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A B S T R A C T

Objective

This study evaluated the effect of carbohydrate intake on time to exhaustion and anaerobic contribution during
supramaximal exercise on a cycle ergometer.

Methods

The sample comprised ten participants with a mean age of 23.9±2.5 years, mean body mass of 75.1±12.3 kg,
mean height of 170.0±1.0 cm, and mean body fat of 11.3±5.2%. The participants underwent an incremental
test to determine maximal oxygen uptake and maximum power output, and two supramaximal tests with a
constant load of 110% of the maximum power output to exhaustion. Thirty minutes before the supramaximal
tests the participants consumed carbohydrates (2 g.kg-1) or placebo.

Results

The times to exhaustion of carbohydrate and placebo did not differ (carbohydrate: 170.7±44.6s; placebo:
156.1±26.7s, p=0.17; effect size=0.39). Similarly, the anaerobic contributions of the two treatments did not
differ (carbohydrate: 3.0±0.9 L; placebo: 2.7±1.1 L, p=0.23; effect size=0.29).
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Conclusion

Carbohydrate intake was not capable of increasing time to exhaustion and anaerobic contribution in physically
active men cycling at 110% of maximum power output.

Keywords: Anaerobic capacity. Athletic performance. Fatigue. Sports nutritional sciences.

R E S U M O

Objetivo

Este estudo foi conduzido com o intuito de verificar o efeito da ingestão de carboidrato sobre o tempo de
exaustão e a contribuição anaeróbia durante o exercício supramáximo em uma bicicleta ergométrica.

Métodos

Dez participantes fizeram parte da amostra (idade: 23,9±2,5 anos; massa corporal: 75,1±12,3 kg; estatura:
170,0±1,0 cm; gordura corporal: 11,3±5,2%). Todos realizaram um teste incremental para determinar o consumo
máximo de oxigênio e a potência máxima e dois testes supramáximos com carga constante de 110% da
potência máxima até a exaustão. Os participantes ingeriram carboidrato (2 g.kg-1) ou placebo 30 minutos
antes dos testes supramáximos.

Resultados

Não houve diferença significativa no tempo de exaustão entre carboidrato e placebo (carboidrato: 170,7±44,6s;
placebo: 156,1±26,7s, p=0,17; effect size=0,39). De forma similar, não houve diferença significativa na
contribuição anaeróbia entre as condições (carboidrato: 3,0±0,9 L; placebo: 2,7±1,1 L, p=0,23; effect size=0,29).

Conclusão

A ingestão de carboidrato não foi capaz de aumentar o tempo até a exaustão e a contribuição anaeróbia em
exercícios à 110% da potência máxima em homens fisicamente ativos.

Palavras-chave: Capacidade anaeróbia. Desempenho atlético. Fadiga. Ciência da nutrição e do esporte.

I N T R O D U C T I O N

Some studies have found that carbohydrate
intake before prolonged exercise (>60 min) can
improve performance1,2. Recently, it has been
reported that the intake of a carbohydrate drink
30 min before high-intensity  exercise at 90% of
peak power output improved performance by
17% compared with placebo3. Although these
authors speculated that pre-exercise blood
glucose enhance can increase glucose absorption

and oxidation during skeletal muscle contraction
due to higher activity of the pyruvate dehydrogenase
complex, alactic and lactic anaerobic metabolisms
were not measured during the tests. Bergström
& Hultman4 found that muscle glycogen is not
completely depleted during high-intensity
exercises, so it is not a limiting factor for exercise
performance. Moreover, higher availability of
muscle glycogen after a high-carbohydrate meal

has no effect on performance during high-
intensity exercise5,6.

A plausible explanation for better
performance in high-intensity exercises after

carbohydrate intake is higher neuromuscular
activation, which may lead to higher recruitment
of type IIx fibers7 and concomitantly increase

anaerobic glycolysis8. Higher neuromuscular
activation may be explained by activation of the
cerebral cortex due to oral carbohydrate sensing,

intermediated by the carbohydrate receptors in
the mouth9. Oral carbohydrate sensing may
increase neuromuscular activation10 and activation

of brain areas responsible for motivation, including
the frontal operculum/insula, and orbitofrontal
cortex and striatum11,12. However, it is not entirely

known whether these ergogenic effects can be
extended to short-term supramaximal exercises
(~3 min) and improve anaerobic contribution13-16.
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Therefore, the objective of this study was
to analyze the effect of carbohydrate intake on
time to exhaustion and anaerobic contribution
during supramaximal exercise. Carbohydrate
intake may improve performance, that is, increase
time to exhaustion, by promoting higher
neuromuscular recruitment10 secondary to oral
carbohydrate sensing9, thereby generating higher
anaerobic contribution.

M E T H O D S

The study included ten volunteers with a
mean age of 23.9±2.5 years, mean body mass of
75.1±12.3 kg, mean height of 170.0±1.0 cm,
mean body fat of 11.3±5.2%, and mean VO2máx

of 42.1±5.2 mL·kg-1·min-1. All volunteers were
healthy and physically active men who performed
at least 150 min of physical activity per week.
Before enrollment, the participants were fully
informed in writing and verbally about the study
purpose and risks. Each participant signed an
informed consent form before starting the tests.
The experimental protocol complied with the
Declaration of Helsinki 2008 and was approved
by the local Universidade Federal de Alagoas
(Federal University of Alagoas) Research Ethics
Committee under protocol nº 1420/12.

This is a blind, counterbalanced, crossover
study. The participants performed three
experimental sessions with a minimum interval
of 72h. During the first visit, anthropometric
parameters were measured and an incremental
test was conducted to determine maximal oxygen
uptake (VO2max) and maximal power output.
During the second and third visits, a supramaximal
test at 110% of maximal power output was
conducted to voluntary exhaustion after
carbohydrate or placebo interventions. All tests
were conducted at the same time of day, two
hours after the last meal17. The participants were
instructed to replicate their food intake 24h before
each experimental test, and before each test the
researchers verified whether the recommendations
had been followed. The participants were

instructed to avoid exhaustive exercise, and
alcohol and caffeine intakes in the 48h that
preceded each experimental test.

Thirty minutes before the test, the
participants consumed 200 mL of water with
2 g.kg-1 of body weight of maltodextrin
(carbohydrate) or juice without carbohydrate
(placebo) but with the same flavor, aroma, and
texture. The participants then rested until assessment.

The body mass of the participants was
measured by a scale with an accuracy of 0.1 kg.
Height was measured by a stadiometer with an
accuracy of 0.1 cm. Skinfold thicknesses (thorax,
abdominal, and thigh) were measured by a Lange
adipometer in a scale of 0 to 60 mm, resolution
of one millimeter, and a spring with constant
pressure of 10 g/mm2. Body density was predicted
by the generalized equation proposed by Jackson
& Pollock18, and body fat was estimated by the
equation proposed by Siri19.

The incremental test was performed on
an electromagnetically braked cycle ergometer
(Ergo Fit 167, Ergo-Fit GmbH & Co., Pirmasens,
Germany). Saddle height was adjusted for each
participant allowing almost full extension of the
leg during each cycle. These conditions were
repeated for all experimental sessions. After a
warmup of 3 min at 30 W, the power was increased
to 30 W.min-1, and cadence was maintained
between 60 and 70 rpm until voluntary
exhaustion, which was defined as the inability to
maintain a minimal cadence of 60 rpm. The
participants were cheered to cycle as long as
possible.

Oxygen uptake (VO2) was measured at
each breath by a gas analyzer (Quark, Cosmed,
Rome, Italy) and assessed at roughly every 30s.
The device was calibrated as instructed by the
manufacturer, using room air, a gas containing
20.9% of O2 and 5% of CO2, and a 3 L syringe.
VO2máx was determined when two or more of the
following criteria were met: a VO2 increase smaller
than 2.1 mL·kg-1·min-1 on two consecutive stages,
a respiratory exchange ratio higher than 1.1, and
±10 bpm of the maximum recommended heart
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rate for the participant’s age20. The maximal power
output was based on the VO2máx stage.

A supramaximal test was conducted at
110% of the maximal power output. This intensity

was chosen because of the study conducted by
Weber & Schneider21 to estimate maximal
anaerobic contribution using the maximal

accumulated oxygen deficit proposed by Bertuzzi
et al.22.

The participants remained inactive on the
cycle ergometer for five min to determine baseline

VO2. The participants then warmed up for four
min at 30 W. Next, the power was adjusted
to 110% of the maximal power output. The

participants were instructed to maintain a cadence
of 60 to 70 rpm. The test ended when cadence
fell below 60 rpm for more than 5s or for a fourth

time. The participants were again cheered during
the whole test. The peak oxygen uptake (VO2peak)
was defined as the mean of the last 30s of the

test. Blood samples were collected from the ear
lobe before and immediately, 3 min, and 5 min
after the exercise. Peak blood lactate ([La-]peak) was

defined as the highest value obtained after the
test.

Anaerobic contribution was calculated as
recommended by Bertuzzi et al.22. In summary,
the breath-by-breath of the VO2 off-transient
response was adjusted by a two-exponential
model, and the area under the curve of the first
exponential was calculated to estimate the alactic
contribution (Origin 6.0, Microcal, Massachusetts,
USA). The difference between [La-]peak and [La-]rest

during the supramaximal test was expressed as a
difference ([La-]net) and converted to oxygen
uptake using the equation proposed by Di
Prampero & Ferretti23, that is, 1 mmoLL-1 [La-]net

is equal to 3 mL O2•kg-1 of body weight to estimate
lactic contribution. Total anaerobic contribution
was obtained by adding the alactic and lactic
contributions. The values were then divided by
one thousand to convert milliliters to liters.

The Shapiro-Wilk test analyzed data
distribution. The data were expressed as mean
and standard deviation. The paired Student’s
t-test compared the differences between the
carbohydrate and placebo interventions. The
significance level was set at 5% (p<0.05). All
statistical calculations were performed by the

software Statistical Package for the Social Sciences
(SPSS Inc., Chicago, Illinois, United States) version
17.0 for Windows.

The effect size was calculated for all

carbohydrate and placebo variables. The
thresholds for the small, moderate, and large
effects were 0.20, 0.50, and 0.80, respectively.

The effect size was determined by the formula:
(mean1 - mean2) / grouped standard deviation24.

R E S U L T S

Time to exhaustion was similar for the

carbohydrate and placebo interventions
(170.7±44.6s and 156.1±26.7s, respectively;
p=0.17; effect size=0.39). Peak blood lactate

(p=0.06; effect size=0.57), alactic (p=0.13; effect
size=0.19) and lactic (p=0.14; effect size=0.45)
energy systems, and VO2peak (carbohydrate:

47.2±6.7 mL·kg-1·min-1; placebo: 47.3±6.9
mL·kg-1·min-1, p=0.96; effect size=0.01) of the
carbohydrate and placebo interventions also did

not differ (Table 1). Consequently, the total
anaerobic contributions of the two interventions
were similar (p=0.23; effect size=0.29; Figure 1).

Table 1. Peak lactate, and percentage lactic and alactic contributions.

Mean

Standard Deviation
7.9

3.9

Placebo

10.1

 03.4

Carbohydrate

Peak lactate (mmol)

41.6

13.4

Placebo

58.4

13.4

Carbohydrate

% Lactic contribution

53.9

07.5

Placebo

46.1

07.5

Carbohydrate

% Alactic contribution
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depletion of hepatic glycogen, so an exogenous
supply of carbohydrate helps to avoid glucose
regulation failure and hypoglycemia during

exercise1. However, the present study conducted
the tests 2h after the last meal, simulating
conditions more alike those normally observed in
sports and training programs17.

Additionally, some studies found that
baseline muscle glycogen content does not affect
muscle glycogen breakdown during high-intensity
exercises. This may explain why carbohydrate
intake and a high-carbohydrate diet do not affect
time to exhaustion and anaerobic contribution

during supramaximal exercise6,27,28. In this context,
the study data reinforce the abovementioned
results, showing that, like higher muscle glycogen

content, an exogenous carbohydrate source has
no positive effect on performance and anaerobic
contribution during supramaximal exercise5.

Although performance and anaerobic contribution
did not change significantly, peak blood lactate
had a moderate effect size (0.57), possibly because

of higher pyruvate dehydrogenase complex
activity, as reported by Galloway et al.3.

With respect to the ergogenic effect
of oral carbohydrate sensing on performance,

most studies have reported improvements
during exercises at intensities below VO2max

(~75%ofVO2max). Studies using anaerobic tasks29

and resistance training30 did not find a positive
effect of oral carbohydrate sensing on performance,
possibly because exercises at submaximal
intensities recruit only some motor units while
supramaximal exercises can recruit nearly all
motor units31. This fact may minimize any oral
carbohydrate sensing effect during supramaximal
exercises. Hence, as practical application, the
present study reinforces the hypothesis that
carbohydrate intake before short-term high-

intensity exercises does not seem to be an
effective strategy to improve performance.

One of the possible study limitations is the
time between tests. The initial proposal was of a
minimum interval of 72 hours. However, some

Figure 1. Total anaerobic contribuition in the placebo and

carbohydrate intervention.

D I S C U S S I O N

Apparently this is the first study that
investigated the effects of pre-exercise carbohydrate
intake on time to exhaustion and anaerobic
contribution during supramaximal exercise. The
study results encourage interesting considerations
about the ergogenic effects of carbohydrate
intake, indicating that such intake does not seem
capable of increasing time to exhaustion and
anaerobic contribution during supramaximal
exercise in physically active men.

Carbohydrate supplementation can delay
fatigue onset and concomitantly, increase time
to exhaustion during exercises with intensities
ranging from 70% to 90% of peak power1-3,25,26.
However, the effects of pre-exercise carbohydrate
intake on supramaximal exercise are not well
known. The study results suggest that time to
exhaustion does not improve significantly during
an exercise at 110% of maximal power output.
Some pieces of evidence suggest that pre-exercise
carbohydrate intake increases performance
during high-intensity  exercise. Galloway et al.3

found an increase in time to exhaustion at 90%
of peak power output when their subjects ingested
500 mL of a drink containing carbohydrates and
electrolytes (6.4% carbohydrate, 32 g) 30 min
before exercise compared with a placebo with
same flavor and color (0.1% carbohydrate). The
length of the postprandial period may explain this
discrepancy. Galloway et al.3 used an overnight

fast (>10h), which may lead to considerable
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subjects performed the second supramaximal test
after a 96h recovery period. Another possible
limitation may be the physical fitness of our
sample. More physically fit subjects could be more
sensitive to the study effects.

C O N C L U S I O N

Carbohydrate intake did not increase time
to exhaustion or anaerobic contribution during
supramaximal exercise in physically active men.
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