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INTRODUCTION

Sporting environment was an important factor 
that should be considered because it can be affect 
the physical appearance. Environmental influences 
consist of environmental temperature, relative 
humidity, radiation, wind velocity, and others.1

High of relative humidity, increase the index 
of wet-bulb-globe-temperature (WBGT). WBGT 
index was a number that indicates the role of the 
environmental temperature, relative humidity, radi-
ation and wind velocity. WBGT index reached 28°C 
can cause heat stress.2 WBGT index increase causes 
dehydration and ending with unconsciousness.3

Heat stress lead to various health problems and 
death. In 1995, as many as 100 people died from the 
heat wave in Chicago and 400 people in America 
die each year due to heat stress. From the years 
1995-2001 in the United States recorded 21 football 
players died from heat stroke. In Japan, from 2001-
2003 as many as 483 people exposed to heat stroke, 
as many as 63 people died.4

Physiological changes in the body during exer-
cise for a long time due to the decreased volume of 
body fluids through sweating along with heat emit-
ting body.5 The results of the study Cheuvront et al.6 

aerobic exercise for a long time will reduce the body 
fluid. The decline in body fluids causing increased 
blood viscosity which led to increased cardiac 
work.7 If not matched by consuming enough fluids, 
will complicate expenditure body heat through 
convection.8

Physical exercise for a long time at a high rela-
tive humidity will increase spending body fluids 
and resulted in increased PR.9 The decline of 
2-6% of body fluids resulting in increased work of 
the heart characterized by increased PR. Losing 
excess body fluids during exercise will aggra-
vate the heart and can lead to death.10 Results 
of the research Muplichatun.11 of the 41 work-
ers at Donorejo-Batang iron workers, obtained 
occurred a significant relationship between 
exposure to heat with PR. Furthermore, Telan12 
conducted a study of 50  iron workers, obtained 
an increase compared to the prior PR given heat 
exposure.

BT increased to 40oC in strenuous exercise for 
20 minutes.13 The results of research are aligned 
Gonzalez-Alonso et al.14 that increased BT reaches 
to 40°C when prolonged physical exercise in a 
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humid environment. The results of the study 
Saunders et al.15 an increase in BT at a relative 
humidity of 80% compared with 59% relative 
humidity to nine subjects after cycling for two 
hours. This statement was in accordance with 
the results of research Yashasi et al.16 physical 
exercise at high relative humidity causes the core 
body temperature was higher than the low relative 
humidity.

The results of the study Bloomer and Cole17 
against the men on the bench press exercise, 
acutely can increase the BLA. Increased the BLA 
followed by an increase in CO2 can interfere with 
muscle contraction.18 Extracellular fluid serves as 
a carrier to the liver for metabolism results imme-
diately recycled as an energy source, resulting in 
decreased BLA.19 Another opinion is consistent 
is that the role of transporting the body fluids 
such as CO2 and the metabolism of lactic acid.20,21 
Transpiration rate will decrease the body fluids, 
thereby accelerating the improvement of BLA.9 
According Kusnanik et al.13 a decrease in body 
fluids causes a decrease in blood O2 concentration. 
The decrease O2 will reduce glycolysis in the liver, 
so that an increase in BLA.

Therefore, in exercise it takes the RH was causing 
climate comfortable against the body. Comfortable 
relative humidity was between 40-60% according to 
the Ministry of Health of the Republic of Indonesia 
No: 1077/Menkes/Per/V/2011.22

The relative humidity was to be considered as 
causing excessive sweating, causing acute effects 
to the improvement of PR, BT, and BLA during 
exercise. Based on these ideas, physical exercise 
at a relative humidity of 40%, 50%, and 60% in an 
enclosed area needs further investigation.

MATERIALS AND METHODS

This study was an experimental with random-
ized Pre and Post Test Control Group Design.23 
Subjects amounted to 54 people, divided into 
three groups so that each group numbered 18 
people. Each group was given cycling exercise 
with load 80 Watt for 2 * 30 minutes. Group-1 was 
given cycling at 40% RH, Group-2 at a RH of 50%, 
and the Group-3 at a RH of 60%. PR, BT, and BLA 
were observed before and during exercise in all 
groups. Observations before exercise carried out 
after the break lying for 10 minutes and observa-
tion during exercise performed at the 30th minute 
set to two.

The study was conducted in the morning at the 
Laboratory of the Faculty of Physical Education 
and Health of IKIP PGRI Bali with temperatures at 
room between 25.0°C to 30.0°C.

Data were collected starting from 17 November 
to 30 December 2015. PR was measured with 
a digital pulse meter brand Omron, BT was 
measured with a digital thermometer brand 
Kawe, and BLA was measured by Accutrend plus 
Cobas.

The data obtained were analyzed by Shapiro 
Wilk normality test and the test continued with 
Levene test to determine homogeneity. Different 
test between groups used One-way ANOVA 
followed by LSD test.

RESULT

Characteristics Research
Physical characteristics include age, body mass 
index (BMI), resting pulse rate (RPR), and physical 
fitness (PF), as measured by the time you’ve run 
2.4 km. The physical characteristics of the study 
subjects are presented in Table-1.

Table 1  �Physical Characteristics Research 
Subjects

Characteristics
Group-1 
(n=18)

Group-2 
(n=18)

Group-3 
(n=18)

Age (year) 20,18 ± 
0,16

20,53 ± 
0,32

20,47 ± 
0,18

BMI (kg/m2) 21,78 ± 
0,87

22,01 ± 
0,54

21,13 ± 
0,53

RPR (b/m) 84,33 ± 
2,07

80,00 ± 
2,80

77,61 ± 
3,00

PF (minute) 12,83 ± 
0,20

12,59 ± 
0,22

12,76 ± 
0,24

Description: n = number of samples, SE = standard error, cm 
= centimeter, kg = kilogram, kg/m2 = kilograms per square 
meter, b/m = beats/minute

Table 2  �Normality and Homogeneity Test 
Result

Exercise

p-value of Normality 
(Group) p-value of 

Homogeneity1 2 -3

Before

PR 0,348 0,712 0,139 0,168

BT 0,065 0,315 0,530 0,380

BLA 0,291 0,359 0,364 0,866

During

PR 0,057 0,571 0,374 0,079

BT 0,330 0,173 0,310 0,267

BLA 0,063 0,615 0,066 0,105
Description: SE = standard error, p = probability value
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Normality and Homogeneity Test
As a prerequisite determination of statistical tests, 
then tested the normality and homogeneity of data 
on the dependent variables concerning PR, BT, and 
BLA both before and during training. The results of 
the analysis are presented in Table-2.

Based on the test results of normality and homo-
geneity of data both before and during exercise, 
obtained the all group was normal distribution and 
homogeneous (p > 0.05). The data were normally 
distributed and homogeneous variants were 
analyzed by One-way Anova and LSD test further.

The Mean difference of Group
Differences of the PR, BT, and BLA between 
groups before and during exercise was presented in 
Table-3. 

Table-3 shows, the mean of PR, BT, and BLA 
before exercise was not differ significantly (p > 0.05) 
while the PR, BT, and BLA during exercise showed 
a significant difference (p <0.05).

The mean difference of PR, BT, and BLA 
During Exercise Between of Each Group
Differences of the PR, BT, and BLA during exercise 
between each group were tested with LSD were 
presented in Table-4.

Table-4 shows no difference FDN, ST, and ALD 
practice between Group-1 with Group-2, between 
Group-1 with the Group-3, and between Group-2 
with Group-3 (p <0.05).

DISCUSSION

Characteristics of Research Subjects
The mean of age of each group were in the normal 
range for semester-1 to semester-8 student rang-
ing from 18 to 25 years. BMI in the normal range 
between 18.5 to 24.9 kg/m2, RPR that were in the 
normal range was between 60-100 beats/minute.24,25 
while PF was in the category enough to good.26

The Differences of PR, BT, and BLA Before 
Exercise

The mean of PR before exercise among the three 
groups was not statistically significant difference 
(p > 0.05). The third group was still in the normal 
range in the range of 60 - 100 beats/minute.25

The mean of BT before exercise between groups 
showed no significant difference (p > 0.05). The 
mean of BT before exercise was in the normal range 
in the range below 37°C. The normal range was 
between 36.3 to 37.1°C.27

The mean of BLA prior to the exercise also 
showed no significant difference (p > 0.05). BLA 
prior to exercise was above normal with the mean 
being above 2 mM/L. Normal limits ranging 
between 1-2 mM/L.28

Exchange differences Treatment of PR, BT, and 
BLA

From the results, there was difference between 
the PR during exercise increase to three groups 
and no difference between the PR during exercise 
increase in each group. Where an inhibiting the 
increase in PR during exercise in a RH of 50% 
compared with 60% RH of 6.49% and exercise at 
a RH of 40% inhibiting the increase of 12.70%. 
Differences increase of the PR during exercise due 
to differences in transpiration, where transpiration 
at a RH of 40% lower than the RH of 50% and RH 
of 60%. This happens because the transpiration was 
accelerated at high RH and decreased at low RH.2,19 
The results of previous studies of the 51 people 
obtained a slowdown sweating during exercise at 
a RH of 50% compared with 60% RH at 114.71 ± 
40.94 mL or equal to 15.29% and at 40% RH 
decreased by 200.00 ± 40.94 mL or 26.67%.29

The results showed there were difference between 
the BT during exercise increase to three groups and 

Table 3  �Different Test Results of PR, BT, and BLA Before and After 
Exercise

Variable

Mean ± SE

pGroup-1 Group-2 Group-3

Before Exercise
PR 71,55±1,92 72,28±1,31 71,39±1,27 0,909
BT 36,68±0,05 36,72±0,07 36,71±0,06 0,251
BLA 2,12±0,12 2,28±0,10 2,22±0,11 0,590
During Ecercise
PR 139,00±2,53 148,89±2,77 159,22±3,70 0,000
BT 36,63±0,06 36,89±0,08 37,26±0,09 0,000
BLA 3,38±0,20 4,17±0,16 5,12 ±0,31 0,000
Description: SE = standard error, p = probability value, Unit: PR = beats/minute, BT = oC, BLA 
= mM/L

Table 4  �Different Test Results of PR, BT, and BLA During Exercise 
Between of Each Group

Couple difference Mean ± SE p

PR Group-1 - Group -2 -9,89 ± 4,30 0,026
PR Group -1 - Group -3 -20,22 ± 4,30 0,000
PR Group -2 - Group -3 -10,33 ± 4,30 0,020
BT Group -1 - Group -2 -0,26 ± 0,11 0,019
BT Group -1 - Group -3 -0,63 ± 0,11 0,000
BT Group -2 - Group -3 -0,37 ± 0,11 0,001
BLA Group -1 - Group -2 -0,79 ± 0,32 0,018
BLA Group -1 - Group -3 -1,73 ± 0,32 0,000
BLA Group -2 - Group -3 -0,94 ± 0,32 0,005

Description: SE = standard error, p = probability value, Unit: PR = beats/minute, BT = oC, BLA 
= mM/L
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also there was a difference between the increase in 
BT during exercise each group. An inhibiting the 
increase in BT of exercise at a RH of 50% compared 
with 60% at 0.99% and exercise at a relative humidity 
of 40% inhibiting the increase of 1.69%. Inhibiting 
the increase of BT during exercise at a lower RH 
caused by the evaporation goes well. This is because 
the vapor pressure difference between the skin and 
the air is increased.30 Further stated, prolonged 
exercise at high RH will accelerate the decline in 
body fluids. The decline would interfere with the 
body fluids of the body heat dissipation into the 
environment so that the body’s core temperature to 
rise gradually.31

The results also showed there were difference 
between the exercise BLA during exercise increase to 
three groups and there was a difference in improve-
ment between each group. Inhibiting the increase 
at a BLA of exercise at a RH of 50% compared with 
a RH of 60% amounting at 18.56% and exercise 
at a RH of 40% inhibiting the of 33.98%. Exercise 
BLA was lower at 40% relative humidity due to 
differences in transpiration. At higher humidity, 
transpiration increases, causing blood viscosity will 
increase. Increased blood viscosity, causing delays 
in transportation of metabolism to the liver to be 
converted into glucose, so that BLA will increase.32 
Results from previous studies of 21 professional 
soccer players given sub-maximal exercise, it was 
found that blood viscosity is directly related to 
BLA.33

CONCLUSION

Based on the results, we can conclude that the rela-
tive humidity of 40% is better than humidity of 50% 
and 60% in inhibiting the increase of PR, BT, and 
BLA during exercise.

REFERENCES
1.	 Powers, S.K., Howley, E.T. Exercise Physiology: Theory 

and Application to Fitness and Performance. Seventh 
Edition. New York. McGraw-Hill; 2009.

2.	 Giriwijoyo, S. Ilmu Faal Olahraga: Fungsi Tubuh Manusia 
pada Olahraga untuk Kesehatan dan Prestasi. Bandung. 
Fakultas Pendidikan Olahraga dan Kesehatan Universitas 
Pendidikan Indonesia; 2007.

3.	 FPOK. Modul VII Stress lingkungan. Semarang. Jurusan 
Pendidikan Olahraga Fakultas Pendidikan Olahraga dan 
Kesehatan Universitas Negeri Semarang; 2010. 

4.	 Fitrihana, N. Panduan K3: Pengaruh Heart Stress pada 
Manusia. [cited 2011 March, 29]. Avaelable from: URL: 
http://batikyogya.wordpres.com; 2008.

5.	 Cameron, J.R., Skrofonick, J.G., Grant, R.M. Fisika Tubuh 
Manusia. Edisi Kedua. Jakarta. CV. Sagung Seto; 2012.

6.	 Cheuvront, S. N., Kenefick, R. W., Montain, S. j., Sawka, M. 
N. Mechanisms of Aerobic Performance Impairment with 
Heat Stress and Dehydration. Journal of Applied Physiology 
2010. Vol. 109. No.4.

7.	 Gabriel, J. F. Fisika Kedokteran. Jakarta. Penerbit Buku 
Kedokteran EGC; 2012.

8.	 Almatsier, S. Prinsip Dasar Ilmu Gizi. Jakarta. Gramedia; 
2012. 

9.	 Janssen, P.G. J.M. Latihan Laktat- Denyut Nadi. Jakarta. 
Komite Olahraga Nasional Indonesia DKI Jaya; 1993.

10.	 WHO. Data Sources and Methods. Geneva. Department 
of Health Statistics and Informatics World Health 
Organization; 2011.

11.	 Muplichatun. Hubungan Antara Tekanan Panas, Denyut 
Nadi, dan Produktivitas Kerja pada Pekerja Pandai Besi 
Paguyuban Wesi Aji Donorejo Batang. (Skripsi). Semarang. 
Universitas Negeri Semarang; 2006

12.	 Telan, A.B. Pengaruh Tekanan panas Terhadap Perubahan 
Tekanan Darah dan Denyut Nadi Pada Tenaga Kerja Di 
Industri Pandai Besi Desa Hadipolo Kecamatan Jekulo 
Kabupaten Kudus Jawa Tengah. (tesis). Semarang. Program 
Pascasarjana Undip; 2012.

13.	 Kusnanik, N. W., Nasution, J., Hartono, S. Dasar-Dasar 
Fisiologi Olahraga. Surabaya. Unesa University Press; 
2011.

14.	 Gonzalez-Alonso, J., Teller, C., Andersen, S. L., Jansen, 
F. B., Hildig, T., Neilsen, B. Influence of Body Temperature 
on the Development of Fatigue During Prolangel Exercise 
in the Heat. Journal of Applied Physiology 2003. Vol. 90. 
No. 1.

15.	 Saunders, A. G., Dugas, J. P., Tuckers, R., Lambert, M. I., 
Noakes, T. D. The Effects of different Air Velocities on Heat 
Storage and body Temperature Humans Cycling in a Hat, 
Humid Environment. Article First Published Online; 2005.

16.	 Yashasi, K., Honda, Y., Ogawa, T., Kondo, N., Nashiyasu, T. 
Relationship Between Ventilator Response and Body 
Temperature During Prolonged Sub-Maximal Exercise. 
Journal of Applied Physiology 2006. Vol. 100. No.1: 414-420.

17.	 Bloomer, R. J., Cole, B. J. Relationship Between Blood 
Lactate and Oxidative Stress Biomarkers Following Acute 
Exercise. The open Sport Medicine Journal 2009. Vol. 3, 
44-48.

18.	 Sharkey, B.J. Kebugaran dan Kesehatan. Cetakan Kedua. 
Jakarta. Divisi Buku Sport PT Raja Grafindo Persada; 2012.

19.	 Darwis, D., Moenadjat, Y., Siregar, P., Aniwidyaningsih, 
W., Tambunan, V. Gangguan Keseimbangan Air, Elektrolit, 
dan Asam Basa. Jakarta. UPK-PKB – FKUI; 2007.

20.	 WHO. Data Sources and Methods. Geneva. Department 
of Health Statistics and Informatics World Health 
Organization; 2011.

21.	 Syaifuddin, H. Anatomi Fisiologi Untuk Keperawatan dan 
Kebidanan. Jakarta. Penerbit Buku Kedokteran EGC; 2012.

22.	 Menkes. Peraturan Menteri Kesehatan Republik Indonesia 
No: 1077/ MENKES/PER/2011 Tentang Pedoman 
Penyehatan Udara dalam Ruang Rumah. Jakarta; 2011.

23.	 Pocock, S.J. Clinical Trial: A Practical Approach. New 
York. A Willey Medical Publication; 2008.

24.	 WHO. Reference 2007 for Child and Adolescent. Geneva. 
WHO; 2007.

25.	 Burke, E.R. Panduan Lengkap Latihan Kebugaran di 
Rumah. Jakarta. Divisi Buku Sport PT Raja Grafindo 
Persada; 2001.

26.	 Kuntaraf, J., Kuntaraf, K.L. Olahraga Sumber Kesehatan. 
Cetakan Kesepuluh. Bandung. Percetakan Advent 
Indonesia; 2009.

27.	 Ganong, W. F. Buku Ajar Fisiologi Kedokteran, Edisi 22. 
Jakarta. Penerbit Buku Kedokteran EGC; 2012.

28.	 Hernawati. Produksi Asam Laktat pada Exercise Aerobik 
dan Anaerobik. Bandung. Jurusan Pendidikan Biologi F 
Mipa UPI; 2009

29.	 Sandi, N., Adiputra, N., Pangkahila, J.A., Adiatmika, P.G. 
Latihan Selama 2X30 Menit pada Kelembaban Relatif 40% 
Lebih Baik daripada Kelembaban Relatif 50% dan 60% 
dalam Memperlambat Pengeluaran Keringat. Denpasar: 
PS. Magister Fisiologi Olahraga Universitas Udayana; 
2015.

30.	 Sandi, N. Pengaruh Suhu dan Kelembaban Relatif Udara 
Terhadap Penampilan Fisik dalam Olahraga. Naskah 
Lengkap Seminar Nasional Integrasi Keanekaragaman 
Hayati dan Kebudayaan dalam Pembangunan 
Berkelanjutan. Denpasar 27 Nopember; 2014.

http://discoversys.ca/
http://batikyogya.wordpres.com
http://dx.doi.org/10.15562/bmj.v5i2.203


225Published by DiscoverSys | Bali Med J 2016; 5 (2): 221-225 | doi: 10.15562/bmj.v5i2.203

ORIGINAL ARTICLE

31.	 McArdle, W.D., Katch, F.I., Katch, V.L. Exercise Physiology: 
Nutrition, Energy, and Human Performance. Seventh 
Edition. Philadelphia: Lippincott Williams and Wilkins; 
2010.

32.	 Amazine. Penyebab Nyeri Otot: Bukan Karena Asam 
Laktat. [cited 2014 March, 27]. Available at: http://www.
berbagaihal.com/2012/01; 2012.

33.	 Brun, J.F., Micallef, J.F., Suprano, I., Rama, D., Benezis, C., 
Orsetti, A. Maximal Oxygen Uptake and Lactate 
Thresholds During Exercise Are Related to Blood Viscosity 

and Erythrocyte Aggregation in Professional Football 
Players. Journal of Clinical Hemorheology 1995. Vol.15. 
No. 2: 201-212.

This work is licensed under a Creative Commons Attribution

http://discoversys.ca/
http://www.berbagaihal.com/2012/01
http://www.berbagaihal.com/2012/01
http://dx.doi.org/10.15562/bmj.v5i2.203

