Comprehensive Dutch market data analysis shows
that e-liquids with nicotine salts have both higher
nicotine and flavour concentrations than those with
free-base nicotine
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ABSTRACT
Objectives Recent years have seen an increase in
e-liquids containing nicotine salts. Nicotine salts are less
harsh and bitter than free-base nicotine and therefore
can facilitate inhalation. Because inhalation-facilitating
ingredients are banned in the European Union, we
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especially in pod-related e-liquids (73%) and e-liquids
registered from 2018 onwards (over 25%). We found
six nicotine salt ingredients (NSIs): nicotine lactate,
salicylate, benzoate, levulinate, ditartrate and malate.
Nicotine salts also occurred as nicotine–organic acid
ingredient combination (NAIC), like nicotine and benzoic
acid. Nicotine concentrations were twofold higher in
e-liquids with NSI (median 14 mg/mL) and NAIC (11 mg/
mL) than for free-base nicotine (6 mg/mL). E-liquids
with NSI contained a fourfold higher number (median
n=17) and concentration (median 31.0 mg/mL) of flavour
ingredients than e-liquids with free-base nicotine (n=4,
7.4 mg/mL). In NAIC-containing e-liquids, these were
threefold higher (n=12, 21.5 mg/mL). E-liquids with
nicotine salts were less often tobacco flavoured but more
often had fruity or sweet flavours.
Conclusions A substantial and increasing share of e-
liquids in the Netherlands contains nicotine salts. Their
characteristics can make such e-liquids more addictive
and more attractive, especially to young and beginning
users. Policymakers are advised to consider regulating
products containing nicotine salts.
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Recent years have seen the introduction of new types
of e-cigarettes, such as JUUL, that aerosolise e-liquid
solutions from prefilled cartridges called ‘pods’. In
the USA, the introduction of JUUL e-cigarettes and
similar devices coincided with a fast increase of e-cigarette use among young non-
smokers.1 2 Common
characteristics for JUUL and similar devices are an
attractive design, high aerosol nicotine levels, e-liquids
containing nicotine salts instead of free-based nicotine,
and sweet and fruity flavours which are particularly
appealing to young people.3 4
Alkaline free-
base nicotine is bitter and a respiratory irritant.5 Additives that change nicotine

from a free-base to a protonated chemical form can
improve the sensory experience of vaping.6 In a
recent randomised clinical trial, sensory reactions to
puffs from e-
cigarettes with nicotine salt (benzoic
acid added) and nicotine free-base (no benzoic acid)
formulations were assessed. Nicotine salt formulations
resulted in statistically significant higher ratings of
appeal, sweetness and smoothness, and lower ratings
of bitterness and harshness. These effects were more
pronounced among never-smokers unaccustomed to
inhaling free-base nicotine than in ever-smokers.6 This
study showed that formulations containing nicotine
salt rather than free-base can enhance the appeal and
sensory experience of vaping and advised that they
merit consideration in e-cigarette regulation. Additionally, formulations that are less harsh are more likely
to be inhaled into the lungs rather than kept in the
oral cavity.7 Increased delivery of nicotine to the lungs
will lead to greater absorption into the bloodstream.7
Hence, the use of nicotine salts can make inhalation of
nicotine more palatable6 8 and increase nicotine blood
concentrations.7 However, additives that facilitate
inhalation or nicotine uptake are forbidden according
to the European Tobacco Products Directive under
articles 7 (6d) and 20 (3c).9
While JUUL is not available on the Dutch market,
many e-liquids with nicotine salt ingredients (NSIs)
or nicotine–organic acid ingredient combination
(NAIC) have been notified to the Dutch section
of the European Union Common Entry Gate (EU-
CEG).10 EU-CEG is a non-public database in which
manufacturers and importers are legally obliged to
provide information about the composition and
other properties of tobacco and e-cigarette products they market in each EU country.9 Product
data need to be notified as least 6 months before a
product enters a national market, updated if there
are changes to a product and get labelled as inactive if a product is no longer for sale. EU-CEG data
then become accessible to the relevant competent
national authorities.9 We used these EU-CEG data
to create an overview of these products and their
characteristics. This will provide relevant insights
for Dutch and international policymaking.

METHODS
We used e-
cigarette product data as available as
active products in the Dutch section of the EU-CEG
system on 30 June 2020. Product data were exported
and further statistical analyses were carried out in
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Table 1

Number of products by EU-CEG product type and nicotine class

Product type
1. Electronic cigarette—disposable
2. Electronic cigarette—rechargeable
3. Electronic cigarette—rechargeable, device only

Absent

Free-base

NAIC

NSI

70

630

194

155

Total

4

37

7

2

50

979

4

6

0

989

1049

6

26

2

0

34

5. Electronic cigarette—refillable, device only

2996

6

0

1

3003

6. Kit—pack with more than one device and/or refill

2099

46

40

3

2188

7. Refill container/cartridge containing e-liquid

4119

20 998

2767

701

28 585

8. Individual part

2092

44

10

0

2146

695

291

0

0

986

13 060

22 082

3026

862

39 030

4. Electronic cigarette—refillable

9. Other
Total

Nicotine classes: absent, nicotine absent; free-base, free-base nicotine.
EU-CEG, European Union Common Entry Gate; NAIC, nicotine–organic acid ingredient combination; NSI, nicotine salt ingredient.

R (V.4.0.2) and Microsoft Excel. Overall, we obtained data for
39 030 e-cigarette products that were notified in the period from
July 2016 up to and including June 2020.
We searched for nicotine or its salts in the ingredient data
number’ as provided by
fields ‘ingredient name’ and ‘CAS-
the submitter. A CAS-number is a unique numerical identifier
assigned by the Chemical Abstracts Service to every chemical
substance described in the open scientific literature, the numerical code does not contain structural information by itself. Our
search terms for ingredient name were “nicot*”, “nikot” and
“pyrid*”, followed by manual curation. Our search terms for
CAS-number were the known CAS-numbers for nicotine and
additionally the CAS-numbers for nicotine salts identified by
ingredient name searches. Additionally, we identified which
products contained any of the organic acids that are needed to
form the nicotine salts found in our dataset.
Products for each EU-CEG product type were assigned to one
of the following nicotine classes, based on the type of ingredients
as declared in EU-CEG: no nicotine; free-base nicotine; NAIC,
that is, nicotine combined with one or more of the organic acids;
NSI, that is, products with nicotine salts (including products
that contain both NSI and free-base nicotine with or without
organic acid). Most products containing nicotine or nicotine
salts belonged to disposable (EU-
CEG product type 1, total
n=1049) or refill (product type 7, total n=28 585) product
types (table 1). Rechargeable (product type 2, total n=50) and
refillable (product type 4, total n=34) products were excluded
from further analyses as the number of products with nicotine
salts in these categories (n=9 and n=2, respectively) was too
low for meaningful analyses (table 1). Other product types such
as ‘devices only’ or ‘individual part’ were also excluded as not
being relevant.
We also performed nicotine type classification on the subset
of pod e-liquids. Because EU-CEG does not have a mandatory
data field to indicate whether a product is pod related, we based
our analysis on e-liquids from known pod brands or e-liquids
for which the EU-CEG data contained a description indicating
that the product was a pod e-liquid. Additionally, we performed
nicotine type classification on e-liquids by their year of EU-CEG
submission, to see if NSI and NAIC are increasingly notified.
For the four nicotine classes in the set of disposable and refill
e-liquids, we used the EU-CEG data to determine the median
nicotine concentration and the IQR, as well as the percentage of
liquids above the legal limit of 20 mg/mL. We also determined
the median and IQR of the acid/nicotine ratio, which is the molar
ratio between organic acid and nicotine, to get an indication of
the protons available for protonating nicotine. Additionally, we
2

determined the median and IQR number of ingredients and
flavourings per product, as well as the median and IQR number
concentration of flavourings.
For flavour classification of e-
liquids, product descriptions
available in EU-CEG and on the internet were used to assign
an e-liquid to a flavour wheel category,11 using the procedure
described by Havermans et al.12

RESULTS
Nicotine salts

We found six specific NSI declared in the EU-
CEG dataset
(nicotine benzoate, ditartrate, lactate, levulinate, malate and
salicylate), as well as some ingredient names that we grouped
as ‘unspecified NSI’. This latter group had an ingredient name
indicating a nicotine salt (ie, ‘nicotine salt’, ‘salt of nicotine’ or
‘sel de nicotine’), but lacked additional specification such as a
CAS-number. Overall (n=39 030 e-cigarette products), nicotine
lactate was the most frequently used salt (n=303), followed by
nicotine salicylate (n=218), nicotine benzoate (n=188), nicotine
levulinate (n=66), unspecified NSI (n=63), nicotine ditartrate
(n=24) and nicotine malate (n=6). In addition to these NSIs,
we found products that contain nicotine as well as (an) organic
acid(s) which together form one of the above NSIs. For these
NAICs, the number of products was higher but the relative order
was similar: the most frequent resulting salt was nicotine lactate
(n=1057), followed by nicotine benzoate (n=1020), nicotine
salicylate (n=609), nicotine malate (n=624), nicotine levulinate
(n=217) and nicotine ditartrate (n=90).

Products

The majority (98%) of products containing nicotine or nicotine
salts belonged to disposables or refills (table 1). In disposables
(n=1049), 155 (14.8%) contained NSI and 194 (18.5%) NAIC.
In refills (n=28 585), 701 (2.4%) contained NSI and 2767
(9.7%) NAIC (table 1). This indicates that disposables more
often contained nicotine salts than refills. When combined,
12.9% of disposable or refill e-liquids contained nicotine salts.
Of the pod-like (disposable or refill) e-liquids (n=570), 28.8%
contained an NSI and 44.6% an NAIC. For non-pod (disposable
or refill) e-liquids (n=29 064), these values were 2.4% and 9.3%,
respectively. Therefore, pods contributed substantially, although
not exclusively, to the percentage of e-liquids with nicotine salts
in the overall set of e-liquids.
A breakdown of nicotine class by year of EU-CEG submissions showed that the percentage of notified e-
liquids with
NSI was 0.1% for those submitted in 2016 (total n=14 134),
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Table 2

Characteristics of disposable and refill e-liquids by nicotine class
Absent
(n=4189)

Free-base
(n=21 628)

NAIC
(n=2961)

NSI
(n=856)

Nicotine (or nicotine equivalent) concentration (mg/mL)

0

6 (2–12)

11 (6–20)

14 (7–25)

Number of ingredients

6 (2–13)

8 (5–15)

16 (9–34)

20 (11–30)

Number of flavour ingredients

3 (0–9)

4 (1–11)

12 (5–30)

17 (7–27)

Flavour ingredients concentration (mg/mL)

1.8 (0–25.7)

7.4 (0.3–30.0)

21.5 (10.7–47.1)

31.0 (14.9–69.6)

Product type

Values are median (IQR) values for the parameters mentioned. Nicotine classes: absent, nicotine absent; free-base, free-base nicotine.
NAIC, nicotine–organic acid ingredient combination; NSI, nicotine salt ingredient.

1.4% for 2017 (n=4699), vs 8.8% for 2018 (n=2901), 6.4%
for 2019 (n=5905) and 9.4% for 2020 (n=1545). For NAIC,
these percentages were 4.4% for 2016, 5.0% for 2017, vs 21.2%
for 2018, 19.2% for 2019 and 22.0% for 2020. This indicates
that nicotine salts are used more frequently in the e-liquids from
2018 onwards.

Concentrations

For each nicotine class, the median concentration of nicotine
or its salts was determined. For e-liquids with free-base nicotine, this was 6 mg/mL (IQR 2–12 mg/mL), for NAIC 11 mg/mL
(IQR 6–20 mg/mL) and for NSI 14 mg/mL (IQR 7–25 mg/mL)
(all expressed as free-base nicotine weight equivalent) (table 2).
Remarkably, according to EU-CEG data, 36% of the e-liquids
with NSI had nicotine concentrations higher than the legal limit9
of 20 mg/mL (expressed as free-base equivalent), whereas this
was only 2% for e-liquids with free-base nicotine and 4% for
NAIC. In most cases, such e-liquids had concentrations between
20 and 30 mg/mL, as the percentage of products exceeding
30 mg/mL was 16% for e-liquids with NSI, 1% for e-liquids with
free-base nicotine and 1% for NAIC.
To assess to what extent a combined presence of nicotine and
an organic acid is indeed equivalent to the presence of an NSI,
we determined acid/nicotine ratios. The overall median acid–
nicotine ratio was 72% of an equimolar concentration (IQR
25%–130%), which would be sufficient for about two-thirds
of the nicotine to become protonated. Median acid–nicotine
ratios for the most frequently used acids were similar (lactic acid
71% (IQR 17%–122%), benzoic acid 78% (IQR 38%–103%),
salicylic acid 97% (IQR 56%–108%), malic acid 40% (IQR
26%–99%)). These ratios suggest that organic acids are used to
protonate nicotine and thus obtain an NSI. This is corroborated
by the fact that overall 12% of e-liquids with free-base nicotine contained one of these organic acids (based on the ratio of
NAIC over the combined free-base nicotine and NAIC groups),
vs only 4% of the e-liquids without nicotine. However, several
of these acids have a low-strength or medium-strength odour
(benzoic acid balsamic, salicylic acid phenolic/nutty, levulinic
acid caramellic) and for some e-
liquids they are declared in
EU-CEG as flavouring ingredients, so an (additional) function
as flavouring ingredient cannot be ruled out. More specifically,
for 71% of the NAIC e-liquids, the acid is notified as ‘flavour
or flavour enhancer’, for 24% as ‘pH modifier’ and for 4% as
‘other function’.

Flavours

We determined the median number of total ingredients, as well
as of ingredients listed as ‘flavour or flavour enhancer’, in the
various nicotine type groups. For e-liquids without nicotine, the
median number of ingredients was 6 (IQR 2–13), for e-liquids
with free-base nicotine 8 (IQR 5–15), for e-liquids with NAIC
16 (IQR 9–34) and for e-
liquids with NSI 20 (IQR 11–30)
Pennings JLA, et al. Tob Control 2022;0:1–5. doi:10.1136/tobaccocontrol-2021-056952

(table 2). For flavour ingredients, these values were 3 (IQR 0–9),
4 (IQR 1–11), 12 (IQR 5–30) and 17 (IQR 7–27), respectively
(table 2). So, e-liquids with NSI, and to a lesser extent those
with NAIC, contained more ingredients than e-liquids with free-
base nicotine or no nicotine, which can mainly be attributed to
an increased use of flavour ingredients. Other ingredient functions (EU-CEG defines 26 functions) did not show clear differences between nicotine classes. A similar increase was observed
in the overall concentration of flavour ingredients. For e-liquids
without nicotine, the median concentration was 1.8 mg/mL (IQR
0–25.7), for free-base nicotine 7.4 (IQR 0.3–30.0), for NAIC
21.5 (IQR 10.7–47.1) and for NSI 31.0 (IQR 14.9–69.6) mg/
mL (table 2).
We also classified e-liquids by the categories of the e-liquid
flavour wheel.11 This revealed a difference in the distribution
across flavour categories (figure 1). Most notably, e-liquids with
NSI or NAIC were both less often tobacco flavoured, and more
often had fruity flavours and sweet flavours such as dessert
and candy, compared with e-liquids with free-base nicotine or
without nicotine.

DISCUSSION

Our findings strengthen several of the concerns regarding e-liquids with nicotine salts. E-liquids with nicotine salts were found
to contain nicotine concentrations that were about twice that
of e-liquids with free-base nicotine. This supports the hypothesis that nicotine salts are intended to reduce the bitterness
and harshness of nicotine, as these would otherwise become
too pronounced at higher concentrations.4 6 Higher nicotine
concentrations, combined with reduced throat irritation, may
make nicotine salt e-liquids more attractive and addictive than
e-liquids with free-base nicotine. Moreover, both their number
of flavour ingredients and their total concentration of flavour
ingredients are three to four times that of e-liquids with free-
base nicotine. E-liquids with nicotine salts also more often had
fruity or sweet flavours not found in traditional tobacco products. Such non-traditionally flavoured e-liquids are used at e-cigarette initiation by the majority of youth because these flavours
enhance the appeal of e-
cigarettes by masking the aversive
taste of nicotine.13 Moreover, sweet flavours are preferred by
adolescents and—less exclusively—also by young adults, as well
as adults.14–16 It can be remarked here that the overall implications of nicotine salts may not be fully comparable between,
for example, young non-smokers who experiment with e-cigarette use versus adult smokers who use e-cigarettes to attempt
quitting smoking tobacco products.7 However, taken together,
the combined increase in addictiveness and attractiveness may
warrant specific regulations for nicotine salt e-liquids.
Although our study focused on the Dutch market, and thus
may not be fully representative for other international markets,
many e-liquids notified for the Netherlands are also notified
for other EU countries and (also) have product description data
3
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Figure 1 Percentage distribution of flavour wheel categories by
nicotine class: absent, nicotine absent; free-base, free-base nicotine.
NAIC, nicotine–organic acid ingredient combination; NSI, nicotine salt
ingredient.
in languages other than Dutch, so many of our findings can be
extended at least to other European markets.
Our analyses are based on data that are entered into EU-CEG
by e-
cigarette manufacturers or importers. It is not always
possible or feasible to ensure the data are correct. Occasionally,
we found entries for which we suspected that data may have
been entered incorrectly into the database. To avoid such entries
influencing the results, results were reported as robust measures
such as a median instead of an average. Also, EU-CEG does not
declare whether an e-liquid concerns a pod, so as this had to
be inferred from other data fields, we may have underestimated
the number of pod products. Given these analytical limitations,
some caution may need to be kept in mind when interpreting
the data.

Two of our findings regarding e-liquids with nicotine salts,
namely the larger number of flavouring ingredients and the
larger share of fruity and sweet flavours, may be connected to
each other. Recent studies by Krüsemann et al also found that
e-liquids with fruity or sweet flavours have a larger number of
ingredients than, for example, tobacco flavour.17 18
Most nicotine salt e-liquids did not have the actual salt listed
as an ingredient, but rather had nicotine and an organic acid
listed as separate ingredients. In such cases, we only considered
this as a nicotine salt if that particular acid would result in one
of the NSIs found in our dataset, because for these acids we had
evidence that they were used as such. However, as there were
several other acids declared as ingredients in EU-CEG, including
several flavouring ingredients such as butyric acid or phenylacetic acid, that can all contribute to nicotine protonation, we
may have missed some NAICs and thus underestimated their
occurrence.
Although e-liquids with NSI as well as NAIC have higher nicotine concentrations and numbers and concentration of flavour
ingredients, compared with e-liquids with free-base nicotine (or
without nicotine), this difference was less pronounced in e-liquids with NAIC than in those with NSI. Nevertheless, the large
number of e-liquids with NAIC, the increase herein during recent
years, as well as the larger share of fruity and sweet flavours,
provide reason to extend the concerns regarding nicotine salts
also to those with NAIC.
Overall, policymakers are advised to consider regulation of
nicotine salt e-liquids, both NSIs and NAICs, given their high
sensory appeal, especially among never-
smokers,6 flavours
attractive to youth and their high nicotine content. More specifically, policymakers could consider limiting the use of nicotine
salts, setting (quantitative) limits to acid ingredients, limiting the
extent of nicotine protonation or restricting the pH range of
e-liquids.
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What this paper adds
What is already known on this subject
► Nicotine salts are less harsh and bitter than free-base
nicotine, can improve the sensory experience of vaping and
may facilitate inhalation. In recent years, the introduction of
nicotine salt-based types of e-cigarettes coincided with a fast
increase of e-cigarette use among young non-smokers.
What important gaps in knowledge exist on this topic

► Most studies on nicotine salt-containing e-liquids are based

on the US market or focus on specific e-cigarette brands.

What this study adds

► We analysed the e-liquid composition data for the complete

set of e-liquids notified as active on the Dutch market in June
2020. We found that 13% of the e-liquids contain nicotine
salts and these liquids have characteristics that point at an
increased addictiveness and attractiveness. Our results can
be used for assessing trends in e-liquids composition and
developing regulation of nicotine salt e-liquids.
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