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Simple Determination of Sugars in Cigarettes
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Abstract

Simple sugars are an important constituent of tobacco, varying between almost 0 and 20% on weight of tobacco.
Some manufacturers add sugars to the natural content in tobacco. In the present report, a simple and fast method is
presented to analyze the concentrations of the sugars sucrose, glucose and fructose in cigarettes. After an extraction
step, the diluted samples are applied to an isocratic HPLC system with detection by evaporated light scattering
(ELSD). The method is very stable and sensitive with a good reproducibility. In one working day 80 samples of
cigarettes can be processed and prepared for overnight HPLC analysis by one technician. The average total sugar
content in 58 commercial cigarette brands is 17.4% (w/w) with a range of 1.9 to 18.3%.

Keywords: Sucrose; Fructose; Glucose; HPLC; ELSD; Tobacco;
Cigarette

Introduction

Sugars are natural tobacco components and can be present in
levels up to 20 weight %. Sugars can also be added to tobacco during
the manufacturing process. The simple low-molecular weight sugars
usually can serve as a flavoring substance and as humectant. Sugars
also promote tobacco smoking, because they have a sweet taste and
upon the smoking process sugars can generate an attractive smell of
caramelized sugar [1]. In addition, sugars can also generate aldehydes,
which are toxic inhalation compounds and probably also carcinogenic
compounds [2].

Therefore the concentration and determination of sugars in tobacco
is an important issue for regulatory authorities. In the literature many
methods have been described for the analyses and quantification of
simple sugars in tobacco. These methods are often rather laborious and
not very suitable for large-scale screening purposes. In this paper we
presentarather simple method for the determination of sugar monomers
and dimers in cigarettes using reversed phase high performance liquid
chromatography (HPLC) with detection by evaporative light scattering
detection (ELSD).

Experimental

Materials

The HPLC system consisted of an autosampler, two high pressure
pumps (ProStar, Varian Inc, Middelburg, The Netherlands) and an
ELSD detector. The ELSD detector (ZAM 3000, Schambeck SFD GmbH,
Bad Honnef, Germany) was operated at 80°C with a flow of nitrogen
at 1.7 ml/min. The chromatograms were recoded and integrated with
the Galaxie data system (Varian Inc.). The standards of D-glucose,
L-rhamnose, D-fructose, D-mannitol, D-sorbitol and D-ribose were
obtained from AccuStandard, Da Vinci Laboratory Solutions B.V.
Rotterdam, The Netherlands.

The cigarettes were purchased at local shops. For each analysis,
approximately 100 mg of tobacco from the cigarettes was weighted and
calculated back to exactly 100 mg for comparison.

Methods

The cigarette sample (approximate 100 mg) is extracted with 10 ml
MilliQ for 60 min on a rolling bench. From this mixture, 2 ml was taken
and centrifuged at 14.000 rpm for 10 minutes. The injection volume was
20 pl. The calibration curve was made with glucose, fructose and sucrose

(Sigma Aldrich, Zwijndrecht, the Netherlands) in concentrations of
31.25, 62.5, 125, 250 and 500 mg/L. As internal standard D-sorbitol was
used in a concentration of 1000 mg/L.

For the separation of the various sugars, a MetaCarb 67C column
(250 x 4.6 cm) was used (Agilent, Amstelveen, the Netherlands),
operating at 85°C. Isocratic elution was performed using MilliQ water
with a flow of 0.5 mL/min. The runtime was set at 20 min.

Results

The extraction of sugars from tobacco was tested in several ways by
different solvent systems and extraction procedures. It appeared that
there was no difference between the various procedures tested, such as
ultrasonic treatment for 1 hr. Therefore the present method was selected
which consists of a simple extraction of 100 mg of tobacco with 10 mL
purified water on a rolling bank for 1 hr.

With the elution conditions, a complete baseline separation could
be obtained with a mixture of sugars as is shown in Figure 1. In Figure 2
a typical example of an extract of tobacco from a cigarette is shown. In
tobacco from cigarettes only sucrose, glucose and fructose are present.

Characteristics of the method

The measuring range is from the limit of detection (LOD) to about
500 mg sugar/g tobacco. The LOD for glucose is 0.3 mg/g tobacco, for
fructose 0.4 mg/g tobacco and for sucrose 0.5 mg/g tobacco, where the
LOD is defined as concentration which is three times the noise level.

The reproducibility and repeatability is rather good. The intra-assay
variation coefficient (N=8) is 7.9, 5.6 and 9.8% for sucrose, glucose and
fructose, respectively. The same experiment was repeated (N=5) on
another day which gave mean concentrations of 99.5, 103.9 and 95.5%
of the first day, for sucrose, glucose and fructose, respectively.
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Figure 1: HPLC separation of a standard mixture of 7 different low molecular
weight sugars. Elution condition are similar as described in the M&M section.
Detection was performed by ELSD. Peak identification: 1= sucrose; 2=
D-glucose; 3= L-rhamnose; 4= D-fructose; 5= D-mannitol; 6= D-sorbitol; 7=
D-ribose.
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Figure 2: HPLC separation of tobacco sample from cigarettes. Elution
conditions are similar as described in the M&M section. Detection was
performed by ELSD.
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Figure 3: Sugar concentrations in 58 different brands of cigarettes. Black bar:
sucrose, white bar: glucose and grey bar fructose.

The simple procedure allows the preparation of 80 samples of
cigarettes within one working day by one skilled laboratory worker. The

samples can be analyzed overnight by the HPLC system equipped with
an auto-sampler.

Measurements in cigarettes

With the presented method, the sugar concentrations in 58 different
brands have been determined. In the samples only sucrose, glucose and
fructose were present. The result is shown in Figure 3.

In almost all brands glucose, fructose and sucrose are present in
various amounts. The average amounts are for sucrose 34.5 mg/g
tobacco, for glucose 52.3 mg/g tobacco and for fructose 87.6 mg/g
tobacco. The average total sugar content is 17.4% (w/w) with a range
of 1.9 to 18.3%.

Discussion

The method for the quantification of simple sugars in cigarettes,
presented here, is a fast and precise method that can be performed with
a simple isocratic HPLC system using an ELSD detector. The ELSD
detection technique has turned out to have a better sensitivity, and is
more stable with respect to baseline stability than the refractive index
detection [3,4]. After a simple extraction with purified water followed
by a centrifugation step, an aliquot was injected onto the HPLC system
without the need of additional purification. In the chromatogram only
three peaks are usually present in cigarettes, being sucrose, glucose and
fructose. These compounds are baseline separated and can be quantified
with correction using an internal standard. The limit of detection of the
three sugars is in the range of 0.3-0.5 mg/g tobacco. In a series of 58
different brands of cigarettes, the lowest amount of glucose found was
10.8 mg/g tobacco and of fructose 7.9 mg/g tobacco, being about 20
times higher than the LODs.

The simple procedure allows the processing and detection of sugar
in about 80 cigarettes per day by one skilled laboratory worker.

The sugar content in 58 brands of cigarettes was determined. In
almost all samples the three sugars sucrose, glucose and fructose were
present. Only one brand contained no sucrose. It has been reported that
on average, only 1.8% of sugar is added to the tobacco of a cigarette [5].
It cannot be concluded form this study whether the sugars originate
from natural sources or were added by the manufacturers.

In literature, only one report was found with detection of sugars in
tobacco leaves using the ELSD detection [6]. The authors found about
the same characteristics with respect to LODs and reproducibility. The
procedure was somewhat more laborious by the addition of a solid-
phase extraction step prior to the HPLC separation. Since we have
focused on the analysis of sugars in cigarettes, we did not perform
standard addition experiments in tobacco leaves.

The presented method for the detection of simple sugars in
cigarettes has a number of advantages compared with other reported
methods [7-9]. Especially the use of the ELSD detection turned out
to be advantageous by its temperature and solvent stability during
operation. Combined with the simple sample pre-treatment, analysis
of sugars of 80 samples/day is possible. Both LOD and dynamic range
of the method are suitable for the regulation purposes of sugars in
cigarettes.

Acknowledgement

This study was conducted with financial support of the Netherlands Food and
Consumer Product Safety Authority (NVWA) and the Tobacco Free Initiative of the
World Health Organization (WHO HQ/TFI).

J Anal Bioanal Tech
ISSN: 2155-9872 JABT, an open access journal

Volume 5 « Issue 6 + 1000218



Citation: Jansen E, Cremers J, Borst S, Talhout R (2014) Simple Determination of Sugars in Cigarettes. J Anal Bioanal Tech 5: 219 doi:10.4172/2155-

9872.1000219

Page 3 of 3

References

1.

Talhout R, Opperhuizen A, van Amsterdam JG (2006) Sugars as tobacco
ingredient: Effects on mainstream smoke composition. Food Chem Toxicol 44:
1789-1798.

Roemer E, Schorp MK, Piadé JJ, Seeman JI, Leyden DE, et al. (2012) Scientific
assessment of the use of sugars as cigarette tobacco ingredients: a review of
published and other publicly available studies. Crit Rev Toxicol 42: 244-278.

Clementa A, Yonga D, Brecheta C (1992) Simultaneous Identification of Sugars
by HPLC Using Evaporative Light Scattering Detection (ELSD) and Refractive
Index Detection (RI). Application to Plant Tissues. J Liquid Chromatogr 15: 805-
817.

Lucena R, Cardenas S, Valcarcel M (2007) Evaporative light scattering
detection: trends in its analytical uses. Anal Bioanal Chem 388: 1663-1672.

Schenk E, Kienhuis AS, Talhout R (2012) Additives in Dutch tobacco products
(Dutch, with English summary). RIVM report nr. 050057002.

Pang T, Bai C, Xu Y, Xu G, Yuan Z, et al. (2006) Determination of Sugars
in Tobacco Leaf by HPLC with Evaporative Light Scattering Detection. J Liq
Chromatogr Rel Techn 29: 1281-1289.

Hasebe H, Subara S (1999) The quality estimation of different tobacco type

examined by headspace vapor analysis. Beitr Tabakforsch Int 18: 213-222.

Han NS, Robyt JF (1998) Separation and detection of sugars and alditols on

thin layer chromatograms. Carbohydr Res 313: 135-137.
. Adams MA, Chen ZL, Landman P, Colmer TD (1999) Simultaneous

determination by capillary gas chromatography of organic acids, sugars, and
sugar alcohols in plant tissue extracts as their trimethylsilyl derivatives. Anal
Biochem 266: 77-84.

J Anal Bioanal Tech

ISSN: 2155-9872 JABT, an open access journal

Volume 5 « Issue 6 + 1000218


http://www.researchgate.net/publication/244594974_Determination_of_Sugars_in_Tobacco_Leaf_by_HPLC_with_Evaporative_Light_Scattering_Detection
http://www.researchgate.net/publication/244594974_Determination_of_Sugars_in_Tobacco_Leaf_by_HPLC_with_Evaporative_Light_Scattering_Detection
http://www.researchgate.net/publication/244594974_Determination_of_Sugars_in_Tobacco_Leaf_by_HPLC_with_Evaporative_Light_Scattering_Detection
http://www.sciencedirect.com/science/article/pii/S000862159800250X
http://www.sciencedirect.com/science/article/pii/S000862159800250X
http://www.sciencedirect.com/science/article/pii/S0003269798929062
http://www.sciencedirect.com/science/article/pii/S0003269798929062
http://www.sciencedirect.com/science/article/pii/S0003269798929062
http://www.sciencedirect.com/science/article/pii/S0003269798929062
http://www.ncbi.nlm.nih.gov/pubmed/16904804
http://www.ncbi.nlm.nih.gov/pubmed/16904804
http://www.ncbi.nlm.nih.gov/pubmed/16904804
http://www.ncbi.nlm.nih.gov/pubmed/22263649
http://www.ncbi.nlm.nih.gov/pubmed/22263649
http://www.ncbi.nlm.nih.gov/pubmed/22263649
http://www.tandfonline.com/doi/abs/10.1080/10826079208018836#preview
http://www.tandfonline.com/doi/abs/10.1080/10826079208018836#preview
http://www.tandfonline.com/doi/abs/10.1080/10826079208018836#preview
http://www.tandfonline.com/doi/abs/10.1080/10826079208018836#preview
http://www.ncbi.nlm.nih.gov/pubmed/17572888
http://www.ncbi.nlm.nih.gov/pubmed/17572888
http://www.rivm.nl/en/Documents_and_publications/Scientific/Reports/2012/december/Additives_in_Dutch_tobacco_products
http://www.rivm.nl/en/Documents_and_publications/Scientific/Reports/2012/december/Additives_in_Dutch_tobacco_products

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Experimental
	Materials
	Methods

	Results
	Characteristics of the method 
	Measurements in cigarettes 

	Discussion
	Acknowledgement
	Figure 1
	Figure 2
	Figure 3
	References



