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Abstract

:

Various tastes including sweet, bitter, and sour have been shown to differentially influence physiological and psychological processes. Furthermore, ingestion of bitter and sweet solutions has been shown to acutely enhance exercise performance. However, the taste is highly individualized, and it is unclear if preference influences the ergogenic potential of taste. The purpose of this study was to investigate the effects of preferred and non-preferred drink tastes on anaerobic performance and psychological responses thereof. Physically active females participated in two counterbalanced sprint trials each with a different condition: (1) non-preferred taste (NPT), (2) Preferred taste (PT). Participants self-reported taste preferences (sweet, sour, bitter) with the highest-ranked taste being used for the PT condition and the lowest-ranked for NPT. For each visit, participants completed a 15 s Wingate Anaerobic Test (WAnT) prior to (PRE) ingestion of ~20 mL of their NP or PREF taste. Following ingestion, participants completed 2 min of active recovery, rated their taste preference of the solution, and completed another 15 s WAnT. The rate of perceived exertion (RPE), motivation, and enjoyment were measured through a visual analog scale following each WAnT. Anaerobic performance measures and heart rate (HR) were also obtained at the succession of each WAnT. Findings revealed no differences between taste conditions for mean power (p = 0.455), peak power (p = 0.824), or HR (p = 0.847). RPE was significantly lower with PT versus NPT (p = 0.006). Exercise enjoyment (p = 0.022) was higher with PT compared to NPT. NPT resulted in worse motivation compared to PRE (p = 0.001) while no changes were observed between PT and PRE (p = 0.197). These findings suggest that preferred drink taste may not enhance acute performance but improves psychological responses to maximal anaerobic exercise which may have implications for improving exercise training and adherence.
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1. Introduction


The gustatory system allows for the perception of taste in 5 different modalities: sweet, sour, bitter, salty, and umami. It is largely comprised of a myriad of oral receptors that may be directly or indirectly linked to higher brain centers. Indeed, various taste sensations have been shown to differentially activate various parts of the brain (i.e., orbitofrontal cortex, amygdala, etc.) responsible for emotional states, stress responses, and somatic behavior [1,2]. In turn, many investigations have shown that taste sensations may alter both psychological and performance outcomes during exercise [3,4,5]. However, much less is known as to how the preference of taste sensations may influence its ergogenic potential.



Of the different taste modalities, sweet, sour, and bitter have been the most researched in the context of exercise. Sweet-tasting carbohydrate mouth rinses (i.e., glucose, and fructose) and ingested solutions have been reported to improve both aerobic and anaerobic performance, albeit large amounts of heterogeneity between studies have been noted [6]. Interestingly, flavorless carbohydrate solutions have been suggested to be less efficacious than sweet-tasting counterparts [6]. This may suggest that the presence of taste, not solely carbohydrate content, mediates the ergogenic effects of taste sensation. Although evidence has suggested sweet and sour tastes result in similar brain activation [7], sour tastes (i.e., lemon juice, citric acid) have not been reported to improve performance although there is little research in this area [8]. Still, others have shown that sour tastes may result in greater muscle activation and electromyography signals compared to tasteless solutions [9]. Bitter tastes have been linked to improved performance in high-intensity exercise and sprints [4]. Presumably, this is mediated by the activation of areas of the brain (i.e., insular cortex, amygdala) responsible for emotion and motor control [4,5]. While there are numerous other investigations reinforcing these findings, almost all studies to date have used a single taste modality or pre-determined flavor which does not account for individual preferences of taste.



In addition to the taste modality itself, whether or not the individual finds the sensation favorable or unfavorable largely determines physiological and psychological alterations. Preferred tastes have been shown to result in marked increases in activation of the ventral striatum, ventral pallidum, and amygdala [10]. Together, these may interact as regulatory centers for reward-induced changes in behavior. Indeed, preferred tastes have been shown to potently activate the nucleus accumbens (NAc) which is central to reward-driven pathways and the release of dopamine [11]. This in turn may increase subjective feelings of well-being, motivation, and enjoyment [12]. Aversive tastes may also alter physiological and psychological processes. Aversive stimuli, including taste, have been shown to lower motor cortex activation [13]. Lower activation of the motor cortex may in turn lead to poorer performance and muscular force output. Psychologically, unpleasant tastes may invoke less desirable hedonic responses and negatively alter affective states [14,15]. Less is known if eliciting these processes influences the response to exercise.



To date, little evidence exists as to whether taste preference influences exercise performance. However, Roitman et al. showed that there is a positive relationship between taste-induced NAc activation and motor output which could suggest possible ergogenic effects of preferred tastes [16]. Conversely, unpleasant tastes have been shown to induce sympathetic nervous system activation but did not influence neuromuscular performance [17]. Given the purported physiological and psychological changes with varying perceptions of taste, it is plausible that taste preference may independently affect exercise performance aside from taste modality. Thus, the purpose of this brief report was to investigate the effects of preferred versus non-preferred taste on anaerobic sprint performance and psychological responses thereof. We hypothesized that choosing a preferred drink taste of bitterness, sweetness, or sourness would result in increased sprint performance, exercise enjoyment, and motivation, and a decreased rate of perceived exertion (RPE) versus non-preferred drink taste in college-aged females.




2. Materials and Methods


2.1. Study Design


Using a blinded, counterbalanced, crossover approach, young adult females completed two visits each with a different experimental condition: Preferred taste (PT) or non-preferred taste (NPT). During each visit, participants completed a pre-taste (PRE) Wingate Anerobic Test (WAnT) to establish baseline performance followed by 2 min of active recovery. Following this, participants ingested their PT or NPT and then completed a second WAnT. Performance variables, heart rate (HR), rate of perceived exertion (RPE), motivation, and enjoyment were recorded after each WAnT. Comparisons were drawn between PRE, PT, and NPT with each trial separated by a 48-h washout period.




2.2. Participants


A convenience sample of healthy physically active females (n = 12; 20.6 yrs ± 0.5, 62.7 kg ± 7.9, 165.0 cm ± 7.6) were recruited from Samford University and the surrounding Birmingham, AL, USA area. The sample size was chosen to be comparable to previous investigations on taste and exercise performance [3,5,6,18]. Physically active was defined as accruing 150 min/wk of moderate to vigorous physical activity/exercise [19]. Further inclusion criteria included being free from a lower-body injury in the past six months, having no history of taste disorders, and having no major medical conditions (i.e., cardiovascular, metabolic, renal diseases). Screening for exercise suitability was accomplished using a physical activity readiness questionnaire (PAR-Q) and was mandatory prior to involvement in exercise. Participants were asked to refrain from alcohol, caffeine, and nicotine for a minimum of 6 h before testing [20,21]. Written and informed consent was obtained from each participant prior to data collection. All experimental procedures were conducted in accordance with the Declaration of Helsinki and approved by the Samford University Institutional Review Board (EXPD-HP-22-SUM-5; June 2022).




2.3. Taste Preference and Solutions


To determine taste preference, participants took a survey ranking sweet, sour, and bitter tastes from 1 (most preferred) to 3 (least preferred). Sweet, sour, and bitter tastes were selected as the previous literature has reported positive effects on neuromuscular/exercise performance [3]. To aid in the understanding of selections, common food/drink examples were provided for each taste for reference (see below). Percentage breakdowns of how participants chose PT and NPT are also shown:




	
Sweet: Maple syrup, Honey, Watermelon




	○

	
Rating of PT: 91%




	○

	
Rating of NPT: 0%









	
Sour: Lemon, Lime, Oranges




	○

	
Percent PT: 9%




	○

	
Percent NPT: 17%









	
Bitter: Coffee, Dark chocolate, Grapefruit




	○

	
Percent PT: 0%




	○

	
Percent NPT: 83.3%














All solution concentrations were adapted from previous taste investigations [22,23,24]. For the sour condition, the tasting solution was made by dissolving food-grade citric acid anhydrous (Milliard, NJ, USA) into 20 mL of water to form a 0.5% solution [24]. For the bitter condition, the solution was made using a quinine liquid extract (2 mM stock; HERBAMAMA LLC, Las Vegas, NV, USA) into 20 mL of water to make a 0.1% quinine solution [23]. Lastly, the sweet solution was made by dissolving sucralose (Splenda; Heartland Food Products; Carmel, IN, USA) into 20 mL of water to make a 1% sucralose solution. During the active recovery period between WAnTs, participants swished 20 mL of their PT and NPT solution in their mouths for 20 s and then ingested it [23]. To confirm differences in preference between solutions, participants were then asked to rate the taste of each solution on a scale of 0–100 using a visual analog scale where 0 indicated “worst taste ever” and 100 indicated “best taste ever”. This was completed immediately prior to the second WAnT. Although participants were not fully blinded due to the subjective nature of the treatment, they were unaware of the treatment order prior to participation. Participants were not aware of any experimental hypotheses related to their tastes.




2.4. Procedures


After height and body mass were documented, participants were first outfitted with a chest strap HR monitor (Lake Success, NY USA). Participants then completed a 5-min standardized warm-up where they pedaled at 50 watts on a mechanically braked cycle ergometer with a pedal rate synchronized to a metronome at 60 bpm (Monark, Varberg, Sweden). For the testing portion, participants completed 2 × 15 s WAnTs on an electronically braked cycle ergometer (Velotron, Racermate Inc., Seattle, WA, USA) as similarly described by our lab [21,25,26,27]. Participants began each WAnT with a 10-s lead-in phase to allow for the attainment of maximal pedal rate. Resistance was then immediately applied at 7.5% of the participant’s body mass and participants pedaled maximally for 15-s. The WAnTs were separated by 2 min of active recovery. Since it has been suggested that varying tastes may be more ergogenic under fatigued or stressed conditions [3], participants completed their first WAnT on each visit prior to taste administration (PRE) to establish this. Both PRE WAnTs were averaged for analysis to serve as a baseline and to account for day-to-day variation in performance. During the active recovery period and immediately prior to the second WAnT, participants ingested their PT or NPT solution as subsequently described and then repeated the WAnT procedure. After each WAnT, power measurements, HR, RPE (1–10 scale), and psychological measures were collected. Subjective feelings of motivation and enjoyment were used as psychological variables and measured using a visual analog scale as previously described by our lab and others [25,28,29,30]. Briefly, participants marked their subjective feelings on a 100 mm line whereby 0 indicated the absence of the feeling and 100 indicated the strongest feeling. All participants were verbally encouraged during the testing.




2.5. Statistical Analysis


Data analysis was completed using Jamovi software (Version 0.9; Sydney, Australia). Confirmation of data normality was conducted using a Shapiro-Wilk test. To determine differences in taste rating, means were compared and analyzed using a pairwise t-test. All other variables were analyzed using a 1 × 3 repeated measures ANOVA [test × condition] to detect the main effects. A Bonnferroni-Holm posthoc test was used to determine differences in means for significant main effects. Estimates of effect size for main effects were calculated using eta squared (η2) and interpreted as: 0.01—small; 0.06—medium; ≥0.14—large [31,32]. Effect sizes between means for t-tests were calculated via Cohen’s d (d) and interpreted as: 0.2—small; 0.5—moderate; 0.8—large [31,32]. All data are presented at mean ± standard deviation (SD). Significance was set at p ≤ 0.05 a priori.





3. Results


3.1. Taste Preference, Mean, and Peak Power


Taste ratings, mean power, and peak power are shown in Figure 1. For taste rating (0–100 scale; Figure 1a), participants rated the PT significantly more favorable than the NP (p < 0.001; d = 2.8). For mean power (watts; Figure 1b), there was a main effect for treatment (p < 0.001; η2 = 0.180), whereby performance in the PT (p < 0.001) and NPT (p = 0.003) were significantly lower than PRE. No differences existed between PT and NPT (p = 0.455). For peak power (watts; Figure 1c), a significant main effect for treatment also existed (p < 0.001; η2 = 0.019). Peak power was significantly higher during PRE versus PT (p = 0.003) and NPT (p = 0.007). However, no differences between PT and NPT were observed (p = 0.824).




3.2. HR, RPE, Motivation, Enjoyment


Results for HR, RPE, motivation, and enjoyment are shown in Figure 2. For HR (bpm; Figure 2a), there was a main effect for treatment (p < 0.001; η2 = 0.119). HR was significantly lower during PRE than PT (p < 0.001) and NPT (p < 0.001). No differences existed between PT and NPT (p = 0.847). For RPE (1–10 scale; Figure 2b), there was a main effect for treatment (p < 0.001; η2 = 0.436). RPE was significantly higher with NPT compared to PRE (p < 0.001) and PT (p = 0.006). No differences were noted between PT and PRE (p = 0.115). Analysis of motivation (mm; Figure 2c) revealed a main effect for treatment (p < 0.001; η2 = 0.174). The motivation was significantly lower with the NPT compared to PRE (p = 0.001). No other differences were noted. Lastly, enjoyment (mm; Figure 2d) was lower with NPT compared to PRE (p = 0.005) and PT (p = 0.045). No differences were noted between PRE and PT (p = 0.728).





4. Discussion


The influence of particular tastes on exercise performance has been widely studied in various contexts [3,5]. Of the available evidence currently, most studies have reported performance-enhancing effects during power-based exercise with sweet and bitter taste sensations [3,5,18]. While promising, responses to taste are highly individualized, and little to no studies to date have accounted for preference and how it might influence results differently. Findings from the current investigation show that power output was not enhanced regardless of taste preference. However, RPE was significantly higher, and enjoyment was significantly lower with NPT versus PT. The motivation was also lower with NPT versus PRE while motivation was similar between PRE and PT conditions. Although more study is warranted, these findings suggest a prominent role for taste preference in psychological responses but not performance during power-based activities.



The bulk of participants chose sweet as their PT while bitter was rated as the NPT by the majority of individuals. Confirmation of taste preference was obtained by subjective rating and as expected, PT (sweet for most responses) was rated more favorably than NPT (bitter for most responses). Indeed, innate preferences for sweet tastes may be heightened in childhood and can last through early adulthood [33,34,35]. Despite this, no differences in mean or peak power were noted between conditions regardless of taste preference which is in opposition to previous work investigating sweet taste and performance. For example, a systematic review conducted by Silva et al. reported that sweet-tasting carbohydrate mouth rinses were ergogenic in power-based and explosive exercises [6]. Differences may in part be due to the absence of caloric content in the sweet condition as sucralose was used instead of sucrose/glucose as used in previous investigations. Previous research has shown that sucrose elicits great neural activation compared to non-caloric sweeteners [36]. Furthermore, the induction of reward pathways and dopamine release is less pronounced with sucralose compared to sucrose which may be due to additive stimulation by oral sucrose receptors [36]. Thus, the lack of performance enhancement in the current investigation with PT may have been due to the absence of carbohydrates resulting in diminished neural stimulation. However, the interaction between taste preferences and carbohydrate content on exercise performance remains unclear and should be the topic of future studies. Lack of performance enhancement may also be due to the exercise time of day. Clarke et al. showed that carbohydrate mouth rinse improved vertical jump and sprinting performance during morning hours [18]. While testing times were kept consistent between participants in the present investigation, direct manipulation of the time of testing was not carried out. Since it has been generally shown that power-based performance suffers during morning times [37,38], thresholds for performance improvement may be lower which may have not been fully realized given the current study design. Although speculative, the lack of improvements in power output with PT may be related to a lower opportunity for performance enhancement as various testing times were used. Direct testing of taste preference and diurnal fluctuations in performance are needed in order to understand optimal timeframes for which taste may exert the greatest benefits.



Although no changes in performance between taste preferences were noted, taste preference appears to potently influence psychological responses to exercise. More specifically, NPT resulted in greater perturbations of RPE, motivation, and enjoyment. Noxious stimuli, such as unpleasant taste, result in more pronounced sympathomodulation and affective responses [39]. Furthermore, noxious stimuli alter nociception and can result in hyperalgesia [40]. While unknown from the present data alone, increases in sympathetic activation and heightened pain responses may be responsible for psychological changes from NPT. Higher pain perceptions have been linked to higher RPE values [41]. Furthermore, unpleasant tastes may result in potentiated pain responses [42,43]. It is plausible that the NPT resulted in greater exercise-induced hyperalgesia thereby resulting in increases in RPE. Similar mechanisms may be responsible for the decreases in motivation and enjoyment with NPT. Pain has been described to alter motivation and enjoyment levels through mesocorticolimbic pathways [44]. Independent or in concert with this, aversive tastes alter emotion state through the pregenual cingulate which is thought to partially control mood and affective state [45]. While not confirmed, the lower enjoyment with NPT may have manifested in alterations in an emotional state. The same brain regions have been implicated to be responsible for motivation and task preparation [46]. However, the relationship between exercise motivation and enjoyment in the context of taste is unclear leaving the precise contributions to changes in psychological outcomes undetermined. Future studies should look to determine how to taste preference modulates psychological variables during exercise independently and synergistically.



Although this brief report presents novel information regarding taste preference and exercise performance, there were limitations that should be acknowledged. First, the sample size was small and homogenous leaving the need for larger and more diverse samples to identify precise contributions of taste preference to performance. In particular, more diverse preferences of taste will be needed to make these results more generalizable. Only sprint exercise was employed in the current design. It is feasible that taste preference may influence other modalities of exercise and should be the subject of future investigations. For the psychological analysis, only a single item measurement was used which may not encompass all nuances needed for comprehensive analysis. Future studies using validated multi-item analysis are warranted. It remains generally speculative as to what the exact mechanisms are responsible for the psychological changes currently seen as the present study design did not permit mechanistic exploration. Future studies should use more detailed psychophysiological measurements in order to understand current phenomena. Furthermore, only three out of the five taste modalities were included as choices for preference. This was based on prior evidence suggesting sweet, sour, and bitter tastes possess the largest ergogenic potential [3,5]. We cannot rule out the possibility of different outcomes had all five taste modalities been included.




5. Conclusions


In conclusion, taste preference does not appear to alter power output during sprinting. However, NPT resulted in unfavorable changes in psychological variables such as RPE, motivation, and enjoyment. From a practical standpoint, athletes and recreational exercisers regularly consume flavored pre- or post-workout supplements. Anecdotally, many individuals may sacrifice the taste of these products for ingredient profiles that meet their liking or are more cost-effective. Current findings suggest that compromising on taste preference may result in unfavorable psychological outcomes during exercise. Uncomplimentary changes in RPE, motivation, and enjoyment may lead to lower inter-session exercise adherence potentially altering training intensity. Despite the small sample size, the current study suggests individuals should attempt to maintain their taste preferences as much as possible to avoid negative psychological responses to exercise.







Author Contributions


Conceptualization, D.B.H., A.L.P., R.R.R. and C.G.B.; Data curation, D.B.H. and A.L.P.; Formal analysis, D.B.H. and C.G.B.; Investigation, D.B.H., A.L.P., R.R.R. and C.G.B.; Methodology, D.B.H., A.L.P. and R.R.R.; Supervision, R.R.R. and C.G.B.; Visualization, D.B.H., A.L.P. and C.G.B.; Writing—original draft, D.B.H., A.L.P. and C.G.B.; Writing—review & editing, R.R.R. and C.G.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


All experimental procedures were conducted in accordance with the Declaration of Helsinki and approved by the Samford University Institutional Review Board (EXPD-HP-22-SUM-5; June 2022).




Informed Consent Statement


Prior to any data collection, verbal and written informed consent was obtained from each participant.




Data Availability Statement


All data are freely available within this manuscript.




Acknowledgments


Thank you to JPM for his assistance with the study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



O’Doherty, J.; Rolls, E.; Francis, S.; Bowtell, R.; McGlone, F. Representation of Pleasant and Aversive Taste in the Human Brain. J. Neurophysiol. 2001, 85, 1315–1321. [Google Scholar] [CrossRef]

	



De Araujo, I.E.T.; Rolls, E.; Kringelbach, M.; McGlone, F.; Phillips, N. Taste-Olfactory Convergence, and the Representation of the Pleasantness of Flavour, in the Human Brain. Eur. J. Neurosci. 2003, 18, 2059–2068. [Google Scholar] [CrossRef]

	



Russ, B.; McDonald, K.; Hurst, P.; Pickering, C. Can Taste Be Ergogenic? Eur. J. Nutr. 2021, 60, 45–54. [Google Scholar]

	



Sharon, G.; Guelfi, K.J.; Fournier, P.A. New Insights into Enhancing Maximal Exercise Performance through the Use of a Bitter Tastant. Sport. Med. 2016, 46, 1385–1390. [Google Scholar]

	



Best, R. Improving Performance: A Question of Taste? Aspetar. Sport. Med. J. 2021, 10, 41–46. [Google Scholar]

	



E Silva, T.D.A.; de Amorim, J.F.; Stathis, C.G.; Leandro, C.G.; Lima-Silva, A.E. Can Carbohydrate Mouth Rinse Improve Performance During Exercise? A Systematic Review. Nutrients 2014, 6, 1. [Google Scholar] [CrossRef]

	



Haase, L.; Cerf-Ducastel, B.; Murphy, C. Cortical Activation in Response to Pure Taste Stimuli During the Physiological States of Hunger and Satiety. Neuroimage 2009, 44, 1008–1021. [Google Scholar] [CrossRef]

	



Snyder, B.S. Carbohydrate Ingestion and Mouth Rinsing on Metabolism and Endurance Exercise Performance; Kansas State University: Manhattan, KS, USA, 2011. [Google Scholar]

	



Palmer, P.M.; McCulloch, T.M.; Jaffe, D.; Neel, A.T. Effects of a Sour Bolus on the Intramuscular Electromyographic (Emg) Activity of Muscles in the Submental Region. Dysphagia 2005, 20, 210–217. [Google Scholar] [CrossRef] [PubMed]

	



Kaskan, P.M.; Dean, A.M.; Nicholas, M.A.; Mitz, A.R.; Murray, E.A. Gustatory Responses in Macaque Monkeys Revealed with Fmri: Comments on Taste, Taste Preference, and Internal State. Neuroimage 2019, 184, 932–942. [Google Scholar] [CrossRef]

	



Norgren, R.; Hajnal, A.; Mungarndee, S. Gustatory Reward and the Nucleus Accumbens. Physiol. Behav. 2006, 89, 531–535. [Google Scholar] [CrossRef]

	



Guy-Evans, O. Brain Reward System. Simply Psychology 2021. Available online: https://www.simplypsychology.org/brain-reward-system.html (accessed on 8 January 2023).

	



Vicario, C.M.; Rafal, R.D.; Borgomaneri, S.; Paracampo, R.; Kritikos, A.; Avenanti, A. Pictures of Disgusting Foods and Disgusted Facial Expressions Suppress the Tongue Motor Cortex. Soc. Cogn. Affect. Neurosci. 2017, 12, 352–362. [Google Scholar] [CrossRef] [PubMed]

	



Pangborn, R.M. Individual Variation in Affective Responses to Taste Stimuli. Psychon. Sci. 1970, 21, 125–126. [Google Scholar] [CrossRef]

	



Noel, C.; Dando, R. The Effect of Emotional State on Taste Perception. Appetite 2015, 95, 89–95. [Google Scholar] [CrossRef]

	



Roitman, M.F.; Wheeler, R.A.; Carelli, R.M. Nucleus Accumbens Neurons Are Innately Tuned for Rewarding and Aversive Taste Stimuli, Encode Their Predictors, and Are Linked to Motor Output. Neuron 2005, 45, 587–597. [Google Scholar] [CrossRef]

	



Gray, E.; Cavaleri, R.; Siegler, J. Unpleasant Tastants Do Not Influence Neuromuscular Function or Corticomotor Excitability Despite Sympathetic Nervous System Activation. Med. Sci. Sport. Exerc. 2021, 53, 284–285. [Google Scholar] [CrossRef]

	



Clarke, N.D.; Hammond, S.; Kornilios, E.; Mundy, P.D. Carbohydrate Mouth Rinse Improves Morning High-Intensity Exercise Performance. Eur. J. Sport Sci. 2017, 17, 955–963. [Google Scholar] [CrossRef]

	



Deborah, R.; Ehrman, J.K.; Liguori, G.; Magal, M.; American College of Sports Medicine. Acsm’s Guidelines for Exercise Testing and Prescription; Wolters Kluwer: Philadelphia, PA, USA, 2018. [Google Scholar]

	



Karow, M.C.; Rogers, R.R.; Pederson, J.A.; Williams, T.D.; Marshall, M.R.; Ballmann, C.G. Effects of Preferred and Nonpreferred Warm-up Music on Exercise Performance. Percept. Mot. Skills 2020, 127, 912–924. [Google Scholar] [CrossRef]

	



Dumar, A.M.; Huntington, A.F.; Rogers, R.R.; Kopec, T.J.; Williams, T.D.; Ballmann, C.G. Acute Beetroot Juice Supplementation Attenuates Morning-Associated Decrements in Supramaximal Exercise Performance in Trained Sprinters. Int. J. Environ. Res. Public Health 2021, 18, 412. [Google Scholar] [CrossRef]

	



Chong, E.; Guelfi, K.J.; Fournier, P.A. Effect of a Carbohydrate Mouth Rinse on Maximal Sprint Performance in Competitive Male Cyclists. J. Sci. Med. Sport 2011, 14, 162–167. [Google Scholar] [CrossRef]

	



Gam, S.; Guelfi, K.J.; Fournier, P.A. Mouth Rinsing and Ingesting a Bitter Solution Improves Sprint Cycling Performance. Med. Sci. Sport. Exerc. 2014, 46, 1648–1657. [Google Scholar] [CrossRef]

	



Horio, T.; Kawamura, Y. Influence of Physical Exercise on Human Preferences for Various Taste Solutions. Chem. Senses 1998, 23, 417–421. [Google Scholar] [CrossRef]

	



Ballmann, C.G.; Maynard, D.J.; Lafoon, Z.N.; Marshall, M.R.; Williams, T.D.; Rogers, R.R. Effects of Listening to Preferred Versus Non-Preferred Music on Repeated Wingate Anaerobic Test Performance. Sports 2019, 7, 185. [Google Scholar] [CrossRef]

	



Ballmann, C.G.; Maze, S.B.; Wells, A.C.; Marshall, M.R.; Rogers, R.R. Effects of Short-Term Rhodiola Rosea (Golden Root Extract) Supplementation on Anaerobic Exercise Performance. J. Sports Sci. 2019, 37, 998–1003. [Google Scholar] [CrossRef]

	



Barnes, M.E.; Cowan, C.R.; Boag, L.E.; Hill, J.G.; Jones, M.L.; Nixon, K.M.; Parker, M.G.; Parker, S.K.; Raymond, M.V.; Sternenberg, L.H.; et al. Effects of Acute Yohimbine Hydrochloride Supplementation on Repeated Supramaximal Sprint Performance. Int. J. Environ. Res. Public Health 2022, 19, 1316. [Google Scholar] [CrossRef]

	



Ballmann, C.G.; Favre, M.L.; Phillips, M.T.; Rogers, R.R.; Pederson, J.A.; Williams, T.D. Effect of Pre-Exercise Music on Bench Press Power, Velocity, and Repetition Volume. Percept. Mot. Skills 2021, 128, 1183–1196. [Google Scholar] [CrossRef]

	



Ballmann, C.G.; Cook, G.D.; Hester, Z.T.; Kopec, T.J.; Williams, T.D.; Rogers, R.R. Effects of Preferred and Non-Preferred Warm-up Music on Resistance Exercise Performance. J. Funct. Morphol. Kinesiol. 2020, 6, 3. [Google Scholar] [CrossRef]

	



Velasquez, J.R. The Use of Ammonia Inhalants among Athletes. Strength Cond. J. 2011, 33, 33–35. [Google Scholar] [CrossRef]

	



Fritz, C.O.; Morris, P.E.; Richler, J.J. Effect Size Estimates: Current Use, Calculations, and Interpretation. J. Exp. Psychol. Gen. 2012, 141, 2–18. [Google Scholar] [CrossRef]

	



Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Erlbaum Associates: Hillsdale, NJ, USA, 1988. [Google Scholar]

	



Ventura, A.K.; Mennella, J.A. Innate and Learned Preferences for Sweet Taste During Childhood. Curr. Opin. Clin. Nutr. Metab. Care 2011, 14, 379–384. [Google Scholar] [CrossRef]

	



Mennella, J.A.; Bobowski, N.K.; Reed, D.R. The Development of Sweet Taste: From Biology to Hedonics. Rev. Endocr. Metab. Disord. 2016, 17, 171–178. [Google Scholar] [CrossRef]

	



Petty, S.; Salame, C.; Mennella, J.A.; Pepino, M.Y. Relationship between Sucrose Taste Detection Thresholds and Preferences in Children, Adolescents, and Adults. Nutrients 2020, 12, 1918. [Google Scholar] [CrossRef]

	



Frank, G.K.; Oberndorfer, T.A.; Simmons, A.N.; Paulus, M.P.; Fudge, J.L.; Yang, T.T.; Kaye, W.H. Sucrose Activates Human Taste Pathways Differently from Artificial Sweetener. Neuroimage 2008, 39, 1559–1569. [Google Scholar] [CrossRef]

	



Zarrouk, N.; Chtourou, H.; Rebai, H.; Hammouda, O.; Souissi, N.; Dogui, M.; Hug, F. Time of Day Effects on Repeated Sprint Ability. Int. J. Sport. Med. 2012, 33, 975–980. [Google Scholar] [CrossRef]

	



Ouergui, I.; Delleli, S.; Chtourou, H.; Selmi, O.; Bouassida, A.; Bouhlel, E.; Franchini, E. Diurnal Variation of Specific Tests’ Performance and Related Psychological Aspects in Young Judo Athletes. Res. Q. Exerc. Sport 2022, 1–11. [Google Scholar] [CrossRef]

	



Rhudy, J.L.; McCabe, K.M.; Williams, A.E. Affective Modulation of Autonomic Reactions to Noxious Stimulation. Int. J. Psychophysiol. 2007, 63, 105–109. [Google Scholar] [CrossRef]

	



McGrath, P.A. Psychological Aspects of Pain Perception. Arch. Oral Biol. 1994, 39, S55–S62. [Google Scholar] [CrossRef]

	



Borg, G. Borg’s Perceived Exertion and Pain Scales; Human Kinetics: Champaign, IL, USA, 1998. [Google Scholar]

	



Sandri, A.; Cecchini, M.P.; Zanini, A.; Nocini, R.; Boschi, F.; Zanette, G.; Marcon, A.; Fiorio, M.; Tinazzi, M. Unpleasant Olfactory and Gustatory Stimuli Increase Pain Unpleasantness in Patients with Chronic Oral Burning Pain: An Exploratory Study. Eur. J. Pain 2022, 26, 1094–1106. [Google Scholar] [CrossRef]

	



Papini, M.R.; Fuchs, P.N.; Torres, C. Behavioral Neuroscience of Psychological Pain. Neurosci. Biobehav. Rev. 2015, 48, 53–69. [Google Scholar] [CrossRef]

	



Navratilova, E.; Porreca, F. Reward and Motivation in Pain and Pain Relief. Nat. Neurosci. 2014, 17, 1304–1312. [Google Scholar] [CrossRef]

	



Zald, D.H.; Lee, J.T.; Fluegel, K.W.; Pardo, J.V. Aversive Gustatory Stimulation Activates Limbic Circuits in Humans. Brain A J. Neurol. 1998, 121, 1143–1154. [Google Scholar] [CrossRef]

	



Touroutoglou, A.; Andreano, J.M.; Adebayo, M.; Lyons, S.; Barrett, L.F. Motivation in the Service of Allostasis: The Role of Anterior Mid-Cingulate Cortex. In Advances in Motivation Science; Elsevier: Amsterdam, The Netherlands, 2019; pp. 1–25. [Google Scholar]








[image: Ijerph 20 03730 g001 550] 





Figure 1. Differences in (a) Taste rating (0–100 scale), (b) Mean power (watts; W), and (c) Peak power (watts; W) between pre-taste (PRE; light grey bars), preferred taste (PT; pink), and non-preferred taste (NPT; dark grey) conditions. Data are presented as mean ± SD. † indicates significantly different from PT (p < 0.05). * indicates significantly different from PRE (p < 0.05). 
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Figure 2. Differences in (a) Heart rate (HR; bpm), (b) Rate of perceived exertion (RPE; 1–10 scale), (c) Motivation (mm), and (d) Enjoyment (mm) between pre-taste (PRE; light grey bars), preferred taste (PT; pink), and non-preferred taste (NPT; dark grey) conditions. Data are presented as mean ± SD. † indicates significantly different from PT (p < 0.05). * indicates a significantly different from PRE (p < 0.05). 
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