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ABSTRACT
Objective Electronic cigarettes are addictive and 
harmful, and flavour is a key factor determining their 
abuse liability. Both adult smokers and young non- 
smokers like sweet and fruity flavours in particular. In 
order to discourage e- cigarette use among youth, the 
Dutch government announced in 2020 to only allow 
tobacco flavours in e- liquids. We propose a restrictive 
list of flavourings that will only enable the production of 
e- liquids with a tobacco flavour.
Methods We used e- liquid ingredient data notified 
via the European Common Entry Gate system before 
the government’s announcement. First, we classified 
all e- liquids into flavour categories, and continued with 
the set of flavourings present in tobacco e- liquids. Five 
selection criteria related to prevalence of use, chemical 
composition, flavour description and health effects 
were defined to compile a restrictive list of tobacco 
flavourings.
Results E- liquids marketed as having tobacco flavour 
contained 503 different flavourings, some with tobacco 
flavour, but also other (such as sweet) flavours. We 
excluded (1) 330 flavourings used in <0.5% of e- liquids, 
(2) 77 used less frequently in tobacco than in all e- 
liquids, (3) 13 plant extracts, (4) 60 that are sweet or not 
associated with a tobacco flavour and (5) 7 flavourings 
with hazardous properties. This resulted in a final list of 
16 flavourings.
Conclusions Implementing this restrictive list will likely 
discourage e- cigarette use among youth, but could also 
make e- cigarettes less attractive as smoking cessation 
aid.

INTRODUCTION
Although e- cigarettes are less harmful than conven-
tional tobacco cigarettes, the use of e- cigarettes is 
nevertheless addictive and harmful to health. In 
addition, evidence suggests that e- cigarettes are 
potentially a gateway for young people to smoking 
cigarettes.1–3 Although only weak to moderate 
evidence exists for the effectiveness of e- cigarettes 
in helping smokers to quit or smoke less,4 smokers 
indicate using e- cigarettes mainly to stop smoking 
or to smoke less.5–7 Younger and young adult 
non- smokers are more likely to cite the novelty 
of the product and curiosity as reasons for using 
e- cigarettes.6–8

One of the main aspects that make e- cigarettes 
attractive to both young people and adults is the 
diversity of flavours available.9–11 Flavours reduce 
product risk perception and increase willingness to 
try.12 Both smokers and non- smokers, regardless of 

their age, like sweet and mint- like flavours much 
more than tobacco flavours.13 14 Thus, it is not 
surprising that the majority of e- liquids have a sweet 
flavour.11 For example, almost 20 000 different 
e- liquids were registered for sale on the Dutch 
market in 2017 in 245 different flavours. Only 
16% of these e- liquids had a tobacco flavour; most 
e- liquids had sweet or fruity flavours.15 To impart 
such flavours, manufacturers mainly add flavour-
ings with a sweet, fruity flavour to e- liquids (such as 
vanillin, ethyl maltol and ethyl butyrate16 17).

E- cigarettes are becoming increasingly popular 
among young people.11 14 In recent years, preva-
lence of ever use of e- cigarettes among high school 
students in the Netherlands has increased to more 
than 25%.18 According to the signatories of the 
Dutch National Prevention Agreement, to achieve 
a smoke- free generation by 2040, youth e- ciga-
rette use should be discouraged.19 Therefore, a 
ban on all e- liquid flavours other than tobacco was 
announced, to further reduce the attractiveness of 
e- cigarettes, in particular for young people.19

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Worldwide, countries implemented bans for e- 
liquid flavours other than tobacco to discourage 
e- liquid use among youth. However, to the best 
of our knowledge, methods to implement such 
a flavour ban in practice are lacking.

WHAT THIS STUDY ADDS
 ⇒ This paper is the first to propose a list of 
flavouring additives in e- liquids that will only 
enable the production of e- liquids with a 
tobacco flavour.

 ⇒ We developed an approach using several 
criteria to exclude flavouring additives that are 
not tobacco related, or are harmful for health, 
and applied these criteria to ingredient data 
for all e- liquids notified by manufacturers for 
the Dutch market. Out of the 503 different 
flavourings used in Dutch tobacco- flavoured 
e- liquids, 16 passed all criteria.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Implementing this restrictive list will discourage 
young people and non- smokers to use 
e- cigarettes.

 ⇒ Regulators should consider that users may add 
non- tobacco flavourings not marketed for use 
in e- liquids as an alternative.
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In the European Union, some countries already regulate 
flavours in e- liquids, enabled by the Tobacco Products Directive 
that leaves the responsibility of regulating flavours of vaping 
products to the member states. Hungary prohibits all flavouring 
agents in vaping products.20 Finland and Estonia prohibit vaping 
products with flavours other than tobacco, and Denmark prohibits 
those with a flavour other than tobacco or menthol. Flavour bans 
can be based on the flavour as perceived by users of the product 
(sensory information) and/or based on the flavouring ingredients 
in the e- liquid that impart the perceived flavour.21 The Dutch 
government decided to use the latter option and announced that 
a restrictive list of flavour- determining additives in e- cigarettes 
will be established based on data notified by manufacturers via 
the European Common Entry Gate (EU- CEG) system. This is 
a database in which manufacturers and importers are legally 
obliged to provide information about the composition and other 
properties of the tobacco and related products they market in 
each European country.19 The Dutch government decided that 
protecting young people against the harmful effects of e- ciga-
rettes outweighs the attractiveness of the product as a smoking 
cessation tool.22 Thus, the restrictive list should be composed in 
such a way as to minimise the possibility that an e- liquid with a 
sweet or fruity flavour can still be made with the list of allowed 
substances. As already stated in the European Tobacco Products 
Directive, substances should not have carcinogenic, mutagenic 
or reproduction (CMR) toxic properties (article 7.6) in unburnt 
form and should not be hazardous for health in heated or non- 
heated condition (article 20.3).23

This paper describes our approach for compiling a restric-
tive list of flavourings. We formulated selection criteria based 
on prevalence of use, chemical composition, flavour description 
and health effects. Flavourings with a sweet flavour and flavour-
ings not associated with tobacco (flavour) were excluded. The 
purpose of these criteria is to exclude all flavourings that can 
also be used to make e- liquids with a flavour other than tobacco.

METHODS
Data set and analyses
Data in the Dutch part of the EU- CEG system were used as 
data source. As of 20 June 2020, just before the Dutch govern-
ment’s decision to ban e- cigarette flavours other than tobacco 
was announced,24 28 556 e- liquids were registered for the Dutch 
market. These products, together with their EU- CEG product 
data, were used for compiling our proposal for a restrictive list. 
Data were exported as tab- delimited text and further processed 
using R software.

Manufacturers are not required to provide a flavour descrip-
tion of their products in EU- CEG. To categorise the e- liquids in 
flavour categories, we therefore used the information from the 
database fields ‘BrandName’, ‘BrandSubtypeName’, ‘Produc-
tIdentification’, ‘GeneralComment’ (comments to accompany 
submission) and ‘NationalComment’ (comments to accompany 
national market notification). With this information, e- liquids 
were classified into one of the 16 main categories of the e- liquid 
‘flavor wheel’.25 The category ‘tobacco flavor’ was subdivided 
into two groups: a group with a secondary flavour and a group 
without. E- liquids with a secondary flavour have an additional 
flavour, such as menthol, besides tobacco flavour.25 If the infor-
mation in EU- CEG was not sufficient to assign the e- liquid to 
a flavour category, we performed a web search for the e- liquid 
using Google. If the e- liquid could not be found, or the infor-
mation available was too unspecific to perform a search, the 
e- liquid was assigned to the category ‘unclassifiable’. We found 

that 15 344 out of the 28 556 e- liquids were already registered 
for the Dutch market in 2017. For those e- liquids, the previously 
carried- out flavour categorisation by our institute was reused.15 
The other 13 212 e- liquids that had been registered since then 
had to be newly classified in a flavour category. This product 
flavour overview was compiled in Microsoft Excel.

Next, using R code, we made a list of all ingredients and 
the number of e- liquids in each flavour category in which they 
occurred. For this purpose, we used the Chemical Abstracts 
Service Registry (CAS) number to avoid confusion due to 
different spellings or translations of substance names (eg, etanol, 
ethyl alcohol, ethyl alkohol, alcool éthylique, EtOH). For each 
ingredient, we determined whether or not it is a flavouring. 
Usually manufacturers indicate this in EU- CEG; in case of doubt, 
we used the Leffingwell database, which contains flavour data 
relevant to the food, beverage and tobacco industry.26 Next, we 
calculated three values for each flavouring: the percentage of 
e- liquids with a tobacco flavour (without a secondary flavour) in 
which the flavouring occurred, the percentage of all e- liquids in 
which it occurred and the ratio between these two percentages. 
Subsequent data handling was done in Microsoft Excel.

Selection criteria
To draft a proposal for a list of allowed flavourings (from now 
on: proposed list), we applied these selection criteria:

 ► Prevalence in more than 0.5% of all tobacco- flavoured 
e- liquids. We assume that flavourings that are important for 
tobacco flavour will be used in a high percentage of tobacco- 
flavoured e- liquids. Flavourings rarely used in tobacco- 
flavoured e- liquids are not expected to be essential for 
creating a tobacco flavour, even if they are needed to create 
the specific tobacco flavour in which they are used. There-
fore, flavourings used in less than 0.5% of tobacco- flavoured 
e- liquids were excluded.

 ► The flavouring must be used more frequently (a higher 
percentage) in e- liquids with tobacco flavour compared 
with all e- liquids. This means that the ratio between the 
percentage of tobacco- flavoured e- liquids and the percentage 
of all e- liquids in which a specific flavouring is used is at 
least 1. This criterion makes it more difficult to make non- 
tobacco- flavoured e- liquids.

 ► Flavouring ingredients that are mixtures defined as a distilla-
tion or extraction product from plant material are excluded. 
The composition of such substances, for example, cocoa 
extract, is not consistent as it depends on the composition of 
the plant source material used (subject to seasonal influences, 
etc) and the extraction or distillation process. It is therefore 
not possible to establish conclusively through analytical 
chemical research whether an e- liquid contains a particular 
extract. This would hinder the monitoring of manufacturers’ 
compliance with the restrictive list of flavourings.

 ► Flavourings associated with tobacco (flavour) were selected 
using the following sequential stepwise approach:
A. We determined whether the flavouring has a tobac-

co flavour using the flavour descriptions found in the 
Leffingwell database.26 Flavourings with a flavour de-
scription containing the word ‘tobacco’ or a related term 
(eg, ‘roll- your- own’) were added to the proposed list 
(even if their flavour descriptions also contained words 
mentioned in step 4B).

B. For the flavourings that were not added to the proposed 
list in step 4A, we determined whether they have a sweet 
or fruity flavour. Flavourings with a flavour description 
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containing one or more of the following words were ex-
cluded: ‘sweet’, ‘honey’, ‘vanilla’, ‘caramel’, ‘chocolate’, 
‘fruit(y)’, ‘butter(y)’, ‘popcorn’. Also, derived words or 
types of fruit (eg, ‘cherry’ or ‘banana’) were excluded.

C. For the flavourings not added in step 4A and not exclud-
ed in step 4B (ie, without tobacco- like, sweet or fruity 
flavour), we determined whether their flavour is part of 
tobacco aroma or whether they are present in tobacco or 
smoke. First, their Leffingwell flavour descriptions were 
compared with the attributes of tobacco aroma as de-
scribed by the EU Independent Advisory Panel (IAP) on 
characterising flavours in tobacco products.27 Flavourings 
with a flavour description containing any of the attrib-
utes IAP associates with tobacco aroma (ie, green pepper, 
potato skin, citronella, cedar, black tea, rotted dry wood, 
violet, saffron, cardboard, cucumber, freshly cut grass, 
hay, cheese, sweetcorn, vinegar, smoky, burnt coffee, 
dried leaves, prune, raisin) were added to the proposed 
list. Second, flavourings that were identified in tobacco 
or tobacco smoke according to a comprehensive analysis 
of tobacco industry documents28 were added to the pro-
posed list to complement those already added in step 4A. 
All remaining flavourings were excluded.

 ► Flavourings with a health hazard, as apparent from screening 
publicly available databases (IARC, ECHA, US EPA, JECFA), 
were excluded.
A. Information on how consumers used a product served 

as input to determine the quantity of e- liquid exposure. 
Previously published information on prevalence of use 
and topography was supplemented with information 
from users’ forums on the daily e- liquid usage and with 
information on e- liquid evaporation per puff (see on-
line supplemental file 1). Four exposure scenarios were 
defined from low to high exposure, for the median and 
maximum concentration found for the 23 flavourings in 
e- liquids in the EU- CEG. The systemic dose was calcu-
lated by assuming that 70% of the inhaled dose reaches 
the alveoli and 100% of that quantity will be absorbed.29 

This absorbed quantity was used to determine the sys-
temic concentration for a 70 kg person.

B. All substances were checked for possible CMR toxic 
properties. For substances with no CMR toxic proper-
ties, dose–response information was searched to find the 
highest dose that did not result in adverse effects, which 
is the point of departure (PoD) (see online supplemen-
tal file 2 for details). Information was obtained from 
the most relevant toxicity tests; for example, inhalation 
studies were preferred over oral studies. For substances 
where a PoD could be determined, this was used to cal-
culate the margin of exposure (MoE) (see online supple-
mental file 3). For each of these substances, a safe MoE 
was calculated based on the available information (see 
online supplemental file 2). For the remaining substances 
(no CMR toxic properties and not sufficient information 
for a PoD), the threshold of toxicological concern (TTC) 
approach was used (see online supplemental file 4).

C. To determine whether a substance in e- liquids at the 
concentrations used in e- liquids could result in a health 
hazard, the exposure (5A) was compared with the hazard 
(5B).

Substances were removed from the list:
 ► If a substance has CMR toxic properties or properties that 

did not allow determination of a safe level of exposure.
 ► If the MoE for a substance was lower for one or more 

exposure scenarios than the MoE that was considered safe 
(more details on this approach can be found in RIVM report 
2022- 005030).

 ► If the TTC approach resulted in a possible concern for a 
substance.

RESULTS
Flavour overview of e-liquids registered in EU-CEG
Table 1 gives an overview of the flavour distribution of the e- liq-
uids based on the e- liquid ‘flavor wheel’ categories.25 Out of the 
28 556 e- liquids registered for the Dutch market, 3366 (11.8%) 
had a tobacco flavour without a secondary flavour and 855 
(3.0%) a tobacco flavour with a secondary flavour. Of the other 
flavour categories, the largest categories were menthol (7.0%), 
berries (12.3%), tropical fruit (6.8%), other fruit (13.7%) and 
dessert (7.7 %). For 14.5% of the e- liquids, insufficient informa-
tion was available to assign them to a category (ie, those assigned 
to ‘unclassifiable’). These e- liquids were, however, included in 
further calculations that involved the full set of e- liquids.

All e- liquids of all flavours together contained 1981 different 
ingredients. The tobacco- flavoured e- liquids (without a 
secondary flavour) contained 630 different ingredients. Of 
these, 503 were flavourings with a valid CAS number. With these 
flavourings, all e- liquids with a tobacco flavour can still be made.

Applying selection criteria
Figure 1 shows a flow chart of the application of the selection 
criteria.

After applying criterion 1, prevalence of use in more than 
0.5% of all e- liquids with a tobacco flavour, 173 flavourings 
remained. Because only rarely used flavourings were excluded, 
for tobacco- flavoured e- liquids most of the flavourings (on 
average 94% of the ingredients per product) remained available, 
so the impact of this step on tobacco- flavoured e- liquids is small. 
After application of criterion 2 (ie, the flavouring must be more 
frequently used in e- liquids with tobacco flavour compared with 
all e- liquids), 96 flavourings were left.

Table 1 Distribution of e- liquids across flavour categories

Category Total number of e- liquids % total (n=28 556)

Tobacco (without secondary flavour) 3366 11.8

Tobacco (with secondary flavour) 855 3.0

Menthol/mint 2001 7.0

Nuts 215 0.8

Spices 259 0.9

Coffee/tea 706 2.5

Alcohol 419 1.5

Other beverages 1313 4.6

Fruits (berries) 3510 12.3

Fruit (citrus) 920 3.2

Fruit (tropical) 1946 6.8

Fruit (other) 3904 13.7

Dessert 2212 7.7

Candy 991 3.5

Other sweets 1036 3.6

Other flavours 303 1.1

Unflavoured 459 1.6

Unclassifiable 4141 14.5

Total 28 556 100.0

 on A
pril 18, 2024 by guest. P

rotected by copyright.
http://tobaccocontrol.bm

j.com
/

T
ob C

ontrol: first published as 10.1136/tc-2022-057764 on 20 January 2023. D
ow

nloaded from
 

https://dx.doi.org/10.1136/tc-2022-057764
https://dx.doi.org/10.1136/tc-2022-057764
https://dx.doi.org/10.1136/tc-2022-057764
https://dx.doi.org/10.1136/tc-2022-057764
https://dx.doi.org/10.1136/tc-2022-057764
https://dx.doi.org/10.1136/tc-2022-057764
https://dx.doi.org/10.1136/tc-2022-057764
https://dx.doi.org/10.1136/tc-2022-057764
http://tobaccocontrol.bmj.com/


e44 Pennings JLA, et al. Tob Control 2024;33:e41–e47. doi:10.1136/tc-2022-057764

Original research

In figure 2, the prevalence percentage ratio (criterion 2) is 
plotted against the prevalence percentage (criterion 1). The 
top right quadrant shows the 96 flavours that remained after 
applying both criteria. Many of these flavourings have a tobacco- 
like flavour, such as tobacco extract, tabanone and ketoisopho-
rone. There are also a number of flavourings with other flavours 
such as guaiacol (smoke, vanilla), ethyl maltol (sweet, fruit- 
caramel- like) and cyclotene (caramel).

To illustrate the consequences of applying these criteria, some 
examples of flavourings in other quadrants are given. The top 
left quadrant lists 146 flavourings, including dill oil (dill), licorice 
extract (licorice), lovage oil (celery), glucose syrup (sweet) and 
phenol (medicinal). The lower left quadrant lists 184 flavours, 
including limonene (citrus/turpentine), ginger oil (ginger), 
butyl acetate (banana, pear, pineapple), diacetyl (butter) and 
6- methylcoumarin (sweet, hay). Flavourings in these two quad-
rants were excluded by criterion 1. The lower right quadrant 
lists 77 flavourings, such as menthol (mint), cinnamaldehyde 
(cinnamon), vanillin (vanilla), ethyl butyrate (pineapple, banana) 
and cis-3- hexenol (fresh, grassy). These flavourings, many of 
which have a high prevalence of use in tobacco- flavoured e- liq-
uids and an attractive but non- tobacco- related flavour, were 
excluded by criterion 2.

Thirteen of the 96 ingredients that remained after applying 
criteria 1 and 2 consist of extracts or distillates from plant 
materials, which were removed after applying the third selec-
tion criterion. This included substances such as cocoa extract, 
carob extract and tobacco leaf extract. Subsequently, applying 
the fourth criterion, the flavour of the remaining 83 flavour-
ings was assessed. This resulted in the removal of 60 flavourings 
from the proposed list because they possess a sweet flavour or 
because the flavouring is not associated with tobacco (flavour). 
Finally, we excluded seven flavourings with sufficient informa-
tion to conclude that they could result in a health hazard at the 
concentrations used in e- liquids.

Proposal for a list of allowed flavourings
Table 2 lists the flavouring ingredients that remain after applying 
all five criteria.

DISCUSSION
This paper presents a proposal for a list of flavourings to be 
allowed in e- cigarette e- liquids. The applied approach yields a 
list of 16 flavourings that have a tobacco(- like) flavour and/or 
are present in tobacco smoke.

Impact of the different selection criteria
Because the aim of the proposed Dutch legislation is to allow 
tobacco- flavoured e- liquids, step 4A allowed flavourings that 
smell like tobacco, even if their description also contains sweet 
or fruity attributes. In step 4B, non- tobacco sweet and fruity 
flavours were excluded to reduce the attractiveness of e- liquid 
flavours to young people. As the Dutch Prevention Agreement 
aims to achieve that e- liquids are not attractive to young people, 
it was decided to prioritise step 4B over step 4C. This way, sweet 
flavourings with no tobacco(- like) flavour are excluded from the 
proposed list. Of the remaining flavourings that have neither a 
sweet nor a tobacco(- like) flavour, only those associated with 
the aroma of tobacco or that are present in tobacco smoke 
are included on the proposed list. The proposed list therefore 
includes (1) flavourings that have a tobacco flavour and (2) 
flavourings which do not have tobacco flavour and that are not 
sweet or fruity, but whose flavour is part of tobacco aroma, or 
that occurs in tobacco smoke.

In most cases, this approach resulted in an unambiguous choice 
for or against inclusion on the proposed list. In three cases, 
however (2- ethyl- 3- methylpyrazine, caryophyllene and isovaleric 
acid), the decision whether or not to include the flavouring on 
the proposed list was not clear- cut. Isovaleric acid does not have a 
tobacco(- related) flavour description. The description mentions 
‘fruity’, but only in the phrase ‘fruity on dilution’. Hence, we do 

Figure 1 Flow chart for the stepwise application of selection criteria 
to obtain a proposed list of allowed flavourings.

Figure 2 Flavouring prevalence percentage and ratio. The horizontal 
axis indicates the flavouring prevalence as a percentage of the 
tobacco- flavoured e- liquids (criterion 1), the vertical axis indicates 
the ratio between the prevalence in tobacco- flavoured e- liquids and 
the prevalence in all e- liquids (criterion 2). Dots indicate individual 
flavourings. Criterion threshold values are indicated by dotted lines. This 
divides the graph into four quadrants of which the flavourings in the 
upper right quadrant were assessed by additional criteria.
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not expect the flavouring to have a (strong) sweet flavour. Isova-
leric acid is found in tobacco smoke, and the ‘cheese’ attribute 
is listed by the IAP. Thus, because overall evidence indicates that 
this flavouring has an association with tobacco, it was included 
on the proposed list. Both 2- ethyl- 3- methylpyrazine and caryo-
phyllene were excluded from the list in a later step because they 
are associated with health hazards.

The last selection criterion was the toxicity of the substances. 
Although substances that may be hazardous for health are not 
allowed in e- liquids, still seven substances were omitted due to 
possible health effects. For none of the remaining 16 substances 
literature data on the effects on inhalation were available. This 
means that local effects in the mouth and respiratory tract, the 
first site of contact for e- cigarette vapour, could not be assessed. 
Furthermore, the systemic effects after inhalation may be 
different from those after oral exposure, since the route of the 
compound in the body is different when inhaled. It could be 
argued that the remaining 16 substances should be prohibited 
due to a lack of toxicity data, as it cannot be concluded that their 
use is safe. However, as the e- cigarette is also used by tobacco 
smokers who would like to switch to a less harmful product, we 
propose to carefully monitor possible adverse effects in e- ciga-
rette users, for example, by poison control centres or analysing 
trends on social media, until more toxicological data on these 16 
substances are available. Additionally, toxicological studies may 
be carried out to provide a better knowledge basis for risk assess-
ment of these substances.

Similar approaches
In June 2021, Health Canada published a proposal to limit 
e- cigarette flavours through the use of a restrictive list.31 Canada 
would still allow tobacco and mint/menthol flavours. The Cana-
dian list contains 40 tobacco flavourings. Eight flavourings 
on our proposed restrictive list are also on the Canadian list. 
A number of factors may help explain the differences between 
both lists. For example, the Dutch list is overall stricter in that it 
only allows tobacco- flavoured e- liquids, whereas the Canadian 
list also allows mint/menthol- flavoured e- liquids. Additionally, 
Health Canada based their list on analytical chemical measure-
ments in 825 e- liquids17 obtained from the Canadian market, 
whereas we based our list on data provided by manufacturers 

through the EU- CEG system for all e- liquids notified for the 
Dutch market. Moreover, both institutes did not use exactly the 
same inclusion and exclusion criteria; for example, we excluded 
substances with health risks. Finally, e- liquids with tobacco 
flavours could have a different composition in Canada than in 
the Netherlands.

The Chinese government also published a list of allowed addi-
tives including flavourings, the latter with the aim to ban flavours 
other than tobacco flavour. However, this list also contains sweet 
flavourings such as ethyl maltol and vanillin.32 Although the list 
indicates upper limits for use, meaning that it is possible that 
the additives in such amounts will not impact a sweet flavour, 
such flavour information is not included in the document. To the 
best of our knowledge, no other countries use a restrictive list of 
allowed flavourings in e- liquids.

A main strength of our approach is that it is based on data for 
all e- liquids notified for the Dutch market, thus avoiding the 
need for analytical measurements or sensory studies on a large 
set of samples. However, this also implies a potential weakness 
because we can not be completely sure that all product composi-
tion data are submitted correctly in EU- CEG.

Potential impact of proposal on manufacturers and users
If the proposed list is implemented in legislation, this may have 
several potential consequences. As many flavoured tobacco e- liq-
uids also contain flavourings with a flavour other than tobacco, 
such as ethyl maltol (sweet, fruit- caramel- like), not all tobacco- 
flavoured e- liquids currently on the market will remain available 
with their current ingredients. We found that for 0.2% of the 
tobacco- flavoured e- liquids without secondary flavours, all of 
their flavourings used are on the proposed list. Therefore, these 
products would be allowed to remain on the market with their 
current composition. 77.3% of the tobacco- flavoured e- liquids 
contain one or more flavourings that are not on the proposed 
list. For these liquids, manufacturers would have the option to 
adapt the composition using only (combinations of) the allowed 
flavourings. For the remaining 22.5%, the manufacturer has 
provided no, insufficient, or unclear information and we cannot 
say with certainty whether or not all of the flavourings used in 
these liquids are on the proposed list.

Table 2 Proposal for a list of allowed flavourings in e- cigarette e- liquids

CAS No Flavouring name Flavour description Association with tobacco

35044- 68- 9 beta- Damascone Complex odour of blackcurrant, plum, rose, honey and tobacco Tobacco- like flavour

23726- 91- 2 (E)- beta- Damascone Complex odour of blackcurrant, plum, rose, honey and tobacco Tobacco- like flavour

23726- 92- 3 (Z)- beta- Damascone Complex odour of blackcurrant, plum, rose, honey and tobacco Tobacco- like flavour

23696- 85- 7 Damascenone Fruity floral with apple- plum- raisin- prune, tea, rose, tobacco notes Tobacco- like flavour

23726- 93- 4 (E)- beta- Damascenone Fruity floral with apple- plum- raisin- prune, tea, rose, tobacco notes Tobacco- like flavour

1125- 21- 9 Ketoisophorone Tobacco- like, hay straw, tea notes, honey Tobacco- like flavour

4883- 60- 7 2- Hydroxy- 3,5,5- trimethyl- 2- cyclohexenone Sweet, musty tea, caramellic odour; musty, tea, nutty, tobacco taste Tobacco- like flavour

536- 78- 7 3- Ethylpyridine Strong tobacco, roasted, nutty, smoky notes odour; tobacco- like flavour Tobacco- like flavour

350- 03- 8 3- Acetylpyridine Strong, burnt roasted, nutty, cigar tobacco- like Tobacco- like flavour

91- 10- 1 2,6- Dimethoxyphenol Phenolic- woody- medicinal, smoky odour; a tarry, spicy, smoky (bacon) taste Attribute of tobacco aroma

67- 47- 0 5- (Hydroxymethyl)- 2- furfural Herbaceous winey hay- like odour, sweet herbaceous hay and tobacco- like taste Tobacco- like flavour

591- 12- 8 alpha- Angelica lactone Sweet, bread, molasses, coumarin, tobacco odour; nut- like taste Tobacco- like flavour

503- 74- 2 Isovaleric acid Very sour, ’sweaty’, cheesy, odour; fruity on dilution Attribute of tobacco aroma

1139- 30- 6 (−)- Caryophyllene oxide Dry, woody, faint cedar, tobacco- like notes Tobacco- like flavour

3738- 00- 9 Ambroxide Intense velvety ambergris notes Present in tobacco smoke

564- 20- 5 (3aR)-(+)- Sclareolide Cedary; impact compound of certain tobaccos; fish and berry flavour improver Tobacco- like flavour

Terms associated with tobacco or tobacco smoke are indicated in bold.
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Overall, e- cigarettes will probably become less attractive if 
all flavours except tobacco are prohibited. This would support 
the intended goal of the National Prevention Agreement, that 
is, discouraging young people and non- smokers to use e- ciga-
rettes. On the other hand, e- cigarettes could also become a less 
attractive alternative for smokers who want to quit smoking.21 
Although in general only weak to moderate evidence exists 
for the effectiveness of e- cigarettes,4 it has been reported that 
smokers who use e- cigarette flavours other than tobacco, such 
as sweet flavours and fruity flavours, are more likely to quit 
smoking using the e- cigarette.33–35

Although it is not possible to predict how exactly the Dutch 
market for e- cigarettes will change in response to the flavour 
ban, it can be anticipated that the overall number of available 
e- liquids will decrease and that manufacturers will change the 
composition of some of their tobacco- flavoured e- liquids. Such 
market changes will influence e- cigarette use by young people 
as well as by smokers trying to quit. Follow- up research will be 
needed to determine how legislative as well as market changes 
work out on the overall protection of public health.

One possible unintended consequence of the intended ban is 
that users will add flavourings to their e- liquids themselves. With 
this proposed list, manufacturers can still produce unflavoured 
‘base e- liquids’. Numerous aromas are already for sale to add to 
such e- liquids. Flavours that are marketed as e- liquid for e- ciga-
rettes fall under the Dutch Tobacco and Smoking Products Act. 
However, this regulation does not apply to flavourings presented 
as a liquid for other purposes, such as for the preparation of 
food. Furthermore, flavouring accessories are on the market to 
use in combination with e- cigarettes, for example, mouthpieces 
with a flavour capsule that the user can crush.36 Such prod-
ucts still enable consumers to use a desired flavour, which may 
diminish the impact of the intended ban.

Enforcement of the proposed list
After the proposed list would come into effect in legislation, one 
of the possibilities that may be conducted is a check of EU- CEG 
data for the use of non- allowed flavourings. However, because 
EU- CEG files may be incomplete or contain inaccuracies, 
compliance can additionally be checked by chemical analysis. An 
advantage of a restrictive list is that it leaves no ambiguity about 
which substances are allowed. A disadvantage, however, is that 
the number of forbidden substances is essentially infinite. Thus, it 
can be challenging to ensure the detection of non- allowed ingre-
dients by chemical analyses. Non- targeted screening methods 
can maximise the chance of detection. Because most flavourings 
are volatile, gas chromatography coupled to mass spectrometry 
is a common and suitable technique for flavour analysis that 
has previously been used for e- liquids.17 37 38 Mass spectra can 
also provide information about the identity of unknown (non- 
allowed) flavourings. Combining different techniques will give 
the best possibilities to determine which—if any—non- allowed 
flavourings an e- liquid contains.

CONCLUSIONS
This paper proposes a restrictive list of 16 flavourings to be 
allowed in the production of e- liquids. We expect that with 
these flavourings, only e- liquids with a tobacco flavour can be 
produced. Implementing this proposed list in legislation will 
likely discourage e- cigarette use among youth, but also make 
e- cigarettes less attractive as smoking cessation aid. Regu-
lators should also consider that users may add non- tobacco 
flavourings not marketed for use in e- liquids as alternative. 

After implementation, it will be useful to evaluate whether 
this proposed list achieves the final objective of only tobacco- 
flavoured e- liquids on the market. A comparison with other 
countries, such as Canada should they also implement a restric-
tive list, can be helpful, as can be the monitoring of commercially 
available e- liquids.

Acknowledgements This work has partly been reported in RIVM reports 2021- 
0074 and 2022- 0050. We would like to thank Arnout Hartendorp and Peter Keizers 
for their critical assessment of the draft manuscript. We also wish to express our 
gratitude to Health Canada for helpful discussions and providing us with the report 
on the Flavour Profile of Tobacco Leaves and Tobacco Smoke.28

Contributors RT acquired funding and supervised the project. JLAP collected 
the data. RT is the guarantor. All authors contributed to the research plan and the 
analyses and helped draft the manuscript. All authors approved the final version for 
publication.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data (provided they are non- confidential) are 
available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Jeroen L A Pennings http://orcid.org/0000-0002-9188-6358
Anne Havermans http://orcid.org/0000-0003-2874-6560
Wouter F Visser http://orcid.org/0000-0003-1129-262X
Ingrid M E Bakker-’t Hart http://orcid.org/0000-0001-6632-783X
Yvonne C M Staal http://orcid.org/0000-0002-7187-0121

REFERENCES
 1 Martinelli T, Candel M, de Vries H, et al. Exploring the gateway hypothesis of 

e- cigarettes and tobacco: a prospective replication study among adolescents in the 
netherlands and flanders. Tob Control 2021; 

 2 Chan GCK, Stjepanović D, Lim C, et al. Gateway or common liability? A systematic 
review and meta- analysis of studies of adolescent e- cigarette use and future smoking 
initiation. Addiction 2021;116:743–56. 

 3 Yoong SL, Hall A, Turon H, et al. Association between electronic nicotine delivery 
systems and electronic non- nicotine delivery systems with initiation of tobacco use 
in individuals aged < 20 years. a systematic review and meta- analysis. PLoS One 
2021;16:e0256044. 

 4 Scientific Committee on Health. Environmental and emerging risks (SCHEER). opinion 
on electronic cigarettes. 2021. Available: https://ec.europa.eu/health/sites/health/files/ 
scientific_committees/scheer/docs/scheer_o_017.pdf

 5 Czoli CD, Fong GT, Mays D, et al. How do consumers perceive differences in risk 
across nicotine products? A review of relative risk perceptions across smokeless 
tobacco, e- cigarettes, nicotine replacement therapy and combustible cigarettes. Tob 
Control 2017;26:e49–58. 

 6 Romijnders KAGJ, van Osch L, de Vries H, et al. Perceptions and reasons regarding 
e- cigarette use among users and non- users: a narrative literature review. Int J Environ 
Res Public Health 2018;15:1190. 

 7 Kinouani S, Leflot C, Vanderkam P, et al. Motivations for using electronic cigarettes in 
young adults: a systematic review. Subst Abus 2020;41:315–22. 

 8 European Union. Attitudes of europeans towards tobacco and electronic cigarettes 
special eurobarometer 506. 2021.

 on A
pril 18, 2024 by guest. P

rotected by copyright.
http://tobaccocontrol.bm

j.com
/

T
ob C

ontrol: first published as 10.1136/tc-2022-057764 on 20 January 2023. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9188-6358
http://orcid.org/0000-0003-2874-6560
http://orcid.org/0000-0003-1129-262X
http://orcid.org/0000-0001-6632-783X
http://orcid.org/0000-0002-7187-0121
http://dx.doi.org/10.1136/tobaccocontrol-2021-056528
http://dx.doi.org/10.1111/add.15246
http://dx.doi.org/10.1371/journal.pone.0256044
https://ec.europa.eu/health/sites/health/files/scientific_committees/scheer/docs/scheer_o_017.pdf
https://ec.europa.eu/health/sites/health/files/scientific_committees/scheer/docs/scheer_o_017.pdf
http://dx.doi.org/10.1136/tobaccocontrol-2016-053060
http://dx.doi.org/10.1136/tobaccocontrol-2016-053060
http://dx.doi.org/10.3390/ijerph15061190
http://dx.doi.org/10.3390/ijerph15061190
http://dx.doi.org/10.1080/08897077.2019.1671937
http://tobaccocontrol.bmj.com/


e47Pennings JLA, et al. Tob Control 2024;33:e41–e47. doi:10.1136/tc-2022-057764

Original research

 9 Romijnders KA, Krüsemann EJ, Boesveldt S, et al. E- liquid flavor preferences and 
individual factors related to vaping: a survey among dutch never- users, smokers, dual 
users, and exclusive vapers. Int J Environ Res Public Health 2019;16:23. 

 10 Laverty AA, Vardavas CI, Filippidis FT. Design and marketing features influencing 
choice of e- cigarettes and tobacco in the EU. Eur J Public Health 2016;26:838–41. 

 11 Patten T, De Biasi M. History repeats itself: role of characterizing flavors on nicotine 
use and abuse. Neuropharmacology 2020;177 

 12 Meernik C, Baker HM, Kowitt SD, et al. Impact of non- menthol flavours in 
e- cigarettes on perceptions and use: an updated systematic review. BMJ Open 
2019;9:e031598. 

 13 Krüsemann EJZ, van Tiel L, Pennings JLA, et al. Both nonsmoking youth and smoking 
adults like sweet and minty e- liquid flavors more than tobacco flavor. Chem Senses 
2021;46:bjab009 

 14 Becker TD, Rice TR. Youth vaping: a review and update on global epidemiology, 
physical and behavioral health risks, and clinical considerations. Eur J Pediatr 
2022;181:453–62. 

 15 Havermans A, Krüsemann EJZ, Pennings J, et al. Nearly 20 000 e- liquids and 250 
unique flavour descriptions: an overview of the Dutch market based on information 
from manufacturers. Tob Control 2021;30:57–62. 

 16 Krüsemann EJZ, Havermans A, Pennings JLA, et al. Comprehensive overview of 
common e- liquid ingredients and how they can be used to predict an e- liquid’s 
flavour category. Tob Control 2021;30:185–91. 

 17 Kosarac I, Kubwabo C, Fan X, et al. Open characterization of vaping liquids in Canada: 
chemical profiles and trends. Front Chem 2021;9:756716. 

 18 Trimbos Instituute. Factsheet “Elektronische sigaretten. 2020. Available: https://www. 
trimbos.nl/?act=winkeldl.download&prod=1269

 19 Ministry of Health, Welfare and Sport. Concept amvb smaakjes e- sigaret. 2021. 
Available: https://www.internetconsultatie.nl/smaakjes

 20 Government Decree on the manufacture. Placing on the market and control of 
tobacco products, combined warnings and detailed rules for the application of health 
protection fines. 2013. Available: https://njt.hu/jogszabaly/2013-39-20-22

 21 RIVM. Zoete smaken maken e- sigaretten aantrekkelijk. onderzoek naar het aanbod, 
de ingrediënten en gebruikersvoorkeuren van smaken in e- sigaretten. 2021. Available: 
https://www.rivm.nl/sites/default/files/2021-03/Factsheet%20zoete%20smaken% 
20e-liquids.pdf

 22 Blokhuis P, staatssecretaris van. Welzijn en sport. antwoord op vragen commissie 
over het ontwerpbesluit houdende de wijziging van het tabaks- en rookwarenbesluit 
in verband met de regulering van smaken voor e- sigaretten [Kamerstuk 32011- 85]. 
2021. Available: https://www.tweedekamer.nl/kamerstukken/brieven_regering/detail? 
id=2021Z11341&did=2021D24560

 23 European. European tobacco products directive (EUTPD). 2014. Available: 
https://eur-lexeuropaeu/legal-content/NL/TXT/PDF/?uri=CELEX:02014L0040-
20150106&from=EN

 24 Rijksoverheid. Smaakjes van e- sigaretten worden verboden. 2021. Available: https://
www.rijksoverheid.nl/actueel/nieuws/2020/06/23/smaakjes-van-e-sigaretten-worden- 
verboden

 25 Krüsemann EJZ, Boesveldt S, de Graaf K, et al. An E- liquid flavor wheel: a shared 
vocabulary based on systematically reviewing E- liquid flavor classifications in 
literature. Nicotine Tob Res 2019;21:1310–9. 

 26 Leffingwell & Associates. Flavor- base. 2013. Available: www.leffingwell.com
 27 Independent Advisory Panel on characterising flavours in tobacco products (IAP). 

Methodology for the technical assessment of test products assisting in determining 
tobacco products with a characterising flavour. application to cigarettes and roll your 
own products. 2020. Available: https://ec.europa.eu/health/sites/default/files/tobacco/ 
docs/methodology_technical-assessment_test-products_en.pdf

 28 Wayne GF. Review of tobacco industry documents on the flavour profile of tobacco 
leaves and tobacco smoke. Report repared under contract for Health Canada; 2020.

 29 Klerx W, Hernandez L, Croes E, et al. De gezondheidsrisico’s van het gebruik van e- 
sigaretten. RIVM- report 2014- 0143; 2015. Available: https://www.rivm.nl/bibliotheek/ 
rapporten/2014-0143.pdf

 30 RIVM. Gezondheidseffecten van de 23 smaakstoffen in vloeistoffen voor e- sigaretten. 
2022. Available: https://www.rivm.nl/bibliotheek/rapporten/2022-0050.pdf

 31 Order amending schedules 2 and 3 to the tobacco and vaping products act (flavours). 
Canada gazette, part I. 2021: 25.Available: https://gazette.gc.ca/rp-pr/p1/2021/2021- 
06-19/html/reg2-eng.html

 32 China State Council’s tobacco monopoly authority. Chinese standard GB 41700- 2022 
electronic cigarettes. n.d. Available: http://openstd.samr.gov.cn/bzgk/gb/newGbInfo? 
hcno=ABB028BCBF0391D0039E80FDAB8D3AF7

 33 Li L, Borland R, Cummings KM, et al. How does the use of flavored nicotine vaping 
products relate to progression toward quitting smoking? findings from the 2016 and 
2018 ITC 4CV surveys. Nicotine Tob Res 2021;23:1490–7. 

 34 Friedman AS, Xu S. Associations of flavored e- cigarette uptake with subsequent 
smoking initiation and cessation. JAMA Netw Open 2020;3:e203826 

 35 Harlow AF, Fetterman JL, Ross CS, et al. Association of device type, flavours and 
vaping behaviour with tobacco product transitions among adult electronic cigarette 
users in the USA. Tob Control 2022;31:e10–7. 

 36 Cwalina SN, Leventhal AM, Barrington- Trimis JL. E- Cigarette flavour enhancers: 
flavoured pod attachments compatible with JUUL and other pod- based devices. Tob 
Control 2020;29:e127–8. 

 37 Krüsemann EJZ, Pennings JLA, Cremers J, et al. GC- ms analysis of e- cigarette refill 
solutions: a comparison of flavoring composition between flavor categories. J Pharm 
Biomed Anal 2020;188:113364. 

 38 Miami- Dade County Medical Examiner Department, Walsh E. Evaluation of the 
components within electronic cigarette liquids and drugs of abuse using gas 
chromatography- mass spectrometry. FLIS 2016;2:1–7. 10.24966/FLIS-733X/100014 
Available: http://www.heraldopenaccess.us/journals/Forensic-Legal-&-Investigative- 
Sciences/volume-2-&-issue-2.php

 on A
pril 18, 2024 by guest. P

rotected by copyright.
http://tobaccocontrol.bm

j.com
/

T
ob C

ontrol: first published as 10.1136/tc-2022-057764 on 20 January 2023. D
ow

nloaded from
 

http://dx.doi.org/10.3390/ijerph16234661
http://dx.doi.org/10.1093/eurpub/ckw109
http://dx.doi.org/10.1016/j.neuropharm.2020.108162
http://dx.doi.org/10.1136/bmjopen-2019-031598
http://dx.doi.org/10.1093/chemse/bjab009
http://dx.doi.org/10.1007/s00431-021-04220-x
http://dx.doi.org/10.1136/tobaccocontrol-2019-055303
http://dx.doi.org/10.1136/tobaccocontrol-2019-055447
http://dx.doi.org/10.3389/fchem.2021.756716
https://www.trimbos.nl/?act=winkeldl.download&prod=1269
https://www.trimbos.nl/?act=winkeldl.download&prod=1269
https://www.internetconsultatie.nl/smaakjes
https://njt.hu/jogszabaly/2013-39-20-22
https://www.rivm.nl/sites/default/files/2021-03/Factsheet%20zoete%20smaken%20e-liquids.pdf
https://www.rivm.nl/sites/default/files/2021-03/Factsheet%20zoete%20smaken%20e-liquids.pdf
https://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2021Z11341&did=2021D24560
https://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2021Z11341&did=2021D24560
https://eur-lexeuropaeu/legal-content/NL/TXT/PDF/?uri=CELEX:02014L0040-20150106&from=EN
https://eur-lexeuropaeu/legal-content/NL/TXT/PDF/?uri=CELEX:02014L0040-20150106&from=EN
https://www.rijksoverheid.nl/actueel/nieuws/2020/06/23/smaakjes-van-e-sigaretten-worden-verboden
https://www.rijksoverheid.nl/actueel/nieuws/2020/06/23/smaakjes-van-e-sigaretten-worden-verboden
https://www.rijksoverheid.nl/actueel/nieuws/2020/06/23/smaakjes-van-e-sigaretten-worden-verboden
http://dx.doi.org/10.1093/ntr/nty101
www.leffingwell.com
https://ec.europa.eu/health/sites/default/files/tobacco/docs/methodology_technical-assessment_test-products_en.pdf
https://ec.europa.eu/health/sites/default/files/tobacco/docs/methodology_technical-assessment_test-products_en.pdf
https://www.rivm.nl/bibliotheek/rapporten/2014-0143.pdf
https://www.rivm.nl/bibliotheek/rapporten/2014-0143.pdf
https://www.rivm.nl/bibliotheek/rapporten/2022-0050.pdf
https://gazette.gc.ca/rp-pr/p1/2021/2021-06-19/html/reg2-eng.html
https://gazette.gc.ca/rp-pr/p1/2021/2021-06-19/html/reg2-eng.html
http://openstd.samr.gov.cn/bzgk/gb/newGbInfo?hcno=ABB028BCBF0391D0039E80FDAB8D3AF7
http://openstd.samr.gov.cn/bzgk/gb/newGbInfo?hcno=ABB028BCBF0391D0039E80FDAB8D3AF7
http://dx.doi.org/10.1093/ntr/ntab033
http://dx.doi.org/10.1001/jamanetworkopen.2020.3826
http://dx.doi.org/10.1136/tobaccocontrol-2020-055999
http://dx.doi.org/10.1136/tobaccocontrol-2020-055618
http://dx.doi.org/10.1136/tobaccocontrol-2020-055618
http://dx.doi.org/10.1016/j.jpba.2020.113364
http://dx.doi.org/10.1016/j.jpba.2020.113364
http://dx.doi.org/10.24966/FLIS-733X/100014
http://www.heraldopenaccess.us/journals/Forensic-Legal-&-Investigative-Sciences/volume-2-&-issue-2.php
http://www.heraldopenaccess.us/journals/Forensic-Legal-&-Investigative-Sciences/volume-2-&-issue-2.php
http://tobaccocontrol.bmj.com/


e140 Tob Control 2024;33:e140. doi:10.1136/tc-2022-057764corr1

Correction: Reducing attractiveness of e- 
liquids: proposal for a restrictive list of 
tobacco- related flavourings
Pennings JLA, Havermans A, Krüsemann EJZ, et al. Reducing attractiveness of e- liquids: 
proposal for a restrictive list of tobacco- related flavourings. Tob Control 2023. doi: 10.1136/
tc- 2022- 057764
The authors have brought out attention to an error in their manuscript, which has been 
published as an online first article in Tobacco Control.
The error appears in the Discussion under subheading 'Potential impact of proposal on manu-
facturers and users'. The revised text should have read as follows:
We found that for 0.2% of the tobacco- flavoured e- liquids without secondary flavours, all of 
their flavourings used are on the proposed list. Therefore, these products would be allowed to 
remain on the market with their current composition. 77.3% of the tobacco- flavoured e- liq-
uids contain one or more flavourings that are not on the proposed list. For these liquids, manu-
facturers would have the option to adapt the composition using only (combinations of) the 
allowed flavourings. For the remaining 22.5%, the manufacturer has provided no, insufficient, 
or unclear information and we cannot say with certainty whether or not all of the flavourings 
used in these liquids are on the proposed list.
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