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SUMMARY 

Cigarettes with closely matched physical characteristics 
were subjected to static burns inside a modified bell-jar 
apparatus in order to investigate the effects of var
iations in cigarette construction and composition on 
the odor of sidestream smoke. Cambridge fllter pads 
moistened with mineral oil and suspended inside the 
bell-jars were highly effective transfer materials which 
captured the sidestream smoke odors. Triangle-test 
odor evaluations of the exposed Cambridge pads estab
lished significant differences at the 95 o/o confidence lev
el between sidestream odors from cigarettes made with 
100% Burley, flue-cured, or Oriental tabacco. Differ
ences were also found between sidestream odors from 
tobacco grades within a single tobacco type and be
tween equal blends of two tobacco types. Consistent 
with studies of sidestream menthol delivery and men
thol levels needed to detect a just noticeable diffei-ence, 
no significant sidestream odor differences were found 
between menthol and non-menthol versions of the 
same cigarette. 

ZUSAMMENFASSUNG 

Zur Untersuchung der Auswirkungen unterschiedlicher 
Zigarettenkonstruktion und -zusammensetzung auf den 
Geruch des Nebenstromrauches wurden Zigaretten mit 
nahezu gleichen physikalischen Merkmalen in einem 
Glaszylinder mit glockenformiger Abdeckung (bell-jar) 
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statischer Verbrennung unterzogen. Cambridgefilter
Scheiben, die mit MineralOl benetzt und im Innern des 
Glaszylinders angebracht waren, stellen ein gutes Mate
rial zur Absorption und Obertragung des Nebenstrom
rauchgeruches dar. Die Untersuchung der Filterschei
ben im ,Triangel"-Verfahren ergab, dall sich Zigaret
ten, die jeweils zu 100% Burley-, Virgin- oder Orient
tabak enthielten, im Geruch des Nebenstromraucbes 
bei 95o/oiger Venrauensgrenze signifikant voneinander 
unterscheiden. Unterschiede im Geruch des Neben
stromraucbes zeigten sich auch zwischen verschiedenen 
Graden innerhalb der einzelnen Tabaktypen und zwi
schen gleichen Mischungen von zwei Tabaktypen. In 
Obereinstimmung mit Forschungsarbeiten, in denen 
der Mentholii.bergang in den Nebenstromrauch sowie 
der Schwellenwert untersucht wurde, ab dem Menthol 
wahrnehmbar ist, lie6 sich in den vorliegenden Versu
chen kein signifikanter Unterschied im Gerucb des Ne
benstromrauches bei Zigaretten mit und ohne Menthol 
feststellen. 

RESUME 

Des cigarettes ayant pratiquement les memes caracteris
tiques physiques ont ete soumises a une combustion 
statique dans un cylindre de verre muni d'un couvercle 
en forme de cloche (bell-jar) dans le but d'etudier les 
effets qu'ont les variations de construction et de com
position des cigarettes sur l'odeur de la fumee secon.: 
daire. Les rondelles de flltre Cambridge humectf!es de 
petrole qui avaient ere placees a l'interieur du cylindre 
constituaient un boo matCriau d'absorption et de trans
mission de l'odeur de la fumee secondaire. Les examens 
des rondelles de filtre selon le precede «en triangle• ont 
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montre qu'il existait des differences significatives (ni
veau de confiance de 95%) entre les odeurs de la fumee 
secondaire de cigarettes contenant 100% de tabac Bur
ley, de tabac de Virginie ou de tabac d'Orient. Des dif
ferences ont ete observees egalement entre les odeurs 
de differents grades d'un meme type de tabac et entre 
celles de melanges identiques de deux types de tabac. 
En accord avec les etudes ayant porte sur le passage du 
menthol dans la fumee secondaire ainsi que sur la va
leur limite a partir de laquelle l'odeur de menthol est 
perceptible, il n'a ete constate aucune difference signifi
cative dans l'odeur de la fumee secondaire d'une meme 
cigarette, avec et sans menthol. 

INTRODUCTION 

Some sensory aspects of mainstream or sidestream 
smoke have been reported upon previously by a num
ber of workers including ABDALLAH (1), ARTHO and 
KocH (2), CAIN (3), SAKUMA (4) and DRAVNIEKS (5). Of 
particular interest to us are the effects of variations in 
cigarette composition and construction on the odor of 
sidestream cigarette smoke. The previous attention fo
cused on the distribution of different chemical compo
nents between mainstream and sidestream smoke has 
stimulated a number of workers to develop a wide vari
ety of apparatus which provide for the separate and 
simultaneous collection of these smoke streams (6-8). 
The contributions made by various chemical classes to 
the aroma of cigarette smoke also have been reported 
by, among others, RIJK and VAN BATTUM (9), PHILIPPE 
(10), HoFFMANN and eo-workers (11), CoNSTANTINES
cu (12), and MoKHNACHEV and KAMENSHCHIKOVA (13). 
Still others, most notably HoUMINER and eo-workers at 
Philip Morris (14-18) and SPRECKER and eo-workers at 
International Flavors and Fragrances (19-21), have 
patented materials said to affect sidestream smoke 
odor. However, the methods used to evaluate these ef
fects are not described in the patents. Previously de
scribed methods used for odor evaluation provide for 
measuring odor thresholds, intensities, profiles, quality, 
character, or hedonic tone (22). These methods include 
paper strip blotters, syringe dilution (23), olfactometers 
of numerous designs (24), odor hoods, odor rooms, 
sniffing of GC effluent, and a "triangle odor bag" 
method (25). None of these methods addresses the ba
sic question: can sensory differen_ces be detected among 
sidestream odors? To investigate this question, a trans
fer testing method was developed which permits collec
tion and comparison of sidestream odors generated 
from different cigarettes. Transfer testing methodology 
has been applied previously to investigations of odor or 
flavor contamination of food by packaging materials 
(26). In a typical application, a highly sensitive acceptor 
material such as butter, chocolate, distilled water, or 
mineral oil is exposed to a specimen of food packaging 
material in a closed container. After twelve to twenty
four hours, the transfer materials are smelled or, in 
some cases, tasted (27). Our method employs Cam-
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bridge filter pads moistened with mineral oil as transfer 
materials which are exposed to sidestream smoke by 
suspending them inside a modified bell-jar apparatus. 
By using identical chambers, three samples are prepared 
simultaneously for use in forced-choice triangle differ
ence tests. This paper describes the method in detail 
and presents the results of odor evaluation experiments 
by an expert panel. 

MATERIALS AND METHODS 

Cigarette Samples 

Sample cigarettes used in the triangle tests were either 
all machine-made or all handmade. Machine-made test 
cigarettes used machine-cut tobaccos with a constant 
width of cut and had uniform circumference and pack
ing density. Handmade test cigarettes ("Supermatic" 
cigarette machine, The Central Tobacco Manufacturing 
Company, Ltd.) used hand-cut tobaccos with a con
stant width of cut, and had uniform circumference and 
packing density. Test cigarette masses were matched to 
within ten milligrams. All test cigarettes were condi
tioned to uniform constant moisture content by storage 
in a chamber maintained at 60% ± 1% relative humid
ity and 23.9 ·c ± 0.3 ·c. Conditioned cigarettes were 
sealed in plastic bags immediately after removal from 
the conditioning chamber and were used within two 
hours. Whenever possible, both air dilution and pres
sure drop were matched for a group of test cigarettes. 
When both the pressure drop and the air dilution could 
not be matched simultaneously for a group of test ciga
rettes, the air dilution was matched to within a maxi
mum air dilution difference of three percent. Table 1 
summarizes the physical characteristics of the test ciga
rettes used for triangle comparisons. Since the ciga
rettes had uniform circumference, packing density, 
mass, and moisture content, equal masses of tobacco 
could be burned by consuming a standard length of the 
cigarettes. Cigarettes used for comparison were ignited 
by burning a 12 mm length under suction. Static burns 
consumed an additional 30 mm or 40 mm on 85 mm or 
100 mm filter cigarettes respectively. 

Table1. 
Test cigarette physical parameters. 

machine-made 
85mm 

100mm 

handmade 
85mm 

100mm 

Circum
ference 
(mm) 

24.92 ± 0.18 mm 
24.85 ± 0.11 mm 

25.04 ± 0.09 mm* 
24.95 ± 0.08 mm* 

Total cigarette 
mass 

(g) 

0.93 ± 0.01 g 
1.05 ± 0.01 g 

0.96 ± 0.01 g 
1.10 ± 0.01 g 

* Machine-made cigarettes were emptied of tobacco and the emptied tubes 
were reused for repacklng the handmade cigarettes. 



Tobaccos 

The Burley tobacco used was a blend of SLalk positions 
from Tennessee and Kentucky. The flue-cured tobacco 
consisted of a blend of stalk positions from various 
beltS. The Oriental 10baeeo used represented a blend of 
various grades from various producing areas. Cigarettes 
prepared for c.omparison of grades within a tobacco 
type were made with either 100% Bur)ey cutters or 
100% leaf Burley. 

Transfer Testing Apparatus 

Figure 1 sho•vs the glass bell-jar apparatus used by us. 
It is similar to an apparatus described by JOHNSON and 
eo-workers (28). However, the present work did not 
require provisions for generating or collecting main
Stream smoke. The bell-jar dimensions are approxi
mately 13 cm X 20 cm with a volume of about 2.6 li
ters. The transfer materials are prepared by applying 
odorless U.S.P. grade mineral oil (0.5 m!) 10 the coarse 
side of standard 45 mm diameter Cambridge filter pads 
which have been conditioned at 60% relative humidity 
and 23.9 ·c. Slots, offset from center in the bell-jar 
tops, provide for introduction and removal of the 
Cambridge filters. The pads are threaded onto glass 
skewers as shown in Figure 2. A standard laboratOry 
jack and supports are used eo position the pads eo an 
identical depth in each of the bell-jars. TeSt cigarettes 
are ignited under suction and then placed on ashtrays 
under each bell-jar for a static burn. By positioning the 
pads to the top rear of the bell-jar center and the ciga
rcues under bottom front of the bell-jar center. the ris· 
ing smoke column is subject to convection current mix· 
ing before impinging on the pads (Figure 3). The pads 
are oriented uniformly such chat the coarse side fac.es 

Figure 1. 
Glass bell-jar apparatus. 

the interior of the bell-jar. After exposure, the odor
impregnated materials are immediately sealed in odor
free plastic bags until sensory analysis is performed. 
The test cigarettes, bell-jars1 and plastic bags are c.oded 
wlth corresponding random three-digit numbers. Sen· 
sory evaluations are performed by an expert panel of 
benveen five and cwelve members containing both 
smokers and non-smokers. The number of correct se
lections out of the total number of judgementS is com
pared eo a uble giving 1he number of correct identifi
cations required for significance ~t various levels in a 
triangle test (26). 

Figure 2. Threading of Cambridge fitters onto glass skewers. 

a. c. 
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Figure 3. Positioning of transfer materials and cigarettes. 

a. b. 

Table 2. 
Triangle·test resutts. 

~ 
Flue~cured Flue~ured Bu~ey+ 

Oriental + 
100% 100% 100% Burley + 
Burley Oriental flue-cured 

+ Burley +Oriental Oriental flue-cured (I :1) (1 :1) (1:1) (I :I :I) 

100% Bu~ey no yes yes yes yes yes no 

100% Oriental yes no yes yes yes yes no 

100% flue-cured yes yes no yes yes yes no 

Flue-cured + Burley ( 1 :1) yes yes yes no yes yes no 

Flue-<:Ored +Oriental (1: 1) yes yes yes yes no yes no 

Burtey +Oriental (1:1) yes yes yes yes yes no no 

Oriental+ BuMy +Hue-cured (1:1 :1) no no no no no no no 

"NO" indiCates no signif~C&m d1fterenoe established. 
"vts"inclicates a statcsttcaUy significant difference found at 1.''19 95% cont-.dence level or bener. 
Results of "blank" or "oontrol,. uiangles, using all three cigar$ttes ot the same composition, appear on the diagonaL 



RESULTS 

Using this methodology, we found statistically signifi
cant differences between sidestream odors from ciga
rettes made with different tobacco samples as summa
rized in Table 2. Test cigarettes made with 100% Bur
ley, flue-cured, or Oriental tobacco were all reproduc
ibly different with respect to sidestream odors as estab
lished by forced-choice triangle tests. In each case, the 
number of correct selections corresponded to at least 
the 95% confidence level and, in many cases, to the 
99% confidence level. 
Replicate experiments in which the odd sample was 
varied with respect to tobacco type and to the specific 
test chamber occupied confirmed the results in every 
combination. Reevaluation of a given set of pads 
yielded reproducible differences up to sixty-five hours 
after the set of pads had been exposed to sidestream 
odor. Sidestream odors from cigarettes made with 
blends consisting of equal parts of two tobacco types 
were different from each other and from sidestream 
odors from the cigarettes made with just a single type 
of tobacco. No differences were found in sidestream 
odors from cigarettes prepared by blending equal parts 
of all three tobacco types when they were compared to 
sidestream odors from the other cigarettes mentioned 
above. A difference was established between sidestream 
odors from cigarettes made with Burley cutters com
pared to cigarettes made with leaf Burley. 
Numerous "blank'" or "control'" triangles were per
formed using all three cigarettes made with identical 
tobacco types, grades, or blends. No significant differ
ences were found in any of these trials. No differences 
were established by comparisons among different com
mercial brands except when constructions were radi
cally different. Neither were differences found when 
comparing sidestream odors from menthol and non
menthol versions of the same cigarette. 

DISCUSSION 

PERJ'ETII and eo-workers have recently reported on the 
level of menthol in mainstream smoke needed to detect 
a just noticeable difference (29). NEWELL (30) and JEN

KINS (31) have previously quantitated menthol distribu
tion between mainstream and sidestream smoke. Con
sideration of both sets of data shows sidestream men
thol delivery is about the same as that amount required 
to just detect a difference in mainstream cooling. 
Hence, even if 100% of sidestream menthol is captured 
by the Cambridge pads in our experiments, the fact 
that we did not find a difference in sidestream odors 
between menthol and non-menthol cigarettes is con
sistent with PERFETTI's results. 
Cotton balls or swatches of different cloth material 
together with odor-neutral water as a fixative material 
were found to give less consistent results than the com
bination of Cambridge filter pads with mineral oil. 
Sidestream smoke has a complex composition including 

particulate matter plus liquids and gases of varying po
larity and volatility. Moreover, while some compounds 
responsible for odors are well known and can be chem
ically determined, the large number of odorous com
pounds and their unknown interactions require sensory 
evaluation of a representative sample of the odorous 
mixture (32). Cambridge pads which have been condi
tioned at 60% rdative humidity and 23.9 •c and then 
treated with mineral oil were anticipated to capture 
such a representative sample. Unconditioned pads were 
found t6 give less consistent results. Both dry cotton 
balls and dry Cambridge pads were inferior odor traps 
compared to these materials moistened with either 
odor-neutral water or mineral oil as fixatives. The pre
cise depth of the pads within the bell-jars can be varied 
without adversely affecting the results. However, it is 
important that the pads not be positioned directly 
above the burning cones of the cigarettes (see Figure 3). 

Comments by the expert panel members provided 
guidance in establishing the optimum fixative quantity. 
Some amounts of fixative yielded high odor levels 
which resulted in adaptation effects among some panel 
members. Conversely, low fixative levels sometimes 
were satisfactory for some panelists but yielded unde
tectably low odor levels for others among the panelists. 
Consistent results among all the panelists were ob
tained when 0.5 milliliter of mineral oil fixative ·was 
used. 
SPEARS (33) and others (34, 35) have commented on the 
effects of manufacturing variables on cigarette smoke 
composition. AusT and eo-workers have pointed out 
the importance of comparing treatment effect magni
tudes with magnitudes of batch-to-batch variation 
when doing sensory evaluation of heterogeneous prod
uct types such as cigarettes (36). For consistent results 
in our experiments, it was necessary to use cigarettes 
with very closely matched physical characteristics in-. 
eluding circumference, mass, air dilution, and moisture 
content. Moisture content clearly will influence smoke 
chemistry and thus sidestream odor. If one assumes 
production of odor components to be proportional to 
mass of tobacco burned, then it -should be more im
portant that equal masses of tobacco be burned than 
that test cigarettes be burned for equal time intervals 
when comparing sidestream odors. The effect of ciga
rette circumference on formation rates of smoke com
ponents has been documented (37). Others have re
ported that the chemical content of smoke streams 
varies with air dilution but not with pressure drop (38). 
Nevertheless, it is unexpected that air dilution rather 
than pressure drop was found to be more important to 
odor differences generated during static burns. Perhaps 
odor differences are created during the lighting under 
suction of cigarettes with different air dilutions, and 
these differences then confound the odor characteristics 
generated during the S[atic burn phase. 
Transfer testing methodology provides for the side-by
side comparison of sidestream odors. However, valid 
results require careful preparation of the sample ciga
rettes. It is difficult to match the physical characteris-
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tics of the test cigarettes, even if machine-made ciga
rettes are employed. Important but slight differences in 
sidestream odors may escape detection by transfer test
ing methodology. 
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