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Abstract
The purpose of this study was determine effects of ingestion carbohydrate-electrolyte
beverage drink to improve exercise performance in the heat. Ten male subjects (age 1830 years) were subjected to cycle ergometer at 63.5 ± 3.3% of maximal O2 consumption
(VO2max) with a pedal speed of 60 rpm until they became fatigued. They were given a
drink of carbohydrate-electrolyte at a concentration of 6%, 12% and a flavored water
placebo (WP) to consume at a volume of 3 ml/kg/body weight every 20 minutes. Blood
samples were taken at rest and during exercise at every 10 minutes for analyzing plasma
glucose, insulin, free fatty acid and glycerol. Mean exercise time until the on set of
fatigue in subjects was found to be significantly longer (P<0.001) following the ingestion
of carbohydrate-electrolyte beverage (84.7 ± 6.9 min) compared with WP (66.2± 2.2
min). However, plasma glucose concentration was found to be significantly lower in the
WP ingested subjects compared to carbohydrate electrolyte ingested ones (4.5 ± 0.2
m.mol/L vs 4.3 ± 0.2 m.mol/L, ANOVA, P<0.05). When carbohydrate electrolyte
beverage maintained plasma glucose concentration at 4.5 – 5.5 m.mol/L, the subjects
exercised for an additional hour before being fatigued. The levels of plasma insulin from
40 minute until the end of exercise were decreased in all beverage ingested subjects.
Results indicate that carbohydrate-electrolyte beverage supplementation during
prolonged cycling improves physical performance.

Introduction
Profuse sweating during sustained exercise in hot climate results in dehydration and
consequently, causes a reduction in plasma volume [1]. Dehydration is associated an
impairment of body heat dissipation and endurance performance. The disproportionate
rise in core temperature results from the reduction in cutaneous blood flow [2] and the
rate of sweating [3]. When dehydration is minimized by fluid replacement, individuals
can work longer in the hot climate with a minimal increase in core temperature [3,4].

Thus, fluid replacement during prolonged exercise in the hot climate is important to
maintain the endurance performance and to prevent the thermal injury [5]. In contrast,
recent investigations indicate that a moderately concentrated beverage containing 6-8%
carbohydrate dose not adversely affect thermoregulation or circulatory function [6,7,8,9]
and may improve exercise performance in heat [6,10]. However, the majority of these
studies have focused on fluid replacement during cycling and are mainly laboratory
based. This is due, in part to the relative ease of ingesting large amount of fluid and
collecting data during stationary cycling.
Recently it has been reported that carbohydrate ingestion during prolonged strenuous
exercise (i.e., 74% of max O2 uptake) can delay the development of fatigue [11].
Although muscle glycogen data are missing, Bergström and Hultman [12] and Bagby et
al [13], have suggested that carbohydrate administration may result in increased
utilization of blood glucose with a proportional slowing of muscle glycogen depletion.
The purpose of this study was to examine the effect of ingesting carbohydrate- electrolyte
mixture of 6% (MCE), 12% (HCE) or a flavored water placebo (WP) whether adequate
to improve exercise performance during cycling at 31°C and 91% relative humidity.

Material and Methods
Methods
Ten healthy recreational athletes were subjected to exercise on a cycle ergometer (Lode).
Subjects were tested for maximal oxygen uptake (VO2max) before any of the
experimental trial initiated. Percent age of body fat was estimated form skin fold. The
solutions to be tested were two carbohydrate-electrolyte drinks and an artificially
flavored water placebo. The characteristic of the drinks is detailed in table 2. Each subject
was tested in a random order under each of three conditions using a double blind design
with a gap of two week between the each trial. All subjects had given their consent prior
to participation.
Preliminary testing
All exercise tests were performed using an electrically braked ergometer at a work load
requiring 60% of VO2max in a session two week prior to the filed trial. The subjects were
instructed to maintain a pedal speed of 60 rpm until fatigued. Standard laboratory
conditions (31°C, 91% relative humanity) were maintained throughout the course of the
study.
Experimental design
Subjects were instructed to maintain a constant diet and training schedule throughout the
experimental period, especially 2 days prior to each exercise bout. For all trials, subjects
had reported to the laboratory in the morning after a period of 10 – 12 hour fasting. An
18-gauge catheter was inserted into the superficial forearm vessel. To obtain rectal

temperature, a thermocouple probe was inserted up to 10 cm into the rectum. Electrodes
and thermocouple were secured to the skin for monitoring heart rate (HR) and skin
temperature, respectively. In the morning, subjects were allowed to consume water but no
solid food. Five minute prior to start cycling, subjects had consumed 3 ml/kg/body
weight of MCE, HCE and water placebo and kept consuming the same schedule in during
every 20 minutes exercise.
Biochemical analysis
Blood samples (10 ml) were obtained at rest and during exercise in every 10 minute until
fatigued, centrifuged at 4°C, and plasma samples were used for measuring insulin ( by
using radioimmunoassay kits, Diagnostic Product Corporation), free fatty acid
(Bohringher M.Gmbh,free fatty acid) [14], glycerol (Bohringher M.Gmbh, Glycerol) [15]
and glucose (Bohringher M.Gmbh, Peridochrom Glucose).
Expired gas was collected in “metabolic measurement cart” (sensor medics 2900) at rest
and during exercise for every 10 minute until exhausted. Respiratory exchange data were
determined using computer-based system. Carbohydrate oxidation was calculated based
on consumption and respiratory exchange ratio (RER) measurements. Heart rate (HR)
was continuously monitored by telemetry, whereas rating of perceived exertion was
obtained at a 20-minute intervals during exercise [16].
Statistical analysis
All data were analyzed using a two-way ANOVA. Student’s t-test, was used for
determining the level of significance (P< 0,05).

Results
Characteristics of the subjects are given in Table 1 (individual values for body weight,
maximum O2 consumption, vital capacity and heart rate maximal). Characteristic of
beverages is show in Table 2.
Table 1: Physical characteristic of subjects
Characteristic

Mean ± SE

Age, yr

24.6± 0.3

Weight, kg

60.7± 2.3

Height, cm

166.3 ± 0.5

Vital capacity, l

4.0 ± 0.0

VO2max, ml/bw/men

44.6 ± 0.5

Heart rate max, beat/men 173.6 ± 1.1

Table 2:. Composition of beverages given to subjects
Composition

Unit

HCE

MCE

P

Osmolality

m.osm/L 684.0±1.1 325.0±1.1 38.0±1.3

Glucose

g/L

71.6±2.2

20.5±1.4

0.0

Sucrose

g/L

45.7±1.2

39.1±0.9

0.0

Natrium

m.mol/L 3.4±0.0

21.1±0.0

3.4±0.1

Kalium

m.mol/L 3.9±0.4

3.5±0.1

0.0

Chloride

mg/L

28.1±0.4

39.1±1.9

0.0

Calcium

mg/L

3.7±0.0

28.1±1.9

23.2±0.6

Carbohydrate-electrolyte beverage improves exercise performance
Period of exercise leading to fatigue
We first studied ten subjects until fatigued of cycling at 60% VO2max, with and without
the carbohydrate-electrolyte drink. Mean exercise time until fatigued in subjects was
found to be 22 % longer when ingested with carbohydrate-electrolyte drink compared
with the water placebo solution (i.e., 84.7±6.9 min vs 66.2±2.2 min; P < 0.001). All
subjects showed improvement in performance with a range from 20 to 70 minute, when
ingested with carbohydrate-electrolyte drink.
Perceived exertion and heart rate
Perceived exertion increased gradually and was not different during the first 1 hour of
exercise when subjects were given carbohydrate-electrolyte drink or the placebo solution.
Perceived exertion increased rapidly after 1 hour of exercise in the placebo trial and just
prior to the point of fatigue it was significantly elevated (P < 0.05 ) above that reported
after 75 min of exercise in subjects who had carbohydrate-electrolyte drink. Heart rate
was increased rapidly after 20 min of exercise for all beverages trials before and during
the exercise leading to fatigue (P < 0.05 ).
O2 uptake and respiratory exchange ratio
Cycling exercise elicited an average VO2 of 30.9±1,5 ml/minute (i.e., 64.0±1.2% of
VO2max) after 10 minute of exercise and did not change but remained almost identical
with all beverage. Respiratory exchange ratio(R) remained stable at 1.06-1.05 during 20
minute of exercise but began to decline at 2nd hour to a value of 1.02±0.01 and at fatigue,
no significantly change was noted even after the ingestion of beverages.
Plasma glucose and insulin responses

As show in Fig. 1, plasma glucose level at at rest were 4.4+ 0.1 m.mol/L (MCE), 4.5+ 0.2
m.mol/L (HCE) and 4.5+ 0.2 m.mol/L (WP), respectively. In water placebo (WP) trial
there was a downward trend in plasma glucose compared to that seen in the carbohydrateelectrolyte trial. However, at the end of the WP trial, severe hypoglycemia was never
noted. As a result a strong counter regulatory response was not elicited. In the subjects
which received WP, the level of plasma glucose in them continued to decline at 40
minute from 4.5 + 0.2 m.mol-1 to 4.3 + 0.2 m.mol/L (ANOVA, P<0.05), and at the final
hour of exercise the levels declined from 4.5 + 0.2 m.mol-1 to 4.1+ 0.2 m.mol/L
(ANOVA, P<0.01). When subjects had the drink of carbohydrate-electrolyte, plasma
glucose concentration remained significantly higher at 20 min compared with WP (MCE
5.2+ 0.2 m.mol/L vs 4.3+ 0.1 m.mol/L; P<0.05, HCE 5.5+ 0.3 m.mol/L vs 4.3+ 0.1
m.mol/L ;P< 0.01). However plasma glucose was maintained at 4.5 – 5.5 m.mol/L
throughout the cycling period (ANOVA, P< 0.001) compared to placebo from 70 minute
to the end of exercise. As shown in Fig 2, plasma insulin concentrations at rest were
11.4+0.1 μU/ml in HCE, 9.1+0.4 μU/ml in MCE and 9.7+O.4 μU/ml in WP, respectively.
During exercise, ingestion of MCE and HCE elevated the levels at 20 min in MCE to
9.9+1.1 μU/ml vs 7.0+0.7 μU/ml; P<0.05, and in HCE 15.77 2.1 μU/ml vs 7.0+0.7
μU/ml; P<0.01. However, after 40 min to scheduled the end, the levels of insulin
gradually declined irrespective of the beverages (for MCE 8.4+0.8 μU/ml vs 6.9+0.5
μU/ml; P<0.05, and for HCE 11.7+1.0 μU/ml vs 6.9+0.5 μU/ml; P<0.01), respectively.
Plasma free fatty acids and glycerol responses
As shown in Fig 3, plasma FFA concentration began to rise rapidly during exercise
starting from 40 min with the placebo compared to carbohydrate-electrolyte ingestion
groups (p < 0.01). FFA concentrations remained elevated until the subjects became
fatigued irrespective to fatigue for three drink of the drinks ingested (P<0.001). The
pattern of increase in blood glycerol and FFA was found to be almost identical.

Fig. 1: Responses during exercise with placebo and carbohydrate-electrolyte drinks for
every 20 min. (Time: 0:Rest. 1:10 min, 2: 40, 4: 60, 5 WP: 66.2, 6 MCE: 75.3, 7 HCE:
84.7 min)

Fig. 2: Responses during exercise with placebo and carbohydrate-electrolyte drinks for
every 20 min. (Time: 0:Rest. 12:10 , 22: 40, 42: 60, WP: 66.2, MCE: 75.3, HCE: 84.7
min)

Fig. 3: Changes in plasma free fatty acid levels

Fig. 4: Changes in plasma glycerol levels

Discussion

The major finding of this present study was that a carbohydrate-electrolyte beverage
enhances cycling performance (> 1 hour duration) in the set climate, by maintaining
thermoregulatory and circulatory function almost similar to that water placebo. The
findings of this study are in agreement with the earlier laboratory based investigations
which have found that carbohydrate replacement has an ergogenic effect on cycling
performance in the heat [17]. This study showed that the total cycling time until fatigued
became significantly (P<0.01) prolonged with carbohydrate-electrolyte preparation of
12% (84.7±6.9 min, 22%) and carbohydrate-electrolyte preparation of 6% (75.3±3.4 min,
12%) compared with water placebo (66.2±2.2 min). Attempts to supplement the energy
supply of the working muscle with the ingestion of carbohydrate during exercise has been
shown to result in a reduction in muscle glycogen utilization [18] and improvement in
endurance performance [11,19]. The performance data demonstrated that, when the
subjects ingest carbohydrate-electrolyte drink, their physical performance is significantly
increased compared to water placebo alone. Many of the previous studies have shown
performance benefits subsequent to carbohydrate ingestion using formulations similar to
those employed in this study [11,19,20].
Numerous investigations have reported beneficial effect of ingesting various amount or
forms of carbohydrate during prolonged exercise. The time to exhaustion [11,17,19,21],
spring performance [18,22], and work output [23] have been observed to increase as a
result of carbohydrate intake. Higher blood glucose levels following carbohydrate
feeding compared to water placebo control have been reported [11,17,18,19]. Coyle et al.
[11], have proposed that the improvement in performance may be partially attributed to
the maintenance of plasma glucose. In the present study, plasma glucose was found to
remain significantly higher in the carbohydrate-electrolyte ingested groups of 12% or 6%
compared to the water placebo throughout the steady state of cycling. This elevated
glucose level provides a possible explanation for enhanced performance following
carbohydrate replacement.
It has been shown that the rise in cortisol and noradrenalin in the blood may inhibit the
release of insulin [2]. Degradation of plasma insulin during exercise can indirectly lead to
lipolysis which replaces glucose and also hepatic glycogen as the source of energy during
exercise. Regardless of these differences, corresponding our study demonstrated that a
higher levels of plasma glucose and insulin are maintained with a lower plasma free fatty
acid and glycerol with water placebo drink, but not with carbohydrate-electrolyte drinks.
The higher plasma glycerol with water placebo possibly suggest that the body possibly be
using fatty acids as the substrate for energy [24,25]. Use of fatty acid during prolonged
exercise in response to hormone, cortisol, growth hormone and adrenaline suggest that
the blood borne substrates replace carbohydrate as the source of energy [26].
In conclusion, we have observed that carbohydrate drinks during prolonged exercise are
sufficient to maintain carbohydrate oxidation and is sufficiently delay the onset of
fatigue. It moreover, appears that when the plasma glucose concentration is maintained,
endurance appears to be significantly enhanced during exercise. The improvement in
exercise performance appears to be associated with an increase in carbohydrate
availability and subsequent enhancement of oxidation by active muscle. The findings of

this study also indicate that 12 % or 6 % carbohydrate-electrolyte beverage acts as a fluid
replacement drink in terms of thermoregulation, maintenance of physiologic status in
exercise induced dehydration.
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