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SUMMARY

Globally, smokeless tobacco (ST) includes a wide array of chemically diverse products generally
used in the oral cavity. Although ST has been widely investigated, this study was undertaken to
determine the levels of sugars (mono- and di-saccharides), alditols, and humectants present in
major ST categories/subcategories by using high performance liquid chromatography coupled with
a triple quadrupole mass spectrometer (HPLC-MS/MS). The products studied included chewing
tobacco (loose leaf, plug, twist), US moist snuff, Swedish snus, creamy snuff, dry snuff,
dissolvable tobacco products, and tobacco-coated toothpicks. The highest mean sugar level was
detected in chewing tobacco (9.3-27.5%, w/i), followed by dissolvable tobacco (2.1%); all other
products were lower than 1%. Creamy snuff had the highest mean alditol levels (22.6%), followed
by dissolvable tobacco (15.4%); all others had levels lower than 1%. The detected mean humectant
levels ranged from non-detectable to 5.9%. This study demonstrates the broad chemical diversity
among ST. This research may aid researchers and public health advocates investigating the
exposures and risks of ST. [Beitr. Tabakforsch. Int. 28 (2019) 203-213]

ZUSAMMENFASSUNG

Allgemein umfasst der Begriff rauchloser Tabak (RT) eine grof3e Vielfalt an chemisch
unterschiedlichen Produkten, die in der Regel in der Mundhdhle konsumiert werden. Obwohl
rauchloser Tabak bereits Gegenstand vieler Untersuchungen war, wurde diese Studie durchgefiihrt,
um den Gehalt an Zuckern (Mono- und Disaccharide), Alditolen und Feuchthaltemitteln in
wichtigen Kategorien bzw. Subkategorien rauchlosen Tabaks zu bestimmen. Dies geschah mithilfe
der Hochleistungsflussigkeitschromatographie gekoppelt mit einem Triple-Quadrupol-Massen-
spektrometer (HPLC-MS/MS). Die untersuchten Produkte waren Kautabak (Loose Leaf, Plug,
Twist), Moist Snuff aus den USA, Swedischer Snus, Creamy Snuff, Dry Snuff, 16sliche
Tabakprodukte und Zahnstocher mit Tabakiiberzug. Der héchste mittlere Zuckergehalt wurde in
Kautabak gefunden (9,3-27,5%, w/W), gefolgt von Idslichem Tabak (2,1%); bei allen tibrigen
Produkten lag der Gehalt bei unter 1%. Creamy Snuff hatte den héchsten mittleren Alditol-gehalt
(22,6%), gefolgt von léslichem Tabak (15,4%); bei allen Ubrigen Produkten lag der Gehalt bei
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unter 1%. Der mittlere festgestellte Gehalt an Feuchthaltemitteln reichte von nicht feststellbar bis
zu 5,9%. Diese Studie zeigt die grof3e chemische Vielfalt bei den rauchlosen Tabakprodukten. Die
Untersuchung kann Wissenschaftler und Mitarbeiter des 6ffentlichen Gesundheitswesens bei der
Untersuchung von Exposition und Risiken durch rauchlosen Tabak unterstiitzen. [Beitr.
Tabakforsch. Int. 28 (2019) 203-213]

RESUME

Dans I’ensemble, le terme de tabac sans fumée (TSF) recouvre une large gamme de diverses
substances chimiques consommées, en régle générale, par la cavité buccale. Malgré les vastes
analyses déja consacrées au TSF, la présente étude fut entamée dans le but de déterminer les
niveaux de sucres (mono- et disaccharides), de sucres-alcools et d’humectants présents dans les
principales catégories/sous-catégories de TSF a I’aide de la chromato-graphie en phase liquide a
haute performance couplée a une spectrométrie de masse a triple quadripdle (HPLC-MS/MS). Les
produits analysés inclurent le tabac a chiquer (feuilles en vrac, tablette, corde), du tabac a priser
humide américain, du snus suédois, du creamy snuff, du tabac a priser sec, des produits de tabac
soluble et des cure-dents a la nicotine. Le niveau médian de sucres le plus élevé fut détecté dans le
tabac a chiquer (9,3-27,5%, p/p), suivi du tabac soluble (2,1%); tous les autres produits
présenterent des niveaux inférieurs a 1%. Le creamy snuff présenta les niveaux médians de sucre-
alcool les plus élevés (22,6%), suivi du tabac soluble (15,4%); tous les autres produits affichérent
des niveaux inférieurs a 1%. Les niveaux médians d’humectants détectés oscillérent entre non-
détectable et 5,9%. La présente étude démontre la grande diversité chimique parmi les formes de
TSF et peut aider les chercheurs et les intervenants en faveur de la santé publique a explorer les
degrés d’exposition et les risques du TSF. [Beitr. Tabakforsch. Int. 28 (2019) 203-213]
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INTRODUCTION

Smokeless tobacco (ST) products are used broadly and their consumption is increasing in
the US and some North European countries (1-4). These products are often promoted as a
substitute for smoking tobacco products, mainly because of increased social acceptability,
ease of use, including smoking-free environments, and perception of these products as
reduced-harm products (5). A wide range of ST products, with different physical properties
and uses, has increased in markets around the world. The major categories of ST include
chewing tobacco, snus, snuff, dissolvable tobacco, creamy snuff, and tobacco sticks etc. (1,
4, 6, 7). Chewing tobacco, which is made from cured and often fermented tobacco, exists in
several forms, such as loose leaf, plug, and twist. Snus, which is steam-cured, non-fermented
and pasteurized tobacco, originated in Sweden and was first marketed in the US in 2006 (4).
Snuff is produced consisting of air-and fire-cured tobacco and has two subcategories: moist
and dry; these products are generally fermented. Dry snuff can be consumed by sniffing
nasally or by placing in the mouth. Some snus and snuff products are packaged in a metal,
plastic or cardboard ‘tin” as loose tobacco; whereas, other products contain tobacco enclosed
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in a tea-bag like pouch for convenience and more discrete use. Dissolvable tobacco,
introduced in the late 2000s, contains non-fermented and finely processed tobacco that is
pressed into strips, pellets (orbs), sticks that fully dissolve when being consumed. A similar
product called tobacco stick consists of finely milled tobacco that is coated on toothpicks
roughly 60 mm long. During use, the tobacco portion dissolves leaving the toothpick, which
is discarded. Lastly, creamy snuff, a product from India, is a tobacco-containing paste sold in
a toothpaste tube, mainly used by women in India as a dentifrice, presumably for oral health.

Researchers have found that ST use is associated with health problems, including heart and
cardiovascular diseases (8-10), type 2 diabetes (11, 12), dental problems (13-15), and
various cancers (1, 16-18). It is also known that poor oral health can contribute to heart
disease (19-22). However, there are controversial findings on the ST’s health effects (5, 16,
23-25). The full impact of ST on public health is still unclear. Concerns have been raised as
to whether ST facilitates smoking cessation or rather acts as a gateway to smoking or dual
use (24, 26-28). For example, one study found that snus use was independently associated
with increased risk of pancreatic cancer, but was unrelated to incidence of oral and lung
cancer (16). Currently, more investigations and scientific proof are needed to get a better
understanding of ST products and their potential health effects on users, and how to reduce
the harmfulness of ST (5).

Various types of ST products contain different chemicals due to factors, such as tobacco
origin, processing steps, such as curing, fermentation, aging, additives formulation, and
storage conditions (29). It is known that air-, fire- and sun-cured tobacco typically has lower
amounts of sugars than flue-cured tobacco (30). During fermentation, sugar content in
tobacco can be impacted by the microbial metabolism as the levels of reducing sugars in
tobacco can be depleted rapidly (31). Sugars exist in tobacco naturally and as an additive.
Sugars and substances that contain sugars, such as molasses, honey, maple syrup, and fruit
juices (apple, beet, fig, plum, etc.), are added to many tobacco products during tobacco
processing. Therefore, different products may have varying health effects. Researchers have
studied the health risk caused by sugars in ST (14, 15). TOMAR et al. concluded that
chewing tobacco users had a higher risk of dental caries than did snuff users, smokers or
non-smokers (15). The presence of sugar could affect the growth of some microbes and
certain compounds these microbes may generate during use (31, 32). High sugar content of
chewing tobacco may retard bacterial growth in storage; these bacteria are required for the
metabolism of nitrosated, acylated, and oxidized pyridine alkaloids (32).

In previous studies in other laboratories, fructose, glucose, sucrose, maltose, and isomaltose
were measured in 6 brands of chewing tobacco and 3 brands of moist snuff using a GC
method (33). Using LC-MS/MS and IC methods, fructose, glucose, and sucrose were
measured in 9 brands of chewing tobacco and 11 brands of snuff (34). The levels of
humectants (glycerol, propylene glycol, and triethylene glycol) in 17 brands of moist snuff
were measured using GC and GC-MS methods (35).

This work presents the sugar, alditol, and humectant profiles in 6 categories of ST in the
current market, including chewing tobacco, snus, snuff, dissolvable tobacco, creamy snuff,
and tobacco stick. This complements our previous work on the chemical characterization of
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ST about nicotine, pH, and tobacco-specific A-nitrosamines (TSNAS) (7, 36, 37). In this
study, 5 sugars (fructose, glucose, mannose, sucrose, maltose), 3 alditols (xylitol, sorbitol,
myo-inositol), and 3 humectants (glycerol, propylene glycol, and triethylene glycol) were
measured using an LC-MS/MS method previously developed and validated (38).

MATERIALS AND METHODS

Chemicals

Native standards for each of our analytes, D-(-)-fructose, D-(+)-glucose, D-(+)-mannose, D-
(+)-maltose, sucrose, xylitol, D-sorbitol, glycerol, propylene glycol, and triethylene glycol,
were purchased from Sigma-Aldrich (St. Louis, MO). Isotopically-labeled compounds used
as internal standards, including D-fructose-13Cg, D-glucose-13Cg, D-Dsucrose-glucose-13Cg,
glycerol-13C3, and 1, 2-propanediol-13C3, were obtained from Cambridge Isotope Inc.
(Andover, MA). The D-sorbitol-13Cg and LC-MS grade acetonitrile used in our study was
obtained from Sigma-Aldrich (St. Louis, MO). J.T. Baker HPLC grade water and Fisher
HPLC grade methanol were purchased from Fisher Scientific (Fairlawn, NJ, USA).

Individual standard stock solution and isotopically labelled internal standard stock solution
were prepared in methanol/water (1:1, v/), and stored at —20 °C. Working standard mixture
solutions and internal standard mixture solutions were prepared in water and stored at —20
°C. Ten standard solutions for the calibration curve were prepared in water before each
analytical run.

ST samples and sample preparation

The ST examined in this study included the most popular US-made ST products: chewing
loose (7 brands), chewing plug (5 brands), chewing twist (3 brands), moist snuff loose (6
brands), moist snus pouch (6 brands), dry snuff (7 brands), dissolvable strip (1 brand),
dissolvable pellet (4 brands), dissolvable stick (1 brand), and tobacco stick (4 brands). In
addition, we analyzed imported ST products: Creamy snuff from India and snus from
Sweden, including moist snus pouch (6 brands) and moist snus loose (4 brands), and also 3
references of ST: CORESTA reference product moist snuff (CRP2), CORESTA reference
product dry snuff (CRP3), and CORESTA reference product chewing loose (CRP4)
(provided by the Tobacco Analysis Laboratory, North Carolina State University, Raleigh,
NC, USA). All ST products were stored at =70 °C until further processing. For sample
preparation, ST samples were removed from the freezer and placed in a refrigerator for a
minimum of 24 h. This will allow water to become thoroughly re-equilibrated throughout
the ST samples. After removal from the refrigerator, the ST samples were allowed to
equilibrate to ambient conditions before opening. Prior to sample extraction, loose leaf,
plug, and twist ST were ground for 5 min using an electric spice grinder. Dissolvable pellets
and sticks were cut into small pieces to obtain the required weight. From the tobacco sticks,
the tobacco coating was scraped off using a scalpel. Sample weights of approximately 0.6 g
(dry snuff, chewing tobacco, tobacco stick), 1.2 g (moist snuff, snus), or 0.1 g (dissolvable
products) were weighed out in triplicates. A 17.5-mL aliquot of HPLC water was added to
each sample. Samples were agitated at 250 rpm on a Thermo Scientific MAXQ 2000 digital
shaker (Fisher Scientific, Fairlawn, NJ, USA) at room temperature (approximately 22 °C)
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for 1 h. A 500-pL aliquot of the extract was transferred into vials and centrifuged at 5,000
rpm for 5 min (Legend Micro 17 Sorvall, Fisher Scientific, Fairlawn, NJ, USA). A 50.0-uL
aliquot of supernatant and 50.0-pL aliquot of working internal standard solution were mixed
in a QSert Vial (SUPELCO, Sigma-Aldrich, St. Louis, MO, USA), then analyzed by LC-
MS/MS. Two Quality Control-Low (QCL) and two Quality Control-High (QCH) samples
were prepared and included in each analytical batch. Preparation of QCL and QCH was
previously described by WANG et. a/ (38).

LC-MS/MS Method

An established LC-ESI-MS/MS method was applied for measuring the tobacco samples
(38). In brief, an Agilent LC (Agilent Technology Inc., Wilmington, DE, USA), fitted with a
Acquity UPLC BEH Amide column (1.7 um particle size, 2.1 mm 1.D. x 100 mm, Waters
Inc., Milford, MA, USA) was coupled with an API 5500 triple quad mass spectrometer
(Applied Biosystems, Foster City, CA, USA). Samples were ionized using negative
electrospray ionization (ESI) and introduced into the triple quad mass spectrometer operated
under multiple-reaction monitoring (MRM) mode. Detailed LC conditions and mass
parameters for all the analytes have been published elsewhere (38).

Fructose and xylitol quantitation used D-fructose-13Cg as internal standard; glucose and
mannose used D-glucose-13Cg; sucrose, maltose, and myo-inositol used D-sucrose-
glucose-13Cg; glycerol used glycerol-13Cs; propylene glycol and triethylene glycol used 1,
2-propanediol-13Cs; sorbitol used D-sorbitol-13Cg. Data acquisition and analysis was
performed using Analyst software (version 1.6.1, Applied Biosystems, Foster City, CA,
USA). Relative response factor was calculated based on the ratio of the peak area of the
analyte transition to that of the isotopically-labeled internal standard transition. The peak
area ratio of the analyte transition to the isotopically-labeled internal standard transition was
used to quantify the ST products by the calibration curve comparison.

RESULTS AND DISCUSSIONS

In the present study, 13 major categories/subcategories of domestic and imported ST were
analyzed for 11 compounds, including sugars (mono- and disaccharides), alditols and
humectants. One representative chromatograph from a US chewing plug is displayed in
Figure 1. Levels of all analytes were expressed as the percentage of wet tobacco weight.
Table 1 shows measurement results for each individual brand. Figure 2 compares mean total
sugar, mean total alditol, and mean total humectants for the examined categories/
subcategories. Table 2 presents the means and distribution ranges of total sugar, total alditol,
and total humectant for each category or subcategory. Triethylene glycol was not detected in
any of the analyzed products.

Mean total sugar, mean total alditol, and mean total humectant levels for chewing loose were
all comparable to the corresponding values for reference chewing loose (CRP4, 4.4%)
(Tables 1 and 2). For US moist snuff loose, only one sample (#6) had detectable glucose
(0.05 %) and maltose (0.004%); albeit at very low levels. The other moist snuff had no
detectable sugar levels, which agrees with the values for the reference moist snuff (CRP2, <
LOD) in Table 1. Regarding alditol levels for the same category, moist snuff (#6) contained a
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relatively high alditol level (0.59%), one sample contained no detectable alditol; whereas,
the others had similar detected levels (0.05-0.06%) slightly higher than the reference moist
snuff (CRP2, 0.02%) (Table 1). However, the results for dry snuff samples on mean total
sugar, mean total alditol, and mean total humectant were not consistent with the reference
dry snuff (CRP3) overall (Tables 1 and 2). All dry snuff samples had sugars (0.51-2.2%) and
humectant glycerol (0.07-0.21%) detected, but reference dry snuff (CRP3, < LOD) had none
detected; all dry snuff samples had relatively higher levels of alditol detected (0.36—0.70%)
compared to reference dry snuff (CRP3, 0.16%) (Table 1).

Table 2 shows that chewing tobacco products had the highest mean total sugar contents
ranging from 9.3-27.5%. It is known that chewing tobacco, such as loose leaf and plug, has
high levels of sugar because of the adding of sugar or different substances containing sugar
(7). Among them, chewing loose had the highest mean total sugar content (27.5%), followed
by chewing plug with a mean total sugar content of 20.2%, and chewing twist with the
lowest mean total sugar content 9.3%. Not all chewing twists were sweetened as shown in
Table 1. Chewing twist (#2) contained no detectable fructose, glucose, or mannose, and
contained only very low sucrose and maltose contents (0.02% and 0.04% respectively). Such
low sugar content is comparable to the level of sugar existing in cigars and cured natural
tobacco leaves (38, 39).

The formulations for SWE moist snus loose and pouch and for US moist snus pouch were
different based on the measured total sugar, total alditol and total humectant levels. SWE
moist snus loose had the highest measured values on all three parameters, followed by SWE
moist snus pouch and US moist snus pouch. However, the sugar level of one US moist snus
pouch sample (#6) was much higher than most of the other snus samples. The humectant
content of the same sample was also at the high level compared to the results of the other
snus samples measured (Tables 1 and 2).

The sugar level in US moist snuff is non-detectable or very low, compared to US moist snus
(Table 1), which could be explained by the tobacco pretreatment process. The tobacco leaf
used for snuff usually experiences fermentation, but not for moist snus. The fermentation
process used in products, such as moist snuff, may account for the loss of natural sugar (31).
Considering the moisture levels for different samples (average levels: 53% for moist snuff,
6% for dry snuff, 52% for Swedish snus, 26% for US moist snus), US dry snuff has a higher
sugar level than US moist snuff and a similar level of sugar as SWE moist snus, based on the
dry weight. It is possible that fermentation is less extensive for US dry snuff tobacco as
compared to US moist snuff.

Three different subcategories (pellet, strip, stick) of dissolvable ST were examined in this
study. Among them, pellet sample #1 and #2 are from one company, and #3 and #4 from
another company. Pellets from different companies have the same levels of alditol and
humectant but showed different levels of sugar. Only one strip and one stick sample were
examined; the obtained results show they have relatively higher sugar, alditol and humectant
levels than other forms of dissolvable ST (Table 1). Xylitol is suggested by dentist to be used
as sugar substitute because it can decrease the dental cavity problem (40). The examined
dissolvable stick sample had highest xylitol level (4.6%) compared to all other samples
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(0.32%) (Table 1). The means and distribution ranges of mono- and disaccharides for each
category or subcategory are summarized in Table 3. Figure 3 compares the mono- and
disaccharide contents in each category or subcategory. SWE snus had relatively higher
percentages of monosaccharides than disaccharides. The nature of the tobacco and the
pretreatment process both could be reasons for this. If relatively large amounts of sugar or
sugar containing substances are added to ST during the manufacturing process, the
percentages of mono- and disaccharides in the detected total sugar in ST (e.g., US loose leaf,
plug, and some twist products) are affected by their contents in the sugar additive sources.
Figure 4 shows the significantly different addition of humectants glycerol and propylene
glycol in different types of ST. The chewing products had much higher glycerol levels (2.4—
4.0% in mean) added than propylene glycol (0.19-0.80% in mean). Snus products had
similar levels of propylene glycol added (2.5-3.5% in mean), however, the glycerol contents
in different categories of snus were significantly different (0.04-2.1% in mean). In US dry
snuff, US pellet, US strip, US stick and India creamy snuff, only glycerol was detected. Only
one among four US tobacco stick samples had propylene glycol detected; all four same
samples had no glycerol detected (Table 1). ST products have a broad variety of
formulations (or categories/subcategories) of samples, and their mean total sugar and alcohol
levels have a much broader span (0.05-27.5% and 0.16—22.9% respectively) than smoking
tobacco products (0.6-5.8%, and 1.9-3.3% respectively) including small cigars, cigarillos,
and cigarettes, that we examined in our recent study (38). Though the mean values could
possibly shift if more brands were analyzed, the results obtained with a limited number of
examined samples in this study give an informative view of product constituents. The work
presented in this manuscript is complementary to our previous work on smokeless tobacco
products (7, 36, 37) Characterization of these products is helpful for a better understanding
of these products and aids other researchers and public health advocates investigating the
risk of using smokeless tobacco products.
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Figure 1. LC-M S/M S extracted ion chromatogram of sugars, alditols, and humectantsin one US
chewing plug sample.

1 - propylene glycol (1.23 min)

2 - glycerol (1.81 min)

3 - xylitol (3.51 min)

4 - D-(-)-fructose (4.06 min)

5 - D-(+)-mannose (4.90 min)

6 - D-sorbitol (5.13 min)

7 - D-(+)-glucose (5.67 min)

8 - sucrose (8.26 min)

9 - myo-inositol (8.86 min)

10 - maltose (9.01 min)

Peaks 1, 3, 6, and 9 are enlarged 200x and embedded in the graph.
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Figure 2. Total sugar (a), alditol (b), and humectant (c) for 11 categories/subcategories of ST.
The error bars at the top of each column indicate the standard deviation of the measurement.

SWE - Sweden; IN - India.
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Comparison of mono- and disaccharide contents in each category or subcategory of ST.
Reference dry and moist snuff had no sugar detected (not shown in the graph).
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Figure 4.

Comparison of glycerol and propylene glycol contents in each category or subcategory of
ST. Reference dry and moist snuff had no humectants detected (not shown in the graph).
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