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SUMMARY

Canadian tobacco was flue-cured using two different
heating systems: direct-fired in which the exhaust gases
were in contact with the tobacco and indirect in which only
hot air, via a heat exchanger, contacted the tobacco. The
concentrations of tobacco-specific nitrosamines (TSNAs)
in tobacco cured by indirect heating did not increase during
curing and were in the range 0.25–0.35 ppm. There were no
changes in TSNA concentrations (range 0.13–0.3 ppm) in
tobacco cured by direct firing during the first six days
(0–144 h) of curing. However between 168 and 264 h,
significant increases in TSNAs occurred (up to 1.91 ppm).
TSNA concentrations in leaves at the bottom of the plant
were significantly higher than in those found at higher plant
position. There were no significant differences in TSNA
concentrations in tobacco cured on different farms. The
TSNA concentrations in tobacco cured by indirect heat
were 87% ± 5% lower than in tobacco cured by direct heat.
Subsequent processing of tobacco did not change the
relative concentrations of TSNAs.
During flue-curing under direct and indirect heating,
bacteria were the predominant microbial population fol-
lowed by fungi (yeasts and molds) and thermophilic actino-
mycetes. Except for thermophilic actinomycetes there was
a one to two log reduction in the number of colony-forming
units (CFU) per gram of dry tobacco leaf during the curing
process. This confirmed the negative correlation between
the microbial populations and the temperature, i.e., as
temperature increased during curing, the microbial popula-
tions decreased. The correlation between the microbial
populations and the concentration of TSNAs was also nega-
tive, i.e., as TSNA concentrations increased during curing,
the microbial populations decreased. This finding argues
against the involvement of microorganisms in the gene-
ration of TSNAs during flue curing. A positive correlation

was found between temperature and TSNA concentration:
as temperature increased during curing, the TSNA concen-
tration increased. This finding supports the hypothesis that
TSNAs could result from the reaction of combustion gases,
(e.g., NOx) with tobacco alkaloids during flue-curing.
[Beitr. Tabakforsch. Int. 21 (2004) 40–46]

ZUSAMMENFASSUNG

Kanadischer Tabak wurde mit zwei verschiedenen Heiz-
systemen heißluftgetrocknet: durch Direkttrocknung, bei
der die entstehenden Gase direkt an den Tabak gelangen
und durch indirekte Trocknung, wobei lediglich heiße Luft
durch einen Wärmeaustauscher mit dem Tabak in Berüh-
rung kommt. Die Konzentrationen der tabakspezifischen
Nitrosamine (TSNAs) im Tabak, der durch indirekt wirken-
de Heizsysteme getrocknet wurde, nahmen während des
Trocknungsprozesses nicht zu und lagen zwischen
0,25–0,35 ppm. Bei den durch Direktfeuerung getrockneten
Tabaken waren während der ersten sechs Tage (0–144
Stunden) keine Veränderungen der TSNA Konzentrationen
(0,13–0,3 ppm) festzustellen. In der Zeit zwischen 168 und
264 Stunden traten signifikante Erhöhungen der TSNA
Konzentrationen auf (bis zu 1,91 ppm). Die TSNA Konzen-
trationen in den unteren Blättern der Pflanze waren signifi-
kant höher als in Blättern höherer Positionen. Es gab keine
signifikanten Unterschiede bei den TSNA Konzentrationen
von Tabaken, die auf unterschiedlichen Tabakfarmen ange-
baut wurden. Die TSNA Konzentrationen im Tabak, der
durch indirekte Heizsysteme getrocknet wurde, waren 87%
± 5% niedriger als in Tabak, der durch direkte Heizsysteme
getrocknet wurde. Eine nachfolgende Aufbereitung des Ta-
baks veränderte die relativen TSNA Konzentrationen nicht.
Während des Flue-curings mit direkten und indirekten
Heizsystemen waren Bakterien die vorherrschende mikro-
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biologische Population, gefolgt von Pilzen (Hefe und
Schimmel) und thermophilen Aktinomyzeten. Außer bei
den thermophilen Aktinomyzeten war während des Troc-
knungsprozesses eine Verringerung um ein bis zwei
Größenordnungen bei der Anzahl kolonieformender Ein-
heiten bezogen auf ein Gramm trockener Tabakblätter zu
beobachten. Diese Beobachtung bestätigte die negative
Korrelation zwischen den mikrobiologischen Populationen
und der Temperatur, das heißt, wenn die Temperatur
während des Curing-Prozesses anstieg, nahm die Anzahl
der mikrobiologischen Populationen ab. Auch die Korrela-
tion zwischen den mikrobiologischen Populationen und den
TSNA Konzentrationen war negativ, das heißt, mit zuneh-
menden TSNA Konzentrationen während des Flue-curings
nahmen die mikrobiologischen Populationen ab. Diese
Beobachtung spricht gegen die Beteiligung von Mikroorga-
nismen bei der Entstehung von TSNA während des Flue-
curings. Eine positive Korrelation wurde zwischen der
Temperatur und der TSNA Konzentration gefunden: wenn
die Temperatur während des Trocknungsprozesses zu-
nimmt, nehmen die TSNA Konzentrationen ebenfalls zu.
Diese Beobachtung stützt die Hypothese, dass TSNA
während des Flue-curings aus der Reaktion der bei der
Verbrennung entstehenden Gase (z.B. NOx) mit den
Tabakalkaloiden entstehen. [Beitr. Tabakforsch. Int. 21
(2004) 40–46]

RESUME

Du tabac canadien a été séché par chauffage direct avec les
vapeurs de combustion et chauffage indirect n’impliquant
pas de contact avec les gaz de combustion. La concentra-
tion de nitrosamines spécifiques au tabac (TSNAs) du tabac
séché par chauffage indirect n’a pas augmenté durant le
séchage puisqu’elle a varié de 0,25 à 0,35 ppm. Lors du
séchage par chauffage direct, aucun changement de la con-
centration des TSNAs variant de 0.13 à 0.3 ppm n’a été ob-
servé durant les six premiers jours de séchage (0–144 h).
Cependant une augmentation significative des TSNAs
(jusqu’à 1.91 ppm) est survenue entre 168 et 264 h. La con-
centration des TSNAs retrouvées dans les feuilles au bas de
la plante (position 3 sur la plante) de celles retrouvées à une
position supérieure. Aucune différence significative entre
les concentrations de TSNAs n’a été retrouvée entre les
différentes fermes. La concentration de TSNAs du tabac
séché par chauffage indirect était 87% ± 5% plus basse que
celle du tabac séché par chauffage direct. Le traitement
ultérieur du tabac n’a pas modifié la concentration relative
des TSNAs.
Durant le séchage par chauffage direct et indirect, les bac-
téries représentent la population dominante suivie des
champignons (levures et moisissures) et des actinomycètes
thermophiles. Les études sur l’évolution des niveaux de
microorganismes, sauf les actinomycètes thermophiles,
indiquent une réduction de un ou deux logarithmes des
unités formatrices de colonies par gramme de feuille de
tabac sec durant le procédé de séchage. Ceci confirme la
corrélation négative entre les populations microbiennes et
la température, i.e., lorsque la température augmente durant
le séchage, les populations microbiennes décroissent. La
corrélation entre les populations microbiennes et la concen-

tration de TSNAs était aussi négative, i.e., lorsque la
concentration de TSNAs augmente durant le séchage, les
populations microbiennes décroissent. Ce fait va à l’en-
contre de l’implication des microorganismes dans la
formation de TSNAs durant le séchage par chauffage
direct. Une corrélation positive a été trouvée entre la tempé-
rature et la concentration de TSNAs, i.e., lorsque la tempé-
rature augmentait durant le séchage, la concentration de
TSNAs augmentait. Ce fait appuie l’hypothèse voulant que
les TSNAs puissent être issus de la réaction des gaz de
combustion, (e. g., NOx) avec les alcaloïdes du tabac durant
le séchage. [Beitr. Tabakforsch. Int. 21 (2004) 40–46]

INTRODUCTION

Tobacco-specific N-nitrosamines (TSNAs) such as 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), N’-
nitrosonornicotine (NNN), N’-nitrosoanatabine (NAT), and
N’-nitrosoanabasine (NAB) result from the nitrosation of
tobacco alkaloids such as nicotine, nornicotine, anatabine
and anabasine, respectively, in the presence of nitrogen
oxides (NOx). TSNAs are present at very low concentra-
tions in fresh green tobacco. However their amount in-
creases significantly during curing (1). There is consider-
able evidence that NOx generated during combustion of
propane or methane used for direct fired curing is responsi-
ble for most of the increase in TSNAs (2,3). It is also
known that nitrate and nitrite reducing microbes can
generate NOx which can react with amines to form nitros-
amines and this has been demonstrated during air-curing
followed by fire-curing (1).
The objective of this work was to study the effect of direct
and indirect heating on TSNAs and microorganisms in the
tobacco. By examining the correlations, if any, between
them, we hoped to be able to assess whether microbes may
contribute to the formation of TSNAs during flue-curing.

MATERIALS AND METHODS

Tobacco samples

Tobacco leaves were obtained from three farms in Aylmer
(Ontario, Canada) during the 1999 harvest. To study the
evolution of TSNAs and microbes during curing, tobacco
leaves were sampled just after harvest (time 0 h) and then
at every 24 h throughout curing. Samples, used to assess
the effect of three processing steps on TSNAs and microor-
ganisms after curing, were composites of tobacco from
three farms at the end of curing, after conditioning1 and
after green-leaf threshing. Freshly harvested (1–2 h old)
tobacco leaves from various plant positions were placed in
plastic bags and stored in a cold room at 6–10 �C until
transportation. They were shipped in coolers for further
analysis within 24–48 h of harvesting.
Green and cured leaves were processed as such for micro-
bial counts. The leaves used for TSNA analysis were
freeze-dried as separate leaves for 24–48 h in commercial
freeze dryers (Lyo-San Inc., Lachute, Canada). Each indivi-

1 Tobacco was conditioned by using the Mac Tavish Mac Vac process,
a fully automated system allowing efficient moistening of tobacco.
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Figure 1.  Time course of temperature increase during flue-
curing of tobacco under direct and indirect heating

dual leaf was ground in an ultra centrifugal mill (Model ZM
100, Retsch GmbH & Co. KG, Haan, Germany). The
ground leaf samples were kept at 4 �C until further use.

Curing regimes

Tobacco was flue-cured under two different regimes: direct
and indirect (heat-exchanged) heating. A typical direct fired
flue-curing lasted 264 h (11 days) while the duration of a
heat-exchanged flue-curing was 192 h (8 days). The maxi-
mum temperature reached during the curing was very simi-
lar for both processes and ranged from 68–71 �C. From the
color fixing step, the average rate of temperature increase
till the temperature maximum was 0.27 �C/h during the
flue-curing under direct heating, and 0.38 �C/h during the
heat-exchanged curing (Figure 1). 

Quantitative evaluation of the microflora of tobacco

Each tobacco leaf was placed in a 19 × 30 cm stomacher
bag (Nasco Whirl-Pak filter bags Cat. No. B01318) con-
taining 250 mL of 1X Ringer solution and agitated at room
temperature for 10 min in a Lab-Blender Stomacher Model
400 (Seward Lab., London, SE1 9UG, UK). Aliquots of
0.5 mL of the filtrate were used to inoculate one of the
following media. Total bacteria and thermophilic actino-
mycetes were evaluated on brain heart infusion agar and
novobiocin agar, respectively. Yeasts and molds were
evaluated on malt yeast extract supplemented with 40%
glucose (MY40), malt salt agar (MSA), potato dextrose
agar (PDA) and Littman-Oxgall agar (LOA). The media
for fungal growth were incubated for 5 days at 26 �C.
Results were reported as colony-forming units per gram
(CFU/g) of dry tobacco leaf.

TSNA analysis

To analyse for TSNAs, 1.5 g of tobacco sample was
weighed into a 20 × 150 mm test tube. Ten mL of extrac-
tion solution (0.40 �g mL�1 N-hexyl-N-nitroso-1-hexan-
amine in methylene chloride, used as surrogate internal
standard, CAS no. 6949-28-6; Qventas, Inc., Newark, DE),
and 0.5 mL of 10% w/w NaOH were added to the test tube

that was then screw capped. The test tube was vortexed for
90 s and then placed in a rack to sit for 20 min. The above
step was repeated. The test tube was vortexed a third time
for 60 s and then uncapped. The liquid portion of the test
tube content was slowly decanted though prepared Prep-
Sep-R (Fisher-Scientific, catalog no. P449R) fritted col-
umns, containing a 3 mm layer of sodium sulfate topped
with 3.0 cm of magnesium sulfate, into a 16 × 100 mm
collection test tube. The filtration column was rinsed with
2 mL of methylene chloride into the collection test tube.
The collection tube of eluent was placed in an evaporator
at 42 �C for 40 min. The evaporated extract residue was
reconstituted with 0.7 mL of chloroform and vortexed. The
extracts were transferred to GC vials and capped. A
Hewlett-Packard Model 6890 Series II GC was configured
to operate with a nitrogen analyzer TEA Model 610
(Thermedics, Inc). A Restek 4 mm (i.d.) split sleeve with
glass wool liner was used in the injection port. A J & W
Scientific DB-5 capillary Megabore 30 m column with a
0.53 mm i.d. and a 1.5 �m film thickness was used. The
GC column was connected to the TEA detector by direct
insertion of approximately 10 cm of the column into the
ceramic pyrolyzer tube of the detector. A two �L sample
was injected (splitless) and eluted at a helium flow of 5.66
mL/min. Injector port temperature was 210 �C; detector
interface temperature was 250 �C and detector pyrolyzer
temperature was 550 �C. After temperature programming
from 100 to 240 �C at an oven ramp rate of 6 �C/min, the
temperature was maintained at 240 �C for 3 min. TSNAs
values (�g/g of dry tobacco) were reported as the sum of
NNN, NNK, NAT and NAB.

Statistics

The Pearson Product Moment Correlation was used to
measure the strength of association between pairs of vari-
ables without regard to which variable is dependent or inde-
pendent. Any relationship between variables would be seen
as a straight line in the resultant plots. The Pearson Product
Moment Correlation was used because the residuals
(distances of the data points from the regression line) were
normally distributed with constant variance. The “r” coeffi-
cient is the Pearson product moment correlation coefficient.
It is a dimensionless index that ranges from �1.0 to 1.0
inclusive and reflects the extent of a linear relationship
between two data sets. Specifically, it is the covariance
divided by the product of the sample standard deviations.
The power, or sensitivity, of all tests used, is the probability
that the test will detect a difference or effect if there really
is a difference or effect. The closer the power is to 1, the
more sensitive the test. The confidence interval, also known
as confidence level, can be any % value from 1 to 99. The
confidence level that was used for both intervals (±) was
95%. This can also be described as P < �, where � is the
acceptable probability of incorrectly concluding that the
coefficient is different than zero, and the confidence
interval is 100 (1 � �). Results were considered significant
at P � 0.05. The predicted values for the regression lines
are the values computed for the dependent variables
(Yeasts, Bacteria, Molds) by the regression equation for
each observed value of the independent variables (TSNA
concentrations and temperature). 
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Figure 4.   Effect of processing steps on TSNA concentrations
of tobacco flue-cured under direct and indirect heating
(average and standard deviation, n = 3 composites; P = 0.569 and
power = 0.466 for direct heating and P = 0.059 and power = 0.051
for indirect heating)

Figure 3.  Effect of plant position on average TSNA con-
centrations measured at 144, 168, 192, 240 and 264 h and
standard error of tobacco flue-cured under direct heating (two
farms; n = 8–10 for each plant position; P � 0.05, power = 1.0)

Figure 2.  Time course of average TSNA concentrations and
standard deviation during flue-curing of tobacco under direct
and indirect heating (plant positions 3 to 7, two farms; n = 9 or 10
for each data; P � 0.05, power = 0.94)

Figure 5.  The time course of the microflora of tobacco flue-
cured under direct (D) and indirect heating (I). Each data point
is an average of triplicate counts performed on tobacco from two
farms. Standard deviation values ranged from 0 to 1.0 and are not
indicated.

RESULTS

TSNA concentrations in tobacco flue-cured under direct
heating were stable at about 0.2–0.3 ppm between 0 and
144 h of curing. Then, a significant increase was detected
after 168 h of curing, reaching an average of 2.0 ppm at
264 h. TSNA concentrations in tobacco flue-cured under
indirect heating ranged from 0.13 and 0.3 ppm throughout

curing (Figure 2). TSNA concentrations in bottom leaves
(plant position 3) were significantly greater than in the
other (higher) leaf positions (Figure 3). There were no
significant differences between the TSNA concentrations in
the tobaccos cured on different farms (results not shown).
TSNA concentrations in tobacco cured by direct and
indirect heating were also compared at two subsequent
processing steps: after conditioning and after green leaf
threshing. The TSNA concentrations in tobacco cured by
indirect heating were significantly lower by 87% ± 5%
(average and standard deviation), than in tobacco cured by
direct heating. This difference was maintained throughout
the two subsequent steps (Figure 4) even though there was
a period of about one month between the end of curing and
the green-leaf threshing step. 
Studies of the time course of the number of microorgan-
isms, thermophilic actinomycetes excepted, indicated a one
to two log reduction of colony-forming units per gram of
dry tobacco leaf at the end of curing, as compared to green
leaves (time 0 h). During flue-curing by direct and indirect
heating, bacteria were the predominant microbial popula-
tion followed by fungi (yeasts and molds) and thermophilic
actinomycetes (Figure 5). No significant differences were
observed between counts of bacteria, fungi and actino-
mycetes for the two curing regimes.
There were no significant differences in the numbers of
yeasts, bacteria and molds at various plant positions (Figure
6). The numbers of actinomycetes in leaves from plant
positions 3 and 4 were significantly higher than in plant
positions 6 and 7 (Figure 6). There was no significant inter-
action between the two farms and the various plant posi-
tions. No significant differences were found among the
number of bacteria, yeasts, molds and actinomycetes from
the tobacco cured on different farms except for the bacterial
and mold counts at plant position 7 and 6, respectively,
between the two farms (results not shown).
The numbers of the various groups of microorganisms
remaining on the tobacco after curing under direct and
indirect heating were not significantly different (Figure 7),
and they were not affected by the processing of tobacco
after curing. 
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Figure 6.  Average of microbial counts measured at 144, 168, 192, 240 and 264 h and standard deviation of tobacco flue-cured under
direct heating (two farms; n = 12 for each plant position; P � 0.05 and power = 0.403 for Yeasts, power = 0.463 for Bacteria, power = 0.049
for Molds; P < 0.05 and power = 0.997 for Actinomycetes)

Figure 7.  Effect of combined processing steps (end of curing,
conditioning and green leaf threshing) on microbial counts
measured on tobacco flue-cured under direct and indirect
heating (average and standard deviation, n = 3 processes;
Bacteria, P = 0.864 and power = 0.05; Actinomycetes, P = 0.722
and power = 0.05; Molds, P = 0.310 and power = 0.074; Yeasts, P
= 0.850 and power = 0.05)

Figure 8.  Plots of the regression (solid line), 95% confidence
intervals (dotted lines) and predicted values (dashed lines) for
the relationship between TSNA concentration (�g/g) and
temperature (�C) during flue-curing of tobacco under direct
heating (n = 41: power = 0.999)

The Pearson product moment correlation coefficient
between TSNA concentration and temperature was positive
(Figure 8), i.e., as temperature increased, TSNA concen-
tration increased. This finding supports the hypothesis that
TSNAs could result from the reaction of combustion gases
with tobacco alkaloids. According to our results, TSNA
levels would be significantly increased at temperatures
above 60 �C (P < 0.001).
The yeast, bacteria and mold populations were negatively
correlated (P < 0.05) with both temperature (Figure 9) and

TSNA concentrations (Figure 10), i.e. as temperature and
TSNA concentrations increased during flue-curing by direct
heating, these microbial populations decreased.
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Figure 9.  Plots of the regression (solid line), 95% confidence intervals (dotted lines) and predicted values (dashed lines) for the
relationship between Yeasts (power = 1.0), Bacteria (power = 0.993), Molds (power = 1.0) and Actinomycetes (power = 0.670) (log
of CFU/g of dry tobacco leaf) and temperature (�C) during flue-curing of tobacco under direct heating (n = 41)

No significant correlation was found between TSNA con-
centration (power = 0.275) or temperature (power = 0.670)
and thermophilic actinomycetes (Figures 9 and 10) (P =
0.17). This finding should be interpreted cautiously because
power values were below the desired value of 0.800.

DISCUSSION

The use of indirect heating during flue-curing of tobacco
significantly reduced the accumulation of TSNAs. This
could be attributed to the avoidance of direct exposure of
the tobacco to the nitrogen oxides formed during combus-
tion of the propane gas used to heat the kiln (2,3). This
reduction is maintained after curing, i.e., during at least one
month of storage after harvest and is not affected during
further processing of tobacco (3). Factors also found to
change the levels of TSNAs in other studies were the
temperature (4) and the plant position (5).
There is a living microbial population on the tobacco

during flue-curing and very little information is available
about its role in curing. The major part of this microbial
population, which is predominantly composed of bacteria,
followed by fungi and thermophilic actinomycetes, survives
curing. All groups, actinomycetes excepted, are negatively
affected by increasing temperature. The numbers of the
various groups of microorganisms do not differ between
tobacco flue-cured under direct or indirect heating, and is
not affected by the processing of tobacco after curing. The
number of all groups of microorganisms, actinomycetes
excepted, is not affected by the plant position. The actino-
mycetes, which are soil-associated microorganisms, were
more numerous in lower plant positions. 
The negative correlation between the microbial populations
and the concentration of TSNAs does not support the hypo-
thesis that microorganisms contribute to TSNA formation
during flue-curing of tobacco under direct heating. Clearly,
the microbial load of tobacco is not responsible for the in-
crease of the TSNA concentrations, which is however posi-
tively correlated to the temperature increase. 
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Figure 10.  Plots of the regression (solid line), 95% confidence intervals (dotted lines) and predicted values (dashed lines) for the
relationship between Yeasts (power = 0.991), Bacteria (power = 0.998), Molds (power = 1.0) and Actinomycetes (power = 0.275) (log
of CFU/g of dry tobacco leaf) and TSNA concentration (�g/g) during flue-curing of tobacco under direct heating (n = 41)

ACKNOWLEDGEMENTS

The assistance of Claudia Hunt, Nicole Poirier, Stéphanie
Vallée, Eurode Legros, Gisèle Laberge, Jason Orlebar, Rick
Plaquet and Jacques Dumont is gratefully acknowledged.
We thank Richard Baker for reviewing the manuscript
before final submission.

REFERENCES

1. Wiernik, A., A. Christakopoulos, L. Johansson, and I.
Wahlberg: Effect of air-curing on the chemical compo-
sition of tobacco; Rec. Adv. Tob. Sci. 21 (1995) 39–80.

2. Peele, D.M., M.G. Riddick, M.E. Edwards, J.S. Gentry,
and T.B. Nestor: Formation of tobacco-specific nitros-
amines in flue-cured tobacco; Rec. Adv. Tob. Sci. 27
(2001) 3–12.

3. Nestor, T.B., J.S. Gentry, D.M. Peele, M.G. Riddick,
B.T. Conner, and M.E. Edwards: Roles of oxides of
nitrogen in tobacco-specific nitrosamines formation in

flue-cured tobacco; Beitr. Tabakforsch. Int. 20 (2003)
467–475. 

4. Burton, H.R., L.P. Bush, and M.V. Djordjevic: Influ-
ence of temperature and humidity on the accumulation
of tobacco-specific nitrosamines in stored burley
tobacco; J. Agric. Food Chem. 37 (1989) 1372–1377.

5. Djordjevic M.V., S.L Gay, L.P. Bush, and J.F.Chaplin:
Tobacco-specific nitrosamine accumulation and distri-
bution in flue-cured tobacco alkaloid isolines; J. Agric.
Food Chem. 37 (1989) 752–756.

Address for correspondence

André Morin
Imperial Tobacco Canada Limited 
Montreal
Quebec, H4C 3P6 
Canada
E-mail: amorin@itl.ca




