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in elit mountain cyclists
Gürhan Suna, Kenan Işıldak, Ömer Cumhur Boyraz

Abstract. The aim of this study was to investigate the effects of sodium bicarbonate intake on the lactic acid, 
heart rate and aerobic performance in elite mountain cyclists. Ten cyclists, who were licensed, participated 
in the study between 20 and 23 years of age. In the study, 0,3 g/kg body weight dosage NaHCO3 substance 
was given orally by mixing 500 ml fruit juice 2 hours before the test. In order to see the Lactate Acid (LA) 
levels of the athletes, the ergonomics bicycle ergometer test was applied with the Monark brand 839E model 
ergometer. According to NaHCO3 intake status, Lactate Measurements, HR, Burnout Time and Distance 
traveled were recorded. The data obtained from the lactic acid studied in the study were analyzed by repeated 
measures ANOVA analysis technique in factorial order. In the determination of the difference between the 
athletes before and after the test, “in-group Paired t test” was applied. The significance level was evaluated 
according to “0,05” significance level. There was a statistically significant difference between the two groups 
of LA values before and after receiving NaHCO3 (p < 0,05). However, there was a more significant decrease in 
LA values after NaHCO3

+ administration. Comparing the NaHCO3 uptake status of the LA values before and 
after taking NaHCO3, no significant difference was found (p > 0,05), immediately after the end of the test and 
5 minutes after the end of the test (p < 0,05). In the present study, the comparison of HR, Burnout duration 
and distance data in NaHCO3 intake status showed that the performance after NaHCO3 was more significant 
and there was a statistically significant difference between the intake (p < 0,05). In conclusion, in our study, it 
was tested that lactic acid values of NaHCO3 group in lactic acid values were lower. From this point of view, 
we can say that the athletes taking NaHCO3 can tolerate lactic acid and perform their performances more.
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Introduction

Cycling is an Olympic sport for all ages. Its 
popularity is rapidly increasing and cycling is being 
used for different purposes almost everywhere in the 
world. In our country, professional road and moun-
tain bike races are rapidly gaining importance. Due to 
road and mountain bike sports contains high intensi-
ty, it plays a major role in improving the aerobic and  

anaerobic capacities of elite athletes. At the same time, 
it requires a high level of motoric properties such as 
force, flexibility, speed and endurance. For this reason, 
elite mountain bike athletes, as in every sports branch, 
should apply and organize their annual training pro-
grams, yearly, monthly, weekly and daily according to 
the targeted competition. Cycling training which is 
exercised approximately 6 days a week, should be sup-
ported with nutrition and rest. Race times can vary 
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from  approximately 80 to 130 minutes and the average 
Pulse values during the competition were observed to be 
150-200 beats/min (1). Mountain biking has very high 
values in terms of intensity and force. In the training 
program which is prepared by considering many data, 
pulse values, lactic acid, maxVo2, watt values come to 
the forefront. In high-density mountain biking, an-
aerobic capacity and explosive force are very important. 
The anaerobic-glycolysis system is widely used during 
the competition (2,3,4). The energy produced in this 
system leads to the formation of lactic acid, since ATP 
molecules are not completely broken into pieces (4,5,6). 
Lactic acid creates a burning sensation in the muscles 
(2,5,6). Lactic acid, which occurs in high-intensity exer-
cises, accumulates in the muscles and lowers the pH val-
ue in the cell and blood and makes muscle contraction 
difficult (7). There are several ways to absorb the lactic 
acid. Some of these are found in muscle fibrils and in-
clude protein, phosphate, bicarbonate, amino acid and 
peptide (8). The bicarbonate ion is known as a natural 
nutrient that forms acid-base balance in the body. In 
intensive exercises, 15–18% of the lactic acid tolerance 
capacity depends on the bicarbonate system (9). When 
the bicarbonate is taken from the outside before the 
exercise, such effects as delaying fatigue and increasing 
the performance were observed on the athletes. Shortly, 
bicarbonate is food taken in order to increase the perfor-
mance of the athlete (10).

The aim of this study is to investigate the effect 
of sodium bicarbonate intake on lactic acid, heart rate 
and aerobic performance in elite mountain cyclists.

Material and Method

Ten licensed cyclists participated in the study. The 
ages of the cyclists are between 20–23 years. Personal 
information and findings obtained during and after the 
study will be kept strictly confidential. “Informed con-
sent form” was obtained from athletes willing to par-
ticipate voluntarily. Permission required for the study 
was obtained from the ethics committee of Süleyman 
Demirel University.

Body Weight Measurement: Weight measurement 
was weighed with SECA brand electronic scales with 
a sensitivity of 0,5 kg, athletes wearing only shorts and 
t-shirts with bare feet.

Height Measurement: Height measured with SECA 
brand device with bare feet.

Maximum Heart Rate Measurement: Heart rate is 
done with POLAR brand pulse clock and maximum 
pulse values after the test were checked and recorded.

Lactic Acid (LA) and Conconi Tests (Increased Aerobic 
Test): To see the athletes’ lactate levels, Monark brand 
Ergomedic 839 E model bicycle ergometer and aerobic 
bicycle ergometer test was applied. Lactate measure-
ments were made from the middle fingertip with the 
Lactate Scout device. Before the test, the lactate values 
were taken from the athletes at rest. The test was then 
started at 50 watts, and the test was continued by increas-
ing 50 watts every 2 minutes. The test continued until the 
athlete was able to continue. Lactate acid measurement 
was performed immediately after the test and 5 minutes 
after the test, the values were noted. Second tests were 
performed 48 hours after the first test.

Administration of Sodium Bicarbonate to Athletes: In 
the study, 0,3 g/kg body weight dosage NaHCO3 sub-
stance was given to athletes orally by mixing with 500 ml 
of juice 2 hours before the test.

Data Analysis: Demographic characteristics of the 
cyclists were summarized by descriptive statistics with 
minimum, maximum, x- (Arithmetic Mean) and SD 
(Standard Deviation). In this study, the data obtained 
from the mentioned lactic acid were analyzed by repeated 
measures ANOVA technique in factorial order. In the 
study, two levels were analyzed as group factors before 
and after taking bicarbonate, and the time factor was ana-
lyzed in three levels: pre-test, just after the test and 5 min-
utes after the test. In order to determine the difference 
between the athletes before and after the test, “Paired test 
within the group” was applied. The significance level was 
evaluated according to the “0,05” importance level.

Findings

Minimum Maximum x- Sd

Age (years) 20,00 23,00 21,50 1,04

Height (cm) 168,00 182,00 175,50 4,63

Body Weight (kg) 60,00 82,00 69,00 9,16

Sport age (years) 5,00 10,00 7,83 1,94

BMI (kg/m2) 19,80 26,50 22,35 2,36

Table 1. Descriptive Statistical Analysis of Demographic 
Information of Cyclists
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NaHCO3

Intake Times
LA Intake Times x- Sd F p

LA (mmol)

NaHCO3
–

Before Test 2,07 ,42

87,488 ,000*Immediately After Testing 12,82 2,49

5 min After Testing 9,80 1,96

NaHCO3
+

  
Before Test 2,14 ,26

53,153 ,000*Immediately After Testing 11,06 2,73

5 min After Testing 8,20 2,46

*p < 0,05

Table 2. Results of Multiple Comparison Analysis of LA Values before and after Taking NaHCO3

LA Intake Times NaHCO3

Take  Situations
x- Sd t p

LA (mmol)

Before Test NaHCO3– 2,07 ,42
-,539 ,613

NaHCO3+ 2,14 ,26

 Immediately After Testing NaHCO3– 12,82 2,49
5,549 ,003*

NaHCO3+ 11,06 2,73

5 min After Testing NaHCO3– 9,80 1,96
4,532 ,006*

NaHCO3+ 8,20 2,46

*p < 0,05

Table 3. Comparison of LA Values before and after Taking NaHCO3 

NaHCO3 

Take  Situations
x- Sd t p

Maximum Heart Rate (volum/min) NaHCO3
– 187 11,52 -4,031 ,010*

NaHCO3
+ 192,83 10,6

Burnout time (min) NaHCO3
– 11 1 -5,850 ,002*

NaHCO3
+ 12,23 1,41

Distance  traveled (km) NaHCO3
– 6,9 ,53 -7,008 ,001*

NaHCO3
+ 7,5 ,71

*p < 0,05

Table 4. Comparison of Maximum HR, Burnout Time and Distance Traveled Values before and after Taking NaHCO3 

Discussion

Multiple comparison analysis of the 
LA values before and after NaHCO3 intake 
showed a statistically significant difference at 
both times (p < 0,05). However, after taking 
NaHCO3, LA values decreased more signifi-
cantly. Looking at the results of the comparison 

analysis of the NaHCO3 uptake status of the 
LA values before and after NaHCO3 intake, 
while there was no significant difference before 
the test (p > 0,05), a significant difference was 
found immediately after the end of the test and  
5 minutes after the end of the test (p < 0,05). 
After increased loading exercise, faster lactic 
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acid tolerance was observed in the group receiv-
ing NaHCO3 immediately after the test and 
5 minutes after the test. In our study, it was 
concluded that lactic acid levels were higher in 
persons receiving NaHCO3 dietary supplemen-
tation and were in the same direction as other 
studies in the literature.

Cicioglu et al. (10) in the study of the effects 
of NaHCO3 taken at different doses with 125% of 
VO2 Max supramaximal exercise performance and 
blood pH, La and HC03 - In all three trials, placebo 
(1,92 ± 1,09 mmol), D1 (1,5 ± 0,30 mmol), and D2 
(1,83 ± 1) in lactic acid (La) values before exercise (pla-
cebo-D1-D2) 0,98 mmol/L) they did not find a signif-
icant difference in the study (p > 0,01). In this study, to 
examine the LA buffering of bicarbonate, the amount 
of La at the end of the placebo trial was compared with 
the amount of La at the same time as the blood taken 
during the trials equal to the end of the placebo trial 
during the D1 and D2 trials and the placebo La value 
at this time was 11,28 ± 2,15 mmol/L, D1 value was 
9,62 ± 1,40 mmol/L and D2 value was determined as 
11,01 ± 2,39 mmol/L. Although there was no statisti-
cally significant difference between the measurements 
(p > 0,01), the D1 trial was reported to be 1,66 mmol/L 
lower than the placebo trial. It has been reported that 
alkaline substances taken before anaerobic exercise 
will increase the alcoholysis in the indoor environment 
and will help the excretion of La from the working 
muscles and thus delay fatigue and increase perfor-
mance (11,12,13,14). The lowest amount of HLa after 
exercise was found to be 11,96 ± 2,03 mmol/L in the 
placebo group, 16,54 ± 1,62 mmol/L in the D1 trial 
and 15,96 ± 3,05 mmol/L in the D2 trial (10).  In this 
study, the increase in blood La concentration in exer-
cise with bicarbonate intake, similar to some research 
done on this subject, while in some studies in alkalytic 
conditions blood NaHCO3, despite the significant in-
crease in muscle and blood pH values, and it shows 
that blood and muscle La values are in contrast with 
the results that there is no difference between bicarbo-
nate and placebo trials (15,16). 

Turna et al. (17) reported that as a result of com-
parison in pre and post-test values resting and maximal 
lactate level of athletes, differences were found to be sta-
tistically significant (p < 0.05). In the study of Koca et al. 

(18) reported that NaHCO3 reduces blood lactate levels 
of individuals, but does not have an effect on lactate lev-
els at different heights. There is a decrease in bicarbo-
nate levels in the body during exercise compared to the 
severity of exercise, and this level returns back within 
3-5 minutes following the end of exercise (19). In other 
words, prolonging the duration of exercise at the maxi-
mum intensity or delaying the occurrence of fatigue is 
in a sense delaying the reduction of NaHCO3 levels in 
the body during exercise. In other researches, the effect 
of bicarbonate on short-term exercise was examined by 
giving NaHCO3 at doses between 100 mg/kg and 300 
mg/kg to active athletes in different branches. Gao et 
al. (11), in a study on swimmers; While NaHCO3 has a 
positive effect on athletes’ performance, other research-
ers have shown a similar effects on cyclists, rowers and 
400 m runners (20,21,22). The researchers suggest that 
NaHCO3 has a positive effect on short-term intensity 
by removing H+ from the working tissue, lowering the 
intercellular Ph level and preventing excessive fatigue. 
Therefore, additional NaHCO3 decreases the increased 
level of lactate in the blood, which adversely affects the 
athlete’s performance. Similarly, Kozak et al. (23) found 
that NaHCO3 had no effect on athletes’ performance 
in trained cyclists living at an altitude of 2957 m. Blood 
lactate levels in untrained individuals vary between 9-12 
mmol/L, while in trained individuals these values may 
increase to 12-22 mmol/L (24).

As a result of the present study, MaxHR, burnout 
time, and distance traveled in NaHCO3 intake cases, 
the performance after taking NaHCO3 was found to 
be more significant and there was a statistically signifi-
cant difference between intake (p < 0,05).

Ostariz et al. (25) in the study conducted on cy-
clists have determined resting pulses 58 ± 8 before the 
race and 86 ± 11 beats/min after the race. Campos et al. 
(26) in the similar study, have determined resting pulses 
HRR (bpm) 41,9 ± 12,8 beats / min. Stapelfeldt et al. 
(27) found that the number of heart beats they found to 
be relatively stable during the race was 177 ± 6. Robinson 
et al. (28), it was determined as 169,9 ± 38,8 watts in the 
pre-test and 192,9 ± 39,09 watts in the post-test in the 
working group. Senel et al. (29), the resting pulse values 
of the subjects were found to be 58,85 ± 6,41 beats/min, 
systolic blood pressures were 93,71 ± 10,57 mmHg and 
diastole blood pressures were 66,71 ± 7,67 mmHg.
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Cruz et al. (30) in their study found that the max-
imal pulse values of the subjects were 179,75 ± 5,18 
beats/min between 6-8 hours in the morning, while 
the maximal pulse values were 181,25 ± 8,71 beats/min 
in the evening between 6-8 hours. When compared 
with the literature, the values of the elite mountain cy-
clists in our study are similar.

Laursen et al. (31), in their study named inter-
val training program optimization,   have examined 4 
groups of highly trained endurance cyclists. 1st Group 
had 8 intervals at 60% of intensity, 2nd Group had 8 in-
tervals at 65%  of intensity, 3th Group observed a pulse 
recovery time of 4,5 minutes in a high-intensity test at 
175% intensity, 30 seconds, 12 repetitions. The fourth 
group is the control group which regularly applies low-
intensity basic training programs. MaxHR, G1, and G2 
were 194 ± 14, G3 was 193 ± 7, and G4 was 189 ± 8, 
respectively. The reason for the similarity in MaxHR in 
this study can be explained as the high value of MaxHR 
depending on the training load applied in the study.

Results

In conclusion, in our study, it is found that Lac-
tic Acid values of the group receiving NaHCO3 have 
lower Lactic Acid values. Based on this, we can say 
that athletes taking NaHCO3 tolerate Lactic Acid 
and can perform their performances more. The aver-
age burnout time of athletes receiving NaHCO3 is 1: 
23 min longer. In our study, we can suggest increase 
the number of cylists into more groups and examining 
the effects of NaHCO3 in more detail. In order to ob-
serve gender differences, we recommend that women 
athletes be included in the study. We think that the 
lactic acid levels will be monitored during the loading 
and the anaerobic threshold will be determined and 
the athlete will contribute to the performance develop-
ment. The post-training effects of NaHCO3 can also 
be examined. Within the scope of this information, 
we think that it will be beneficial for Turkish cycling 
athletes to increase their performance and gain suc-
cess with training and test programs implemented in 
longer periods. We hope that the results of the data 
obtained in our research will shed light on future stud-
ies in this field.

References

 1. Jeukendrup A, Diemen AV. Heart rate monitoring during 
training and competition in cyclists. Journal of Sports Sci-
ences 1998;16(sup1): 91–99.

 2. Akgün N. Egzersiz fizyolojisi, GSGM Yayınları, Ankara, 
1993;82. (in Turkish)

 3. Fox EL, Bowers RW, Foss ML. The physiological basis of 
physical education and athletics. 4th Ed., Saunders College 
Publishing, New York; 1988.

 4. Tamer K. Sporda Fiziksel, fizyolojik performansın ölçülm-
esi ve değerlendirilmesi. Türkerler Kitabevi, Ankara, 1995; 
p:110–112. (in Turkish)

 5. Costil DL, Verstappen F, Kuipers H, Janssen E, Fink W. 
(1984). Acit- base balance during repeated bouts of exercise: 
influence of hc03. Int. J. Sports Med 1984;5:228–231.

 6. Goldfinch J, Mc Maughton L, Davies P. Induced metabolic 
alkalosis on endurance running on ıntensive corresponding 
to 4 nm blood lactate. Ergonomics 1988;31(11):1639–1645.

 7. Kinderman W, Keul J, Huber G. Physical exercise after 
ınduced alkalosis (Bicarbonate of Tris-Buffer). Eur. J. Appl. 
Physiol 1997;37(3):197–204.

 8. Babalık A. Bikarbonat yüklemenin yüksek yoğunluktaki 
egzersiz performansına etkisi. M.Ü., Sağlık Bilimleri En-
stitüsü Beden Eğitimi ve Spor Anabilim Dalı, Doktora 
Tezi, 1991, İstanbul. (in Turkish)

 9. Sahlin K, Alvestrand A, Brandt R, Hultman E. Acit-base 
balance in blood during exhaus  tive bicycle exercise and 
following recovery period. Acta Physiol. Scand. 1978:104; 
370–372.

10. Cicioğlu İ, Tamer K, Çevik C, Düzgün E. (2001). Farklı 
dozlarda sodyum bikarbonat alımının yoğun egzersiz per-
formansına etkisi. Gazi Beden Eğitimi ve Spor Bilimleri 
Dergisi 2001;6(1):41–52. (in Turkish)

11. Gao J, Costill DL, Hoswill OA, Park SH. Sodium bicar-
bonate ıngestion ımproves performance in ınterval swim-
ming. European Journal of Applied Physiology 1988;58: 
171–174.

12. George KP, Maclaren DPM. (1988). The effect of ınduced 
alkalosis and acidosis on endurance running at an ıntensity 
corresponding to 4 mm blood lactate. Ergonomics, 1988; 
31(11 ):1639–1645.

13. Maclaren DPM, Morgan GD. Effects of sodium bicarbo-
nate ingestion on maximal exercise. Proceedings of the Nu-
tritional Society, 1985;44: 26A.

14. Mainwood GW, Warsley-Brown P. The effects of extra-
cellular ph and buffer concentration on the efflux of lactate 
from frog sartorius muscle. Journal of Physiology 1975;250: 
1–22.

15. Tiryaki, G. The effects of sodium bicarbonate and citrate on 
600 n running performans of trained females. Unpublished 
Doctoral Dissertation, The University of New Mexico. 
1990.

16. Verbitsky O, Mizrahi J, Levin M, Isakov E. Effect of  
ingested sodium bicarbonate on muscle force, fatique and 
recovery, J. Appl. Physiol. 1997;83(2): 333–337. 



Investigation of the effects of sodium bicarbonate intake on the lactic acid, heart rates and aerobic performance in elit mountain cyclists 631

17. Turna B, Yavuz SC, Alp M, Işıldak K. Effects of interval 
sprint trainings on lactate level and heart rate. Journal of 
Human Sciences, 2017;14(2):1435–1440.

18. Koca F, Süer C, Erol E. Sodyum bikarbonat alımının farkli 
yüksekliklerde yapilan yoğun anaerobik egzersizlere ergo-
jenik etkisi. Sağlık Bilimleri Dergisi 2004;13(2):39–45. 
(in Turkish)

19. Webster MJ, Webster MN, Crowford RE, et al. Effect of 
sodium bicarbonate ingestion on exhaustive resistance ex-
ercise performance. Med Sci in Sports and Excer 1993;25: 
960–965.

20. Mc Naughton L, Dalton B, Palmer G. Sodium bicarbonate 
can be used as an ergogenic aid in high intensity, competi-
tive cycle ergometry of I h duration. Eur J Appl Physiol Oc-
cup Physiol 1999;80: 64–69. 

21. Webster MJ, Webster MN, Crawfort RE, Gladdenl B. Ef-
fect of sodium bicarbonate ingestion on exhaustive resist-
ance performance. Med Sci Sports Exer 1993;25:960–965.

22. Stainsb YWN, Brooks GA. Control of lactic acid metabo-
lism in contracting skeletal muscles and during exercise. Exe 
and Sport Sci Rev 1990;18:29–63.

23. Kozak K, Collins K, Edmond R, et al. Sodium bicarbonate 
ingestion does not improve performance in women cyclists. 
Med Sci Sports Exerc 1994;26:1510–1515.

24. Tiryaki GR, Atterbom HA. The effect of sodium bicarbo-
nate and sodium citrate on 600 running time of trained fe-
males. J Sports Med Phys Fit 1995;35:194–198.

25. Ostariz ES, Ramón ML, Arroyos DC, Álvarez SI, Edo 
PC, Sahún CB, Arrese AL. Post-exercise left ventricular 
dysfunction measured after a long-duration cycling event. 
BMC Res Notes, 2013;6(1):211.

26. Campos EZ, Bastos FN, Papoti M, Freitas Junior IF, Go-
batto CA, Balikian Junior P. The effects of physical fitness 
and body composition on oxygen consumption and heart 
rate recovery after high-intensity exercise. Int J Sports Med 
2012;33(8):621–626.

27. Stapelfeldt B, Schwirtz A, Schumacher YO, Hillebrecht M. 
Work load demands in mountain bike racing. Int J Sports 
Med 2004;25(4);294–300.

28. Robinson ME, Plasschaert J, Kisaalita NR. Effects of high 
intensity training by heart rate or power in recreational cy-
clists. J Sports Sci Med 2011;10(3):498–501.
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