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Introduction

Competitive judo is a sport of high-intensity where 
athletes repeatedly push and pull each other in order 
to perform different techniques (throws, arm bars, 
chokes, pins…) [1, 2]. It has been acknowledged that 
judo is a difficult sport that requires a variety of 
unique traits in order to compete at a high level [3]. 
Strength and endurance of upper and lower body, 
anaerobic power, speed and trunk muscle functions 
are the most important factors for success in judo [4, 

5]. Furthermore, core stability may improve judo per-
formance because it will make it easier for the lower 
body to transmit forces to the upper body [6] during 
judo techniques and it can also improve balance con-
trol [7] which is essential for dealing with disturbanc-
es brought on by the opponent [1, 2].

Recovery of the organism is important due to the 
appearance of fatigue [8]. Fatigue can be compen-
sated by recovery and leads to the restoration of al-al-
lostatic balance of the organism by establishing re- balance of the organism by establishing re-
sources on the psychological and physiological level 
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Sažetak
Uvod. Cilj ove studije bio je da se utvrdi da li natrijum-bikarbonat 
utiče na nivo markera krvi nakon specifičnog džudo-testa kod vrhun-
skih džudista. Materijal i metode. Deset muških džudista (uzrast 20 
± 2,1 godina; telesna visina 180,18 ± 8,11 cm; telesna masa 85,24 ± 
23,17 kg; indeks telesne mase 25,2 ± 3,4 kg/m2) koji su majstori džudoa 
(nosioci crnog pojasa) sa najmanje 10 godina obuke i takmičarskog 
iskustva, pristali su da učestvuju u tekućem istraživanju. Rezultati. 
Rezultati ukazuju na to da postoji glavni vremenski efekat za sledeće 
varijable: urea, aspartat aminotransferaza, alanin aminotransferaza, 
kreatin kinaza, laktat dehidrogenaza, fosfat, magnezijum, kalcijum, 
natrijum, kalijum i hlor. Otkrili smo da su kreatin kinaza, visoko 
senzitivni C-reaktivni protein, natrijum i hlor bili značajno različiti u 
grupi sa natrijum bikarbonatom u poređenju sa placebo grupom nakon 
Special Judo Fitness Test. Zaključak. Glavni nalaz ove studije bio je 
da je natrijum bikarbonat (0,3 g kg−1) poboljšao oporavak u poređenju 
sa placebom kod vrhunskih džudista. Zbog toga bi treneri trebalo da 
razmotre uzimanje natrijum bikarbonata kako bi poboljšali oporavak 
sportista tokom borbe.
Ključne reči: natrijum bikarbonat; krv; fizički test; borilačke 
veštine; atletske performanse; oporavak funkcije
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[9]. It is very important to monitor the training load, recov-
ery and changes in psychological status in judo, in order 
to improve performance and avoid non-functional overload 
[10, 11]. In addition, it is documented that high-intensity 
physical exercises may lead to localized muscle damage 
and a significant increase in the levels of creatine kinase 
(CK), lactate dehydrogenase (LDH) and myoglobin build-
up after combat [12]. Also, significant increase in LDH 
and CK levels after strength training with a multiple series 
protocol is also present [13, 14]. Rapid weight loss is an-
other issue that has a negative impact on muscle damage 
in judo athletes leading to a significant decline in perform-
ance during competition [15]. Therefore, it is crucial to 
monitor the recovery of athletes in order to reduce these 
indicators of muscle damage in order to avoid them [12].

To enhance recovery during training and competi-
tion, judo athletes use various types of products, choco-
late milk [16], beta-alanine supplementation [17, 18], 
caffeine-containing energy drinks [19], caffeine [20, 21], 
and creatine [22]. The usage of sodium bicarbonate 
(NaHCO3) for recovery improves judo-related perform-
ance and blood lactate concentration [23, 24]. On the 
other hand, Šančić et al. showed that active recovery was 
better compared to NaHCO3 intake when lactic acid lev-
els were used to determine the recovery levels in judokas 
[25]. Although the mentioned studies have shown the 
positive effects on several markers of recovery in judo, 
to the best of the authors’ knowledge there were no stud-
ies that included blood markers. Therefore, the aim of 
this study was to determine whether NaHCO3 affects 
blood markers after a specific judo test in elite judokas.

Material and Methods

Ten male judokas, aged 20.1 ± 2.8 years, judo mas-
ters (black belt holders) with at least 10 years of train-
ing and competition experience, agreed to participate 
in the current research (Table 1). The inclusion criteria 
were male gender, age from 18 to 25 years, judo mas-

ters (black belt holders) with at least 10 years of train-
ing and competition experience, absence of diseases 
and injuries, and using no supplementation 2 months 
before the start of this study. The protocol of the study 
was approved by the Ethics Committee of the Faculty 
of Sport and Physical Education, University of Niš (04-
1847/2; November 26, 2020), in accordance with the 
International Ethical Guidelines. In addition, all par-
ticipants were informed about the protocol and gave 
their written consent to participate in the study.  

The study was a double-blind crossover trial with 
the order of treatments being randomly assigned. The 
washout period was 72 hours. All subjects received a 
dose of NaHCO3 (0.3 g/kg body weight) [24] or a pla-
cebo (Ringer’s solution) 120 minutes before the fa-
tigue caused by the Special Judo Fitness Test (SJFT) 
which was validated in high-level judokas [26].

Venous blood samples were taken before starting 
the training protocol, in the morning between 7 and 
8 a.m., and after an overnight 10-hour fasting. In the 
second phase of the experimental treatment, the acute 
effects of NaCO3 supplementation were investigated. 
At this stage, experimental group (N = 5) were sup-
plemented with NaCO3, while the control group (N = 
5) received placebo. After supplementation, the par-
ticipants had a “washout” period lasting 72 hours, 
after which the identical protocol was repeated in the 
same participants after they switched groups. The 
second blood sampling was done 5 minutes after the 
end of the SJFT, while the last blood collection was 
performed 30 minutes after the second one.

The SJFT was performed in the following order: two 
subjects (Uke) of the same weight category and similar 
height were positioned at 6 meters from each other, while 
the tested subject (Tori) was standing in the middle. At 
the timekeeper’s signal, the tested participant runs to one 
Uke, performs a throw and then does the same with the 
other Uke. The test consists of three parts: the first part 
lasts 15 seconds of throwing and 10 seconds of rest. The 
second part lasts 30 seconds of throwing and 10 seconds 
of rest. The third part lasts 30 seconds of throwing.

Immediately after the end of the third part, the heart 
rate (HR) was measured with a HR monitor (Polar 
Team System, Polar, Kempele, Finland) (after exercise) 
as well as after 60 seconds of rest (after recovery). The 
index was calculated by summing the results of the HR 
after the test and the HR after 60 seconds of recovery, 
which is related to the total number of throws (n).

Index = HR after the test + HR 1 min after the 
test/n

Measurements of anthropometric parameters 
(body height, body weight) were measured by an an- an-
thropometer and the bioelectrical impedance method 
(InBody 770) before testing. Blood analysis was per-
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Abbreviations
ALT – alanine transaminase 
AST – aspartate aminotransferase 
Ca – calcium
Cl – chloride 
CK – creatine kinase
hsCRP – high-sensitivity C-reactive protein 
K – potassium  
LDH – lactate dehydrogenase  
Mg – magnesium  
NaHCO3 – sodium bicarbonate
Na – sodium 
SJFT – Special Judo Fitness Test 
HR – heart rate

Table 1. Basic descriptive characteristics of the sample (mean ± SD)
Tabela 1. Bazična deskriptivna statistika uzorka (aritmetička sredina ± standardna devijacija

Age (years) 
Starost (godine)

Training background (years)
Godine treniranja (godine)

Body height (cm)
Telesna visina (cm)

Body mass (kg)
Telesna težina (kg)

Body fat (%)
Procenat masti (%)

Fat mass (kg)
Masti (kg)

20.1 ± 2.8 10.3 ± 1.2 180.2 ± 8.1 85.2 ± 23.1 12.8 ± 5.3 11.8 ± 8.6



formed before SJFT and two times after SFJT. Dur-
ing every time point, all subjects rated the perceived 
exertion on Borg’s scale.

Biochemical parameters were determined at the Fac-
ulty of Medical Science in Niš using standard routines 
and methods. Serum was used for biochemical analyses, 
and the blood count with the leukocyte formula was 
determined from whole blood. Test tubes with K2 
EDTA anticoagulant were used for blood sampling to 
determine the blood count, and for fibrinogen test tubes 
with citrate as an anticoagulant. Biochemical analyses 
were performed on a Beckman Coulter AU680 (Beck-
man Coulter, Brea, CA) biochemical analyzer, blood 
count on a Cell-Dyn Ruby hematology analyzer, and 
fibrinogen on a Thrombostat coagulometer (Throm-
bostat 1, Behnk Elektronik GmbH & Co, Germany). 
The following blood markers were taken for further 
analysis: uric acid, myoglobin, CK, LDH, aspartate-
aminotransferase (AST), high-sensitivity C-reactive 
protein (hsCRP), sodium (Na), magnesium (Mg) cal-(hsCRP), sodium (Na), magnesium (Mg) cal-), sodium (Na), magnesium (Mg) cal-
cium (Ca), potassium (K), chloride (Cl), phosphate.

To test the normality of the data, we applied the 
Shapiro-Wilk test. Additionally, the data were tested 

for homogeneity using Levene’s test. After that, a two-
way analysis of variance with repeated measurements 
was used with supplementation and time point as fac-
tors (supplementation × round). When necessary, a post 
hoc test was used to identify possible differences be-
tween conditions and time. For analysis of variance 
results, effect sizes were calculated using eta squared 
(η2), classified according to Cohen. The level of statis-
tical significance was set at p < 0.05. Statistical data 
processing was carried out in the statistical package 
IBM SPSS 24.

Results

Table 2 presents the results of uric acid, AST, ala- ala-
nine transaminase (ALT), CK, LDH, phosphate, hsCRP, 
Mg, Ca, Na, K and Cl measured in different periods of 
time. The results showed a significant main effect of time 
for the following variables:  uric acid (F = 44.7; p = 0.001; 
η2 = 0.87), AST (F = 8.5; p = 0.004; η2 = 0.55), ALT (F = 
9.01; p = 0.003; η2 = 0.56), CK (F = 8.4; p = 0.004; η2 = 
0.55), LDH (F = 10.0; p = 0.002; η2 = 0.59), hsCRP (F = 
21.7; p = 0.01; η2 = 0.55); phosphate (F =  49.1; p = 0.001; 
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Table 2. Blood marker levels following NaHCO3 or placebo
Tabela 2. Markeri krvi nakon NaHCO3 ili placeba

Variables/Varijable Group/Grupa 1 2 3
Uric acid (mmol/L)
Mokraćna kiselina

NaHCO3
Placebo 352.18 ± 53.94 347.78 ± 50.09*

345.82 ± 44.73*
448.75 ± 52.07*
444.07 ± 42.35*

AST (U/L) NaHCO3
Placebo 23.55 ± 5.97 31.12 ± 6.51*

28.64 ± 3.50*
30.75 ± 11.41
28.60 ± 6.27

ALT (IJ/l) NaHCO3
Placebo 15.82 ± 6.19 25.12 ± 10.95

21.27 ± 10.58
18.62 ± 10.10
19.30 ± 8.08

CK (U/L)† NaHCO3
Placebo 245.73 ± 107.84 338.37 ± 135.84*

395.00 ± 163. 19
271.80 ± 114.61
289.64 ± 105.19

LDH (U/L) NaHCO3
Placebo 369.18 ± 42.78 445.78 ± 52.10*

438.45 ± 55.46*
415.87 ± 106.76
435.70 ± 78.40

hsCRP (mg/L) † NaHCO3
Placebo 1.36 ± 1.48 1.60 ± 2.47

1.52 ± 2.56
0.48 ± 0.30*
0.75 ± 0.55*

Phosphate/Fosfat  
(mmol/1)

NaHCO3
Placebo 1.21 ± 0.15 1.46 ± 0.26*

1.51 ± 0.20*
0.89 ± 0.19*
1.15 ± 0.24*

Mg (mmol/1) NaHCO3
Placebo 0.77 ± 0.04 0.83 ± 0.06*

0.81 ± 0.05*
0.72 ± 0.08*
0.75 ± 0.05*

Ca (mmol/1) NaHCO3
Placebo 2.46 ± 0.08 2.64 ± 0.18*

2.65 ± 0.06*
2.42 ± 0.12*
2.61 ± 0.05*

Na (mmol/1)† NaHCO3
Placebo 138.82 ± 4.12 149.78 ± 8.00*

142.00 ± 3.19
141.25 ± 4.59*
142.50 ± 0.97

K (mmol/1) NaHCO3
Placebo 4.06 ± 0.21 3.54 ± 0.32*

3.66 ± 0.28*
3.85 ± 0.44
4.10 ± 0.25*

Cl (mmol/1)† NaHCO3
Placebo 100.27 ± 2.97 106.00 ± 5.36*

101.55 ± 2.62
99.12 ± 3.44*
102.30 ± 1.34

Myoglobin/Mioglobin 
(mcg/l)

NaHCO3
Placebo 84.43 ± 42.35 81.63 ± 22.85

74.77 ± 50.04
94.11 ± 24.14
92.07 ± 56.82

Legend: * - statistically significant differences within groups (p < 0.05); † - group x time interaction (p < 0.05); 1 - baseline; 2 - after SJFT (5 min.); 3 
- after SJFT (30 min.); NaHCO3 – sodium-bicarbonate; AST - aspartate aminotransferase; ALT - alanine transaminase; CK - creatine kinase; LDH - lactate 
dehydrogenase; hsCRP - high-sensitivity C-reactive protein; Mg – magnesium; Ca – calcium; Na – sodium; K – potassium; Cl – chloride
Legenda: * - statistički značajna razlika unutar grupa (p<0.05); † - grupa x vreme interakcija (p<0.05); 1 - inicijalno; 2 - nakon SJFT (5 min.); 3 - nakon 
SJFT (30 min.); NaHCO3 – natrijum bikarbonat; AST - aspartat aminotransferaza; ALT - alanin aminotransferaza; CK - kreatin kinaza; LDH - laktat 
dehidrogenaza; hsCRP – visoko senzitivni C-reaktivni protein; Mg – magnezijum; Ca – kalcijum; Na – natrijum; K – kalijum; Cl – hlorid
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η2 = 0.86), Mg (F = 8.7; p = 0.004; η2 = 0.55), Ca (F = 
12.4; p = 0.001; η2 = 0.64), Na (F = 7.8; p = 0.005; η2 = 
0.53), K (F = 9.2; p = 0.003; η2 = 0.57) and Cl (F = 4.23; 
p = 0.036; η2 = 0.38). Additionally, group x time interac-
tions were found for CK (F = 5.2; p = 0.02; η2 = 0.43), 
hsCRP (F = 3.9; p = 0.04; η2 = 0.64), Na (F = 5.3; p = 0.02; 
η2 = 0.43) and Cl (F = 6.3; p = 0.01; η2 = 0.47).

Discussion

The purpose of the present study was to inves-
tigate the effects of NaHCO3 ingestion on selected 
blood markers during SJFT. The main finding was 
that NaHCO3 (0.3 g/kg) improved recovery com-
pared to placebo in elite judokas. We found that 
CK, hsCRP, Na and Cl were significantly different 
in NaHCO3 group compared to placebo group after 
SJFT.

It is well known that quick recovery after intense 
physical activity has many benefits for athletes, such 
as improved performance and reduced possibility of 
overtraining [27]. Faster recovery is of crucial impor-
tance in judo as well as in other high-intensity combat 
sports [28, 29]. It is also known that high-intensity 
activities can have impact on acid-base balance, while 
further exercise-induced acidosis can negatively affect 
performance and athlete’s recovery [30]. In order to 
regulate exercise-induced metabolic acidosis, athletes 
often use various nutritional and pharmacological 
agents that affect pH values   in blood and muscles [23]. 
Mueller et al. [31] found that NaHCO3 supplementa-
tion is useful in reducing acidosis as well as improving 
sports performance. Several studies [23–25, 32] were 
conducted in order to determine if using NaHCO3 
helps in recovery of judokas. Artioli et al. [24] tried 
to determine the acute effects of NaHCO3, and found 
no improvements following the first two matches, 
while an improvement was noted in matches 3 and 4. 
There is a lack of studies dealing with blood markers 
and NaHCO3 supplementation in judokas, which 
would provide direct comparison and some significant 
conclusions. One research aimed to determine the ef-
fects of caffeine and NaHCO3 supplementation as well 
as the separate effects on recovery in judokas [32]. 
However, regarding biochemical markers, plasma lac-
tates were the only ones sampled, showing that the 
combination of supplements had the greatest impact 
on recovery. Potential stronger effects with combina-
tions of supplements were confirmed by a recent re-
view [33] showing a significantly greater ergogenic 
effect when combining NaHCO3 and beta-alanine 
compared to isolated intake of beta-alanine (Cohen’s 
d = 0.43 versus 0.24). 

It is believed that 3 successive judo matches may 
induce an increase in muscle damage markers, espe-
cially, serum CK and LDH [34]. Therefore, it is of great 
importance that in the current study CK was signifi-
cantly different in NaHCO3 group compared to placebo 
group after the SJFT. Moreover, it is also important to 
mention that serum CK and LDH reach their peak 24 
- 96 hours after the exercise [35]. We evaluated the 
recovery 30 minutes following the SFJT. Accordingly, 
it can be assumed that the difference may be even 
higher in the current study regarding CK levels. There-
fore, future studies should include additional testing the 
day after SFJT. 

The most recently published review article [36] 
showed that acute or chronic NaHCO3 supplementation 
is effective in improving certain variables of physical 
performance in combat sports. The authors also 
claimed that the positive effects are most often visible 
following the onset of fatigue. We found that NaHCO3 
intake was significantly more effective than placebo 
for CK, hsCRP, Na and Cl recovery. However, no ef- hsCRP, Na and Cl recovery. However, no ef-, Na and Cl recovery. However, no ef- Cl recovery. However, no ef- recovery. However, no ef-
fects were observed for any other outcomes in the cur-
rent study. The reason for this may be the training 
protocol or doses of NaHCO3 in this study. Although 
all judokas were high level athletes and trained at least 
ten years, variations among individuals with regard to 
the blood marker levels may be a possible explanation 
for these results.

The current study has some limitations. The main 
limitation is that some markers of muscle damage were 
not sampled 12 and 24 hours after muscle damage. It 
could be speculated that NaHCO3 supplementation 
would show significant effects compared to the placebo 
group. Moreover, the results should be applied only to 
male judokas since the study included only male athletes. 
The sample size was small. However, it is hard to find a 
larger sample size at this level of sport. In addition, of-
ficial combats should be used to evaluate NaHCO3 ef-
fects on blood markers. Nevertheless, this kind of studies 
are of great importance in judo as a predominantly 
anaerobic sport [37] having in mind that excessive phys-
ical load may lead to oxidative stress in athletes. 

Conclusion

The current study showed that sodium bicarbonate 
may lead to better recovery after a Special Judo Fit-
ness Test or combat simulation. This supports the fact 
that sodium bicarbonate ingestion is important to in-
crease glycolytic energy production and performance 
during a simulated judo combat. Therefore, coaches 
should consider sodium bicarbonate ingestion to im-
prove athlete recovery during combat.
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