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Abstract: Introduction: Electronic cigarettes are the most popular tobacco product among U.S. youth,
and over 80% of current youth users of e-cigarettes use flavored e-cigarettes, with fruit, mint/menthol,
and candy/sweets being the most popular flavors. A number of new e-liquid flavors are currently
emerging in the online e-cigarette market. Menthol and other flavored e-cigarettes could incentivize
combustible tobacco smokers to transition to e-cigarette use. Methods: From February to May 2021,
we scraped data of over 14,000 e-liquid products, including detailed descriptions of their flavors,
from five national online vape shops. Building upon the existing e-liquid flavor wheel, we expanded
the semantic databases (i.e., key terms) to identify flavors using WordNet—a major database for
keyword matching and group discussion. Using the enriched databases, we classified 14,000+ e-liquid
products into the following 11 main flavor categories: “fruit”, “dessert/candy/sweets”, “coffee/tea”,
“alcohol”, “other beverages”, “tobacco”, “mint/menthol”, “nuts”, “spices/pepper”, “other flavors”,
and “unspecified flavor”. Results: We find that the most prominent flavor sold in the five online vape
shop in 2021 was fruit flavored products, followed by dessert/candy/other sweets. Online vendors
often label a product with several flavor profiles, such as fruit and menthol. Conclusions: Given that
online stores market products with multiple flavor profiles and most of their products contain fruit
flavor, the FDA may have issued marketing denial orders to some of these products. It is important
to further examine how online stores respond to the FDA flavor restrictions (e.g., compliance or
non-compliance).

Keywords: vaping; e-liquid; e-cigarette; flavor; electronic nicotine delivery systems; ENDS; electronic
cigarette; tobacco; regulation; FDA

1. Introduction

Electronic cigarettes are a group of novel nicotine or tobacco products that have rapidly
gained popularity in recent years, especially among US adolescents and young adults [1,2].
An e-cigarette is a device that evaporates a liquid solution called e-liquid, so that the
user could inhale vapor [3,4]. Flavor is one of the key attributes of e-liquids, especially
to youth users of e-cigarettes [5,6]. Menthol flavor in nicotine e-liquids may counter the
aversiveness of nicotine through its cooling effect, and for nicotine-free e-liquid products,
fruit flavor may increase the product appeal to cigarette smokers [7,8]. Adolescents are
interested in trying e-cigarettes with fruit flavor compared to tobacco or alcohol flavor,
partially due to the perception that fruit-flavored e-cigarettes are less harmful than tobacco-
flavored e-cigarettes [9]. Despite flavors being one of the main reasons why youth initiate
e-cigarette use, they are often not aware of the nicotine level in the e-cigarettes they use [10].
Development of new e-liquid flavors could be associated with initiation and escalation of
e-cigarette use among USA adolescents and adults [5,6,11–13]. In total, 82.9% of current
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youth users of e-cigarettes in the USA used flavored e-cigarettes in 2020, and the most
popular flavors are fruit, mint/menthol, and dessert/candy/sweets [14]. The market of
e-cigarettes has quickly expanded since mid-2000s, and online vape shops are one of the
most common outlets for purchases of e-cigarettes [15–17].

Unlike combustible cigarettes, e-cigarettes typically come in a variety of product
design, such as open versus closed system, which poses challenges to tobacco control
policies [4]. Open system e-cigarettes have refillable tanks and are completely reusable,
whereas closed system e-cigarettes are either single-use products (disposable) or reloadable
with pre-filled cartridges [18]. Open systems allow users to manually refill cartridges with
flavored e-liquids that they purchase, thus giving them customized vaping experience, and
closed systems are designed to allow little modification of contents by users [4,19].

E-cigarettes may serve as a gateway to cigarette smoking, through increasing the
initiation of nicotine use (that would not occur in the absence of e-cigarettes) and e-cigarette
users (who become addicted to nicotine) transitioning from e-cigarettes to other tobacco
products including cigarettes [16,20–22]. In addition, a growing proportion of e-cigarette
users report that they initiated use at a young age (14 years old or younger), and 22.5%
of high school users are daily vapers, indicating their addiction to e-cigarettes [14,23].
Regulations on e-liquid flavors are under the authority of the USA Food Drug Admin-
istration (FDA). In response to the alarming rise of vaping behaviors especially among
youth in the USA, a federal regulation was imposed in February 2020 that bans all flavors
in cartridge-based e-cigarettes except for tobacco and menthol, but it has left loopholes
for manufacturers to sell menthol-flavored cartridge products, as well as flavored e-liquid
products that are used in disposable e-cigarettes and open-system e-cigarettes [24–27]. In
addition, the FDA has been issuing marketing denial orders to manufacturers of e-cigarette
products [28]. Several states in the USA have restricted the sale of flavored e-cigarette
products, including Massachusetts, New Jersey, New York, and Rhode Island, and their
flavor bans were implemented in either 2019 or 2020 [29].

In order to examine e-cigarette marketplace and enforce FDA and local flavor restric-
tions, identifying and categorizing e-cigarette flavors are critical. Although research efforts
have been made to document and classify e-cigarette flavors (e.g., flavor wheel), such
efforts may fail to capture the rapid evolvement of e-cigarette marketplace, such as the de-
velopment in flavor profiles. Moreover, all existing studies on flavors focus on the primary
flavor profile of a product (e.g., the flavor labeled on a package), which may not reflect
secondary flavors or multiple flavors that could be marketed to consumers [30]. Finally, as
the FDA bans flavored cartridges and issues market denial orders to flavored e-cigarette
products, manufacturers and retailers may market their products using concept flavors,
i.e., ambiguous flavor descriptors to evoke sensory or other pleasant vaping experiences
(e.g., jazz, ice, etc.). These challenges need to be evaluated in order to better inform flavor
restrictions and marketing regulatory policies.

To address some of the research gaps or regulatory challenges identified above, we
conduct this study to achieve the following goals: (1) expanding and enriching the existing
flavor wheel to capture the diversity of words that are used to describe flavors (i.e., building
a semantic database for flavors); (2) use this semantic database to identify and classify
flavors of over 14,000 products sold online. Given that both the e-cigarette market and the
regulatory environment have been rapidly evolving, our flavor semantic database could be
a very useful tool to identify and classify flavors in real time and used by researchers and
policymakers to surveille marketplace and check compliance for flavor restrictions. Thus,
the findings of this study can be used not only to inform potential policies, but also to shed
light on future research directions regarding e-cigarette flavors.

2. Materials and Methods

To build the semantic database for flavors, we use key words documented in the
following sources: (1) the e-cigarette flavor wheel created by Krüsemann et al. (2019) [30],
which defined the main categories and subcategories of flavors (e.g., fruit, sweet, etc.);
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(2) WordNet [31], a large lexical database of English in which words are interlinked by
semantic relations, which listed keywords for each flavor category (fruit, sweet, etc.); (3)
Marketing description data from Ma et al. (2022) [32] where we identify words related to
flavors; and (4) group discussion where six coauthors discuss the inclusion and exclusion
of each word that WordNet provides.

Using the semantic database, we classified flavors for over 14,000 e-liquid products
that we collected from give online stores. Given that each store may describe or list product
flavors differently, we obtained the flavor information using three different methods:
(1) extracting product flavor(s) directly from source code of product webpage, which is
presumably the most accurate; (2) identifying product flavor(s) from flavor filter provided
by each vape shop; and (3) extracting product flavor(s) from product description box on
list page aided by keyword matching. (See Figure A1 in the Appendix A for an example
of flavor filters on a store website). For each product, multiple flavor classifications could
be assigned if the marketing description or language mentioned key words that fall into
different flavor classifications.

3. Results

The key terms we used in each main category and subcategory are summarized in Ta-
ble A1. Figure 1 is a frequency plot of the e-liquid products in our sample based on whether
they contain a specific flavor. As shown in both Appendix A Table A1 and Figure 1, we clas-
sify e-liquid flavors into 11 main categories, i.e., fruit, dessert/candy/other sweets, tobacco,
menthol/mint, nuts, spices/pepper, coffee/tea, alcohol, other beverages, other flavors, and
unflavored. Within the main category of fruity flavors, there are four subcategories: berry,
citrus, tropical, and other fruits. We present in Figure 1 that, out of the 14,477 e-liquid prod-
ucts in our sample, 12,291 of them contain at least one fruity flavor. There are 7755 e-liquid
products from the five online vape shops that contain dessert/candy/other sweet flavor(s).
A total of 3043 e-liquids are flavored with menthol/mint. There are 2433 products that
contain alcohol flavors, while 3873 e-liquid products contain flavors of beverages other
than alcohol and coffee/tea. In our sample, 1244 e-liquids contain tobacco flavors. The
three main categories, nuts, spices/pepper, and coffee/tea are seen relatively less in our
sample of e-liquids sold in online stores.
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Figure 1. Frequencies of E-liquids Containing a Certain Flavor (Product Total N = 14,477).

In Figure 2, we present a frequency plot of the 14,477 e-liquids in our sample, by clas-
sifying their flavor description into one of the following: (1) unflavored or flavor unknown,
i.e., the product either is flavorless, or contains flavor(s) that are not identified by our key
terms; (2) fruity flavor(s) only, i.e., the product contains one or more fruity flavors, and no
additional flavor from any of the other main categories; (3) dessert/candy/other sweet



Int. J. Environ. Res. Public Health 2022, 19, 13953 4 of 14

flavor(s) only; (4) tobacco flavor only; (5) menthol/mint flavor only; (6) the product contains
flavor(s) from one of the other flavor main categories, i.e., nuts, spices/pepper, coffee/tea,
alcohol, or other beverages; (7) a combination of fruity and dessert/candy/other sweet
flavors; (8) fruity and menthol/mint flavors; (9) a combination of fruity flavor(s), and bever-
age(s) other than alcohol and coffee/tea; (10) a combination of dessert/candy/other sweets,
and tobacco; (11) dessert/candy/other sweets, and beverage(s) other than alcohol and
coffee/tea; (12) containing flavors from two different main categories, but other than the
ones described above; (13) a combination of fruit, menthol/mint, and dessert/candy/other
sweets; (14) a combination of fruit, alcohol, and dessert/candy/other sweets; (15) a com-
bination of fruit(s), dessert/candy/other sweets, and beverage(s) other than alcohol and
coffee/tea; (16) a combination of fruit, menthol/mint, and beverage(s) other than alcohol
and coffee/tea; (17) containing flavors from three different main categories, but other
than the ones described above; (18) containing flavors from four or more different main
categories. Among them, (2)–(6) describe single-flavored e-liquid products, i.e., containing
flavor(s) from one main category only; (7)–(12) indicates a mix of flavors from two main
categories; (13)–(17) mean the products each contains a mix of flavors from three main
categories; and (18) describes e-liquid products in our sample that each contains a mix
of flavors from four or more different main categories. One thing worth noting is that
e-liquids with tobacco flavor only (total N = 230) may contain nicotine (N = 193; 83.91%) or
be nicotine-free (N = 37; 16.09%).

As shown in Figure 2, the most prevalent flavor based on the count of products, is a
combination of fruity and dessert/candy/other sweet flavors (N = 2872 products). The
single-flavored e-liquids with fruity flavor(s) are also quite prevalent (N = 2472 prod-
ucts), followed by flavor description of four or more flavor main categories in e-liquid
(N = 1787 products). A total of 1095 e-liquid products contain a combination of fruity
and menthol/mint flavors; and there are 844 products with combined flavors of fruit(s),
dessert/candy/other sweets, and beverage(s) other than alcohol and coffee/tea; in our sam-
ple, among 795 e-liquid products, each of them contains a combination of fruity flavor(s),
and beverage(s) other than alcohol and coffee/tea. There are 417 products containing a
combination of fruit, menthol/mint, and dessert/candy/other sweet flavors, while 496 e-
liquids are flavored with a combination of fruit, alcohol, and dessert/candy/other sweets.
A mix of two or more flavors from different main categories seems very common in e-
liquids sold by online vape shops. We plot in Figure 3 the top seven flavors by frequency
counts in each online store. The top e-liquid flavors by frequency counts in store 1 (from
highest to lowest) are: fruity flavor(s) only (36.4%); fruity and dessert/candy/other sweet
flavors (17.6%); fruity and menthol/mint flavors (7.6%); two different main categories,
other than (7)–(11) (6.1%); three different main categories, other than (13)–(16) (5.6%); fruity
flavor(s), and beverage(s) other than alcohol and coffee/tea (5%); and tobacco flavor only
(3.8%). The top seven e-liquid flavors in store 2 are mostly similar to those in store 1: fruity
flavor(s) only (21.5%); fruity and dessert/candy/other sweet flavors (20.3%); fruity and
menthol/mint flavors (13.6%); fruity flavor(s), and beverage(s) other than alcohol and
coffee/tea (8.6%); three different main categories, other than (13)–(16) (7.4%); two different
main categories, other than (7)–(11) (6.1%); and a combination of flavors from four or
more different main categories (4.3%). By frequency counts, the top seven (from highest to
lowest) in store 3 are the following: fruity and dessert/candy/other sweet flavors (22.9%);
fruity flavor(s) only (21.3%); two different main categories, other than (7)–(11) (7.7%); fruity
and menthol/mint flavors (6.8%); unflavored or flavor unknown (6.3%); three different
main categories, other than (13)–(16) (6.3%); fruity flavor(s), and beverage(s) other than
alcohol and coffee/tea (6.1%). A combination of flavors from four or more different main
categories is the most prevalent flavor by frequency counts, in both store 4 (27.9%) and
store 5 (27.4%). It is likely that in both stores, e-liquid product description box contains
links that direct customers to different flavored products in the same collection, and thus
more than three different main categories were captured during keyword matching. In
store 4, what follows are: fruity and dessert/candy/other sweet flavors (17.7%); containing
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flavors from three different main categories, other than (13)–(16) (10%); a combination of
fruit(s), dessert/candy/other sweets, and beverage(s) other than alcohol and coffee/tea
(8.3%); fruity flavor(s) only (6.4%); fruity and menthol/mint flavors (5.3%); a combination
of fruity, menthol/mint, and dessert/candy/other sweet flavors (4.5%). Among e-liquids
in store 5, the 2nd to 7th highest are: fruity and dessert/candy/other sweet flavors (17.8%);
a combination of fruit(s), dessert/candy/other sweets, and beverage(s) other than alcohol
and coffee/tea (12%); a combination of fruit(s), dessert/candy/other sweets, and alcoholic
beverage(s) (8.9%); containing flavors from three different main categories, other than
(13)–(16) (8.4%); a combination of fruity, menthol/mint, and dessert/candy/other sweet
flavors (6.8%); fruity and menthol/mint flavors (4.9%).
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4. Discussion

To understand and keep up with a variety of emerging e-liquid flavors available in
the market of e-cigarettes, innovations in data sciences such as keyword matching has been
increasingly used for identifying and classifying e-cigarette flavors and other characteristics
when conducting surveillance of e-cigarette brand websites [33], social media [33–36],
and manufacturer scan [37]. However, the semantic databases for conducting such as
identification and classifications are often not publicly accessible and may be outdated by
the evolvement of the marketplace. To address this gap, this article publishes the keywords
for identifying and classifying flavors that can be readily used by the research community
to code and update flavors.

Another contribution of the semantic database is to allow for a more accurate and com-
prehensive flavor classification. For example, the e-cigarette flavors reported by Nielsen Re-
tail Scanner Data are limited to products sold in traditional brick-and-mortar stores [38–43],
and the flavors of these products only reflect the primary flavor on a package, which may
not capture all the flavor labels that are given to a product in the marketplace. Our research
study is, to the best of our knowledge, the first to categorize multiple flavor labels based on
real-world marketing practice.

Our study is informative and timely in that, it not only provides a database to help
tobacco control researchers classify and analyze e-liquid flavors, but also shows that e-liquid
products sold online are marked with multiple and complex flavor profiles, such as fruit +
dessert, fruit + menthol, and fruit + spice, etc. Given that these attractive flavors are likely
the most important attribute motivating adolescents and young adults to experiment with
e-cigarettes and initiate vaping, restricting the flavor availability from online vendors could
be important for curbing e-cigarette use among young populations [44–50]. Interestingly,
e-liquids flavored with tobacco only do not make to the top seven by frequency count in any
store except store 1, which has policy implication relevant to the role of tobacco-flavored
e-cigarettes in smoking gateway pathway [16,20–22].

Flavor restrictions have been increasingly adopted by federal, state, and local policies
to curb e-cigarette use. In recent years, the FDA issued Marketing Denial Orders (MDOs)
to approximately 1 million flavored e-cigarettes and banned characterizing flavors other
than menthol/mint and tobacco in cartridge-based e-cigarettes [27]. However, whether
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online vendors comply with these federal regulations are unknown [48,51,52]. Moreover,
a growing number of states and localities, including New Jersey, New York, and San
Francisco, California have adopted local restrictions to reduce the availability of flavored
e-cigarette products [53]. These local flavor restrictions may incentivize e-cigarette users
of flavored products to purchase products online to avoid regulations. More research is
needed to ascertain the scale of online supply and purchases of flavored products and
whether these activities undermine the impact of flavor restrictions on curbing e-cigarette
use among young people.

Monitoring e-cigarette flavor profiles is also critical for understanding the relative
appeals of nicotine and tobacco products in the marketplace. In April 2022, the FDA has
issued two proposals that would ban menthol as a characterizing flavor in cigarettes and
all characterizing flavors other than tobacco in cigars—an action to reduce the appeal of
combustible tobacco [54–56]. If these policies are implemented, the availability of menthol
and other attractive flavors in e-cigarettes could incentivize combustible tobacco smokers
to transition into e-cigarettes. The cost and benefit of regulating e-cigarette flavors therefore
need to be carefully weighted.

Finally, with a semantic database developed for flavors, our study could shed light
for future research that identifies “concept flavors”—a group of ambiguous or vague
descriptors that evoke sensory or other pleasant experiences (e.g., jazz, ice, etc.). Concept
flavors could replace characterizing flavors as a marketing strategy and continue to attract
consumers when products with explicit flavors are banned by authorities [43,57,58]. Our
database will allow researchers to identify products that do not fall into any of the known
flavor categories, thereby assisting in the evaluation of whether these producers adopt
concept flavors to market these products.

Our study has several limitations. The flavor semantic database contains pre-determined
hierarchies and categories of flavors based on the current consensus, which could change
over time. Nonetheless, users of our database may modify hierarchies and categories as
needed to reflect the development of marketplace. In addition, although we used several
iterations of keyword matching and expert reviews to enrich the flavor vocabulary, the
database is not an exhaustive list of all flavor-related words. We welcome readers and
users of this paper to improve and augment the database and make their contributions
publicly accessible to facilitate future research. Finally, although our approach could assist
in identifying concept flavors, such effort is beyond the scope of this paper. We will conduct
a follow-up study to specifically investigate concept flavors.

5. Conclusions

Flavor is an important attribute of e-liquid products, especially to youth users of
e-cigarettes. Development of new e-liquid flavors could be associated with initiation and
escalation of e-cigarette use among U.S. adolescents and adults. Regulations on e-liquid
flavors are under the authority of the U.S. Food Drug Administration. The findings of this
study can be used not only to inform potential policies, but also to shed light on future
research directions regarding e-cigarette flavors.
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Appendix A. The Process of Obtaining and Cleaning Flavor Data

Among the five stores in our sample, stores 2–3 did not have product flavors readily
available in the source code of product webpage, i.e., method (1); as a result, for those two
stores we relied on methods (2) and (3), which might introduce errors and are potentially
less accurate than method (1). Furthermore, for stores 4 and 5, methods (1) and (2) provide
the exact same information, i.e., flavor information in the source code of product webpage
were used to filter products by flavors on those two store websites. That effectively leaves
us with two data sources of product flavor information for four out of five stores in our
sample. During data analyses, we have found out that flavor information from filters
provided by store websites could sometimes inaccurate, and we also observed that an
individual e-liquid product could contain a mix of flavors. For instance, an e-liquid product
with primary flavor of fruit and secondary flavor of menthol might be placed under the
filter of fruity flavors only. To improve the accuracy of flavor data for each individual
e-liquid product sold by each store and make efforts to best capture the full description
of product flavors, we thus obtained flavor information using more than one method and
compared product flavor information from different sources. We obtained the source code
of e-liquid products from store 1 on 17 February 2021, from stores 2 and 4 on 7 April 2021,
from store 5 on 4 May 2021, and from store 3 on 20 May 2021.

In particular, the process of keyword matching in method (3) is the following. Aided
by WordNet [31], a large lexical database of English in which words are interlinked by
semantic relations, we expanded keywords for each flavor category. Building upon the e-
liquid flavor wheel created by Krüsemann et al. (2019) [30], we refined the main categories
and subcategories of e-liquid flavors to better classify the new e-liquid flavors from our web
data. The key terms we used in each main category and subcategory are summarized in
Table A1. Our flavor vocabulary will be publicly available at http://www.ce-shang.com/
vape-shop-product-information-collection.html (accessed on 24 October 2022), and we will
continue to update the vocabulary and include new keywords for e-cigarette flavors.
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Table A1. E-liquid Flavors: Main Categories, Subcategories, and Key Terms.

Main Category
(-Subcategory) Key Terms

alcohol

6-pack, absinthe, alcohol, amaretto, bar, bartender, beer, bellini,
black label, bloody mary, bootleg, bootlegger, bootlegging, booze,
boozy, bottle covers, bottle holder, bottle opener, bottle sleeve,
bourbon, brandy, brewed, brewery, brewing, brewski, bubbly, bud
light, budweiser, busch, cabernet, champagne, champers,
chardonnay, cocktail, cognac, colada, cold one, cooler, coors,
coozy, corkscrew, corona, crème, daiquiri, distilled, distiller,
distillery, drunk, fireball, firewater, fizz, flask, giggle, gin,
greyhound, guinness, half-rack, happy hour, heineken, homebrew,
hooch, ice cube, ipa, irish, jack daniel’s, jameson, johnnie walker,
julep, kahlua, karsk, keystone, koozie, lager, liqueur, liquid
courage, liquor, mai tai, malbec, malt, mardi gras, margarita,
marnier, martini, mead, menthe, mescal, michelob, miller,
mimosa, mixer, mojito, moonshine, moscato, mule, muscat,
nightcap, oktoberfest, patrick, pina, piña colada, pinot, pint, pisco
sour, punch, rotgut, rum, sake, sangria, sauce, sauvignon, scotch,
screwdriver, shaker, sherry, shooter, shot, shot, six-pack, sixer,
spirit, stella artois, stout, straw, suds, sunrise, tequila, tipple, tipsy,
vodka, wallbanger, wedge, whiskey, whisky, wine, winery
(-and-)
WordNet alcohol.n.01

coffee/tea
caffe latte, cappuccino, coffee, espresso, tea *
(-and-)
coffee.n.01 and tea.n.01 from WordNet

other beverages

cola, energy drink, lemonade, milk, soda *
(-and-)
WordNet beverage.n.01 (with coffee.n.01, tea.n.01 and
alcohol.n.01 removed)

dessert/candy/other sweets

apple pie, bananas foster, bubble gum, butter, cake, caramel,
cereals, cheese, chocolate, cookie, cotton candy, cream, cupcake,
custard, donut, gummy bears, honey, ice cream, muffin, quick
bread, vanilla, waffle, wine gum *
(-and-)
sweet.n.03 and dessert.n.01 from WordNet

fruit-berry
blackberry, blueberry, raspberry, strawberry *
(-and-)
WordNet berry.n.02

fruit-citrus
lemon, lime, orange *
(-and-)
WordNet citrus.n.01

fruit-tropical
acai, banana, carambola, coconut, dragonfruit, guava, ilama,
jackfruit, longan, lychee, mango, mangosteen, papaya,
passionfruit, pineapple, pitaya, soursop, starfruit

fruit-other

apple, cherry, grape, peach, pear, plum, pomegranate,
watermelon *
(-and-)
WordNet fruit.n.01 (with berry.n.02, citrus.n.01 and nut.n.01
removed)

menthol/mint menthol, mentholated, mint, peppermint

nuts
almond, hazelnut, peanut, pecan *
(-and-)
WordNet nut.n.01

spice/pepper
cinnamon, clove, licorice, mace, nutmeg, pepper *
(-and-)
spice.n.02 and pepper.n.04 from WordNet

tobacco tobacco

other flavors

unflavored
Note: * key terms from Krüsemann et al. (2019) [30].
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