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Cajuina is a processed drink derived from cashew and is widely consumed in the northeast region of Brazil. This
study evaluated the effect of a cajuina-based hydroelectrolytic drink on the aerobic performance and hydration
status of recreational runners. Seventeen males (31.9 + 1.6 years, 51.0 + 1.4 ml/kg/min) performed three time-
to-exhaustion running sessions on a treadmill at 70% VOgmax, ingesting cajuina hydroelectrolytic drink (CJ),
high carbohydrate commercial hydroelectrolytic drink (CH) and mineral water (W) every 15 min during the
running test. The participants ran 80.3 + 8.4 min in CJ, 70.3 + 6.8 min in CH and 71.8 + 6.9 min in W, with no
statistical difference between procedures. Nevertheless, an effect size of ? = 0.10 (moderate) was observed. No
statistical difference was observed in the concentrations of sodium, potassium, and osmolality in both serum and
urine between the three conditions. However, the effect size was moderate (urine sodium) and high (serum
sodium, potassium, and osmolality). Urine specific gravity, sweating rate and heart rate were not significantly
different between drinks. The cajuina-based hydroelectrolytic drink promotes similar effects compared to
commercial hydroelectrolytic drink and water, considering specific urine gravity, heart rate, sweating, and time
to exhaustion in recreational runners.

1. Introduction adequate water intake before and during sports practice should be

encouraged, as it helps in the delay of muscular fatigue, generates less

Exercise-induced sweating can cause losses of 2%-6% of body mass,
which characterizes a condition of dehydration, a phenomenon regar-
ded to decrease physical performance (Pereira et al., 2017) and impor-
tant health complications (Liska et al., 2019). Hypohydration before and
during exercise potentiates these harmful effects, causing damage to
athletes’ performance (Batista and dos Santos, 2020). Therefore,

effort perception, reduces the sensation of thirst, and decreases cardio-
vascular and thermal stress (Cheuvront and Kenefick, 2014).

High electrolytes water not only hydrates but also maintains elec-
trolyte balance, promoting maintenance of extra and intracellular fluid
volume and decreasing the incidence of cramps (Rowlands et al., 2021).
The inclusion of carbohydrates in isotonic drinks enhances their
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Fig. 1. Graphical scheme of the study design. HR, heart rate; VO,max, maximal oxygen uptake. Panel A: Anthropometric, nutritional, and aerobic evaluations. Panel
B: Time-to-exhaustion test without hydration in order to assess the loss of fluid by sweat. Panel C: Experimental approach of the study.

ergogenic effect (Rowlands et al., 2021; Belval et al., 2019), as they
contribute to the maintenance of blood glucose levels, leading to an
improvement in physical performance, mainly in prolonged exercises
(Vandenbogaerde and Hopkins, 2011). These commercial electrolyte
replenishers have an osmolality between 200 and 320 mOsm/kg, around
90 mg of sodium, 24 mg of potassium and 84 mg of chloride in 200 ml of
the solution, in addition to being consisted of 6%—-9% of carbohydrates
(Belval et al., 2019). The main disadvantage of most sports drinks is their
high caloric content, mostly derived from sugars, which usually make up
6%-9% of the beverage (Belval et al., 2019).

Cajuina, a traditional drink in the northeast region of Brazil, is a
processed juice made of blended cashew apples. It differs from the
regular juice since it goes through stages of clarification and heat
treatment, with no use of chemical substances during its production
(Abreu and Neto, 2007). In addition, cajuina has good antioxidant ca-
pacity, with elevated levels of vitamin C (340.3 mg/100 ml), total
phenolics (187.4 mg/100 ml), and flavonoids (13, 8 mg/100 ml) (Por-
to-Luz et al., 2019). This can bring additional benefit as it improves
physical performance, considering that the consumption of antioxidant
micronutrients helps combat exercise-induced oxidative stress, more
specifically aerobic exercises (Pinho and da Silva, 2013). Cajuina is also
investigated for antigenotoxic, anticlastogenic properties and anti-
mutagenic properties (Melo-Cavalcante et al., 2011). Due to its nutri-
tional and antioxidant nature, a cajuina-based hydroelectrolytic drink
was developed by Universidade Federal do Piaui, in accordance with the
Brazilian National Sanitary Vigilance Agency (ANVISA) and made
available to the public in 2019 (Galvao, 2020).

A compromise in hydration status (i.e., body water loss) through
increased sweating during exercise is well known for developing fatigue
(Pereira et al., 2017). Drinking enough water before, during and after
physical activity, adjusting fluid intake based on individual sweat rate
and environmental conditions, consuming electrolyte-rich fluids to
replace lost salts are recommended strategies to avoid dehydration
(Deshayes et al., 2020). Consequently, relying solely on thirst to guide
fluid consumption and ignoring individual hydration needs such as
sweat rate, age, and body size, as well as environmental factors should
be avoided (Périard et al., 2021).

The chemical properties cajuina support the hypothesis that it could
provide ergogenic action similar or even superior to those of high car-
bohydrate commercial isotonic drinks, due to its antioxidant com-
pounds, known to delay fatigue (Toscano et al., 2019). Thus, cajuina
hydroelectrolytic drink may be a viable alternative strategy for hydra-
tion and improvement in the physical performance in athletes.

Therefore, this study aimed to evaluate the effect of cajuina hydro-
electrolytic drink on electrolyte replenishment, hydration and aerobic
performance in recreational runners compared to high carbohydrate
commercial isotonic drinks and mineral water.

2. Methods
2.1. Subjects

Initially, 73 volunteers were recruited to undergo screening, of these
39 were elected to the study because they fully met the inclusion

criteria. Of these, 19 agreed to participate in the study, but two volun-
teers were excluded from the study because they started to ingest food
supplements and due to injury. Therefore, this study was conducted with
17 healthy adult male recreational runners (between 18 and 40 years
old).

All participants were recreational runners, trained for at least one
year, with a weekly frequency of at least five workouts. They had been
training for at least three months without interruption. They had no
chronic degenerative disease, endocrine and/or thermoregulatory dis-
orders. They were not smokers, alcoholics, did not make continuous use
of medications or vitamin-mineral supplements that altered the hydro-
electrolyte balance and did not present any dysfunctions in their health
history.

This is a clinical trial, randomized, controlled, crossover design. The
sample size was calculated according to the protocol by Eng (2003) and
considered a previous investigation by Pereira et al. (2017), which
evaluated the hydration status of street runners who drank water in
seven moments during a half-marathon event. The effect size was 0.87
and an o error of 0.05 and statistical power (p error) of 0.90 were
adopted, resulting in a minimum sample size of 13 subjects.

As inclusion criteria, all participants should have at least one year of
training in the modality, with a weekly frequency of five training ses-
sions, of which at least three should be running, having been trained for
at least three months uninterruptedly. They could not present any
chronic degenerative disease, endocrine and/or thermoregulatory dis-
orders, be smokers, be alcoholics, make continuous use of medication or
vitamin-mineral supplements that alter the hydroelectrolytic balance,
have dysfunctions in the health history or other problem that could
compromise the physical integrity and the execution of the research.
Participants who changed their usual eating and training habits, who did
not ingest the exact amount of drink or controls provided, who had
gastrointestinal intolerance and who did not participate in all experi-
mental procedures were excluded.

This study was approved by the Research Ethics Committee of the
Federal University of Piaui under number 2.883.417. All procedures
were performed after the participants signed an informed consent form,
in accordance with the legislation on ethics in research for human be-
ings, of the National Health Council, Resolution 466,/2012.

46.4 kcal of energetic value, 10.4 g of carbohydrate, 162 mg of so-
dium, and 89.4 mg of potassium per 200 ml.

2.2. Procedures

A schematic representation of the study design can be found in Fig. 1.
Initially, the volunteers underwent anthropometrical and nutritional
assessments, as well as a cardiopulmonary exercise test (CPET) to
determine the maximum oxygen consumption (VOzmax), to establish
the speed at which they would perform the time-to-exhaustion tests.
After seven days, they performed the time-to-exhaustion test, without
hydration, to determine the volume of fluid lost by sweat, so that the
same volume could be used for hydration in the experimental protocols.

This protocol consisted of determining the body weight loss during
training (pre- and post-exercise weight difference) and thus being able to
estimate the amount of liquid needed to hydrate the volunteers. It was
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assumed that 1 g of weight loss is equivalent to 1 ml of moisturizing
solution, as proposed by Von Duvillard et al. (Von Duvillard et al.,
2004). The final amount of fluid that was administered during the
experimental protocol was equivalent to 100% of the weight lost during
the protocol.

Seven days later, they were randomized (www.randomizer.org) and
performed the time-to-exhaustion ingesting the following drinks: 1 —
Cajuina hydroelectrolytic drink (CJ); 2 — high carbohydrate commercial
isotonic (CI); and 3 — mineral water (W). All drinks had their tempera-
ture monitored and controlled. Time to exhaustion was the primary
outcome. Urine volume and specific gravity, blood and urinary osmo-
lality, blood and urinary sodium and potassium, in addition to body
mass were also evaluated pre- and post-exercise. HR was monitored at
three different periods: at rest, during the physical test, and during re-
covery, using the Team Pod@ Heart Monitor system (Firstbeat, Finland),
according to Vanderlei et al. (2015). Resting HR was evaluated with the
volunteers in seated position for 15 min before the exercise. The re-
covery HR was measured after the exhaustion test, following the same
methodology as the resting HR, during 60 min. Data analysis was per-
formed in three cuts of 20 min (20, 40, and 60 min), in order to assess the
speed of HR recovery. The data used for the analysis of the recovery HR
were the records of the last 5 min of each interval.

2.3. Pre-experimental procedures

The volunteers were instructed to refrain from any physical exercise
48 h prior to the CPET used for determining the aerobic capacity, as well
as before the experimental sessions. Additionally, they were requested
to refrain from the intake of alcoholic beverages and nutritional sup-
plements during this period, as well as to maintain their usual eating
habits and physical training protocols during the study period.

2.4. Cardiopulmonary exercise test and test to exhaustion protocol

Ergospirometric test was performed following the ramp protocol
(Bruce et al., 2004) with incremental loads every 3 min to measure
VO-omax. The time-to-exhaustion tests were carried out in a controlled
room in the morning, with a temperature of 23 &+ 1.1 °C and a relative
humidity of 52 + 7% (Incoterm®, 7666.02.0.00), measured every 10
min during all experimental protocols. Participants were asked to wear
light clothing during the tests and dried their sweat completely before
post-test weighing.

The experimental tests followed a protocol designed to assess the
running time to exhaustion previously adopted by Toscano et al. (2015),
which consisted of starting a treadmill running session at a speed
equivalent to 70% of VOomax, maintaining this speed for as long as
possible. During the test, the Subjective Perception of Effort Scale with a
score ranging from 6 to 20 proposed by Borg (1982) was applied. For
this, test interruption criteria were considered: reaching the predicted
maximum heart rate (HR), no increase in heart rate, or inability to
continue the test (at this time, the athletes were stimulated to produce a
maximum final effort).

Peak VO, was considered the maximum consumption achieved in the
last 30 s of the exercise. The lactate threshold was determined by the
agreement of the V-Slope and Ventilatory Equivalent methods. The
respiratory compensation point was determined from the moment of
sustained fall in end-expiratory pressure of CO3 and increase in expira-
tory pressure of Oy (Herdy et al., 2016).

During the test, Borg’s Rating of Perceived Exertion Scale was
applied. The intensity of the exercise sessions was verified through the
record of the HR using a Team System Pod @ Heart Monitor (Firstbeat,
Finland) connected directly to the Firstbeat SPORTS Individual® soft-
ware. HR was recorded at rest, during the physical test, and every 20
min of a 60 min post-exercise recovery period.
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2.5. Hydration and supplementation protocol

Two hours before each experimental procedure, the participants
ingested 500 ml of mineral water to ensure a standardized euhydration
status for each experimental procedure. They were instructed to urinate
in the period between this intake and the beginning of the test, following
the recommendations by the National Athletic Trainer’s Association
(NATA) (McDermott et al., 2017). The volume of hydration that the CJ,
CI, and W groups ingested during the experimental protocols was
determined individually considering the amount of sweat after the CPET
test performed seven days before the first experimental protocol and
under similar climatic conditions. That is, each participant ingested an
individualized and controlled amount of liquid every 15 min. In order to
calculate the volume of liquid that would be ingested by each partici-
pant, the difference in body mass before and after the race was calcu-
lated. It was assumed that 1 g of body mass loss is equivalent to 1 ml of
hydrating solution, as proposed by Von Duvillard et al. (Von Duvillard
et al., 2004). The final amount of liquid that was administered during
the three experimental protocols was equivalent to 100% of the lost
body mass.

The experimental protocols used a Cajuina hydroelectrolytic drink, a
passion-fruit-flavored commercial hydroelectrolytic drink and mineral
water. It contains water, cashew juice (cajuina), saccharose, sodium
chlorite, sodium citrate, potassium phosphate and citric acid as main
ingredients. The cajuina hydroelectrolytic drink has 46.4 kcal of ener-
getic value, 10.4 g of carbohydrate, 162 mg of sodium, and 89.4 mg of
potassium per 200 ml servings (Galvao, 2020). Additionally, it contains
osmolality of 270.97 + 0.05 mOs-mol/Kg, sodium concentration of
810.0 + 0.87 mg/L and potassium around 447.0 + 0.76 mg/L. The
hydroelectrolytic drink was developed at Universidade Federal do Piaui
in accordance with the guidelines proposed by the Brazilian National
Sanitary Vigilance Agency in 2019. The commercial isotonic drink has
47 kcal of energetic value, 12 g of carbohydrate, 99 mg of sodium, and
28 mg of potassium per 200 ml servings, according to the manufacturer.
The mineral bottled water contains 12 mg/L of calcium, 6.1 mg/L of
magnesium, 9.6 mg/L of potassium and 3.1 mg/L of sodium, according
to the information provided by the manufacturer.

During the exhaustion test, the volunteers were submitted to a pro-
grammed hydration at regular intervals every 15 min, starting from the
fifteenth minute of exercise until the conclusion at exhaustion. The
participants were familiar with the process of drinking water during
running. The drink was divided into an individual and personal volume
for each runner, so that the total ingestion of the drink was made even
before exhaustion. The drinks were labeled in equal portions and stored
in squeeze bottles (Plasttil®, Brazil) to prevent any loss of liquid during
ingestion, as the drink was ingested during the performance of the
physical test. The temperature of the drinks provided was 10 + 2 °C, as
proposed by McDermott et al. (2017).

2.6. Anthropometric assessment

Immediately before the exercise, body mass (kg) and height (cm)
were measured, both in triplicate, aiming to minimize intra- and inter-
personal errors. Body mass was assessed both before and immediately
after the time-to-exhaustion. The clothes and skin of the participants
were thoroughly dried before the post-exercise weighing.

2.7. Sweating rate

The sweating rate (SR) was calculated according to the following
equation proposed by Murray (1996):
Sweating rate (mL / min) = [(IM — FM) + FI — U] = T x 100

In which: IM: initial body mass in grams; FM: final body mass in grams;
FI: volume of fluid ingested in milliliters; U: volume of urine produced in
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milliliters; T: exercise duration time in minutes. After obtaining the SR in
milliliters/minute (mL/min), a conversion to liters/hour (L/h) was
performed.

2.8. Blood collection and analysis

Blood collection was performed by a trained and experienced nurse
before the time-to-exhaustion test, with the volunteers still at rest, and
immediately after the test. Eight ml of venous blood were collected and
placed in two vacuum tubes, one containing clot activator and the other
lithium heparin vacuette ® (Sao Paulo, Brazil). The samples were
centrifuged at 2500 rpm for 15 min and the supernatant (serum or
plasma) transferred to a microtube and refrigerated at —20 °C until
analysis.

2.9. Urinary osmolality

Urinary osmolality (mOsm/kg) was measured through the freezing
point of the sample using an osmometer, model 5004 Micro-Osmette
(Precision Systems®, USA). To determine hydration through plasma
osmolality, a cutoff point of <290 mOsm/kg was used for the hydration
status (euhydration), as established by Sawka et al. (2007).

2.10. Serum sodium and potassium

Sodium and potassium electrolyte concentrations were analyzed
using the ion-selective electrode method with the AU680 device
(Beckman Coulter®, United States).

2.11. Urine collection and analysis

Urine was collected at rest before the exhaustion test and immedi-
ately after this test. Participants were instructed to empty their bladders
at both times. They received plastic bottles with a volume meter and
were instructed on the proper procedures for urine collection, mini-
mizing the risk of contamination. After collection, volumes were
recorded and samples were placed in standard vials and kept refriger-
ated at 4 °C until analysis.

Approximately 40 pL of each urine sample were analyzed in tripli-
cate, using a digital refractometer model RTP-20ATC (Instrutherm®,
Sao Paulo, Brazil) to determine the urine specific gravity (USG).
Considering the USG in UOsmols, the participants were classified as
(McDermott et al., 2017): USG <1010 = well hydrated, 1011 < USG
<1020 = minimally dehydrated, 1021 < USG <1030 = significantly
dehydrated, and USG >1031 = severely dehydrated.

2.12. Urinary sodium and potassium concentrations

The sodium and potassium electrolyte concentrations were analyzed
using the ion-selective electrode method using the AU680 device
(Beckman Coulter®, United States).

2.13. Statistical analysis

Data are presented as mean and standard error of the mean. Initially,
to verify normality and homogeneity, Shapiro-Wilk and Levene tests
were performed, respectively. ANOVA for repeated measures with
Tukey post hoc test was conducted to compare the differences between
groups. One-way ANOVA was used to compare initial conditions. A 5%
confidence level (p < 0.05) was adopted for all tests. Partial eta-squared
(nz) was used to examine the effect size. Values of 0.01 to <0.06 was
considered small, 0.06 to <0.14 moderate, and 0.14 or higher consid-
ered as a large effect size (Cohen, 1988). The procedures were analyzed
using the IBM SPSS Statistics 24.0 software.
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Table 1
Characterization of the participants.

Variables Mean =+ Standard error
Age (years) 319+1.6

Body mass (kg) 72.4 + 2.0

Height (m) 1.70 + 0.01

BMI (kg/m?) 24.7 + 0.6

VO,max (ml/kg/min) 51+1.4

Data are presented as mean and standard error of the mean. VO,max:
Maximum oxygen consumption.

Table 2
Conditions of the participants before the experimental protocols.
cJ CH w p n?
HR at rest (bpm) 69.5 + 68.1 + 65.8 + 0.538 0.03
2.5 2.0 2.5
Urine volume (ml) 224.6 + 208.4 + 202.9 + 0.942 <0.01
49.2 39.3 48.8
USG (g/ml) 1016 + 1017 + 1018 + 0.912 <0.01
3.1 2.7 3.2
Urinary sodium 71.6 + 75.1 + 79.7 + 0.903 0.01
(mEq/L) 13.6 13.4 11.2
Urinary potassium 273+ 24.2 + 328 + 0.518 0.03
(mEq/L) 5.9 4.7 5.3
Urine osmolality 4329 + 416.9 + 503.4 + 0.692  0.02
(mOsm/kg) 83.1 59.3 81.3
Blood sodium (mEq/ 137.6 + 136.7 + 136.6 + 0.331 0.06
L) 0.5 0.3 0.6
Blood potassium 43 +0.1 4.4 +0.1 4.5 +0.1 0.893 <0.01
(mEq/L)
Blood osmolality 279.8 + 278.2 + 279.8 + 0.655  0.02
(mOsm/kg) 1.3 1.1 1.5

Data are presented as mean and standard error of the mean. No statistical dif-
ferences were observed between the three pre-experimental conditions. One-
way ANOVA was used. HR: Heart rate; USG: Urine specific gravity; BMI: Body
mass index; USG: Urine specific gravity; CJ: cajuina hydroelectrolytic drink; CH:
high carbohydrate commercial hydroelectrolytic drink; W: mineral water; n*
effect size.

3. Results

The participants were young adults, eutrophic and had excellent
VOymax levels in the health-oriented classifications (Ferretti, 2014), but
were below the levels of high-performance runners (Gonzalez-Mohino
et al., 2020), confirming that they were recreational level athletes
(Table 1). At the moments prior to the experimental procedures, the
volunteers were statistically equal when the resting HR was evaluated
(p > 0.05), as well as all other urinary and blood variables (p > 0.05), as
seen in Table 2.

The time-to-exhaustion test had an average speed of 10.3 + 0.2 km/
h. Regarding hydration, water intake was 1357.1 + 134.4 ml in 5.7 +
0.3 moments in which this volume was provided.

The hydration status of the participants after the time-to-exhaustion
tests is represented by the change in body mass and sweating rate. Lost
body mass represented a reduction of 0.9 £ 0.1 % after the test in the CJ
protocol, which was similar to the 0.85 + 0.2 % loss in the CI condition
and compared to the 0.9 + 0.2 % loss in the W condition (Fig. 2, Panel A;
p > 0.05; 12 = 0.01, classified as small). The reduction in body mass in
the three procedures indicated that there was no significant dehydra-
tion, according to the classification proposed by McDermott et al.
(2017). This also indicates that the volume of hydration in the three
conditions was sufficient. There was no significant change in the
sweating rate between the three procedures (Fig. 2, Panel B; p > 0.05; n?
= 0.04, classified as small).

The lack of significant difference in the hydrating capacity of the
three drinks, verified by the lost body mass, was confirmed by the
analysis of biological material (urine and blood). There was no statistical
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of the mean. There were no statistical differences between the procedures for the two variables analyzed (p > 0.05). Repeated measures ANOVA was used. CJ: cajuina
hydroelectrolytic drink; CH: high carbohydrate commercial hydroelectrolytic drink; W: mineral water; 1% effect size.
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difference in the USG between pre- and post-exercise moments for the
three drinks evaluated (Fig. 3, Panel A; p > 0.05; n2 = 0.05, classified as
small). Urinary sodium and potassium also did not differ in the pre- and
post-exhaustion moments in the three drinks evaluated (Fig. 3, Panels B
and C, respectively; p > 0.05; n2 = 0.03 (small) and 0.06 (moderate),
respectively). Urinary osmolality also had similar results, with no

significant difference in the pre- and post-exhaustion test moments for
the three protocols evaluated (Fig. 3, Panel D; p > 0.05; n2 = 0.04,
classified as small).

Regarding urine, the serum analysis indicated that blood sodium and
potassium did not differ in the pre- and post-exhaustion test moments for
the three drinks evaluated (Fig. 4, Panels A and B, respectively; p > 0.05;
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Fig. 4. Analysis of serum variables before and after the exercise protocol for the
three conditions evaluated. Panel A — sodium; Panel B — potassium; Panel C —
osmolality. Data are presented as mean and standard error of the mean. There
were no statistical differences between the procedures for the three variables
analyzed (p > 0.05). Repeated measures ANOVA was used. CJ: cajuina
hydroelectrolytic drink; CH: high carbohydrate commercial hydroelectrolytic
(Alrink; W: mineral water; n2: effect size.

n? = 0.16 (large) and 0.15 (large), respectively). Blood osmolality also
followed these results, showing no difference in the pre- and post-
exhaustion test moments for the three drinks evaluated (Fig. 4, Panel
C; p > 0.05; n2 = 0.16, classified as large).

Considering the euhydration between the three procedures, the
running time to exhaustion was evaluated to verify possible effects of the
beverage composition on the physical performance of the participants.
As seen in Fig. 5, the running time to exhaustion was 80.3 + 8.4 min in
the CJ protocol, 70.3 &+ 6.8 min in CH and 71.8 + 6.9 min in W, with 11
out of the 17 participants improving their performance with CJ intake
compared to W. Although the running time in the CJ condition was
14.2% longer than that of the CH condition and 11.8% longer than that
of the W condition, these differences were not statistically significant
(Fig. 5, Panel A; p > 0.05; 1]2 = 0.10, classified as moderate). The dis-
tance run by the volunteers was 12.4 + 1.5 km for the CJ, 10.9 + 1.1 km
for the CH and 11.1 + 1.1 km for the W. Likewise, 11 out of the 17
volunteers increased their total distance with CJ intake compared to
water, representing 64.7% of the subjects. However, similarly to the
time to exhaustion, although the distance covered in the CJ condition
was 13.8% greater than that of the CH condition and 11.7% greater than
that of the W condition, these differences were not significant (Fig. 5,
Panel B; p > 0.05, n2 = 0.08, classified as moderate).

The HR behavior is shown in Table 3. HR did not present statistical
difference between the procedures in any of the evaluated moments (p
> 0.05). Despite this, the effect size analysis showed a classification
considered small during the exercise and at 40th minute during recovery
and moderate at the 20th and 60th minute during the recovery period.

4. Discussion

The data from this study showed that cajuina hydroelectrolytic drink
promotes the same effects on hydroelectrolyte balance and physical
performance as a high carbohydrate commercial hydroelectrolytic drink
during a time-to-exhaustion test at 70% of VOsmax in a recreational
runner. Despite the statistical similarity between the three drinks tested,
CJ resulted in a time to exhaustion 11.8% longer than CH and 9.9%
longer compared to W, with an effect size of moderate level. Likewise,
even with no statistical difference, CJ promoted a reduction in urinary
sodium and an increase in urinary potassium (with small and moderate
effect sizes, respectively) compared to the other drinks. Serum sodium
and potassium levels increased (large effect size), although there was no
statistical difference.

In summary, the data from this study indicate that, based on the p
value of the statistical test, CJ and CH did not improve physical per-
formance or hydroelectrolytic parameters. However, based on the effect
size, CJ increased the time to exhaustion and both CJ and CH influenced
the balance electrolyte in recreational runners.

The loss of body mass after physical exercise is widely used as a
measure of dehydration (Belval et al., 2019). The participants in this
study lost less than 1% of body mass, indicating that they finished the
time-to-exhaustion test at a satisfactory level of hydration (Sawka et al.,
2007). Thus, the data from the present study indicate that the method-
ological protocol of the ingested water volume was adequate, as it was
done individually, which is more suitable to prevent dehydration than
ad libitum methods (Melo-Marins et al., 2018). Considering the data
regarding the loss in body mass, the sweating rate was between 1 and
1.25 L/h, also without showing statistical difference between the con-
ditions evaluated. This was also expected since, in addition to the fact
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Fig. 5. Performance of the time-to-exhaustion test. Panel A — time to exhaustion. Panel B - total distance of the test. Data are presented as mean and standard error of
the mean. There were no statistical differences between the procedures (p > 0.05). Repeated measures ANOVA was used. CJ: cajuina hydroelectrolytic drink; CH:
high carbohydrate commercial hydroelectrolytic drink; W: mineral water; 1 effect size.

Table 3
Heart rate at rest (bpm), during exercise, and during recovery of the participants.
CJ CH w P n2
During exercise 156 + 3.3 153 £ 3.1 153 + 3.0 0.795 0.04
20 min recovery 88 +£3.7 85 +3.3 83 +26 0.583 0.09
40 min recovery 84 + 4.3 83+ 3.7 80 + 2.4 0.381 0.04
60 min recovery 80 + 4.5 79+ 2.9 75+ 2.3 0.191 0.06

Data are mean and standard error of the mean. Statistical differences were not
observed between the procedures for all evaluated moments. Repeated measures
ANOVA was used. CJ: cajuina hydroelectrolytic drink; CH: high carbohydrate
commercial hydroelectrolytic drink; W: mineral water; n2: effect size.

that the volume of hydration ingested during the exercise was the same,
time-to-exhaustion tests were carried out in an environment with
controlled temperature (23 + 1.1 °C) and relative humidity (52 + 7%).
It was expected that the body osmolality and the serum and urinary
concentration of minerals would differ between the procedures since the
mineral compounds of CJ and CI are similar. However, we hypothesized
that these differences would be evident in comparison with W. In fact, no
significant difference was found based on the p value of the statistical
test, but the effect size classified as high (sodium) and moderate (po-
tassium) revealed that the minerals of both cajuina hydroelectrolytic
drink and the commercial isotonic drinks leads to higher serum con-
centration after the exercise session. These data are corroborated by the
effect size of these same variables in the urinary analysis, classified as
moderate both for the reduction of sodium and for the increase of po-
tassium. This confirms the influence of experimental drinks on the
electrolyte balance of recreational runners, at least by the effect size, if
not by p value. A possible explanation for this lack of statistical differ-
ence in blood and urinary parameters assessed by p value may have been
the exercise time, which was not enough to promote osmolar change.
Literature has shown that exercises lasting around 1 h do not promote a
mineral deficit (Dion et al., 2013; Del Coso et al., 2017), but only in
longer events, such as marathon, ultramarathon and triathlon electro-
lyte change occurs (Rogers et al., 2011; Knechtle et al., 2019).
Considering the euhydration between the three procedures, the
duration of the time-to-exhaustion test was evaluated to verify possible
effects of the drink’s composition on the physical performance of the
participants. Once again, the statistical test revealed a p value indicating
that the experimental beverages do not alter physical performance.
Despite this, the effect size was considered moderate (n2 = 0.10), and

this prevents us from discarding the possibility that cajuina hydro-
electrolytic drink promotes a greater delay in fatigue, as the time to
exhaustion of the CJ condition was 11.8% longer than that of the CH
condition and 9.9% higher than that of the W condition. This statistical
evidence of the effect size corroborates with the practical implication in
the sport context. The considerable advantage in practice, which rep-
resented an increase of almost 10 min when cajuina hydroelectrolytic
drink was ingested, is relevant in the sports context, since it significantly
modifies the result in running competitions.

Taking into consideration the interpretation of the data by the effect
size, the explanation for this effect of moderate magnitude can be
explained by the antioxidant composition of cajuina (Porto-Luz et al.,
2019). In fact, other foods high in antioxidants have been shown to
improve physical performance, such as grape juice, which increased the
time to exhaustion of runners by 18.7% (p = 0.009) 15; acai, which
increased the time to exhaustion of runners by approximately 14% (p <
0.05) (Carvalho-Peixoto et al., 2015); dark chocolate, which increased
the total distance covered by moderately trained men by 17% (p =
0.001) (Patel et al., 2015); and saffron, which increased time to
exhaustion in healthy men by 24.9% (p < 0.001) (Meamarbashi and
Rajabi, 2015). Several other foods also improved sports performance, as
shown in a systematic review and meta-analysis (Costa et al., 2020;
Doma et al., 2020). The antioxidant effect of these foods has been re-
ported by researchers as one of the explanations for their ergogenic
effects.

The data from this study point to a possibility of an ergogenic effect
of cajuina, since the interpretations of p value and effect size are con-
flicting. The main explanation for this might be the small sample size,
which was significantly reduced during the course of the investigation.
For an effect size of 0.63, a minimum sample size of 22 participants
would be necessary for a statistical power of 80%, a larger number than
the one recruited in the present study. Therefore, this study indicates the
need to reproduce the protocol adopted here in future investigations
with a larger sample size, with the perspective that, in this way, the p
value and effect size data point in the same direction and confirm the
ergogenic potential of cajuina.

Other limitations can be pointed out for the present study. Even
though the participants ran at 70% of VOsmazx, the time-to-exhaustion
test was not able to generate electrolyte imbalance, as the sweating
rate was not high enough, with a loss of body mass below 1%. Another
limitation was the thermoneutral environment with relative humidity
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favorable to evaporation of the sweat to which the participants were
exposed, reducing thermal stress. Therefore, we also suggest further
studies evaluating the supplementation of cajuina at higher temperature
and relative humidity far from 60%, which is the value considered ideal
(Maughan et al., 2012), as well as studies that can evaluate cajuina in
high-level athletes and in different sport disciplines.

5. Conclusion

From our results, the cajuina-based hydroelectrolytic drink has a
beneficial effect on the hydroelectrolytic balance and physical perfor-
mance, promoting a moderate delay in time to exhaustion and mainte-
nance of the hydroelectrolytic state of recreational runners, similarly to
the effects promoted by a commercial hydroelectrolytic drink rich in
carbohydrate. This suggests future studies with the objective of inves-
tigating the possible use of cajuina-based hydroelectrolytic drink to
improve the performance of physical exercise practitioners in other
sport disciplines. Further studies are needed in this direction.
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