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BRIEF. This study compares the effects of water, electrolyte drinks, and fruit juice on post-exercise hydration, gastrointestinal symptoms, and

subjective feelings of refreshment.

ABSTRACT. This study investigates the effects of three common
post-workout beverages - flavored water (Propel), an electrolyte-
rich sports drink (Powerade), and fruit juice (Welch's) - on hydra-
tion, gastrointestinal symptoms, and subjective feelings of refresh-
ment. Electrolytes, such as sodium and potassium, are vital for
maintaining fluid balance and muscle function during recovery,
making drinks that contain these nutrients commonly recommended
for post-exercise hydration. However, it remains unclear whether
electrolyte drinks offer a distinct advantage over flavored water or
fruit juice in promoting recovery. In this experiment, 14 healthy par-
ticipants completed a 60-minute exercise session and were ran-
domly assigned to one of the three beverage conditions. Hydration
and gastrointestinal symptoms were assessed before and after exer-
cise using subjective surveys, while objective measures of heart
rate, weight, and temperature were recorded. Results showed that
while electrolyte drinks had a higher taste preference, there were no
significant differences in thirst levels, gastrointestinal discomfort,
or physiological recovery between the three drinks. Flavored water,
juice, and electrolyte drinks were equally effective in supporting re-
covery, suggesting that hydration needs can be met with flavored
water, especially for those who prefer a more neutral taste. This
study provides valuable insights for individuals seeking to optimize
hydration and recovery strategies following exercise.

INTRODUCTION.

Physical exercise, particularly intense workouts, can lead to significant
dehydration and an imbalance in electrolytes, which are critical for
maintaining proper muscle function, hydration, and overall health [1].
Electrolytes, including sodium, potassium, and magnesium, play essen-
tial roles in maintaining fluid balance, nerve function, and muscle func-
tion during and after exercise [2]. As a result, proper rehydration is crit-
ical for recovery, and this has led to the development of various drinks
designed to replace lost fluids and electrolytes. While flavored water or
juice is a reliable choice for hydration, beverages containing both car-
bohydrates and electrolytes, such as sports drinks, are often considered
superior for rehydration [3,4]. Some flavored waters, such as Propel,
also contain added electrolytes, making them more comparable to
sports drinks than to plain water.

The effectiveness of different types of sports drinks remains a subject
of debate. Some drinks containing added sugars are widely used in ath-
letic settings, while alternatives like flavored water are often consumed
for hydration after exercise [5]. However, despite its popularity as a
healthy, natural beverage, fruit juice is generally not recommended
post-exercise due to its high carbohydrate content and low sodium lev-
els, which may not effectively support hydration during recovery [6].
Research has shown that drinks containing high levels of electrolytes
may improve hydration status and recovery more effectively than fla-
vored water alone [7]. In particular, the impact of electrolyte-rich drinks
on recovery is often examined through changes in hydration status,
muscle soreness, and subjective feelings of refreshment. Some studies
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Figure 1. lllustration of fluid/heat generation and loss for a runner

suggest that drinks with electrolytes may provide a greater sense of re-
hydration and recovery than beverages without electrolytes, such as
plain water or fruit juice [8]. However, there is still a lack of consensus
regarding the most effective drink for post- workout recovery. Figure 1
illustrates heat generation and loss during exercise, emphasizing the im-
portance of hydration in replacing lost fluids and maintaining perfor-
mance.

This study aims to investigate how different types of post-workout bev-
erages, specifically electrolyte drinks, juice, and flavored water, affect
subjective feelings of hydration and refreshment after exercise. | hy-
pothesize that the electrolyte drink, due to its higher electrolyte content,
will provide participants with a more refreshed and hydrated feeling af-
ter exercise compared to juice or flavored water.

MATERIALS AND METHODS.
Preparation for blind-tested drinks.

To conduct the experiment, three different types of post-exercise drinks
were selected for testing: an electrolyte-rich sports drink, fruit juice, and
flavored water. These beverages were chosen based on their common
use in athletic settings and their prevalence as post-exercise hydration
options. The electrolyte drink was selected for its high electrolyte con-
tent, including sodium and potassium, while Welch's juice and Propel
was chosen for comparison as a conveniently available drink. The elec-
trolyte drink (Powerade) contains approximately 240 mg sodium and
80 mg potassium per serving, while Propel contains 230 mg sodium and
60 mg potassium and Welch’s juice contains 10 mg sodium and 160 mg
potassium per serving. To prevent bias, all drinks were poured into
opaque water bottles with opaque straws, ensuring the participants
could not see the color of the drink during the experiment.

Subjective measurements.

To assess participants' subjective feelings of hydration and refreshment,
a custom questionnaire was developed based on previous research [9].
Three separate surveys were administered to participants: a gastrointes-
tinal symptoms survey, a thirst level survey, and a palatability survey
for the drink consumed. In the gastrointestinal symptoms survey, par-
ticipants were asked to rate their symptoms using a scale from 0 to 9,
with 0 indicating no symptoms and 9 indicating the most severe symp-
toms. Gastrointestinal symptoms included heartburn, bloating, nausea,



muscle cramps, and other common post-exercise discomforts. The thirst
level survey asked participants to rate their thirst on a 9-point scale,
where 1 indicated they were not thirsty at all and 9 indicated they were
extremely thirsty. After consuming the provided beverage, participants
completed the palatability survey and rated the drinks on a 9-point scale
for taste, with 1 indicating they disliked it completely and 9 indicating
they liked it extremely.

Objective measurements.

Objective physiological measures were taken before, immediately after,
and one-hour post-exercise. These measurements included heart rate,
body temperature, and body weight, which were recorded using a Gar-
min Forerunner 55 smartwatch, a Datram GK-128B infrared thermom-
eter, and a Eufy Bodysense smart scale, respectively. To ensure accu-
racy, participants were instructed to wear the smartwatch throughout
the experiment to monitor their heart rate. Body temperature was also
recorded to assess the impact of exercise on thermoregulation.

Experimental protocol.

The experiment involves recruiting 14 healthy participants (five males,
nine females). Prior to the exercise, participants were required to com-
plete the GI questionnaire, and their body weight, heart rate, and tem-
perature were all measures to ensure they were rehydrated. During the
exercise phase, participants completed a 60-minute run. Heart rate and
temperature were measured every 15 minutes throughout the exercise
and participants consumed 1.5 mL/kg of plain water every 15 minutes
to stay hydrated. Post-exercise, participants were randomly assigned to
one of three beverage conditions: electrolyte-rich sports drink
(Powerade), fruit juice (Welch’s juice), or flavored water (Propel). Each
participant consumed 237 mL of the assigned beverage within 10
minutes. The drinks were prepared and dispensed by a single re-
searcher, who was the only individual aware of which drink each par-
ticipant received. After drinking the assigned beverage, participants
filled out the thirst and palatability questionnaire. They were then al-
lowed to drink as much plain water as desired, and the volume was
carefully recorded. Objective measures of heart rate, body weight, and
body temperature were taken again immediately after beverage con-
sumption and one hour later to assess recovery. Statistical analysis will
be performed to compare the subjective ratings (thirst, gastrointestinal
symptoms, and palatability) and objective measures (heart rate, weight
and temperature) between the three beverage groups.

RESULTS.
Participants.

The study involved 14 participants (19.56 + 13.24 years) divided into
three beverage groups: electrolytes (n=9), juice (n=9), and flavored wa-
ter (n=9). 13 of the participants participated in 2 experiments, with
drinks in different categories and flavors. Table 1 presents the demo-
graphic data, including weight, height, and BMI, with no significant
differences observed between the groups. The mean weight was 149.70

Table 1. Participant Demographics and Characteristics

Overall Electrolytes Juice Flavored water
(n=27) (n=9) (n=9) (n=9)
Age 19.56 + 13.24 |19.67 +12.52 |19.56+16.14 |19.44+11.85
Weight | 149.70 + 32.95 | 138.87 +27.94 [ 154.19 + 37.91 [ 156.03 + 33.35
(1b)
Height [67.80+4.24 66.78 + 4.09 67.33+4.42 69.28 + 4.44
(in)
BMI 22.39+£3.10 21.73+£3.21 22.88 £3.53 2257 +£2.77
Gender | 9 males, 2 males, 3 males, 4 males,
18 females 7 females 6 females 5 females

+ 32.95 Ib for the overall group, with slight differences in the individual
beverage groups: electrolytes (138.87 + 27.94 Ib), juice (154.19 + 37.91
Ib), and flavored water (156.03 + 33.35 Ib). Similarly, the mean height
was 67.80 + 4.24 inches, with the flavored water group slightly taller
(69.28 + 4.44 inches), though no significant differences were noted in
height or BMI across the groups.

Cardiovascular Responses

In terms of cardiovascular responses, Table 2 shows the heart rate (HR)
at different time points for all participants and by beverage group. The
baseline HR before exercise was 75.85 + 6.12 bpm for the overall
group, and similar rates were observed across the three beverage groups
(electrolytes: 77.11 £ 4.59 bpm, juice: 74.11 + 6.72 bpm, flavored wa-
ter: 76.33 + 7.07 bpm). During exercise, HR increased progressively
across all groups, with no significant differences in HR at any time point
(15, 30, 45, or 60 minutes). Post-exercise HR dropped to 78.81 + 6.86
bpm at one-hour post-workout, with similar trends across beverage
groups, suggesting that all beverages supported recovery in terms of
cardiovascular parameters.

Table 2. Heart Rate (HR) in bpm at Different Time Points

Timepoints | Overall | Electrolytes Juice Flavored P-
(n=27) (n=9) (n=9) water (n=9) | value
Before 7585+ | 77.11+459 | 7411+ | 76.33+7.07 | 0.5768
exercise 6.12 6.72
15 min.into | 158.85+ 159.33 £ 157.67 159.56 + 0.9027
exercise 9.32 10.81 +7.71 10.19
30 min. into | 160.37 + | 161 +10.83 | 159.67 160.44 + 0.9587
exercise 9.41 +7.52 10.62
45 min. into | 161.89 + 162.56 + 161.44 161.67 £ 0.9675
exercise 9.33 10.51 +7.95 10.40
60 min. into | 163.37 + 164.11 + 163 + 163 +10.19 | 0.9605
exercise 9.22 10.55 7.75
One hour 78.81+ |80.78+6.24 | 78.78 + | 76.89 +6.39 | 0.5027
post 6.86 8.05
workout

Body temperature (Temp) was measured at the same time points and is
shown in Table 3. Prior to exercise, the overall group’s mean body tem-
perature was 98.44 + 0.17°F, and there were no significant differences
in baseline temperature between groups (electrolytes: 98.41 + 0.20°F,
juice: 98.44 + 0.16°F, flavored water: 98.48 + 0.18°F). During exercise,
body temperature peaked at 98.83 + 0.14°F at 60 minutes across the
overall group, with no significant differences between the beverage
conditions. Post-exercise body temperature decreased to 98.56 + 0.20°F
at one-hour post-workout, with no notable differences across beverage
groups. The statistical analysis of the relationship between HR and tem-
perature across different time points, shown in the last table, demon-
strates no significant correlations (p-values for all time points > 0.05).

Thirst Ratings.

Thirst ratings were assessed at three key time points: prior to exercise,
immediately after exercise, and after recovery (Table S1). Prior to ex-
ercise, flavored water participants reported the highest thirst levels
(8.67), followed by juice (7.33) and electrolytes (8.11). Immediately
after exercise, all beverage groups showed a significant decrease in
thirst levels, with flavored water reporting the lowest thirst score (3.11),
followed by flavored water (3.22), and juice (4.56). After recovery, fla-
vored water again had the lowest thirst rating (1.44), while electrolytes
(2.56) and juice (1.22) showed moderate thirst reductions.



Table 3. Temperature Measurements at Different Time Points

Overall | Electrolytes Juice Flavored P-
(n=27) (n=9) (n=9) water (n=9) | value
Temp. before | 98.44+ | 98.41+0.20 | 98.44 + | 98.48 £0.18 | 0.7342
exercise 0.17 0.16
Temp. 15 98.56 + | 98.52+0.19 | 98.55+ | 98.61+0.20 | 0.5897
min. into 0.18 0.15
exercise (°F)
Temp. 30 98.68 + | 98.66 +0.13 | 98.68 + | 98.71 £0.20 | 0.7944
min. into 0.17 0.18
exercise (°F)
Temp. 45 98.76 + | 98.71+0.16 | 98.76 + | 98.81 +0.18 | 0.4299
min. into 0.16 0.13
exercise (°F)
Temp. 60 98.83+ |98.81+£0.12 | 98.8+ | 98.88+0.15 | 0.3312
min. into 0.14 0.14
exercise (°F)
Temp. One 98.56+ | 98.52+0.16 | 98.54+ | 98.6+0.19 | 0.7193
hour post 0.20 0.26
workout (°F)

Palatability Ratings.

Palatability ratings are provided in Figure S1. The overall beverage
taste was rated as follows: juice (5.78), electrolytes (5.89), and flavored
water (5.33). Juice received the highest ratings for flavor (6.44) and
sweetness (7.00), while flavored water received the lowest ratings for
both flavor (5.78) and sweetness (4.00). All beverages scored similarly
for saltiness, with the ratings for all beverages falling between 1.11 and
1.22, indicating a low level of perceived saltiness. For tartness, juice
scored the highest (4.11), followed by electrolytes (3.11), and flavored
water (2.56).

Gastrointestinal Symptoms.

Gastrointestinal (GI) symptoms were assessed at three time points:
prior to exercise, immediately after exercise, and one-hour post-exer-
cise, across three beverage groups: juice, electrolytes, and flavored wa-
ter. Overall, the GI symptoms exhibited some differences between the
beverages, though many remained relatively consistent.

Reflux heartburn symptoms were minimal prior to exercise and showed
similar levels in all groups immediately after exercise. Immediately
post-exercise, reflux heartburn remained low across all groups (0.56 for
juice and electrolytes, 0.11 for flavored water), with symptoms resolv-
ing entirely by one hour for juice and electrolytes (0.11), and no heart-
burn for flavored water (0). Belching was absent before exercise, but
increased slightly after exercise for all groups, with juice (1.56) and
electrolytes (1.67) showing slightly higher levels than flavored water
(1.33). After one hour, belching decreased substantially for all groups,
with the juice group reporting the lowest levels (0.11). Both heartburn
and belching were generally mild, with no major difference between
beverages, as shown in Figure S2 and S3.

Bloating symptoms were more noticeable prior to exercise in the fla-
vored water group (3.56), compared to juice (2.78) and electrolytes
(2.67). However, immediately post-exercise, bloating decreased across
all groups, with juice and electrolytes showing a similar reduction (1.33
and 1.11, respectively), and flavored water (1) showing the greatest re-
duction. By one hour, bloating rebounded in the juice group (3), while
electrolytes (2.78) and flavored water (2) remained at moderate levels.

This suggests that bloating was most pronounced before exercise in fla-
vored water, but improved across all groups post-exercise, with juice
showing a slight rebound (Figure S4).

Stomach pain/cramping was mild prior to exercise across all groups.
After exercise, symptoms were more pronounced in the juice group
(3.89) compared to electrolytes (3) and flavored water (3.22). One hour
later, stomach pain decreased in all groups, with juice showing the
greatest reduction (1.44), while electrolytes (2.11) and flavored water
(1.22) showed moderate improvements (Figure S5).

Flatulence was mild prior to exercise, but increased after exercise, with
juice (2.78) reporting the highest levels, followed by electrolytes (2.33)
and flavored water (2.44). By one hour, the juice group reported the
lowest flatulence levels (1.78), while electrolytes (2.67) and flavored
water (1.33) showed more moderate reductions. Flatulence was a com-
mon post- exercise symptom, though it was more pronounced in the
juice group immediately after exercise (Figure S9).

Dizziness and headache symptoms were relatively consistent across the
groups, with slight increases immediately after exercise (juice = 1.67,
electrolytes = 1.78, water = 1.67 for dizziness) and similar reductions
after one hour, as shown in Figure S15 and Figure S14. For headaches,
all groups reported a slight increase immediately post-exercise, with
electrolytes showing the highest levels (2.89), followed by juice (1.89)
and flavored water (2.89). By one hour, all groups showed a decrease
in headache symptoms, with juice (0.56) and flavored water (1.67)
showing greater improvement compared to electrolytes (2.67).

In terms of more severe Gl symptoms, such as diarrhea, loose stool, and
vomiting, there were only minor reports of these symptoms immedi-
ately post-exercise, with no significant differences between the bever-
age groups (Figure S7, Figure S12, Figure S13). All symptoms that in-
creased slightly immediately post-exercise were resolved by one hour.

DISCUSSION.

The primary objective of this study was to investigate how different
post-workout beverages, specifically an electrolyte-rich sports drink,
fruit juice, and flavored water affect subjective feelings of hydration
and refreshment after exercise. The results suggest that, while there
were some minor differences in gastrointestinal symptoms, thirst levels,
and palatability, the overall effect of the three beverages on rehydration
and recovery was not significantly different, indicating that flavored
water can be as effective as juice or electrolyte drinks for rehydration.

Participants reported higher thirst levels immediately post-exercise due
to fluid loss through sweating [10]. Thirst ratings peaking after the ex-
ercise session, and participants reporting a decrease in thirst after con-
suming their respective beverages. This is consistent with the expected
physiological response, where post-exercise thirst reflects the body's
need to replenish lost fluids. As expected, the greatest thirst reduction
was observed across all groups immediately after beverage consump-
tion, with flavored water showing the lowest thirst scores at recovery.
Although the thirst reduction was similar across beverage types, the fact
that participants' thirst levels did not return to baseline after consuming
any of the beverages suggests that additional fluid intake post-exercise
(plain water) may still be necessary for full rehydration [11].

Gastrointestinal symptoms such as bloating, heartburn, and flatulence
were assessed throughout the study. Overall, while all beverages caused
mild Gl discomfort, there were no significant differences between the
drinks in terms of overall symptom severity. Heartburn and belching
resolved after one hour, so it does not significantly impact overall re-
covery. Importantly, the minor differences in bloating and flatulence,
with juice showing the highest levels immediately post-exercise, may
be due to its higher sugar content, which could affect gut motility and
digestion [12]. However, these symptoms were not severe enough to
hinder recovery, consistent with research showing that minor Gl dis-
comforts from sugary drinks do not always impede rehydration [13].



The results from the palatability form showed that, in general, all three
drinks were rated similarly for taste, with the electrolyte drink receiving
slightly higher ratings than juice or flavored water. Juice received the
highest ratings for sweetness, which could explain why participants
found it more enjoyable. However, while taste preferences can influ-
ence beverage choice, the slight difference in palatability did not trans-
late into significantly better hydration or recovery, indicating that par-
ticipants might select electrolytes more for taste preferences than for
superior rehydration benefits [14]. This suggests that, while flavored,
sweetened beverages like the electrolyte drink may encourage higher
fluid intake due to their taste, they do not necessarily provide a clear
advantage over flavored water in terms of hydration [15].

When considering objective measures such as heart rate and bod tem-
perature, no significant differences were observed across the three bev-
erage types. These findings suggest that, at least within the parameters
of this study, electrolytes, juice, and flavored water all effectively sup-
ported recovery, as evidenced by similar trends in heart rate normaliza-
tion and body temperature regulation after exercise. Given that hydra-
tion status did not differ significantly between groups, it stands to rea-
son that, while electrolyte drinks may provide additional nutrients, their
effect on hydration may be largely equivalent to flavored water in typ-
ical post-exercise scenarios.

CONCLUSION.

The findings of this study suggest that while flavored drinks may appeal
to some individuals due to their taste, they do not necessarily provide
any substantial advantages over any water in terms of improving hydra-
tion, recovery, or gastrointestinal comfort.
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The supporting information document contains bar graphs depicting the
severity ratings of various gastrointestinal symptoms, thirst levels, pal-
atability scores, and other physiological responses across different post-
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