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Effects of Nutritional Supplements on Judo-Related Performance:
A Review

Leonardo Simoncinil, Angel Lago-Rodriguez?, Alvaro Lopez-Samanes?,
Alberto Pérez-Lopez?, Raul Dominguez® ¢ 7

The potential ergogenic effect of nutritional supplements depends on their dosage and the type of exercise
executed. Aiming at reviewing the research literature regarding sport supplements utilized in judo in order to improve
performance, a literature search was performed at the following databases: Dialnet, PubMed, Scielo, Scopus and
SportDiscus. A total of 11 articles met the inclusion criteria and were selected. Evidence revised indicates that
supplementation with caffeine, f-alanine, sodium bicarbonate, creatine, and B-hydroxy-p-methylbutyrate has a positive
effect on judo-related performance. Moreover, there is evidence suggesting that combining some of these nutritional

supplements may produce an additive effect.
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Introduction

Judo is an Olympic combat sport in which
athletes  perform  multiple  high-intensity
intermittent efforts aiming at either throwing their
opponent to the ground or controlling him/her in
groundwork through pin or submission
(Franchini et al.,, 2014). Judo combats conclude
when an ippon (perfect throw) is achieved or
when the combat time is fulfilled (4 min according
to the International Judo Federation). Judo
combats have mean duration of ~3 min, during
which efforts of ~30 s are interspersed with ~10 s
of rest intervals; thus, having the activity-to-rest
ratio of 2:1 or 3:1 (Franchini et al., 2013).
Moreover, due to the specific organization of
judo’s tournaments, athletes need to perform
several combats during the same day, with
recovery time among combats varying from few
minutes to several hours (Artioli et al., 2010b).

Body mass and body composition have
been associated with higher performance in judo
(Kim et al., 2011). Also, higher relative bone mass
and a larger percentage of muscle mass are
associated with greater judo-specific performance
test results (Casals et al., 2017). Thus, in order to
ensure similar levels of agility, strength, and
power between opponents, judo athletes are
grouped into seven weight categories (Artioli et
al., 2010a; Franchini et al., 2011). Judokas aware of
the advantage of competing against lighter,
smaller, and weaker opponents, implement
strategies to reduce their body mass before the
competition (Artioli et al., 2010a).

As in most combat sports, technique and
physical fitness play a crucial role in judo
performance. Particularly, both the aerobic and
anaerobic systems are required during judo
combats. Strength and power are essential to
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execute effective judo techniques, whereas the
aerobic capacity allows athletes to recover both
between combats and particular efforts
accomplished within a combat (Franchini et al.,
2013). Due to the high-intensity intermittent
efforts that judokas perform during a combat,
with the activity-to-rest ratio between 2:1 and 3:1,
it is reasonable to suggest that ATP availability is
mainly facilitated by phosphocreatine (PCr) and
glycolysis.

It should be noted that only 70% of
phosphocreatine stores are replenished during the
initial 30 s of recovery intervals, needing from 3 to
5 minutes to achieve a complete restoration
(Tomlin and Wenger, 2001). Considering that
judokas have brief recovery periods of ~10 s of
duration within bouts (Franchini et al., 2013), it is
reasonable to suggest that phosphocreatine
depletion is a limiting factor of performance in
judo. Furthermore, decreased pH levels that
follow an increased production of H+ ions,
resulting from the central contribution of the
glycolytic metabolism in judo (Franchini et al.,
2011) may also compromise judo-related
performance (Artioli et al., 2010a).

Performance in high-level competitive
sports is so balanced that small differences have
been shown to determine an athlete’s chances of
winning. Thus, many athletes consume dietary
supplements aiming to  optimize their
performance, especially among elite athletes
(Huang et al., 2006). It has been established that
elite athletes consume dietary supplements with
the objective to: i) increase power; ii) prevent
nutritional deficits; iii) maintain health condition;
iv) prevent from injuries; and v) improve sport
performance (Maughan et al., 2018).

High quality scientific evidence for the
improvement of sport performance has only been
reported for the following dietary supplements
(Maughan et al, 2018): caffeine, creatine, [3-
alanine, sodium bicarbonate (NaHCO3), and
beetroot juice/nitrate. However, the potential
ergogenic effect of these dietary supplements is
associated with the practice of a specific sport
modality, since it is conditioned by the type of
effort executed (Lopez-Gonzadlez et al., 2018). To
the best of the authors’ knowledge, no previous
literature review has addressed the effects of
nutritional supplementation on judo-related
performance. Therefore, this study aimed at
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examining research literature evaluating the
effects of different types of nutritional
supplements on performance of judo athletes.

Methods

The literature search was carried out in
the following databases: Dialnet, Pubmed, Scielo,
Scopus and SportDiscus. The search was limited to
articles published between 2010 and January 8t,
2019. The search strategy used was (concept 1)
(judo OR judoka OR “combat Sports”) AND
(concept 2) (supplement* OR nutr* OR “ergogenic
aid”).

The title and abstract of every document
resulting from the search strategy were read, and
duplicates were discarded. Articles that did not
present original interventions were also excluded,
and only articles written in English, Spanish or
Portuguese were included.

A series of exclusion criteria were then
applied, rejecting animal studies, research
conducted “in vitro” or with cell cultures, studies
that did not include an  ergogenic
supplementation protocol and a comparison with
a placebo condition, studies conducted on
samples that did not include judokas, and studies
where no judo-related performance variable was
registered.

Results

A total of 400 articles were identified by
the initial search. After excluding duplicates (n =
276), articles written in a language different from
English, Spanish or Portuguese, and those which
presented non-original experimental studies (i.e.:
patents, books, editorials, congress abstracts and
presentations, reviews and meta-analysis), a total
of 236 documents were potentially eligible for this
review (Figure 1).

After reading each of these 236 articles
and applying the exclusion criteria, a total of 12
articles were finally selected for review (Artioli et
al., 2007; Astley et al., 2017; de Andrade Kratz et
al., 2017; Durkalec-Michalski et al., 2017; Felippe
et al., 2016; Hung et al., 2010; Lopes-Silva et al.,
2014; Lopez-Grueso et al., 2014; Souissi et al.,
2012, 2015; Sterkowicz et al., 2012; Tobias et al.,
2013) (Figure 1). However, one article was later
excluded, since no p-values were specified for
each of the performed statistical tests (Lopez-
Grueso et al., 2014).
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Table 1a
Summary of significant results reported by studies evaluating the ergogenic effects
of Caffeine and p-alanine on performance in judo athletes.
Cite Sample Supplementation Performance test Results
protocol
Caffeine

Astley  Teen- EC1: 4 mg/kg CAFF SJFT EC1 increased TNT compared to EC2
etal. judokas (60 min before test) (+31%; 29.0 £2.6 vs. 22.1 + 3.4; p < 0.01)
(2017)  competing EC2: PLAC EC1 reduced SJFT index compared to EC2

at the (-22%; 12.2 £ 0.5 vs. 15.7 £ 0.9; p < 0.001)
national EC1 reduced RPE compared to EC2 (-15;
level 7.0+0.1.1vs. 8.2 +£2.0; p <0.05)

(n=18)

Lopes-  Experienc  ECl: 6 mg/kg CAFF 3 x SJFT (5-min No significant differences between
Silva ed (60 min before test) recovery period) experimental conditions were found for
etal.  judokas ingested  after the the performance variables.

(2014)  (n=6) weight loss protocol

EC2: PLAC ingested
after the weight loss
protocol

EC3:  control (no
supplementation; no
weight loss)

Souissi  Elite ECl: 5 mg/kg CAFF Simple reaction ECI1 reduced reaction time compared to
etal. judokas (60 min before test) time test EC2 (-13%; 0.26 + 0.03 vs. 0.3 + 0.03 ms; p <
(2012)  (n=10) EC2: PLAC Wingate test 0.05)

Souissi  Elite EC1: 5 mg/kg CAFF Simple reaction ECI significantly reduced simple reaction
etal. judokas (60 min before test) time test time compared to EC2 (-12%; 0.30 + 0.04
(2015)  (n=12) EC2: PLAC Wingate test vs. 0.34 +0.03 ms; p <0.001)

Wingate Test:
- Whpeak significantly increased at EC1
compared to EC2 (+8%11.01 + 2.46 vs.
10.21 +2.61 W-kg?; p <0.001)
- Wayg significantly increased at EC1
compared to EC2 (+7%; 7.88 + 0.9 vs. 7.36 +
1.25 W-kg; p < 0.05)
B-alanine
De Judokas at 4 weeks of 3 x SJFT (pre- - EGI increased TNT at post compared to
Andra  the supplementation and post-  pre (~8%; ~79.0 vs. ~72.9; p < 0.001).

de national EGl: 16 g p- supplementation - TNT was larger at post for EGI1

Kratz  and alanine/day (n=12) ) compared to EG2 (~10%; ~79.0 vs. ~71.5; p
etal. internatio = EG2: PLAC (n=11) <0.05)

(2017) nal level - EGI increased NT at post compared to

(n=23) pre, at SJFT1 (~8%; ~27.1 vs. ~25.1; p <

0.001), SJFT2 (~8%; ~26.1 vs. ~24.1; p <
0.001), and SJFT3 (~9%; ~25.8 vs. ~23.7; p <
0.001)
- Between-group (EG1 vs. EG2) differences
at post were found for NT at SJFT1 (~13%;
~27.1 vs. ~24.0; p < 0.05) and SJFT3 (~10%;
~25.8 vs. ~23.5; p <0.05).

CAFF: caffeine; EC: experimental condition; EG: experimental group; min: minutes; NT: number of throws;

PLAC: placebo; RPE: rate of perceived exertion; SJFT: special judo fitness test; TNT: total number of throws;

Wiwg: average power; Wyeak: peak power. Only significant results (p < 0.05) have been reported in this table.

© Editorial Committee of Journal of Human Kinetics
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Table 1b

Summary of significant results reported by studies evaluating the ergogenic effects of NaHCOs,
Creatine, and HMB on performance in judo athletes.

NaHCOs
Artiolietal. Judokas at ECI: 300 mg/kg NaHCOs 3 x SJFT EC1 increased TNT compared to EC2 (5%; 82.1
(2007) (1st the national (120 min before testing) vs. 78.1; p <0.01)
protocol) and EC2: PLAC EC1 increased TNT compared to EC2 at SJFT2
internationa (6%; 27.4 vs. 25.9; p < 0.05) and SJFT3 (5%; 27.0 vs.
1level (n=9) 25.6; p <0.05)
Artiolietal. Judokas at ECI: 300 mg/kg NaHCOs 4 bouts of the Wingate 3: EC1 increased Wavg compared to EC2
(2007) (24 the national (120 before testing) Wingate test for the  (~10%; ~3.4 vs. ~3.1 W/kg; p < 0.05)
protocol) and EC2: PLAC upper-limbs Wingate 4: EC1 increased Wavg compared to EC2
internationa (~14%; ~3.3 vs. ~2.9 W/kg; p < 0.05); EC1 increased
1 level Wheak compared to EC2 (~14%; ~5.1 vs. ~4.3 W/kg;
(n=14) p <0.05)
Creatine
Sterkowicz ~ Experienced 6 weeks of Pre- and post- Modified Wingate Test:
etal. (2012)  judokas supplementation: supplementation: Time to reach Wpeak: CE1 decreased (-7.8%; 3.68 +
(n=10) EC1: 0.07g*kg*LBM/day - SJFT 0.77 vs. 3.99 + 0.71 s; p < 0.05) and CE2 decreased
creatine - Modified Wingate  (-7.3%; 3.42 vs. 3.69 s; p < 0.05)
EC2: PLAC Test Fatigue index: CEl1 post was lower, when
- Graded exercise compared to CE2 post (-15.8%; 41.0 + 2.9 vs. 48.7
test +5.1;, p<0.05)
- Body composition
HMB
Durkalec- Experienced 12 weeks of Pre- and post- Wingate Test:
Michalskiet  judokas supplementation with 10- supplementatio - EC1 significantly increased Wavg at post compared
al. (2017) (n=12), day washout period n: to pre (4%; 653 + 108 vs. 628 + 109 W; p < 0.05)
wrestlers between - Wingate Test - EC1 significantly increased Whpeak at post
(n=13), and supplementations: -Incremental compared to pre (11%; 998 + 197 vs. 901 + 197 W; p <
Brazilian EC1:3x1 g/day HMB progressive 0.01)
jiu-jitsu EC2: PLAC cycle ergometer - EC1 significantly decreased time to Wpeak at post
athletes test compared to pre (21%; 2.36 + 1.06 vs. 2.98 + 2.01 s; p
(n=17) <0.01)
Incremental progressive cycle ergometer test:
- EC1 significantly increased Tvr compared to EC2
(+59s vs. -25s; p < 0.0001)
- EC1 significantly increased Wvr compared to EC2
(+15W vs. -6W; p <0.05)
- EC1 significantly increased HRvr compared to
EC2 (+7bpm vs. -2 bpm; p < 0.0001)
Body composition:
- EC1 significantly increased FFM compared to EC2
(+0.8 kg vs. -0.6 kg; p <0.05)
- EC1 significantly reduced FM compared to EC2 (-
0.8 kg vs. +0.7 kg; p <0.05)
Hung et al. Female EC1:3x 1 g/day HMB - Body Body composition:

(2010) judokas at EC2:PLAC composition - EC1 significantly decreased body weight (-1.8%;
the national - Wingate Test 57.3 + 2.4 vs. 56.2 + 2.2 kg) and %FM (-4.2%; 20.2 +
and - Intermittent 2.1 vs. 19.4 + 1.9%) at post-test, compared with pre-
internationa grip test (7 sets test
llevel (n=8) x 30 s hand all-

outgrip+10s
recovery)

%FEM: fat mass percentage; EC: experimental condition; FFM: fat free mass; HMB: p-hydroxy-p-methylbutyrate;
HRvr: heart rate at the ventilatory threshold; min: minutes; NaHCO3: sodium bicarbonate; PLAC: placebo;
s: seconds; SJFT: special judo fitness test; TNT: total number of throws; Tvr: time to reach the ventilatory threshold;
Wavg: average power; Wyeak: peak power; Wvr: load at ventilatory threshold. Only significant results (p < 0.05)
have been reported in this table.
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Table 1c

Summary of significant results reported by studies evaluating the ergogenic effects of combined
Caffeine + NaHCQOs, and combined B-alanine + NaHCOs on performance in judo athletes.

EG4:4x 1.6 g PLAC +
500 mg/kg/day PLAC
(for 7 last
supplementation
days; n=9)

Caffeine + NaHCOs
Felippe et Experienced ECl: 6 mg/kg CAFF -3 xSJFT Total throws:
al. (2016) male judokas (60 min before - EC3 showed higher TNT than EC4 (5.66%;
at the regional testing) 72.7+3.1vs.68.8 +4.2;,p<0.01)
and national EC2: 3 x 100 mg/kg Throws at SJFT1:
level (n=10) NaHCOs (120, 90, and - larger number of throws for EC3 compare
60 min before testing) to EC4 (5.17%; 244 + 1.5 vs. 232 + 1.5; p <
EC3: 3 x 100 mg/kg 0.05)
NaHCOs (120, 90, and Throws at SJFT3:
60 min before testing) - larger number of throws for ECS3,
+ 6 mg/kg CAFF (60 compared to EC4 (8.44%; 24.4 +1.0 vs. 22.5 +
min before testing) 1.6; p <0.01)
EC4: PLAC - larger number of throws for EC2,
compared to EC4 (5.33%; 23.7 + 1.1 vs. 22.5 +
1.6; p <0.05)
B-alanine + NaHCOs
Tobiasetal. Well-trained 4 weeks of 4 x 30 s Wit EG1 (+7 %; p < 0.005), EG2 (+8 %; p =
(2013) and supplementation: Wingate Test 0.002) and EG3 (+14%; p < 00001)
experienced EGI: 4 x 1.6 g day B- for the significantly increased Wit (pre- vs. post-
judokas (n=16) alanine + 500 upper-body supplementation). The increase was
and Brazilian mg/kg/day PLAC (pre- and significantly larger for EG3 compared to
jiuditsu (n=21)  (during 7 last  post- EG1 and EG2 (p <0.05).
athletes supplementation supplementat Wavg at Wingate 1 significantly increased a
days; n=10) ion) post for EG3 (8.6%; p < 0.05)
EG2: 4 x 1.6 g/day Wavg at Wingate 2 significantly increased at
PLAC + 500 post for EG1 (6.5%; p < 0.05), and EG3
mg/kg/day NaHCOs (12.5%; p < 0.001)
(during 7 last Wavg at Wingate 3 significantly increased at
supplementation post for EG1 (10.5%; p < 0.05), and EG3
days; n=9) (14.2%; p < 0.005)
EG3: 4 x 1.6 g/day p- Wavg at Wingate 4 significantly increased for
alanine + 500 EG1 (7.2%), EG2 (9.4%; p < 0.05), and EG3
mg/kg/day NaHCOs (20.3%; p < 0.0005)
(during 7 last Whpeak at Wingate 2 significantly increased
supplementation for EG3 (15.3%; p < 0.005)
days; n=9) Whpeak at Wingate 3 significantly increased

for EG3 (18.3%; p < 0.005)

Whpeak at Wingate 4 significantly increased
for EG2 (13.7%; p < 0.05), and EG3 (22.3%; p
=0.005)

CAFF: caffeine; EC: experimental condition; EG: experimental group; min: minutes; s: seconds;
NaHCOs: sodium bicarbonate; PLAC: placebo; SJFT: special judo fitness test; TNT: total number of
throws; Wawg: average power; Wyeak: peak power; Whoti: total work. Only significant results (p < 0.05)
have been reported in this table.

© Editorial Committee of Journal of Human Kinetics
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Records identified through
database searching
(n=400)

Scopus (n = 89)
Pubmed (n = 67)
Dialnet (n = 20)

IDENTIFICATION

(=

Records after duplicates
removed (n = 236)

SCREENING

Records screened (n = 236)

:D - Language (n = 2)
- Type of document (n = 84)

ELIGIBILITY

Full text articles assessed
for eligibility (n = 150)

@ = "I vitre" or ¢ell cultures (n= 1)
- No ergogenic supplementation or

Included studies
(n=12)

INCLUDED

Figure 1

Flow diagram of the article selection process.

SportDiscus (n = 216)

Scielo (n = 8)

Records excluded (n = 86)

Records excluded (n = 138)

no comparison with placebo (n = 122)
- Sample of non-judokas (n = 13)

- Performance assessment was not
included (n=2)

A total of 130 judokas were recruited in
the 11 articles included in this review. In addition
to judokas, one article also tested Brazilian jiu-
jitsu athletes (Tobias et al., 2013), whereas in the
second article wrestlers and Brazilian jiu-jitsu
athletes were also evaluated (Durkalec-Michalski
et al., 2017). In ten studies, adult judokas were
evaluated (n = 112) (Artioli et al., 2007; de
Andrade Kratz et al., 2017; Durkalec-Michalski et
al., 2017; Felippe et al., 2016; Hung et al., 2010;
Lopes-Silva et al., 2014; Souissi et al., 2012, 2015;

Journal of Human Kinetics - volume 77/2021

Sterkowicz et al., 2012; Tobias et al, 2013),
whereas one article evaluated teen-athletes (n =
18) (Astley et al., 2017).

The nutritional supplements examined in
judokas were caffeine, p-hydroxy-p-
methylbutyrate (HMB), (-alanine (BA), sodium
bicarbonate (NaHCQOs) and creatine. A total of 4
articles analyzed the effects of caffeine on judo
performance (Astley et al., 2017; Lopes-Silva et al.,
2014; Souissi et al., 2012, 2015); two studies
evaluated the  effects of  p-hydroxy-p-

http://www.johk.pl
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methylbutyrate (HMB) (Durkalec-Michalski et al.,
2017; Hung et al., 2010); and one study examined
the effects of B-alanine (de Andrade Kratz et al,,
2017), NaHCOs (Artioli et al., 2007) and creatine
(Sterkowicz et al., 2012). Besides, two studies
examined the potential additive effect of two
supplements: (3-alanine with NaHCOs (Tobias et
al.,, 2013), and caffeine with NaHCO:s (Felippe et
al., 2016).

Regarding the indirect judo-related
performance test utilized, the 30 s all-out sprint
test (Wingate test) was applied in seven studies
(Artioli et al.,, 2007, Durkalec-Michalski et al.,
2017; Hung et al.,, 2010; Souissi et al., 2012, 2015;
Sterkowicz et al., 2012; Tobias et al., 2013): in five
studies participants were asked to perform this
test with the lower-limbs (Durkalec-Michalski et
al., 2017; Hung et al.,, 2010; Souissi et al., 2012,
2015; Sterkowicz et al., 2012), whereas in two
studies this test was performed with the upper-
limbs (Artioli et al., 2007; Tobias et al., 2013).

Furthermore, in six articles participants
underwent tests directly related with judo
performance, such the Special Judo Fitness Test
(SJFT) (Artioli et al., 2007; Astley et al., 2017; de
Andrade Kratz et al., 2017; Felippe et al., 2016;
Lopes-Silva et al., 2014; Sterkowicz et al., 2012). In
two of these studies, participants performed only
one set of the SJFT (Astley et al., 2017; Sterkowicz
et al, 2012), while the remaining four studies
performed 3 sets of the SJFT (Artioli et al., 2007;
de Andrade Kratz et al., 2017; Felippe et al., 2016;
Lopes-Silva et al., 2014). Additionally, simple
reaction times (Souissi et al.,, 2012, 2015), and
aerobic capacity (Durkalec-Michalski et al., 2017)
were also evaluated. Finally, three studies
evaluated the effect of a long-term
supplementation protocol on athletes’ body
composition (Durkalec-Michalski et al., 2017;
Hung et al., 2010; Sterkowicz et al., 2012).

Table 1 (a, b, ¢) summarizes sample
protocols,
performance tests and the main results of the
above-mentioned studies. Only results revealing
significant differences (p < 0.05) are reported.

characteristics, ~ supplementation

Discussion

Effects of caffeine supplementation

Caffeine  (1,3,7 trimethylxanthine) is
metabolized by the liver and, through enzymatic
actions, results in three metabolites: paraxanthine,

© Editorial Committee of Journal of Human Kinetics
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theophylline, and theobromine. Caffeine is
rapidly absorbed by the body, and appears in the
blood within 5-15 minutes, reaching a peak
between 45 and 60 minutes after ingestion
(McLellan et al., 2016). Caffeine is a molecule
similar to adenosine and competes with it, joining
adenosine Al, A2a and A2b receptors (Abo-
Salem, 2003), which makes it an important
modulator of the central nervous system activity,
inhibiting the activity of the parasympathetic
nervous system. As adenosine increases
drowsiness and pain perception in the central
nervous system, caffeine supplementation may
prevent such effects (Fredholm et al., 1994),
leading to increased cognitive performance and
alertness, as well as to a reduction in the
subjective rate of perceived exertion (RPE)
(Doherty and Smith, 2005).

At the metabolic level, caffeine increases
the amount of plasma catecholamines (Mora-
Rodriguez et al., 2012), stimulating glycolytic
activity (Simmonds et al, 2010), due to its
antagonistic action on adenosine, which blunts
the inhibitory action of phosphofructokinase
under acidosis conditions (Simmonds et al., 2010).
In addition, in response to exercise, caffeine
supplementation increases circulating
testosterone levels (Beaven et al., 2008), while
within the skeletal muscle, caffeine maintains
electrolyte homeostasis (Kalmar, 2005), improving
the Na*/K* pump activity (Mohr et al., 2011), and
promoting calcium release from the sarcoplasmic
reticulum (Simmonds et al., 2010). Furthermore,
caffeine ingestion has been shown to increase
neuromuscular activity (Kalmar, 2005), improving
intra- and inter-muscular coordination (Del Coso
et al, 2012). This enhanced mneuromuscular
activity pattern is revealed by an improved agility
and decision making performance (van Duinen et
al., 2005), as well as by an increased performance
in high-intensity actions involving velocity (Del
Coso et al, 2012, Pallarés et al, 2013),
coordination and accuracy (Foskett et al., 2009),
muscle strength (Goldstein et al., 2010) or muscle
power (Del Coso et al., 2012; Pallarés et al., 2013).

Four studies have evaluated the effects of
caffeine supplementation on judo performance
(Astley et al., 2017; Lopes-Silva et al., 2014; Souissi
et al, 2012, 2015). Lopes-Silva et al. (2014)
recruited six high-level judokas who were
provided with 6 mg/kg of caffeine before
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executing 3 sets of the SJTF. No differences were
found in the SJTF test results. However, the RPE
and blood lactate levels were reduced in response
to caffeine ingestion (Lopes-Silva et al., 2014). In
contrast, Astley et al. (2017) observed that
ingestion of 4 mg/kg of caffeine 1 h before the
SJFT increased the number of takedowns (by 31%)
and the SJFT index (variable that relates the heart
rate with the total number of throws carried out
during the test) in 18 judokas competing at the
national level. The small size (n = 6) and the
heterogeneity (4 different weight categories) of
the sample recruited by Lopes-Silva et al. (2014)
may explain the observed differences.

The remaining two investigations
evaluated the effect of caffeine supplementation (5
mg/kg) on Wingate test performance (Souissi et
al., 2012, 2015), which is commonly used to assess
glycolytic capacity (Davis and Green, 2009). In the
first of the two investigations, caffeine intake
improved reaction time (by 13%), although no
effect on peak or mean power output was found
in the Wingate test (Souissi et al., 2012). Some
years later, Souissi et al. (2015) reported a similar
improvement in reaction time (by 12%), along
with increased peak (8%) and mean (7%) power
output in the Wingate test.

Regarding the improvements found for
reaction time, they may have their origin in the
reduction of drowsiness (Fredholm et al., 1994),
and the enhancement of attention and mood
following supplementation (Ruijter et al., 2000), as
well as potential improvements in synaptic
transmission  (Latini and Pedata, 2001).
Differences found for the Wingate test could be
attributed to the effects of circadian rhythms. In
this way, it has been proven that circadian
rhythms affect different physiological variables
that make physical performance in the early hours
of the morning diminishing compared to that
performed in the afternoon (Lopez-Samanes et al.,
2017). Thus, in the Wingate test, lower values
have been reported in the morning, and higher at
noon (Souissi et al., 2013). Therefore, it is possible
that caffeine supplementation has a potential
higher ergogenic effect when the exercise takes
place in the morning, due to the lower
performance that occurs as a result of circadian
rhythms effect.

Despite caffeine supplementation having
a superior effect when the effort is accomplished

Journal of Human Kinetics - volume 77/2021
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in the morning (Souissi et al., 2015), the reduction
of reaction time (Souissi et al., 2012, 2015) and the
RPE (Astley et al., 2017; Lopes-Silva et al., 2014;
Souissi et al, 2012, 2015) observed following
caffeine ingestion, combined with its potential
benefits for the glycolytic capacity measured via a
judo non-specific test, such as the Wingate test
(Souissi et al., 2015) or a judo specific test, such as
the SJFT (Astley et al., 2017) indicate the intake of
about 6 mg/kg of caffeine 60 minutes prior to a
fight (Lopez-Gonzalez et al, 2018) in order to
match the exerted effort with the moment at
which maximum plasma concentration takes
place (McLellan et al., 2016).
Effects of B-alanine supplementation

(-alanine (BA) is an amino acid
synthesized in the liver, from the degradation of
thymine, cytosine and uracil that can be ingested
through diet from different sources (i.e., animal or
supplements). BA is found in skeletal muscle in
combination with L-histidine forming the
dipeptide carnosine, a  protein  with
neurotransmitter (Caruso et al, 2012) and
(Boldyrev, 2012).
Nonetheless, BA most important functions are
related to the regulation of the acid-base balance
(Harris et al, 2006), showing intracellular
buffering capacity, and facilitating calcium

antioxidant functions

sensitivity in muscle fibers (Dutka and Lamb,
2004), which improves excitation-contraction
processes in this tissue (Begum et al., 2005).
Supplementation with BA has been
shown to increase muscle carnosine reserves,
whereas no effects were observed after L-histidine
ingestion (Blancquaert et al., 2017). Since dietary
intake of BA is the limiting factor of muscle
carnosine synthesis (Stellingwerff et al., 2012),
prolonged BA supplementation could increase
muscle carnosine levels by 40-80% (Harris et al.,
2006). Carnosine acts as a calcium transporter to
the sarcoplasm (Dutka and Lamb, 2004), which is
essential to facilitate cross-bridges formatting in
muscle fibers, and it also captures H* ions in the
sarcolemma (Swietach et al., 2013), regulating
intracellular acid-base balance. Consequently,
increased carnosine levels improve muscle
contraction strength through an increase in the
bioavailability of calcium in the sarcoplasm, while
the release of H* delays the inhibition of
phosphofructokinase (PFK) and thereby preserves
the activity of the glycolytic and phosphagens
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energy systems.

A recent meta-analysis has reported that
BA supplementation improves performance in
efforts that last between 1 and 4 minutes
(Saunders et al., 2017), where a high accumulation
of H* occurs as the result of elevated glycolytic
activity. In addition, it has been suggested that
supplementation with BA involves the inhibition
of the enzyme phosphofructokinase (Dominguez
et al., 2015), affecting the system of high-energy
phosphagens and glycolysis. At the psychological
level, there is evidence of a significant increase in
the subjective perception of effort following BA
supplementation (Price and Moss, 2007).
Therefore, all these effects will show an impact of
muscle contraction in situations of acidosis
(Fabiato and Fabiato, 1978), which results in a
decreased electromyographic activity (Taylor et
al., 1997).

Decreased levels of intracellular pH levels
have been reported during judo combats, and
they are believed to be a critical cause of combat
loss (Franchini et al., 2011). BA may have an
ergogenic effect in this sport due to its high-
intensity and intermittent characteristics. For this
reason, an investigation aimed at verifying the
effects of BA ingestion (6.4 g/day) during 4 weeks
on 3 consecutive SJFT results in a group of 23
judokas at the national and international level (de
Andrade Kratz et al., 2017). In that investigation,
judokas who were supplemented with BA
increased the total number of throws compared
with a placebo condition. This result is in line
with previous evidence suggesting that BA
improves strength and power levels in athletes
performing exercises with a high glycolytic
component (Maté-Mufoz et al., 2017).

Of note, due to the fact that side effects of
BA supplementation include the appearance of
paresthesia, in a dose-response manner (Harris et
al., 2006), it has been proposed to divide the dose
considered ergogenic (4.8-6.4 g/day) into 4-8
smaller portions of 0.8-1.6 g/day (Dominguez et
al., 2015; Maughan et al., 2018; Saunders et al.,
2017).

Effects of NaHCOs supplementation

NaHCO:s is the main regulator of the acid-
base balance. Since the sarcolemma is not
permeable to NaHCOs, supplementation with
NaHCO: boosts plasma levels, which increases
the gradient concentration between muscle fiber
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and blood, facilitating the H* flow (Lancha Junior
et al, 2015). This regulates intramuscular pH,
allowing a greater use of the glycolytic pathway
and delaying the onset of fatigue (Granier et al.,
1996).

Similar to [-alanine, supplementation
with NaHCOs has shown an ergogenic effect in
response to high-intensity intermittent efforts, in
which decreased pH levels constitute a
performance limiting factor (Siegler et al., 2016),
since it allows a higher utilization of the glycolytic
pathway until reaching critical pH levels that
affect the activity of phosphofructokinase (PFK).

In order to verify the effects of NaHCO:
supplementation on judo performance, Artioli et
al. (2007) conducted a study in which a sample of
well-trained judokas performed a test consisting
of 4 sets of the Wingate arms crank test or a test
consisting of 3 sets of the SJFT, either under a
placebo condition or supplemented with NaHCO:s
(300 mg/kg). Authors chose to use an arm crank
ergometer for this investigation based on the fact
that exercises involving the upper-limbs give rise
to a greater increase in H* concentrations
compared to those involving the lower limbs
(Robertson et al., 1987). In this research,
supplementation presented an ergogenic effect,
increasing the average power in the third and
fourth Wingate test performance, as well as the
peak power output in the last sprint (Artioli et al.,
2007). Regarding the effects on performance
directly related to judo, it was found that
supplementation with 300 mg/kg of NaHCOs 120
minutes before three consecutive SJFTs increased
the number of takedowns in the second and third
sets. Given that the effects of NaHCOs on sprint
and SJFT performance have been detected after
several repetitions of this exhausting exercises (4t
sprint and 3¢ SJFT performance), it can be argued
that the main ergogenic effect of this supplement
occurs under fatiguing conditions (Artioli et al.,
2007), potentially due to the buffering capacity of
NaHCOQO:s.

Nonetheless, NaHCOs supplementation
has also caused ergogenic effects in response to a
single Wingate test after higher doses (500 mg/kg)
(Douroudos et al., 2006). For this reason, although
results reported by Artioli et al. (2007) suggest
that supplementation with NaHCOs at a dose of
300 mg/kg could be considered an ergogenic
practice in judokas who will face several combats
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in the same day, the superior effect found at doses
of 500 mg/kg in response to a single all-out sprint
exercise cannot be neglected (Douroudos et al,,
2006). Therefore, NaHCOs doses may vary
depending on judokas’ needs during competition.
Finally, NaHCO:s is known to cause some side
effects, mainly gastrointestinal discomfort, which
may be avoided by sparing it in smaller doses, co-
ingesting it with carbohydrate, or using sodium
citrate as an alternative (Maughan et al., 2018).
Creatine

Creatine supplementation is a common
practice among combat sport athletes (Kreider et
al,, 2017). Creatine is a combination of non-
essential amino acids (arginine, glycine and
methionine), and is mainly  produced
endogenously in the liver and kidney. It has been
suggested that creatine daily requirements are 2
g/day in healthy individuals (Cooper et al., 2012).

Several functions have been attributed to
creatine  supplementation, such as ATP
resynthesis promotion (Volek and Kraemer, 1996),
intracellular acid-base balance regulation (Quinn
et al., 1992), biological membranes’ stabilization
and muscle protein synthesis stimulation (Persky
and Brazeau, 2001).

In judo, high-intensity actions last 15-30 s,
which is enough time to stimulate a complete
depletion of PCr. Given that rest intervals
between judo actions (10-15 s) do not allow the
full restoration of PCr and ATP reserves
(Franchini et al.,, 2013), creatine could exert its
ergogenic effects in judokas by preserving muscle
ATP availability. Nonetheless, the potential
positive impact of creatine in judo performance
has only been analyzed in one study (Sterkowicz
et al., 2012). Sterkowicz et al. (2012) tested a group
of 10 experienced judo athletes, who were
provided with 5 g/day of creatine for 6 weeks.
Results showed that, compared to the placebo
condition, the treatment group increased peak
power output (Wpeak) and decreased the time to
reach Wyeak (by 7.8%) in a 30-s all-out sprint test
(Wingate), supporting the role of creatine in ATP
reserves’ preservation during high-intensity
exercise. However, this effect was not observed in
response to the special judo fitness test. Thus,
more research is needed in order to examine the
potential ~ ergogenic
supplementation on judo performance by
promoting ATP recycling.

effect of creatine
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Furthermore, body
remodeling can be another attractive outcome of
nutritional supplementation for judo athletes.
Given that creatine ingestion seems to promote
increased lean body mass in judo athletes

composition

(Sterkowicz et al, 2012), as it was previously
shown in response to resistance training
(Chilibeck et al., 2017), this potential effect should
also be considered in future research.

B-Hydroxy p-methylbutyric acid (HMB)

The p-Hydroxy p-methylbutyric acid
(HMB) is a leucine metabolite derived from this
essential amino acid transamination to a-
ketoisocaproic  acid  (a-KIC),  which is
subsequently = converted into HMB by
dioxygenases (Durkalec-Michalski and Jeszka,
2015).

Increases in cholesterol, acetyl Co-A and
anabolic hormones production (i.e., GH or IGF-1)
(Durkalec-Michalski and Jeszka, 2015) are some of
the beneficial effects related to HMB ingestion. In
this regard, HMB stimulates mTOR signaling
pathways, but this activation is lower than the one
observed after leucine ingestion (Wilkinson et al.,
2013) and, more importantly, it only takes place
under some catabolic conditions (Eley et al., 2008).
Therefore, the effect of HMB on protein synthesis
seems to be restricted to some anti-catabolic
stimuli by which HMB may blunt protein
degradation through anti-apoptotic signaling via
the ubiquitin-proteasome pathway (Smith et al.,
2004), promoting myogenic  proliferation,
differentiation and survival (Kornasio et al., 2009).
Considering the controversy about the anabolic
role of HMB (Teixeira et al, 2018), its anti-
catabolic effect seems to be out of debate.

Judo athletes are commonly involved in
weight loss programs that may affect muscle mass
and performance; consequently, it is of great
importance to elaborate nutritional strategies
focused on muscle capacity and preservation of
muscle mass. In this regard, Hung et al. (2010)
examined the effect of 3 g/day of HMB
supplementation during 3 days in female judo
athletes who followed a hypocaloric diet,
reporting a decrease in fat mass, which coincided
with an increase in total cholesterol, blood urea
nitrogen and uric acid. In contrast, muscle mass
and sprint performance (Wingate test) remained
unchanged.

Interestingly, Durkalec-Michalski et al.
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(2017) evaluated the effects of the same dose of
HMB (3 g/day) supplemented during 12 weeks on
body composition, reporting not only a reduction
in fat mass, but also an increase in lean body mass
even when athletes consumed a “normal” diet
(~3100 kcal/day). Besides, the improvement in
body composition remodeling was accompanied
by an enhancement in 30-s all-out Wingate test
performance, finding an improved time to reach
the ventilatory threshold, threshold load, Wpea,
and tolerance to lactate accumulation (Durkalec-
Michalski et al., 2017).

Overall, HMB supplementation may
preserve skeletal muscle mass in combat sports,
mainly under some catabolic conditions, but also
seems to increase high-intensity exercise
performance, which is essential in judo
competition, since several combats take place
during the same day (Durkalec-Michalski et al.,
2016).

Ergogenic effects of combined supplementation

There is high prevalence of sport
supplements use among athletes. Interestingly,
most of these athletes consume several types of
supplements at the same time, despite the
interaction effects of the majority of these
supplements are not fully understood (Burke,
2017).

In judo, only two studies have evaluated
the combined effects of different supplements
(Felippe et al., 2016; Tobias et al., 2013). Due to the
high glycolytic demands of combat sports (Artioli
et al., 2010b), muscle pH buffering capacity plays
a critical role to preserve performance in judo
(Artioli et al., 2010a). In this regard, the buffering
capacity of NaHCOs: has been evaluated in
conjunction with caffeine (Felippe et al., 2016) and
[-Alanine (Tobias et al., 2013).

Tobias et al. (2013) asked judo and jiu-
jitsu athletes to ingest 6.4 g/day of BA for 4 weeks,
plus 500 mg/kg/day of NaHCOs during the last
week. Athletes performed four 30-s upper-body
Wingate tests (3 min rest intervals between
sprints) before and after the treatment. Authors
observed an additive effect of BA plus NaHCO:s
supplementation in the total work done, as well as
increased mean power output and a reduced rate
of perceived exertion (Tobias et al., 2013).

Similarly, the NaHCOs ergogenic effect
has been analyzed in combination with caffeine
supplementation (Felippe et al., 2016). Given the
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explosive characteristics of judo actions, caffeine
has revealed to be an effective supplement in this
sport (Astley et al, 2017; Souissi et al., 2015).
Thus, Felippe et al. (2016) aimed at determining
the combined effects of the buffering capacity of
NaHCOs (300 mg/kg of body mass) plus the
boosting capacity of caffeine (6 mg/kg of body
mass). They asked participants to perform 3
consecutive SJFTs interspersed with 5 min rest
intervals. The combination of NaHCOs and
caffeine resulted in increased performance (total
number of throws), particularly in the first and
fourth SJFT tests, and larger concentrations of
circulating lactate (Felippe et al., 2016).

Therefore, NaHCO:s
conjunction with BA or caffeine promotes an
additional ergogenic effect that seems to imply a
higher stimulation of glycolysis, which leads to
improved specific and general performance in

ingestion  in

judo athletes.
Conclusions

Evidence reviewed in this study suggests
that dietary supplementation may improve judo-
related performance. Based on the current
evidence, it can be concluded that:

- Supplementation with 5-6 mg/kg of caffeine
leads to reduction of reaction time and the
RPE during judo combat simulations, as well
as to improved judo-related performance
measures (i.e. number of throws, peak
power, and mean power). Moreover, there is
evidence suggesting that morning caffeine
ingestion leads to larger judo-related
performance improvements, when compared
to the effects of caffeine ingested in the
afternoon.

- Supplementation with 6.4 g/day of B-alanine
has been reported to exert an ergogenic effect
on judo-related performance, probably due
to its indirect effects on muscle contraction.
[-alanine supplementation is associated with
increased muscle carnosine reserves, which
facilitates cross-bridge formation in muscle
fibers, and regulates intracellular acid-base
balance, leading to improved muscular
strength.

- Supplementation with 300-500 mg/kg of
NaHCOs has been shown to increase judo-
related performance by boosting
blood pH levels, which stimulates H*
diffusion to the extracellular space, and thus
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leads to a greater use of the glycolytic
pathway. In order to avoid gastrointestinal
discomfort  associated with  NaHCO:s
supplementation, it is recommended to be
ingested in small doses, co-ingested with
carbohydrate or to use sodium citrate as an
alternative.

Positive effects on judo-related performance

Effects of nutritional supplements on judo-related performance

Evidence suggests that supplementation with
3-5 g/day of creatine may have a positive
effect on body composition, along with an
effect on maximum power, and time to
maximum power during performance of
high-intensity efforts.

Combined supplementation with NaHCO:s
and caffeine, as well as NaHCOs and {-

have been reported for HMB
supplementation of 3 g/day. Chronic (12
weeks) HMB supplementation leads to
improved body composition, along with
increased cardiorespiratory performance,

alanine has been reported to have an
additional ergogenic effect on body
composition and high intensity performance.

and greater performance of high-intensity
exercises.
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