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Abstract

Objectives: Worldwide, smokeless tobacco products vary greatly in their formulations and 

chemical composition. Understanding of toxic and carcinogenic constituent variations in such 

products can provide valuable insights for the development of effective tobacco control policies. 

In this study, we applied a standardized protocol to collect and analyze smokeless products sold in 

Mumbai, India.

Methods: Tobacco products were purchased at three markets in Mumbai, using standardized 

protocol for sample collection, labeling, and storage. Moisture content, pH, total and unprotonated 

nicotine, and five tobacco-specific N-nitrosamines (TSNA) were analyzed by validated methods.

Results: We purchased 39 samples representing eight varieties of manufactured and vendor

made smokeless tobacco products. Total nicotine ranged from 5.3 to 57.8 mg/g dry weight. 

Unprotonated nicotine content varied from 0.13% to 99.8% of total nicotine. Total TSNA 

content ranged from 0.17 to 81.0 μg/g dry weight. When expressed per wet weight of product, 

unprotonated nicotine varied more than 300-fold and TSNA content varied more than 650-fold 

across the products. Substantial vendor-to-vendor variations were also observed.

Conclusions: Our findings emphasize the critical need for systematic smokeless tobacco 

surveillance in India, to improve understanding of exposures and cancer risks in users of these 

products.
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INTRODUCTION

Close to a third of the Indian population uses various forms of smokeless tobacco 

products.1,2 As a result, India is home to over 80% of all smokeless tobacco users 

worldwide.3 The widespread use of smokeless tobacco in India persists despite several 

important policy and legislative measures that have been introduced in India since the 

1990’s, including bans on advertising, introduction of graphic warnings, and bans of select 

smokeless product types, like gutkha.4–6 Overall, the use of smokeless tobacco has been 

identified as a cause of oral, pancreatic, and esophageal cancer.7,8 In India, the association 

of smokeless tobacco use with oral cancer is particularly striking.9–12 The rates of oral 

cancer in India are among the highest in the world, and it is the leading cause of cancer

related death in that country.12,13 Characterization of the carcinogenic potential of smokeless 

products is an important element for the development of tobacco control policies and can 

serve as an effective tool in the education of healthcare professionals and consumers about 

the harms of smokeless tobacco use.

There is an abundant diversity of smokeless tobacco products in India, ranging from 

unprocessed tobacco to cured flavored tobacco with lime, to complex mixes containing 

various non-tobacco ingredients, such as in betel quid.10,14 Multiple manufactured brands 

of the same product type can be found in various parts of the country, and some products 

are cottage-made or prepared by vendors at the place of purchase, altogether adding to the 

diversity of the smokeless tobacco market in India.10,14 This diversity is accompanied by 

substantial variations in the chemical composition across individual product types.14 For 

instance, the most recent report on the chemical composition of several products purchased 

in India showed that the levels of unprotonated nicotine, the biologically available form of 

the main known addictive constituent in tobacco, ranged from 0.05 to 4.68 mg/g product, 

while the sum of several tobacco-specific N-nitrosamines (TSNA), the major group of 

carcinogenic constituents in smokeless tobacco, ranged from 0.264 to 23.9 μg/g product.15

In addition to variations across product types, some tobacco constituents can vary within the 

same brand due to subtle variations in product composition, differences of storage duration 

and conditions, or other factors. For instance, the levels of unprotonated nicotine are 

drastically affected by even slight changes in product pH,16–18 while TSNA can be formed 

via the nitrosation of tobacco alkaloids during product storage.19,20 We have previously 

demonstrated that the levels of unprotonated nicotine and TSNA in novel smokeless tobacco 

products marketed in the U.S. varied regionally and over time within the same brand of 

product.21–23 Monitoring such within-brand variations of toxicant and carcinogen levels 

in Indian smokeless products can provide valuable insights for the evaluation of addictive 

and carcinogenic potential of these products and inform effective regulatory and preventive 

measures.

The goal of this study was to apply a standardized protocol to collect and analyze multiple 

samples of several manufactured and vendor-made Indian smokeless tobacco products 

purchased in a defined location in India. We present levels of nicotine, unprotonated 

nicotine, TSNA, and moisture content in manufactured and vendor-made products purchased 

at three different markets in Mumbai.
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METHODS

Tobacco samples

Sample collection was carried out at three street markets in Mumbai, India, following our 

standardized sampling and labeling procedures.21,23,24 A pilot survey of the most popular 

smokeless tobacco products was conducted by the Indian collaborators prior to the start 

of the study, in order to compose a representative list of samples to be collected and 

transported to the University of Minnesota for analyses. The list was further confirmed 

with each vendor at the time of purchase. In order to evaluate the potential variations 

within the same product brand/type, six samples of each manufactured product variety 

were obtained, with duplicate samples being purchased from three different markets. The 

content of manufactured products was assessed by inspecting the information printed on the 

packages. For the products made by the vendor at the time of purchase, one sample per 

vendor was obtained and the list of ingredients has been recorded. At all locations, products 

and/or ingredients used in product preparation were exposed to high ambient temperatures 

and humidity, similar to the routine handling of other smokeless tobacco products on 

Indian markets. After the purchase, samples were labeled and handled according to our 

standardized sampling and labeling procedures.21,24 In the laboratory, samples were sealed 

in plastic sleeves and stored at 4 °C until analysis.

Constituent analyses

Samples were prepared according to our routine validated methods.21,23,24 Negative control 

(extraction solvent) and positive control (reference tobacco CRP1 and CRP2) were included 

to monitor for potential contamination and analytical accuracy.

Moisture content and pH were measured via the difference in weight of a tobacco sample 

before and after its drying for 3 h at 99 °C, and pH was measured in aqueous tobacco 

extracts as described.21,25

TSNA.—Five commonly measured TSNA – Nʹ-nitrosonornicotine (NNN), 4

(methylnitrosamino)-1-(3-pyridyl)-butanone (NNK), 4-(methylnitrosamino)-1-(3-pyridyl)

butanol (NNAL), Nʹ-nitrosoanatabine (NAT), and Nʹ-nitrosoanabasine (NAB) – were 

analyzed in single analytical procedure by using our standard liquid chromatography-tandem 

mass-spectrometry (LC-MS/MS) protocol.24,26 Briefly, tobacco samples were extracted with 

15 mM ammonium acetate, the extracts were purified on ChemElut cartridges (Agilent, 

Santa Clara, CA), and the purified samples were analyzed by LC-MS/MS in positive ion 

electrospray mode with selected reaction monitoring for m/z 178 → 148 for NNN, m/z 208 

→ 178 for NNK, m/z 210 → 190 for NNAL, m/z 190 → 160 for NAT, and m/z 192 → 162 

for NAB. Corresponding transitions were monitored for 13C6NNN, [pyridine-D4]NNK, and 
13C6NNAL, which were used as internal standards.

Nicotine and unprotonated nicotine.—These were measured by our standard 

laboratory procedures as previously described.21,27 Briefly, tobacco was extracted with 15 

mM ammonium acetate, an aliquot was mixed with [CD3]nicotine internal standard, and the 

sample was diluted and analyzed by LC-MS/MS, monitoring m/z 163 → 130 for nicotine 
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and m/z 166 → 130 for [CD3]nicotine.27,28 The amount of unprotonated nicotine was 

calculated using the Henderson-Hasselbalch equation, using the measured nicotine, pH, and 

pKa of 8.02.29

RESULTS

A total of 39 samples of smokeless tobacco products were purchased at Belapur, Nerul, 

and Sanpada stations in Mumbai (Table 1). Based on the content, these products can 

be separated in three groups: (i) manufactured tobacco that consumers mix with lime 

before use (Sandeep Pandharpuri, Om Special Pandharpuri, and Tambakhu Gai Chhap); 

(ii) manufactured alkaline tobacco (Miraj and Chaini Khaini); and (iii) vendor-made mixed 

products containing tobacco, areca nut, and other ingredients (mawa and betel quid) (Figure 

1). In the case of manufactured products, two samples were purchased at each of the three 

markets to a total of 6 samples per product. In the case of vendor-made mawa and betel quid, 

one sample was purchased at each of the three markets, or 3 samples per product.

Moisture content, pH, and total and unprotonated nicotine levels in all samples are presented 

in Table 2. Levels of TSNA in all products are presented in Table 3. Moisture content varied 

significantly across the tested brands; therefore, levels of constituents in Tables 2 and 3 are 

expressed per gram dry weight. Nicotine levels in all samples ranged from 5.3 to 57.8 mg/g 

dry weight, with the levels being generally lower in vendor-made mawa and betel quid than 

in manufactured products (Table 2). Product pH ranged from 5.14 to 10.82, resulting in 

unprotonated nicotine variation from 0.13% to 99.8% of total nicotine content. The highest 

unprotonated nicotine content was found in Miraj and Chaini Khaini products: 23.0 ± 4.0 

and 12.9 ± 3.0 mg/g dry weight, respectively.

The sum of all five measured TSNA ranged from 0.17 μg/g dry weight in a sample of betel 

quid to 81.0 μg/g dry weight in Chaini Khaini (Table 3). Overall, levels of TSNA were 

higher in manufactured than in vendor-made products. The sum of the three carcinogenic 

TSNA – NNN, NNK, and NNAL – was the highest in Chaini Khaini (41.4±8.2 μg/g dry 

weight), followed by Tambakhu Gai Chhap (19.8±1.6 μg/g dry weight), and the lowest levels 

were found in betel quid (0.61±0.54 μg/g dry weight).

Vendor-to-vendor comparison of constituent levels in individual products showed the largest 

variation for the vendor-made products (Figure 2). Levels of unprotonated nicotine in mawa 

‘120–300’ varied more than 9-fold among the three vendors, ranging from 0.2 to 1.9 mg/g 

dry weight. The sum of NNN, NNK, and NNAL in mawa ‘120–300’ and in Banarasi 

Paan betel quid varied 14-fold and 10-fold, respectively, across the vendors. Among the 

manufactured products, the variation of unprotonated nicotine and carcinogenic TSNA was 

slightly higher in Chaini Khaini and Miraj tobacco than in other products.

DISCUSSION

This study reports the results of chemical analyses performed on a range of manufactured 

and vendor-made smokeless tobacco products purchased in Mumbai, India. To provide 

insights into the potential vendor-to-vendor variation in the chemical composition of tested 

products, samples of each product variety were purchased at three different markets. We 
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found more than 300-fold difference in unprotonated nicotine content, and more than 650

fold difference in the total TSNA content, across eight tobacco products that are commonly 

used in Mumbai. Vendor-to-vendor variations in constituent levels have been also observed 

for some products.

Effect of product type on constituent levels

Both the similarities and the differences of constituent profiles among the individual 

products within the same categories provide important insights into the addictive and 

carcinogenic potential of various product types.

(i) Manufactured tobacco that consumers mix with lime before use.—These 

products contained higher levels of total nicotine than other products analyzed in this 

study, ranging from 30.1 to 53.4 mg/g dry weight. The relatively low pH of these products 

(range, 5.13 – 6.25) leads to only small proportion of total nicotine being present in the 

unprotonated form (Table 2). However, the amount of lime that a user may add to these 

products can potentially increase the pH above 10 and thus convert up to 100% of nicotine 

into unprotonated, biologically available form that is rapidly absorbed into the bloodstream 

and is associated with addiction.16 Therefore, consumers using the same product type may 

be exposed to unprotonated nicotine at levels that range from as low as 0.05 mg/g to more 

than 40 mg/g product (as is, or “wet” weight). Such elasticity suggests that this category of 

products may be appealing to a wide range of users, from young people who initiate tobacco 

use to established users who are highly dependent and require high doses of biologically 

available nicotine.16,30 This category of products may also serve as a flexible option for 

the “graduation” from low to high nicotine intake in the same user.31 Two of the three 

products in this category – Sandeep Pandharpuri and Om Special Pandharpuri – had similar 

levels of TSNA (Table 3). The relative ratios between carcinogenic TSNA were similar in 

these products as well, suggesting that similar tobacco type and processing method was used 

in the preparation of both products. Total TSNA content in the third product, Tambakhu 

Gai Chhap, is 3 to 4 fold higher, and the relative content of various TSNA is different, 

than in the Pandharpuri varieties, suggesting different tobacco processing and/or type. These 

observations suggest that there could be substantial variations in carcinogenic potential 

across tobacco products that may be perceived as very similar based on their packaging, 

nicotine content, and the intended mode of use.

(ii) Manufactured alkaline tobacco.—Overall, Miraj and Chaini Khaini had different 

constituent profiles than samples discussed above. These products are ready-to-use 

formulations with high pH (ranging from 9.10 to 10.75) resulting in high unprotonated 

nicotine content (Table 2). Such products can be highly addictive,16,32 and this perhaps 

explains the reason for prevalence of khaini use in India being by far the highest (11.6% vs. 

the next group, gutka – 8.2%).2 Moisture content in these products was higher than that of 

other manufactured products in this study, with Miraj tobacco containing moisture at levels 

similar to the U.S. moist snuff (43.4±1.1 %). The levels of TSNA were drastically different 

between Miraj and Chaini Khaini, and different from other manufactured products. The 

sum of NNN, NNK, and NNAL in Miraj tobacco was the lowest among the manufactured 

brands, 3.18±0.23 μg/g dry weight, and in Chaini Khaini it was the highest, 41.4±8.2 μg/g 
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dry weight (Table 3). We previously reported these extremely high levels of TSNA in 

Chaini Khaini,24 these results are consistent with other reports on TSNA levels in khaini 
tobacco products.15,33 Both the total nicotine content (Table 2) and the relative amounts of 

individual TSNA (Table 3) are different between Miraj and Chaini Khaini, again indicating 

that different tobacco types and/or tobacco processing methods are used in the preparation of 

these products.

(iii) Vendor-made mixed products containing tobacco, areca nut, and other 
ingredients.—In these products, tobacco accounts for only a small proportion of total 

content (Table 1, Figure 1). Therefore, the levels of tobacco constituents in these products 

are relatively low as compared to manufactured products in which tobacco is the primary 

ingredient (Tables 2 and 3). It should be noted, however, that these products contain 

areca nut, which contains additional addictive and carcinogenic constituents, such as areca 

alkaloids and areca-specific nitrosamines.11,34–36 The use of areca nut-containing products, 

even without tobacco, has been strongly associated with non-malignant and carcinogenic 

effects, particularly with oral and esophageal cancers.11,36 It is not known how the combined 

exposures to tobacco- and areca-derived toxicants and carcinogens affect the addictive and 

carcinogenic potential of these products.

Constituent variations by place of purchase

Variations in nicotine and TSNA levels were observed for both the manufactured and the 

vendor-made products. Among the manufactured products, vendor-to-vendor differences in 

levels of nicotine were larger for the more complex products Miraj and Chaini Khaini than 

for the products that contain only tobacco. This could be due to the potentially higher 

batch-to-batch variations in complex product preparations. Some variations in TSNA levels 

were observed across all manufactured products, with levels of individual TSNA being 

generally similar in duplicate samples purchased from the same vendor. The levels of TSNA 

in manufactured tobacco products can be affected by both the batch differences and the 

storage conditions. Overall, the variation of constituent levels was modest in manufactured 

products: when expressed per gram product (wet weight), maximum unprotonated nicotine 

variation was 1.65-fold, and maximum variation in the sum of NNN, NNK, and NNAL was 

1.55-fold (both in Chaini Khaini) (Figure 2). It is possible, however, that larger variations 

would be observed in the same products purchased in different seasons or in different parts 

of India.

Vendor-made products, such as mawa and betel quid, are prepared by various vendors who 

are mixing ingredients immediately prior to selling the product to individual customers. Our 

results demonstrate that this results in high variability of constituent levels across different 

preparations of the same product (Figure 2). There is a need to better characterize the ranges 

of important toxic and carcinogenic constituents in such products, and resulting exposures 

and cancer risk in their users. Longitudinal biomarker-based studies would be critical in 

understanding the levels of tobacco constituent exposures in users of vendor-made products, 

and whether the potential day-to-day variability in their tobacco toxicant and carcinogen 

intake affects product use and cancer risk.
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IMPLICATIONS FOR TOBACCO REGULATION

Nicotine is the major known addictive constituent in tobacco, and tobacco-specific N

nitrosamines are the most prevalent strong carcinogens in smokeless tobacco, widely 

believed to play significant causative role in oral, esophageal, and pancreatic cancer in 

people who use these products.37–43 Over the years, isolated studies have reported on 

the levels of these important constituents in specific smokeless products marketed in 

India.15,33,38,44–49 However, differences in analytical methodologies and the lack of a 

standardized approach to collection and analysis of product samples did not allow for an 

accurate assessment of inter- and intra-product variability of these constituents. Our study 

addresses this gap and offers a snapshot of the extent of nicotine and TSNA variation 

in products commonly used in Mumbai, showing several hundred-fold variations in the 

levels of these constituents across different products types, as well as substantial vendor-to

vendor variation within some product categories. Our findings emphasize the importance 

of systematic product surveillance in India, in order to better understand exposures and 

product-associated cancer risks in users, and to identify effective approaches to tobacco 

product regulation.
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Figure 1. 
Betel quid prepared by a vendor in Mumbai; the mix is prepared at the time of purchase and 

wrapped before being given to a consumer.
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Figure 2. 
Variation of unprotonated nicotine and the sum of carcinogenic TSNA in products purchased 

from various vendors.
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Table 1.

Products and samples analyzed in this study

Product Contents Number of 
samples

Manufactured, pre-packaged products

Pandharpuri Sandeep Tobacco, intended for mixing with lime before use 6

Om Special Pandharpuri Tobacco, intended for mixing with lime before use 6

Tambakhu Gai Chhap Tobacco, intended for mixing with lime before use 6

Miraj Tobacco Tobacco, lime stone paste 6

Chaini Khaini Moist tobacco in pouches, marketed as ‘snus’ 6

Vendor-made products, prepared at the time of purchase

Mawa ‘120–300’ Tobacco varieties ‘120’ and ‘300’, areca nut, lime, khiwam, small scented green leaves, 
clove

3

Mawa ‘Bhola’ Tobacco Bhola and Sagar tobacco, areca nut, lime, khiwam, small scented green leaves, 
clove

3

Betel Quid /Banarasi Paan Tobacco, areca nut, catechu, lime, khiwam, small scented green leaves, clove 3

Total samples 39
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