
Nicotine & Tobacco Research, 2020, 806–813
doi:10.1093/ntr/ntz058
Original investigation

806

Received January 2, 2019; Editorial Decision April 9, 2019; Accepted April 12, 2019

© The Author(s) 2019. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco. All rights reserved.
For permissions, please e-mail: journals.permissions@oup.com.

Original investigation

Impacts of Nicotine and Flavoring on the 
Sensory Perception of E-Cigarette Aerosol
Alexa J. Pullicin MS1, Hyoshin Kim PhD2, Marielle C. Brinkman BS3, 
Stephanie S. Buehler PhD4, Pamela I. Clark PhD5, Juyun Lim PhD1,

1Department of Food Science and Technology, Oregon State University, Corvallis, OR; 2Battelle Public Health Center 
for Tobacco Research, Battelle Memorial Institute, Seattle, WA; 3College of Public Health, Ohio State University, 
Columbus, OH; 4Battelle Public Health Center for Tobacco Research, Battelle Memorial Institute, Columbus, OH; 
5School of Public Health, University of Maryland, College Park, MD

Corresponding Author: Juyun Lim, PhD, Department of Food Science and Technology, Oregon State University, 100 Wiegand 
Hall, Corvallis, OR 97331, USA. Telephone: 1-541-737-6507; Fax: 1-541-737-1877; E-mail: juyun.Lim@oregonstate.edu

Abstract

Introduction:  To examine the interaction between an added flavoring (cherry) and nicotine on the 
perception of electronic cigarette (e-cigarette) aerosol and how this impacts the appeal of flavored 
liquids for e-cigarette (e-liquids).
Methods:  A total of 19 subjects (13 male, 6 female) vaped six commercially available e-liquids 
with varying contents of nicotine (0, 6, 12 mg/mL) and cherry flavor (4.7% or 9.3% vol/vol). For each 
e-liquid, subjects first rated overall liking/disliking of the aerosol using the Labeled Hedonic Scale, 
followed by perceived intensities of sweetness, bitterness, harshness (irritation), and cherry flavor 
of the aerosol using the general version of Labeled Magnitude Scale.
Results:  The main findings were that (1) added nicotine increased perceived irritation and bitter-
ness, and decreased the perceived sweetness of the e-cigarette aerosol; (2) cherry flavoring added 
a characteristic “cherry flavor” and an increase in the flavoring concentration from 4.7% to 9.3% 
tended to increase perceived intensities of sweetness, harshness, and bitterness; and (3) hedonic 
ratings of the e-cigarette aerosol decreased as nicotine level increased, but were not affected by 
flavor level.
Conclusions:  Our findings indicate that the appeal of the e-cigarette aerosol decreases as nicotine 
concentration increases. Conversely, perceived sweetness improved liking. An increase in the con-
centration of cherry flavoring did not appear to impact any of the measured attributes to a signifi-
cant degree.
Implications:  This work demonstrates that the perception of specific sensory attributes of 
e-cigarettes and their overall appeal are affected by the e-liquid constituents. Most significantly, 
the results suggest that nicotine decreases the sensory appeal of e-cigarettes by contributing to 
the perceived irritation and bitterness of the aerosol. These data have implications for the role that 
nicotine plays in the sensory perception and appeal of e-cigarettes aerosol and further how these 
sensory factors can be modulated by sweet flavoring.

Introduction

The popularity of electronic cigarettes (e-cigarettes) has risen sub-
stantially in recent years among adults and adolescents.1,2 Perhaps 

the main driver of the product’s success is the perception that it is 
a safer alternative to combustible tobacco cigarettes, with adverse 
health effects being generally mild and short-term in comparison,3 
though this is still debated.4 In fact, numerous studies have reported 
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that e-cigarette users are most often either current and/or former 
tobacco cigarette smokers.1,5 However, it is unclear whether the rise 
in e-cigarette popularity serves to encourage a substantial number 
of nonsmokers to initiate use.5–7 Nonetheless, the increase in use of 
e-cigarettes among any population warrants concern about the per-
petuation of nicotine addiction, which remains a critical issue in the 
United States.8

At least 30% of adolescent e-cigarette users have reported using 
electronic liquids (e-liquids) that contain nicotine.9 For adults, the 
prevalence of using nicotine-containing e-liquids may be closer to 
99%.10 Nicotine is a psychoactive substance,11 which also elicits irri-
tation such as burning, stinging, and painful sensations.12,13 Irritation 
is generally an undesirable sensory quality that reduces appeal and 
may deter the initiation and use of nicotine-containing products. To 
reduce irritation from nicotine, manufacturers use flavor additives, 
which increase product appeal by adding a desirable sensory dimen-
sion. Such an approach had previously been used in conventional 
tobacco cigarettes through addition of “characterizing” flavors (eg, 
vanilla, cloves). Recognizing the role of these flavor additives in 
improving the appeal of cigarettes, in 2009, the US Food and Drug 
Administration (FDA) banned the addition of “characterizing” fla-
vors to cigarettes (with the exception of menthol).14 Most recently, 
the FDA announced new restrictions that include a ban on the sale 
of flavored e-cigarettes, with the exception of menthol and mint fla-
vors, in retail outlets that do not have areas restricted from chil-
dren under 18 years. Other flavored varieties will now only be sold 
at age-restricted stores or through online merchants that use age-
verification checks.15 Although menthol was excluded from this new 
e-cigarette restriction, the FDA announced its intent to seek a ban on 
menthol cigarettes and cigars, which is considered to pose a greater 
public health risk.15 Further policy actions are expected to be an-
nounced based on more data regarding the impact of flavors on use 
of products across youth and adult populations.

The number of e-liquid flavors available on the market has been 
increasing exponentially, with more than 7700 unique flavors re-
ported to be available in 2012–2014 online market, increasing from 
the prior year at a rate of nearly 250 new flavors a month.2 Little is 
known about how specific classes of flavor impact adoption, prefer-
ence, and use of e-cigarettes. Studies have shown that flavor additives 
play an important role in e-cigarette use behaviors.16 In particular, 
“sweet” flavors (commonly fruit, but also candy and dessert-like fla-
vors), are highly popular among users,17 and there is a significant 
positive association between sweet flavors and liking.18 Notably, 
adolescents show greatest preference for sweet-flavored e-liquids.9

There is little empirical evidence regarding how flavor additives 
perceptually interact with nicotine. Existing literature suggests that 
other irritants (eg, capsaicin) often interact with flavor compounds 
(eg, aroma compounds and tastants) resulting in either inhibition or 
enhancement of perceived flavor intensities, and that the interactions 
are specific to the chemicals involved.19 In particular, evidence re-
garding how specific flavor additives may modify or mediate nico-
tine irritation in the aerosol of e-cigarettes is limited.

This study examined the impacts of nicotine and flavoring on 
the sensory perception of e-cigarette aerosol by investigating the 
occurrence and degree of perceptual interaction between fruit fla-
voring and nicotine, and further how such perception modulates 
the appeal of e-liquids. Established psychophysical methods, typic-
ally used in studies of food and consumer products, were adopted 
to measure aspects of e-cigarette aerosol perception. Such methods 
have successfully been used to evaluate e-cigarette perception in two 

recent studies,18,20 and offer a more controlled approach over survey 
methods.21

Methods

Subjects
Nineteen current e-cigarette users (13 male, 6 female) between 21 
and 35 years of age (mean = 24.5) were recruited from the Oregon 
State University campus and surrounding areas. All subjects were 
required to be (1) healthy per self-report, (2) 21–35 years of age, 
inclusive, (3) established e-cigarette users, defined as having vaped a 
nicotine-containing e-cigarette for at least 1 month prior to the study, 
and (4) a user (currently or in the past) of e-liquids with nicotine 
levels at or greater than 9 mg/mL. Study exclusion criteria included 
(1) mouth or throat problems that would prevent vaping comfort-
ably; (2) health problems that would prevent tasting or smelling nor-
mally; (3) allergies to propylene glycol, vegetable glycerin, natural 
or artificial cherry flavors or fragrances; (4) respiratory allergies (ie, 
frequent sneezing, nasal congestion, nasal discharge) or a history of 
pulmonary disease or asthma; (5) a desire to quit vaping; and (6) 
pregnancy, breast feeding, or trying to become pregnant. A  nega-
tive pregnancy result was confirmed for all female subjects prior to 
the experiment session using the BFP Midstream Early Pregnancy 
test (Fairhaven Health, Bellingham, WA). Subjects were not further 
screened for olfactory and gustatory deficits to capture how typical 
e-cigarette users would perceive test stimuli. Subjects were asked to 
not eat or drink except water, and not use any tobacco products 
at least 2 hours prior to their scheduled session. The experimental 
protocol was approved by the Oregon State University Institutional 
Review Board and was registered under the Clinical Trial registry 
(NCT03332953) at www.clinicaltrials.gov. Subjects gave written in-
formed consent and were compensated at the end of the session.

Questionnaires
Subjects were asked to fill out two questionnaires before attending 
the experimental session. The first questionnaire served as a screener 
for study participation and included questions regarding the eligi-
bility and exclusion criteria listed earlier. The second questionnaire 
collected information on the participant’s e-cigarette and conven-
tional tobacco cigarette use, including frequency of use and flavor 
preferences. E-cigarette dependence was calculated from the Penn 
State Electronic Cigarette Dependence Index22 (see Table 1).

Materials
E-cigarettes were composed of a V2 Ex Blank Cartridge and a V2 
Standard 79-mm E-cig Battery (4.2 volts) (VMR Products LLC, 
Miami, FL). The blank cartridge component consisted of a mouth-
piece (drip tip), and a “clearomizer,” composed of a graduated 
e-liquid tank, silica wick, and heating coil. A new blank cartridge 
was used for each sample for each subject and was attached to a 
reusable battery. All batteries were fully charged immediately before 
use. Six e-liquid formulations (3 nicotine levels × 2 flavor levels) were 
purchased premade from VaporFi (Miami Lakes, FL). According to 
the manufacturer, the formulations had 0, 6, or 12 mg/mL of nico-
tine and contained either “1 shot” (4.66% vol/vol) or “2 shots” 
(9.33% vol/vol) of cherry flavor. All e-liquid formulations had a 
70:30 propylene glycol:vegetable glycerin ratio and were registered 
with the FDA prior to August of 2016, and thus were not defined as 
investigational tobacco products. Stimuli were prepared by adding 
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0.5 mL of e-liquid to the blank cartridge and were vaped within 1 
minute of preparation.

Test Environment
The experiment took place in an enclosed lab with a testing space 
sectioned off by portable dividers. The testing room was venti-
lated using a negative air machine (OmniAire Nitro 600, 600 ft3/
minute) that was exhausted outdoors. The room air was filtered 
for odors and particles using an ionizer (Honeywell Air Genius) 
that was run for the full day when testing sessions occurred. All 
data were collected on a laptop computer connected to a display 
monitor.

Test Procedure
Each participant was tested in a single 45-minute session, which con-
sisted of two parts: training on hedonic and intensity scales, and data 
collection.

Training on Scales
Prior to vaping the e-cigarettes, subjects were trained on use of the 
Labeled Hedonic Scale (LHS)23,24 and the general version of the 
Labeled Magnitude Scale (gLMS)25,26 to measure liking/disliking and 
the perceived intensity of specific characteristics about the e-cigarette 
aerosol, respectively. The LHS is a bipolar categorical ratio scale 
bounded by the descriptors “most disliked sensation imaginable” 
on the bottom and “most liked sensation imaginable” at the top, 
with intermediate hedonic labels (like or dislike: slightly, moderately, 
very much, extremely) spaced at empirically derived intervals and 
“neutral” at the midpoint. Importantly, the capacity of this scale to 
measure the entire range of hedonic sensations one can experience 
allows ratio-level data to be obtained and hedonic implications to be 
made across individuals. After a brief explanation of the scale and 
instruction on its usage, subjects practiced making ratings on the 
scale using a list of 15 remembered or imagined items representing 
a broad frame of reference for possible hedonic sensations (eg, the 
taste of plain bread, the smell of bad body odor).

The gLMS is also a categorical ratio scale used to quantify the in-
tensity of any sensation imaginable and shares similar data analysis 
implications (eg, ratio-level data) to the LHS discussed earlier. The 
gLMS is bounded by “no sensation” at the bottom and “strongest 
imaginable sensation of any kind” at the top, with intermediate 
labels (from bottom to top: barely detectable, weak, moderate, 
strong, and very strong) spaced quasi-logarithmically based on em-
pirically derived magnitudes. Subjects were similarly trained on this 
scale using a list of 15 remembered or imagined items representing 
a broad context of sensations with varying intensity (eg, the bitter-
ness of fresh spring water, the heat from sipping boiling hot tea). 
Subjects’ responses from the training session were monitored and 
further instruction was given if there were inconsistencies with scale 
usage (eg, ratings abnormally high or low). Training was completed 
when responses fell within a normal range.

Data Collection
Prior to receiving the first sample, subjects rinsed their mouth three 
times with room temperature water and expectorated. Next, subjects 
were instructed on the vaping procedure, which involved inhaling 
the e-cigarette for 2 seconds, then exhaling, and repeating twice 
more (total of three puffs, 2 seconds each). Subjects were told that 
they could use their normal depth of inhalation for each e-cigarette 
sampled, but to stay consistent between successive samples. Further 
sampling of the e-cigarette was not allowed. Note the e-cigarette 
power was simply activated by inhaling; pilot testing did not re-
veal the necessity to take priming puffs to “warm up” the device. 
After the vaping procedure was finished, subjects were instructed to 
begin making ratings immediately. The overall liking/disliking of the 
aerosol was rated first using the LHS, then subsequent ratings were 
made using the gLMS on perceived sweetness, bitterness, harshness 
(irritation), and cherry flavor in that order. The cartridge containing 
the mouthpiece and e-liquid was disposed of after sampling. A 1-mi-
nute break was given between stimuli presentations; during this time, 
subjects were instructed to rinse their mouth and spit at least three 
times with room-temperature water. Additional time was offered to 
subjects between stimuli if they experienced irritation or negative 

Table 1.  Characteristics of Study Participants (N = 19)

Characteristic N (%)

Sex
  Male 13 (68.4)
  Female 6 (31.6)
Age (y) 24.5 ± 3.6
Ethnicities
  Caucasian 11 (57.9)
  Asian, Middle Eastern or Indian 8 (42.1)
  Pacific Islander/Native Hawaiian 1 (5.3)
Length of e-cigarette use
  1 mo to 6 mo 7 (36.8)
  6 mo to 1 y 6 (31.6)
  Greater than 1 y 6 (31.6)
Frequency of e-cigarette use
  Every day 14 (73.7)
  3–6 d per wk 3 (15.8)
  1–2 d per wk 2 (10.5)
Current e-liquid nicotine strength
  Low (3–6 mg/mL nicotine) 7 (36.8)
  Medium (9–12 mg/mL nicotine) 8 (42.1)
  High (18–36 mg/mL nicotine) 4 (21.1)
Past highest used e-liquid nicotine strength
  Medium (9–12 mg/mL nicotine) 11 (57.9)
  High (18–36 mg/mL nicotine) 8 (42.1)
Current other tobacco products use
  No 11 (57.9)
  Yes 8 (42.1)
Past other tobacco products use
  No 1 (5.3)
  Yes 18 (94.7)
Categories of e-liquid flavors used
  Fruit flavors (eg, cherry, pineapple, berry) 19 (100)
  Dessert flavors (eg, marshmallow, cinnamon, cotton 
candy)

8 (42.1)

  Menthol flavored 7 (36.8)
  Tobacco flavored 2 (10.5)
  Beverage flavors (eg, chai, coffee, mojito, cola) 1 (5.3)
  Other 1 (5.3)
Penn State Electronic Cigarette Dependence Index
  Not dependent 4 (21.1)
  Low dependence 6 (31.6)
  Medium dependence 5 (26.3)
  High dependence 4 (21.1)
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effects (eg, dizziness from nicotine) or flavor carry-over; however, 
this was not reported by anyone tested. Presentation order of the six 
stimuli were randomized between subjects using a Williams design, 
and subjects were blind to the conditions.

Data Preparation and Analysis
All rating data were collected using Compusense V.8.8 (Compusense). 
Hedonic ratings from the LHS were translated into a range of −100 
to +100 for analysis.24 The gLMS ratings were log-transformed in 
Compusense, as ratings from this scale are typically log-normally 
distributed.26 Repeated measures analysis of variance was performed 
on all specific ratings (ie, overall liking/disliking, sweetness, bitter-
ness, harshness, and cherry flavor) using flavor level and nicotine 
level as factors, followed by Tukey’s honest significant difference test. 
Statistical significance was set at p = .05. All statistical analyses were 
performed with Statistica 8 (StatSoft).

Results

Subject Characteristics
Characteristics of the subjects tested are reported in Table 1.

Perception of E-cigarette Aerosol
For hedonic ratings, there was a significant effect of nicotine level 
[F(2,36) = 11.00, p <.0005], but not flavor level [F(1,18) = 2.72, p 
> .05] on liking. As shown in Figure 1A, hedonic ratings among the 
six samples (3 nicotine levels × 2 flavor levels) decreased systemat-
ically as the nicotine content increased. In contrast, hedonic ratings 
tended to increase as the concentration of cherry flavor increased 
from 4.7% to 9.3%, although this tendency did not reach statis-
tical significance. The sample containing higher cherry flavor (9.3%) 
without nicotine was liked significantly more than two samples that 
contained 12  mg/mL nicotine at both flavor levels. Nonetheless, 
mean hedonic ratings for all six samples were above neutral (“0” 
on left y-axis). Hedonic responses were symmetrically distributed 

(Figure 1B), suggesting that there were no individuals with a strong 
disliking of the e-liquid aerosols.

Figure 2 displays log mean intensity ratings for four attrib-
utes—sweetness, cherry flavor, harshness, and bitterness—at 
two flavor levels (black bars, 4.7% cherry flavor; gray bars, 
9.3% cherry flavor) and three nicotine concentrations (0, 6, and 
12  mg/mL). Repeated measures analysis of variance for sweet-
ness ratings (Figure 2A) revealed a significant effect of nicotine 
level [F(2,36) = 5.73, p < .01], but not flavor level [F(1,18) = 1.27, 
p > .05]. As expected, the two e-cigarette samples that did not 
contain nicotine were rated as sweetest and the sweetness ratings 
decreased as nicotine concentration increased. The e-cigarette 
containing the highest nicotine concentration (12 mg/mL) and the 
lower flavor (4.7%) level was significantly least sweet in rating. 
For cherry flavor ratings (Figure 2B), flavor level had a significant 
effect [F(1,18) = 4.43, p = .05]; the ratings increased as the flavor 
concentration increased from 4.7% to 9.3%, although Tukey’s 
test did not identify significant groupings. Importantly, nicotine 
level did not have a significant effect on cherry flavor ratings 
[F(2,36) = 1.38, p > .05].

A systematic increase in harshness (irritation) was observed 
as nicotine concentration increased [F(2,36) = 38.35, p < .0001] 
(Figure 2C). Although there exists a visible trend of increased 
harshness at increasing flavor concentrations, the effect of flavor 
level was not significant [F(1,18)  =  3.55, p > .05]. The two 
e-cigarette samples that contained no nicotine were rated as having 
significantly lower harshness; the two e-cigarette samples that 
contained the highest concentration of nicotine were rated as sig-
nificantly harsher. For bitterness (Figure 2D), nicotine level had a 
significant effect [F(2,36) = 7.44, p < .005], but flavor level did not 
[F(1,18) = 2.81, p > .05]. The two e-cigarettes that contained no 
nicotine were rated as significantly less bitter than the two samples 
containing 12 mg/mL of nicotine. Interestingly, the differences in 
perceived bitterness were greater between 6 and 12 mg/mL nicotine 
versus no nicotine and 6 mg/mL nicotine.

Figure 1.  (A) Mean hedonic ratings ± standard error and (B) individual hedonic ratings of the six e-cigarettes sampled (2 flavor levels × 3 nicotine levels) 
by 19 subjects. E-cigarettes contained either 4.7% or 9.3% cherry flavoring and 0, 6, or 12 mg/mL of nicotine. Different letters above the bars in (A) indicate 
significant differences in hedonic ratings per Tukey’s honest significant difference test, p < .05. Note the difference in y-axis range between (A) and (B) for clarity. 
Abbreviations on the right y-axes represent semantic labels of the labeled hedonic scale. MLSI = most liked sensation imaginable; LE = like extremely; LVM = like 
very much; LM = like moderately; LS = like slightly; DS = dislike slightly; DM = dislike moderately; DVM = dislike very much; DE = dislike extremely; MDSI = most 
disliked sensation imaginable.
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Discussion

Sensory Perception of Nicotine in E-cigarette Aerosol
E-cigarettes administer nicotine to the user without combustion and 
tobacco smoke. Although e-cigarettes lack the added irritation at-
tributed to the chemical and particulate irritants in combusted cig-
arette smoke,27 nicotine itself is capable of eliciting irritation in the 
oral cavity12 and respiratory airways.13,28 The sensory irritation from 
nicotine is mediated through the activation of nicotinic acetylcho-
line receptors within nerve fibers28 and potentially other channels,29 
which are distributed in the mouth and airways. The current study 
clearly demonstrates that nicotine elicits irritation (harshness) when 
inhaled, and that this sensation increased in a monotonic manner as 
nicotine concentration increased from 0 to 12 mg/mL. Similar results 
have previously been reported in these devices.20

Although some degree of irritation can be desirable for some indi-
viduals in certain contexts (eg, spicy food),30 it is typically considered 
a negative attribute in consumer products. Our data support this 
notion, as evidenced by reduced e-cigarette liking with presence and 
increasing concentrations of nicotine. It is worth noting, however, 
that some perceptible level of irritation may be desirable to some 
e-cigarette users. Accordingly, it has been postulated as a reason for 

the greater use of these devices as compared to FDA-approved nico-
tine cessation methods (patches, lozenges, inhaler).31 This sensation, 
referred to as “throat hit,” is defined as desirable airway irritation 
caused by nicotine during smoking.32 One study surveyed more than 
1600 e-cigarette users and found that the strength of the throat hit 
was associated with higher nicotine and higher satisfaction levels, 
though these results were not determined experimentally and may 
only be generalizable to some users.33 Whereas other focus group-
based studies support these claims,31,32 the actual impact of this 
sensation on e-cigarette appeal in a controlled study of e-cigarette 
users was negative.34 It is likely that the appeal of this sensation is 
related to the users’ smoking history.35 Indeed, our data showed that 
dual users (ie, e-cigarette users that concurrently use combustible 
tobacco products) produced higher hedonic ratings for aerosols 
that they also rated as more harsh, based on a positive coefficient 
of interaction term between dual-use status and harshness rating on 
predicting liking score.

In addition to irritation, nicotine is also known to evoke bitter-
ness,36 which is elicited by T2R taste receptors on the tongue and 
other oral surfaces.37 Our study confirmed that nicotine evokes 
bitter taste in a dose-response manner in e-cigarette aerosol. Similar 

Figure 2.  Mean log perceived intensity ratings ± standard error of the six e-cigarettes sampled by 19 subjects (A) sweetness, (B) cherry flavor, (C) harshness 
(irritation), and (D) bitterness. E-cigarettes contained either 4.7% or 9.3% cherry flavoring and 0, 6, or 12 mg/mL of nicotine. Different letters above the bars 
indicate significant differences in intensity ratings per Tukey’s honest significant difference test, p < .05. Abbreviations on the right y-axes represent semantic 
labels of a selected portion of the general version of the labeled magnitude scale. S = strong, M = moderate, W = weak, BD = barely detectable.
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to harshness, bitterness is commonly considered a negative attribute 
in consumer products, although learning can reverse the innate aver-
sive responses.38 Our data demonstrate that there is a negative rela-
tionship between e-cigarette liking and bitterness perception, most 
likely caused by the inhaled nicotine. A similar negative correlation 
between perceived bitterness and liking of e-cigarette aerosol was re-
ported previously when subjects vaped different flavored e-cigarettes 
containing a constant level of nicotine.18 Recognizing such effects in 
nicotine-containing products,39 the industry has put significant effort 
into creating strategies to improve their sensory appeal, including the 
use of flavor additives.

Impacts of an Added Flavor on the Sensory 
Perception of E-cig Aerosol
Flavorants are common additives in tobacco products, including elec-
tronic nicotine delivery systems. Flavor additives include aroma com-
pounds (eg, vanillin for vanilla), chemesthetic agents (eg, l-menthol 
for menthol), and sweet tastants (eg, sucralose), which are sensed 
by different sensory systems: aroma compounds by olfactory recep-
tors,40 chemesthetic agents by cold-sensitive nerve fibers (TRPM8),41 
and sweeteners by the sweet taste receptor (hT1R2-hT1R3).42 These 
compounds are added to tobacco products, including e-liquids, for 
the purpose of modulating hedonic responses.18,20,34 Specifically, 
flavor additives can (1) add a desirable, defining characteristic,18,20,34 
(2) suppress irritation and bitterness produced by nicotine and other 
irritants,18,20 and (3) enhance a positive attribute such as sweetness 
produced by other ingredients (eg, sweeteners).18,34

Flavorants add a desirable sensory dimension and thereby en-
hance the rewarding and reinforcing value of e-cigarettes.43 In the 
current study, we specifically investigated the role of a cherry fla-
voring on the sensory perception of e-cigarettes. Fruit flavors are 
reported to be the most commonly used flavor category among es-
tablished e-cigarette users,17 and are thus particularly relevant when 
examining the sensory interactions between e-liquid constituents. As 
expected, the addition of two different concentrations of cherry fla-
voring elicited the characterizing percept (ie, “cherry flavor”), and 
the perception of cherry flavor tended to increase slightly as the con-
centration of flavor increased from 4.7% to 9.3% (see Figure 2B). 
There also appeared to be a slight trend for increased liking as cherry 
flavor concentration increased, which could have been attributed to 
the increased perception of cherry flavoring.

Flavor components have been reported to interact with irritants 
to inhibit or enhance their perceived intensities.19 Sweeteners, for ex-
ample, are added both to increase sweetness as well as to suppress 
bitter taste and to inhibit irritation.44 Aroma compounds have been 
shown to decrease irritation in some circumstances.45 Contrary to 
expectations, our results showed that cherry flavoring, which con-
tained sweeteners and aroma compounds, did not lower harshness 
ratings when its concentration was increased from 4.7% to 9.3%. 
In fact, there was a trend of increased harshness between 4.7% and 
9.3% flavor, though this trend was not significant. It has been pre-
viously reported that some aroma compounds are capable of pro-
ducing irritating sensations at higher concentrations.19 In the case 
of e-liquids, certain volatile additives may be capable of producing 
irritation when vaporized, condensed into an aerosol, and inhaled.35 
In particular, many cherry-flavored e-liquids contain the aroma 
compound benzaldehyde. Although generally regarded as safe for 
ingestion, benzaldehyde is an airway irritant when inhaled,46 and 
therefore could explain why higher concentrations of cherry flavor 
did not lower harshness ratings. We speculate that the harshness 

ratings of these samples are lower than what may be observed in the 
absence of added flavor (ie, 0% cherry flavor), however a 0% flavor 
condition was not included in our study. Whereas the increase of 
cherry flavoring did not significantly impact hedonic responses, the 
e-cigarette samples that produced a higher perception of sweetness 
tended to have an increased overall appeal. It is likely that at least 
some of the sweetness observed was due to the cherry flavoring.

Impacts of Other E-liquid Constituents on the 
Perception of E-cigarettes
In addition to nicotine and cherry flavoring, e-liquids typically con-
tain a base of propylene glycol, glycerin (ie, glycerol), or a mixture of 
the two.3 During vaping, these chemicals vaporize and condense to 
form an aerosol that looks similar to combustible cigarette smoke.47 
Propylene glycol is faintly sweet tasting,48 and glycerin tastes about 
half as sweet as table sugar, that is, granulated sucrose, on a weight 
basis.49 Given the high concentrations of these two substances in 
e-liquids, unflavored nicotine-free e-liquid aerosol can possess a low, 
but detectable sweet quality.34 Our results indicate that the aerosol 
possessed considerable sweetness that was likely independent of the 
cherry flavoring, as sweetness did not significantly increase between 
the two flavor concentrations (4.7% vs. 9.3%). Therefore, we hy-
pothesize that the e-liquid base components (ie, propylene glycol, 
glycerin) contributed to the sweet quality of the aerosol. Notably, 
the ratio of propylene glycol to glycerin in an e-liquid is important, 
because the two constituents differ in terms of aerosol quality and 
flavor delivery; particularly, high-propylene glycol liquids produce 
a thinner aerosol, but deliver more flavor and throat hit.35 When 
aerosolized, both propylene glycol and glycerin have been reported 
to produce mouth and throat irritation.50,51 It is therefore possible 
that the base components of the e-liquid, in addition to aroma com-
pounds associated with the cherry flavoring (eg, benzaldehyde), con-
tributed to the baseline harshness ratings observed for e-cigarette 
samples void of nicotine.

Study Limitations

The study was conducted using one manufacturer’s set of e-liquids 
and one e-cigarette device, and therefore the results may not be gen-
eralizable across all e-liquids and e-cigarette devices. In addition, no 
attempt was made to verify or measure the variability of the nico-
tine and cherry flavoring content of the e-liquids as declared by the 
manufacturer. More importantly, this study did not include an un-
flavored sample as it was not offered commercially by the e-liquid 
supplier. The lack of baseline measurement does not allow us to dir-
ectly test the impact of cherry flavor; nonetheless, this study offers 
important information regarding how nicotine may impact sensory 
and hedonic responses to e-liquids in the presence of added flavor.

Conclusion

The results suggest that the perception of specific sensory attributes 
of e-cigarettes, as well as their overall appeal, are differentially af-
fected by the e-liquid constituents (ie, flavor additives, nicotine). Our 
results show that nicotine contributes to the irritation and bitter 
quality of e-cigarette aerosol, with the observed effect of nicotine 
level on harshness being more dramatic. In contrast, the perceived 
sweetness of the e-cigarette aerosol decreased in the presence of nico-
tine. We found that an increase of cherry flavoring concentration 
resulted in increased ratings for all attributes tested (ie, sweetness, 

Nicotine & Tobacco Research, 2020, Vol. 22, No. 5 811



cherry flavor, harshness, and bitterness), although the differences did 
not reach statistical significance. Hedonic ratings of the e-cigarette 
aerosol decreased as nicotine level increased, with no effect between 
the two flavor levels tested. The impact of flavors on e-cigarette use 
has been shown to be important. More scientific evidence is needed to 
inform the role of flavors in e-cigarette appeal, uptake and continued 
use. This study was conducted with a small number of participants 
to generate comprehensive hypotheses as to how the interaction be-
tween flavors and nicotine impact the sensory perception and appeal 
of e-liquid; the findings should be interpreted as preliminary.
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