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Context: Individuals prone to exercise-associated muscle
cramps (EAMCs) are instructed to eat bananas because of their
high potassium (Kþ) concentration and carbohydrate content
and the perception that Kþ imbalances and fatigue contribute to
the genesis of EAMCs. No data exist about the effect of bananas
on plasma Kþ concentration ([Kþ]p) or plasma glucose concen-
tration ([glucose]p) after exercise in the heat.

Objective: To determine whether ingesting 0, 1, or 2 servings
of bananas after 60 minutes of moderate to vigorous exercise in
the heat alters [Kþ]p or [glucose]p and whether changes in [Kþ]p
result from hypotonic fluid effluxes or Kþ ion changes.

Design: Crossover study.
Setting: Laboratory.
Patients or Other Participants: Nine euhydrated men (age¼

27 6 4 years, height¼ 180.3 6 8.4 cm, mass¼ 84.9 6 26.1 kg,
urine specific gravity � 1.006) without EAMCs volunteered.

Intervention(s): On 3 separate days, participants completed
60 minutes of moderate to vigorous cycling (temperature ¼
36.48C 6 1.18C, relative humidity¼19.4% 6 2.5%) and then ate
0 g (0 servings), 150 g (1 serving), or 300 g (2 servings) of
bananas. Blood samples were collected at�3, 5, 15, 30, and 60
minutes postingestion.

Main Outcome Measure(s): The [Kþ]p, changes in plasma Kþ

content, plasma volume changes, and [glucose]p.

Results: The [Kþ]p differed between conditions at 60 minutes;
2 servings (4.6 6 0.3 mmol/L [conventional unit ¼ 4.6 6 0.3
mEq/L]) was greater than 1 serving (4.5 6 0.2 mmol/L
[conventional unit ¼ 4.5 6 0.2 mEq/L]) and 0 servings (4.4 6

0.3 mmol/L [conventional unit ¼ 4.4 6 0.3 mEq/L]) (P , .05).
The [Kþ]p was greater at 60 minutes than at�3 and 5 minutes in
the 1-serving condition and was greater at 30 and 60 minutes
than at �3 and 5 minutes in the 2-servings condition (P , .05).
Percentage change in Kþ content was greater only at 30 and 60
minutes postingestion than at baseline in the 2-servings
condition (4.4% 6 3.7% and 5.8% 6 2.3% increase, respec-
tively) (P , .05). The plasma volume changes among conditions
were unremarkable. The [glucose]p was greater in the 2-
servings condition than in all other conditions at 15, 30, and
60 minutes (P , .05).

Conclusions: The effect of banana ingestion on EAMCs is
unknown; however, these data suggested bananas are unlikely
to relieve EAMCs by increasing extracellular [Kþ] or [glucose]p.
The increases in [Kþ]p were marginal and within normal clinical
values. The changes in [Kþ]p, plasma Kþ content, and [glucose]p
do not occur quickly enough to treat acute EAMCs, especially if
they develop near the end of competition.
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Key Points

� Eating up to 2 servings of bananas caused marginal increases in plasma potassium concentration.
� The small increases in plasma potassium concentration occurred 30 to 60 minutes postingestion of bananas.
� Eating bananas is unlikely to be an effective treatment for exercise-associated muscle cramping.

D
espite estimates by some researchers that exercise-
associated muscle cramps (EAMCs) affect up to
95% of the general population,1 their cause

remains unknown. The dehydration/electrolyte imbalance
theory is a popular explanation for the cause of EAMCs2

and postulates that fluid and ion shifts from the extracellular
space result in EAMCs.3 Whereas proponents of this theory
traditionally have focused on sodium (Naþ) losses and
EAMCs,4,5 potassium (Kþ) imbalances (eg, hypokalemia,
hyperkalemia) also have been listed as possible contributors
to the genesis of EAMCs.6,7

In several quasi-experimental studies, investigators have
shown no differences in plasma Kþ concentration ([Kþ]p)
between athletes with and without EAMCs.8–10 Given that
these researchers8–10 often compared hematologic charac-
teristics between crampers and noncrampers postexercise, a
potential limitation is how quickly postexercise blood
sampling was performed, because [Kþ]p can return to

normal levels within 5 minutes postexercise.11,12 The
electrolyte concentrations in the extracellular and intracel-
lular compartments during an EAMC are unknown.
Whereas Kþ involvement in the genesis of EAMCs is
unclear, my clinical experience has been that some coaches,
health care professionals, and lay community members
believe that eating bananas is an effective treatment for
EAMCs because of their high Kþ content and because they
believe that electrolyte losses contribute to the genesis of
EAMCs. No researchers have examined [Kþ]p or plasma Kþ

content after the ingestion of varying quantities of bananas
after exercise in the heat.

Not knowing how much bananas alter [Kþ]p may have
important clinical implications. Eating large quantities of
bananas while the extracellular fluid compartment is
hypertonic may result in modest hyperkalemia. Based on
animal studies and in situ heart preparations, modest
hyperkalemia (6–7 mmol/L [conventional unit ¼ 6–7
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mEq/L]) may cause cardiac abnormalities, such as QT-
wave shortening,13 but little or no clinical evidence of
hyperkalemia preceding cardiac arrhythmias has been
demonstrated in humans.14 High extracellular [Kþ] also is
thought to contribute to premature muscle fatigue.15 If
EAMCs result from fatigue-induced changes in muscle
afferent activity as speculated,16 eating bananas may
expedite fatigue and increase the risk of EAMCs.
Therefore, elucidating the effects of eating varying
quantities of bananas on [Kþ]p and plasma glucose
concentration ([glucose]p) postexercise is necessary.

The purpose of my study was to determine whether
eating 0, 1, or 2 servings of bananas after 60 minutes of
moderate to vigorous exercise in the heat altered [Kþ]p or
[glucose]p and whether changes in [Kþ]p resulted from
hypotonic fluid effluxes or Kþ ion changes. Understanding
when and if these blood variables change after banana
ingestion has important clinical implications for whether
bananas could be used to restore Kþ or [glucose]p during
exercise or postexercise. I hypothesized that [Kþ]p would
not increase after banana ingestion. Moreover, I expected
that [glucose]p would increase after banana ingestion, but
30 minutes would lapse before appreciable changes would
be observed.

METHODS

Participants

I recruited a convenience sample of 9 healthy men to
participate in this study (age¼ 27 6 4 years, height¼ 180.3
6 8.4 cm, mass ¼ 84.9 6 26.1 kg). Volunteers were
excluded from participating if they (1) had experienced any
upper extremity injury or undergone surgery within the 6
months before the study; (2) self-reported any neurologic,
cardiovascular, or blood-borne diseases; (3) had a known
food allergy to bananas; or (4) had a history of heat
syncope, heat exhaustion, or heat stroke during exercise or
postexercise in their lifetimes. Participants provided written
consent, and the study was approved by the North Dakota
State University Institutional Review Board.

Experimental Design

A 3 3 5 factorial, crossover design with repeated
measures on time guided data collection for blood
dependent variables. The independent variables were
servings of bananas (Dole Food Co, West Lake Village,
CA) ingested (0, 1 [150 g], or 2 servings [300 g] of sliced,
ripened bananas) and time (�3, 5, 15, 30, and 60 minutes
postingestion). From a practical standpoint, the amounts
of bananas ingested in the 1-serving and 2-servings
conditions were approximately 1.5 and 3 medium-sized
(22.2 cm in length) bananas, respectively. These amounts
were chosen based on my clinical experience that athletes
typically eat 1 to 2 bananas during competitions if they
develop EAMCs (high external validity) and to minimize
the amount of time required to ingest the bananas. The
blood dependent variables were [Kþ]p in millimoles per
liter, hematocrit in percentage of red cell volume,
hemoglobin concentration in grams per deciliter, and
[glucose]p in millimoles per liter.

Testing Procedures

Participants were instructed to drink water consistently
during the day before testing, avoid strenuous exercise for
24 hours before testing, and fast for 12 hours before testing.
Although they did not keep a diet log, participants were
instructed to maintain a consistent dietary regimen over the
course of the study. Compliance with these instructions was
determined by self-report before each testing session.

Participants reported to the laboratory on 3 different days.
On each testing day, participants voided their bladders
completely, and urine specific gravity was assessed via
refractometry (model SUR-Ne; Atago USA Inc, Bellevue,
WA) to determine if they were euhydrated (urine specific
gravity � 1.02).17 If euhydrated, participants were weighed
in socks, shorts, and undergarments. If hypohydrated,
participants ingested 3 mL/kg of body mass of tap water,
and specific gravity was reassessed 30 minutes later. After
weight measurement, participants donned a heart rate
monitor (Polar Electro, Inc, Lake Success, NY).

They entered an environmental chamber (temperature ¼
36.48C 6 1.18C, relative humidity ¼ 19.4% 6 2.5%) and
began a 60-minute bout of exercise on a semirecumbent
cycle ergometer (model 846i; Precor, Woodinville, MA).
Participants exercised at a heart rate from 145 to 155 beats
per minute. Posttesting analysis using the participants’ ages
and heart rate ranges during exercise indicated the intensity
of exercise was moderate to vigorous for 7 participants and
vigorous for the other 2 participants.18 I monitored exercise
intensity at 10-minute intervals.

Upon completion of the 60 minutes of exercise,
participants biked at a self-selected lower intensity for 5
minutes to cool down. They exited the environmental
chamber, towel dried themselves, removed the heart rate
monitor, and were weighed. Next, they sat upright in a chair
in a climate-controlled room (temperature¼ 238C, relative
humidity¼ 16%) with one of their upper extremities resting
on a padded treatment table for 30 minutes to allow their
body fluid compartments to equilibrate. Participants stayed
in this position for the remainder of the study and were
instructed to minimize movement for the rest of the testing
session. During this equilibration period, the cubital fossa
of the upper extremity resting on the table was cleaned with
isopropyl alcohol, and a sterile, 20-gauge venous catheter
was inserted into a superficial forearm vein. After the 30-
minute equilibration period, a 5-mL blood sample was
collected (�3-minute sample).

Bananas were sliced and weighed (BL3831; Taylor
Precision Products, Oak Brook, IL) before ingestion. The
nutritional content of raw, sliced bananas was determined
from a food composition table.19 According to this table, a
single serving (150 g) of raw, sliced bananas contains 594
mg (15.2 mmol) of Kþ, 111 g (74%) of water, 138 calories,
2 g of protein, 35 g (23%) of carbohydrates, 4 g of dietary
fiber, 1 g of fat, and 1 mg (0.043 mmol) of Naþ.

Participants were given 3 minutes to eat 0, 1, or 2
servings of bananas. The amount of bananas ingested was
counterbalanced with a Latin square a priori, and
participants randomly chose a testing order on the first
day of testing. No fluids were given to help with banana
ingestion or after exercise had been initiated until
completion of testing. At 5, 15, 30, and 60 minutes
postingestion, 5-mL blood samples were collected. After
the last blood sample was collected, the catheter assembly
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was removed, and participants were excused. They were
instructed to report at least 48 hours later at the same time
of day for the next testing session.

Blood Analysis Procedures

Whole blood was analyzed for hematocrit and hemoglo-
bin concentration. Blood for hematocrit analysis was drawn
into heparinized microcapillary tubes, centrifuged at 3000
rpm (model IEC Micro-MB; International Equipment Co,
Needham Heights, MA) for 5 minutes, and read using a
microcapillary reader (model IEC 2201; Damon/IEC,
Needham Heights, MA). Hemoglobin concentration was
measured by mixing 20 lL of whole blood with 5 mL of
cyanmethemoglobin reagent, and the absorbance was read
at 540 nm on a standard spectrophotometer (iMark
Spectrophotometer; Biorad, Hercules, CA). Hematocrit
and hemoglobin concentration were measured in triplicate
immediately after sampling and averaged for each blood
sample for statistical analysis and calculations. Any
remaining blood not used for hematocrit and hemoglobin
concentration was stored on ice until centrifugation.

After collection of the 60-minute blood sample, the
remaining blood was centrifuged at 3000 rpm for 15
minutes at 38C (model 5804R; Eppendorf North America,
Inc, New York, NY). Plasma was removed and frozen in an
ultralow (�808C) freezer and later thawed by placing the
cuvettes into a 378C water bath for 5 minutes. The cuvettes
were centrifuged for 5 minutes and analyzed in duplicate
for [Kþ]p and [glucose]p with an ion-selective electrode
analyzer (NOVA 16; Nova Biomedical, Waltham, MA).
Laboratory equipment restrictions precluded our ability to
measure total body Kþ content. Thus, Kþ content was
estimated using plasma [Kþ], hematocrit, and hemoglobin
concentration data and the equation of Greenleaf et al20;
data are reported as percentage change in Kþ content.
Hematocrit and hemoglobin concentration data were
inserted into the equation of Dill and Costill21 to estimate
percentage change in plasma volume.

Statistical Analysis

Separate 2-way repeated-measures analyses of variance
(ANOVAs) were used to determine differences in plasma
variables among banana conditions over time. A 1-way
repeated-measures ANOVA was used to analyze urine
specific gravity before testing and percentage of hypohy-
dration postexercise. Tukey-Kramer multiple comparison
tests were used when I found F values that were different.
The a level was set at .05. I used NCSS (version 2007;
NCSS, Kaysville, UT) to analyze the data.

RESULTS

Data are reported as means 6 SDs. Participants self-
reported compliance with all pretesting instructions on each
testing day and were euhydrated similarly before testing (0
servings ¼ 1.006 6 0.005, 1 serving ¼ 1.005 6 0.005, 2
servings ¼ 1.005 6 0.003) (F2,16 ¼ 0.1, P ¼ .94). Partici-
pants were hypohydrated similarly postexercise each day (0
servings¼ 1.29% 6 0.49%, 1 serving¼ 1.30% 6 0.54%, 2
servings ¼ 1.33% 6 0.59%) (F2,16 ¼ 0.2, P ¼ .86).
Participants ingested 0 6 0 g, 150.6 6 2.4 g, and 300.8 6

1.1 g of bananas in the 0, 1, and 2 servings of banana
conditions, respectively.

Plasma Kþ concentration differed among conditions over
time (F8,64¼ 3.6, P¼ .002) (Figure 1). The only difference
in [Kþ]p among conditions occurred at 60 minutes post-
ingestion; [Kþ]p was greater in the 2-servings condition

Figure 1. A, Plasma potassium concentration ([Kþ]p) over 60
minutes postingestion of 0, 1, or 2 servings of bananas (mean 6
SD). a Indicates 1 serving , 1 serving at 60 minutes. b Indicates 2
servings , 2 servings at 30 minutes. c Indicates 2 servings , 2
servings at 60 minutes. d Indicates 0 servings and 1 serving , 2
servings. B, Percentage change in plasma potassium (Kþ) content
from baseline over 60 minutes postingestion of 0, 1, or 2 servings of
bananas (mean 6 SD). a Indicates 2 servings , 2 servings at 30
minutes. b Indicates 2 servings , 2 servings at 60 minutes. c

Indicates 2 servings . 0 servings. C, Plasma volume changes over
60 minutes postingestion of 0, 1, or 2 servings of bananas (mean 6
SD). a Indicates greater than 60 minutes. One and 2 servings of
bananas are equivalent to 150 and 300 g of bananas, respectively.
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than in the 1-serving and 0-servings conditions (P , .05).
Although no changes occurred to [Kþ]p in the 0-servings
condition over 60 minutes (P . .05), [Kþ]p increased in the
1-serving and 2-servings conditions. In the 1-serving
condition, [Kþ]p was lower at �3 and 5 minutes than at
60 minutes postingestion (P , .05). In the 2-servings
condition, [Kþ]p was lower at�3 and 5 minutes than at 30
and 60 minutes postingestion (P , .05). In addition, [Kþ]p

was greater at 60 minutes postingestion than at 15 and 30
minutes postingestion in the 2-servings condition (P , .05).

Percentage change in plasma Kþ content differed among
conditions over time (F8,64 ¼ 3.2, P ¼ .004) (Figure 1).
Percentage change in plasma Kþ content remained
unaltered for the duration of testing in the 0-servings and
1-serving conditions, and no differences were observed
between these conditions at any time (P . .05). However,
percentage change in plasma Kþ content at 30 and 60
minutes was greater in the 2-servings condition than in the
0-servings condition (P , .05). Within the 2-servings
condition, percentage change in plasma Kþ content was
greater at 30 and 60 minutes than at�3 minutes (P , .05).
In addition, within the 2-servings condition, percentage
change in plasma Kþ content was lower at 5 minutes than at
60 minutes (P , .05).

For percentage change in plasma volume, I observed no
interaction between servings of bananas and time (F8,64 ¼
0.4, P¼ .94) or among servings of bananas (F2,16¼ 1.2, P¼
.33). However, plasma volume changed over time (F4,32 ¼
6.4, P , .001) (Figure 1). Plasma volume was higher at�3,
15, and 30 minutes postingestion than at 60 minutes
postingestion (P , .05).

Plasma glucose concentrations differed between serving
conditions and time (F8,64 ¼ 29.7, P , .001) (Figure 2).
Plasma glucose concentration was greater in the 1-serving
and 2-servings condition than in the 0-servings condition at
15, 30, and 60 minutes (P , .05). Similarly, [glucose]p was
greater in the 2-servings condition than in the 1-serving
condition at 15, 30, and 60 minutes (P , .05). No changes

in [glucose]p occurred in the 0-servings condition over 60
minutes (P . .05). The [glucose]p in the 1-serving and 2-
servings conditions was greater at 15, 30, and 60 minutes
than at �3 and 5 minutes. It also increased from 15 to 30
minutes in the 1-serving condition (P , .05), whereas in the
2-servings condition, [glucose]p was lower at 15 minutes
than at 30 and 60 minutes postingestion (P , .05).

DISCUSSION

The most important observation was that eating 1 or 2
servings of bananas increased [Kþ]p. Although differences
were observed, the increases in [Kþ]p are unlikely to be
clinically important. For example, the highest [Kþ]p

occurred in the 2-servings condition, yet these increases
were marginal: 0.16 mmol/L (conventional unit ¼ 0.16
mEq/L) increase at 30 minutes and 0.3 mmol/L (conven-
tional unit ¼ 0.3 mEq/L) increase at 60 minutes post-
ingestion. Moreover, the [Kþ]p values were well within the
normal clinical range (ie, 3.8–5 mmol/L [conventional unit
¼ 3.8–5 mEq/L])22 and substantially lower than those [Kþ]p

values thought to cause cardiac abnormalities or perfor-
mance deficits (ie, 6–10 mmol/L [conventional unit¼ 6–10
mEq/L]). These small increases in [Kþ]p occurred despite
15 to 30 mmol of Kþ being delivered to the gut in the 1-
serving and 2-servings conditions, respectively. Thus, most
of the ingested Kþ appears to have been excreted in either
the urine or feces. If EAMCs are due to Kþ imbalances, the
marginal increases in [Kþ]p that I observed provide strong
evidence against the anecdote that eating bananas could
relieve EAMCs by affecting an athlete’s intravascular Kþ

content.
It is known that [Kþ]p increases substantially after

moderate-intensity to high-intensity exercise because of
Kþ release from contracting muscle.12 At exercise intensi-
ties similar to those I used, Vollestad et al12 observed that
[Kþ]p increased from 4.4 6 0.2 mmol/L (conventional unit
¼ 4.4 6 0.2 mEq/L) to 6.4 6 0.2 mmol/L (conventional
unit ¼ 6.4 6 0.2 mEq/L) shortly after exercise began (1.5
minutes) and remained elevated until exercise ceased.
However, the increases in [Kþ]p in my study cannot be
explained by muscle-contraction–induced Kþ effluxes,
because arterial and venous [Kþ]p quickly return to or fall
below resting levels within 5 minutes of exercise
cessation.11,12 This rapid return to resting [Kþ]p can be
attributed to the high activity of [Naþ]-[Kþ]-ATPase pumps
and to erythrocyte and noncontractile tissue uptake of
Kþ.14,23 In my study, participants rested for 30 minutes
postexercise, thereby allowing [Kþ]p to return to basal
levels before eating bananas. The [Kþ]p at �3 minutes in
each condition confirmed that [Kþ]p had returned to normal
resting values (approximately 4.3 mmol/L [conventional
unit ¼ 4.3 mEq/L]). Thus, the changes in [Kþ]p are best
explained by banana ingestion. However, the increases in
[Kþ]p between the 1-serving and 2-servings conditions are
due to different causes. The small increase in [Kþ]p that
occurred in the 1-serving condition at 60 minutes post-
ingestion can be attributed primarily to an efflux of
hypotonic fluid out of the intravascular space (3.6%
reduction in plasma volume), because percentage change
in Kþ content did not increase over 60 minutes. Mitchell et
al24 observed similar decreases (approximately 2.5%) in
plasma volume at 15, 30, and 45 minutes postingestion of

Figure 2. Plasma glucose concentration over 60 minutes post-
ingestion of 0, 1, or 2 servings of bananas (mean 6 SD). a Indicates
, 15, 30, and 60 minutes within 1 and 2 servings. b Indicates 1
serving , 1 serving at 30 minutes. c Indicates 2 servings , 2
servings at 30 and 60 minutes. d Indicates 0 servings , 1 serving ,

2 servings. One and 2 servings of bananas are equivalent to 150 g
and 300 g of bananas, respectively.
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bananas in rested participants. In contrast, the increase in
[Kþ]p that occurred in the 2-servings condition was due
primarily to an increase in Kþ ions in the intravascular
space rather than changes in plasma volume. At 30 and 60
minutes postingestion, percentage change in plasma Kþ

content increased 4.4% and 5.8% from baseline, respec-
tively. At these same time intervals, plasma volume
increased 1.2% at 30 minutes and decreased 2% from
baseline at 60 minutes. Therefore, if athletes want to
increase [Kþ]p, they must eat at least 2 servings of bananas.

The timing of the alterations in [Kþ]p and plasma Kþ

content after banana ingestion also has not been described. I
observed that [Kþ]p did not increase until 60 minutes
postingestion when 1 serving of bananas was ingested and
30 minutes postingestion when 2 servings were ingested.
Thus, athletes wanting to increase [Kþ]p as quickly as
possible need to ingest at least 2 servings of bananas and
wait at least 30 minutes before any substantive increase is
observed. Delayed gastric emptying likely explains the time
course of changes in [Kþ]p and Kþ content. Whereas no
researchers explicitly have examined the gastric emptying
of bananas, several authors have confirmed delays in gastric
emptying because the ingested bolus was solid rather than
liquid,25 contained dietary fiber,26 or had a large [glu-
cose].27 Bananas fit all of these criteria.

The delay in changes to [Kþ]p has clinical implications for
health care professionals attempting to treat athletes
experiencing EAMCs by having them eat bananas. Because
many athletes develop EAMCs near the end of competitions
(eg, beginning of fourth quarter of an American football
game, end of marathon),28 a competition may be over or the
athlete would lose considerable time if he or she waited 30
minutes for [Kþ]p to increase. Moreover, our participants
rested for 30 minutes before eating the bananas; thus, blood
flow to the gut, and therefore digestion, presumably had
enough time to return to normal. Because exercise at
moderate intensities (65%–85% of maximal oxygen con-
sumption) delays gastric emptying,29–32 the increases in
[Kþ]p may be delayed more if the athlete resumes
competition shortly after eating bananas. These facts make
it even more unlikely that bananas are an effective strategy
for relieving acute EAMCs by altering [Kþ]p.

Whereas eating bananas is unlikely to relieve EAMCs by
altering extracellular [Kþ], bananas may help prevent their
recurrence by increasing [glucose]p. Some scientists have
hypothesized that EAMCs are caused by fatigue-induced
changes in the muscle.16 It has long been established that
ingesting carbohydrates or glucose prolongs exercise
duration and performance.33,34 Murdoch et al35 observed
similar results after banana ingestion. In their study,
participants cycled or ran at 70% maximal oxygen
consumption for 180 minutes. Next, they ingested a placebo
or 3 slurried or solid bananas. Finally, they cycled at 70%
of maximal oxygen consumption until volitional exhaus-
tion. The authors noted that eating bananas improved time
to exhaustion by 16 and 18 minutes for the slurried and
solid banana conditions, respectively. Moreover, they
observed that eating solid bananas increased [glucose]p by
1.1 mmol/L (conventional unit ¼ 19.82 mg/dL) after 15
minutes and that [glucose]p was maintained in the
exhaustion bout of exercise (postingestion of banana ¼
4.7 mmol/L [conventional unit ¼ 84.68 mg/dL], post–
exhaustive exercise ¼ 4.6 mmol/L [conventional unit ¼

82.88 mg/dL]) compared with the placebo (postingestion of
placebo ¼ 4.3 mmol/L [conventional unit ¼ 77.48 mg/dL],
postexhaustive exercise¼ 3.5 mmol/L [conventional unit¼
63.06 mg/dL]).35 I observed similar increases in [glucose]p

at 15 minutes. In the 1-serving and 2-servings conditions,
[glucose]p was 1.0 mmol/L (conventional unit¼ 18.02 mg/
dL) and 1.5 mmol/L (conventional unit ¼ 27.03 mg/dL)
greater than baseline, respectively. Moreover, [glucose]p

was maintained for the duration of testing. As with [Kþ]p,
the increases in [glucose]p occurred too slowly to
immediately affect acute EAMCs. However, [glucose]p

increased 15 minutes postingestion in the 1-serving and 2-
servings conditions. If an athlete with EAMCs ingested
bananas when he or she had a longer period before re-
entering competition (eg, halftime in American football), he
or she could expect a modest increase in [glucose]p.

Other strategies for increasing [glucose]p include ingest-
ing a carbohydrate-electrolyte beverage (ie, sports drink),
which has been shown to increase [glucose]p within 30
minutes of ingestion during cycling in the heat.36 Thus,
eating bananas may help prevent the recurrence of EAMCs
caused by fatigue. Whereas this hypothesis is compelling,
authors of 2 cohort studies in triathletes10 and distance
runners9 observed no differences in [glucose]p between
crampers and noncrampers. However, other authors37 have
observed that the onset of EAMCs can be delayed from
14.6 6 5 minutes to 36.8 6 17.3 minutes by consuming a
carbohydrate-electrolyte beverage rather than no fluid.
Given their findings, I infer that the exogenous carbohy-
drate ingested was likely the cause of the delay in EAMC
onset, because the sweat rates of participants were 1.8 L/h
and EAMCs occurred after 14 minutes (420 mL of total
fluid lost). Thus, large fluid, and presumably electrolyte,
losses were not incurred. Indeed, participants only lost
approximately 1% of body mass because of testing.37 In the
future, researchers should examine whether bananas can
delay the onset of EAMCs or prevent their occurrence and
should examine other potential mechanisms by which
bananas may prevent or treat EAMCs.

tions of my study. Most Kþ ions are located intracellularly
rather than extracellularly. Thus, the higher [Kþ]p observed
after banana ingestion possibly was due to decreased Kþ

uptake by the [Naþ]-[Kþ]-ATPase pumps into the cells after
the body had reached an equilibrium. However, this scenario
is unlikely. For Kþ reuptake into the cell to occur, the
equilibrium potential of Kþ must become less negative than
the muscle’s resting membrane potential (eg,�85 mV).22 If
the baseline [Kþ]p data from the 1-serving and 2-servings
conditions are inserted into the Nernst equation and an
intracellular [Kþ] of 160 mmol/L (conventional unit ¼ 160
mEq/L) is assumed,38 the equilibrium potential of Kþ would
have been approximately�96.7 mV before banana ingestion
in both conditions. Inserting the highest [Kþ]p values from
the 1-serving and 2-servings conditions indicates that the
equilibrium potential of Kþwould have increased by 1.0 mV
and 1.7 mV, respectively. These negligible changes in the
equilibrium potential of Kþ indicate that the predominant
driving force for Kþwould have remained toward the outside
of the cell, because the equilibrium potential still would be
lower than the resting membrane potential of the muscle.
Therefore, it may be assumed that passive diffusion
continued to be the predominant force guiding Kþmovement
inside and outside of the cell and that the increases in

652 Volume 47 � Number 6 � December 2012

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-18 via free access



extracellular Kþ content reflect new Kþ ions from the
breakdown of the ingested bananas.

The first potential limitation of my study was that the
amount of bananas given was not tailored for each partici-
pant by body mass or resting metabolic rate. I did this to
maximize the external validity of the study. Health care
professionals are not likely to know the metabolic rates of
the individuals to whom they give bananas after EAMC
occurrence. Rather, in my clinical experience, health care
professionals provide bananas according to serving size or
without any conscious predetermination. These observations
guided the design of my experiment. Therefore, some
internal validity was sacrificed in this study, and the reader
should interpret these data in light of this fact. The second
limitation was that [Kþ]p was studied in men who had not
experienced acute EAMCs. In several studies, researchers8–10

have observed that [Kþ]p does not differ between athletes
who do and do not develop EAMC before or after
competition. Therefore, studying participants who had not
experienced EAMCs is unlikely to have negatively affected
the results or conclusions of my investigation. However,
future study on the effects of banana ingestion after EAMCs
is needed.

CONCLUSIONS

Eating 2 servings of bananas increased [Kþ]p at 30 and 60
minutes postingestion. Dangerous levels of hyperkalemia did
not occur, and because all [Kþ]p were within normal limits,
banana ingestion postexercise likely did not affect perfor-
mance or health. The increase in [Kþ]p after ingestion of 2
servings of bananas is caused primarily by changes in
extracellular Kþ content. In contrast, the increase in [Kþ]p

occurring at 60 minutes postingestion in the 1-serving
condition primarily is due to plasma volume effluxes. If
bananas relieve EAMCs, it is unlikely because of changes in
Kþ for 2 reasons: (1) although different, the increases in
[Kþ]p were marginal and well within normal clinical values;
and (2) the changes in [Kþ]p and plasma Kþ content do not
occur quickly enough to help athletes in many sports of short
to moderate duration, especially if athletes develop EAMCs
toward the end of competition. However, if the athlete has 15
minutes before resuming competition and fatigue contributes
to the genesis of EAMCs, the increase in [glucose]p that
occurs after ingestion of 1 or 2 servings of banana may
prevent the occurrence of EAMCs. In the future, researchers
should examine this hypothesis and confirm these data in
individuals experiencing acute EAMCs.

ACKNOWLEDGMENTS

I thank Mr Jarett Peikert and Mr Kyle Braulick for their
assistance with data collection.

REFERENCES

1. Norris FH Jr, Gasteiger EL, Chatfield PO. An electromyographic

study of induced and spontaneous muscle cramps. Electroencepha-

logr Clin Neurophysiol. 1956;9(1):139–147.

2. Stone MB, Edwards JE, Stemmans CL, Ingersoll CD, Palmieri-Smith

RM, Krause BA. Certified athletic trainers’ perceptions of exercise

associated muscle cramps. J Sport Rehabil. 2003;12(4):333–342.

3. Bergeron MF. Muscle cramps during exercise: is it fatigue or

electrolyte deficit? Curr Sports Med Rep. 2008;7(4 suppl):S50–S55.

4. Bergeron MF. Heat cramps: fluid and electrolyte challenges during

tennis in the heat. J Sci Med Sport. 2003;6(1):19–27.

5. Stofan JR, Zachwieja JJ, Horswill CA, Murray R, Anderson SA,

Eichner ER. Sweat and sodium losses in NCAA football players: a

precursor to heat cramps? Int J Sport Nutr Exerc Metab. 2005;

15(6):641–652.

6. Schwellnus MP, Drew N, Collins M. Muscle cramping in athletes:

risk factors, clinical assessment, and management. Clin Sports Med.

2008;27(1):183–194, ix–x.

7. Schwellnus MP. Muscle cramping in the marathon: aetiology and

risk factors. Sports Med. 2007;37(4–5):364–367.

8. Maughan RJ. Exercise induced muscle cramp: a prospective

biochemical study in marathon runners. J Sports Sci. 1986;4(1):31–

34.

9. Schwellnus MP, Nicol J, Laubscher R, Noakes TD. Serum electrolyte

concentrations and hydration status are not associated with exercise

associated muscle cramping (EAMC) in distance runners. Br J Sports

Med. 2004;38(4):488–492.

10. Sulzer NU, Schwellnus MP, Noakes TD. Serum electrolytes in

Ironman triathletes with exercise associated muscle cramping. Med

Sci Sports Exerc. 2005;37(7):1081–1085.

11. Medbø JI, Sejersted OM. Plasma potassium changes with high

intensity exercise. J Physiol. 1990;421:105–122.

12. Vollestad NK, Hallen J, Sejersted OM. Effect of exercise intensity on

potassium balance in muscle and blood of man. J Physiol.

1994;475(2):359–368.

13. Ettinger PO, Regan TJ, Oldewurtel HA. Hyperkalemia, cardiac

conduction, and the electrocardiogram: a review. Am Heart J.

1974;88(3):360–371.

14. Lindinger MI. Potassium regulation during exercise and recovery in

humans: implications for skeletal and cardiac muscle. J Mol Cell

Cardiol. 1995;27(4):1011–1022.

15. McKenna MJ, Bangsbo J, Renaud JM. Muscle Kþ, Naþ, and Cl�

disturbances and Naþ-Kþ pump inactivation: implications for fatigue.

J Appl Physiol. 2008;104(1):288–295.

16. Schwellnus MP. Cause of exercise associated muscle cramps

(EAMC): altered neuromuscular control, dehydration, or electrolyte

depletion? Br J Sports Med. 2009;43(6):401–408.

17. American College of Sports Medicine, Sawka MN, Burke LM, et al.

American College of Sports Medicine position stand: exercise and

fluid replacement. Med Sci Sports Exerc. 2007;39(2):377–390.

18. American College of Sports Medicine. ACSM’s Guidelines for

Exercise Testing and Prescription. 7th ed. Philadelphia, PA:

Lippincott Williams & Wilkins; 2006:4.

19. Sizer FSS, Whitney EN. Appendix A: table of food composition. In:

Nutrition: Concepts and Controversies. 9th ed. Belmont, CA:

Thomson Learning Inc; 2003: A1–A87.

20. Greenleaf JE, Van Beaumont W, Brock PJ, Morse JT, Mangseth GR.

Plasma volume and electrolyte shifts with heavy exercise in sitting

and supine positions. Am J Physiol. 1979;236(3):R206–R214.

21. Dill DB, Costill DL. Calculation of percentage changes in volumes of

blood, plasma, and red cells in dehydration. J Appl Physiol.

1974;37(2):247–248.

22. Kristensen M, Juel C. Potassium-transporting proteins in skeletal

muscle: cellular location and fibre-type differences. Acta Physiol

(Oxf). 2010;198(2):105–123.

23. Lindinger MI, Grudzien SP. Exercise-induced changes in plasma

composition increase erythrocyte Naþ-Kþ-ATPase, but not Naþ-Kþ-

2Cl� cotransporter, activity to stimulate net and unidirectional Kþ

transport in humans. J Physiol. 2003;553(pt 3):987–997.

24. Mitchell JB, Braun WA, Pizza FX, Forrest M. Pre-exercise

carbohydrate and fluid ingestion: influence of glycemic response

on 10-km treadmill running performance in the heat. J Sports Med

Phys Fitness. 2000;40(1):41–50.

25. Hellmig S, Von Schoning F, Gadow C, et al. Gastric emptying time

of fluids and solids in healthy subjects determined by 13C breath

Journal of Athletic Training 653

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-18 via free access



tests: influence of age, sex, and body mass index. J Gastroenterol

Hepatol. 2006;21(12):1832–1838.

26. Benini L, Castellani G, Brighenti F, et al. Gastric emptying of a solid

meal is accelerated by the removal of dietary fibre naturally present

in food. Gut. 1995;36(6):825–830.

27. Costill DL, Saltin B. Factors limiting gastric emptying during rest

and exercise. J Appl Physiol. 1974;37(5):679–683.

28. Manjra S, Schwellnus MP, Noakes TD. Risk factors for exercise

associated muscle cramping (EAMC) in marathon runners [abstract].

Med Sci Sports Exerc. 1996;28(5):S167.

29. Marzio L, Formica P, Fabiani F, LaPenna D, Vecchiett L, Cuccurullo

F. Influence of physical activity on gastric emptying of liquids in

normal human subjects. Am J Gastroenterol. 1991;86(10):1433–

1436.

30. Maughan RJ, Leiper JB, McGaw BA. Effects of exercise intensity on

absorption of ingested fluids in man. Exp Physiol. 1990;75(3):419–

421.

31. Leiper JB, Broad NP, Maughan RJ. Effect of intermittent high-

intensity exercise on gastric emptying in man. Med Sci Sports Exerc.

2001;33(8):1270–1278.

32. Buskirk ER, Puhl SM, eds. Body Fluid Balance: Exercise and Sport.

Boca Raton, FL: CRC Press; 1996:19–51.

33. Jeukendrup AE. Carbohydrate intake during exercise and perfor-

mance. Nutrition. 2004;20(7–8):669–677.

34. Coggan AR, Coyle EF. Reversal of fatigue during prolonged exercise

by carbohydrate infusion or ingestion. J Appl Physiol.

1987;63(6):2388–2395.

35. Murdoch SD, Bazzarre TL, Snider IP, Goldfarb AH. Differences in

the effects of carbohydrate food form on endurance performance to

exhaustion. Int J Sport Nutr. 1993;3(1):41–54.

36. Davis JM, Lamb DR, Pate RR, Slentz CA, Burgess WA, Bartoli WP.

Carbohydrate-electrolyte drinks: effects on endurance cycling in the

heat. Am J Clin Nutr. 1988;48(4):1023–1030.

37. Jung A, Bishop P, Al-Nawwas A, Dale R. Influence of hydration and

electrolyte supplementation on incidence and time to onset of

exercise-associated muscle cramps. J Athl Train. 2005;40(2):71–75.

38. MacIntosh B, Gardiner P, McComas A. Resting and action potentials.

In: Skeletal Muscle: Form and Function. 2nd ed. Champaign, IL:

Human Kinetics; 2006:118–136.

Address correspondence to Kevin C. Miller, PhD, LAT, ATC, Department of Health, Nutrition, and Exercise Sciences, North Dakota
State University, PO Box 6050, Department 2620, Fargo, ND 58108. Address e-mail to Kevin.C.Miller@ndsu.edu.

654 Volume 47 � Number 6 � December 2012

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-18 via free access



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


