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Abstract

Introduction: Sweeteners in tobacco products may influence use initiation and reinforcement, with 
special appeal to adolescents. Recent analytical studies of smokeless tobacco products (snuff, 
snus, dissolvables) detected flavorants identical to those added to confectionary products such as 
hard candy and chewing gum. However, these studies did not determine the levels of sweeten-
ers. The objective of the present study was to quantify added sweeteners in smokeless tobacco 
products, a dissolvable product, electronic cigarette liquids and to compare with sweetener levels 
in confectionary products.
Methods: Sweetener content of US-sourced smokeless tobacco, electronic cigarette liquid, and 
confectionary product samples was analyzed by liquid chromatography-electrospray ionization–
mass spectrometry (LC-ESI-MS).
Results: All smokeless products contained synthetic high intensity sweeteners, with snus and dis-
solvables exceeding levels in confectionary products (as much as 25-fold). All snus samples con-
tained sucralose and most also aspartame, but no saccharin. In contrast, all moist snuff samples 
contained saccharin. The dissolvable sample contained sucralose and sorbitol. Ethyl maltol was 
the most common sweet-associated component in electronic cigarette liquids.
Discussion: Sweetener content was dependent on product category, with saccharin in moist snuff, 
an older category, sucralose added at high levels to more recently introduced products (snus, dis-
solvable) and ethyl maltol in electronic cigarette liquid. The very high sweetener concentrations 
may be necessary for the consumer to tolerate the otherwise aversive flavors of tobacco ingredi-
ents. Regulation of sweetener levels in smokeless tobacco products may be an effective measure 
to modify product attractiveness, initiation and use patterns.
Implications: Dissolvables, snus and electronic cigarettes have been promoted as risk-mitigation 
products due to their relatively low content of nitrosamines and other tobacco toxicants. This study 
is the first to quantify high intensity sweeteners in snus and dissolvable products. Snus and dis-
solvables contain the high intensity sweetener, sucralose, at levels higher than in confectionary 
products. The high sweetness of alternative tobacco products makes these products attractive to 
adolescents. Regulation of sweetener content in non-cigarette products is suggested as an efficient 
means to control product palatability and to reduce initiation in adolescents.
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Introduction

In the United States, the Family Smoking Prevention and Tobacco 
Control Act (FSPTCA) restricts the sales of flavored cigarettes, with 
the exemption of menthol cigarettes. These restrictions do not apply 
to smokeless tobacco products, cigars, and electronic cigarettes. 
These products are available in a wide range of flavors with novel 
flavor combinations introduced almost daily. The presence of charac-
terizing flavor additives is expected to attract both smokers and non-
smokers, and especially adolescents.1–3 Previous studies have noted 
similarities in the content of flavor chemicals in tobacco products 
and confectionary products such as hard candy, mints, and chewing 
gum.4,5 Tobacco flavorants include many of the esters, alcohols, ter-
penes, and aromatic chemicals added to foods. For example, benzyl 
alcohol is used as a flavoring both in cherry candies and cherry-
flavored tobacco products.5 Electronic cigarette liquids also contain 
a wide range of known flavor chemicals used in the food industry.6

In contrast to these aroma flavorings, only limited information 
is available about the presence of sweeteners in the currently mar-
keted smokeless tobacco products and electronic cigarette liquids. 
Traditionally, chewing tobacco and moist snuff have been sweetened 
either with table sugar (sucrose), causing documented oral health 
problems in users, or with saccharin.7,8 Tobacco Industry Documents 
list sweetener contents in some products, however, this information 
is likely outdated and new sweeteners and product categories have 
been introduced.9,10 For currently marketed products manufactur-
ers list sweeteners as ingredients, including saccharin and sucra-
lose, high intensity sweeteners several hundred times sweeter than 
sucrose.10–16 The quantities and types of sweeteners contained in 
individual products, and how these compare to confectionary prod-
ucts, are unknown.

Sweeteners have powerful psychophysical effects and are known 
to mask the unpleasant taste of tobacco constituents and reduce oral 
aversion to nicotine in animals.17,18 Analogous to candies and sweet-
ened beverages designed to appeal to teenagers and young adults, 
addition of sweeteners to tobacco products might promote product 
uptake and determine preference and use patterns.19,20

In the present study, 18 tobacco products, including snus, moist 
snuff, dissolvable tobacco, and electronic cigarette liquids marketed 
in the United States were analyzed by liquid chromatography–mass 
spectrometry [LC-MS], to determine levels of natural and high-
intensity sweeteners. Sweetener contents in representative confec-
tionary products and soda were analyzed and compared.

Methods

Product Samples
Sixteen tobacco products were purchased from stores in the New 
Haven, CT, area including four snus products, five moist snuffs, five 
electronic cigarette cartridges, and two electronic cigarette refill liq-
uids. One electronic refill liquid was purchased online from the man-
ufacturer (V2), and one dissolvable tobacco product was procured 
from an out of state online vendor. For comparison with other high-
intensity sweetened products, four sugar-free confectionary products 
of different brands and two sugar-free beverages of different brands 
were bought from area stores (Supplementary Table 1).

Chemical Analysis
Levels of synthetic high-intensity sweeteners (sucralose, cycla-
mates, saccharin, aspartame, acesulfame potassium), bio-derived 

high-intensity sweeteners (stevioside, glycyrrhizin), sugar alcohols, 
natural sugars, and other constituents were determined by a modi-
fied LC-MS method previously used in our laboratory for the analy-
sis of sweetener content in environmental samples21 (Supplementary 
Methods). This technique provides a conservative estimate of sweet-
ener levels; in some samples the tobacco matrix may cause minor 
suppression of MS response.22

Results

All tested products contained no or only very small amounts of 
the sugars, glucose (<0.072 % w/w) or sucrose (<0.024 % w/w). 
As expected, the high-intensity sweeteners, sucralose, or aspartame, 
were detected in the soda and confectionary products (Table 1). The 
bulk of all mint lozenge products consisted of the sugar alcohol, 
sorbitol. Sucralose was detected in all snus products at high lev-
els, with three of the four snus products also containing aspartame 
(Table 1). Saccharin was only detected in the moist snuff products. 
Snuff products contained no aspartame and only one contained 
a comparably small amount of sucralose (Skoal mint Xtra). No 
high-intensity sweeteners were detected in the electronic cigarette 
liquids tested (Table 1). Two of the liquids contained traces of sorbi-
tol (<0.003 % w/w). Ethyl maltol was detected in six of the eight 
liquids. All the E-liquids had glycerol as carrier, three of them also 
contained propylene glycol (Supplementary Table 2). The dissolvable 
product consisted of a large percentage (59.0 ± 3.0 % w/w) of sorbi-
tol, and contained a high amount of sucralose, but no aspartame or 
saccharin (Table 1).

The average total amount of sucralose per product unit (piece, 
lozenge, or strip) was calculated for the sucralose-containing con-
fectionary and smokeless tobacco products (Figure  1). Amounts 
of sucralose per unit were much higher in the snus products  
(>6 mg/unit, one product > 11 mg/unit) than in the confectionary 
products (<0.4 mg/unit). The single snuff product containing sucra-
lose had <1 mg/unit. Sucralose content in the dissolvable product 
was higher (4.48 mg/unit).

Among the nine snus and moist snuff products, seven were in 
the form of small pouches. The content of sweeteners in the pouch 
material, comprising about 10% of total product weight, followed 
distributions in the bulk products, but concentrations were all lower 
(Supplementary Tables 3–5).

Discussion

In the present study, all the tested snus and moist snuff products 
contained high-intensity sweeteners. All tested moist snuff products 
contained saccharin as the sole added synthetic sweetener with one 
exception containing roughly equal amounts of both saccharin and 
sucralose. Manufacturers have been adding saccharin to smoke-
less tobacco products since 1891, when R. J. Reynolds introduced 
saccharin-sweetened chewing tobacco.7 In fact, the tobacco industry 
was the first to license synthetic high-intensity sweeteners to add to 
consumer products, likely to improve shelf stability, product uni-
formity and create brand identity.7 The majority of the moist snuff 
products investigated here were brought to market prior to introduc-
tion of sucralose in 1999.10 Saccharin, in addition to being perceived 
as sweet, has a bitter taste, a property not shared by sucralose and 
aspartame that have replaced saccharin in most high-intensity sweet-
ened food products.3 It is possible that tobacco manufacturers did 
not replace saccharin in snuff products because long term users have 
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been habituated to its taste profile and would disapprove of a change 
to other sweeteners. This view is also supported by the observation 
that saccharin content in the currently marketed products analyzed 
here did not differ much from levels determined in snuff products 
more than 20 years ago.9 The lower price of saccharin compared to 
sucralose may also explain its continued use in the product category.

In contrast, all four snus products tested here contained sucra-
lose, most in combination with aspartame. Snus products were intro-
duced to the US market in 2006 when sucralose was already widely 
used in food products.23 Sucralose content in the tested snus prod-
ucts, both % w/w and weight per product unit, exceeded the levels in 
any of the other solid confectionary products (candy, mint lozenges, 
chewing gum). The absolute amounts of sucralose in snus were 14- 
to 25-fold higher than the highest content found in a candy prod-
uct. The bulk of some of the confectionary products consisted of a 
high percentage of sorbitol, a sugar alcohol with a sweetness lower 
than table sugar (sucrose). Together with sorbitol, smaller amounts 
of sucralose and aspartame are likely sufficient for these products 
to reach the desired level of sweetness. Intriguingly, the dissolvable 
tobacco product tested here also contained substantial amounts of 
sorbitol with sucralose added at an amount approaching that found 
in the snus products.

Six of the eight E-cigarette liquids contained ethyl maltol, 
known to be a sweet taste potentiator and previously reported in 
E-liquids.5,6,24 Propylene glycol and glycerol, the major constitu-
ents of the E-liquids tested, are lightly sweet. Their sweetness may 
be enhanced by ethyl maltol and other popular sweet-associated 
flavorings.25,26 Ethyl maltol was awarded GRAS status (Generally 
Recognized As Safe) from the Flavor & Extracts Manufacturers 
Association (FEMA) for the intended use as a food additive. Some 
E-liquids vendors advertise the GRAS label as supportive of safety 
for the flavorants added to their products. However, FEMA has repu-
diated these claims since GRAS status only applies to use in food and 
not in E-cigarettes for inhalational delivery.27 It is unknown whether 
ethyl maltol is chemically stable in E-liquids, and when these are 
heated and vaporized.

High-intensity sweeteners were not detected in the E-liquids 
tested suggesting that the major manufacturers of E-cigarettes and 
-liquids do not include high-intensity sweeteners in their E-liquid for-
mulations. However, online vendors currently offer sucralose liquids 
for sale to customers to mix with their E-liquids. While sucralose is 
an FDA-approved food additive, its health effects and metabolic fate 
when delivered by E-cigarette are unknown.

In summary, the current findings suggest that US-marketed new 
smokeless tobacco products, snus and dissolvables, are more highly 
sweetened than confectionary products. With sucralose perceived 
as 600 times sweeter than sugar, and added aspartame, the sweet-
ness of snus and dissolvable products exceed the sweetness of their 
unit (pouch or lozenge) weight in sugar. Optimal sweetener levels 
were likely determined in tests by company-internal panelists and 
consumer groups, suggesting that higher levels of sweetness are 
required to establish palatability and liking of these tobacco-con-
taining products. The intense sweetness may be necessary to mask 
the adverse taste and sensory effects of the processed tobacco that 
contains irritating and bitter nicotine and other tobacco constituents 
with adverse tastes. Sweeteners are known to suppress the percep-
tion of bitter taste and to inhibit the sensation of irritation.28 While 
sucralose uptake from snus alone is unlikely to exceed the FDA-
determined acceptable daily intake (ADI), daily repeated use of snus 
together with consumption of other sucralose-sweetened products 
such as soda, sweetener packets and food products may lead to con-
tinuous high exposure. Recent studies revealed that high-intensity 
sweeteners affected metabolic signaling in pancreatic beta cells and 
changed the composition of the gut microbiome, potentially contrib-
uting to metabolic dysregulation.29

Dissolvables and snus have been promoted as risk-mitigation 
products due to their relatively low content of nitrosamines and 
other tobacco toxicants. While not as popular, these products may 
increase the risk of polytobacco use and their intense sweetness is 
of concern since it may appeal especially to adolescents who initi-
ate tobacco product use.30,31 In addition to E-cigarettes, other sweet 
flavored tobacco products such as small cigars have made rapid 
inroads among adolescent populations and remain unregulated.32,33 
Among the wide variety of flavors offered intense sweetness appears 
to be a common denominator in the majority of the newly intro-
duced products. Thus, the regulation of sweetener content may rep-
resent an efficient means to control palatability of a wide range of 
products and to reduce tobacco product use initiation.

Supplementary Material

Supplementary Tables 1 to 5 and Supplementary Methods can be 
found online at http://www.ntr.oxfordjournals.org
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Figure 1. Comparison of sucralose content in product units of confectionary 
products and snus. Average content of sucralose in mg per piece or pouch is 
displayed. Data derived from Table 1.
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