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Abstract: Background: Dark chocolate is rich in polyphenols and has been linked to
cardiovascular and metabolic benefits. Its potential effects on recovery, fatigue reduction,
and subjective wellness in elite athletes, however, remain underexplored. This pilot study
examined the acute effects of dark chocolate consumption on wellness scores, perception
of effort, and GPS-based performance measures in elite soccer players during a 4-week
intervention period. Methods: Twenty-two elite soccer players were assessed in two
conditions—when consuming 25g/day of 85% dark chocolate (DC), or with no dietary
intervention (CG). Subjective fatigue and wellness were assessed daily through validated
self-report questionnaires. External loads were monitored during training and matches.
Results: Athletes in the DC group reported significant reductions in muscle soreness
scores and an increase in match and training physical performance (distance at very high
deceleration), as compared with the CG group. Conclusions: Daily consumption of dark
chocolate may reduce muscle damage and enhance physical performance in elite athletes.
These findings suggest that dark chocolate could be a practical dietary strategy to support
recovery and overall well-being in high-performance contexts.

Keywords: ergogenic supplements; elite athletes; nutraceutical; football; recovery

1. Introduction

The pursuit of nutritional strategies to enhance athletic performance has long been a
source of interest for scientists and athletes alike [1]. From this perspective, nutraceuticals
have recently emerged as a subject of interest. Nutraceuticals are bioactive compounds
that can be found in foods or in supplements that serve as a link between nutrition and
medicine, mainly aimed at ‘prevention’. This syncretic neologism, coined by Dr. Stephen
DeFelice in 1989, combines nutrition and pharmaceutical [2].

Nutraceuticals encompass substances such as vitamins, minerals, antioxidants, and
other natural compounds, such as lycopene from tomatoes, omega-3 fatty acids from oily
fish, and flavanols from dark chocolate (DC) [3]. Each of these substances has significant
biological potential. Plants, herbs, and other natural products have been used as therapeutic
agents since ancient times. It has been established that a considerable number of the
effects attributed to plants used in traditional medicines in the past can be ascribed to
nutraceutical compounds.

Among soccer players, the use of dietary supplements has become increasingly com-
mon, with most athletes including them into their routines with different purposes like
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enhancing performance, reducing the risk of injury, or accelerating post-exercise recov-
ery [4,5]. The use of dietary supplements, when integrated into a context of proper nutrition,
can indeed be highly effective and lead to competitive advantages for athletes. However,
it is common for athletes to use supplements without a genuine understanding of both
their positive and negative effects and without exploring the possibility of achieving the
same benefits through diet alone [6-8]. In addition, within sports societies, there is often a
lack of specialized professionals capable of adequately managing athletes’ nutrition. Even
when such figures are present, their attention is primarily focused on the first-team athletes,
while youth teams may be neglected. For this reason, youth teams often find themselves
at the mercy of unqualified individuals or ambitious parents who, hoping to foster the
emergence of promising young athletes in such a competitive environment, introduce
dietary supplements to improve their performance instead of improving their nutrition [9].

Moreover, in the context of youth teams, decisions are often based on anecdotal
information and lack of scientific foundation. This can be extremely detrimental both
because dietary supplements can have significant side effects if not taken properly, and
because young athletes are not educated about proper nutrition, conveying the message
that there are “shortcuts” capable of providing what they need. In this context, identifying
functional foods with ergogenic effects could be an alternative and healthy strategy [10].
Functional foods provide additional health benefits beyond basic nutrition with the aim of
maintaining good health and reducing the risk of disease. To be called “functional”, their
positive influence on one or more physiological functions must be scientifically proven.

Among the different functional foods rich in bioactive substances investigated for
their potential ergogenic benefits, dark chocolate has emerged as a promising candi-
date [11]. The potential ergogenic effect of dark chocolate is attributable to cocoa that
contains several bioactive compounds, including polyphenols (mainly (—)-epicatechin
and (+)-catechin, and proanthocyanidins), methylxanthines such as theobromine and caf-
feine, and some psychoactive constituents such as biogenic amines (tyramine, tryptamine,
and especially phenylethylamine) and the endocannabinoids anandamide and related
N-acylethanolamines [12].

The concentration of bioactive compounds varies significantly between cocoa, choco-
late, and different types of chocolate. Most of the health benefits of cocoa and its products
are attributed to its polyphenol content, with dark chocolate containing up to five times
more polyphenols than milk chocolate. These levels depend on the cocoa content, which is
typically between 50% and 90% in dark chocolate, whereas white chocolate is completely de-
void of these bioactive compounds, as it only contains cocoa butter [13-15]. Cocoa and dark
chocolate have been associated with several physiological effects, including vasodilation,
enhanced oxygen and glucose delivery, improved cognitive function, anti-inflammatory
and antioxidant activity, muscle pain reduction, and mood improvement [16-19]. Im-
portantly, the bioactive compounds in dark chocolate appear to mitigate the negative
effects of inflammatory processes induced by exercise, particularly high-intensity exercise.
This is achieved by reducing oxidative stress and systemic inflammation, which are key
contributors to post-exercise recovery challenges [20].

Although some studies have reported inconsistent findings regarding the efficacy of
cocoa flavonoids in reducing inflammatory markers, there is evidence to support potential
benefits in specific contexts. For example, dark chocolate rich in flavonoids has been
associated with reduced levels of inflammatory markers such as C-reactive protein (CRP)
and interleukin-6 (IL-6), likely through mechanisms involving modulation of the gut
microbiota and improved endothelial function [21,22]. These effects are particularly evident
when high concentrations of cocoa are consumed and in clinical populations such as
individuals with obesity or diabetes [16-20,23,24].
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These findings emphasize the necessity of investigating the potential effects of dark
chocolate on sports performance. The bioactive compounds of dark chocolate may con-
fer synergistic benefits, potentially enhancing recovery and reducing exercise-induced
inflammation. However, the variability in bioactive compound concentrations across choco-
late products and the necessity for dose-specific investigations must be considered when
interpreting these results [25,26].

In contrast with earlier claims, some studies have reported no significant effects of dark
chocolate consumption on IL-6 levels or leukocyte count. This suggests that dosage, dura-
tion, and population characteristics may play a critical role in determining outcomes [27].
Other investigations have explored the impact of dark chocolate on perceived muscle
pain and functional recovery. However, results remain inconclusive, particularly among
professional athletes and well-trained individuals [28].

To explore the possible effects of cocoa flavanols (CF), the main class of polyphenols
present in cocoa, and exercise performance, Patel and Brouner conducted a study in
which they measured performance using a maximum distance time sprint test, completed
after 20 min of cycling. They observed that consuming 259 mg of CF daily for 14 days
resulted in covering 17% longer distance than at baseline and 13% longer distance than
when consuming a white chocolate control. The distance covered during Yo-Yo IRT1
increased after CF supplementation (616 mg CF for 7 days) compared to baseline, while
the placebo group covered 5.8% less distance. The mechanism behind this effect could be
attributed to CF’s ability to decrease ROS production and attenuate fatigue. This suggests
that CF may have reduced the potential oxidative stress associated with training, thus
delaying fatigue [29]. Given this evidence, this pilot study aimed to evaluate the acute
effects of dark chocolate consumption on wellness scores, perception of effort, and GPS-
based performance measures in young elite soccer players during a 4-week intervention
period. We hypothesized that well-being scores and GPS-based performance measures
would improve with DC use and that perception of effort would decrease compared to the
control condition.

2. Materials and Methods
2.1. Participants and Study Design

The project spanned a four-week period and involved 22 young elite athletes from
the under-16 (U16) category of a professional soccer club across the 2023/2024 season
(age: 15.5 £ 0.7; BMI: 21.5 & 1.8). The players were involved, on average, five times a
week, including four training sessions and one match, with each session and match lasting
approximately 90 min. The players were randomly divided into two groups for the duration
of the project, alternating their intake of dark chocolate each week. During the first week,
one group consumed chocolate, followed by a wash-out week. In accordance with the
randomized crossover design of the study, the groups were reversed in the following weeks.
In accordance with previous study [22], in the experimental condition players consumed
25 g of 88% Elah-Dufour-Novi dark chocolate 40 min before each training session or match,
while in the control condition they consumed no food at all. The study involved a total
of 5 consumption sessions per week. Every morning, the athletes completed a wellness
questionnaire about perceived recovery. At the end of each training session, they were
asked about their perception of both physical and mental effort (Figure 1). The study
was conducted with the approval of the bioethics committee of the University of Bologna
(Prot. 0122642—8 May 2023) and informed consent for participation was obtained from the
parents of all subjects involved in the study.
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Figure 1. Study design. Recovery questionnaire, rating of perceived exertion, and GPS data were

collected during both training and match days.

2.2. Recovery Questionnaire

A questionnaire was used to evaluate the athlete’s recovery status, which investigates
five areas: fatigue, quality of sleep, muscle soreness, stress, and state of mind [30]. Each
athlete indicated a score from 1 to 5 for each area. The questionnaire was completed by the
players every morning during the entire duration of the study [31-33].

2.3. Rating of Perceived Exertion

A modified version of Foster’s 0-10 scale was used to determine both the physical
and mental perception of effort [34]. These scales were recently created by Nigro and
Marcora [35,36], who also tested their validity and reliability in athletes. Both the mental
perceived exertion (M RPE) and physical perceived exertion (P RPE) were measured for
the duration of the project 30 min after the end of each training session [34].

2.4. External Load Parameters of Training Sessions and Matches

The following external load variables were assessed in all examined training sessions
and matches, using portable 50 Hz GPS devices (K-Al, K-Sport, Montelabbate, Italy): total
distance (TD), high-intensity running distance (HIR) (running speed > 4.44 m/s), number
of actions at high intensity, sprinting distance (>6.95 m/s), number of sprints, distance at
very high acceleration (>3 m/s?), number of high acceleration sprints, distance at very high
deceleration (<—3 m/s?), number of decelerations, average metabolic power, and distance
at very high metabolic power (>20 W /kg) [37]. For each player and session, all variables
were divided by the actual training/playing time (in minutes) [34].

2.5. Statistical Analysis

All data are presented as the means and standard deviations. Comparisons between
conditions were performed using paired Student’s ¢ tests, to assess the acute effects of dark
chocolate on recovery status, external load, and perception of effort. To check the normality
of differences, Shapiro-Wilk tests were performed. For all tests, statistical significance was
set at p < 0.05. The analyses were performed with the software R, version 4.3.1 (The R
Foundation for Statistical Computing, Vienna, Austria).

3. Results

Table 1 shows the mean values for wellness scales and RPE variables assessed after
training sessions. The athletes who consumed dark chocolate before training exhibited
significantly lower muscle soreness than in the control condition (M = 1.485, SD = 0.446 vs.
M =1.651, SD = 0.414, respectively, p < 0.05). Regarding the other subjective parameters
examined in association to training sessions, no statistically significant differences were
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observed between the group in which players consumed dark chocolate and the control
group (all p > 0.05).

Table 1. Wellness, and RPE values associated with training sessions and match play in the two
examined conditions. RPE P means rating of perceived physical exertion, and RPE M means rating of
perceived mental exertion. TL P means physical training loads, and TL M means mental training
loads. DC means dark chocolate. M means mean, and SD means standard deviation. p means p value.
*p <0.05.

Training Match
Control DC Cohen’s Control DC B
Parameters t 14 d t 14 Cohen’s
SD M SD M SD M SD d

Muscle *

Sorencss 1651 0414 1485  0.446 2.352 0.029 0513 1.313 0.479 1.245 0.409 0.845 0.411 0211
Fatigue 1521 0379 1478 0386 0.696 0.494 0.152 1.313 0.479 1211 0.346 1.000 0.333 0.250
q?j;fi{’y 1522 049 1511 0416 0.258 0.799 0.056 1.333 0.435 1.275 0.391 0.740 0.471 0.185
Iﬁfggi 1588 0421 1504 0457 1.924 0.069 0.420 1.510 0.485 1.387 0.459 1.294 0.215 0.323
RPEP 3906 0483 3838  0.686 0.449 0.658 0.098 4155 1.688 4.686 1563  —1283 0222 0.343
RPEM 2340 0807 2375  0.801 0.285 0.779 0.062 2.786 1.251 3.299 1407  —1.834  0.090 0.490

TLP 32660  59.89 30449  66.84 1.294 0.210 0282 332667 187.090  309.167 205576  0.001 0.992 0.003
TLM 19679 8136 18472  65.05 0.954 0.352 0208 215125 130915 202564 142228  0.389 0.705 0.112
As presented in Table 2, players in the DC group showed higher performance in terms
of distance covered at very high deceleration (M = 1.139, SD = 0.198), as compared to
the control group (M = 1.234, SD = 0.286, p < 0.05). In regard to the other external load
parameters recorded during training, no statistically significant differences were observed
between the two conditions.
Table 2. External load variables during training sessions and match play in the examined conditions.
DC means dark chocolate. M means mean, and SD means standard deviation. p means p value.
*p<0.05.
Training Match
Control DC ’ Control DC .
Parameters t p Cohen’s ¢ P Cohen’s
M SD M SD d M SD M SD d
Metabolic power 7495 0756 7799 0745 —1574 0.131 0.343 9613  0.843 9917 0818 1208 0253 0.349
H‘ghpiivrﬁ;i‘tsetance 18389 3206  19.696 4511 —1276 0217 0278 27267 4398 28780 5853 0978  0.349 0.282
Distance perminute ~ 82.331 8336 85430 8106 1481  0.154 0323 105458 9.159  108.686 7771  1.125  0.284 0.325
High sdpi‘;te;zznmng 10948 2501 11772 3443  —1.109 0281 0281 16314 3690 17.094 4995 0825 0427 0.334
Distance at very high
acceleration per 1475 0232 1514 0271 00853  0.404 0.186 1569 0310  1.636 0390 0374 0716 0.397
minute
Distance at very high
deceleration per 1139 0198 01234 0286 2264  0.035* 0494 1470 0264 1630 0439  —2637 0.023* 0309
minute

Table 1 shows that there were no significant differences between the two groups
regarding subjective parameters measured in association with matches.

However, as observed in Table 2, when consuming the dark chocolate before the
matches (M = 1.470, SD = 0.264) players exhibited greater distance covered at a higher
deceleration per minute than in the control group (M = 1.630, SD = 0.439), t(11) = 2.637,
p <0.05. In regard to the other external load variables, no significant differences were
observed between the two conditions (all p > 0.05).

4. Discussion

The findings of this study suggest that the acute consumption of dark chocolate can
reduce the perception of muscle soreness experienced during training. This finding is con-
sistent with previous research in the field. For instance, Cavarretta et al. [20] demonstrated
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that the administration of 40 g for 30 days of dark chocolate to elite soccer players resulted
in a significant reduction in muscle soreness. Similarly, Garrido et al. [38] conducted a
study in which the administration of a smaller amount of dark chocolate, specifically 25 g,
also led to a noticeable reduction in perceived muscle soreness in elite soccer players.

Furthermore, a recent review by Gongalves et al. [39] concluded that phenolic com-
pounds, abundant in dark chocolate, effectively reduce muscle soreness in athletes. The
ingestion of phenolic compounds appears to be beneficial, as they suppress inflammation,
reduce oxidative damage, and facilitate the recovery of muscle strength and soreness. These
effects collectively contribute to enhanced physical performance, endurance, and recovery
in athletes.

Although this study assesses the immediate effects of dark chocolate consumption,
it is conceivable that the mood-enhancing effects could become more pronounced or
accumulate with regular, long-term consumption due to potential physiological adaptations
or sustained psychological associations. Furthermore, consuming a larger quantity of dark
chocolate may further amplify these effects. Regarding the rate of perceived exertion (RPE),
our findings are consistent with those reported in the literature. For example, the study
by Allgrove et al. [40] found that the acute consumption of 40 g of dark chocolate by a
group of physically active young individuals did not result in any significant differences in
RPE compared to a control group. Similarly, in a study by Davison et al. [27], an intake of
100 g of dark chocolate by physically active subjects (four times the dosage administered
in our study) also reported no statistically significant differences in RPE between the dark
chocolate group and the control group.

The results of this study indicate that the consumption of chocolate, rich in flavonoids,
may have an impact on athletic performance, both during training and in competition. In
this case, the group that consumed dark chocolate exhibited an increase in distance covered
at very high deceleration. Additionally, the very high deceleration per minute observed in
this group may positively influence the muscular response to eccentric contractions. This
effect can be attributed to the anti-inflammatory and antioxidant properties of flavonoids,
which reduce oxidative stress and exercise-induced muscle inflammation. The flavonoids in
chocolate can reduce oxidative stress by neutralizing free radicals produced during intense
exercise [41]. This can help to minimize muscle damage induced by eccentric contractions.
Furthermore, the anti-inflammatory properties of flavonoids can reduce the post-exercise
inflammatory response, thereby improving muscle recovery and reducing delayed onset
muscle soreness (DOMS).

Flavonoids enhance vascular function by stimulating the production of nitric oxide
(NO), which facilitates vasodilation and improves blood flow. Improved blood flow can
facilitate a greater supply of nutrients and oxygen to muscles, thereby accelerating the
recovery process following eccentric contractions. Furthermore, enhanced blood flow can
diminish the accumulation of toxic metabolites and accelerate the elimination of waste
products, thereby facilitating enhanced muscle regeneration [42]. The potential impact of
cocoa flavonoids (CF) on performance may be attributed to their antioxidant properties
and the delayed fatigue induced by the neutralization of reactive oxygen species (ROS).
These mechanisms may explain the increased deceleration distance observed in our study,
since improved muscle recovery and pain reduction could influence motor control during
physical activity.

However, it is important to note that this study did not include a placebo group, which
could limit the ability to attribute the observed effects solely to dark chocolate. Without
a control group receiving a placebo, it is challenging to rule out potential psychological
effects or other factors that may have influenced the results. This limitation presents an
opportunity for future research to explore these effects more robustly by including a placebo



Appl. Sci. 2025, 15, 965

7 of 9

control and potentially varying the dosage, athlete demographics (e.g., age and sex), and
duration of supplementation to understand both acute and chronic effects.

Despite this limitation, the practical implications of these findings remain relevant.
The study suggests that dark chocolate, as a common and safe food item, can offer an
ergogenic benefit, especially for youth athletes. This is particularly valuable for coaches
and sports nutritionists working with young athletes, as it provides an alternative to
traditional supplements that can be more appropriate for younger populations.

5. Conclusions

The present study corroborates prior findings that indicate a significant correlation
between DC consumption and the recovery parameters experienced during training, par-
ticularly in relation to the perception of muscle soreness. Moreover, significant differences
were observed in training and in matches over distances with very high deceleration per
minute. It is recommended that sport nutritionists, sports coaches, and sports scientists
consider these results when implementing measures to support sports nutrition, while
simultaneously ensuring that athletes are aware of the importance of correct and healthy
nutrition. Furthermore, DC is a common food and not a food supplement. In a young pop-
ulation of athletes, such as those considered in this study, it represents a more appropriate
choice in terms of safety and education regarding a healthy lifestyle. This study was con-
ducted on a male sports population, future research could focus on the consumption of DC
both in acute and in chronic uses, with different dosage, or in the female sports population.
In contrast to the present study, which primarily concentrates on performance outcomes,
alternative research approaches might involve the comparison of diverse chocolate types
and the incorporation of blood parameter assessments to determine inflammation and
lactate levels. Nevertheless, our findings offer new perspectives on the effects of chocolate
consumption on physical performance. We suggest that chocolate could influence not only
endurance and energy but also motor control during sporting activity. The utilization of a
common, widely appreciated, food with ergogenic effects represents a winning strategy,
particularly among adolescents. During this critical period of physical and cognitive de-
velopment, the use of supplements might convey a distorted message regarding proper
nutrition. Moreover, the use of supplements may be perceived negatively by parents, who
are often concerned about the safety and long-term implications of such interventions.
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