developed based upon the feedback

received from the ssokinq public in general . The lack of

response, evidenced by the essentially flat sales volw,

caused the advertising agencies to usa a different approach .

Cayaaias responded with a proliferation of visually appealing

advertising and new packs targeted to appeal directly to the

aenthol s.oking public . Since 1962, sentholat .d counterparts

of brand releases have been taken for granted. In alaost

every case, when a new brand is currently released, there is

a sentbolated version developed and released as vall to

so 88338402
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capture that segment of the smoking public which prefers this

taste mixed with its tobacco .

TNE SCfiISMkTIC SEVBlPIPS

In the seventies, markets began to level off . Sales

stabilized at about 27% to 30% of the total cigarette market,

and advertising continued to change with the needs of the

custoMrs . A proliferation of additional brands was

introduced, many of which were discontinued within two to

three years .

r . 4- n .r . .n . .i~ .

While sor initial exparisentation was done to find the

most desirable levels of aenthol, the levels of menthol have

changed vary little over the years . Some 90% of all

cigarettes contain a vary small arount of menthol . This

supplenent merely enhances the tobacco tastp, without the

sinty, cooling oomponents of menthol taste being noticeable .

Mentholated cigarettes contain fros 0 .3% to 0.7% of the

tobacco weight in menthol, with the range extending to nearly

1i for highly-sentholated cigarettes . While senthol cigarettes

today do not account for sore than 1% to 5% of the .arket in

most countries, the total is greater than 254 in the United

states . In the Philippines, menthol cigarettes account for

•ore than 60% of the market (8) .

The three largest menthol brands through the seventies

and on into the ninaties were Sales, 1[col, and Fewport . In

the early seventies Rool passed Salea as the brand leader .

This lasted for approximately 10 years . Reynolds' Sales brand

than recaptured its position as the leader . Lorillard'a

U.rport passed lrown 6 Williamson's Rool brands in 1991 .

Within the last few months, Newport has passed Salem in market

share to becc .e the top selling menthol brand .

The menthol cigarette of today owes its origins to Spud

aughes and Colonel Axton, but has changed significantly in

response to the changes of the public naeds over the

intervening years . Modern sentholatad cigarettes are
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for.ulated with the menthol smoker in .ind . Advertising has
changed accordingly to reflect the changes in lifestyle and to
appeal to the current wants of the rnthol cigarette s.okinq
public . Advances ln the understanding of tobacco in the areas

of cigarette construction, blending, and flavor applications,

along with visually appealing advertisuents, allow today'∎
tobacco cospanies to neet the wants of increasingly selective

and discriminating menthol cigarette smoking customers .

S1RIDEffi

In the late 1920's, Spud became a reality . In the

1930's, the early entries were first Penguln and then Rool .

In the 1940's, the market was small but consistent at about

2% . In the 1950's, the filters were introduced, Salea leaped

into the lead, and .ethol was accepted and grew . In the

1960's, the growth continued and some new brands case and

went. In the 1970's, the growth topped out at about ]08 and

more brands were introduced . In the 19a0's, the menthol

percentage dropped slightly to 26% and the brands

proliferated . In the 1990's, opportunity exists for better

design and formulation .

FIG. 2

Percent Of Markat Share For Ilenthol Cigarettes
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FIG. 3

llenChol Brands IntroAueaE
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i. .ading ISantTol Brands
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THE CHEMIC/1L DETERMINATION OF MENTHOL IN THE
TOBACCO INDUSTRY FROM AN HISTORICAL PERSPECTIVE

Michael F. Borgerding

R- J. Reynolds ToLacco Cospany
Boraan Gray Technical Center

P. O. Box 1487
Minston-Balea, MC 27102

ABSMQ

A general overview of the apparatus, procedures and

inrtrwantation applied to the determination of .ent6ol as it

rslates to the tobacco industry is presented . Evolution and

refinuant of chaical analyses for the detersination of

fanthol in tobacco, cigarette smoke, cigarette cosponents and

flavoring materials are reviewed . Particular esphasis is

placed on susrriring and cosparing reported .etnod validation

data .
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PROLOGUE

As I began to think about this symposium paper, I

considerW sor of the .o.t boring research papers I had ever

read or listened to. As I recalled those papers, I realired

that the experimental section of a boring research paper can

aake the rest of the paper look pretty exciting . A paper on

analytical methodology has the potential to be a lot of

experimental sections strung together . Not to worry . About

this tiae I remembered •PIN•--an acronym for the ideal way to

consider new thoughts, ideas and, yes, even manuscripts (62) .

When applying •PIN•,'first consider the positiva, next the

Interesting and then the f{eqative .

Prom the positive side, there have been many interesting

analytical methods developed and applied to the determination

of menthol . On reviewing the menthol literature my interest

peaked. Each paper added to an overall story . As you read

this review, my hope is that the original negative thoughts

that I had will not surface in you . . . . . .enjoy .

Since the introduction of the first mentholated

cigarette (2, 32), an assortment of chemical analyses have

been applied to meet the diverw demands for menthol analysis

within the tobacco industry . Cheeical analyses have been

developed to track or address : (a) the application of menthol

to tobacco during cigarette manufacturing, (b) migration and

equilibration of menthol within the cigarette and cigarette

pack, (c) the fate of menthol upon smoking, with special

emphasis on the menthol yield to mainstream ssoke, and (d) the

purity of menthol and the chemical composition of menthol

containing flavors .

This paper will consider analytical methods developed in
several of thm areas . L.phasis will be placed on (a) the
historical aspects and evolution of current menthol analysis

technology, and (b) the figures of merit which have b.en
reported to describe a particular method, i .e ., method

accuracy, precision, selectivity, and lieit of detection .
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THE DCfEPMIAATION Ol TORACCO NENTHOL

Mith the advent of aenttwlatad cigarettes in 1925 (2,

32), cheaists vere faced vith the devsloprent of analytical

zrtaoduloqy to sonitor the application of aenthol on tobacco .

A siaple chronology denoting significant events in the

evolution of this aeasureaant is presented in Figure 1 . This

tir line is intended to e.phasize the diversity in analytical

approach which has awlved since the introduction of

arntholated cigarettes, as vell as the creativity of the .any

scientists who have contributed to this field .

FIG. I
Tobacco nenthol Analysis Tiae Line

nes-rrr.r
rMM a.~
r.w. tre. . ier .uatr.rr

lYtl.uW
sr
ns.r. z. .N.nr .

- e.~es.~rirmc
...

ir-aros.~nrns
rasa

-_-
1 I

iss iw Iro 1MO xooo
ne.tasrr
nurr ~nn.ro.rn..r .

u.rrrr.+w..w
cr+.,
~s.-iqpK Iss"s.s . .

ri,srn c+rror~

The events fros 1925 to present can be separated into

three distinct periods, each with a different principle focus .

yrom 1925 to 1963, research efforts veie directed to the

idantifiution and d.velop.ent of a selective analysis

approach which vas specific for rnthol. The bulk of the work

during this period occurred after the introduction of the

first suoc.asful filtered asnthol cigarette brand in 1955 .

•rom 1966 to 1960, research .apASsis shifted to refinenent of

analysis accuracy and precision . Finally, having developed

several suitable tobacco aenthol .athods, research fro. 19e1

to present has been concentrated on ways to increase saaple

throughput, while .aintaining accuracy and precision .
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The selective determination of .enthol was difficult

prior to the aid 1950's . Early analysis methods relied on

optical rotation for the determination of tobacco menthol

content. Por exa.pla, in one such procedure tobacco was steaa

distilled and menthol was extracted Iroa the aquaous

distillate with chloroform (27) . The rotation of the

chloroform solution was then determined . Both the sensitivity

and selectivity of this method were limited . farqe sample

sizes and small solvent volumes vere necessary to yield a

detectable rotation, with some rotation attributable to

sources other than menthol . Obeolasunce of this approach vas

to come, circa 1956, as several scientists took note of

earlier work by .asaune (45) .

In 1933, Hasaaune reported a coloriaetric procedure for

the determination of menthol in tiesue and blood . In the

procedure, protein was removed by ethanol extraction and

filtration. The extract was then distilled at 70•C and the

menthol content determined with p-dissthylasinobenzaldehyde in

the presence of sulfuric acid by monitoring the red color

produced . Adaptations of Masasune's procedure wre to form

the basis for tobacco menthol determination throughout auch of

the tobacco industry for many years, and even today menthol

analysis with a colorimetric end-deter>tination is still

practiced .

In 1956, T. Gibson Harrell co.pleted the develop .ent and

validation of a new, selective method for .anthol on

tobacco (27) . The method separated menthol from t.ebac0o by

distillation, providing a relatively 'clean• extract

compatible with a cOloristric end-deter.ination according to

chemistry adapted fra Ifasewne . The fact that menthol could

be separated from tobacco by distillation rather than by

direct solvent extraction was a key finding in this work .

Unfortunately, solvent extracts of tobacco contained many

co.pounds that could react within the bounds of the chqistry

described by Masawne . Tobacco sasples vith or vlthe0t

menthol were found to develop unacceptable color when

extracted with ethanol, carbon tetrachloride, hacane,

°° 88338410
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ehlorofors, acetone or ether . As colorisetric and-

datersinetion for tobacco menthol was considered by other

workers, significant diversity ras demonstrated in dealing

rith this liaitinq pMnoeenun (15, 42) .

One of the most imprusive aspects of Narrell's work is

the ..thod validation rigor which ha applied. Method

preelsion and accuracy vere carefully characterized .

Distillation ras accomplished with the apparatus shown in

Figure 2 vithout the addition of steas ; a gentle flaae

provided sufficient heat .

FIG . 2

Distillation Apparatus Of Harrell (27)

Tsanty milliliters of diatillat.e were required for

wcianm senthol recovery (Fiqure ]), hance seaple preparation

vas relatively rapid.
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FIG. 3
Distillate Voluae Required For Quantitative INasurewnt
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To ensure end-dater.ination aaeuracy as applied to a

aentholated tobacco distillate, the heatinq tir for mnci.uw

color developaent and the tsrporal stability of the oolored-

ao.plex for.a0 vere characterized . It was found that a two

∎inute hwatinq tir (Figure 4) yielded saxislu color vhioh was

stable for approxi.ately 15 sinutu (Figure 5) . Based on the

transient nature of the colored-co.plex, it vas reeorendW

that absarbanee osasuruents be msde as rapidly as possible

after the color vas fully developed .

FIG . 4
Influence Of Heating Tia . On Absorbance

Lemn.M&~N
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FIG. 5

Stability Of Colored-Complex At Roos Temperature

e s e
H+p./Ti. .au.taase.rasa~I~+.e•.)

After establisbing suitable distillation and end-

deter.ination paraaeters, overall method accuracy was assessed

by a recovery study. Rnovn qwntities of menthol were added

to tobacco and menthol determinations vera made (Table 1) .

The average recovery observed was 99 .8% .

TABLE I

Colorimetric Method Recovery Study

Menthol Added
(.9)

Menthol Found
(av)

Recuvery
It)

5 .11 5.07 99 .3

5 .11 5.13 100.3

5 .11 S.0a 99 .5

1 .560 1.558 99 .8

10.22 10.22 100.0

Avera9e Recovery 99 .8

Method precision was estimated by performing duplicate

determinations on a nu.ber of cut filler tobacco samples .

Average method precision was found to be 3 1% (Table II) .
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Sasple-to-sa.ple variation for typical sentholated cut filler

tobacco was found to be approxiaately 7% to et .

TABLL II

Estisation Of 1lethod Precision

Oeteraination /1
(Neight t)

Oetermination /2
(Weight t)

Relative
Variation

(8)

0 .302 0.310 1.8

0 .253 0.256 0 .8

0.262 0.260 0 .5

0.257 0.258 0 .3

0 .256 0 .257 0 .3

0 .280 0 .286 1 .5

0 .311 0 .308 0.7

0 .285 0 .287 0.5

0 .263 0.262 0 .3

0.291 0.300 2 .2

0.286 0.282 1.0

0.263 0.276 3 .4

0.310 0.309 0 .2

The attention to detail in the developsent and validation

of this analysis produced one of the .ost desirable attributes

for an analytical sethod--lonqevity. It is interesting to

note that this aethod was later chosen as one of two

unpublished set0ods for collaborative study under the auspices

of the lusociation nf official Analytical Chqlsts (IWhC) (1,

55, 56, 64, 65, 66) and it is currently an official AOAC

∎ethod for the detersination of tobacco rnthol (55) .

Several other approaches to the detemination of senthol

via colori.etric and-deteraination have been reported . Gch

∎ethod addressed, in a unique way, the critical problea of
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separating menthol fros tobacco while providing for selective
detection of menthol without interference frcm other tobacco

constituents . At this conference in 1956, A . D . Carpenter and

D. ! . Deligsan of Philip Morris reported a .ethod which used

drop-vise eutraction of a single cigarette (15) . According to

their procedure, an aliquot of the ethanol extract was a.ratad

with nitrogen for one bour. In this aann.r, menthol vas

salectively separated and collected for deter .ination by

reaction with p-disethylauinohenzaldehyde .

J. J . Lahus and A. D. Bogus of P . Lorillard Coipany

advouted solvent extraction followed by distillation to solve

the selectivity problem in the first published procedure for

the d.tersination of menthol ln rntholated cigarettes (a1) .

Osing the apparatus shown in Figure 6, an ethanol extract of

sentholated tobacco vas distilled with an air strw which was

first drawn through a sulfuric acid bath . Menthol was then

det.rminW coloriastrically after reaction with p-diiethyl-

a.inubenzaldehyde .

FIG . 6

Distillation Apparatus Of Luhus And Bogus (42)

Several details from this procedure are iaywrtant to

consider. First, the sampls size and extraction volur

reported were six cigarettes and 150 sl, respectively . This
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is a larger aaaple size than was used by either Carpentsr and

Seliqsan (one cigarette) or Narrell (2 qrus) . Second, an

extraction tise of two hours while continuously ahakinq at

rooi teqrerature was recooend.d for quantitative results .

This particular .ethod para>,eter has been extensively studied

in the years that have followed . Accurate, precise recovery

of known aaounts of .enthol added to tobacco was found with

these conditions (Table III) .

TABLE III

Recovery Study Accordinq To SEe Method Of l.ubus And Boque

Menthol
Added
(ag/∎1)

Menthol
Found
(ag/al)

Menthol
Found
(aql∎1)

Menthol
Found

(.q/.1)

Average
Recovery

(t/

0.035 0 .036 0.036 0 .034 101

0 .050 0 .051 0.050 0 .050 101

0 .075 0 .076 0.075 0.073 100

0 .085 0 .091 0.061 0 .091 104

0 .100 0 .10{ 0.101 0 .100 102

0 .12S 0.125 0.115 0.L26 100

Recovery Grand Average 101

In addition to rock .usic, hippies and antl-var

deaonstrations, the 1960•s brought sosrthinq useful for

analytical che.istry--qas chroaatoqraphy began to e.erqe as ∎

valuable analysis tool . Betty Mitchell et aI . fros the

Aserican Tobacco Co.pany published the first method for the

chro.atographie determination of rntbol in ciqarattes and

cigarette saolce (46) . The method involved the vaporization of

menthol in a helium str.ss, with subsequent collection in a

liquid nitrogen cooled U-trap (Hqure 7) . Menthol collected

in the cryogenic trap was dissolved in chloroform and analysW

by gas chrosatography with a Carbowax 550 stationary phase .

The seThod was found to be both accurate (96% to 102%

recovery) and precise .
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FIG. 7

Vaporization And Collection Apparatus Of
Mitchell, Barbee Axd Irby ({9)

As a chrosatoqrapher by traininq, I found this work both

interuting and enjoyable . It is interesting that the

technique described is analogous in soss aspaets to both

static and dynasic headsPace GC . Despite the cooercial

availability of this instrusentation, beadspace GC aethods

have nut been reported to data for the detaraination of

aanthol on tobacco. Reflection on the instru.ental analysis

conditions described in the work brought a s .ile to .y face .

Injection voluses of 25 µi, colusn flow rates of 150 .1 per

.inute and sanual injection (!) are conditions which sany of

todays analysts have never aeen . Yet with all of the

refinesents to chro.atographic analysis in the last thirty
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years, the principal differences realized for senthol analysis

from 1963 to 1993 are not accuracy and precision, but rather

sample throughput and operator ease of use .

RvPZNH~M' Of RC77W0 ACCUOACy ANO PR8CI8ION

With the development of chromatographic .ethods, tobacco

chesists had two different techniques available to determine

menthol on tobacco, colorimetric and chro.atographic . The

primary analytical challenge, i .e ., selective eheaiul

detersination, had been largely solved . The continuation of

vork in this area began to focus on the refinesent of method

accuracy and precision .

The validation of asthod accuracy is frequently the sost

difficult part of any method validation process . Currently,

accepted procedures for assessing method accuracy include :

(a) analysis of urtified reference materials, (b) comparison

to standard reference methods, (c) use of standard addition/

recovery techniques, (d) eosparison of results over a range of

method conditions with a single .ethod, and (a) comparison to

other rorking .ethods, i.e., other methods ewt accepted as

official reference methods .

Although the first two approaches are preferred, these

were not possible with early tobacco menthol methods . The

third and fourth .ethods, use of standard addition/recovery

techniques and eosparison of results over a range of method

conditions, vere applied to validate method accuracy during

the late 1950's and early 1960's . However, with sultiple

analysis techniques available, the last approach, co.parison

of different vorking methods, was also applied to validate

method accuracy in a series of AOAC collaborative studies

conducted from 1966 to 1970 (1, 64, 65, 66) .

Two AOAC collaborative studies were conducted which each

compared a colorirtric method and a gas chromatography

method, leading to the adoption of both of these methods as

official AOAC eethoda in 1970 (55, 56) . It is interesting to

note that both methods evaluated in these studies were

previously unpublished . The colorisetric procedure was the

∎ethod of Harrell, which has been described in detail, and the
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gas chromatography method was the method of flickhaa and

Dennett of Philip Morris . In the latter method, mentholated

tobacco was extracted with ethanol and the extract vas

analyzed by gas chromatography rithout further clean-up .

The first collaborative study, published in 1967 by C . L .

1Vcker of P. Lorillard Ca.pany, involved fifteen

collaborators, fourteen of rhom applied both methods to three

different mentholated tobacco samples (65) . Quadruplicate

det.r.inations of each tobacco sample were completed by each

method . Solvent extraction in the GC method consisted of

rchanical shaking for one hour followed by passive extraction

overnight. Plndings reported from this work included: (a) no

significant differenus v.re obwrved between means with the

two methods for any sample, although a trend to higher mean

values with the colorimetric method was noted and (b) no

statistically significant differences within or between

laboratorles were found, although a trend to lower within-

laboratory standard deviations with the gas chromatographic

method was also noted .

A second collaborative study was cwpleted and published

in 1968 (66) . This study was designed to detersine if the

tendency to slightly greater colorimetric values in the first

study was due to the choice of •blank• correction . eoth a

reagent blank and a nonsentholeted tobacco blank rere included

as part of the colorirtric determination in the study design .

The gas chromatography method was also modified slightly. The

sample extraction time was shortened to two hours of

mechanical shaking . Thirteen collaborators participeted in

the second study, vith twlve applying both methods .

Results from the second study vere virtually identical to

the first study . Use of a nonnentholated tobacco blank seemed

to reduce the perceived difference in mean values obtained

with the two methods

. Hence, both the nonmentholated tobacco blank and the two hour ethanol extraction time were adopted in W

the final, official methods. (J

It is lnterutinq, perhaps even a statement to the Qj

analytical chemists' mentality, that a relatively small •~H

differenee in mean values for the two methods--a differencav
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stated as insignificant in both reports--should bs the object

of such consideration and attention . Figure 8 and Figure 9

present the observed differences betveen nataods for one

sample fros each study . Differences are plotted as

colori.etric result .inus GC result for each collaborator .

FIG . e
Difference Cosparison Of First AOAC

Collaborative Study Sample /1

234567491011121314

Caaeeav

FIG . 9

Difference Cwparison Of Second AOAC
Collaborative Study Sample !1

1 2 6 7 9 10 I1 12

88338420
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Ccasinetlon of these figures which are somewhat akin to

residual plots used in statistical analyses reveals : (a)

tlNrs is no consistent directional bias--both positive and

negativs difference results are found in both studies,

although the differences are weighted to greater colorisetric

method response, (b) both negative and positive values are

obtained for the difference regardless of which blank

correction technique is used for the colorimetric method, and

(c) the absolute magnitude of the observed response is roughly

3 0.05% by veight of menthol on tobacco .

It is important to note that consideration was given in

both collaborative studies to the presise that the

celorisetric procedure say have yielded (marginally) inflated

results, but no data are available which independently verify

that the extraction procedure yields quantitative data .

Review of the various sample preparation procedures and

conditions which have been reported to yield quantitative

analysis (Table IV) confiras that (a) menthol addition to

sasples and (b) •aaxinum response• optimization have each been

used to establish menthol 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

experiments in which extraction time is studied to determine

saxlaum response suggest that quantitative senthol extraction

may not be achieved quickly . Based on this point of

differenu, further consideration of the two techniques is

warranted .

The former technique involves the addition of known

aaxwets of menthol to representative tobacco sasples, analysis

of the sample and comparison of the a .ount found with the

aaxwnt added . It is not always clear from the literature

exactly how the menthol is added, or to what it is added in

the experiments that have been reported. In some cases,

∎enthol is added to tobacco and the sample is permitted to

edry• or equilibrate . In others, it appears that menthol say

have been added to the tobacco in the extraction solvent .
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TABLE IV

Summary Of Satnple Preparation Procedures, Recovery Data
And End-Determinatlons Reportad For The Determination Of Tobacco Menthol

0
0

study rr.pratlon Stat•d THchnlqu• Ur•d To Snd-

Ttcchnlya• aacorary D.t.vuina a.cov.ry D.taca .
)9)

Mareell . 1956 (27) Distillation 99J Masl.vm Ruponqr Color .

M.nthol Addition

Luana and aoqub 1960 athanel artractlon (2 Mre) 101 Menthol Addition Color .

67 rollowd ∎ Distillation

s..stnn and sNacfar, Dlrtlllatten 97 a De

1972 S]

Sroslnakl .t al . . 1972 Dl.tlllatlon 96 .6 Menthol Addition OC

1] 66 To 10]

tuteattu at al ., 1999 athanol lrtractton 99 To 100 Maaau. 6spona. 00

(i9) (2 Mrs M.chanlcal Shak.r •
-20 Mcurs rasal.9

Nrran 1972 16 INthanol lrtnetlon 1 Mr 101 .2 Menthol Addettcn •D

Nrran 1975 19 atlnnol [atraetlcn 7•rr Mnt rt•d --- CC

rrsnk. 1961 )77) M.thanel artraetlon 99 .6 Menthol Addition •t

IS Mln 6 Dec lal shaker

Mlckt and Dunlap . 1993 athanul [rtractlon 99 To 100 lu.i•u• a•apnn .. OC

(]1) (1 Mr Mechanical shakee •
-23 sours r•tsl . .

Mlcka and Ovnlap . 1993 ttMnol trtractlon 100 11aal. aeaponee OC

(31) I (MwtW Saak•r aath,
So 1LLrwt• .)

44YOE4p6 -~Wi"Y-"k',

Source: https://www.industrydocuments.ucsf.edu/docs/npxm0068



47th 7bbacco CLeaists• Research Conference

In any event, the fundamental problem when adding a

material for the purpose of testing analysis recovery is

verification that a chemical aatrix has been produced which is

analogous to and rspresantativa of the actual test sa.ple of

interest . In essance, the addition of a standard material

•mudels• the sample wtrix, with the quality of the recovery

estimate dependent upon the quality of the model . This

potential limitation is not unique to the determination of

tobacco menthol and it does not invalidate the approach, a

priozl. However, it must be considered with regard to

ultimate method validity .

Scse authors establish quantitative sample recovery by

.axiaizinq the analyta response across all pertinent analysis

variables. For example, menthol response might be determined

as a function of sample extraction time to define the length

of time required before a maximum and consistent response is

observed. Figure 10 is such an experiment from work by

yaaamatsu at ai . (69) . Menthol respOnse was determined at

various times during an extended passive extraction period

which followed an initial, two-hour period of mechanical

shaker extraction .

FIG. 10

Lffect Of Additional Passive Extraction After
iVo Hours Of Mechanical Shaking With Ethanol

3 r

-~..~.d.

u

e n s a a w e n

Basen. n.. Mer.o x. . . .wkN'ra sasMp 6n
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It is clear from this figure that a uxiaus and

consistent response was not observed in Yasuatsu's work until

approximately twenty hours after mechanical shakinq ras

completed. While this approach has the advantage of defining

a functional relationship between analyte response and

analysis parameters, in the strictest sense, optisired maximum

response alone does not ensure quantitative recovery and

response .

Ideally, it is desirable that both experiments, recovery

of added standards and .axiw response, be conducted for the
purposes of aethod validation . clearly, if consistent results

are not obtained by the two Mthods, then further

experimentation is needed .
It is the opinion of this author that the conclusion

detailed by Tucker in the second AOAC collaborative study (66)

is correct--either .ethod is suitable for the determination of

tobacco menthol. Why then, have the last several paqes of

this sanuscript focused on (sos sight suggest "quibbled

about') the ssall reported differences between the two

official AOAC rpfods . Acaduic interest and the pursuit of

absolute accuracy play a part, of courN . The most compelling

reason is practical, however . Tobacco rnthol ..thod accuracy

affects conclusions which .ay be drawn fro. menthol aiqration

studies . The ability to accurately detect small changes in

tobacco .enthol content is not particularly significant to the

production of sentholated tobacco, but it is critical to

determining precisely when migration within a ciqarette has

reached a steady state and equilibration has been achieved .

WAYS TO INCRFASE SANPLE 77RaDUGEpUT AND IKPROVE

Nith the ever increasing popularity of .entholatW

cigarettes fro. 1960 to 1985, the nee0 for improved sample

throughput when determining tobacco rnthol has been

paramount. Tobacco or whole cigarette menthol is often used

as a quality assurance end point for the production of

aentholated cigarettes, hence sample throughput requiresents

say number in the hundreds of sanples per day . Gains in
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sample throughput have been achieved by the development of

methods which yield : (a) shorter end-detersinations, (b) .ore

and-detarainations per instrument per unit time, (c) shorter

aaspls preparation times, and (d) multiple analytes per

analysis .

Reported studies have tried not only to achieve maximum

sample throughput, but also to ∎iniaize apparatus and

instrumentation cost . Thus, efficiency, rather than a•brute

force• approach, has been an analysis goal.

With my co-author, Bert Gordon, I presented the use of

dual, simultaneous chromatographic analyses in a single GC

oven at this conference in 1981 as a .eans of increasing

sample throughput (16) . Coeercially available lnstrusen-

tation coupled with "fast GC columns" enabled approximately 40

sasples per hour per instrument to be completed . Later

studies in our laboratories suggested that the packed columns

reported vere not suitable for a11 cossercially available

menthol cigarettes. Therefore, based on subsequent work, we

adopted a packed column with a Carbowax stationary phase

(Figure 11) (8) . A throughput of -20 sasples per hour per

instrument is possible with this colusn in a dual analysis

configuration, largely due to the chemical simplicity of the

distillate sample . With few peaks to separate--propylene

glycol, nicotine, glycerol and neophytadiene although

prevalent when sazqla aca extracted are largely absent in the

distillate--short rbrosatographic run times are possible .

Other workers have reported ways to reduce sample

preparation time in order to increase throughput . M . S . Prank

of lrown 6 Yilliauon reported the use of a novel extraction

technique at the 37th TCRC which substantially reduces

ptaparation time by pulverizing the sample during extraction

(22) . In the procedure, a Teflon agitator is present in each

sample and samples are agitated at 650 to 700 rps, yielding

quantitative extraction in 15 minutes . R. D. Hicks and S . P .

Dunlap of R. J. Reynolds Tobacco Company have developed a

method based on extraction in a heated shaker bath (31) .

Quantitative extraction with ethanol is possible in about an

hour (tigure 12) .
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FIG. 11
Typical PackeE Coluan Separation Of

Mentholated Tobacco Distillate
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FIG. 12
Menthol Response As A Punction Of

8eateE Shaker Bath Extraction iii.
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Table V attenpta to suoarize and coepare the relative

throughput of various sethods which use gas chro .atography for

the end-detar.ination. Based on usa in tn, literature (22),

throughput is defined for the purposas of this table as the

maber of sa.ples which can be enalyzed froa start to finish

by one analyst with one gas chroaatoqraph during a single

sight hour shift .

Another approach to saxi.izing the sample •cost/benefit•

ratio is to target aultiple analytes per analysis. Including

aultiple analytes in a single analysis provides an efficient

way to ainiaize cost and aaxiaize total sample throughput . It

is not necessarily the fastest way to process a group of

samplo if Mnthol is the only analyte of interest . At the

alst TCRC, M . S. Frank and 0 . C. Lin of Brown & Milliaason

Tobacco Corporation reported an adaptation of rrankfs earlier

senthol work, co.bining humectant, plasticizer and aenthol

∎ethods into a single analysis (23) . Multiple analytes vere

separated in about a ainutes with a JiM DB-WAX Megabore

capillary colu.n. Saapla throughput for a single analyst with

one chromatograp6 is ptisated to be about 40 saeples per

eight sour shift .

AMALYSIS PRECISIOM CONSIDEBASIONS MIEN
DESl18tIMIMG TOBACCO MHfPNOL

Analysis variation or •aeasure.ent error• is inherent in

all che.ical detsrsinations . The averall variance for a

particular xethod is the sus of individual variance

oamponents. 7or the detereination of sentTol on tobacco,

predosinant contributions to the total .ethod variance

incloG: ad-detersination variance, sample preparation

variance, product a.apling variance and .anufacturing

variance . Recent .xqwrie»ats conducted in out laboratory

provlde a crude uti .at.e of the relative contributions to the

total varlance from each of these sources (7) .
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TABLE V

Sampl. Throughput Summary For M.thode Which Use
Gas Chromatography As Tha End-Determinatlon

0
P

Method Sanple Sampl.s Pr.par.d Approximat. GC Throughput
Preparation Tiu P.r Run Run Time

(min) (min)

Room 120 2 4 10 36
Tesperature
ENtractlon

5s
Di.tillation 20 40 5 120

26

H.ated 60 20 7 75+
Extraction

l1

PulvarltM 20 To 35 20 5 75+

Extraction
(22)

Notes: (1) All throughput values assune instrument calibration occurs during first
.a.p1. preparation period .

(2) A dual colu.n in.trusent configuration and a 1 .5 sinut. .utosaapler
iniection ..qu.nce ti.e wre considered for throughput calculations with
the second and third procedures .

(i) A mechanical shaker with 24 sasple capacity ras assumed for first
~. procedure .

~Zt7Q~.4gg (4) TM sample pr.paration tias for last procedure includ.s a 15 dnute
extraction tisr and a 5 to 15 alnute settling time .
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In the euparisents, 6C end-detersination variance was

estimated during a two week period by repetitive sasple

injsction on each day of the study (Experiment f1) . Sample

preparation variance was established by analyzing replicate

sasples per pack of aentholated cigarettes on each day of the

study (Experiment /3) . Combined product sampling and

manufacturing variance was approximated from long-ters

analysis results during a aultisonth period (Experiment /3) .

Thus, thesa three experiments together provide a means of

separating individual variance contributions when treated as

a series of simultaneous equations .

] ]
,Dat. 1 _ °IDtl W[are .

] ] ]
QEQt. ]~ aRapl. h~. + QaDtl as[sra .

2 2 2
W. ) - ahadcC ae.pllne /]enuf.c. + aS.p. ney . ~ etnC p,tera.dt

Figure 13 illustrates the apportionment of total method

varianu among the significant sources for three different

mentholated brand styles : a full flavor (PP) brand, a full

flavor low 'tar' (TlLT) brand and an ultra low 'tar' (ULT)

brand. For lF and l/LT brand styles, product sa.pling/

manufacturing variation is the largest variance component,

with sample preparation and end-determination contributions

ranking second and third in order of significance. The

observed relationship between the variance components with

these brand styles is typical of what has been reported in the

literature for other analytes (68) .

For the ULT brand style, sasple preparation was found to

account for -s7i of the total method variance (Figure 13) .

Assignment of this large proportion is artifactual, however .

Implicit in the experimental design used, is the assu.ption

that the cigarettes within each pack studied were cospletely

homogeneous. For the OLT brand studied, significant variation

existed throughout each pack of cigarettes (Figure 14), hence
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sasple preparation and product sa.plinq/sanufacturinq varl-

stion could not be effectively saparated . It is interesting

that the total variance obsarveA for the Vtff brand studied was

an order of aaqnituCe greater in absoluta terss than that of

either the FFLT or FF brand styles .

FIG. 13

Apportion.ent Of Variance Contributions For Tobacco
Mentbol Oeter.ination
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FIG. 14

Menthol Variation Within The Cigarette Pack
On The First Days After Manufacturing

186 DETODQNATION OF MOrfNOL IN SNOLE

The succeasful detersination of senthol in aainstreas

cigarette smoke lagged so.e years behind that of senthol in

tobacco. Technical challenges related to the cheaical

comqlexlty of smoke vere a prisary reason for the slower pace .

The fact that smoke senthol is not a typical sanufacturing

andpoint probably contributed as vell . Ssoke senthol studies

haw generally consisted of either the determination of

rnthol in sainstrsam smoke to assess the effects of soee

fabrication or aging paraaeter on senthol yield, or aore

specialized saterials balance studies to deternine the

ooeplete fat.e of rnthol upon s.oking. Each analysis type

will be considered in turn .

Carly attapts to dstermine .enthol in smoke with tobacco

methcds provW largely unsuaessful because of interfarenees

from o[her uoke cc.ponents (=7 . 42, 43) . Mitchell et al . in

1963 (46) and Lyerly in 1967 (43) capitalized on rnthol

volatility to ovarco.e this lisitation . In both .ethods,

rnthol was selectively eluted fros sainstreas smoke collected

on CasEridge filters by passing a helium streas through the
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filter while Raating . Menthol was thus volatilized from the

Cambridge filter, while the less volatile s.oke components

were retained . The two methods differed in one key feature .

The .etRod of Mitchell at al . collected the volatili[ed

menthol in a cold trap for subsequent GC analysis (Figure 7),

while in Lyerly's method, menthol vapor was transferred

directly to the GC colu.n froe the apparatus in Figure 15 .

One advantage of the latter approach was increased

sensitivity, enabling puff-by-puff unthol data to be

generated .

FIG. 15

Special Cambridge Filter Holder

From The Method Of Lyerly (43)

L7

Brozinski and co-workers found that, as with tobaooo,

smoke oould be ateam distilled, partitioned into /etbylane

chloride and analyzed by gas chromatography (13) . Their work

stands Out from most reports, in that a complete Nt of Mthod

validation data is reported . Method precision (CV) vas found
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to be 44, recovery through the saaple preparation procedure

vas found to be 100.24, and the trapping efficiency of

Cambridge filters (C1) and electrostatic precipitation (sp)

for s.oke menthol vas co.pared .

Brozinski et al . found that some menthol passed through

the EP smoke trap and condensed in a second trap containing

glass vool 1Rregnated with triacetin. In addition to

bzukthcough out of the EP trap, the total amount of menthol

found in the EP and the second trap was less than that found

with the CT trap (see Table VI) .

TABLE VI

Co.parison Of Smoke Menthol Collection By EP And CF

Ssoking 11 Saoking /2 Average

Cambri /Slter Filtrona CSM 10 S.oki Machine

Ci aratte. Saoked S S Avera e

Menthol In Main Tra 0.44 0 .47 0 .46

Menthol In 8econd
Tra

0.00 0.00 0 .00

Total Menthol 0 .44 0 .47 0 .46

Electrostatic precl ltatlon Bo aldt BR 20 65

C1 arettes S.ok .tl 20 20 Avera e

Menthol In Main Tra 0.39 0.42 0 .41

Menthol In Ssoond
Tra

0.02 0 .02 0 .02

Total Menthol 0.41 0.44 0 .43

Bote: All menthol values are ag/cig . The second trap
consisttl of glass vcol inpregnated vith triacetin .

Electrostatic precipitation has been used extensively in

my laboratory, this technique often being the preferred s .oke

eollection method in eur work (10, 11) . Subsequent sample

preparation of naat total particulata matter (TPM) collected

by EP is often simple . Based on a scientific fondness for EP

collectlon, the earlier work of Brozinaki was recently
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repeated and axpandad in our laboratory (9) . The two ssok6

collection techniques were cowparsd by replicate awkings with

three different rntholat.0 brand styles. Results in Table

VII show good general agree.ant between EP and CP s .oke

∎enthol collection .

It should be noted that in addition to the sain EP trap,

two cryogenic solvent traps containing methanol, the first

•aintained at 0•C and the second at -70•C, were placed after

the EP trap in this experi.ent to determine if menthol

collection was less than quantitative (Figure l6) . Measurable

amounts of menthol (0 .01 1g/cigarette or preater) vere not

detected in either trap for any brand style. These data

suggest, therefore, that EP is a suitable smoke senthol

collection technique . Differences in the results of the two

studies were due, possibly, to refinesants in EP trap design

over the years .

TABLE VII

Recent Coaperisnn Of EP And CP Smoke Menthol Collection
Efficiency With Three Brand Styles

ULT Brand PPLr Biand FF Brand

Swke Menthol c1

Electrostatic 0 .31 f 0.02 0 .60 f 0 .03 0.81 2 0 .0 4
Preci itation

Ca.bridge 0 .33 2 0.02 0 .57 3 0.02 0 .76 1 0 .02
Pilt..r

Mainstreae YPM ( ci

Electrostatic 2 .8 ± 0.1 13 .3 3 0 .5 23 .8 f 1 .2
Preci itation

Caabridge 2 .5 ! 0 .2 13 .3 ± 0 .5 24 .7 f 1.0
P11ter

Mote: A11 values are the averags 2 one standard
deviation for six replicate deterainations . Twenty
cigarettes were smoked for each EP sample and five
cigarettes vsre smoked for each CP sample .

Another unique aspect of Brorinski's work is the fact

that data are presented for a smoke aentho} trap subsequent to
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the Cambridge filter . J1s new cigarette designs are evaluated,

it is important to be cognizant that a single Cambridge filter

.ay not eollect all s.oka menthol . It is conceivable that

pcke from new cigaratta designs aay exit the aouth and at

toperaturas which differ from most cigarettes sold today .

One example of such behavior was the CF menthol trapping

efficiency observed for Premier cigarettes . with this

cigarette, approximately 80% of mainstream smoke menthol was

trapped with a single Cambridge filter, while two Cambridge

filters yielded quantitative collection (30) .

FIG . 16

Electrostatic Precipitation Smoke Collection

With Sack-Op Traps

amc..or ~osp~r
v.onc ..n.r

t
Since the vork of Curran reported in 1975 (19), smoke

menthol has been determined by collection on a Cambridge

filter, diraet extraction of the filter and analysis of the

extract by gas chromatography . Table VIII suaarizu the many

extraction solvents and extraction tiiss employed for the

measurement of saoke menthol . The diversity of sample

preparation conditions found in Table VIII reflects the wide

scope of analysis constraints which confront the analyst .

one of the most challenging aspects of detersinin9 saoke

menthol by gas chromatography is the separation of propylene
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glycol and menthol. Thesa 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 tLe . }Idautrle and Cannon

reported a novel approach to this probin in 1979 (46) . In

their procedure, Cambridge filters are extracted for 30

∎inutes with a binary ∎ixture of chloroform and water .

Propylene glycol partitions into the water layer and is

eliminated as a chromatographic interference . Menthol

extraction efficiency was reported to be greater than 99% by

this procedure with a chro.atographic ran time of 3 minutes .

TABLE VIII

conditions Dsed For the Direct Extraction of
Cambridge Filters When Determining Smoke Menthol

Study Extraction Solvent Extraction Ti .e
(.in)

Curran (19 Ethwtal 120

Yasunatsu (69) Ethanol 110

ecMurtrie and Chloroforf/Yater 30
Gnon (66)

Shoffner and [reon 113/ 30
Ireland (61) I r nnl

R7A Standard Test Methanol 60
Method

R7R Standard Test Chloroform Overnight
Method

As with tobacco, some analyses target Multiple saWn

analytes to maximize overall analysis throughput . As an

example, Shoffner and Ireland have reported the use of a

trichlorotrifluoroethane/isopropanol binary sixture in a 6t1

ratio for the rapid determination of rnthol and nicotine in

smoke (61) . Average recoveries of menthol and nicotine from

the Cambridge filter were reported to be 100t, and equivalent

results were found when the .etbod was compared to the
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official AOAC method for ssoke nicotine (57) (menthol was not

oosp.red) .

It is significant that the literature does not currently

include a citation for the use of capillary column GC to

determine saoke senthol given the videspread use of capillary

GC today. rigure 17 is a typical smoke senthol separation

fro. our laboratory which eaploys a MegaDore capillary colusn .

Smoke Menthol

1000 7 II ~

960

760

FIG. 17

Separation With A Megabore GC Coluan

a.- n~
f.dn ~Y W .~ ia

.wnur~aw~~

0.0 0.5 10 15 20 25 3.0
Tune (ninutes)

3.5

ine chemical determination of .enthol in smoke streams

other than Msinstreaa smoke has been limited . Sensory

evaluation testing of sidestrea. odor conducted by Gains and

Marwr (24) suqgests that subjects cannot detect a difference

E.tr.en the sidestrea.odors of mentholated and nonaentholated

ciqarettas . In their study, sidestreas odor was collected by

exposing Cambridge filters moistened with mineral oil to

sidptreas woke in a .odified bell-jar apparatus . Menthol

collection efficiency was not reported .
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There have been no reports in the 1 iterature vhich dafine

the collection efficiency of sidestreas smoke menthol on a

Cambridge filter . It is possible that, like nicotins, menthol

is not quantitatively trapped by a Cambridge filter .

cryogenic solvent traps may, therefore, be necessary to study

sidestreaa s.oka .enthol. Additionally, there Yy be a

dependance upon the type of apparatus used for swke

collection, e.g., a Neurath chamber (53) versus a B .A.T .

fishtail chimney (5e) . Hopefully, this general deficiency in

the literature will soon be corrected .

Total saoke collection chambers have been used by a

number of workers to determine the fate of carbon-le labeled

∎enthol in total s.oke . In these studies, sainatrau s.oke

TPN, .ainstreas s.oke gasses, sidestreas ssoke Tn( and

sidestream ssoke gasses are collected and the radioactivity of

each sample type detersined . Cigarette ash and butt are also

assayed for residual radioactivity . An overviw of the

historical development and refinement of total awke

collection apparatus is beyond the scope of this review . The

reader is referred to the literature, therefore, for detailed

descriptions of these systems (6, 33, 34, 50, 54, 63) .

One finding fros radiotracer studies which is pertinent

to a discussion of analytical methodology is the amount of

radioactivity which is found in the .ainstreu smoke gasses .

Approxi.ately 11 or less of menthol radioactivity has been

found in the sainstrms gas fraction of ssoke . This confirms

the fact that mainstream smoke menthol is quantitatively

trapped by a Cambridge filter .

Nost analyses of neat menthol or menthol containing

flavors have historically been conducted to answer one of four

quastions :

a . What is the quality of the menthol?

b. Is the correct a .ount of menthol present in tobacco

top dressing solutions?

e. Is the correct amount of rnthol present in filter

flavor solutions?
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d. What is the cosposition of a peppermint or other

menthol containing flavor?

Analyses conducted to answer these questions have

exploited choical and physical properties of the menthol

.olacula . Menthol (Caeyo) is a sonotarpenoid, secondary

alcohol. The ehezieal structure of sentAol contains three

asyo.tric centers, hence sntLol exists in four

diasterioaeric forss known as rnthol, isosanthol, neo.enthol

and neoisumoenthol . Each diasterioseric form exists as a
racnic sixture . The physical constants for aenthol isosers

have been well characterized (60) . Melting point (M.P .),
boiling point (B .P.), specific gravity (d at 15•C), refractive

index (n at 20•C) and optical rotation (a) data for soae

caspounds are found in Table IX .

TABLE IX

Btioary Of Physical Constants For Menthol Iso.ers

Co.pound B.P .
(•C)

B.P .
(•C)

dn nr0 [010

2 Menthol 36 216 0 .904 1 .4615 --

IMnthol 43 216 0 .904 1 .4609 -49 .4

S Neomtnthol 53 212 0.903 1 .4604 -

• Mcrathol -22 212 0.903 1 .4603 +19 .7

S I~nthol 53 .5 219 --- --- ---

• Isomanthol e2 .5 219 +27 .0~

2 Bsoisafsnthol 14 215 1 .1649 -

• Dsoisoalantbol -a 215 0 .91V 1 .1649 +0 .14

'dw . rIn alcopol .

Prior to the invention of gas chrosatography, menthol vas

essayed in a nuaber of ways . During the 1930's and 1940's,

aenthol vas d.t.r.ined in pepper.int oil based on the presence

of the bydrosyl group by acetylation and titration (4, 12, 16,

36, 51) . Coloriaatrie and spectroscopic techniques vere also
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reported (41, 45) . Yoshitani et al . determined the menthol

content of top dressing material eolorisrtriully and by

optical rotation (70) . eoeever, the volatility of rnthol

makes it ideally suited for gas ehrosatographic analysis (40) .

Moore and Koseoy reported the separation of rnthol isomers on

a 12 foot packed colu.n with a Xyprose stationary phase in

1961 (49) . Developrnt of gas chroaatoqraphic alternatives

continued for many years . Gillen and Scanlon published a

separation of menthol and e.nthone isomers using Carbowax 400

in 1972 (25) . Raut and Core successfully applied liquid

chro.atography to the same task, separating all six components

in about fifteen minutes (28) . The separation of eanthol and

aanthone isomers is relatively straightforward today using

capillary qas chromatography, an example of peppermint oil

separations can be found in the work of Eaberqer and

Nopp (21) . In fact, peppermint oil separations can be found

.in the applications seetion of a leading capillary column

manufacturers sales catalog (37) . Chiral separations of

.enthol isorrs are also possible by either gas or liquid

chromatography. The reader is directed to the last two

references cited for examples (21, 37) .

QMER Atl6LY5RS

Menthol volatility not only makes the compound well

suited for Gc analysis, but alw aukes it difficult to keep

the compound in a single location within the ciqarette pack .

Phenomenological data and theoretical aspects of .enthol .ass

transfer and equilibration processes are the subjects of other

papers at the symposium. Given sufficient ti.., menthol

equilibrates between the cigarette tobacco rod and filter, as

well as the packaging material . As such, eheaical analyses

for each of these components have been reported .

Tobacco rod analyses have already been described in

detail . Most tobacco .enthol methods have also been applied

to filters (13, 18, 19, 23, 31, 52, 59, 69) and/or the

complete cigarette (8, 18, 27, 31, 48, 59) . One exception is

the filter (only) method of Kabureki which is based on toluene

extraction (38) . Considering the collective literature,

11e
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filter extraction is relatively straightforward, with

quantitative aenthol recoveries sasily achieved (18, 69) .

Measurable asounts of menthol have also bean found in

cigarette packaging saterials. Vhrig at al . detersined

menthol in both soft pack and crushproof box aaterials by

•ethylene chloride extraction followed by capillary GC

analysis (67) . Mickey evaluated the f0i1 inner wrapper by

distillation and gas chroaatography (47) . Mora recently,

D.ard and Hicks have also analyaed packaging by heated shaker

bath extraction (5) .

Another menthol analysis which the tobacco ehesist .uet

consider is the detersination of •trace• senthol . Lov levels

of menthol ara of interest both by design and by fate--

contauination of nonaentholated tobacco with untholated

tobacco. Most analysts approach •trace• senthol as a

oaxisiaation problu ; the awunt of tobacco is increased and

the final solvent voluw is reduced to Sncrease the final

menthol concentration in the sa .ple. Harrell reported

..asnresents as loe as 0 .025 weight percent aenthol when

starting with 6 grar of tobacco and 50 al of distillate (27) .

Brozinski vae able to seasure 0 .003 weight percent (13) and

Micks easily .easurp 0.01 weight percent by heated shaker

bath extraction (Tigure 18) .
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2.0

FIG . IB

Trace Tobacco Menthol 8eparation
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In hindsight, the last forty years have .bsen an exciting

time for tobacco cheaists working in the area of menthol

analysis . ns the tobacco industry, mentholated cigarettes and

consumers have eaU svolved, the analyst has been faced with

new questions, problems and challenges. Many different

analysis approaches have bsen necessary to address the diverse

chemical questions and varied analysis constrainta which have

been posed . Fortunately, dua to rapid advances in chemical

measurement instrumentation coupled with personal creativity

and innovation, tobacco chemists have prevailed .

eenthol analysis proaises to provide continuous challenge

for the immediate future. Method accuracy and precision

improvements will continue to be a goal . However, with

current sample volume demands and the prevailing economic

climate, simplification of sample preparation and (aprovad

analysis throughput will be areas of primary emphasis .
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Additional laboratories .ay adopt the total autosation

approach to sa.ple analysis which Philip Marris has pursued .

Nore likely, sesiauto.ation will be axpl,,ited to si .plify

sa.ple preparation and increasw throughput .

linally, several analysis techniques have either been

largely ignored or only investigated in a cursory fashion for

the deter.ination of senthol . Readspace gas chrosatography is

ideally suited to the deterMination of senthol . Refine.ent of

headspaee 6C inatruaentation during the last 5 to 10 years

provides an opportunity for renewed application of this

technique in a high volur analysis .ode . The use of near

Snfrared reflectance spectroscopy (20) and supercritical fluid

extraction (29) are further erzaaplea of analysis techniques

far which the full potential has not yet been realized . The

tobacco dhuist should keep in aind a thought fros a recent

television coeercial when considering the investigation of

thesa and other techniques, *Your only liaits ara the size of

your drear and the degree of your dedication to thes• (3) .

I u grateful to ay colleagues at R . .7 . Reynolds who have

oontzlhutad to this work in suny vaya . They are both a source

of inspiration and a pleasure to work with . I appreciate the

tise and effort Mr . Ren Beard spent preparing the apparatus

figures. He is truly an artist disguised as an analytical

ehuist. I as also very grateful for the kindness and

assistance of Ms. Marian Deaardaleben of Philip Morris who

provided soas otMrrlse difficult to find literature .

Finally, the patienes and counsel of Dr. Tost Perfetti will

always be fondly rouEerW .

1 .
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D®IGTION

This sanuscript is dedicated to the sesory of

Dr. Robert A. Nacluen. Bob vill always be assoaiata0 with

' TalC in fry thwgAts b.cau.a he DrasentaA a sy.posium paper at

the first TCRC that I attended . Bob passed away unaxpearaAly

as I started work on this .anuscript. IN was an aeco.plisheC

scientist and a fine qentloan who is ∎isssd by his

colleagues .
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THEORETICAL ASPECTS OF MENTHOL MIGRATION AND
TRANSFER

Steven A. Wilson

Eastman Cheaical Cospany
Research Laboratories

P. 0. BuY 1972
Kingsport, IN 37662-5150
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The behavior of menthol in cigarettes during storage and
smoking has been e:tensively studied because of the popularity

and the unique properties of menthol . Most studies have

involved ..piriul seasureaenta of s.nthol's migration during

storage and transfers during mking .

It is wll known that menthol has significant migration

during storage, because of its volatility . In general, the

studies have found that menthol seeks a balance between the

two major components of the cigarette : the tobacco column and

the cellulose acetate filter . This balance is influenced by

the cigarette construction parameters and has an lapact on the

transfer into smoke . Studies have shwn that the transfer

from the tobacco column during smoking is constant with time,

but the transfer fron celluloss acetate filters changes with

time due to diffusion of the menthol into plasticized fibers

of the filter .

eose researchers have formulated and tested theories for

theae behaviors and have been successful at making reasonable

predictions. A review of the general behavior and current
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theories of the processes occurring within .entholsted

cigarettes would be valua6le, becsuse it allovs one to link

the results and conclusions fros the various studies . This

paper discusses the current theories that describe the

characteristics of .entaol's sdgration and transfer in

cigarettes .
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Because of aenthol's popularity and unique properties,

saveral groups have studied the behavior of eentholated

cigarettes . This paper reviews result, of key studies and the

cvrrent theories that describe the characteristics of

senthol's .igration and transfer in cigarettes .

For an area of study to sake significant advances,

researchers .ust continually test theories against

exparisental data_ A quote on this experisentation process by

a pioneer in analytical cheeistry, Dr . I . K. ^Piet^ Koltoff,

is e7Teory guidea, experiaent decides• (34) . As theories are

reviewed against experiaental results, they are refined and

isproved, thereby allowing for aore focused experi.ents . This

review should be useful for clarifying our understanding of

santholated cigarettes and also for understanding the general

behavior of other volatile additives in cigarettes .

There are two sections to this paper . The first section

covers the .igration and diffusion phenosena that occur during

storage of .entholated cigarette products . The second section

covers the transfer of aenthol into and out of the aerosol

during cigarette ssoking . The results tros key studies will

be presented which describe the behavior of sentholated

eigarettGs in order to test the current theories .

MIGRATION DURING STORAGE

The aigration of menthol in cigarettes has been studied

sevsral tirs since it was first learned that menthol aigrates

Dstvaen the various eosponents in a pack of cigarettes . There

are a nusber of pararters which influence senthol's sigration

and several studies have evaluated thase influences (8, 11,

12, 13, 14, 15, 17, 24, 27, 28, 30, 31, 32, 37, 38) . menthol

has an affinity for both the tobacco colu.n and cellulose

acetate filter tips and will aigrate from one to the other

during storage (Figure 1) . so.e menthol will reside on the

paper or packaging saterial, but the aaount is seall (< 5%)

and does not change with tise (e .g., 32 or 28) .
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FIG . 1
Menthol Migration

I

pACK

\
FILTER TOBACCA

Curran in 1973 and 1975 (12, 13) and Wood in 1963 (36)

studied the effects of construction variables of ullulose

acetate filters on the ∎igration of menthol . filters

employing cellulose acetate fibers can be assembled with

various fiber sizes and cross sections, nusbers of fibers, and

weights to generate the filtration efficiency and pressure

drop required . When wking a filter, a solvent or plasticizer

which dissolves into cellulose acetate is sprayed onto the

fibers to bond thes and increase the firmness of the tilter

tip . The most common plasticizers are triacetin, triethylene

glycol diacetate (TEGDA) and polyethene gylcol 600 (PEG 600) .

curran studied the liquid filter additive variables of : the

awunt and type of plasticizer; the addition of

1,2-propanediol or glycerol ; and the effect of filter surface

area on the migration froe the tobacco column to the filter .

Wood studied the effects of plasticizer type and level, snd

the effects of denier per filament and total denier . Both

curran and Wood found that the level of plasticizer was the

most important parameter, followed by the type of plasticizer .

More menthol migrated to filters bonded with TEGDA than with

triacetin, resulting in less menthol delivery upon s .oking .

Curran found no correlation between surface area and

migration, while Wood found that the filter's affinity for

menthol increased with denier per filament and total denier .

In a recent study, Renfro evaluated the effect of

triacetin on the migration to a filter (28) . The presence of
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7% triacetin significantly increased the amount of menthol on

the filter (Figure 2) ca.parad to no plasticizer (Figure 3) .

The rssults from this study, lasting almost a year, are

representative of the .igration behaviors that occur in

tobacco colusn nsnthol applications .

FIG. 2

Ilenthol Distribution (Renfro, 1990)
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FIG. 3

tlenthol Distribution (Renfro, 1990)
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In 1983, Mathis reported a study of the migration, fros

the filter tip to the tobacco column, and delivery of several

volatile flavorants added to tha filter (20) . The rate of

∎igration of the .odel flavorants was determined to obey

first-order kinetics, with the rate constant being determined

by the volatility 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 :

N(t) ~ M" (1 - e-")

Where: M(t) - Migration level at tise t

Migration level at equilibrium

e ~ Natural base

k ~ First order rate constant

t ~ Tine

I

This interpretation of migration data allows for an

estimate of the half life and equilibrium level of volatile

flavorants (Table I and Figure 4) .

TABIE I

Kinetics Of Filter Flavor Migration (Mathis 1981)

Flavor v° .01M

pea

(Torr)

l,a .m2,ea

(Torr)

k

(Meak'~)

t

(Week)
M,a
(1)

Isoasyl 6.72 0 .9 6.05 2 8 .98 5 0 .077 66
Isovalerate z 2

Methyl 1 .05 0 .4 0.42 1 .18 0 .59 28
benzoate 1 0 .15 3 2

Methyl 0.79 0.26 0.21 0.60 1 .2 21
Cinnasate ± 0.27 2 2

{-Pthoxy- 1 .39 0.004 0 .0056 0.51 1 .4 13
Acetophenone 2 0.38 t 2

Cinnasyl 0 .97 0.002 0 .0019 0 .68 1 .0 8
Propionate ± 0.40 f 1

Cinnasyl 1 .36 0.001 0 .0014 0 .33 2 .1 16
Issovalerate 1 0 .33 f 5

Menthol 10.4 0.1 1 .4 1 .20 0 .58 60
± 0 .10 2 1
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FIG. 4

Migration Of Flavors (xathis, 1963)

This study pointed out that, since a flavorant's vapor

pressure is affected by Sts environment or surroundings, any

change in a coryonent of a cigarette which would affect

rntlwl's vapor pressure will influence the migration rate and

.quilihriua level . Therefore, any modification of a cigarette

which affects the vapor pressure of the additives would likely

affeot the ultimate perfor.ance .

There are two theories for why the addition of a

plasticizer affects the .enthol migration rates and

equilibration levels in filter tow filters . The first is

based upon a thermodynamic viewpoint, in which the plasticizer

increases the solubility of the filter for senthol, and

therefore increases the affinity of the filter for menthol .

The second is haseC upon a kinetic viewpoint, in which the

plasticizer lncreases the diffusion rate into the fibers,
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which increases the amount of menthol which is absorbed into

the filter during the study time .

Taking the thermodynamic vievpoint, the balance or

equilibrium leval between the tobacco colusn and filter tip is

affected by the affinities of each for menthol . Insight lnto

the ability for compounds to six can be gained from comparing

the Hildebrand solubility parameters . This measure of

solubility is based upon the cohesive energy (the energy of

interaction in a substance) per unit volume (4) . TabLe II

lists the Hildebrand solubility parameters for typical

cigarette components . Substances with sia"ar solubility

parameters are soluble in one another (29) . As expacted, the

typical plasticizers used in filters, triecetin, TDGDA, and

PEG 600 are similar to cellulose acetate. Note slso, that the

solubility paraaeter for menthol is close to cellulose

acetate, indicating that there should be good solubility . In

a study by Brozinski et s2 . in 1972, it was found that the

cellulose acetate filters had 4.5 tises the affinity for

menthol compared to the tobacco column (s) . This qrNter

affinity for the filter is supported by the solubility

parameters, since tobacco's solubility is believed to be

similar to glycerol which is significantly different froa

.enthol (21) . The poor solubility of menthol in the tobacco

column causes menthol not to readily absorb into the tobacco

column (4, 5, 16) .

TABLL II

Solubility Parameters

Menthol 9 .7
Triethylene Glycol Diacetat. (TBGDA) 10 .1

cetinTri 710a .

Polyethene Glycol 600 (PEG 600) 10.7
Cellulose Diacetate 11 .7

Propylene Glycol 14 .e
Glycerol 17-7

Water 23 .4
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From the kinetic viewpoint, the diffusion rate into

cellulose acetate fiber is the rate limiting step . Data in

Table III ahov the diffusion rate of wate in various media

and shov that the diffusion rates of ssaa molecules into

polymers are significantly slower than in a liquid or air .

The presence of a plasticizer in a polymer rill increase the

diffusion rate and therefore the migration rate .

Diffusion in sost media is Fickian in behavior with the

diffusion coefficient being constant and the rate being

proportional to the square root of time . There is an

exception in the case of a solvent dissolving into a glassy

polymer . This type ia called Case II diffusion behavior and

is unique to glassy polymers below their glass transition

temperature, ta (9, 36) . This diffusion is characterized by

a sharp solvent front compared to the gradual changing front

of Fickian diffusion. The sharp front is caused by the

solvent or plasticizer affecting the diffusion rate in the

polymer, i.e., the diffusion coefficient . The polymer

solaeules are freer to move with the plasticizer present than

without plasticizer . In Case II diffusion, the penetration of

the solvent or plasticizer is proportional to the amount of

saall aolecules and temperature .

TABLE III

Comparison Of Diffusion Rates In Various Media

Media

Water Diffusion
Coefficient At
25•C (cs2/secl

Air 0.25

Water 0 .000024

Polymer

Poly (Ethyl Methacrylate) 0 .000000102

Poly (Vinyl Chloride) 0 .000000024 Go
~

Lexan 0 .00000068 ~

~
~
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An exasple of the diffusion effects of plasticizers and

heating is the .anufacturing of steam cured filters in which

the steam gives heat and water which allows for the rapid

foraing of filters . The increased rate of diffusion is also

seen when heating plasticizied filters- The plasticizer

concentration in the heated filters changes little, while the

plasticizer transferred upon smoking is measurably reduced,

because the plasticizer has diffused further into the fibers .

In the case of mentholated cigarettes, heating the filter

causes deeper penetration of the plasticizer and menthol into

the filter, thus reducing the amount of plasticizer or menthol

which can transfer into the swke .

Recent advances in spectroscopic techniques may allov the

direct .eaaureaent of the diffusion processes in a plasticized

filter in the futurs . Noenig's research group at Case Western

University has shown the feasibility of observing the

diffusion of ssall molecules, such as solvents, into polymers

by pulsed tvo-di .ensional nuclear magnetic resonance (2t! H10t)

spectroscopy (19, 35, 36) .

Mathis, at the Tobacco phe.ists' Research Conference

('KRC) in 1990, presented a computer .odel which siWlatas

behavior of menthol (21) . The model was a efinite difference

sisulatione which approximated the migration and diffusion

processes . The model is based upon Fick's law of diffusion

and a variation of Henry's law to estimate volatility . Fick's

law describes the flux of a substance, such as menthol :

F - -D (dc/dx)

Yhere : F - Flux of menthol per unit area per second

b- Diffusion coefficient of menthol, w1/second

C- Conc.ntration of menthol, siolele.d

x - Distance, o

Henry's law governs the vapor pressure of ideal mixtures .

A variation of Henry's law for nonideal mixtures includes the

addition of activity coefficients and allows one to

compensate for the nonideal nature :
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P -/X P^

Where: P° - Solution vapor pressure of menthol

y - Activity coefficient of menthol

X - Role fraction of aenthol in solution

p' - vapor pressure of pure menthol

Using these two equations, this sodel was able to

sisulate the aigration seen in the foil application study

reported by Striekler at a1 . in 1991 (]2), Figure 5, and the

tobacce colusn application study reported by Renfro in 1990

(1a), Figure 6 .

FIG . 5

Simulation Of Menthol Migration (Mathis, 1990)

(Pack Application Case)
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All published .enthol studies have been with cigarettes

that wre either unfiltered or filtered with cellulose acetate

hased filter tow . Dut Lrcm first principlea, ane can estisate

the aigration behavior of specialty filtered cigarettes . In

the use of solded cigarettes with high plasticizer levels

present, one 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

filter is significantly increased, such as by using activated
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charcoal, then an increase in aiqration would also ba

expected .

TIG. 6

Bi.ulation Of Menthol Migration (Ilafhis, 1990)
(Tobacco Application Case)

3 .0

Taaaep neTHG In[

There are several processa which occur during tke

s.okinq of a cigarette . In addition to the dynaaic

environaent of the burning fire cone, there is filtration and

condensation onto the tobacco column, as wll as filtration

and condensation by the filter tip, and transfers into the

ssoke. The processes oceurrinq during puffing and s.oulderinq

are illustrated in Figure 7 and Figure ! .

Extensive research has been conducted to understand the

dynaaics of the burning tobacco column, i .e., the fire cone .

Baker wrote an extensive review of the .e studies in 19l1 (]) .

His review highlighted that the firs cone has ∎ te.paraturs

profile as shown in Figure 9 for the gas phase . The tobacco

coluan is degraded by combustion and pyrolysis during saokinq .

Co.bustion occurs at the end and sidu of the firs cons,

because of the availability of oxygen . Pyrolysis and

distillation occur between the fire cone and the tobacco

140
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Col~ duiing puffing, because of the high te.peratures of the

gaap and the lack of oxygen .

FIG . 7

Proceaau In A Burning Cigarette : Puffing (Baker, 1981)
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rIG. 8
PropsNa In A Burning Cigarette : Saooldering (Baker, 1981)
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FIG. 9

Tesperature (•C) Oistribtuion Of Solid Phase In The Coal
1.0 Second After The Start Of A Two Second Puff .

Hstiaated Air Flow Pattern Into Coal Shown .
TTickness of Arrow Is Proportional To Magnitude Of Air Flow .

(Baker, 1981)

® aasa'G ®~

Jenkins in 1970 (17) and Ebla in 1987 (15) studied the

fate of radioactively labeled .enthol in unfllNrsd cigarKtss

(Table IV) . They found about half of the radioactivity was in

the winstreaa s.oke, seinly in the TPN with very little ln

the vapor phase. The rest of the activity was in the

sidestreas s.oke and was roughly evanly distributed betvssn

the TPM and gasaa .

Eble in 1987 (15) and Renfro in 1990 (28) parforfsd

experiarnta using .entholated and nonNntholated tobacco

colusns to evaluate the transfer of rntiwl to saohe . In this

axparLant, one switches the tobacco colu .na and filter tips

froi cigarettes which were ldentiully aads and aged except

for the .enthol load . Such an exparLant ∎llwed the
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independent dsterainatlon of the fate of menthol from the

tobacco column and the filter .

TnBLE Iv

Percent Distribution Of Menthol In Smoke

coaoonent Jenkins (171 E63e (151

Mainstream TPM 28 48

Mainstream Gases 1 1

Bidestrea. TPll 23 17

Bidestr~ GaNs 21 22

Butt 27 6

Ash - -2
Total 100 96

(Cigarettes were unfiltered)

Renfro found no chanqe in the delivery efficiency of

sentbol fros the tobacco column over time (Figure 10) . This

rswlt implies that no significant diffusion or interaction

occurs rith tobacco which would limit the availability of

menthol .

FIG. 10

Tobacco Column Menthol (Renfro, 1990)
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Several research groups have studied the archanlsss of

transferring volatile ea.ponentL fros the tobecco column into

ssoke and formulated .athe.atical models (6, 7, 23, 33) . In

general, they found two basic prooasses : (a) alution fros the

tobacco column, and (b) distillation occurring vithin 10 e

behind the fire cona .

Filter - Filtration and 6lution
The filter plays a key role in the behavior of menthol in

a cigarette. Menthol is both filtered and eluted as the swke

flovs through the filter-

lbst of the aenthol in the a.nke aerosol is removed

through the typical rchanis.s of ssohe filtration, e .g . ;

impaction, diffusion and interception . Several groups have

developed models for predicting the •tar• removal efficiency

of cellulose acetate filters (e .g ., 18, 26) .

FIG . 11
Mechanical Filtration Of S.oke Particles

A - Dired Interceptlon
B - DiMusion
C - Iner8sllnpeU

Flow Unes Near Fiber
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Morie st ai . in 1975 studisd the parameters that affect

the selective filtration of several smoke components (1, 22) .

In general, they found that compounds with sufficient

volatility and a high solubility para.eter (6 > 23) will be

selectively removed fros cigarette smoke by filters sade with

cellulose acetate . Renfro (28) found the selective filtration

of menthol to be rather small for both the plasticiced and

unplasticized filters (Figure 12) . Apparently, most of the

menthol is retained in the particulate phase .

FIG . 12

Menthol Removal Efficiency (Renfro, 1990)

The alution of flavorants, such as menthol, into saoke is

not a simple vaporization process, as shown by the difference

in transfers when aerosol is drawn through a cigarette versus

hot air. Both f.Urran in 1973 (12) and Lble in 1987 (15),

found that little menthol is transferred from a cigarette's

filter when hot dry air is drawn through an unlit cigarette,

but significant menthol is transferred with a smoke aerosol .

When smoke is present, volatile cospounds are believed to

vaporise from a fiber and condense onto an aerosol particle,
~

~
rather than back onto the fiber (Figure 13) . ~

~
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FIG . 13

Elution of Coepounds Fro. A Fi1tGr (RSnfro, 1990)

° Compound Avaiable for EN6bn

~ Aeroso( PartiGle

\/Nw, Flher

Curran at al . in 1969 evaluated the factors which

influenced the elution of hiqh-bollinq coepounds (10) . He

found slution is related to : (a) the vapor prusura of the

corpound being eluted, (b) the relative affinity between the

eluting cospound and aerosol, (c) the ..ount and ccooaQwaltion

of aerosol, and (d) the teaperature of the fllter or aerowl .

The elution efficiency fros the filter deeruses with

tise (Figure 14) . The alution efficiency for Ynthol fron the

filter is higher with no plasticizer present, versus with 74

plasticizer, but the asount is lowr because less senthol has

transferred to the filter . The higher elution efficiency is

due to less eenthal diffusing into the fiber, because of the

low plasticizer level. When the ciqarette is ssoked, the

se.ivolatiles, i .e., water, condense an the filter during the
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last few puffs and this .ay enhance the delivery in addition

to rarNing the filter in the last few puffs .

FIG . 14

Filter Neatbol (Renfro, 1990)

Note that the amount of aenthol transferred to saoke is

higher from the filter than from the tobacco column (filter

> 25% wrsus tobacco < 2ok), Figure 10 .

Ovecall 8yeke Trends

In aging studies, total menthol delivery froa the

cigarette increases for approxisstely one aanth, then

decreases (Figure 15) (31) . This response is caused by the

migrations, both between the various components in the

cigarette pack and cut of the pack . Nor.alising the amount of

menthol transferred into smoke to the amount in the pack, one

sees that there is a slow change in efficiency (Figure 16) .

This result iaplies that the decrsase is not just due to pack

loss but also to diffusion into the fiber .

As re haw aean, menthol cigarettes will change over time

and one key question is what magnitude of change will be

noticeable to the sanker. In 1985, Perfetti et al . (25)

publlshad an extensive study which used •Sust Noticeable

Difference• (JND) methodology to determine the amount of
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.enthol cTange that a s.oker could perceive. The study's

sumry results are shovn in Table V .

FIG . 15
Menthol Transfer Versus Age (6trickler, 1989)

0.6 r

0.01
0 160 1E0 20020 40 60 00 100 120 1e0

rane, days

FIG . 16
Menthol Transfer Efficiency versus Age (Strickler, 1989)

TABLE V

Just Noticeable Differences In Menthol Cigarettes
(Perfetti, 1985)

Ciaarette Tvoe lea/ Sni ittel

Full Flavor Menthol 3 0 .41

Full Flavor Lov 'Tar' Menthol i 0 .06

Ultra Low 'Tar' Menthol - 0.08/+ 0 .07

(Cigarettes vere .ade by applying rnthol to the tobacco)

1.8
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The extensive studies of the sigration and transfer of

zrnthol in cigarettes allows the fotmation and testing of

various theories. ey reviewing the current theories, we

clarify our understanding of the chesical systes called

.entholated cigarettes . The following generalizations can be

.ade about menthol cigarettes :

a. Menthol is a highly volatile flavorant which migrates

to the various components of a cigarette pack during

storage .

b. IMntlwl will continue to seek a bai6nce between the
tobacco column and filt.r tip, but will take several
months to approriaate an equilibrius .

c. The migration to the filter is controlled primarily

by the plasticizer's type and concentration .

d. There is less or slower migration to a filter tip

within a given time vithout plasticizer . .
•. Higher levels of plasticizer cause faster migration

and higher equilibrium levels on the filter .

f. The migration rate is proportional to the surface

area, but the response is swller than the effect due

to plasticiser. '

g. The generation of menthol from the tobacco column is

constant with time, indicating that there is no
significant diffusion process taking place in the
tobacco column which would restrict the availability
of menthol .

h. There is a relatively high level of menthol

tranaferrad into the sainstreae snoke, due to the
high volatility of menthol .

i. There is little selective filtration of menthol by
the filter, since the reanval efficiency of menthol

by the filter is constant with time, independent of
plasticizer level, and close to the removal

efficiency of 'tar' .
j. 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 Y . eeat

R. 7 . Reynolds Tobacco Company
Bowman Gray Technical Center

P.O. Box 1487
Ninston-Sales, NC 27102

2aa'r° .rq'

In the early days of mentholated filter cigarettes, 'tar'

yield vas high and .enthol transfer to .ainstreas saoke vas

fairly efficient . Filters vera undiluted and generally

inefficient. Early fate studies determined the distribution

of menthol to mainstream smoke and filter and(or butt to be

greater than 50% of the applied menthol . But, modifications

to cigarettes to decrease 'tar' also reduced menthol transfer

efficiency . Only about 10% (or less) of the menthol in

oontesporary cigarettes transfers to mainstr.am smoke. In

attempts to find vays to achieve 'tar' reductions vith

.iniaum i.pact on menthol transfer efficiency, the effect of

various cigarette components and variations in cigarette

construction on menthol transfer has been extensively studied .

Filters exert a .ajor influence on menthol transfer to smoke .

Effects of filters and variations in filter construction on

menthol transfer to sainstraaa smoke have been the parameters

on v&1cM most studies focused . This report vill review some

of tae previously reported research and discuss some

previously unreported findings . Effects of a tobacco ~
humectant, propylane glycol, and of five different individual m

~
tobacco Dland components on menthol migration and transfer are C .7
also discussed . ~

~
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SNTRODUCTION

It is impractical in a paper of this typa to atta.pt to

cover all of the published data relating to cigarette

construction parameter effects on senthol migration and

transfer to smoke . This report will review so.e of the

published work and discuss some previously unpublished studias

that address the effects of cigarette construction parameters

on menthol migration and transfer. Me have used a broad

definition of the term construction paraseters to include

configurational aspects, as re11 as filter materials, filter

additivas and differing tobacco types .

Unfiltered mentholated cigarettes wre introduced in the

192o's . Until the popularization of cellulose acetate (CA)

filter-tipped cigarettes in the 1950's there was little reason

to be concerned about menthol migration . Once a filter is

added to a .entholated cigarette, migration of menthol to the

filter becomes important and transfer to smoke becors

complex . With the rapid rise in sales of filter-tipped

cigarettes, tobacco scientists began developing and improving

methods for analysis of menthol in blends, filters and smoke .

As it turns oot, menthol migration to the filter can both

enhance and inhibit menthol transfer to s .oke. Since menthol

transfer to smoke is the desired goal, it became very

important to understand the interactions between menthol

∎igration and transfer and, also, to determine how other

factors affect menthol transfer to mainstream swke (KS) .

Tuking use of Cambridge filters and gas chromatography,

the first analysis of menthol in sainstrum smoke (tle) was

reported at the 1962 TatC by I[itcLell et a2 . (16) . It was

found that, with four leading brands of mentholated filter-

tipped cigarettes, menthol transfer efficiencies ranged fros

19t to 26% . The laportance of cigarette construction and

configuration paraseters was not vell known at that time, so

there was no disclosure of filter plasticizer levels or age of

the cigarettes when s .oked. In 1968, UNewell et al . used
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randosly (R) labeled "C-senthol, to detersine the •Pate of

Menthol in Cigarette Ssoke• for a popular sentholatad filter-

tipped brand with a prototype total recovery ssoking apparatus

(17) . Thera was a slight probles ; this study only accounted

for about 851 of tha starting radiolabel . ~asination of

unpublished fate study data with cospounds other than senthol

generated by Newell with this technique and system at about

that saae tise, cosparison with later unpublished data

generated with an isproved systes on the saae cospounds, and

review of subsequent literature values suggested that the

.issing radiolabel was related to sidestreaa saoke (ss) gas

collection and analysis . Another possible pitfall, as

tactfully pointed out by Jenkins at a1 . (12) was, that this

study was perforssd with nonequilibrated cigarettes . The

original data fros the N.we11 et ai . study and corrected data

showing rnthol distribution if all of the sissing radiolabel

were in the SB gas phase are shown in Table I .

TABLE I

∎ate Of Menthol In Total S.oke
(Data Iros Newell et al ., 1968, Reference 17)

•raction

Original
Recovered

Activity (%I

Correctsd•
Recovered
Activity f=1

MS Solids 42 .19 35 .90

(Intact Menthol) (40 .67) (34 .61)

MS Gases 0 .75 0 .64

88 Solids 33 .40 28 .42

(Intact Menthol) (30 .73) (26 .15)

8S dases 4 .54 18 .77

Butts & Filters 19 .11 16 .27

Ashes 0 .07 -4.II€
Total 99 .99 100 .01

•Asnaing all sissing radiolabel was in SS gases

The corrected value of 19% in SS gases is in better

W
m
Ce7
~. .~

agree.ent with levels of 21% and 17% subsequently reported by
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Jenkins et al . (12) and Eble (9) . The data from the study by

Newell at al . revealed that at least 35% of the menthol

transferred to MS in the particulate phase (solids) . This was

a very efficient transfer, but re.aeber those vere the days of

inefficient nonair diluted filters. Most i.portantly, it was

deter.ined by inverse isotope dilution that 96.4% of the

radioactivity in NS solids and 92% of the radioactivity in S8

solids was due to intact .enthol .

In 1970, Jenkins at al . reported the swke distribution

and .ainstream s.oke pyrolytic coaposition of added unifor.ly

labeled (U) KO-.anthol fros 70 o nonfiltered cigarettes with

100= accountability of starting radiolabel (12) . Their

findings are shown in Table II . With gas radiochrosatoqraphy,

it was deter.ined that 98 .9% of the radioactivity found in the

.ainstream total particulate satter (TPM) was due to intact

menthol transfer . Allowing for the reported 0 .4% rntAone

ispurity in the starting .atarial, this .eans that only 0 .6%

to 1% of the applied menthol transferred to sainstreu TPM as

ther.al degradation products . 6chrltz and Schlotzhauer had

previously reported high levels of s»nthol degradation, 22% at

600°C and 8{= at 8600C, during pyrolysis erperi.ents (26) . The

data of Newell at al . (17) and Jenkins at al . (12) support the

contention that in sany cases pyrolysis date cannot be used as

a predictor of the fate of a .aterial in cigarette s.uke .

TABLE II

"C-Mentlwl Distribution In Total Saoks
(Data Proa Jenkins et al ., 1970, Nsferance 12)

Seoke Phase Distribution !tl

Sidsstrea. Gas 21.2

Sidastrea. TPM 21 .1

Msinstreal Gas 1.0

Mainstreas TPM 27 .9

8utt (20 a) 1.¢.$

Total 100 .1

1se 883384'79
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In a .ore recent radiotracer study, Eble reported the

distribution of menthol in total saoke fros 66 a unfiltered

eigarattes fitted with cardboard snuthpiaces (9) . He found

48% of the applied radioactivity in sainstreaa TYN, Bi in the

hutte and 0.964 in sainstreau gases . It should be noted that

Zble's data were based on transfers froa the radiolabel zone

(about 55 of the 66 0 length), and he only accounted for 951

of the starting radiolabel .

In these three fate studies, only about 11 of the

radiolabel was found in .ainstreaa gases (as thermal

degradation products) . Very efficient senthol transfer to MS

was OEServed .

NS menthol (radioactivity) transfer data for studies

conducted by Newell et al ., Jenkins at al . and Eble are

summariaed in Table III .

TABLE III

Menthol transfer To Mainstreas Smoke, Fate Studies Sussary•

Butt/ MS
Source /yk-TPfI Filter Total

Newell at al . (17) 35.9 16.3 52 .2 Filtered

Jenkins at al . (12) 27.9 26.9 54 .8 Unfiltered

®le at a1 . (9) 48.2 7.8 56.0 Unfiltered

•Values represent percent of total recovered radiolabel

Total sainstreas distributions are very siailar, but MS

TPM levels are vastly different . Also, menthol appears to be

a unique or at least an unusual cigarette flavorant because,

depending on s.oking paraseters, it preferentially transfers,

prada.inantly lntaat, to MS. Including values from the

Mitchell at a1. study, thus far, menthol transfers to MS range

froal 19% to 688 with the saae standard saoking parameters but

with different cigarettes . In a study to determine menthol

•Just Noticeable Differences• (JND) levels of a range of

mentholated products (22), Perfetti and Gordin reported that

for full-flavor menthol (PPM), full-flavor low 'tar' menthol
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(PPLTM), and ultra low 'tar' aent0ol (ULTM), average KS

lenthol yields were 0 .54 ± 0.05 e9, 0 .52 1 0.09 aq and 0 .30 1

0.10 aq, respectively (sw Table IV) . The average applied

.anthol levels (percent pack menthol) required to achieve

taess transfers were 0 .19t ! 0 .054, 0.67! 2 0.12t and 0.941 t

0 .21%, respectively. These data represent transfer

efficiencies of approximately 17%, 10% and 4% for FPN, PFLT11

and 11LTM, respectively .

TABLE IV

Menthol Transfers From Varying 'Tar' Lavel Products
(Data From Perfetti And Gordin, 1985, Reference 22)

Ciaaretta Pack nenthal . k Tiensfar . sa Tranafer . t

FPM 0.39 0.54 17

PPLTn 0 .67 0 .52 10

ULTM 0 .94 0.30 4

Teese are much lower .entlwl transfer efficiencies

compared to the earlier values, and eaphasise the fact that

configuration and construction pararters, which vary in these

products, play significant roles in menthol transfer to KS .

BID VERsflle gl CR® Ctm

Significant differences in MS menthol yield patterns over
tias for filtered end unfiltered cigarettes (see Fiqure 1)
have been reported (1, 9) . In an aging study, a couercial
king size filtered eiqarette with a CA filter plasticized with

triecetin gave an extre.ely lov venthol yield at 0-tir . On
aging, rnthol yields increased and peaked swevh.re between

two and five weeks, after which the yields began declining .

For an unfiltered sontholated cigarette, rntRol yield was

greatest at 0-tir and did not exhibit the sharp rise in yield

as seen with the filtered products but was rather unifora over

time . This suqqestU the menthol transfer rise and decline is
filter related .
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FIG. 1
Ca.parison Of }hntDol !fS Yields Fro.
Filt.rede And Unfiltered Cigarettes
(Data Froa Best, 1992, Reference 1)

7o.ff (WEEK)

' CA w10 7% uLeee .

-FQ.TERED a-UNFILTERED

It has been detereined that there are diffarences in

menthol siqration rates from cigarette rods with different

filter types (23) . Nenthol ai9ration froe identical Aeerican

blend tobacco rods with identical menthol loads (0 .66% pack

rntdol) was auch greater to plasticized CA fllters (4 6% after

200 days) than to polypropylene filters (17% after 200 days)

as illustrated in Figure 2 . A study by CNrren (4) revealed

that plasticizer was the aiqration driving force rather than

CA. Untreated paper has very lw menthol affinity. NentAo]

siqration to paper tube .wthpieees is included in Figure 2 to

eephasiae the lack of menthol affinity for polypropylene .

However, because of their popularity and .arket do.ination,

.cst of this discussion will be concerned with effects of CA

filters on menthol transfer .
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FIG . 2

Menthol Migration To Various Pilters
Cellulose Acetate (CA), Polypropylene And Paper Tube
(Data From Perfetti And Teot, 1986, Reference 23)

TIME (DAY)

+nvra nnr nEroumo.vuxr

CA - 25 mm, 2.7746,000 ; PAPER TUBE . 25 mm
POLYPROPYLENE - 25 mm, I .5/32,000.78,500

C 10 ]Y ip i W i]< ~i

TME EFFECTS OP npNTMOL PLCENE1T

In 1972, Curren reported that the age of mentholated

products and the distribution of menthol between filter and

tobacco can affect menthol transfer efficiencies (3) . Ne

found that 28 days after menthol application to filters, 41%

of the menthol had migrated to tha tobacco rod ; and, that 26

days after application of menthol to tobacco, 20% had .igrated

to the filters . After completing migration and saoke studias

with commercially available 85 a cigarettes (65 = roda and

20 mm filters plasticized with an undisclosed 18ve1 of 55/45

triacetin/polyethylene glycol), he concluded that •rnthol

distribution betreen the tobacco and filter does not affect

the amount of menthol delivered by individual puffs over the

95 :5 to 80 :20 (menthol tobacco :filter ratio) ranqs but does

affect it over the 30 :70 to 59 :41 range." Further, he

concluded that for maximum menthol transfer efficiency, a

162
88338Q83

~:

Source: https://www.industrydocuments.ucsf.edu/docs/npxm0068



47th fbbacco Cheaists• Research Conference

aantholated cigarette rith 704 of the menthol on the tobacco

eolua and 304 on the filter aight be .ore satisfactory than

a cigarette shich bad menthol applied only to the tobacco . In

1979, ParR et el . also found increased menthol transfers to MS

as the menthol level on the filter increased (20) . This was

recently corroborated by Deutsch (7) . In a study that had

fro. 0% to 100; of the menthol applied to the filters in 254

increasnts, he found that application of 25% to 50% of the

∎anthol to the filters siniaized changes in menthol transfer

with tiae as shown in Figure 3 . Deutsch found highest 0-tise

transfer when 1004 of the aenthol was on the filter, but

transfer began decreasing iasediately .

FIG . 3

Percent Delivery Of Applied Menthol
(Data froa Deutsch, 1990, Reference 7)

Also, Curran found no differsnca in the rat.e of menthol

transfer to MS (about 19%) from filtered cigarettes with

w*hol applied to the tobacco after 3 and 28 days of aging

(3) . Mce.ver, for cigarettes with menthol added to the

filters, the MS transfer was 494 after 3 days and 31% after 28

days of aging (see Table V) . This illustrates that there are

effects of age and location of menthol application on aenthol

transfer to MS from cigarettes with plasticized filters .
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TABLE V

The Effects Of Cigarette Age And Menthol Plaeeaent
On Menthol Delivery

(Data Pro. Curran, 1972, Reference 3)

yenthal Tranafera
Ciaarette P Ciaarette T

Age fDevsl 1291 M jni ju
3 0.92 49 0.48 20

28 0.59 31 0.45 19

Cigarette P- All menthol applied to filter

cigarette T - All menthol applied to tobacco

The influence of application site on menthol transfer to

ttS was also studied by Brozinski at al . (2) and Ebls (9) .

In 1973, Riahl et al . reported on menthol Blgration and

transfer to BS for 84 e cigarettes prepared with 21 e

filters (25) . Plasticizer levels on the filters wre not

reported . When menthol vu applied to the filters, 40%

.igrated to the tobacco after four weeks aging . Mhen all of

the menthol was applied to the tobacco, 30% .igrated to the

filters . Like Curran and Deutsch, Riahl sC al. also foun0 the

highest menthol transfer to MB when .ost of the menthol was on

the filters (sa Figure 4) . It is iaportant to note that the

age of cigarettes when s .oked was not given . The isportanu

of age, already suggested by Curran, vili become even more

apparent later in this paper .
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FIG . 4

Renthol Transfer To Smoke From
Different Menthol Distributions

(Data lroe Riehl et al ., 1973, Reference 25)
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In 1975, Curran reported the effects of liquid filter

additives on menthol migration from tobacco to filters and

delivery to /18 after six weeks aging (4) . He used

experimental cigarettes constructed from purchased 64 ss

tobecco rods fitted vith 3 .3/39,000 CA tow filters with a

aenthol content of 2 .0 ± 0 .1 ag. He found limited menthol

migration to filters without triacetin (10i after six weeks)

and that menthol migration increased with increasing

plasticizer level (2ei and 32% migration after six weeks aging

for 5i and ai triacetin levels, respectively) . It was found

that .entbol transfer to 88 was greater for filters containing

5% triacetin as compared to filters with 0% and 8% triacetin

(see Table VI) . Addition of 1,2-propanediol (propylene

glycol) to plasticized filters resulted in increased menthol

migration while glycerol addition had no effect .
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Nevertheless, addition of either 1,2-propanediol or glycerol

to the filter resulted in reducsd santhol transfar to 116 .

SABLE VI

Effect Of Filter Additives On Menthol Delivery And Migration
(Data Yroa Lucren, 1975, Raference 4)

Nenttrol Delivery
(.c1 Menthol On

6 1,3,6 Week Filter At
Additive Meeka Avar.oa 6 Weeks

Control (0t) 0 .32 0.34 10t

Ttiacetin (5%) 0.36 0.39 24%

Triacetin (B2) 0.36 0.36 32%

Triethylene Glycol
Diacetate (5%) 0.31 0 .33 28%

Triethylene Glycol
Diacetat. (Bi) 0.27 0 .30 34%

control (0%) 0.36 0 .36 31%

Glycerol (6%) 0 .27 0.30 31%

Glycerol (10%) 0.27 0.30 31t

1,2-propene0iol (6%) 0 .27 0.29 621

1,2-propanediol (10%) 0 .22 0.27 42%

Data collected by Lewis and Norman indicated that for

saximum menthol yield from CA filters the euci.us triaeatin

level should be below Bi (13) . They conducted studies to

detereine the effects of plasticiter level on menthol level

seasurad on filters before and after swkln0 and on the level

of .enthol transferred to N9. For cigarettes that wre aged

three veeks, it was found that the actual NB wnthol level

increased slightly for 6% plasticizer application on the

filter (0 .41 milligram per cigarette) coepared to the 0% and

124; plasticizer levels, both of which transferred 0 .1s

mSlligram per cigarette (see Figure 5) .
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PI6 . 5

Effect Of Plasticizer On /fS Menthol
Yield And Filter Deposition

(Data Trow Iwvis And ]loraan, 1985, Reference 13)

0 3 6

Plastieizer Le.cl%

ECI - edectlve crimp lnda
Yeat - % 61tv ~tilaUos.

9 12

Shese data agree with the findinys of Woods (32) that MS

menthol yields decreased as the filter plasticizer level

increased fro. 6% to 12% (see Figure 6) . Woods did not report

results on lower plasticizer levels . Data fro. Woods' study

indicate that IfS menthol yield is influenced by plasticizer

type, with aere efficient transfer from filters plasticized

with triac.tin . Data from both studies illustrate that

menthol yield is influenced by plasticizer lwel. Lsvis and

Ilorsan also found that the menthol level seasured in the

filter after ookiny was hiqher at each triacetin level than

before ssokinq . For ssoked and uns.oked filters, filter

menthol level increased significantly with plasticizer

applicatione of~0i to 6% and then reaained fairly constant up

to 12% plasticizer application (sse Figure 5) . Levis and
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Nor.an used 84 O long cigarettes that were Yda with 27 0

on-line laser perforated CA filters .

FIG. 6

Effect Of Plasticizsr Typ . And iwval
On Delivered Henthol Par Cigarette

(Date froe Woods, 1983, Naferenca 32)

m
E
u 0.38

v 0.34

b 0.30
u
~
a
Y 026
>
~ 6 7
a

elastidzer 7ype

a 9 10 U 12

rlastldur Level (%)

--- fmc.e rno (asscew)
----- ruwaac 200 (MelLfba Cfe~ daoed~e)
- rmaset 300 (s4 .sx biem„aee pfea •1_. ._ .. ._

aS.Sx pWnWylme *co18OO)

L7

In a 1990 study to provide a asehanistle description of

sentlhol delivery, Aenfro reported effects of the absence and

presence of triacetin Ln CA filters (4) . He found that

∎enthol sigrated faster to filters plasticized with triautLn .

This uas in agreesent with previously published studies (4,

6) . Also, he reported that nenthol eluted .ors efficiently

from a filter fade without triacetin . He concluded that, even

with filters treated with triacetin, senthol in the filter is

about twice as likely to be delivered to the KS as is senthol

in the tobacco column .
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ey^ Ol BLS4D PPOP /w - YCO~ ON N@ITNOL TRa45PEN

8ince propylene glycol is extreaely volatile, the effect

of propylens glycol on .enthol siqration t, filters seen by

Curran was not unexpected. Results froe a study in our

laboratories to detersine the effects of propylene glycol on

.enthol sigration within the cigarette and its effect on

arnthol transfer to 115 (1) show that propylene glycol sigrates

fros the tobacco rod to filter at about one-half the rate of

sntlwl sigration (see Figure 7) .

FIG . 7
Menthol And Propylene Glycol (PG) Migration Over Ti .s

To tilters Of Cigarettes With Different PG Levels

(Data /ro. Best, 1992, Reference 1)

-^ MEN CIG A+MEN CIG C-* MEN CIG E ~ PG CIG A-$-PC CIG 1
P0L61'EIS ;A - D.80R,C . 0.00%,E - 0.18%

Ciqaratts A was a popular brand with 0.84 propylene

glycol, Cigarette 6 was identical to Cigarette A except the
on

propylene glycol level was 0 .a8t and Cigarette C required ~
slight blend changes to eliainate all propylene glycol sources ~.7

~
and to achieve a oi propylene qlycol level . All three

~
products had identical CA filters treated with 74 triacatin .

~
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since asnthol is very soluble in propylsne glycol and in sany

cases there is aare propylene qlycol than santhol in

.entholated cigarettes, it seosd very likely that propylene

glycol would influence aenthol aigration and transfer to 118 .

After 42 weeks aging of cigerettes with identical filtars and

∎enthal applications, 10t of the senthol .iqrated to the

filter of product C sade with no propylene glycol and 430 and

44% to filters of products A and E with 0 .48% and 0.20%

propylene glycol, respectively. Regression analysis (14) of

these ∎igration data found that product C with no propylens

glycol product had an intercept about 2.784 lower than the

intercepts for products with propylene qlycol, A and E(sw

Figure 8) .

FIG . a
Effect Of propylens Glycol (PO) Application
Rate on Menthol Migration To The Filter•
(Uata Fros Nenqan, L992, luferencs 1{)

- CIG A4 0.B01i pG t G[G G, 0.0% pG E, O.N%p0

• - ~ca n~«6ae pld

The regression equations for the products sds ritL

propylene glycol are not distinguishable froe each other but

170

88338491

Source: https://www.industrydocuments.ucsf.edu/docs/npxm0068



47th 7bbacc» Cheaists' Research Conference

are consistently different fros the regression equation for

the product sade without prapylene glycol . Therefore, the

differences in menthol .igration rates for products made with

and without propylene glycol are statistically significant .

Absence of propylene glycol in the blend, as well as in the

filter as noted previously by Curran (4), results in reduced

srnthol aigration to filters .

It was further speculated that propylene glycol levels in

the blend and its consequent migration to the filter should

have an effect on menthol transfer to ns . Curran reported

earlier that propylene glycol added to the filter influenced

menthol transfer to MS. Evaluation of menthol IIS yields for

the three filtered products studied in our laboratories with

different levels of propylene glycol applied to the blend

indicates that propylene glycol levels influence senthol

transfer to tlS (see Figure 9) . Small but statistically

significant differences were observed .

IIG. 9
9nks Menthol Yield Over Tiee From Filtered Cigarettes

(Data Iros Best, 1992, Reference 1)
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The average .anthol transfer over 42 veaka was 17 .491

3 1 .01% and 17 .86% ± 0 .99% for products A and B, respectively .

The transfer rate of 19 .05% 1 0.75% for product C indicated a

.ore efficient .enthol transfer rate to MB s .oka. Each data

point plotted in Figure 9 represents an average of four

replicates . It ie interesting to note that the MS senthol

transfer pattern for each product does not represent a ssooth

line, but rather a cycling phenosenon . This phenomenon will

be discussed later in this paper . Although significant

differences in aenthol transfer efficiencies were detersined

for products made with and without propylene glycol, the

results of Perfetti's and Gordin's menthol JMD study (22)

suggest that menthol related perceptual differences do not

exist . JND studies are used to determine the change in

stimulus doees (in this case MS menthol) necessary to be

detected as different (sensorially) by a specific proportion

of a population. For exasple, JMDW connotes that 50% of a

population could detect a nenthol sansory change at soae level

of s.oke menthol difference compared to a reference product .

earlier work by Curran (3) showed the effect of age and filter

additives on menthol migration and transfer in filtered

cigarettes . In this study, the effect of a blend additive was

illustrated .

BPPBCfb oP-AGMG

In 1972, Brozinski et ai . reported the effects of age and

initial menthol placement on menthol aigration and transfer to

ssoke (2) . They applied menthol to tobacco and to filters and

determined .iqration rates in both directions as a function of

time. They also determined menthol transfer to smoke from

eight coasercially available mentholated U. S . and Ger.an

cigarettes. Bo.e of the cigarettes were 85 a and some were

100 o in length. The filter lengths (1s o to 25 ss),

weights (120 sq to 125 .g), rssistance to draw (53 o to 75 ss+

Nio) and nicotine filtering efficiencies varied . The

cigarettes contained between 0 .125 .q and 3 .19 sq of total

menthol with 258 to 42% on the filters at time of ssoking .

The authora concluded that there was no major effect of
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menthol application level on .igration rates_ Although

cigarette age at ool[ing was not reported (probably between 2

and 5 .onths olA), rnthol MS transfer efficiencies of 28% to

42% vare measured (see Table VII) .

TABLE vII

Comparative Analysis Of Cigarette Brands
(Data Froa Brozinski at al ., 1972, Reference 2)

Menthol Smoke Menthol
Rod 111ter• cigarette 8soke Transfer

ciearetta hu) (.al rxo/elal !w/cief rz)

A 2 .11 1 .08 3 .19 1 .12 35

B 1 .95 0 .86 2 .81 0 .88 31

C 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 .05 0.76 37

Ir 1 .13 0.83 1 .95 0.81 42

G 1 .00 0.56 1 .56 0 .52 33

8 0.079 0.045 0 .125 0.035 28

Although specific cigarette construction para.eters were

Mot reported, Brozinski et a1 . found identical aenthol KS

transfer efficiencies of 288 for cigarettes with total menthol

loads of 0 .125 ag and 2 .27 ag per cigarette . These data

indicatG that thexe ws no major effect of menthol application

level on transfer efficiency . In an aging study (2),

Brosi»kl found that rnthol transfer to M8 increased from

0-tiae to one ao0th, after which it leveled off through five

months an0 thsn Oecreased through nine months (see Table

VIII) . This is the trend that Se generally observed for

filtered cigarettes when all of the menthol is applied to the

tobacco .
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TABLE VIII

Menthol Transfer To Smoke; An Aging Study
(Data From Brozinski et sI ., 1972, Reference 2)

I

Menthol Menthol Transfer
Tiee Filter Cigarette To MS Book.

SMonthsf (kl (Rgl .9/siq J31

0 0.7 2.88 0.39 13 .5

1 20.9 2 .34 0 .44 1a.6

3 29 .9 2 .71 0 .52 19.2

5 35.5 2 .62 0 .48 13.3

9 41 .8 2 .94 0.43 14 .6

Perfetti drev some profound conclusions from the work of

Brozinaki et a1 . as vall as froa several other studies dealing

with menthol migration, transfer and filter retention

data (21) . Three different phases in the expected shelf lite

of mentholated cigarettes wre proposed as illustrated in

Figure 10. During Phase I, the freshly prepared cigarette has

essentially no menthol on its filter and thw initlally

tranfers smaller amounts of menthol to MS because of its high

filter efficiancy for menthol . Later in Phase I, menthol vary

rapidly migrates to the filter and effectively decreases the

cigarette filtering efficiency for menthol which results in

greater transfers to M8 . Phase II begins when the efficiency

of the filter for menthol remains relatlvely constant ; that

1s, when slution from the filter and removal troe MB are

roughly equal . This occurs over a fairly largs range (20% to

35% in filter) . Migration of menthol to the filter continues

until equilibrium is reached (generally, 45% to S0t on the

filters and 50% to 550 on the tobacco of blended cigerettes) .

As the length of storage time lncrusas, there is eventually

a decrease in the amount of menthol in the M8 . This is Pluse

III . During this period, menthol is believed to be .ore

deeply sorbed into the filter fibers and thus suy not be

available for elution . Mathis found that penetration into

plasticized CA filters, over time, resulted in reduced
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transfers to RS for a series of filter flavors (15) thereby

indicating that this proeass is not unique to senthol .

PIG. 10
Proposed Theory Of Menthol Iligration/Transfer
For Conventional* Filtered Menthol Cigarettes
(Data Pros Perfetti, 1985, Reference 21 and

Broiinski et al ., 1972, Reference 2)

ctUBE

2 3 4 5 6 7 8 9

TYIE (YONiN)

' Yantaal spp0etl b taCacco ebntl

Preloading filters vita menthol eli.inates or greatly

reduus the effects of Phase I by shifting the transfer

profile tu the left as shown in Figure 11 (21) . Projaeted

menthol yields fraa cigarettes with preloaded filters are

eXp.eted to provide .ore efflcient menthol transfers at 0-tiae

sucd like an unfilterW cigarette . However, Phase III will

occur at a .um earlier eigarette age to deczewse menthol HB

yields. With 84 ts cigarettes constructed with 21 a standard

CA tow fllters bonded with 6% triacetin, as noted earlier,

Dsatsc)t found that HS rnthol transfers increased at 0-ti .a as

the level of .enthol applied to the filter ras increased as

shown in Figure 3, and that after a few weeks, transfers were

equivalent regardless of application site (7) .
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FIG . 11
Proposed Theory Of Menthol Rigration/Transfer For
Filtered Cigarettes With rtentbol• Applied To Filter

(Data Yroa Perfetti, 1985, Reference 21)
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EPYECTS OF TOBACCO TYPE

Rbe influence of tobacco type on aentbol algration and

transfer to MS has been investigated in our laboratories (71) .

Nong et al . aade singla tobacco cigarettes froa burley (B),

flua-cyred Virginia (rC), oriental (O), reconstituted sheet

(RC) and a blend of expanded burley and Virginia (XT)

tobaccos . Cigarettes were fitted ritb identical Ca undiluted

filters aiade froa 2 .7/39,000 tow and treated ritb 7 .1911;

triacetin. Menthol (about O .aSt pack aentbol) vas applied via

top dressing to each tobacco type. Menthol aigration to the

filter and transfer to MS were aeasured at three weeks, three

aontN, six aontbs, nine .onths and 12 months . There wre

large ditferances in aigration rata for the different tobacco

types (aae 7igure 12) . After one year, they found 57%, 549,

48%, 30% and 36% of the aenthol aigrated to the filters of RC,

kT, B, PC and 0 products, respectively . There were oo.parable

differences at each saapling tiae point . Since the filters
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I

vere identical, theaa data suggest the following order of

menthol affinity for different blend components : O> PC > B

> 1T > RC . Note, in Figure 12, that even after one year,

menthol migration appeared to level off only for the IIT

product and vas still oeeurrinq in the other products .

FIG. 12

tlenthol niqration From Tobacco Rod To Filter
lros Different Tobacco Types Over Time

(Data From Mong at al ., 1988, Reference 31)

0
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TOBACCO TYPE
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s . B+Yy : FC . FMweE: O . On.Mal

lecause of differing tobacco densities, these products

wre made to a tobacco rod firmness target and as such contain

different amounts of tobacco due to the difference in the rod

filling capacity for the different tobacco types . When

menthol migration to the filter was plotted versus tobacco

veiqht, low affinity for menthol in the RC product was readily

apparent (see tigsre 13) . Percent pack menthol (total amount

of menthol on rods and filters) values were relatively stable

ovar the 12 .onth period for all products except the RC
product which experienced a 15 4 drop. This drop was due to

Go
~

ita low affinity for menthol . The significance of this drop G.7
will be discussed later in this report . While many studies ~.~,

haw suggested that mentholated cigarettes equilibrate over
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ti.s, such that about 5oi of the menthol is in the plasticised

CA filter regardless of original application site, thase data

suggest that this say only be true for a blended cigarette

since different tobacco typas have different affinities tar

senthol .

FIG. 13

Menthol Migration Pros Rod To Filter
Pros Different Tobacco Types

(Data Yroe Mong at al., 1985, Refarenca 71)
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In this single tobacco type study, the transfer of

menthol to Ms fros the individual tobacco types was si .ilar to

trends seen in the past for blended filter cigarettes . over

ti.e, transfer of menthol to M5 increased for about six sontlu

and then decreased (sea Figure la) . Absolute transfer of

menthol is influenced by application level and changes in pack

menthol (available senthol) . On a paruntage basis, increases

in menthol transfers to MB are usually coupled with decreases

in menthol transfers to SS and vice versa . The MS/88

distribution is predu.inantly a function of the burn rate, or

sore specifically, the a.ount of tobacco consueed during puff

and seolder periods. As .ore tobacco is consused during

88338499
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puffing, transfer to MS increases and transfer to SS

deereasea . TheN MS/Se distributions can be controlled by

eiqarette construction pararters or by altering puffing

frequency and/or volu∎e . Mevaver, the burn rates of different

tobacco types are inherently different . Since burn rates were

not seasured in this study, the only way to assess the impact

of burn rate was by analysis of puff count (number of puffs

required to consuse the saae length of tobacco rod) . Menthol

transfers to MS very efficiently from freshly mentholated

filters whether application is intentional or by migration .

As noted earlier, after menthol migrates to a plasticized CA

filter, it begins to penetrate the fibers mehing less menthol

available for elution. As long as ∎igration exceeds

penetratlon, menthol transfer to 115 increases . Once

equilibration is achieved, menthol penetration into the CA

fibers continues and MS transfer drops . As expected, MS

transfers increase to a point with increased menthol level on

the filter. This is illustrated in Figure 12 and Figure 14 .

FIG. 14

S.oke Menthol Transfer For Different Tobacco Types Over Ti.e

(D.ta Fros Yong et a1 ., 1988, Reference 31)

RC
TOBACCO TYPE

®) eEERS 1)3 YONn6 Ela YO/IMS 639 YOIRHS 012 YCNTHS

AT a EapendW lobaceo. RC - iNconstNNed sMel,
9 . 9unry. FC - FArnee4 O- OnenW
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When percent MS menthol transfer is plottd versus puff

count, as illustratd in Figure 15, based on the migration

data, MS .enthol transfer was expected to occur in the

following order: PC > XT > 8> FC > O . The 8C product

exhibited most efficient MS Menthol transfer; however,

transfer trends from the other components rere just the

opposite of what was expected, with O> FC > 8>%T. This

suggests that lower MS transfer ratss are due to greater

consumption of tobacco during smolder resulting in more

menthol transfer to SS . lu expected, the highly processed RC

material had very little affinity for menthol and exhibited

high menthol .iqration to the filters which resulted in higher

transfer to MS .

FIG. 15

Smoke Menthol Transfer From Different Tobacco Types

(Data From Wong at e1 ., 1988, 8Reference 31)

®a WEfKS Oa wOMiNS ms noNhB 0Y NOMn/s O1r VOanro

XT . EqwW.E tobaxu : RC - WconstkuisE .hset:
B . BwLY: FC . FiueSUnE ; O . Odleistl

BFFP.CTB OF PACRaf1MG

As noted earlier in the single tobacco type study, pack

wenthol of the reconstituted tobacco product decreased over

180

88338501

Source: https://www.industrydocuments.ucsf.edu/docs/npxm0068



47th Tobacco Cheaists' RestarcA Cbnlerencs

time indicating very low menthol affinity for this particular

smoking aaterial . There is competition between blended

tobacco rods and plasticized CA filters for the available

menthol. Both have tremendous menthol affinities . Brozinski

at al. found a distribution coefficient of approximately 4 .5

(plasticizW filter :tobacco rod) at equilibriua (2) . This

coefficient would be expected to vary with different

plasticizer levels . Dube found levels of 2% and 5% menthol

migration froa conventional blended filtered cigarettes to

soft pack and crush proof boxes (CPB's), respectively (8) .

The menthol levels of these packaging materials are in good

agreement with tnose found by Renfro (24) . In the study

discussed previously to investigate the affect of propylene

glycol on menthol migration and transfer with filtered

cigarettes, the effect of propylene glycol on the transfer to

MS from unfiltered cigarettes vae also investigated (1) .

Tobacco rods and menthol content of products B, D and F, were

identical to the previously described filtered products, A . C

and E, respectively . All products had approximately 0 .42%

menthol applied to the tobacco bland . Products 8, D and F

wre prepared with cardboard mouthpieces instead of CA

filters . With use of the cardboard mouthpieces, unfiltered

cigarettes sere smoked to the sar butt length as the filtered

cigarettUs and consumed the same amount of tobacco and

menthol . Pack menthol levels decreased through about 8 to 12

weeks (see Figure 16) . Th.se pack menthol decreases were

aecoRanlW by reduced !fs menthol yield (sea Figure 17) .

Packaging material perieability was assumed to be the cause

until it vas observed that tha percent pack menthol values and

118 transfer levels remained fairly constant for the rest of

the 42 wak atudy. This eliminated the permeability theory .

Anothar logical explanation vas migration of menthol to

packaging material resulting in raduced amounts of menthol

available for transfer to ES (see Table Ix) . The data

supported this hypothesis . In the absence of the tremendous

menthol affinity provided by a plasticized CA filter,

signifieant menthol migration to packaging materials occurred

until the packaging materials were saturated . As much as 19%
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of the applied .enthol ras foun0 on tn. CPe. When the .enthol

found on the packaging vaterials was added to that in the

cigarette, a .enthol material balance was achieved .

FIG. 16
Pack Menthol : UnfiltareA° Cigarattee Over 42 Weeks

(Data Proa Be.t, 1992, Reference 1)

e
.no I 4 ~ .~a ~3 0 . :{ L m xl u a n m Y M f~ M .c ./

roa nrteo

-B, 0 .80% PG i' D, 0.0% PG a' F 0 .48% PG

• XAD G1AD90AMD !f OUTHPIECEt

FIG. 17
MS Menthol Yislds lrom unfiltered Cigarettes

(Data Proa Best, 1992, Reference 1)
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TABLE IX

Menthol Migration To CPB Packaging Material Of Unfiltered
Ra Cigarette With Cardboard Mouthpieces

(Data Proa Best, 1992, Reference 1)

Tiee fXeeksl

% Pack Menthol

Menthol (a9) :

nod

. Nouthpiece

0utarvrap•

Crushprocf Box

Cigarette

~ Menthol On CPB

_0 a 17 _ 55_

0 .41 0.36 0.34 0.33

2 .94 2 .27 2 .24
33-•2

0.07 0.27 0 .25
.

0.00 0 .038 0 .0a5 0 .043

0.00 0 .409 0 .529 0 .564

3 .01 2 .99 3 .06 2 .94

0 13 17 19

•Rdjusted to .illiqrass per cigarette

••Rod and mouthpiece

PJPECTB OP CI6ARETf6 CONSrROCPION PARAMETERS

In 1902, aShofner and Ireland investigated the effect of

air dilution on 'tar', menthol and nicotine transfer (27) .

They observed that percent yield reductions vere linear for

all three para>tebrs over a 20% to 50% dilution range (we

Figure 1s) . They found, that, -b expected, the yield

reduction of sioke condensate approached the 1 :1 ratio line

when compared to air dilution . On a percent reduction basis,

menthol reduced aore than nicotine . Increasing air dilution

reduced the awunt of smoke condensate delivered but had less

of an affect on Menthol and nicotine . The efficiency at which

menthol and nicotine are transferred Snto .ainstream

particulate increases even though lsss particulate smoke is

delivered. STerefore, by increasing air dilution, the

nicotine to 'tar' ratio of woke condensate was increased nore

than the menthol to 'tar' ratio .• For ventilation levels of

20% to 50%, air dilution had a smaller effect on reducing
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∎enthol yields coapared to particulate matter ylelds and had

an even saaller effect on nicotine parc.nt reductions .

FIG . 1a
The Effect Of Air Dilution On Percent Yield Reduction

For 'Tar', Nicotine And Nenthol

(Data fro. Shofner and Ireland, 1982, Reference 27)
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In 1983, Noods reported on effects of CA filter and fiber

parart.ra on menthol migration and transfer (32) . Noods

found that at a given time after cigarette preparation, the

level of menthol found on filters increased with ines'sasinq

plasticizer level . This supported the earlier findings of

Curran (4) . Woods further reported that menthol yields par

cigarette decreased vith increased plasticisar level . The

parameters investigated by voods are listed in Table X in

order of the impact of their effects on MS senthol yialds .

1s . ' 88338505
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TABLe Y

liltar And Fiber Paraseter Effects On Delivered Menthol
In Order Of Significance

(Data Roa Woods, 1981, Hefereme 33)

Plasticizer Type

Total Denier

Plasticizer Level

Denier Per Pil.aaent

Results and cigarette descriptions from a study by Curran

(5) to deteraine the effect of filter surface area, filter

weight, plaaticizers, plasticizer concentration and storage

tiie on menthol sigration frow the tobacco to an ac.tate

filter of a filter cigarette are coeplled in Table %I . Curran

reported that, although there were significant differences in

the menthol content of filters with three different surface

areas (171, 229 and ]83 w°), thare vas no correlation between

filter surface area and the percentage of menthol that

aigratW from the tobacco to the filter . His data show that,

at constant total denler, menthol sigration is faster at the

higher surface aru/lowr denler par fila .ent (dpf) condition .

Curran pnrchastl !a ma clgaretto, reeoved the filters and

replaced tha with unsentholated exparisntal filters that

were plasticized with 68 triacetin unless otherwise noted .

NMre dpf• total denier and plasticizer level were constant,

a 10% increase in filter Yeight (142 ag to 156 rl) resulted in

only a 4% to 58 increase (21 .7% to 22.7%) in menthol

∎igratiao. 6a also saw a definite affect of plasticizer level

on aenthol >tigration. Lwis and Norsan (13) found that as dpf

increased (i .e., as fewer fibers were incorporated into the

tow bundle), surface area available for menthol sorption

decreased and the amount of menthol available for delivery to

•ainstreu was increased .

285

Source: https://www.industrydocuments.ucsf.edu/docs/npxm0068



47th Tobacco CBesists' Research Conference

TABLE XI

Effect Of Filter Surface Arsa, Weight, Plastieiser,

GP£!

8 .0

5.0

1.6

3 .3

3 .3

3 .3

3 .3

3.3

Plasticizer Concentration And storaqe Tir
On Menthol Migration

(Data Proa Curran, Reference 5)

Surface k Menthol On Filter

Total Area k Storwoe Tiss (pavsl
Denier 1"~L_ FZ`• 2 4 2 1i.. -22- 31- 3.L

80,000 171 6- 5 .4 6.6 6 .9 9 .7 14 .5 23 .7

80,000 229 6- 5 .4 8 .6 8 .2 11 .1 17 .8 27 .9

57,000 382 6- 5.3 8 .3 8 .2 10 .4 17 .0 26 .6

Filter
Meight
laal

42,000 142 6 - 4.5 S.7 7.0 8.7 15 .0 21 .7

42,000 156 6-4 .5 5 .7 6 .0 10 .3 15.7 22 .7

•2,000 - 0 0 - 0.0 0 .0 0 .0 0 .2 0 .7

42,000 - 4 0 - 4 .8 6 .4 6 .5 10.7 12 .0

42,000 - 8 0 - 6.S 11 .3 11 .7 14 .7 21 .9

•DPP - Denier per filasent

•• PZ - Plasticizer

Effects of so.a filter tow para.eters on menthol

migration and transfer to rtS are well axxplained in Noeohat

Celanese TeCJ,nical Bulletin PPB-11 (10) . Using 84 Y

cigarettes with 27 sa CA tow tips treated with 9% triacetin,

menthol .iqrat.d .ore efficiently to filters of higher total

denier (see Figure 19) . When dpf and pressure drop were held

constant, the effect was attributable to mass differences .

When ealculated on an equal wiqht basis, menthol miqratian

ras equivalent for total denier levels . YMn pressure drop

and total denier were held constant, menthol aigration to the

filter increased with increasing dpf due to the greater tow

weight required to achieve a constant prusure drop (see

Figure 20) .
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fIG. 19

Effeet Of Total Denier On Tip Menthol Gain During Storage
(Data From Hoechst Celanese Technical Bulletin, 1992,

14ference 10)

FIG . 20

Effect Of Tov DPP On Tip Menthol Absorption During Storage

(Data From Hoechst Celanese Technical Bulletin, 1992,
Reference 10)

Effect of total denier on senthol transfer to nS (over

the 12 week storage period) is shown in Figure 21 . As total
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denier inereases, MS rnthol yields decrease . Thls is due to

greater .ent.hol absorption (result of higher surface aru) at

higher total denier . As illustrated in Pigure 22, rntlNol

transfer to MS was not affected by denier per filasent .

FIG. 21
Effect Of Total Denier On Delivered Menthol

(Data Fros Hoechst Celanese Technical Bulletin, 1992,
Reference 10)

FIG . 22
Effect Of Tow DPF On Delivered Menthol

(Data Fros Hoechst Celanese Technical Bulletin, 1992,
Reference 10)
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In the early 1988's, Norman et al . studied the effect of

filter pressure drop (variW by changing tow items), filter

ventilation level (obtained by on-line laser perforation),

filter plasticizer (triacetin) level and tobacco menthol load

on MB menthol yields of a popular 84 ma cigarette made with a

27 s filter (1B) . They developed regression models of MS

yields as functions of the four variables . The scope of this

presentation does not include the model development but some

of the results of the study will be discussed- Figure 23 thru

Figure 26 and Figure 28 were calculated from the regression

sodels . MS menthol yields rere significantly correlated with

filter draft, ventilation level and tobacco menthol 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 increased,

menthol yields decreased (see Figure 23) . Also, at given

plasticizer and filter ventilation levels, as filter draft

increased, menthol yields decreased . As plasticizer level

inereased there were slight decreases in menthol yields at all

ca.binations. Therefore, menthol delivery at a given FTC

'tar' yield dapands on the particular cosbination of filter

draft and ventilation level used . MS FTC 'tar' versus menthol

yield is shovn in Figure 24 for all three filter ventilation

levels . Filter draft was varied to effect the changes in FTC

'tar' . As 'tar' increased, MS menthol yields increased at all

ventilation lavels . But, as ventilation levels increased,

.enthol increases were greater (in other words as 'tar' levels

increased, aenthol/'tar' ratios increased with increasing

ventilation) . Whitton and McAdas later reported a similar

relationship between s.oke yield and ue menthol transfer for

an undiluted flue-cured cigarette (30) . Norman at el . also

investigated the effects of filter ventilation and draft on

menthol transfer as illustrated in Figure 25 . As ventilation

increased, menthol transfer decreased for all three draft

levels, and as draft increased, menthol transfer decreased .

This relationship between .enthol/'tar' ratios (µg/ag) and

ventilation for different filter draft levels is shown in

Figure 26 .
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rIG. 23
co.put.d rtanthol Delivery As A runction

Of Plasticizer Uv.l
(Data From Moraan at al ., 1984, Reference 18)

--• Vent - 35%t DffR - 170mm
-• VeaL - 35% ; Draft - 50mm
----- {/ent. - 70% ; Draft - llOmin
•••-•-• Veat . 35% 7 Draft - 110mm
-Veat- O% :DnR- llOmm

~ ~2 ~

.

..

..~»..»_..~._.~.. ..~ ~

1 f-

O
2 4 6 6 10 17 14

PWtldter Level (%)

DaR ndts are mm Hr0 at 17.5 cd.eo Oow
Vmt - f6ter .rntHatlon

At lowr draft levels the menthol par unit 'tar'

increases vith ventilation. At the higher draft level

(170 a) almost no sffect of ventilation is olr .rvsd . In the

previously mentioned menthol JMD study (22), it vas found that

tobacco menthol load (pack menthol) vas most important te

menthol delivery par unit 'tar' . parfatti and Gordin found

that for a particular configuration, the relationship between

pack menthol (menthol load) and menthol transfer vas hiqhly

linsar for full flavor menthol (RN), full flavor low 'tar'

menthol (FrL1K) and ultra low 'tar' menthol (WAK) proAucts

as shovn in Figure 27 for the rAl product . Data for tha rIUAI

and ULT configurations vere very si.ilara riqura 28 Ss a plot

of menthol transfer as a function of PTC 'tar' yis10 Yhea
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filter drafts r.re varied to effect ohanges in 'tar' . Menthol

transfer increased with increased 'tar• yields and increased

ventilation level . However, for a given 'tar' level, menthol

transfer can be slightly increased by the combination of

lowered filter drafts and increased ventilation . Although

they can be used to influence menthol transfer, adjustaent of

tha cigarette pararters in this study did little to i.prove

menthol transfer efficiency . The range of control of menthol

transfers was extremely limited when the 'tar' yield and

tobacco menthol load were arbitrarily fixed .

PIG. 24

Co.putad llenthol Uelivery As A Function Of FTC 'Tar'
(Data From Noraan at a1 ., 19e4, Reference 16)
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FIG. 25

Effects Of Ventilation And Filter Draft On
Fraction Of Applied Kanthol Delivered

(Data Froi Nor>,an et a1 ., 1984, Reference 1E)

14

12

10

2

0
0 10 20 30 40 50 60 70

veatLWon (%)

Draft uaits are mm H2D at 17 .5 cncac Oow

Whitton and MrJdea described factors that influence

menthol transfers froa flue-cured tohaoco cigarettes prepared

with CA filters treated with 7% to 9% triacetin (30) . They

found that menthol transfer increased with increased saoke

yield . They also found that menthol transfer is sensitive to

chemical composition of saoke (Curran had claiaad earlier that

cigarette saoke changes the affinity of G filters for menthol

(a)] . They concluded that saoke moisture (over the range

studied) had little influence on the ..ount of menthol

transferred to saoke . Cigarette moisture content at time of

saoking ranged froa 5 .1% to 12 .et . This is in good agreement

with unpublished R.7E findings (11, 1B) . When ocrGnolc acid

was added to the tobacco column, menthol transfer increased

but was accompanied by a MS increase . In a study to .essure

aenthol transfer from CA filters, Whitton and McAdam found
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that, because of high menthol 1avels in filters, filtration

efficiency increased resulting in Tptl decreases . Data in

Table XII ahov the influence of menthol filter level on actual

menthol transfer and transfer nor.alized to reflect TPrt

chan9es .

FIG. 26
Coaputed llentholJ'Tar' Ratios Versus

Ventilation Level For Various Filter Drafts
(Data Fro1 Porean et a1 ., 1984, Reference 18)

---- 11Des Draft - 170 mm
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` ~6x
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20 r 1 . . . I . . . I . .~ . . .~ . . . . . .
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VeatOatbn l.e.H (%)

Draft units are mm H,O at 17 .5 cdsec flos

According to letitton and Mchdaa, •these results indicate

that the percent transfer levals are dependent upon the

initial menthol loading on the filter, vith higher transfer

afficiency at low loading levela .• The actual opti .um menthol

filter load is probably below 6 .2% .
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Menthol JMD For n 95 mm ProCnat/
Pack Menthol v.r.us B.oks Menthol

(Data Fro. P.rf.tti And Cordin, 1965, Reference 22)

Pack Menthol (%)

FIG . ]6
Menthol Tran.far As A Function Of FTC 'Sar' Delivery

As variW By ventilation And Filter Draft
(Data ProW, Morun at a1 ., 1964, 14far.nu la)
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TABLE XII

Influence of Load Leval On Transfer Of 11entAol
From CA filters

(Data From 1lhitton, 1991, Reference 30)

nenthnl
Filter 114 Actual Adjusted
Load Yield Transfer Transfer
Isal fsol (!) /!)

6.2 49 .0 79 66

17.2 63 .6 62 41

16 .7 47 .2 34 31

23 .0 35.6 22 27

)0.1 26.6 16 27

]s .b 20.9 9 1s

pATTAtM OF 1®1T90L 77GNS[At TO IIS OVPA TI1~

This presentation has dealt mainly with observations and

some speculation about menthol migration and transfer . Some

review and new disclosures have bsn included . One additional

disclosure of an unusual phenomenon that has been observed in

Osr laboratories over the last sevsral years will be made in

this presentation . Generally, menthol LS transfer patterns

over tiY are illustrated as a smooth curve (fee Figure 10) .

The menthol transfer pattern from filtered cigarettes to n5,

increasing from O-tiss to a peak at several weeks than

gradually declininq, was discussed earlier. However, close

examination of the data in Figure 9jsach point is an average

of 4 replicate analyses with very tight standard deviations

(1)) show that menthol yield increased rapidly from 0-tiae

levels for several weeks . 9ovavar, follorinq these initial

incrsasss, significant drops in menthol yield occurred

follorW by rises in menthol MS yields for all three products

after peak yield was achieved . Menthol yield appears to cycle

slightly throughout the study . Theae initial decreases in

menthol yield occurrad at different times : three weeks for
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the 0% propylene glycol product, four weeks for the 0 .444

propylene glycol praduct and eight veeks for the o.e0t

propylene glycol product, for these three different but very

similar products, thus ruling out a time related analytical

problem. Sa.ples vere submitted for analysis at the same tise

for all products at each time point . siailar menthol transfer

patterns to ns, over tias, have been noticed in the literature

(7, 25, 28) . 7Aese investigators, in the absence of

statistical corroboration, made no assertion that these

menthol transfer cycles vere real . They may have felt that

the random cycling in menthol yields was an analytical

anomaly, and it may vell be . However, for this study, sLenthol'

∎igration to filters was also measured for each set of

cigarettes at the sase time the 118 menthol analyses were

performed (see Figure 7) and there vere no observed cycling

phenomena in migration values . Examination of the results in

light of the successful modeling studias on other cigarette

behaviors (19, 29) has led to the following conaiderationsi

a . Careful studies of changes in menthol transfer to MS

with aging suggest a more complex behavior than

previously reported .

b. There is evidence from these aging data that menthol

transfers do not simply increase to a sxL.us tlhen

decline smoothly . Rather, there may be reproducible

fine structure on the declining portion which is

affected by various cigarette design parameters .

c . 1ae.e results may be consistent with a more complex

mechanism of menthol migration and transfer .

d. Detailed analysis of the kinetics of ∎igration and

menthol transfer to 118 smoke with aging say give

more insight into these details .

8f!lvABII

)u we have ssan, menthol migration and transfer to KS
with filtered cigarettes are complex processes . The following

ls an attempt to salect sose highlights from the old end new

research :
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a . Depending on cigarette construction paraaetars, over

S0i of the menthol in a cigarette can be delivered

to 118 .

b. As a result of changas in conte.porary cigarette

construction to control the yield of total

particulate satter, nicotine and other saoke

cc.ponents, menthol transfer to MS is generally 10%

or less .

c. There is very little, 14 or less, menthol

contribution to MS vapor phase as thersal

deco.position products .

d . Cigarette construction paraseters influence the

distribution of menthol between nS and 55 .

•. Menthol sigrates rapidly to plasticized CA filters

with plasticizer acting as the driving force .

f . Ilenthol cn filters can both enhance and inhibit the

transfer of menthol to 11S .

g. Ohen aenthol is applied to the blend only, menthol

transfer to saoks is low until about 20% of the

menthol has iigratW to the filters .

h. Menthol transfers to seoke very efficiently froe

freshly .entholated cigarette filters .

i . The optisau initial menthol level on the filter, for

unifors menthol transfer to ssoke over tiee, is 25%

to SO= .

j . As menthol penetrates the fibers of plasticized CA

filters over tir, less is available for alution to

M5 and transfer efficiency decreases .

k. As long as menthol sigration to the filter equals or

escseds penetration into the filter fibers, transfer

efficiency to MS roains level or increases .

1. propylens glycol added to filters enhances menthol

aigration to filters .

∎. Addition of propylene glycol or glycerol to filters

results in decreased menthol transfer to ssoke .

n. Addition of propylene glycol to the blend results in

propylene glycol aigration to the filter which in

turn enhances menthol sigration to the filter .
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However, this ultimately results in reduced menthol

transfer to HS .

0 . Different tobacco types have different affinities

for menthol (oriental/Turkish > Virqinia/flue-cured

> burley > expanded burley/Virginia blend >

reconstituted ebeet) that result in different ratea

of menthol migration to the filters of ciqarett.a

made from a single tobacco type .

p. Different tobacco types s∎older at different rates .

This difference affects the distribution of senthol

and probably all additives between HS and 66 .

q . For most efficient menthol transfer, the optimum

triacetin level on CA filters is around St to 6% .

r . Menthol ia transferred to smoke .ore efficiently

from a .entholated filter than from a mentholated

blend .

∎ . Menthol is aluted more efficiently from a filter

without triacetin, but, even with triacetin, menthol

Sn the filter is about twice as likely to be
delivered to KS as is menthol in the tobacco column .

t . For unfiltered ciqarettes or cigarettes with filt .rs

lacking appreciable menthol affinity, significant

amounts of menthol will migrate to the cigarette

packaging .at:rials resulting in reduced menthol

available for transfer to H9 .

u . At given plasticiser and filter ventilation levels,

as filter draft Sncruses menthol transfers

decrease .

v . Menthol transfer at a given FTC ftarO yield depends

on the particular co .bination of filter draft and

ventilation level .

v. As 'tar' increases, ..ntbol transfers increase at
all ventilation levals

x. At lower draft levels, menthol per unit 'tar'

increases with ventilation but at higher draft

levels there is no effect of ventilation .

y. Although adjustment of cigarette parameters can be

used to affect menthol transfer, vben the •tar•
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yield and tobacco menthol load is arbitrarily fixed,

the range of control is extresely limited .
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SYMPOSIUM SUMMARY

STosas A. Perfetti

R. J. Reynolds Tobacco Coepany
Rovsan Gray Technical Center

P . o . Bou 1487
Yinston-Salu, RC 27102

TM history, science and technology surrounding the

topics of ssnthol and rntholatW cigaretta are exciting and

challenging . Our speakers have a11ovW us to travel with the .

through history during this syaposius . Many of you have

walked the path of this iourney and have contributed to our

overall understanding of rnthol and aentholated cigarettes .

Ifany of the pioneers who first erperi.ented with the

dewlopmsnt of .entholated cigarettes ars no longer with us .

9opefully, ee haw represented tAa, vell . The record of this

symposium will be a valuable resource for the future as well

as a valuable contribution to an already rich historical

record dealing with tobacco and ssoke cheaistry .

I aa certain w all are thankful to our speakers for the

excellent revievs which they have shared with us .

Lat me thank the Prograa Editorial Cooittee of this TCRC

for asking r to chair this sysposiu. . I feel very honored to

kaw worked with all of the spaakers over the last few .onths

on an area of science that I truly enjoy .

A. I introduced the symposium with a provocative thought,

let s+e leave the sysQosius considering the words of Ericc

Doffer, the Lo:gshorwn Philosopher :

•In tiies of chanqe, learners inherit the earth,

while the learned find theeselvas beautifully

prepared to deal with the world that no longer

exists.•
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INFORMATION FOR ORDERING PREVIOUS SYMPOSIA

131pOOCrs Annual . One volume number par year .

lUMIIms The Tobacco Choista• Research Conference

ORDa /A011 9L OIeTAIlOlOII t

Tobacco Literature eelviea
2314 D. 9. Hill Library, Box 8009
Ilorth Carolina State University
Raleigh, Oortb Carolina 27695-8009 USA
Telepnone: (919) 515-2836

Telephone orders not accepted, but inquirea are valeo .a .

~8lMat

1 . All orders IWSS be prepaid .

2 . Invoice sent upon request .

3 . payaent accepted ONLY in U . S. currency or with a
check drawn on an Arriean bank . loreiqn
sulscriDars who pay through an American bank should
inatrvct the bank to include the following
intoraation with payment :

a. Publication being ordered .

b. MO.Eer of copies wanted .

a. Corraat shipping address . Cd.cks received
without this inforaation will be returned to the
bank for instructions .

a. UfIBCO euupons not accepted .

!O1/CRI!lIOMI Accepted .

eiAa[ tlOYW: Inquire for availability .

1n0®0s Not a1lOVW .

pI8COOWfes not available . No discount for wltiPle copies or
to agents .

=iQBfs, o. s./Caneda/Ilexito : $27 .00 per volume including
postage atl handling . All other locations : $41 .00
per volume .
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suTlfinefs All shipments sent surface ; postage is included in
purchase price. Customers rho require air
shipment should request a price quotation .

CuRpRSz Each volume concerns a particular topic in tobacco
chemistry .

pCOTOCOpT sRVfO{t The Tobacco Literature Service doas not
provide copies of individual papers from
the conference Proc .pdings. Copies of
papers presented at the Conferences but
not reproduced in the proeeedings are not
available from the Tobacco Literature
eervice, although the author's address
say be available .
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