
nutrients

Article

Consuming Gymnema sylvestre Reduces the Desire
for High-Sugar Sweet Foods

Sophie Turner 1, Charles Diako 2 , Rozanne Kruger 1 , Marie Wong 2, Warrick Wood 1,
Kay Rutherfurd-Markwick 3,4 and Ajmol Ali 1,4,*

1 School of Sport, Nutrition and Exercise, Massey University, Auckland 0745, New Zealand;
S.Turner1@massey.ac.nz (S.T.); R.Kruger@massey.ac.nz (R.K.); W.Wood@massey.ac.nz (W.W.)

2 School of Food and Advanced Technology, Massey University, Auckland 0745, New Zealand;
C.Diako@massey.ac.nz (C.D.); M.Wong@massey.ac.nz (M.W.)

3 School of Health Sciences, Massey University, Auckland 0745, New Zealand; K.J.Rutherfurd@massey.ac.nz
4 Centre for Metabolic Health Research, Massey University, Auckland 0745, New Zealand
* Correspondence: A.Ali@massey.ac.nz; Tel.: +64-9-2136414

Received: 28 February 2020; Accepted: 8 April 2020; Published: 10 April 2020
����������
�������

Abstract: Background. Gymnemic acids, from the plant Gymnema sylvestre (GS), selectively suppress
taste responses to sweet compounds without affecting the perception of other taste elements. The aim
of this study was to investigate the effect of consuming a GS-containing mint on the desire to consume
high-sugar sweet foods directly thereafter. Methods. This study utilized a single-blind, crossover
design comparing the consumption of a mint (dissolving tablet) containing 4 mg of gymnemic acids
with an isocaloric placebo in 56 healthy young men and women. Participants were given samples
of their favourite chocolate (varied between 14–18 g; energy varied between 292–370 kJ) and were
directed to rate on their hunger on 100-mm visual analogue scales 30 s prior to consuming high-sugar
sweet food (chocolate). They then consumed the GS mint or placebo mint and rated their perceived
pleasantness and desire for more chocolate on separate visual analogue scales immediately following
consumption of the high-sugar sweet food before being offered up to five additional servings (and
asked to rate hunger, pleasantness and desire to eat more chocolate between each ingestion period).
Results. The number of chocolate bars eaten decreased by 0.48 bars (21.3%) within a 15-min period
of consumption of the GS mint (p = 0.006). Desire to eat more of the high-sugar sweet food (p =

0.011) and pleasantness of the high-sugar sweet food (p < 0.001) was reduced after GS mint intake.
Those who reported having a ‘sweet tooth’ had a greater reduction in the pleasantness of chocolate
(p = 0.037) and desire to eat more (p = 0.004) after consuming the GS mint for the first serving of
a high-sugar sweet food following the mint. Conclusion. Consuming gymnema-containing mints
compared to placebo significantly reduced the quantity of chocolate eaten mainly due to a decrease in
the desire and pleasantness of consuming it.

Keywords: gymnemic acids; pleasantness; liking; sweet taste; type 1 taste receptor

1. Introduction

Sugar intake is increasing globally due to changing diets, such as increased availability of
sweet, processed foods [1]. A review of nationally representative surveys from 16 countries found
adults consumed 13.5%–24.6% of their total energy from added sugar, which is far above the WHO
recommended sugar intake level of 5%–10% of energy intake (approximately 12 teaspoons) per
day [2,3]. A systematic review conducted by Te Morenga et al. [4] reported that increased body
weight is associated with increased consumption of free sugars, with particularly strong links to
sugar-sweetened beverage consumption.
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Increasing added sugar in diets is one factor associated with a corresponding increase in body
weight in adults [4]. By 2025, 18% of adult men and 21% of adult women worldwide are expected to be
obese (have a body mass index (BMI) greater than 30.0 kg·m−2) [5]. In addition, the economic impact is
significant as medical costs in the US were 36%–100% higher for obese populations than those with
BMI in the healthy range [6]. Excessive sugar consumption is one of the public health issues that needs
to be addressed through a range of different measures.

In Ayurvedic medicine (an Indian traditional health care system), the leaves of a large vine,
gymnema sylvestre, are used to treat diabetes and dental caries, reducing obesity and inflammation [7].
Gymnema sylvestre has been reported to exhibit anti-diabetic properties as several constituents (gymnemic
acids, gurmarin and gymnemasaponin V) act together to normalize blood sugar levels by decreasing
plasma glucose and increasing insulin secretion by the pancreas and regeneration of pancreatic islet
cells [7,8]. It has been found that chewing the leaves or brewing it as tea results in a temporary,
reversible sweetness inhibitor [9,10]. This taste modulation has given gymnema sylvestre the reputation
of being a “sugar destroyer” or “gurmar” in Hindi [7,11]. More recently, the active components from
gymnema sylvestre have been identified and purified. Analysis of these components found sweetness
suppression activity in humans was affected by a group of triterpene saponins called gymnemic
acids [12–14]. In humans, gymnemic acids selectively suppress taste responses to sweet compounds
without affecting the perception of other taste elements (salty, sour, bitter and umami) [14]. Sweet
tastes are sensed by T1Rs (type 1 taste receptors), a group of G-coupled protein receptors found in taste
bud cells and parts of the peripheral gastrointestinal tract [15]. Gymnemic acids are structurally similar
to glucose molecules, and due to its anti-sweetness properties, acts as an antagonist and inhibitor of
the T1R unit to produce the temporary suppression of the perception of sweet taste [10,16]. Further
research is clearly needed to understand the effects of gymnema sylvestre and to consider its effectiveness
as a potential tool against high global added sugar consumption and its effects.

Gymnema has traditionally been prepared as a tea beverage either to be drunk or used as a
mouth rinse [10,17]. Questions had previously been raised about whether the glucose-suppressing
effects would persist after the leaves underwent food processing [9]; however, advancements in food
processing have resulted in the development of several food products containing gymnema including
sauces and breath mints [18,19]. Recent studies using formulated gymnema-containing products such
as a dissolving tablet or “lozenge” found that consumption of gymnema in this form reduces both
the intake and pleasantness of confectionary [20,21]. In a double-blind crossover study, consumption
of a gymnema-containing “lozenge” reduced the desire for further servings of confectionary, in the
two minutes prior to eating the next serving of confectionary [20]. This supported the hypothesis
that the desire to consume more high sugar foods was not entirely dependent on the reduction in
pleasantness experienced due to taste changes following consumption of the gymnema mint, but rather
the reduction in desire was a result of reduced neural feedback to the reward response region of the
brain [20,21].

From current evidence it is unclear whether any particular population subgroups would benefit
from the anti-sweetness effects of gymnema more than others. For example, if the effect of gymnema
may be more pronounced in higher refined sugar consumers or those who have been identified as
supertasters. Supertasters (those who have a strong reaction to the bitter compound 6-n-propylthiouracil
(PROP)) have been shown to experience sweet foods more intensely than those who tasted PROP
as less bitter (non-tasters or medium tasters) [22]. Supertasters therefore tend to prefer foods which
are less sweet [23], whereas non-tasters or medium tasters reported a lower intensity of sweetness
intensity for both sucrose and added sugars, and had a greater preference for sweet-tasting foods and
an increased intake of added sugar [24]. As the intensity of sweet liking has been linked to increased
consumption of these foods [25], PROP non-tasters or medium tasters may benefit more from using a
product that inhibits the perception of sweet taste to reduce their intake.

High BMI is associated with increased consumption of free sugars, as well as decreased perception
of sweet taste and an increase in reported liking of high-sugar sweet foods [4,26,27]. To date however,
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no research has been conducted on the relationship between BMI and frequency of sugar food intake
following the consumption of gymnema sylvestre.

Several sensory studies have suggested that men prefer more intense sweet-tasting food than
women [28,29] and have a higher pleasantness rating when consuming sweet foods [26]. Conversely,
other studies have shown that women are more likely than men to choose high sugar snack foods such
as candy or chocolate to provide psychological and physiological comfort [30]. There are, however, no
known studies to date that have explored gender differences in high-sugar sweet food consumption
following sweet taste modulation.

The aim of the present study was to examine the effect of a sugar reduction tool (gymnema sylvestre)
on the desire for high-sugar sweet food intake in different subgroups (gender, self-identified sweet
taste preference, supertaster status and/or varying body composition). Identification of subgroups that
may benefit from a product that creates an aversion to sugar-sweetened products by reducing desire
and understanding the unique ways in which these groups respond to pleasantness, is important to
gain an understanding of who may benefit from this tool.

2. Materials and Methods

2.1. Study Participants

Fifty-six healthy adults (35.7% men and 64.3% women) participated in this study (mean ± SD age
= 23.2 ± 5.7 years, range 18–47, BMI = 23.2 ± 3.1; Table 1). Participants were recruited using flyers
distributed in and around the university campus and using email distribution lists to previous study
participants. Inclusion criteria were age (18 and 50 years), and willingness to eat chocolate. Exclusion
criteria included having coeliac disease or gluten intolerance (as the standard snack contained gluten),
having diabetes, or having a pacemaker). Potential participants registered their interest in the study
via an online pre-screening questionnaire (Qualtrics, 2019), to establish if they met the inclusion
criteria, and captured their preferred chocolate selection from 15 popular choices (Table 2). Participants
provided informed written consent prior to commencement of the study. Ethical approval was granted
by the Massey University Human Ethics Committee: Northern (Application NOR 19/52). The trial was
registered at Australian and New Zealand Clinical Trials (ACTRN12619001384145).

Table 1. Participant characteristics.

Characteristic Presented as (mean ± SD) or n (%) Total Group Men Women

Gender 56 (100) 20 (35.7) 36 (64.3)

Age (years) 23.2 ± 5.7 24.5 ± 7.6 22.4 ± 4.3
Median 21 23 21
Range 18–47 18–47 18–39

BMI (kg·m−2) mean ± SD 23.2 ± 3.1 24.4 ± 3.4 22.4 ± 2.7
BMI groupn (%)
Underweight 3 (5.4) 0 (0) 3 (8.3)
Normal 39 (69.6) 12 (60.0) 27 (75.0)
Above normal (overweight + obese) 1 14 (25.0) 8 (40.0) 6 (16.7)
Weight (kg) mean ± SD 64.7 ± 12.1 74.9 ± 11.7 59.1 ± 8.0
Ethnicity 2 n (%)

European 12 (20.7) 6 (26.1) 6 (17.1)
Asian 44 (75.9) 15 (65.2) 29 (82.8)
MELAA 3 2 (3.4) 2 (8.7) 0 (0)

1 The overweight (n = 12) and obese (n = 2) BMI groups were combined for analysis due to low numbers in each. 2

Participants were able to select multiple ethnic backgrounds and therefore the total is greater than 100%. 3 Middle
Eastern, Latin American and African.
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Table 2. Participant chocolate selection and nutrition information.

Chocolate Participant
Selection (n) 1

(%) Weight
(g)

Energy
(kJ)

Sugar per
Serve (g)

Sugar per
100 g (g)

Cocoa
Content (%)

Nestle KitKat 18 32 17 370 8.6 50.5 22
Whittaker’s Almond Gold 12 21 15 360 5.2 34.6 33
Whittaker’s Creamy Milk 8 14 15 352.5 6.7 44.7 33
Whittaker’s Peanut Slab 6 11 15 333 7.2 48.0 33

Twix 3 5 14.5 308 7.0 48.0 25
Cadbury Moro Gold 2 4 17.5 327 7.3 48.6 26

Whittaker’s Dark Peppermint 2 4 15 342 7.8 52.1 50
Nestle Milky Bar 2 4 14.5 340 8.0 54.9 0

Cadbury Crunchie 1 2 15 292 10.3 68.7 26
Cadbury Flake 1 2 14 313 7.9 56.5 26

Snickers 1 2 18 370 9.3 50.6 25
1 Participant section of favourite chocolate in rank order.

2.2. Research Design

This study utilized a within-subject, single-blind, crossover design, comparing the outcome of
consuming a mint (dissolving tablet) containing 4 mg of gymnemic acids with an isocaloric placebo on
the subsequent consumption of high-sugar sweet foods in healthy adult men and women. Chocolate
was chosen as a proxy for high-sugar sweet foods to demonstrate this effect due to the standardisation
of servings and high sugar content.

The study consisted of two visits (each approximately 1 h in duration) to the sensory laboratory,
seven days apart. At the first visit to the sensory laboratory, the study procedure was explained,
participants were presented with an information sheet and informed consent was gained. Participants
then underwent body composition analysis, followed by the intervention test. Participants consumed
one standard serve (22 g, 438 kJ) of wholegrain chips (Grainwaves) 45 min prior to sensory testing
to reduce hunger. During this time, participants completed a questionnaire administered via online
survey software (Qualtrics, 2019). Finally, sensory testing was conducted in sensory booths (sensory
laboratory).

2.3. Measures

2.3.1. Anthropomorphic Measures

Weight was collected using calibrated scales. A stadiometer was used (single measure) to record
participants’ height and BMI was calculated.

2.3.2. PROP Testing

Participants’ taster status was determined using 6-n-propylthiouracil (PROP), which is a compound
that tastes strongly bitter to some individuals but is tasteless or weakly bitter to others. Participants
were given a test paper impregnated with PROP (Precision Laboratories, United Kingdom) and asked
to place it on their tongue for five seconds to allow it to become wet before removing it. Participants
then rated the bitterness of the PROP on a labelled magnitude scale (LMS). Participants were classified
as PROP non-tasters if they rated the taste intensity between “barely detectable” and “weak” on the
LMS, a medium taster if they rated the intensity between “weak” and “strong” and a super taster if
they rated the intensity between “strong” and “strongest imaginable”(i.e., the top of the LMS) [31].

2.3.3. Questionnaire

Demographic information including age, gender, pregnancy, breastfeeding status and ethnicity
were collected. Health information including medications or supplements taken; diets followed for
health, weight loss or cultural/religious reasons; participants’ satisfaction with their weight; and activity
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level were captured. Participants also self-reported whether they considered themselves to have a
“sweet tooth”.

2.3.4. Sensory Testing

Sensory evaluation was carried out in individual booths under red lights to mask the colour of
the mints. Firstly, participants rated their hunger levels 30 s prior to consuming all of a standardized
serving of their favourite chocolate (chocolates varied between 14–18 g; energy varied between 292–370
kJ; Table 2; Figure 1). Following consumption of the high-sugar sweet food (chocolate), participants
rated the pleasantness perceived from eating the chocolate, and their desire for further servings.
Thirdly, they received the mint and were asked to place it on their tongue, and suck on it until it
completely dissolved. Participants waited 90 s after the complete dissolution of the mint and then
again rated their hunger level, followed by consuming all of a second duplicate serving of chocolate.
Again, the pleasantness of eating the chocolate, and desire to receive a further standard serving portion
90 s later, were recorded.Nutrients 2020, 12, x FOR PEER REVIEW 7 of 16 
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Hunger, pleasantness of chocolate eaten and desire for another serving were each assessed using
visual analogue scales (100-point VAS administered electronically). Participants rated their hunger
between “I am not hungry at all” and “I am extremely hungry”, 30 s prior to the consumption of each
chocolate serving. Pleasantness ratings were anchored by the statements “Not at all pleasant” and “Very
much pleasant”, and the desire for eating another chocolate serving was rated from “No, not at all” to
“Yes, very much” and were rated immediately following consumption of the food. Following the first
chocolate eaten after the mint was consumed, participants were given the option to continue testing
or to stop. If participants confirmed that they would like another serving of chocolate it was given,
and the above process repeated for up to five servings after the mint was ingested. The time delay
between each chocolate presented was two minutes after rating the previous chocolate. At any point
the participant could opt out and say they did not desire any further chocolates.

Both the gymnema-containing mints (GS mint; “Sweetkick”) and the isocaloric placebo (same
ingredients but without gymnema acids) were provided by the same manufacturer (Sweetkick, Nu
Brands Inc; LA, California). At the first visit, all participants were given the placebo mint and they were
all given the GS mint on their second visit. Results were collected electronically using the Compusense
Cloud (Guelph, Canada) sensory software deployed on individual tablets (iPad, Apple Inc, Cupertino,
California).

2.3.5. Statistical Methods

Data was analysed using R System for Statistical Computing (R Core Team, 2018). To describe
the demographic variables of the participants, means and standard error of the mean were reported
for continuous variables. Categorical data were reported as number of participants with the
corresponding percentage.

Assumption of normality were tested using the Shapiro-Wilk test and residual plots. Normally
distributed data is presented as mean ± SD and geometric means (95% confidence intervals) and data
not normally distributed is expressed as median (25th, 75th percentiles). A P value less than 0.05 was
considered statistically significant. Data from participants who refused subsequent servings of their
favourite confectionery were treated as missing data, leading to an unbalanced repeated measures
design. Linear mixed effects models fit by maximum likelihood was used to test for treatment group
differences for mint type, serving and demographic variables (BMI, PROP taster status, gender and
self-reported “sweet tooth” status) using contrasts. A random effect was included in the model
to account for repeated measures. The multilevel linear model approach adopted for this analysis
is advantageous because it explicitly models correlated scores from the same participant which is
encountered in repeated measures and this addresses the assumption of independence of residuals.

Chi-square analysis was used to determine significant differences in the number of consumers
who rejected the next serving following the mandatory serving after tasting the mint. A paired t-test
was carried out on data from the second serving. This was done to test the difference in mean ratings
between the placebo and GS mint for participants’ desire for next serving and pleasantness of chocolate
for the second serving immediately after participants had the mint. Effect sizes were calculated using
the t-statistic and degrees of freedom from each test. An effect size of 0.1 indicated a small effect, a
value of 0.3 indicated a medium effect and a value ≥0.5 indicated a large effect [32].

3. Results

3.1. Sweet Tooth and PROP Taster Status

Table 3 shows the distribution of participants who self-identified as having a “sweet tooth” and
their PROP taster group. Women identified as having higher sweet tooth than men (p = 0.018) and
more women were in the “supertaster” group (p = 0.036).
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Table 3. Sweet tooth and 6-n-propylthiouracil (PROP) taster status.

Characteristic Presented as Mean ± SD or n (%) Total Group Men Women

Sweet tooth status n (%)
Has a “sweet tooth” 34 (60.7) 8 (23.5) 26 (76.5)
No “sweet tooth” 22 (39.3) 12 (54.5) 10 (45.5)

PROP taster group 1

Non-taster/medium taster 2 17 (33.3) 9 (52.9) 8 (23.5)
Super taster 34 (66.7) 8 (47.1) 26 (76.5)

1 Data unavailable for 5 participants (8.9%); 2 Data combined for non-taster (n = 2) and medium taster (n = 15).

3.2. Effect of GS Mint on High-Sugar Sweet Food Consumption.

The total number of chocolate bars eaten at each lab visit decreased by 21.5% after consumption
of the GS mint vs. placebo mint (from 2.25 ± 1.4 bars after the placebo to 1.77 ± 1.2 bars; p = 0.006).
Furthermore, there was a reduction in energy intake by 21.4% following consumption of the GS mint
(623 ± 414 kJ) compared to the placebo (792 ± 499 kJ; p = 0.007).

3.3. Desire for Next Serving, Pleasantness of High-Sugar Sweet Foods and Hunger Ratings

Participants’ ratings of their desire to eat the next serving, pleasantness of eating chocolate and
hunger after tasting the GS and placebo mints respectively, are shown in Figure 2. Participants had
22.7% reduced desire for another serving of their chosen chocolate after ingesting the GS mint compared
to the placebo (p = 0.011, r = 0.33). Similarly, pleasantness rating was 31.0% lower following ingestion
of the GS mint (49 ± 2.9 mm) as compared to the placebo (67 ± 2.3 mm) and this was found to have a
large effect on chocolate consumption (p < 0.0001, r = 0.61). In contrast, there were no differences in
ratings of hunger between trials (p = 0.715).
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Figure 2. Participants’ ratings for desire (for more chocolate servings), pleasantness of eating and
hunger for the first chocolate serving following consumption of gymnema and placebo mints (n = 56).
Ratings were assessed using a visual analogue scale of 0–100 mm. The scale for desire for more ranged
from 0 mm = not at all to 100 mm = yes, very much. Pleasantness ratings were anchored by 0 mm = not
at all pleasant and 100 mm = very much pleasant. Hunger was rated from 0 mm = I am not hungry at all to
100 mm = I am extremely hungry. * significantly different to placebo (p < 0.05); ** significantly different
to placebo (p < 0.001).
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3.4. Effect of Demographic Variables on Desire and Pleasantness

To determine whether BMI, gender, PROP taster status and self-reported sweet tooth status of
participants had any effect on desire for next serving and pleasantness rating of the sweet food, a
series of linear mixed models were fitted using each of the demographic variables and mint type as
independent factors. Gender had an impact on pleasantness ratings as women had a lower average
pleasantness rating (54.78 ± 2.42 mm) than men (63.61 ± 2.96 mm; p = 0.0266) following GS mint intake.
However, gender did not impact the desire for next serving (p = 0.3727). Participants’ BMI did not
cause significant differences in the desire for next serving (p = 0.5562) and the pleasantness ratings of
the sweet foods (p = 0.9884). The PROP taster status of participants did not affect desire (p = 0.3228) or
pleasantness (p = 0.5094) ratings.

Sweet tooth status (“Has a sweet tooth” or “No sweet tooth”) had a significant effect on the desire
ratings for both mints (Figure 3). Those with sweet tooth recorded a higher average rating for desire
for subsequent (59.89 ± 3.37 mm) compared to those with no sweet tooth following consumption of the
placebo mint (37.31 ± 4.99 mm; p = 0.0043). Participants’ desire ratings were similar for both groups
following the GS mint, as the average rating for those with a sweet tooth was 40.62 ± 4.30 mm and those
without sweet tooth 40.98 ± 4.45 mm, showing that those with a sweet tooth were more affected by the
impact of the GS mint. Similarly, after consuming the placebo mint, participants with a sweet tooth
recorded a higher average rating of the pleasantness of the sweet food chocolate (72.10 ± 2.18 mm) than
those with no sweet tooth (55.95 ± 4.87 mm; p = 0.0377). In contrast, after ingesting the GS mint, the
responses for pleasantness of the chocolate was similar for those with sweet tooth (47.69 ± 3.73 mm)
and those with no sweet tooth (50.88 ± 4.51 mm; p > 0.05).Nutrients 2020, 12, x FOR PEER REVIEW 10 of 16 
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Figure 3. (a) Interaction between mint and sweet tooth status on participants’ rating of their desire for
another chocolate serving. (b) Interaction between mint and sweet tooth on participants’ pleasantness
rating of a high-sugar sweet food (chocolate). * significantly different to placebo (p < 0.05)

With each subsequent optional serving there was a steady decline in the number of participants
who wanted another chocolate bar as shown in Figure 4. The second serving post consumption of
either mint was significantly lower than the number of participants opting for another serve prior to
consuming the mint (p = 0.038). This effect was more pronounced following intake of the GS mint
with fewer participants opting for the next serve compared to the number who chose a subsequent
serve after taking the placebo. The above pattern continued with the third and fourth serve after the
mint, as following the placebo mint, 22 and 9 participants ate a third and fourth serve of chocolate
respectively, whereas after the GS mint only 9 participants had a third serve and 6 participants had a
fourth serve of chocolate. A paired t-test was used to investigate the relationship between the scale
ratings (pleasantness, desire for more and hunger) with the rate of decline of the first optional serve
(second serve post mint); pleasantness ratings decreased just after the GS mint was consumed (GS:
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39.44 ± 3.68 mm, placebo: 62.90 ± 3.73 mm, p < 0.001). Consumption of the GS mint resulted in a
significant decrease in the rating for desire for next serve (GS: 35.10± 4.21 mm; placebo: 47.46± 4.61 mm,
p = 0.008).
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Figure 4. Number of participants opting for further servings of a high-sugar sweet food (chocolate)
before and after mint consumption.

4. Discussion

The primary finding of this study was that gymnema acid-containing mints reduced intake of
sugar-sweetened foods. We found that participants ate 0.48 (21.3%) fewer servings of their favourite
chocolate after consuming a GS-containing mint compared to placebo. Consumption of the GS mint
also resulted in a 22.7% decrease in desire to eat high-sugar sweet foods and 31.0% reduced pleasantness
of high-sugar sweet foods eaten but did not affect hunger. Furthermore, those who self-identified as
having a “sweet tooth” had a greater reduction in both the pleasantness of eating high-sugar sweet
foods and desire to eat more after consuming the GS mint compared to those who do not. There were
no significant differences in amount of high-sugar sweet food eaten by BMI groups, gender or PROP
taster status.

4.1. Effect on Taste Receptors

The significant reduction in the amount of high-sugar sweet food eaten and the reported
pleasantness experienced with eating indicates that the GS mint was effective in inhibiting the T1R2 +

T1R3 heterodimer which senses sweet taste on the tongue [33]. These receptors are activated by sucrose
but also other mono- and di-saccharides, sugar alcohols, and other small molecule sweeteners [16].
Since other taste dimensions are not affected; following suppression of the T1Rs, participants primarily
tasted the other components of high-sugar sweet foods, i.e., the high cocoa content in dark chocolate
which heightens the bitter taste. This disjunction between the expectation of the chocolate bar based
on the label, brand and prior knowledge about how the product should taste does not align with
the reality of the experience of the high-sugar sweet food they are eating, and of itself may reduce
pleasantness and enjoyment of the product [34], and is supported by our data.

4.2. GS Mint Reduces Acute Consumption of High-Sugar Sweet Foods (Acute vs Chronic Consumption)

Reduced consumption of high-sugar sweet foods following GS mint intake is consistent with
previous findings [20,21]. Furthermore, a significant reduction in both pleasantness of high-sugar
sweet food and the desire to consume more was found after consuming the GS mint in both the
current investigation and Nobel et al. [20]. The resulting taste changes of high-sugar sweet foods
experienced after consuming a gymnema-containing product are not the only contributing factor to
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this reduction in pleasantness and desire, as it has been reported that even prior to eating high-sugar
sweet foods there is decreased activity in the reward response region of the brain following gymnema
consumption [35]. fMRI imaging has shown that following consumption of a gymnema-containing
product there was decreased neural recruitment in the areas of the brain associated with reward
response (nucleus accumbens, precuneus, OFC, insula and caudate) [35]. In practice this may mean
that consuming a GS mint may reduce ad libitum intake of other high sugar products even prior to the
consumption of these products (decreased desire) and if they are eaten, they will not be as enjoyable
(reduced pleasantness) to consume due to the sugar-suppression effects. In other words, as consumers
will “know” that the GS mint will make the high-sugar sweet food not taste like it normally would, it
will reduce their desire for the product (akin to learning effects), and so may subsequently reduce their
intake of high-sugar sweet foods (in the longer term).

4.3. Behavioural Aspects of Consuming GS Mints

Consumption of GS products result in a noticeable change in the way food tastes and may
result in the perception that the other taste elements (e.g., bitter) are intensified [9]. This impacts
on the enjoyment of high-sugar sweet foods eaten as participants reported a significant decrease
(49 ± 2.9 mm vs. 67 ± 2.3 mm; Figure 2) in perceived pleasantness of eating high-sugar sweet foods
following consumption of the GS mint; consistent with previous results wherein pleasantness rating was
22.2/100 mm lower after consuming the gymnema-containing product [20]. Therefore, consumption of
sweet-tasting foods may be impacted following use of a GS-containing product. However, for this
approach to be successful, consumers must have sufficient motivation to ingest the GS mint, knowing
that it will prevent their enjoyment of high-sugar sweet foods. Consumers aiming to reduce their
sugar intake that have reached the ‘preparation’ or ‘action’ stages of the transtheoretical (stages of
change) model may find greater success with such an approach to restricting sugar consumption [36].
If, however, they have not reached these stages, they may not have sufficient motivation to voluntarily
take flavour modulation products (e.g., GS mint) [36]. This is the case for other health behaviours
such as smoking which also requires a high level of motivation to promote change, particularly when
using interventions that result in temporarily reducing pleasantness and subjective wellbeing for
long-term improvement [37]. Further research needs to be conducted to explore the relationship
between motivation level and long-term success at reducing consumption of high-sugar sweet foods
using GS mints.

4.4. Effect of the GS Mint on Those with a “Sweet Tooth”

This study found that the effect of the GS mint was more pronounced in those who self-identified
as having a “sweet tooth” than those who did not; i.e., GS mint intake led to greater reductions in
pleasantness and desire ratings for high-sugar sweet foods in those with a sweet tooth. Reed [38]
describes a “sweet tooth” as someone who prefers sweet foods, however preference for sweet foods
may vary over time dependent on a number of modifiers including age, culture, mood, and accessibility.
The present study observed that those who have a sweet tooth derived more pleasure from consuming
sweet foods than those who do not (Figure 3). The brain has a strong pleasure response to sweet taste,
so pursuit of pleasure and taste preferences are major drivers of sugar consumption [39,40]. Therefore,
the GS mint may be more effective in reducing sugar intake in those with a self-proclaimed sweet
tooth; however, more research, using a longer intervention period, will be required to investigate
this assertion.

4.5. Relationship between GS Mint and Gender

In this study we found gender had no effect on the amount of high-sugar sweet food consumed
following the consumption of a GS mint. One possible explanation may be an interaction of the
competing two factors that women are more likely to choose high sugar foods as a source of comfort [30],
and therefore, on average, consume greater quantities of sugar, whereas men prefer a more intense
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sweetness than women [28,29]. Men reported higher non-significant mean ratings for pleasantness
after the consumption of either the GS mint or placebo than women (p = 0.059). This is consistent
with the findings that men report high-sugar sweet foods as more pleasant than women [26]. It is
important to interpret this with caution as there were fewer men in this study (35.7% of participants),
and men have been underrepresented in some [9,21,35] but not all [20] previous investigations on the
sugar suppressive effects of gymnema. Overrepresentation of women in these studies may reflect
consumer interest.

4.6. Relationship between GS Mint Consumption and BMI

This experiment did not show a relationship between the consumption of the GS mint and BMI
groups. Previous findings demonstrated that increased BMI was associated with decreased perception
of sweet taste [41] and increased liking of high-sugar sweet foods [9]; therefore, suggesting that obese
people would consume more high-sugar sweet food after consuming the GS mint. In this study no
differences in chocolate consumption, desire or pleasantness were found between overweight/obese
participants and normal weight participants. Others have suggested that fat consumption, rather than
sugar, may play a larger role in obesity [26]. This would indicate consumption of gymnema-containing
products may benefit those who have difficulty restraining their sugar intake, rather than a specific
BMI group, but further studies are needed.

4.7. Relationship between GS Mint Consumption and PROP Taster Status

Current research suggests that PROP tasters (medium tasters and supertasters) perceive bitter
and sweet-tasting compounds more intensely than other non-tasters and therefore are less likely to
enjoy very sweet foods than non-tasters [28,42]. However, other studies have disputed this connection
between PROP taster status and sweet food preference [43,44]. This study was consistent with the
conclusion of the latter, finding no significant relationship between PROP taster status or the amount of
a high-sugar sweet food eaten, pleasantness of the high-sugar sweet food nor desire for more. Despite
the difference in preferred sweetness intensity, our findings suggest that this sugar reduction tool is
unaffected by PROP taste status i.e., no effect of ‘supertaster’ status. However, anecdotally, some
participants reported that the GS mint tasted bitter, which may relate to their PROP taster status,
hence palatability of the mint may be higher among PROP non and medium tasters. There were
more supertasters in this study compared to the 30% non-tasters, 50% tasters, and 20% supertasters
distribution in the population [45]. But this distribution can vary based on gender [46,47]—females
tend to be supertasters and frequently rated PROP bitterness more intensely compared to males—and
ethnicity [48]. There were more females and Asians in the current study, and this may have contributed
to the taster status distribution observed.

4.8. Study Limitations and Future Directions

One surprising finding was that several participants did not follow the expected trend of reduced
consumption of high-sugar sweet foods after consumption of the GS mint, and in fact ate more servings
despite the same participants giving the high-sugar sweet food low pleasantness ratings. We are
speculating that this may be due to a “curiosity factor” as participants were unfamiliar with the sugar
suppression effect of gymnema and wanting to experience the effect. We hypothesise that repeated
exposure to this product would eliminate this “curiosity factor” as participants become accustomed to
the taste modulation.

This study was limited by the single-blinded approach. Participants received the placebo at the
first visit and GS mint at the second. Participants were told they would receive two different products
and instructed not to discuss the products with other participants due to slight differences in colour
and taste of the placebo relative to the GS mint. Due to the distinct taste profile and difference in
appearance, a conscious decision was made to provide the known prior to the unknown.
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As with previous studies, men were underrepresented in this study. Further work in this area
should target recruitment of men to explore any potential gender differences in consumption of sweet
foods following intake of the GS mint.

To the best of our knowledge no evidence exists about the effects of long-term (chronic) intake
of gymnema-products for its anti-sweetness effects. The expected length of sweet taste suppression
for one GS mint is 30 to 60 min (based on manufacturer guidelines). Future research should explore
the effects of chronic consumption of gymnema sylvestre products and the impact of consumption on
free-living, non-diabetic adults, including whether the GS mint would be effective at altering sugar
consumption habits if used whilst having a sugar craving, similar to the use of Nicotine Replacement
Therapy to overcome a craving for a cigarette. Future investigations may also provide greater insights
into the effect of the GS mint on those who have a “sweet tooth”. Initial results from this study gives
evidence that this group may benefit more from the GS mint to control sugar intake as there was a
larger decrease in pleasantness rating following consumption. Studies should screen for those who
have a sweet tooth among a larger cohort.

It is important to bear in mind the real-world applicability of these products. People generally
consume a range of sweet foods, not just chocolate. Future research is needed to determine how
much of an impact gymnema-containing products may have on sweet foods consumed outside of
a laboratory environment, as consumers’ eating habits vary significantly, and they do not generally
consume only one type of sweet food, so having access to a wider variety of sweet foods may alter
their perceived pleasantness and desire for more sweet foods. Conducting qualitative research to
understand participants’ experiences with gymnema-containing products would provide insight into
how these laboratory findings may translate to everyday life and identify any issues surrounding taste,
compliance and consumption of non-nutrient-rich sweet foods.

5. Conclusions

This study aimed to investigate the impact of a gymnema sylvestre-containing mint on acute
consumption of high-sugar sweet foods, as well as ratings of hunger, pleasantness and desire for
more high-sugar sweet foods. The key finding was that the GS mint significantly reduced intake
of high-sugar sweet foods compared to placebo and resulted in a decrease in the pleasantness and
desirability rating of eating high-sugar sweet foods. Another key finding was that having a sweet
tooth (relative to non-sweet tooth) resulted in a significant decrease in pleasantness and desire for
more high-sugar sweet food after the GS mint compared to the placebo mint. The GS mint did not
affect hunger ratings, nor was it impacted by BMI or PROP taster status. Future research is needed to
assess the effects of longer-term consumption of gymnema sylvestre products on sugar consumption and
adherence to such product use.

Author Contributions: A.A., C.D., M.W., K.R.-M., designed the study; S.T. and C.D. conducted the research
trials; S.T. and C.D. performed data and statistical analysis; S.T., A.A., and C.D. wrote the paper. S.T., C.D., R.K.,
W.W., K.R.-M., and A.A. contributed to the discussion, edited and revised the manuscript, and accepted the final
manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This research received funding from Nu Brands Ltd.

Acknowledgments: The authors would like to thank all the participants who took the time to be a part of this study.
The authors would also like to thank Zheming (Alcoli) Cao and Youwei (Roy) Wang for help with data collection.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Popkin, B.M.; Hawkes, C. Sweetening of the global diet, particularly beverages: Patterns, trends, and policy
responses. Lancet Diabetes Endocrinol. 2016, 4, 174–186. [CrossRef]

2. World Health Organization. Guideline: Sugars Intake for Adults and Children; WHO: Geneva, Switzerland,
2015.

http://dx.doi.org/10.1016/S2213-8587(15)00419-2


Nutrients 2020, 12, 1046 13 of 14

3. Newens, K.J.; Walton, J. A review of sugar consumption from nationally representative dietary surveys
across the world. J. Hum. Nutr. Diet. 2016, 29, 225–240. [CrossRef] [PubMed]

4. Te Morenga, L.; Mallard, S.; Mann, J. Dietary sugars and body weight: Systematic review and meta-analyses
of randomised controlled trials and cohort studies. Br. Med J. 2013, 346, e7492. [CrossRef] [PubMed]

5. NCD Risk Factor Collaboration. Trends in adult body-mass index in 200 countries from 1975 to 2014: A
pooled analysis of 1698 population-based measurement studies with 19.2 million participants. Lancet 2016,
387, 1377–1396. [CrossRef]

6. Bartoshuk, L.M. Comparing Sensory Experiences Across Individuals: Recent Psychophysical Advances
Illuminate Genetic Variation in Taste Perception. Chem. Senses 2000, 25, 447–460. [CrossRef]

7. Tiwari, P.; Mishra, B.N.; Sangwan, N.S. Phytochemical and Pharmacological Properties of Gymnema sylvestre:
An Important Medicinal Plant. BioMed Res. Int. 2014, 2014, 1–18. [CrossRef]

8. Pothuraju, R.; Sharma, R.K.; Chagalamarri, J.; Jangra, S.; Kumar Kavadi, P. A systematic review of Gymnema
sylvestre in obesity and diabetes management. J. Sci. Food Agric. 2014, 94, 834–840. [CrossRef]

9. Schroeder, J.A.; Flannery-Schroeder, E. Use of the herb Gymnema sylvestre to illustrate the principles of
gustatory sensation: An undergraduate neuroscience laboratory exercise. J. Undergrad. Neurosci. Educ. 2005,
3, 59–62.

10. Noel, C.A.; Sugrue, M.; Dando, R. Participants with pharmacologically impaired taste function seek out
more intense, higher calorie stimuli. Appetite 2017, 117, 74–81. [CrossRef]

11. Thakur, G.S.; Sharma, R.; Sanodiya, B.S.; Pandey, M.; Prasad, G.B.K.S.; Bisen, P.S. Gymnema sylvestre: An
Alternative Therapeutic Agent for Management of Diabetes. J. Appl. Pharm. Sci. 2012, 2, 001–006. [CrossRef]

12. Kurihara, Y. Characteristics of antisweet substances, sweet proteins, and sweetness—Inducing proteins. Crit.
Rev. Food Sci. Nutr. 1992, 32, 231–252. [CrossRef] [PubMed]

13. Sugihara, Y.; Nojima, H.; Matsuda, H.; Murakami, T.; Yoshikawa, M.; Kimura, I. Antihyperglycemic Effects
of Gymnemic Acid IV, a Compound Derived from Gymnema sylvestre Leaves in Streptozotocin-Diabetic
Mice. J. Asian Nat. Prod. Res. 2000, 2, 321–327. [CrossRef] [PubMed]

14. Warren, R.M.; Pfaffmann, C. Suppression of sweet sensitivity by potassium gymenmate. J. Appl. Physiol.
1959, 14, 40–42. [CrossRef] [PubMed]

15. Treesukosol, Y.; Smith, K.R.; Spector, A.C. The functional role of the T1R family of receptors in sweet taste
and feeding. Physiol. Behav. 2011, 105, 14–26. [CrossRef] [PubMed]

16. Sanematsu, K.; Kusakabe, Y.; Shigemura, N.; Hirokawa, T.; Nakamura, S.; Imoto, T.; Ninomiya, Y. Molecular
Mechanisms for Sweet-suppressing Effect of Gymnemic Acids. J. Biol. Chem. 2014, 289, 25711–25720.
[CrossRef] [PubMed]

17. Hudson, S.D.; Sims, C.A.; Odabasi, A.Z.; Colquhoun, T.A.; Snyder, D.J.; Stamps, J.J.; Dotson, S.C.; Puentes, L.;
Bartoshuk, L.M. Flavor Alterations Associated with Miracle Fruit and Gymnema sylvestre. Chem. Senses
2018, 43, 481–488. [CrossRef] [PubMed]

18. Perera, O.D.A.N.; Pavitha, P. Development of a sauce using Gymnema sylvestre leaves. Sri Lanka J. Food
Agric. 2017, 3, 29–36. [CrossRef]

19. Devi, K.; Jain, N. Clinical evaluation of the anti-sweet effects of Gymnema sylvestre extract developed into a
dispersable oral tablet. J. Herb. Med. 2015, 5, 184–189. [CrossRef]

20. Nobel, S.; Baker, C.; Loullis, C. Crave Crush lozenge containing gymnemic acids reduce consumption of
high sugar foods. Adv. Med. Plant Res. 2017, 5, 63–67. [CrossRef]

21. Stice, E.; Yokum, S.; Gau, J.M. Gymnemic acids lozenge reduces short-term consumption of high-sugar food:
A placebo controlled experiment. J. Psychopharmacol. 2017, 31, 1496–1502. [CrossRef]

22. Hayes, J.E.; Duffy, V.B. Oral sensory phenotype identifies level of sugar and fat required for maximal liking.
Physiol. Behav. 2008, 95, 77–87. [CrossRef] [PubMed]

23. Duffy, V.B. Associations between oral sensation, dietary behaviors and risk of cardiovascular disease (CVD).
Appetite 2004, 43, 5–9. [CrossRef]

24. Duffy, V.B.; Peterson, J.M.; Dinehart, M.E.; Bartoshuk, L.M. Genetic and Environmental Variation in Taste:
Associations with Sweet Intensity, Preference, and Intake. Top. Clin. Nutr. 2003, 18, 209–220. [CrossRef]

25. Holt, S.H.A.; Cobiac, L.; Beaumont-Smith, N.E.; Easton, K.; Best, D.J. Dietary habits and the perception and
liking of sweetness among Australian and Malaysian students: A cross-cultural study. Food Qual. Prefer.
2000, 11, 299–312. [CrossRef]

http://dx.doi.org/10.1111/jhn.12338
http://www.ncbi.nlm.nih.gov/pubmed/26453428
http://dx.doi.org/10.1136/bmj.e7492
http://www.ncbi.nlm.nih.gov/pubmed/23321486
http://dx.doi.org/10.1016/S0140-6736(16)30054-X
http://dx.doi.org/10.1093/chemse/25.4.447
http://dx.doi.org/10.1155/2014/830285
http://dx.doi.org/10.1002/jsfa.6458
http://dx.doi.org/10.1016/j.appet.2017.06.006
http://dx.doi.org/10.7324/japs.2012.21201
http://dx.doi.org/10.1080/10408399209527598
http://www.ncbi.nlm.nih.gov/pubmed/1418601
http://dx.doi.org/10.1080/10286020008041372
http://www.ncbi.nlm.nih.gov/pubmed/11249615
http://dx.doi.org/10.1152/jappl.1959.14.1.40
http://www.ncbi.nlm.nih.gov/pubmed/13630821
http://dx.doi.org/10.1016/j.physbeh.2011.02.030
http://www.ncbi.nlm.nih.gov/pubmed/21376068
http://dx.doi.org/10.1074/jbc.M114.560409
http://www.ncbi.nlm.nih.gov/pubmed/25056955
http://dx.doi.org/10.1093/chemse/bjy032
http://www.ncbi.nlm.nih.gov/pubmed/29905783
http://dx.doi.org/10.4038/sljfa.v3i1.40
http://dx.doi.org/10.1016/j.hermed.2015.09.005
http://dx.doi.org/10.30918/AMPR.54.17.025
http://dx.doi.org/10.1177/0269881117728541
http://dx.doi.org/10.1016/j.physbeh.2008.04.023
http://www.ncbi.nlm.nih.gov/pubmed/18538361
http://dx.doi.org/10.1016/j.appet.2004.02.007
http://dx.doi.org/10.1097/00008486-200310000-00002
http://dx.doi.org/10.1016/S0950-3293(99)00076-2


Nutrients 2020, 12, 1046 14 of 14

26. Bartoshuk, L.M.; Duffy, V.B.; Hayes, J.E.; Moskowitz, H.R.; Snyder, D.J. Psychophysics of sweet and fat
perception in obesity: Problems, solutions and new perspectives. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2006,
361, 1137–1148. [CrossRef] [PubMed]

27. Sartor, F.; Donaldson, L.F.; Markland, D.A.; Loveday, H.; Jackson, M.J.; Kubis, H.-P. Taste perception and
implicit attitude toward sweet related to body mass index and soft drink supplementation. Appetite 2011, 57,
237–246. [CrossRef]

28. Dinehart, M.E.; Hayes, J.E.; Bartoshuk, L.M.; Lanier, S.L.; Duffy, V.B. Bitter taste markers explain variability
in vegetable sweetness, bitterness, and intake. Physiol. Behav. 2006, 87, 304–313. [CrossRef]

29. Monneuse, M.-O.; Bellisle, F.; Louis-Sylvestre, J. Impact of sex and age on sensory evaluation of sugar and fat
in dairy products. Physiol. Behav. 1991, 50, 1111–1117. [CrossRef]

30. Wansink, B.; Cheney, M.M.; Chan, N. Exploring comfort food preferences across age and gender. Physiol.
Behav. 2003, 79, 739–747. [CrossRef]

31. Green, B.G.; Shaffer, G.S.; Gilmore, M.M. Derivation and evaluation of a semantic scale of oral sensation
magnitude with apparent ratio properties. Chem. Senses 1993, 18, 683–702. [CrossRef]

32. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates: Hillsdale,
NJ, USA, 1988.

33. Sanematsu, K.; Shigemura, N.; Ninomiya, Y. Binding properties between human sweet receptor and
sweet-inhibitor, gymnemic acids. J. Oral Biosci. 2017, 59, 127–130. [CrossRef]

34. Ng, M.; Chaya, C.; Hort, J. The influence of sensory and packaging cues on both liking and emotional,
abstract and functional conceptualisations. Food Qual. Prefer. 2013, 29, 146–156. [CrossRef]

35. Stice, E.; Yokum, S. Effects of gymnemic acids lozenge on reward region response to receipt and anticipated
receipt of high-sugar food. Physiol. Behav. 2018, 194, 568–576. [CrossRef] [PubMed]

36. Prochaska, J.O.; Velicer, W.F. The transtheoretical model of health behaviour change. Am. J. Health Promot.
1997, 12, 38–48. [CrossRef] [PubMed]

37. Weinhold, D.; Chaloupka, F.J. Smoking status and subjective well-being. Tob. Control 2017, 26, 195–201.
[CrossRef]

38. Reed, D.R.; McDaniel, A.H. The human sweet tooth. BMC Oral Health 2006, 6 (Suppl. S1). [CrossRef]
39. Drewnowski, A. Taste preferences and food intake. Annu. Rev. Nutr. 1997, 17, 237–253. [CrossRef]
40. Drewnowski, A.; Mennella, J.A.; Johnson, S.L.; Bellisle, F. Sweetness and food preference. J. Nutr. 2012, 142,

1142S–1148S. [CrossRef]
41. Vignini, A.; Borroni, F.; Sabbatinelli, J.; Pugnaloni, S.; Alia, S.; Taus, M.; Ferrante, L.; Mazzanti, L.; Fabri, M.

General Decrease of Taste Sensitivity Is Related to Increase of BMI: A Simple Method to Monitor Eating
Behavior. Dis. Markers 2019, 2019, 8. [CrossRef]

42. Gent, J.F.; Bartoshuk, L.M. Sweetness of sucrose, neohesperidin dihydrochalcone, and saccharin is related to
genetic ability to taste the bitter substance 6- n -propylthiouracil. Chem. Senses 1983, 7, 265–272. [CrossRef]

43. Deshaware, S.; Singhal, R. Genetic variation in bitter taste receptor gene TAS2R38, PROP taster status and
their association with body mass index and food preferences in Indian population. Gene 2017, 627, 363–368.
[CrossRef] [PubMed]

44. Drewnowski, A.; Henderson, S.A.; Shore, A.B.; Barratt-Fornell, A. Nontasters, tasters, and supertaster of
6-n-Propylthiouracil (PROP) and hedonic response to sweet. Physiol. Behav. 1997, 62, 649–655. [CrossRef]

45. Tepper, J.B.; White, E.A.; Koelliker, Y.; Lanzara, C.; d’Adamo, P.; Gasparini, P. International Symposium on
Olfaction and Taste. Ann. N. Y. Acad. Sci. 2009, 1170, 126–139. [CrossRef] [PubMed]

46. Bartoshuk, L.M.; Duffy, V.B.; Miller, I.J. PTC/PROP Tasting: Anatomy, Psychophysics, and Sex Effects. Physiol.
Behav. 1994, 56, 1165–1171. [CrossRef]

47. McAnally, H.M.; Poulton, R.; Hancox, R.J.; Prescott, J.; Welch, D. Psychosocial correlates of
6-n-propylthiouracil (PROP) ratings in a birth cohort. Appetite 2007, 49, 700–703. [CrossRef]

48. Guo, S.W.; Reed, D.R. The genetics of phenylthiocarbamide perception. Ann. Hum. Biol. 2001, 28, 111–142.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1098/rstb.2006.1853
http://www.ncbi.nlm.nih.gov/pubmed/16815797
http://dx.doi.org/10.1016/j.appet.2011.05.107
http://dx.doi.org/10.1016/j.physbeh.2005.10.018
http://dx.doi.org/10.1016/0031-9384(91)90569-A
http://dx.doi.org/10.1016/S0031-9384(03)00203-8
http://dx.doi.org/10.1093/chemse/18.6.683
http://dx.doi.org/10.1016/j.job.2017.05.004
http://dx.doi.org/10.1016/j.foodqual.2013.03.006
http://dx.doi.org/10.1016/j.physbeh.2018.07.012
http://www.ncbi.nlm.nih.gov/pubmed/30031752
http://dx.doi.org/10.4278/0890-1171-12.1.38
http://www.ncbi.nlm.nih.gov/pubmed/10170434
http://dx.doi.org/10.1136/tobaccocontrol-2015-052601
http://dx.doi.org/10.1186/1472-6831-6-S1-S17
http://dx.doi.org/10.1146/annurev.nutr.17.1.237
http://dx.doi.org/10.3945/jn.111.149575
http://dx.doi.org/10.1155/2019/2978026
http://dx.doi.org/10.1093/chemse/7.3-4.265
http://dx.doi.org/10.1016/j.gene.2017.06.047
http://www.ncbi.nlm.nih.gov/pubmed/28652185
http://dx.doi.org/10.1016/S0031-9384(97)00193-5
http://dx.doi.org/10.1111/j.1749-6632.2009.03916.x
http://www.ncbi.nlm.nih.gov/pubmed/19686122
http://dx.doi.org/10.1016/0031-9384(94)90361-1
http://dx.doi.org/10.1016/j.appet.2007.07.005
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Participants 
	Research Design 
	Measures 
	Anthropomorphic Measures 
	PROP Testing 
	Questionnaire 
	Sensory Testing 
	Statistical Methods 


	Results 
	Sweet Tooth and PROP Taster Status 
	Effect of GS Mint on High-Sugar Sweet Food Consumption. 
	Desire for Next Serving, Pleasantness of High-Sugar Sweet Foods and Hunger Ratings 
	Effect of Demographic Variables on Desire and Pleasantness 

	Discussion 
	Effect on Taste Receptors 
	GS Mint Reduces Acute Consumption of High-Sugar Sweet Foods (Acute vs Chronic Consumption) 
	Behavioural Aspects of Consuming GS Mints 
	Effect of the GS Mint on Those with a “Sweet Tooth” 
	Relationship between GS Mint and Gender 
	Relationship between GS Mint Consumption and BMI 
	Relationship between GS Mint Consumption and PROP Taster Status 
	Study Limitations and Future Directions 

	Conclusions 
	References

