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Background: The use of smokeless tobacco is considered as a risk factor for oral cancer.
Objectives: The current study aimed to chemically analyze, separate and measure the existing substances in a type of chewing tobacco.
Materials and Methods: In the current descriptive study, the investigated sample was a type of smokeless tobacco, known as BT, 
manufactured in India. First steam distillation method and Clevenger machine were used to separate and extract the essential oil of 
the sample. The presence of the desired compounds was evaluated in the essential oil, using gas chromatography (GC) and then gas 
chromatography coupled to mass spectrometry (GC/MS) analysis.
Results: Based on the results obtained by the applied technique, the presence of carcinogenic compounds, N-nitrosomethyl-vinylamine 
(162 µg/g), N-nitrosonornicotine (6.3 µg/g), and Acetaldehyde (117 µg/g) was confirmed in the sample.
Conclusions: Chemical analysis of the sample confirmed the existence of carcinogenic compounds.
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1. Background
Five million people lose their lives annually due to to-

bacco related diseases worldwide. According to the es-
timations, this rate rises to ten million in 2030 which 
exceeds the death rate caused by HIV, drug abuse, road 
accidents, murder, and suicide (1).

Tobacco is used in different forms including cigars, 
cigarettes, bidi, and smokeless tobacco (ST) that its com-
pounds differ based on the region where it is consumed. 
Although people think smokeless tobacco is harmless, 
scientific evidence show that its consumption is a risk 
factor for blood pressure, dyslipidemia, abortion, low 
birth weight, exacerbation of asthma, and cancer (1, 2).

The smokeless tobacco contains large amounts of car-
cinogenic compounds among which Tobacco Specific N-
nitrosamines (TSNAs) is the most important one (3).

4-methylnitrosamino -1-(3-pyridyl-1-butanone) (NNK) 
and N-nitrosonornicotine (NNN) are the most important 
TSNAs existing in the smokeless tobacco. They exist in to-
bacco leaf in very low concentration and are produced in 
higher concentration during curing, aging, and tobacco 
fermentation phases due to the reaction between tobac-
co alkaloid amines and nitrite (4). 

Oral tumors are developed in the laboratory animals 
using smokeless tobacco since 1981. Several investigators 

showed the relationship between snuff consumption 
and oropharyngeal cancer in the laboratory animals (5). 
According to the researches by Hoffman et al. using NNN 
and NNK solutions resulted in tumors in mice and ham-
sters (5, 6). In another study, consumption of NNN caused 
different oral tumors in rats (7).

Rodu et al. after extensive study on the relative articles 
published from 1975, stated that the use of chewing to-
bacco and moist snuff are associated with low risk for 
oral cancer, while dry snuff is more risky (4). 

Rickert et al. showed that the organic and aqueous ex-
tracts of smokeless tobacco are mutagenic or clastogenic 
(resulting in breakdown of chromosomes) (8).

Regarding the serious threats of smokeless tobacco 
consumption to human health, different studies were 
carried out to separate and measure its carcinogenic 
and toxic substances. Stepanov et al. investigated nitro-
samines existing in 32 smokeless tobacco products in 
India’s market. The highest level of nitrosamines was re-
ported in different types of Zarda and Khaini (9).

According to Brunnemann’s study, the level of NNK was 
from inseparable to 1.9 μg/g in the American and Danish 
samples, and the level of NNN ranged from 0.08 to 7.38 
µg/g in the Danish and Belgian samples (10). In a study by 
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Hoffmann, about 30 carcinogenic substances were iden-
tified in chewing and snuff tobacco (5).

The present study was performed due to the follow-
ing reasons: Sistan and Baluchetsan is a province neigh-
boring Afghanistan and India Pakistan through which 
these products are trafficked and presented in luxuri-
ous packages and distributed in the market; cultural 
and traditional similarities between the people living 
in the province, especially the Baluch, and those who 
live in neighboring countries; the relationship between 
consumption of smokeless tobacco and oral squamous 
cell carcinoma (11); and lack of study on identification 
of smokeless tobacco products, especially the most com-
mon type in the province’s market. 

2. Objectives
The current study aimed to analyze, separate, and mea-

sure the existing substances in a type of chewing tobacco. 

3. Materials and Methods

3.1. Essential Oil Extraction
The studied sample was a type of smokeless tobacco 

known as BT and manufactured in India. To recognize the 
sample constituents, 25 g of it was placed in oven at 50°C 
to fully dry it out. Then, its essential oil was extracted us-
ing steam distillation and the Clevenger machine.

3.2. Identification of the Essential Oil Constituents
Gas chromatography (GC) and gas chromatography 

coupled to mass spectrometry (GC/MS) were used to 
identify the essential oil compounds. After injection of 
essential oil into GC apparatus, the essential oil constitu-
ents were qualitatively tested using time retention (TR), 
retention index (RI), and mass spectrum (MS), and these 
elements were compared with standard compounds or 
available information in the Saturn Library (12).

3.3. Calculation of Retention Index
To measure retention indices, normal C6-C30 alkane 

compounds were injected into GC apparatus. Using the 
information in the carcinogenic library and retention in-
dices, the compounds mass spectra were identified and 
compared with the standard mass spectra. They were also 
compared with the retention indices published in differ-
ent resources.

The compounds were quantified by means of data pro-
cessor (R3 A-Chromatepac) using area normalization 
method and ignoring the spectra-related response factors. 

3.4. Specifications of the Apparatuses

3.4.1. Gas Chromatography
A gas chromatography apparatus (Shimadzu Company, 

GC-17A), equipped with a DB-1 type column (50 m length, 

0.25 mm internal diameter, and 0.25 µm thin layer thick-
ness) was employed for GC analysis. The injection site 
and detector sector temperatures were both at 225°C. 
The temperature was adjusted to start from 70°C and 
increase to 225°C with a ratio of 4°C/min. The carrier gas 
helium was applied with a speed of 1.1 mL/min.

3.4.2. GC/MS Apparatus
The Shimadzu apparatus, QP 505, equipped with a DB-1 

column (50 m length, 0.25 mm internal diameter, and 
0.25 µm thin layer thickness) was used for GC/MS analy-
sis. The electron ionization system with the energy of 70 
eV was used for tracking. The oven temperature increased 
from 70°C to 225°C at a speed of 4°C/min. The carrier gas 
helium was applied with a speed of 1.1 mL/min.

4. Results
Based on the results obtained from the steam distilla-

tion and Clevenger machine, the existence of different 
compounds was confirmed. The results are presented in 
Table 1. By this method, carcinogenic compounds such as 
N-nitromethyl vinylamine, N-nitrosonornicotine, and ac-
etaldehyde were recognized.

Table 1. Chemical Compounds in the Studied Sample

Name Percent Retention Factor (I)
Hexane 18.83 600
1,2- Cineole 0.03 1139
L- Menthol 5.98 1094
Cyclohexanol 4.68 616
β-propiolactam 1.44 312
1-Dodecenyl methyl 0.51 1300
Acetaldehyde a 2.05 324
N-Nitrosomethyl vinylamine a 2.83 344
Urotropinborane 2.32 2196
2,5–Divinyl-2–methyl-
tetrahydrofuran

1.63 996

Isoneomenthol 2.20 1026
Cis 3-hexenyl pyruvate 2.39 988
5-Octane-2-One, 6-Ethyl 1.85 978
2-Oxabicyclo [2.2.1] heptane 2.40 755
N-Allylaziridine 1.27 1098
2,3-Hexanedione 2.89 607
Butyric Acid 1.78 434
Propionaldimine 1.53 1342
Cyclohexanone 5.47 610
Citronellol 4.25 1023
2- Pentadecyn-1-O1 0.05 1514
Nonadecanol 0.05 1924
6-Ubdecanone 0.02 1138
Nicotine 0.62 1039
Eugenol 2.89 1046
N-Nitrosonornicotine a 0.11 994
a carcinogen.
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5. Discussion
Chemical analysis of the studied sample confirmed the 

existence of carcinogenic and toxic compounds. In differ-
ent studies, the existence of volatile aldehydes, nitrosa-
mines, nitrosamino acids, tobacco specific nitrosamines 
(TSNAs), and inorganic compounds such as carcinogenic 
substances are mentioned (5, 6, 11, 13). In the current stud-
ied sample, TSNAs carcinogenic compounds were also rec-
ognized. These compounds are made from precursors of 
alkaloids, nitrite, or nitrate during curing, aging, and fer-
mentation of the tobacco. N-nitrosonornicotine (NNN), 
N-nitrosoanabasine (NAB), and N-nitrosoanatabine (NAT) 
are created from the second-type amines of nornicotine, 
anatabine, and anabasin during the early stages of tobac-
co curing and fermantation, and NNK and some NNN are 
created from the third-type nicotineamines during the 
last stages of tobacco curing and fermentation (4, 5).

Several factors determine the concentration of TSNAs in 
the tobacco products such as the type of tobacco prod-
ucts, the amount of nitrate and nitrite, the curing tech-
nique, and the production methods. In addition, TSNAs 
have different levels in the various parts of the tobacco 
plant. Based on the analysis of 41 segments of tobacco 
leaf cured by air, the concentration of nitrosamines was 
smaller on the tip and the perimeter of tobacco leaf and 
was greater in the leaf base. In addition, TSNAs concen-
tration was more dependent on the nitrogen and nitrite 
contents rather than the alkaloid content (14).

According to the above, due to differences in the prod-
uct type, production feature, country of origin, and 
chemical analysis methods, it is difficult to compare 
the studied sample with the other samples. This is one 
of the study limitations, which is also confirmed by a 
broad range of reported TSNAs in the smokeless tobacco 
products. Smokeless tobacco accounts for more than 
one third of the tobacco products in India. The common 
forms of smokeless tobacco include tobacco with betel 
quid, lime, and tooth powder.

Based on the results of the analysis of these substanc-
es in India, the highest TSNAs levels were by Khaini and 
Zadra, and the lowest were reported in those of gutka 
and snuff. The amount of TSNAs in the betel and tobacco 
tooth powder could not be measured (5, 9).

In the sample under study, 6.3 µg/g of the NNN com-
pound was identified. In a study by Stepanov et al. on new 
chewing tobacco products, the lowest amount of NNN 
was observed in different types of Ariva and Stone Wall 
(0.26-0.28 µg/g), and its highest level was reported in the 
Exalt (3.3 µg/g), which was lower than that of NNN level 
in BT (15).

Hoffmann et al. analyzed five samples of chewing tobac-
co in America and reported the highest amount of NNN 
in Copenhagen (8.73 ± 1.44 µg/g) and the lowest in that 
of Hawken (3.07 ± 0.3 µg/g) (6 ). Based on this study, the 
amount of NNN in Copenhagen is greater than in BT, and 
in Hawken is lower than in BT.

According to the study by Brunnemann, the level of 
NNN ranged from 0.08 to 7.38 µg/g in Danish samples and 
Belgian samples, which was comparable with that of the 
NNN existing in BT (6.3 µg/g) (10).

According to the study by Stepanov et al. on 32 products 
in India’s market, the highest level of NNN was in Khaini 
and Zadra (0.08-28.4 µg/g), which was higher than that of 
the NNN level in BT (9). The concentration of NNN in BT 
sample was greater than those of some American, Dan-
ish, and Indian (Khiwam and Mishri) products, while 
it was lower than those of different types of Khaini and 
Zadra (Indian products) (9, 15).

Chemical analysis of a type of chewing tobacco, com-
mercially known as BT and manufactured in India, using 
GC-MS apparatus proved the existence of carcinogenic 
and toxic substances in it. Therefore, informing people 
about disadvantages of such substances is essential. 

Recommendations:
1) Analysis of chewing tobacco by thermal electrical ana-

lyzer (TEA), since it produces more powerful signals than 
GC-MS and is one of the methods to identify nitrosamine.

2) Separation of inorganic material by burning and ex-
amination of the sample using atomic absorption device.

3) Analysis of the other types of industrial and tradition-
al chewing tobacco and their comparison.

Acknowledgements
The authors acknowledge their gratitude to the Re-

search Deputy of Zahedan University of Medical Sciences 
for approval and financial support of the current study.

Authors’ Contributions
Dr. Mollashahi: study concept and supervision Dr. 

Noroozi: chemical analysis Dr. Afroughe: interpretation 
of data Dr. Hashemi: data collection.

Funding/Support
This study was financially supported by Zahedan Uni-

versity of Medical Sciences, Zahedan, IR Iran.

References
1.       Imam SZ, Nawaz H, Sepah YJ, Pabaney AH, Ilyas M, Ghaffar S. Use 

of smokeless tobacco among groups of Pakistani medical stu-
dents - a cross sectional study. BMC Public Health. 2007;7:231.

2.       Gupta PC, Ray CS. Smokeless tobacco and health in India and 
South Asia. Respirology. 2003;8(4):419–31.

3.       Borgerding MF, Bodnar JA, Curtin GM, Swauger JE. The chemical 
composition of smokeless tobacco: a survey of products sold 
in the United States in 2006 and 2007. Regul Toxicol Pharmacol. 
2012;64(3):367–87.

4.       Rodu B, Jansson C. Smokeless tobacco and oral cancer: a re-
view of the risks and determinants. Crit Rev Oral Biol Med. 2004; 
15(5):252–63.

5.       Hoffmann D, Djordjevic MV. Chemical composition and carcino-
genicity of smokeless tobacco. Adv Dent Res. 1997;11(3):322–9.

6.       Hoffmann D, Brunnemann KD, Prokopczyk B, Djordjevic MV. 
Tobacco-specific N-nitrosamines and Areca-derived N-nitrosa-
mines: chemistry, biochemistry, carcinogenicity, and relevance 
to humans. J Toxicol Environ Health. 1994;41(1):1–52.



Farhadmollashahi L et al.

Int J High Risk Behav Addict. 2014;3(4):e221334

7.       Balbo S, James-Yi S, Johnson CS, O'Sullivan MG, Stepanov I, Wang 
M, et al. (S)-N'-Nitrosonornicotine, a constituent of smokeless to-
bacco, is a powerful oral cavity carcinogen in rats. Carcinogenesis. 
2013;34(9):2178–83.

8.       Rickert WS, Joza PJ, Trivedi AH, Momin RA, Wagstaff WG, Lauter-
bach JH. Chemical and toxicological characterization of com-
mercial smokeless tobacco products available on the Canadian 
market. Regul Toxicol Pharmacol. 2009;53(2):121–33.

9.       Stepanov I, Hecht SS, Ramakrishnan S, Gupta PC. Tobacco-specific 
nitrosamines in smokeless tobacco products marketed in India. 
Int J Cancer. 2005;116(1):16–9.

10.       Brunnemann KD, Hoffmann D. Analytical studies on tobacco-
specific N-nitrosamines in tobacco and tobacco smoke. Crit Rev 
Toxicol. 1991;21(4):235–40.

11.       Burket LW. Burket's oral medicine: diagnosis and treatment. USA: 
PMPH; 2003.

12.       Adams R. Identification of essential oil components by gas chromatog-
raphy/ quadropole mass spectroscopy.IL Carol Stream: Allured; 2001.

13.       Battaglioli T, Gorini G, Costantini AS, Crosignani P, Miligi L, Nanni 
O, et al. Cigarette smoking and alcohol consumption as determi-
nants of survival in non-Hodgkin's lymphoma: a population-
based study. Ann Oncol. 2006;17(8):1283–9.

14.       International Agency for Research on Cancer. Smokeless tobacco 
and some Tobacco-specific N-nitrosamin, Monogaphs on the evalua-
tion of carcinogenic risks to humans. IARC; 2007.

15.       Stepanov I, Jensen J, Hatsukami D, Hecht SS. Tobacco-specif-
ic nitrosamines in new tobacco products. Nicotine Tob Res. 
2006;8(2):309–13.


