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Objectives: Sugars in tobacco products enhance the taste and smoke characteristics of the
blend. Sugars are often added to processed tobacco, particularly air-cured Burley tobacco leaves
that contain virtually no sugars. The most commonly used sugars were systematically added to
Burley tobacco to study the effect on aldehyde emissions in mainstream smoke. Methods: Two
levels of sucrose, glucose, and fructose were added to Burley tobacco. Formaldehyde, acetalde-
hyde, acetone, acrolein, crotonaldehyde, propionaldehyde, and butanal in mainstream smoke
were sampled on Carboxen 572 cartridges and determined by HPLC-DAD. Results: The addition
of sugars to Burley tobacco resulted in an increase of the aldehydes acetaldehyde, acrolein, cro-
tonaldehyde, propionaldehyde, and butanal in the mainstream tobacco smoke. This increase is
specific, as much lower increases in tar, nicotine, and carbon monoxide levels were observed.
The observed aldehyde level increases ranged from 5% to 40%. The increase was higher after
the addition of fructose compared to sucrose and glucose. Conclusions: Sugars added to Burley
tobacco increase the emissions of aldehydes, an important class of toxicants in tobacco smoke.
Limiting sugars levels in processed tobacco may be an effective approach in tobacco product
regulation to reduce the attractiveness of smoking, and the toxicants levels in cigarette smoke.
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obacco smoke contains more than 7000
chemicals;'* many of these chemicals are

the manufacturing of cigarettes, mainly to enhance
the taste and smoke characteristics of the blend.?

toxic, and more than 90 of these chemicals
are identified as harmful and potentially harmful
for smokers.** Ingredients added during the manu-
facturing of tobacco products can be precursors of
these harmful chemicals in tobacco smoke. Sugars
are commonly used as one of the ingredients during

Studies report that when sugars such as glucose
and sucrose are combusted or pyrolyzed, they yield
organic compounds such as glyoxal, aldehydes,
furfural and ketones which are hazardous when
inhaled.*® Aldehydes and ketones formed include

acetaldehyde, acrolein, crotonaldehyde, propional-
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Tobacco on the Emission of Aldehydes in Mainstream Tobacco Smoke

dehyde, and methyl ethyl ketone (2-butanone).

The emission of aldehydes including formalde-
hyde, acetaldehyde, and acrolein from cigarette
smoke has raised concerns over the health risk
posed to both smokers and non-smokers. Formal-
dehyde, acetaldehyde and acrolein represent a class
of volatile aldehydes which may cause a variety of
hazardous effects when exposed to animals and hu-
mans. The US Environmental Protection Agency
(EPA) classifies formaldehyde as a known human
carcinogen,”'® and acetaldehyde as a probable hu-
man carcinogen.'"'

Formaldehyde and acetaldehyde are currently
classified as Group 1 human carcinogen and Group
2B substance respectively by the International
Agency for Research on Cancer (IARC).">' Both
formaldehyde and acetaldehyde have been reported
to cause nasal tumors in rats, at a concentration
as low as 750ppm, where cytotoxic and neoplastic
changes were observed.””"” Aldehydes are known
toxicants especially a, B-unsaturated aldehydes such
as acrolein, crotonaldehyde. These compounds in
cigarette smoke react with proteins and DNA, are
cytotoxic to the cells and induce inflammatory re-
sponses.”’?* The DNA adducts of formaldehyde,
acetaldehyde, acrolein, crotonaldehyde and propi-
onaldehyde have been reported.”’-** Formaldehyde
and acetaldehyde have been shown to cause harm-
ful cardiovascular effects in animal studies.** Acro-
lein has been attributed to cause destabilization of
atherosclerotic lesions, increase atherogenesis, in-
duce dilated cardiomyopathy in animal toxicology
risk models, and has been associated with smoking-
related cardiovascular disease®>*°

Recognizing that aldehydes are an important
class of toxicants, the WHO Study Group on To-
bacco Product Regulation (TobReg) included 3
aldehydes (formaldehyde, acetaldehyde, and ac-
rolein) in the list of toxicants recommended for
mandated lowering” in tobacco product regula-
tion. Although aldehydes have been identified in
cigarette smoke since the 1960s,%® the influence of
ingredients, sugars in particular, added during the
manufacturing process on the production of alde-
hydes has not been understood well.?**!

To fill this research gap, we present the first in-
dependent study that systematically analyzes the
effect of adding various sugars at 2 levels to un-
treated tobacco leaves. The present study aims to
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analyze the effect of adding the widely-used sugars
sucrose, glucose, and fructose on the emission lev-
els of aldehydes in the smoke of make-your-own
cigarettes. Sugars were added to cured Burley to-
bacco, because this tobacco type contains virtually
no sugars,’ and therefore, the hypothesized increase
in aldehydes will be most prominent. The influence
of increasing levels of sugars added to cured Bur-
ley tobacco, its connection with aldehyde levels in
mainstream smoke and implications for the use of
sugar as tobacco additive will be discussed.

METHODS

The tobacco leave was analyzed for 3 different sug-
ars: glucose, fructose, and sucrose. The mainstream
tobacco smoke from make-your-own cigarettes was
analyzed for tar, nicotine, carbon monoxide, and
the aldehydes — formaldehyde acetaldehyde, ac-
etone, acrolein, crotonaldehyde, propionaldehyde,

and butanal (butyraldehyde).

Materials

Sugars added were fructose 99% (Accu standard
Inc, New Haven, CT), and D-glucose 99% and
sucrose 99.5% from Sigma-Aldrich (Germany).
Tobacco leaf, Burley grade A, was obtained from
Leave Only (USA). Standards of acetaldehyde,
acrolein (1 mg/mL), and fructose (99.9%) were
purchased from Sigma-Aldrich (Darmstadt, Ger-
many). The other standards such as crotonalde-
hyde, butanal, propanal, and glucose (99.9%) were
purchased from Accu standard Inc. (New Haven,
CT). Acetonitrile (HPLC-grade, >99.9%), ethanol
(>99.5%), phosphoric acid (85% solution in wa-
ter), carbon disulphide (CS,), 2,4-dinitrophenyl-
hydrazine (DNPH, >99.5%) and carboxen-572
(CX-572) were from Sigma-Aldrich (Germany).

Preparation of cigarettes made from Burley
tobacco leaves with and without sugar. Aque-
ous solutions of one type of sugar (from 50 mg/
ml stock solutions of glucose, fructose or sucrose)
were added to Burley tobacco (2 ml per gram of
tobacco), resulting in 6 batches of cased tobacco
differing in type and amount of sugar added. The
treated tobacco was mixed for 24 hours at room
temperature and shaken continuously to ensure
uniform homogenization. The tobacco was dried
in a conditioning closet for 2-3 days. The actual
concentration of sugar was determined in the sugar



treated tobacco matrix. The amounts of sugar add-
ed ranged between 2% to 8%, which is the level
commonly found in tobacco products such as ciga-
rettes.** The sugar treated tobacco was used to
prepare cigarettes following the protocol described
in ISO-15592. The adding of a sugar solution fol-
lowed by mixing the resulting tobacco, is similar
to the casing of tobacco, a common process in the
manufacturing of cigarette.”* All cigarettes were
prepared with filters (Gizeh, Golden Tip king-size).
Sugar analysis. Glucose, sucrose and fructose
content of the Burley tobacco with and without
these 3 sugars added, were determined in 6-fold.
The sugar analysis was performed according to the
method by Jansen et al”’ on a high-performance lig-
uid chromatography (HPLC) system (Pro STAR,
Varian, Middelburg, The Netherlands) equipped
with an evaporative light scattering detector
(ELSD) (ZAM 3000, Schambeck SFD GmbH,
Bad Honnef, Germany) (80°C, gas flow 1.7 ml/
min) using an analytical column MetaCarb 67C
(Varian Assoc., Middelburg, The Netherlands).
Briefly, the analysis is run on an isocratic elution
with MilliQQ water, with a flow rate of 0.5 mL per
min, column temperature of 85°C, with injection
volume of 20 pl and a total runtime of 20 min.

Mainstream Smoke Aldehyde Collection and
Analysis

The cigarette smoke was generated on a single
channel smoking in-house device using the ISO
smoking regime.*® Aldehydes were sampled on
Carboxen 572 cartridges.”” Each result is an aver-
age of 6 replicates with one cigarette smoked for
each replicate.

Aldehyde determinations were conducted us-
ing a previously published method by Uchiyama
et al.¥ The analysis was conducted on Shimadzu
HPLC system (Shimadzu, Kyoto, Japan) equipped
with a SPD M20A photo-diode array detector. The
mobile phase used was MilliQQ water acetonitrile
(ACN) with an isocratic mode on a mixture of 1:1
(V/V) with a total run time of 40 minutes on a
1 mL per min flow rate. The column temperature
was set at 30°C and injection volume of 10 pl was
used according to the method which was slightly
modified.” Each aldehyde result is an average of 6
replicates. The recovery for this method conducted
on formaldehyde is between 103% and 113%; ac-
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etaldehyde between 91% and 108% and acrolein
from 94% to 102%.

Mainstream Smoke Tar, Nicotine, and Carbon
Monoxide Analysis

The mainstream tobacco smoke levels of tar,
nicotine and carbon monoxide were determined
according to the ISO smoking regimen,’®> using
a semi-automated 20-channel, SM450 Cerulean
linear smoking machine. Briefly, nicotine was ana-
lyzed using gas chromatograph (GC) coupled with
a dual detector (FID and TCD); using analytical
columns CP-WAX51 (25m x 0.25 mm x 0,2um)
for nicotine and porabond Q (25m x 0.32 x 5 um)
for water. The gas chromatograph was obtained
from Shimadzu (Shimadzu GC2010-GC/02, Den
Bosch, The Netherlands).

Data Analysis

The chromatograms were recorded and integrat-
ed with the Galaxie data system (Varian Inc) for
sugars, Shimadzu Nexera Software for aldehydes
and Varian system for nicotine. Data analysis was
performed using Microsoft® Excel and GraphPad
Prism 6.0h by Software MacKiev©.

RESULTS
Sugar Content

In Burley tobacco, sucrose, glucose, and fructose
were not detected (LOD for glucose is 0.3 mg/g
tobacco, for fructose 0.4 mg/g tobacco, and for su-
crose 0.5 mg/g tobacco).”” The final content of the
different sugars added to Burley tobacco was 2.9%
and 7.7% (w/w) for sucrose; 2.5% and 6.7% (w/w)
for glucose and 3.7% and 5.4% (w/w) for fructose.

The Effects of the Addition of Sucrose, Fructose
and Glucose to Burley Tobacco

The concentrations of the aldehydes in main-
stream Burley tobacco smoke (pg per g tobacco)
without added sugar were: formaldehyde 3.8, acet-
aldehyde 156.2, acetone 76.9, acrolein 6.7, propi-
onaldehyde 9.2, crotonaldehyde 4.1, butanal 5.2,
and total aldehydes 262. The relative changes in al-
dehyde levels upon sugar addition are reported be-
low (aldehyde levels in mainstream smoke resulting
from Burley with added sugars is available in Table
1 and Table 2 and its respective HPLC chromato-
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Table 1
Aldehyde Levels in Mainstream Smoke (pg per g Tobacco), with Standard Deviation
(Average of 6 Cigarettes Replicates)

Burle Formaldehyde % Acetaldehyde % Acetone % Acrolein %

y (*SD) Change (=SD) Change (= SD) Change (= SD) Change
Without
Sugar 3.8(1.1) n.a. 156.2 (21.6) n.a. 76.3 (7.9) n.a. 6.7 (0.7) n.a.
Sucrose 4.5(0.8) 18.4 170.5 (23.2) 9.1 71.9 (12.6) 5.7 9.5(1.8) 40.7
2.96%
3‘;?‘;:" 3.7(1.1) 2.0 193.6(33.0) 239  883(169) 156  11.6(28)  72.6
ZGIS‘;,Z“ 4.6 (0.3) 23.0 161.0 (17.2) 3.0 76.3 (11.4) 0.0 7.9 (1.2) 17.0
PlIcos 3.2(0.5) (156 176.8(23.3) 13.1  825(12.7) 8.0 9.4 (1.6) 393
6.79%
g;‘;ﬁ;‘)’se 3.4(0.6) 9.8 195.0(23.0) 248  91.4(11.7) 19.7 9.1(1.2) 35.5
gz‘;f,z’se 2.0 (0.4) 448 2382(29.7) 524 892(114) 169 9.3(2.3) 382
Average --- -5.1 --- 21.0 - 9.0 --- 40.6

gram of aldehydes is available in Figures 1 and 2).
Sucrose. The observed relative changes in the
emissions of all aldehydes are depicted in Figure 3.
Generally, there is a statistically significant increase
in the production of all aldehydes with increasing
sucrose additions, except for formaldehyde. The

levels of acetaldehyde, acrolein, propionaldehyde
crotonaldehyde, and butanal were found to in-
crease by more than 20% with 7.7% sucrose added.

Glucose. The relative changes in the emissions of

all aldehydes are depicted in Figure 4. Generally,
the increase in all the aldehydes studied is rather

Table 2
Aldehyde Levels in Mainstream Smoke (ug per g Tobacco), with Standard Deviation
(Average of 6 Cigarettes Replicates)

Burle Propionaldehyde % Crotonaldehyde % Butanal % Total %
y (= SD) Change (= SD) Change (= SD) Change (= SD) Change

Without

sugar 9.2 (1.6) na. 4.1(0.4) na. 5.2 (1.1) na. 262 (33) na.

Sucrose

3060, 11.1 (1.9) 21.1 5.8(1.3) 40.3 6.5 (1.1) 232 280 (41) 7.0

SHCIORE 12.6 (2.7) 37.1 74 (1.4) 775 6.7(1.2) 283 325(58) 24

7.74%

Glucose

2500, 10.2 (1.2) 11.5 6.1 (1.1) 473 7.6 (0.6) 454 274 (32) 5

Glucose

T 11.0 (1.6) 19.8 7.0 (1.2) 68.0 7.7 (1.0) 478  298+41 14

Fructose 11.2 (1.6) 222 6.5 (0.9) 56.5 5.5(0.8) 42 322 (39) 23

3.73%

LLCETLD 13.3 2.1) 445 6.6 (2.0) 573 78(1.0) 496 367 (46) 40

5.46%

Average - 26.0 - 57.8 - 33.1 - 19
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like that of sucrose, except that the increases are
relatively lower for acetaldehyde, acetone, acrolein
and propionaldehyde. Both crotonaldehyde and
butanal were found to have a significant increase of
45% to 68% with glucose added.

Fructose. The relative changes in the emissions

of all aldehydes are depicted in Figure 5. Except

for formaldehyde and butanal, all 6 aldehydes
demonstrated a statistically significant increase in
mainstream tobacco smoke aldehyde levels after
the addition of 3.7% (w/w) fructose. An additional
increase was observed (except for acetone) with the
addition of 5.4% (w/w) fructose, with the highest
increase for butanal (50%), followed by acetalde-

Figure 2
Chromatogram of Mainstream Tobacco Smoke Extract
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Relative Aldehyde Levels in Mainstream Tobacco Smoke of Burley Tobacco
with 0%, 3.0%, and 7.7% of Added Sucrose

Figure 3
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hyde (52%), and propionaldehyde (45%).

Total Aldehyde Levels

The results showed that, on average, the total al-

dehyde yield produced increased with 19% with
addition of sugar, with the lowest increase of 5%
(glucose 2.5%) and with the highest increase of
40% generated with the addition of fructose 5.4%.
The highest overall total aldehyde yield increase

Relative Aldehyde Levels in Mainstream Tobacco Smoke of Burley Tobacco
with 0%, 2.5%, and 6.8% of Added Glucose

Figure 4

250

200

150 -+

100 +

5

percentage to 0 % glucose

Q& < e >
¢ F & K
L Q (2 )

T O O o
2 2
& &

Q 3

N ¢

*okok ao%

*k -k %%k

* %k

| 2.52%
| 6.79%

#p <.05; **p < .01; ***p <001

66



Cheah et al

Figure 5
Relative Aldehyde Levels in Mainstream Tobacco Smoke of Burley Tobacco
with 0, 3.7%, and 5.5% of Added Fructose
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was found to be generated from the addition of
fructose, followed by sucrose and glucose.

Tar, Nicotine, and Carbon Monoxide Analysis

To check whether the observed increases are selec-
tive for aldehydes, we also measured tar, nicotine,
and carbon monoxide (TNCO) levels in main-
stream smoke, because changes in the combustion
process induced by sugars might have also resulted
in changes in TNCO levels. As fructose is the most
commonly used sugar additive in the production
of cigarette (as high fructose corn syrup), we deter-
mined TNCO in mainstream tobacco smoke from
Burley tobacco with and without 6% fructose.
Variations of the measured tar, nicotine and carbon

monoxide levels of the tobacco with and without
6% added fructose in mainstream Burley tobacco
smoke are statistically not significant with p > .05,

refer to Table 3.

Discussion

There is accumulating evidence that aldehydes,
one of the major groups of chemicals found in main-
stream cigarette smoke, are related to the develop-
ment of tobacco-related diseases.>>* Also, aldehydes
such as acetaldehyde are responsible for various
pharmacological effects, including anxiogenic re-
sponse when dealing with stress,””” and reinforcing
self-administration of nicotine,’®* thereby increas-
ing the addictive effect of tobacco addiction.*¢!

Table 3
Tar, Nicotine, and Carbon Monoxide Emissions of Burley Tobacco with and without 6%
Fructose Added (mg per g of Tobacco)

Total Particulate

Tobacco Matter = SD (mg/g) Tar + SD (mg/g) Nicotine £ SD (mg/g) CO £ SD (mg/g)
Burley 24.6 £3.0 21.0 £2.0 2.8+0.2 21.6+0.8
Burley with 6% Fructose 294+29 247 £2.3 2.7+0.2 239+14

% Difference 19.4 17.5 -3.1 10.5
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For decades, there has been an on-going debate
on the effects of added sugars and the level of alde-
hydes produced in mainstream tobacco smoke.*>%
The tobacco industry reports that formaldehyde
levels are mainly increased in mainstream tobacco
smoke.®* In a review on the effects of sugars on al-
dehyde levels, sugars were reported to increase the
level of formaldehyde, acetaldehyde, acetone, acro-
lein, and 2-furfural in tobacco smoke.” Roemer®
reported that formaldehyde, acrolein and 2-buta-
none increased in a statistically significant manner
with sugar addition, but other authors only report
an increase in formaldehyde levels.®*®” Hahn and
Schaub also report a statistically significant increase
in formaldehyde upon addition of 5% sucrose as
compared to a reference tobacco blend consisting
of 50% Virginia tobacco (flue-cured), 20% Burley
tobacco (air-cured), 20% tobacco stems, and 10%
Oriental tobacco (sun-cured).®* It needs to be not-
ed that Virginia tobacco contains high levels of nat-
ural sugars,*> which will make the relative increases
in aldehyde levels upon adding additional sugar
less prominent. Our study is the first non-tobacco
industry work that investigates the effect of added
sugars on aldehydes in mainstream tobacco smoke.
We investigated the effect of adding different con-
centrations of sucrose, glucose, and fructose on
the production of aldehydes in mainstream Burley
tobacco smoke. Burley tobacco does not contain
sugar or contains a minimal amount of up to 0.2%
after air-curing.’ In general, we found that ciga-
rettes with added sugar emit higher amounts of all
aldehydes studied (acetaldehyde, acetone, acrolein,
propionaldehyde, crotonaldehyde, and butanal),
except for formaldehyde.

For acrolein and crotonaldehyde, the increase
is rather prominent for all sugars, but levels off at
higher fructose concentrations (see Figures 3-5,
where the absolute levels together with their er-
ror bars and significances are depicted). The fact
that we did not corroborate the reported increase
in formaldehyde levels in several studies in the lit-
erature is likely because the method for aldehyde
determination used in our study is not optimal for
collection of formaldehyde, due to its highly vola-
tile and hydrophilic nature. Some amount of form-
aldehyde may have been trapped in the Cambridge
filter pad before the CX-572 cartridge.” Another
published method on formaldehyde reported high
variability in the reproducibility and repeatabil-
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ity.®® Thus, it is too premature to derive any con-
clusion on the production of formaldehyde. Given
the uncertainties in the analytical measurement on
formaldehyde, further works is needed to optimize
and refine the methods to understand its emission
behavior.

Sugars such as sucrose, glucose, and fructose are
among the ingredients added to tobacco during
the manufacturing of cigarettes to enhance the fla-
vour.”®’% The sugar concentrations in this study
ranges between 3% to 8% (w/w), which is repre-
sentative of typical sugar levels added to commer-
cial cigarettes.®*>7"”2 The amount of added invert
sugar (mixture of glucose and fructose) ranges be-
tween 3.3% and 5.2% in cigarettes manufactured
for sale in countries such as The Netherlands,* Sin-
gapore,” South Africa,”® and Uruguay.*

Among the 3 sugars added, the most pronounced
increase in aldehyde levels was observed with fruc-
tose, where for the concentrations studied, the
total aldehyde levels were found to increase 23%
and 40%, respectively. The reactivity of glucose is
less than fructose due to the formation of stable
ring structures such as glucopyranose and glucofu-
ranose, which inhibit its reactivity.”* Fructose also
forms both pyranose and furanose structures,” but
exists to a larger extent in the open chain position
than glucose.”® As a result, fructose is more reac-
tive than glucose due to the formation of glyca-
tion end-products as a result of the reaction of the
aldehyde group of sugars with amino side chains
in proteins.””’® Therefore, it is not surprising that
fructose shows a higher yield of several aldehydes
during combustion of tobacco than glucose.

The increases in aldehyde levels are specific, as
much smaller increases in tar, nicotine, and car-
bon monoxide levels were observed. Apparently,
changes in the combustion process or other pro-
cesses induced by sugars did not result in changes
in TNCO levels. That the addition of sugar did not
alter the nicotine produced in the mainstream cig-
arette smoke is consistent with earlier studies.””"!
Because the nicotine level does not increase with
adding sugar, in contrast to the aldehyde levels, the
aldehydes-to-nicotine ratios are higher in cigarettes
with added sugars. Thus, smokers who are addict-
ed to nicotine will be exposed to more aldehydes,
because they aim for a specific nicotine level. This
emphasizes the need to normalize toxicant levels to



nicotine levels as measure of human exposure, as
proposed by TobReg.””

Future research should include the effect of add-
ing sugar mixtures, a wider range of doses, and dif-
ferent tobacco types. We added only single sugars
and not a mixture of sugars, which may be closer
to the real smoking situation. The most common
ingredient used as sugar ingredient is high fructose
corn syrup (HFCS), with the percentage of fructose
relatively higher (60% fructose and 40% glucose).

In addition, a limited range of doses has been
studied, and it also would be interesting to see
the effect of the cigarette production process on
the results, such as the effect of filler density. Fi-
nally, it would be interesting to study other types
of tobacco, most notably bright tobacco (Virginia),
because it contains prominent levels of natural sug-
ars. The amount of sugar present ranges from less
than 0.2% in air-cured Burley varieties,” to 10%
in Oriental, and up to 25% in flue-cured Virginia
leaves.®? Cigarette fillers are made up of a single
type of tobacco leave such as Virginia or Burley or a
mixture of diverse types such as Virginia with Bur-
ley and/or Oriental. Studying these tobacco types
may help elucidate whether there are differences in
aldehyde levels between equal levels of added sugar
and naturally present sugar. On the other hand,
Virginia tobacco and Burley tobacco are differ-
ent in many other respects regarding their chemi-
cal composition, and many other components in
tobacco leaves also may affect the composition of
tobacco smoke.

Implications for tobacco regulation

Tobacco additives have become a major debate
among policymakers in tobacco product regula-
tion,”! due to their impact on making the ciga-
rette smoke less harsh, and their balancing of taste;
hence, additives make it more attractive to initi-
ate and continue smoking. Ingredients or additives
added in the production of cigarettes also may con-
tribute to the addictive potential of tobacco use*! in
addition to reducing harshness.®*#

Sugars are common ingredients added during the
manufacturing of tobacco products such as ciga-
rettes. Sugars added during the tobacco manufac-
turing process promote acceptability by the smoker
as they reduce the harsh taste of the smoke. This is
due to the caramel flavors and acids generated from
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sugars during the smoking process, an effect appre-
ciated by smokers and experimenters. Our study
shows that sugars added to Burley tobacco increase
the emission of aldehydes, an important class of
toxicants in tobacco smoke.

Cigarettes concentrated with sugars yield more
than 20% higher amounts of acetaldehyde, acrole-
in, propionaldehyde, crotonaldehyde, and butanal
(butyraldehyde). This raises concern that sugar as
an additive lead to an increased health risk associ-
ated with cigarette smoking. Limiting the amount
of the sugar content of cigarettes may be one of
the possible approaches in tobacco regulation in re-
ducing aldehydes generated from smoking. Among
the 3 sugars studied, fructose caused the highest in-
crease in total aldehydes produced in mainstream
Burley tobacco smoke. This could be explained by
the higher reactivity of fructose relative to glucose
and sucrose

As research independent of the tobacco indus-
try, this paper adds to the existing knowledge and
previously published reports that higher sugar con-
tent in tobacco leads to higher aldehyde yields in
the smoke. Our results provide additional science-
based arguments for regulators and policymakers
in setting measures for regulating additives in the
manufacturing of cigarette, in this case, low mo-
lecular weight sugars. The prohibition of sugar as
an ingredient in the production of cigarettes was
implemented in Canada in 2009,** which demon-
strated that it is possible to manufacture cigarette
without sugars.
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