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Abstract:This study aimed at providing a reference for the selection of energy tonics for
sportsmen engaging in high-strength training and competitions by investigating the effects of
the intake of beverages containing glycerinum before exercise at high temperature on the
physical functions of bicyclists. Forty bicyclists were selected as research subjects and
divided into a test group and a control group. The indexes such as urine volume, weight loss
value, oxyhemoglobin saturation, blood lactic acid, nervous tension difference value and
reaction time were detected after the sportsmen took different beverages. The conclusions
were drawn after the data were analyzed by SPSS ver. 18.0. The research results
demonstrated that, the intake of beverages containing glycerinum could reduce urine output
and lower weight loss value, prolong the endurance riding time of bicyclists in high
temperature environment, reduce the concentration of blood lactic acid, improve the aerobic
exercise ability of sportsmen, relieve nervous tension and fatigue, and improve physical
functions.
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INTRODUCTION

Bicycling as a cyclic high-strength sports event requires strictly on the
physical ability of sportsmen (Stepanova et al., 2011). During high-strength
sports, bicyclists tend to have constantly increased thermal load and inhibited
physical heat dissipation under the effect of high temperature; thus
dehydration is of high risks if bicyclists continue to attend training and
competition (Singh, 2005). To prevent the adverse effect caused by
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dehydration on the exercise capacity of sportsmen, water is usually
supplemented before exercise. Goulet (2009) thought that, water retention in
human body was inversely proportional to interval time; the shorter the
interval time, the more the water retention in the bodies of sportsmen.
Rasmussen et al. (2010) held that, oxyhemoglobin saturation is lower with
the increase of exercise intensity. Currently, there are many sports beverages
available in market; however, few sports beverages are prepared in a
scientific way and have good effects (Field et al., 2014). Good sports
beverages have a huge impact on sportsmen as it not only can improve the
exercise capacity and regulate physical functions of sportsmen, but also can
relieve fatigue (Cebi, 2015).

This study investigated the effects of the supplement of sports beverages
containing glycerinum before exercise on the physical functions and exercise
capacity of sportsmen by comparing various indexes of 20 bicyclists who
were supplemented with sports beverages containing glycerinum before
exercise and 20 bicyclists who were supplemented with sports beverages
without containing glycerinum before exercise. This work aimed at providing
a reference and theoretical basis for the supplement of beverages containing
glycerinum in exercise practice.

MATERIALS AND METHOD

Test subjects and materials

Forty male bicyclists aged 25 to 30 years old were selected from cycling
clubs. They had no chronic diseases and had years of riding experience. All
the subjects signed informed consent. They were randomly divided into a
control group (A) and a test group (B). The basic conditions of the subjects
are shown in Table 1.The major test instruments used in the test are shown in
Table 2. Besides, a competitive ability diagnosis and evaluation system and a
low-oxygen and high-temperature environment training testing system were
also needed.

Beverages provided for the control group were prepared by blending sports
beverage with drinking water in a certain proportion, while beverages
provided for the test group were prepared by blending sports beverages with a
certain amount of glycerinum (the beverage was not harmful to the body).
Glycerinum is a kind of three-carbon alcohol which releases energy by means
of oxidation (Huang et al., 2015). Glycerinum can save glycogen, prolong the
time of endurance exercise, and delay exercise induced fatigue (Wan, et al.,
2014). A study has suggested that, supplementing sports beverages containing
glycerinum has remarkable effect in improving water storage capacity,
reducing urine output, and delaying dehydration, thus it could effectively
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improve the exercise capacity of sportsmen (Hillyer, et al., 2015). The sugar
concentration of the sports beverages used in this study was lower than 8%,
thus the sugar can be absorbed by blood (Currell, and Jeukendrup, 2008).

Table 1. Basic data of the subjects

Test group (n=20) Control group (n=20)
Age 25.545.62 25.5+5.62
Height (cm) 176.23+£5.58 176.23+£5.58
Weight (Kg) 71.86+12.38 71.68+12.52

Table 2. Instruments used

Name Type Supplier City/country

Cycle ergometer ~ EC3000 Shanghai Mingyuan Industrial Shanghai,
Co., Ltd. China

Pulse oximeter CMSS50E Contec Medical Systems Qinhuangdao
Co., Ltd. , China

Thermal infrared  FLIR T104  Shanghai Pumeng Photoelectric ~ Shanghai,

imager Technology Co., Ltd. China

Blood lactate M9- Beijing Medwest Broad Science Beijing,

analyzer LT1710 and Technology Co., Ltd. China

Urine analyzer IRICELL Beckman Coulter Co., Ltd. Miami, USA

Body composition DBA-210 Donghuayuan Medical Beijng,

tester Equipment Co., Ltd. China

Test methods

Before experiment, the urine, body composition, body temperature, oxygen
desaturation degree, heart rate and blood lactate level of the subjects were
detected. Then the subjects in the test group were supplemented with a kind
of sports beverage containing glycerinum, while the subjects in the control
group were given a kind of nutritional beverage which contained the same
components as the beverage taken by the test group except glycerinum.
Finally, the above indexes were detected. The detection methods were as
follows:

(1) Detection of urine: the urine of the subjects was dropped on test papers
and then detected for urine specific gravity, urine acid-base property, urine
protein, urine sugar, ketone body, nitrite, bilirubin, occult blood, urobilinogen
and white blood cells respectively by a urine analyzer. The results were
printed.

(2) Detection of body composition: the water content, naked weight and
muscle content of the subjects were measured using a body composition
analyzer before supplement, after supplement, and after exercise. The results
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were printed. The content of water, naked weight and muscle content of the
subjects in the control group was (53 £ 1.4) %, (73.18 £ 2.51) kg and (38 =
1.2) % respectively, and the corresponding data of the test group was (52 +
1.5) %, (72.88 + 2.55) kg and (38+1.1)% respectively.

(3) Detection of body temperature of sportsmen: temperature test was
performed on the fixed position of the faces of the subjects using a thermal
infrared imager. The testing time was recorded. The facial temperature of the
subjects in the test group and the control group was (36.7 = 1.5) °C and (36.8
+ 1.4) °C respectively, and the time was recorded as 9:15.

(4) Detection of blood lactic acid: The probe of a pulse oximeter was
connected to the finger of the subject, then bound up, and fixed. Then the
indexes such as heart rate and oxyhemoglobin saturation were measured.

(5) Detection of blood lactic acid: A small quantity of finger tip blood was
taken and detected by a blood lactate analyzer before exercises and after a
period of training. The results were recorded timely.

Design of exercise after the supplement of nutritional sports beverages
The beverage for the sportsmen in the test group was prepared using 1.5
ml/kg fruit vitamin, 20 ml/k drinking water and 1 g/kg glycerinum according
to the weight. As to the control group, the components were the same except
glycerinum. Bicyclists rode cycle ergometers in a sitting position in a
frequency of 60 r/min. When the power of the cycle ergometer reached 60 W,
the power increased by 30 W every ten min, till the sportsmen exhausted. The
indexes were detected every five minutes during exercise. Besides, the
indexes were also detected immediately at the end of exercise; the exhaustion
time and the maximum power were recorded. The subjects were considered
as exhausted when their heart rates reached the highest values, they were
unable to ride in a specified frequency, the concentration of blood lactic acid
was higher than 8mmol/L, and the subjective fatigue degree became the
highest (Cinar et al, 2009).

The temperature was kept at 35 + 2 °C during testing. The index changes of
the subjects after drinking the beverage containing glycerinum could be
known by comparing the data measured in the two times of testing.

Detection of subjective fatigue, aerobic capacity, nervous fatigue and
reaction time

Borg subjective fatigue scale was put in the visual range of the subjects
during exercise. Each subject selected a number corresponding to fatigue
every time when the load increased by one level; and the results were
recorded. After exercise, the subjects lay flat. Limb lead electrode holders and
chest lead suckers were smeared using ethyl alcohol. During testing, coupling
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agents which could benefit the transmission of signals and eliminate noise
was smeared between the electrode holder and the chest lead sucker (Smale,
2009). Whether the electrode slices, electrode holders and suckers were
connected at the correct testing positions was checked; during testing, the
subjects should keep relaxed and breathe evenly. Besides, the head, heart and
waists of each subject were connected with electrodes. The computer system
could obtain the results of central nervous system efficiently after data
acquisition.

Statistical processing
SPSS ver. 18.0 was used to statistically analyze the data of the sportsmen.
Difference was considered as statistically significant if p < 0.05 and as highly
significant if p < 0.01.

RESULTS AND DISCUSSION

Effect of glycerinum on weight

The weight changes of the control group A and B are shown in Table 3.1t
could be observed that the weight of group A and B had no remarkable
difference before and after exercise, but the sportsmen in the both groups
showed a significant decline of weight (the reduction degree of group A and
B was different). The change of the weight in group A and B had obvious
difference (p < 0.01). Thus it could be concluded that, the subjects in the both
groups had dehydration, and the dehydration amount of group B was lower
than that of group A.

Table 3. Weight change of group A and B

Naked weight Naked weight after Weight change

before exercise (kg) exercise (kg) value (kg)
Control group (A) 73.1842.51 71.68+2.55 1.50+0.10
Test group (B) 72.88+2.55 72.16+2.46 0.72+0.10
P value 0.508 0.145 0.001

Effect of glycerinum on urine output
Urine output change of the sportsmen in group A and B is shown in Table 4.

Table 4. Urine output change of the sportsmen in group A and B

Urine output after exercise (ml) Total urine output (ml)
Group A 315.56+39.15 548.46+49.08
Group B 212.06+24.86 447.75+57.68
p value 0.033 0.033
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The urine output of sportsmen in group B was obviously lower than that in
group A. Paired T test showed that, the urine output of the sportsmen in the
two groups had a significant difference (p < 0.05). Thus it could be concluded
that, the supplement of beverages containing glycerinum before exercise
reduced the urine output of the subjects to some extent.

Effect of glycerinum on the duration of endurance exercise

The change of the duration of endurance exercise of group A and B is shown
in Table 5. Results demonstrates that, the duration of exercise of the subjects
who took the beverage containing glycerinum before exercise was much
longer than that of those who took placebo before exercise (p < 0.01). It
suggested that, the intake of beverages containing glycerinum before exercise
could effectively prolong exercise time. It might be because that, the added
glycerinum which reduced urine output and increased water storage content
delayed the occurrence of dehydration, prolonged exercise time, and
improved exercise capacity.

Table 5. Change of the duration of endurance exercise in group A and B

Duration of exercise (min)

Group A 42.78+7.88
Group B 45.95+£9.22
p value 0.003

Effect of glycerinum on oxyhemoglobin saturation
The average value of the oxyhemoglobin saturation of the subjects who took
different kinds of beverages before exercise is shown in Figure 1.
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Figure 1. Variation of oxyhemoglobin saturation of group A and B during exercise

Figure 1 shows that, from the beginning of exercise to the 5th min, the
difference of oxyhemoglobin saturation between the two groups was not
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statistically significant (p > 0.05); in the 10th min, the oxyhemoglobin
saturation of group B became higher than that of group A, and the difference
had statistical significance (p < 0.05); in the 20th min, though the
oxyhemoglobin saturation of group B was still high than that of group A, the
difference was not statistically significant (p > 0.05); the difference became
highly remarkable in 40th min (p < 0.01).It suggested that, the intake of
beverages containing glycerinum before exercise could relieve the exercise
induced artery blood oxygen decrease to some extent and the relief degree
fluctuated in the whole process of exercise.

Effect of glycerinum on blood lactic acid

The blood lactate concentration change of the subjects in group A and B in a
static state before exercise and immediately after exercise is shown in Table
6. The blood lactate concentrations of the sportsmen in group B in a static
state and immediately after exercise were both obviously lower than those of
group A, and the differences between the two groups were statistically
significant (p < 0.05). It suggested that, under the same load, the accumulated
amount of lactic acid in the bodies of sportsmen in the test group was less and
the supplement of the beverage containing glycerinum before exercise
improved the aerobic exercise ability of the sportsmen to some extent.

Table 6. Change of blood lactic acid in groups A and B

Static L(mmol/L)  Immediately after exercise L(mmol/L)

Group A 3.12+0.88 7.55+3.05
Group B 2.89+0.81 6.25+2.68
p value 0.325 0.028

Effect of glycerinum on influence factors of neuromodulation system

Vagus nerve can slow down heart rate and decrease blood pressure, and its
change can reflect the fatigue degree of nerve. The effect of sympathetic
nerve is opposite to the effect of vagus nerve. Strengthened sympathetic nerve
can promote blood circulation system, accelerate heart rate, and improve
blood pressure (Mastaglia, 2012; Wallin and Charkoudian, 2007; Hayashi,
2011). The changes of sympathetic nerve and vagus nerve in group A and B
are shown in Table 7. The influence factors of vagus nerve regulating system
of group A and B reduced remarkably after exercise, and the difference
between before exercise and after exercise was highly significant (p < 0.01);
the influence factors of sympathetic nerve regulating system of group A and
B significantly increased after exercise, and the difference between before
exercise and after exercise was highly significant (p < 0.01), but the
difference between the two groups had no statistical significance. Thus it
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suggested that, the exercise load designed in the test fatigued the nervous
systems of the sportsmen in the both groups, but the fatigue of the nervous
system of the sportsmen taking beverages containing or not containing
glycerinum had no statistically significant difference.

Table 7. Change of influence factors of vagus nerve and sympathetic nerve in groups A
and B

Group A Group B
Influence factors of | Before exercise 0.224+0.09 0.23+0.11
vagus nerve After exercise 0.15+0.10 0.15+0.10
P value 0.000 0.009
Influence factors of | Before exercise 42.62+13.18 49.33+19.82
sympathetic nerve | After exercise 64.88+20.72 65.15+22.52
P value 0.000 0.011

Effect of glycerinum on energy metabolism system

Sportsmen energy metabolism system evaluation includes aerobic capacity
and anaerobic capacity (Casas, et al, 2012). The changes of aerobic capacity
index and anaerobic capacity index of the subjects in group A and B are
shown in table 8.

Table 8. Change of aerobic capacity and anaerobic capacity indexes of groups A and B

Group A Group B p value
Aerobic capacity Before exercise  117.66+9.28  117.95£8.65 0.655
index test After exercise  116.73£10.56  116.13£9.88  0.418
Anaerobic capacity  Before exercise 136.62+10.03  135.30+7.86 0.506
index test After exercise  136.75+8.26  133.82+7.01  0.008

Table 8 shows that, the aerobic capacity of the sportsmen slightly reduced
after exercise, but there was no significant difference; the anaerobic capacity
of group B showed a decreasing tendency compared to that of the control
group before exercise, but there was no significant difference; the anaerobic
capacity index of group A remarkably decreased after exercise, and the
difference was highly significant in statistics (p < 0.01). The reason for the
changes might be associated to the significant decrease of anaerobic capacity
of the sportsmen in the test group due to the long exercise time.

Effect of glycerinum on reaction time

Reaction time of the subjects in the two groups is shown in Table 9.The
reaction time of group A was basically consistent before and after exercise;
the reaction time of group B decreased significantly after exercise; the
reaction time of the two groups was basically consistent before exercise, but
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the reaction time of group B was much shorter than that of group A after
exercise, and the difference had statistical significance (p < 0.05). Thus it
suggested that, the subjects who took sports beverages containing glycerinum
before exercise had increased attention and rapid reaction during exercise.

Table 9. Change of reaction time of groups A and B

Reaction time before exercise (s)  Reaction time after exercise (s)

Group A 0.172+0.018 0.172+0.016
Group B 0.168+0.014 0.165+0.011
p value 0.696 0.048
CONCLUSION

In this study, 20 bicyclists took sports beverages containing glycerinum
before exercise and the other 20 bicyclists took sports beverages not
containing glycerinum. The effects of the intake of beverages containing
glycerinum before exercise on the water storage capacity of human body were
investigated by comparing indexes such as weight loss value, urine output,
duration of endurance exercise, oxyhemoglobin saturation, blood lactic acid,
reaction time and energy metabolism. The test results demonstrated that, the
intake of sports beverages containing glycerinum could reduce urine output,
reduce weight loss, improve aerobic exercise ability, prolong the endurance
riding time of bicyclists in hot and humid environment, relieve fatigue and
optimize body mechanism. This work provides a theoretical reference and
basis for the supplement of beverages containing glycerinum in sports
practices.
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