Snd 1utrients

Article

Effects of Acute Guarana (Paullinia cupana) Ingestion on
Mental Performance and Vagal Modulation Compared to
a Low Dose of Caffeine

Tyler N. Talik ¥, Eduardo Macedo Penna 2(7, Brian P. Hack (%, Alec Harp ! and Mindy Millard-Stafford *

check for
updates

Citation: Talik, T.N.; Penna, E.M.;
Hack, B.P; Harp, A.; Millard-Stafford,
M. Effects of Acute Guarana (Paullinia
cupana) Ingestion on Mental
Performance and Vagal Modulation
Compared to a Low Dose of Caffeine.
Nutrients 2024, 16, 1892. https://
doi.org/10.3390/nu16121892

Academic Editors: Roser Granero and

Gemma Guillazo-Blanch

Received: 22 May 2024
Revised: 6 June 2024
Accepted: 12 June 2024
Published: 15 June 2024

Copyright: © 2024 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 (https://
creativecommons.org/licenses /by /
4.0/).

1 School of Biological Sciences, Georgia Institute of Technology, Atlanta, GA 30318, USA;
tylertprol@gmail.com (T.N.T.); bhack@gatech.edu (B.P.H.); aharp6@gatech.edu (A.H.)

2 Physical Education Faculty, Federal University of Para, Castanhal 68746-630, PA, Brazil; eduardomp@ufpa.br

*  Correspondence: mindy.millardstafford@ap.gatech.edu

Abstract: Guarana (GUA), a Brazilian seed extract, contains caffeine and other bioactive compounds
that may have psychoactive effects. To assess the acute effects of GUA compared to a low dose
of caffeine (CAF) on cognitive and mood parameters, twenty participants completed a double-
blind, crossover experiment where they ingested capsules containing the following: (1) 100 mg CAF,
(2) 500 mg GUA containing 130 mg caffeine, or (3) placebo (PLA). Cognitive tests (Simon and 2N-Back
Task) were performed at the baseline (pre-ingestion) and 60 min after ingestion. The response time for
the cognitive tests and heart rate variability were unaffected (p > 0.05) by treatment, although 2N-Back
was overall faster (p = 0.001) across time. The accuracy in the 2N-Back Task showed a significant
interaction effect (p = 0.029) due to higher post-ingestion versus pre-ingestion levels (p = 0.033), but
only with the PLA. The supplements also had no effect on cognitive measures following physical
fatigue (n = 11). There was an interaction effect on perceived mental energy, where the pre-ingestion
of GUA had lower mental pep ratings compared to post-ingestion (p = 0.006) and post-exercise
(p = 0.018) levels. Neither the acute ingestion of GUA nor low dose of CAF influenced cognitive
performance or provided consistent benefit on mood or mental workload through vagal modulation.
Additional investigations are beneficial to determining the lowest effective dose for CAF or GUA to
influence mood and/or cognitive performance.
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1. Introduction

Mental performance is characterized by the effectiveness of an individual’s cogni-
tive function to accomplish tasks [1]. Mood, feelings, and emotions may also influence
mental performance [2], specifically mental fatigue which is a cause of impaired attention
and reduced accuracy [3,4]. To combat mental fatigue and enhance cognitive functions,
strategies such as exercise and nutritional aids have been suggested [5,6]. Among these,
caffeine stands out as the most popular and extensively used stimulant, with over 90% of
adults in the United States consuming it regularly [7]. Acute caffeine ingestion significantly
improves various cognitive and mood-related variables, including response time, attention,
and mental fatigue [8]. The beneficial effects of caffeine are primarily attributed to its role
as an adenosine receptor antagonist in the brain [9], blocking adenosine from binding to
the receptors and activating them [10], thereby inducing the sympathetic physiological
responses of wakefulness, alertness, and arousal [10]. Furthermore, this activation may also
lead to physiological changes such as increased blood pressure and heightened muscular
activity [11,12].

Factors such as daily consumption habits, age, gender, body size, medical condi-
tions, and genetics [13] all influence individual mood and cognitive responses to caffeine
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doses [14]. Habitual caffeine consumers often experience more significant cognitive im-
provements, especially in spatial memory and rapid visual information processing, than
non-habitual drinkers [15]. Moreover, the effective caffeine dosage for acute cognitive
benefits is debated but also generally observed at 200 mg or higher [16], although smaller
doses (below 3 mg per kilogram of body weight) may enhance performance in attention-
related tasks [17]. While black coffee is the most common source of caffeine, Guarana, an
Amazonian rainforest plant, has emerged with potential cognitive and mood benefits [18].
Guarana seed extracts, depending on the source and processing, have a caffeine content of
5% to 10% [18,19], 0.9% to 2.4% higher than coffee beans [20]. A few studies have indicated
that the low natural dose of caffeine, commonly found in Guarana, can separately enhance
memory, vigilance, alertness, and information processing speed [21,22]. Whether the effect
of Guarana is due solely to its caffeine content for cognitive effects remains unclear.

Guarana also contains bioactive compounds (e.g., flavonoids, methylxanthines, and
proanthocyanidins), which may exert certain effects [23,24]. However, few studies have
systematically controlled the impact of caffeine versus matched caffeine levels in Guarana.
Faster response times (RT) in a Go/No-go Task were found with Guarana (GUA) compared
to caffeine (CAF) [25]; but in another study, no differences were found between GUA and
CAF for RT during a Simon Task [26]. Furthermore, a meta-analysis of eight placebo-
controlled studies indicated that GUA slightly improves RT in cognitive tests without
affecting performance accuracy [27]. Moreover, other individual studies have revealed the
potential of GUA to enhance alertness, secondary memory accuracy, and working memory,
as measured by different cognitive and mood assessments [28,29]. However, not all studies
consistently support the effect of Guarana, when compared to the placebo, on cognitive
function, underscoring the need for further investigation into its specific effects and the
role that its caffeine content may play.

The knowledge about the effects of Guarana to counter fatigue has wide applications,
including enhancing athletic performance. Mental fatigue has been shown to reduce
endurance, sprint, and jump performance in athletes [30,31]. Caffeine has been recognized
to improve various exercise performance metrics [32]. In comparison, limited research
has compared Guarana’s effect on cognitive performance and mood to that of caffeine,
especially in situations eliciting mental or physical fatigue. Investigations of Guarana have
mainly focused on working memory and response inhibition after exhaustive cycling [33]
or running [34] with unmatched doses of CAF, leaving a knowledge gap in the benefits
of GUA over CAF following physical and/or mental fatigue. Whether the caffeine level
naturally found in GUA is primarily responsible for the benefits and if a low dose of caffeine
(either in GUA or caffeine by itself) improves mental performance remains unclear.

Therefore, we had the following two questions: (1) Does a low dose of caffeine elicit
mental performance benefits? And (2) if so, would Guarana perform similarly when
the caffeine dose available in the supplement is similarly matched? The acute effects of
GUA ingestion on mood (Brunel Mood Scale), cognitive performance (2N-Back and Simon
Tasks), motivation/mental energy (Motivation and Energy Visual Analog Scales), and
mental fatigue (NASA Task Load) were compared to a low dose of CAF and a placebo. In
addition, the effect of GUA following physical fatigue and the role of sympathetic activation
as a mechanism for these effects was analyzed. We hypothesized that GUA would improve
both mood and performance on cognitive tasks without added mental fatigue compared to
the placebo control but elicit similar effects to a low dosage of CAF.

2. Materials and Methods
2.1. Experimental Design

The study utilized a double-blind, placebo-controlled crossover with a Latin square
block design for treatment assignments. Participants visited the laboratory four times (once
for preliminary testing/familiarization with procedures followed by three experimental
trials), each separated by at least one week, occurring at the same hour of day within each
participant. A schematic of the test protocol is shown (Figure 1).
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Figure 1. Schematic of the test protocol. CAF = Caffeine; GUA = Guarana; PLA = Placebo. BRUMS,
VAS, NASA are survey instruments described in methods.

2.2. Participants

Twenty participants (healthy adult volunteers) were recruited at two locations, one in
Brazil and the other in the United States. The selection of participants was a convenient
sampling of willing volunteers (non-compensated) available to the research group. All
provided written consent as approved by the local Institutional Review Boards. All proce-
dures were conducted according to the Declaration of Helsinki. Participants were requested
to avoid any caffeine consumption and vigorous training 24 h before the experimental
sessions. The participants’ physical characteristics (17 men, 3 women) were as follows:
age = 22.5 £ 4.2 y, height = 1.79 4+ 0.07 m, body mass = 70.3 & 11.1 kg). Eleven athlete
participants were recruited to perform the cognitive testing protocol, followed by a cycling
exercise to elicit physical fatigue. For the exercise subgroup, average caffeine intake was
estimated to be 131 £ 78 mg/day. Habitual intake ranged from none (two participants) to
~250 mg (two participants listed two to three cups of coffee per day).

2.3. Interventions
2.3.1. Preliminary Testing and Familiarization

Participants were informed about all the procedures during the first laboratory visit
and familiarized with the Simon and 2N-back cognitive tasks. In addition to brief written
instructions provided by the task program, verbal instructions for both tasks were given by
researchers to participants. Participants were then given as many attempts as needed to
learn the tasks with practice versions of each task that included computerized feedback
on accuracy. Familiarization with each cognitive test was complete when the participants
indicated that they felt comfortable after performing the experimental versions of the Simon
and 2N-Back Tasks. Mood and fatigue surveys were verbally explained by researchers and
practiced once by only the exercise subgroup.

In the exercise subgroup, a ramp test was performed to measure endurance capacity
on an electronically braked cycle ergometer (Lode Excalibur, Groningen, The Netherlands)
to set workloads at moderate intensity during the experimental sessions as described
previously [35].

2.3.2. Supplement Administration

The CAF, GUA, and PLA treatments were administered orally in a capsule form with
50 mL of tap water, while the participants were blindfolded. Since the capsules were
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selected and coded by a team member not involved in the data collection, the researchers
were blinded. The exercise subgroup was asked after each experimental session about
which substance they thought had been ingested, but none were able to correctly identify
any capsule.

The same absolute low dose of CAF and GUA dose was administered (not adjusted
relative to participants’ body mass). The CAF capsules contained 100 mg caffeine an-
hydrous, while the GUA capsules contained 500 mg GUA (with 100 mg caffeine listed
on the label), purchased from the same manufacturer (Nutricost, Vineyard, UT, USA).
Following the conclusion of the experiment, independent verification (North American
Lab, National Sanitation Foundation [NSF], Ann Arbor, MI, USA) of CAF content was
obtained. The NSF found that GUA had higher caffeine content (130 mg) compared with
the label (100 mg). Based on the participants’ body mass (BM), the caffeine dosage aver-
aged 1.45 £ 0.24 (1.14-1.98) and 1.89 & 0.31 (1.48-2.58) mg/kg BM for the CAF and GUA
treatments, respectively, both of which are relatively low doses of caffeine.

2.3.3. Cognitive and Mood Assessments Administration

All participants arrived at the laboratory at approximately the same time in the
morning following an overnight fast. The baseline cognitive tests were performed in
approximately 10 min for all the participants, directly before and 60 min after capsule
ingestion, under seated resting conditions in a thermally neutral controlled laboratory
(23 °C, 40% RH). The computerized cognitive tasks were the Simon Task and the 2N-Back
Task. For the exercise subgroup, mood scales and surveys were also completed directly
after the cognitive tests and 20 min after the completion of a fatigue-inducing 75 min
cycling bout.

2.4. Experimental Cognitive and Mood Assessments
2.4.1. Simon Task

The Simon Task was programmed using PsychoPy. The Simon Task is commonly
used to assess response inhibition and attention [36]. Participants are instructed to press
the left arrow key for a red square and right arrow key for a blue square, while ignoring
the position of the square on the screen (left or right), while responding as quickly and
accurately as possible. The primary outcome measures were accuracy (ACC) and response
time (RT). ACC was the percentage of correct responses out of a total 80 responses possible.
RT was the time from stimulus presentation until an arrow key was pressed.

2.4.2. 2N-Back Task

The 2N-Back Task was also developed on PsychoPy. The 2N-Back Task is a commonly
used cognitive task to assess working memory [37]. Participants viewed a continuous string
of letters (A-F) and indicated whether the current letter matched the letter shown two
letters prior. The primary outcome measures were ACC and RT. ACC was expressed as a
percentage of the total correct responses, in which the space key was pressed corresponding
to a letter match. A total of 80 responses were collected. RT was measured as the time from
the correctly matched letter stimuli presentation to space key press.

2.4.3. The Brunel Mood Scale

The Brunel Mood scale (BRUMS) is a self-reported survey with 24 item ratings using a
five-point Likert scale [38]. The subscales (anger, confusion, depression, fatigue, tension,
and vigor) are derived from the sum of corresponding item ratings in the range of 0-16,
with a higher score denoting a higher feeling for that particular mood attribute.

2.4.4. The NASA Task Load Index

The NASA Task Load Index is a self-reported survey with six questions [39] corre-
sponding to the perceived level of mental workload, with higher ratings reflecting a higher
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perception of that type of mental workload. The workload types include mental demand,
physical demand, temporal demand, performance, effort, and frustration.

2.4.5. Motivation and Energy Visual Analog Scales

The Motivation and Energy Visual Analog Scales is a self-reported survey with seven
questions and corresponding items [40]. The mental and physical activities items include
energy, fatigue, vigor, exhaustion, pep, worn out, and an overall motivation.

2.5. Experimental Physiological Assessments
Heart Rate Variability

Heart rate variability (HRV) was recorded for five minutes at the starting points of pre-
ingestion, post-ingestion, and post-exercise in the exercise subgroup using a chest monitor
(H10, Polar) connected to the HRV Elite APP, previously validated in another study [41].
HRYV was recorded using the root mean square of successive differences between normal
heartbeats (RMSSD). Increased resting RMSSD is a potential indicator of psychological
resiliency and flexibility, indicating an increased ability to effectively adapt to altering
demands and stressors [42].

2.6. Statistical Analysis

Analyses were performed using IBM SPSS software (version 29). A two-factor analysis
of variance with repeated measures (supplement x time) was utilized to determine differ-
ences among treatments at baseline (prior to ingestion), post-ingestion, and post-exercise
(in the exercise sub-group). If a significant difference was observed, pairwise comparisons
were analyzed with Bonferroni post hoc tests. Statistical significance was denoted by an
alpha level of p < 0.05.

3. Results
3.1. Simon Task Performance

For all participants (n = 20; Figure 2A), there were no differences in the Simon Task
ACC for treatment, time, or time-by-treatment interaction (p > 0.05), or net change in the
Simon Task ACC from pre-ingestion to post-ingestion (Figure 2B). There were no differences
for treatment effect (p = 0.433), time effect (p = 0.066) or time-by-treatment interaction effects
(p = 0.613) in the Simon Task RT (Figure 2C). No differences were observed among the
treatments for net change in the Simon Task RT from pre-ingestion to post-ingestion
(Figure 2D).

In the exercise sub-group (n = 11), there were no significant treatment differences for
net change scores in the Simon Task from baseline, following physical fatigue (cycling test)
after ingesting the three supplements ~3 h earlier (p = 0.893, Table 1). Although RT became
faster relative to baseline, there were no treatment differences due to GUA, CAF, and PLA
(p =0.535).

Table 1. Net change (£SD) in ACC and RT (Post Exercise vs. Pre-Ingestion) for the Simon and
2N-Back Tasks in the exercise subgroup (n = 11) for placebo, caffeine, and Guarana.

Placebo Guarana Caffeine
ASimon ACC (%) —0.57 £ 1.71 —0.23 +2.61 —0.57 £ 3.46
ASimon RT (s) —0.02 + 0.03 —0.03 + 0.02 —0.04 + 0.06
A2N-Back ACC (%) 1.93 £2.12 1.82 £ 3.18 —0.68 £ 3.89

A2N-Back RT (s) —0.10 £ 0.10 —0.10 £ 0.10 —0.09 £0.15
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Figure 2. Mean (+5SD) Simon Task performance for accuracy (A), net change in accuracy (B), response
time (C), and net change in response time (D) in all participants (n = 20) among treatments (placebo,
caffeine, and Guarana).

3.2. 2N-Back Task Performance

There were no differences in the 2N-Back ACC (Figure 3A) for treatment (p = 0.962)
or time effects (p = 0.169); however, there was a significant time-by-treatment interaction
(p = 0.029). For PLA, ACC was higher (p = 0.033) at post-ingestion (93.4 % 6.1%) compared
to pre-ingestion (90.6 & 7.2%). Net change in ACC (Figure 3B) differed by treatments
(p =0.029) as PLA (+2.8 £ 5.4%) was improved (p = 0.019) versus CAF (—1.1 = 3.1%). There
were no differences in RT among treatments (p = 0.086, Figure 3C) or time-by-treatment
interaction effects (p = 0.438). However, there was an overall time effect for RT (p = 0.001)
with slower RT pre-ingestion (0.70 & 0.15 s) compared to post-ingestion (0.65 + 0.14 s). Net
change in RT (Figure 3D) was not different among the treatments.

In the exercise sub-group (1 = 11), there were no significant treatment differences for
net change scores in the 2N-Back Task from baseline to following physical fatigue (cycling
test) after ingesting the three supplements ~3 h earlier (p = 0.080, Table 1). Although RT
became faster relative to baseline, there were no treatment differences due to GUA, CAF
and PLA (p = 0.963).
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accuracy over time for placebo (p = 0.033) and (B) * Significantly higher for placebo compared to
caffeine (p = 0.019). (C) # Significantly faster overall time effect (p = 0.001).

3.3. NASA Task Load Index Fatigue Scores

In the exercise subgroup, there were no significant treatment, time, or time-by-
treatment interaction effects on all sub-score ratings (p > 0.05), regarding mental demand,
physical demand, temporal demand, performance, effort, and frustration. The most closely
related sub-scores to the mental workload of cognitive assessments include temporal

demand, mental demand, and effort (Figure 4).
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effort (C) over time among treatments (exercise subgroup n = 11).

3.4. Brunel Mood Scale Scores

In the exercise subgroup, there were no significant treatment or time-by-treatment
interaction effects for all mood sub-score ratings (p > 0.05) for anger, confusion, depression,
fatigue, tension, and vigor. There was a significant time effect (p = 0.001), but only for
fatigue ratings. Post hoc analysis shows that post-ingestion effects were consistently lower
than at pre-ingestion and post-exercise effects (p = 0.006 and p = 0.010, respectively).

3.5. Motivation and Energy Visual Analog Ratings

As presented in Figure 5, there were no treatment, time, or time-by-treatment interac-
tion effects for the following: fatigue, energy, vigor, exhaustion, and motivation (p > 0.05).
For the mentally worn out item, there was only a time effect (p = 0.024) with higher
post-exercise ratings compared to pre-ingestion ones (p = 0.047). There was a treatment-by-
time interaction effect (p = 0.030) for mental pep (Figure 5F). Pre-ingestion for GUA was
lower than pre-ingestion than PLA (p = 0.032), which translated into comparatively higher
post-ingestion and post-exercise scores (p = 0.006 and p = 0.018, respectively).

As expected, the time effect for physical fatigue (p = 0.001, Figure 5A), mentally worn
out (p = 0.002, Figure 5C), and exhaustion (p = 0.001) had higher post-exercise ratings than
the pre-ingestion (p = 0.001, p = 0.031, and p = 0.004, respectively) and post-ingestion levels
(p =0.002, p = 0.027, and p = 0.006, respectively). There were no treatment, time, or time-
by-treatment interaction effects for physical pep, energy, and vigor (p > 0.05). However,
(Figure 5A), there was a treatment-by-time interaction (p = 0.001) for physical fatigue. At
pre-ingestion, GUA had higher physical fatigue than CAF (p = 0.045). Post-exercise ratings
for PLA and CAF were higher in physical fatigue than pre-ingestion (p = 0.001 and p = 0.001,
respectively) and post-ingestion ratings (p = 0.001 and p = 0.006, respectively). For physical
exhaustion, there was a treatment-by-time interaction effect (p = 0.029) with post-exercise
GUA and CAF being higher than pre-ingestion (p = 0.044 and p = 0.004, respectively) and
post-ingestion levels, but for only CAF (p = 0.003).
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Figure 5. Mean (£SD) energy visual analog ratings for physical (A) and mental (B) fatigue, physical (C)
and mentally (D) worn out, and physical (E) and mental (F) pep among treatments in exercise subgroup
(n =11). (A) # Post-exercise has a higher overall time effect than pre- and post-ingestion (p = 0.001 and
p = 0.002, respectively). t Greater pre-ingestion effects for Guarana versus caffeine (p = 0.045). ** Placebo
and caffeine have greater post-exercise versus pre-ingestion (p = 0.001 and p = 0.001, respectively) and
post-ingestion effects (p = 0.001 and p = 0.006, respectively). (C) # Post-exercise has a higher overall time
effect than pre-ingestion and post-ingestion (p = 0.031 and p = 0.027, respectively). (D) # Post-exercise
has a higher overall time effect than post-ingestion (p = 0.047). (F) T Placebo was greater than Guarana
at pre-ingestion (p = 0.032). * Post-ingestion (p = 0.006) and post-exercise (p = 0.018) for Guarana higher
than pre-ingestion.

3.6. Heart Rate Variability Recordings

There were no significant treatment effects for HRV RMSSD post-ingestion
(PLA = 61.2 £ 20.7, GUA = 61.6 + 194, CAF = 62.3 £ 16.8 ms) or post-exercise
(PLA =25.5 £ 12,9, GUA = 23.0 £ 11.9, CAF = 24.5 &+ 12.4 ms), nor time-by-treatment
interaction (p > 0.05). As anticipated, due to the sympathetic activation with exercise, there
was an overall time effect with lower RMSSD (p < 0.001) post-exercise (24.5 + 12.4 ms)
compared to pre-ingestion (56.9 &+ 12.7 ms) and post-ingestion (61.7 £ 19.3 ms).

4. Discussion

The results indicate that natural Guarana seed extract did not consistently improve
the cognitive or mood domains assessed either alone after ingestion or in combination
with physical fatigue. To our knowledge, this is one of the first published investigations
comparing the mental performance effects of Guarana to both a placebo control and a
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low caffeine dose after a fatiguing exercise along with HRV analysis. The only notable
GUA supplement effect over time was an improved rating in one mental-visual analog
scale (i.e., mental pep) both after ingestion and subsequent physical fatigue (52% and 54%
improvement, respectively). However, this may have been due, in part, to differential
ratings among the supplements at the baseline (prior to ingestion). Specifically, PLA had
39% higher mental pep ratings compared to GUA at pre-ingestion. As a result, a lower
baseline for GUA in this one rating (which was not aligned with other mental fatigue
ratings) makes this isolated result difficult to interpret on its own merits. One potential
mechanism explaining greater mental alertness and energy from a low dose of caffeine
(i.e., sympathetic activation) was not observed for either the CAF or GUA treatments based
on HRV. Therefore, whether the lack of cognitive and mood performance differences with
GUA is attributed to an insufficient dosage of caffeine remains unresolved.

Reported cognitive benefits due to caffeine are most frequently observed when taken
in dosages > 200 mg [16]. Caffeine dosage at this minimum threshold or above has
the potential to enhance memory consolidation [21], vigilance performance [22], ratings
of alertness [22], and speed of encoding new information [22]. Despite the paucity of
such research, claims have been made that lower doses of caffeine may also enhance
performance, specifically on attention tasks compared to higher doses > 200 mg [17].
In summary, the dose-response effect on cognitive performance with caffeine remains
uncertain [16]. Therefore, this study originally attempted to match the low caffeine dosage
listed on the commercially available Guarana supplements at 100 mg to the same dose
of caffeine alone. Unfortunately, the manufacturer’s label incorrectly stated the caffeine
content for GUA capsules (listed as 100 mg, later confirmed as 130 mg by NSF independent
analysis). This discrepancy might be influenced by variable amounts of caffeine found in
Guarana. Guarana seeds typically have 4-8% caffeine but that of Guarana extract may be
higher (~20%) than coffee beans [18-20].

To induce a cognitive and mood effect with caffeine, several additional covariates
must be considered, including participants” daily consumption habits, age, gender, body
composition, disease, and genetic influences on the pharmacokinetics of caffeine [13,14].
These factors may influence how participants respond to caffeine, which could differen-
tially modify the effect caffeine may have on various individuals [14]. Caffeine tends to
significantly improve the cognitive performance of habitual caffeine consumers under acute
ingestion for spatial memory tasks and rapid visual information processing tasks compared
to non-habitual caffeine drinkers [15]. The habitual caffeine intake was not recorded for
all participants; however, no participants in the exercise subgroup had daily consumption
above an average caffeine intake (~250 mg per day).

This present study failed to align with some research findings that the benefits obtained
after consuming Guarana are associated with greater cognitive performance improvements
than the caffeine content alone might suggest [43]. An earlier meta-analysis [27] from
our group indicated that acute Guarana ingestion may influence specific response time
outcomes with a small magnitude of effect, but not the accuracy in various cognitive
performance assessments. In contrast, the present study found no difference in RT among
treatments in cognitive measures involving attention and working memory. Although there
was a positive net change in ACC in one task (2N-Back) for PLA versus CAF, this appears
to be driven primarily by three participants with apparently large improvements over
time (10-11%). This suggests a potential task-learning effect among these participants that
cannot be attributed to a treatment effect. No net change in ACC for the Simon Task was
observed for any treatments, as approximately 95% of responses were correct, indicating
that this task had a ceiling effect and likely lacked the sensitivity to produce observable
differences among treatments.

In this present study, the lack of discernible differences between treatments in the
Simon and 2N-Back Tasks indicates that GUA had no beneficial effects on the respective
response inhibition and working memory parameters assessed under either the normal or
physically fatigued states. This conflicts with other individual studies compiled earlier [27]
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which found that a single dose of 37.5 mg and 75 mg Guarana increased the secondary mem-
ory accuracy of activities in Cognitive Drug Research (CDR) Computerized Assessment
Battery among healthy young adults [28]. In relation to memory improvements, another
study [29] also found that participants who took 75 mg of Guarana displayed improved
scores in secondary memory activities of the CDR Computerized Assessment Battery at
150 min after ingestion compared to the placebo. In the same study, improvements in
accuracy for other working memory parameters assessed by Serial Sevens Subtraction Task
were found with 75 mg Guarana at 360 min after ingestion compared to the placebo [29].
However, a few studies [34,44] have also supported that Guarana ingestion does not always
have a positive impact on cognitive performance, which is more aligned with our present
study results. In healthy young adults, it was observed that 222 mg of Guarana in a vitamin
and mineral complex had no treatment differences in response time measured by the Choice
Reaction Time Task at 30, 75, and 150 min after ingestion compared to a placebo [34]. In
the same study, no treatment differences were found in the working memory accuracy and
response time parameters measured by Delayed Word Recall Tasks at 30, 75, and 150 min
after ingestion compared to a placebo [34]. In another study, it was observed that the same
222 mg of Guarana in a vitamin and mineral complex had no between-treatment differences
in score and accuracy for working memory parameters measured by the Serial Threes and
Sevens Subtraction Tasks up to 80 min after ingestion compared to a placebo [44].

According to other studies, several elements of mood and fatigue perception may be
positively impacted following acute Guarana ingestion [28,45]. A single dose of 300 mg
Guarana increased alertness among young adults in the Bond-Lader Mood Assessment [28].
Similarly, another study found that a single 100 mg dose of Guarana dissolved in decaf-
feinated coffee improved alertness ratings 150 min after ingestion in young women, as
assessed by the Eighteen Bipolar Visual Analogue Scale [45]. In contrast, male adults ingest-
ing a single dose of 222 mg Guarana had no treatment differences in alertness, calmness,
and content ratings in the Bond-Lader Mood Assessment up to 150 min after ingestion [34],
which is in alignment with the present study. No difference among treatments was found
in Brunel Mood Scale 60 min following ingestion and exercise. Another study examining
acute mental fatigue following the ingestion of 222 mg GUA reported reduced mental
fatigue ratings in healthy young volunteers up to an hour post-ingestion compared to the
placebo [44]. In contrast, the present study lacked any significant treatment differences for
mental demand and effort measured by the NASA Task Load and Motivation and Energy
Visual Analog Scales. Only in GUA were there improved feelings of mental pep after
ingestion and physical fatigue in the exercise subgroup. However, there was no impact
on the other corroborating survey items for mental fatigue with GUA. This lack of mental
fatigue benefits aligns with another study that found that 222 mg GUA in a vitamin and
mineral complex lacked any treatment differences in concentration and mental stamina
ratings as measured by an energy visual analog scale [34].

This present study has reported no treatment differences for HRV at various time
points after ingestion and exercise. This is in conflict with another study that reported that
300 mg GUA in healthy caffeine consumers had a lesser impact on HRV compared to a
significantly lower HRV for CAF and PLA 60-90 min after ingestion [25]. However, we
observed an expected time effect for all treatments post-exercise with lower HRV compared
to pre-ingestion and post-ingestion. This time effect was similar to other studies [46,47],
noting that the reduced HRV after exercise due to changes in vagal tone exerting an influ-
ence on heart rate. Activation of the sympathetic nervous system to meet the physiological
demand of exercise usually correlates with a decrease from the baseline HRV levels after
exercise [42]. Therefore, the lack of differences between GUA and CAF compared to PLA
suggests that these treatments were insufficient to impact the autonomic nervous system
response to physical exercise.

Lastly, other studies have suggested potential benefits due to other physiological
mechanisms involving additional bioactive compounds found in Guarana [24,48-50]. Un-
like other caffeinated products, Guarana also naturally contains flavonoids (e.g., catechins
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and epicatechins) and proanthocyanidins [24]. Flavonoids are proposed to be strong
antioxidants, scavenging and neutralizing dangerous reactive oxygen species and free
radicals in the brain [48]. This is significant because neuronal cell damage brought on by
oxidative stress has been linked to cognitive decline and neurodegenerative disorders [48].
Flavonoids shield neurons and support general cognitive function by lowering oxida-
tive stress [49]. Findings from a small selection of studies with randomized, controlled,
human trials suggest a positive correlation between flavonoid consumption and cogni-
tive function [49]. Proanthocyanidins can control the activity of inflammatory pathways
and have anti-inflammatory effects, maintaining cognitive function by decreasing neu-
roinflammation [50]. However, additional comprehensive investigations are required to
link these findings and their application to cognitive and mood benefits based on acute
Guarana ingestion.

The inconsistency in findings may be attributable to differences in research design,
supplement doses, GUA sources, participants, and the particular cognitive and mood
tasks performed. These contradictory findings point to the need for additional research to
determine the cognitive and mood effects associated with Guarana on working memory,
attention, response inhibition, and mental fatigue. There are several limitations in the
current study. As a result of using convenience sampling, there were only three females
recruited, making it impractical to examine sex-related differences. Although our sample
size was typical for CAF studies [51], it may have been underpowered to detect differences
across cognitive and mood outcome measures. Due to the lack of access to equipment and
survey/scales not being translated to Portuguese, only certain assessments were recorded
in a separate international laboratory for the non-exercise subgroup.

5. Conclusions

Novel findings of this present study indicate that Guarana seed extract did not con-
sistently improve cognitive and mood domains following acute ingestion in comparison
to either a low dose (100 mg) of caffeine or placebo. This suggests Guarana seed extract
(500 mg) with a naturally low dose of caffeine (<130 mg) cannot be categorized as a mood-
or cognitive-enhancing supplement. Secondly, we also found limited mental performance
benefits with a low caffeine dose for individuals who have a below-average habitual caf-
feine intake. Following physical fatigue, this non-significant result persisted although there
was higher mental pep observed with Guarana, which appears unrelated to changes in
vagal modulation. Whether Guarana seed extract confers additional mental related benefits
beyond its caffeine content cannot be ascertained, indicating that additional investigations
are warranted.
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