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Abstract

Supplementation with B-alanine plays an important role as a precursor of carnosine, the most effective intramuscular
buffer, and has been seen as a potential ergogenic aid, especially for high-intensity modalities such as basketball. Thus, the
aim of the present study was to investigate the effects of 6 weeks of B-alanine supplementation on repeated sprint
ability (RSA) and technical performances in young elite Brazilian basketball players. In total, 27 young basketball
players (17+ | years) were randomized into a B-alanine group (GP — 6.4 g day ' of B-alanine) and a placebo group
(GP — 6.4 g day ' of dextrose). Before and after the supplementation period the athletes performed a RSA test
composed of ten 30 m sprints with two 180° changes of direction interspaced by 30 s of recovery. During the recovery
period (i.e., after the sprints) the athletes performed a countermovement jump (CM]) and a set of three free throws.
After 48 h they performed a Yo-Yo intermittent recovery test level | (Yo-Yo IR1). Both groups increased the distance
covered in the Yo-Yo IR| after the supplementation period (p = 0.001). On the other hand, both groups presented
impairment in RSA time-performance (total time, best time, and mean time, p < 0.04), while no significant changes were
observed for technical task performances (i.e., CMJ and free throws) (p > 0.07). No between-group interactions were
observed for any variable measured (p > 0.31). Thus, 6 weeks of B-alanine supplementation did not improve RSA or
technical performances in young elite basketball players.

Keywords
Repeated sprint ability, Yo-Yo IR1, free throws, jump ability, exercise testing

Introduction the literature. Thus, strategies to counterattack muscle
acidosis could contribute to performance maintenance in
both RSA and technical tasks. The amino acid B-alanine,
a combination of B-alanyl and r-histidine, has been
widely investigated as it is a precursor of carnosine, a
dipeptide found in high concentrations in skeletal muscle
(~20 mmol kg in dry weight; Harris et al., 2006), and
identified as the most important intramuscular buffer due

The ability to perform sprints repeatedly with short
recovery periods (Castagna et al., 2007; Padulo et al.,
2015b) has been shown as a performance-determinant
during basketball games (Padulo et al., 2015b, 2016).
Repeated sprint ability (RSA) events are energetically
costly and require high demand from both oxidative and

non-mitochondrial sources (Galtanps et al., 1993), which to its pK, value of ~6.8, within the physiological pH
are also called aerobic and anaerobic pathways (for further . . .
. } ; range 7.1-6.5, acting as the first line of defense against
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. AT . . harmful acidosis effects (Abe, 2000).
However, the high utilization of non-mitochondrial ener-
getic sources during high-intensity exercise could cause the
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Evidence surrounding the ergogenic effects of f-alanine
supplementation is increasing (De Salles Painelli et al.,
2014; Hobson et al., 2012; Van Thienen et al., 2009), and
Hobson et al. (2012), in a meta-analysis study, demon-
strated a performance increase of ~2.85% when supple-
menting with at least 179 g of -alanine. These results have
also been observed in trained athletes ( Brisola et al.,
2016a, 2016b; De Andrade Kratz et al.,, 2016; De
Salles Painelli et al., 2013; Tobias et al., 2013; Van Thienen
et al., 2009). Furthermore, chronic supplementation with
B-alanine was effective in reducing the fatigue index when
compared to a placebo group during a sequence of 45
jumps (Carpentier et al., 2015), maximizing the shooting
skills of elite soldiers with an assault rifle after performing
a fatiguing running protocol (Hoffman et al., 2014), and
increasing the velocity of shooting in young water polo
players (Claus et al., 2017).

Based on basketball game characteristics that involve
several RSA actions, as well as the likely potential of
B-alanine as a muscular buffer and the consequent delay in
acidosis-induced fatigue, we hypothesized that B-alanine
supplementation would attenuate the performance decre-
ment during repeated high-intensity actions and technical
task performance in elite young basketball players.

Therefore, the aim of this investigation was to examine
whether B-alanine supplementation for 6 weeks is able to
improve RSA and technical task performances (counter-
movement jumps and free throws) in young elite Brazilian
basketball players.

Methods
Participants

Twenty-seven young elite Brazilian male basketball play-
ers, in the post-puberty phase, aged 16-19 years (body
mass 81.7+12.6 kg and height 190.4+9.7 cm), with a
minimum of 3 years of competitive experience and
approximately 12 h of training per week were invited to
participate in the present study. The inclusion criteria for
the study were: (i) participating regularly in previous
national competitive seasons; (ii) free from chronic dis-
eases and/or musculoskeletal injuries; and (iii) not having
used creatine or protein supplements in the previous
3 months. Participants were instructed to abstain from
alcohol or caffeinated beverages during the experimental
period and eat a light meal at least 2 h prior to testing, to
reduce interferences in the experiments. During the study
there were no athlete transfers or injuries, the only reason
for exclusion was noncompliance with the supplementation
program (at least 95% of the total capsules were required to
be ingested) or training schedule.

The athletes only participated after being fully informed
of the effects, benefits, and potential risks of the study
and signing a consent form (or parents/guardians when
necessary). All experimental procedures were previously
approved by the local Research Ethics Committee (protocol
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Figure |. Experimental design of the study.

number 1.021.143) according to the ethical principles
established by the Declaration of Helsinki.

Experimental design

Participants were evaluated before and after 6 weeks of
supplementation (6.4 g day ' of B-alanine or placebo) and
training. The protocol test was performed on two different
days. All tests were performed in the same period of the day
(16:00 to 20:00 — regular training schedule) to eliminate
any influence of the circadian cycle and were conducted on
a wooden indoor basketball court. Initially, the athletes
performed an RSA test with technical tasks (RSAr; Padulo
et al., 2015b) and 48 h later they performed the Yo-Yo
intermittent recovery test 1 (Yo-Yo IR1; Castagna et al.,
2008). The athletes were divided randomly into two
groups; B-alanine and placebo supplementation groups. A
schematic design of the study procedures is shown in
Figure 1. During the supplementation period, the training
load was monitored in all training sessions using the rate of
perceived exertion scale (RPE) CR-10 (Impellizzeri et al.,
2004). The athletes were already familiar with testing
procedures (i.e., RSAt, Yo-Yo IR1, and RPE CR-10) since
they formed part of their usual fitness assessment program.

Sample allocation

The athletes were randomly allocated into two groups,
B-alanine (GB) and placebo (GP — dextrose), only after the
first evaluation, considering their playing position (i.e.,
guards, forwards, and centers) and RSAt performance (i.e.,
higher performance: best sprint time-performance; lower
performance: worst sprint time-performance) (Figure 2).

Repeated sprint ability with technical tasks (RSAz)

To evaluate the influence of RSA on specific basketball
technical tasks (i.e., jump capacity and free throw efficacy),
the test proposed by Padulo et al. (2015b) was adapted. The
test consisted of performing ten 30-m maximal sprints with
two 180° changes of direction (10 m + 10 m + 10 m)
interspaced by 30 s of rest between the sprints (test—retest
intraclass correlation (ICC) > 0.90; Padulo et al., 2015b).
Immediately after each sprint, during the 30 s rest, the
athletes performed a technical task sequence composed of a
countermovement jump (CMJ) on a jump platform (Jump
Test, Cefise, Nova Odessa, SP, Brazil) and a set of three



Milioni et al.

113

E | ATHLETES (N=27) |

E

e

=

=
—

=

£

g

S| He(=9) LP(N=4)  HP(N=6) LP(N=5)  HP(N=4) LP(N=4)

GR(N=2) f‘l’(\-z) Gp(N=2 ("P(\ 2) GB(N=3) GP(N=3) Gp(N=3) (‘P[N 2) Gp(N=2 FPN 2) GP(N=2)

(Ph 2)

Gp (N=14) GP (N=13)
% Excluded:
= -2) Less than 95% of compliance (-3)
E to supplementation program

Gp (N=12) GP (N=10)

Figure 2. Organizational chart of the sample allocation.

HP: higher performance in RSAr; LP: lower performance in RSA+t; Gf: B-alanine group; GP: placebo group.
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Figure 3. Repeated sprint ability test with technical tasks (RSAT).
Dotted arrow is the displacement during 30 s of rest.

free throw shoots without an interval. After the technical
task sequence, which took around ~ 10 s, the athletes were
again positioned at the start line for the subsequent sprint
and technical task sequence (Figure 3).

Time of each sprint was recorded by photoelectric
cells (Speed Test, Cefise, Nova Odessa, SP, Brazil)
positioned at the beginning and end of the track.
Therefore, based on the time assessment, the total time
(TT — sum of sprint times), best time (BT — best sprint
time), worst time (WT — worst sprint time), mean time
(MT — mean of sprint times), and percentage decrement
were also estimated according to Fitzsimons et al.

(1993) [%DecT = 100 x (TT/(BT x 10)) — 100)].
Regarding technical tasks, the best jump (BJ — best jump
height), worst jump (WJ — worst jump height), mean
jump (MJ — mean of jump heights), and percentage
decrement [%Dec] = (B — WIJ) x 100)/BJ)] were mea-
sured. The free throw efficacy was also assessed through
the total of correct free throw shoots (FT).

Yo-Yo intermittent recovery test level | (Yo-Yo IRI)

The Yo-Yo IR1 (Castagna et al., 2008) consisted of 40 m
running with 180° changes of directions (20 m + 20 m)
with progressive incremental speeds controlled by an audio
and 10 s of active recovery between each 40 m run, con-
sisting of 10 m walking (5 m + 5 m) (Vernillo et al., 2012).
When the participant failed twice consecutively to touch
the finish line, exhaustion was assumed. The test score was
considered as the total distance covered, including the
incomplete final run. For Under 14, 15, and 17 elite Italian
young basketball players, the test-retest ICCs were
between 0.70 and 0.88 (Bangsbo et al., 2008).

Blood lactate concentration determination

Blood samples were collected 5 and 7 minutes after the Yo-
Yo IR1 and RSAt to determine the peak values of blood
lactate concentration. Blood samples (25 pL) were col-
lected from the earlobe using heparinized capillary tubes
and immediately transferred to Eppendorf tubes containing
50 pL of 1% sodium fluoride for subsequent analysis in an
electrochemical lactate analyzer (YSI 2300 STAT, Yellow
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Spring Instruments, Yellow Spring, OH, USA) (measure-
ment error of +2%).

Supplementation strategies

For the supplementation, 6.4 g day ' was administered to
both groups (i.e., B-alanine and dextrose) in 800 mg cap-
sules with meals (two capsules per meal — breakfast, lunch,
dinner, and with a light meal before sleep), to prevent an
overdose generating paresthesia, a momentary alteration in
skin sensation. This supplementation dosage is in line with
the findings of Hobson et al. (2012) who verified the sig-
nificant effects of B-alanine supplementation on exercise
performance from the accumulation of 179 g of B-alanine.
Both supplements, B-alanine (99.9% pure [-alanine;
CarnoSyn, NAI, USA) and the placebo (dextrose — Dextrin,
Neonutri, Pocos de Caldas, MG, Brazil) were administered
in gastro-resistant capsules coated with hydroxypropyl-
methylcellulose (DrCaps, Capsugel, France). Through
individual inquiries, 10 athletes (3 from the GP and 7 from
the GP) reported isolated occurrences of mild paresthesia.
None of the participants were vegetarian and they were
instructed to abstain from any nutritional aids or supple-
ments during the study and maintain their regular food
behavior. The athletes’ meals are controlled by the nutri-
tional coach staff and were the same for all athletes. Before
the start and during the period of supplementation, parti-
cipants were instructed not to comment on any side-effects
to their teammates.

Monitoring of training load

All training sessions were monitored for the duration
(minutes) and RPE (Impellizzeri et al., 2004). The 6 weeks
of training and supplementation were carried out after 4
weeks of general preparatory phase training, during the
specific training phase, and beginning of the competitive
period, i.e., during the classification phase of the Sao Paulo
State Championship, without a taper phase. All athletes
evaluated were engaged in the same training schedule. The
prescription of training sessions was prepared by the
physical training staff and did not suffer any interference
from the researchers. The training load quantified in each
session was assumed as the product between the training
duration (in minutes) and the value indicated in the RPE
CR-10 (Impellizzeri et al., 2004). The RPE CR-10 scale
was always presented to the players around 30 minutes
after the end of each training session.

Statistical analyses

All data are presented as mean + standard deviation (SD)
and 95% confidence interval (CI). Initially the Shapiro
Wilk test for data normality was performed. The training
load data were compared using the independent f-test.
Two-way analysis of variance (ANOVA) was applied to

compare the outcomes with “groups” (GP vs. GB) and the
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Figure 4. Weekly average of training load. Numbers above the
bars represent the p-value from an unpaired t-test.

interaction between subject factor and “time” (pre vs. post).
In addition to ANOVA, the Mauchly sphericity test was
applied and sphericity was assumed when no significant
F value was observed. In case of violation of sphericity, the
epsilon correction of Greenhouse—Geisser was used. The
analyses were completed with the Bonferroni post hoc.
The effect size (ES) was calculated according to Cohen
(1988). The threshold values for Cohen’s d statistical
power were considered as >0.2 (small), >0.5 (moderate),
and >0.8 (large) (Cohen, 1988). Statistical analyses were
performed using the software SPSS 21.0. In all cases, a
significance level of 5% was considered.

Results

The weekly average training load did not differ signifi-
cantly between groups in each week (Figure 4).

The total distance covered in the Yo-Yo R1 significantly
improved from the pre to post supplementation period for
both groups (F(i20) = 14.5, p = 0.001; GP post hoc
p = 0.005, ES = 0.34 and GP post hoc p = 0.04,
ES = 0.20), but no interaction was observed between
groups (GP vs. GB) (F(1.20) = 0.65, p = 0.43, ES = 0.03).The
peak of blood lactate after the Yo-Yo IR1 was significantly
lower in the post supplementation period only for the G
(Fa; 200 = 14.5, p = 0.001, ES = 0.55; GP — pre x post:
post hoc p = 0.06, ES = 0.16 and G} — pre X post: post
hoc p = 0.001, ES = 0.56), without interaction between
groups (F(y; 20y = 4.04, p = 0.06, ES = 0.17) (Figure 5).

Concerning the RSAt outcomes, the statistical analysis
showed that the time-performance of the RSAt worsened
significantly in both groups after 6 weeks (i.e., TT, BT, WT
and MT, without significant difference for %DecT); how-
ever, there were no interactions between groups (1.12 >
Fa0) > 0.01, 0.96 > p > 0.31) (Table 1). The jump
capacity, free throw efficacy, and peak of blood lactate
concentration were not significantly modified after the
RSA7:. In addition, there were no interactions between
groups or significant differences in absolute variation
(i.e., A) for any of the previous variables (0.81 > F(;.50) >
0.03, 0.86 > p > 0.38) (Table 1).
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Figure 5. Outcomes from the Yo-Yo IRI. On the left y-axis the
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Discussion

The purpose of the present study was to investigate the
effects of 6 weeks of B-alanine supplementation on RSA
and technical task performances in young elite Brazilian
basketball players. The main finding of the study was the
absence of a significant effect of -alanine supplementation
on performances for both RSA time-performance and
technical tasks, since there were no between-group inter-
actions for any variable measured. At the same time a
significant improvement in distance covered in the Yo-Yo
IR1 was verified for both groups, however this likely
occurred as a result of the training.

The Yo-Yo IR1 was developed to evaluate the capacity
to perform and recover from intense repeated running
efforts (Bangsbo et al., 2008). The protocol is sensitive to
assess the aerobic fitness of adult basketball players
(Castagna et al., 2008), as well as distinguish athletes with
different competitive levels such as elite, sub-elite junior,
and non-athletic healthy males (Vernillo et al., 2012).
Saunders et al. (2012) found a significant improvement in
the distance covered in the Yo-Yo IR2 by amateur soccer
players after 12 weeks of 3.2 g day ' of B-alanine sup-
plementation without a difference for the placebo group
and a significant interaction between groups.

In the present study, the GP and Gf presented similar
improvement in Yo-Yo IRI1 performance. The different
outcomes between our study and Saunders et al. (2012)
might be due to the Yo-Yo model addressed in each study.
While we used the Yo-Yo IR1 that initiates at 8 km h™",
Saunders et al. (2012) used the Yo-Yo IR2 that initiates at
11.5 km h™" and likely taxed the glycolytic energy pathway
more highly. The high utilization of the glycolytic pathway
would have caused an increase in lactate and H™ produc-
tion/concentration, however, the high muscle carnosine
content after PB-alanine supplementation, may have buf-
fered the H" action and contributed to increased perfor-
mance in the Yo-Yo IR2.

On the other hand, only the G} presented a decrease in
peak of blood lactate concentration after the Yo-Yo IRI.
Although muscle carnosine content was not directly mea-
sured in the present study, Hill et al. (2007) showed that
4-6 g day~' of B-alanine supplementation can increase the
muscle carnosine content by 40-60% after 4 weeks of
supplementation. The higher muscle carnosine content
seems to increase the muscle buffering capacity (Harris
etal., 2006) generating a lower H' concentration inside the
muscle cells and consequently contributing to the dimin-
ished blood lactate value after the Yo-Yo IR1, since the
efflux of lactate to the blood stream must be accompanied
by H' protons (Bangsbo et al., 1993).

In fact, the significant improvement in distance covered
in the Yo-Yo IRI for both groups must be principally
attributed to the systematic training over the 6 weeks,
however, in a speculative way, the athletes supplemented
with B-alanine over the training program could have
benefited from an increased buffering capacity during this
period that would allow higher training intensities/volumes
and consequently explain the slightly higher adaptation of
the GPB (2264 + 653 m) compared to the GP (2220 + 778
m), despite the difference being non-significant.

Refuting our previous hypothesis, 6 weeks of B-alanine
supplementation did not attenuate the drop in performance
during the RSA~, either for time-performance or technical
tasks. The performance decrement presented by both
groups in the RSAt may be a direct effect of the training
phase and competition period, since it is not unusual for
athletes to present a drop in performance during the specific
training period (Coutts et al., 2007). In addition, no taper
phase was allowed before the re-evaluation phase, which
would probably result in performance overcompensation
after the specific training phase (Mujika and Padilla, 2003).

Recently, Saunders et al. (2016) stated in a meta-
analysis study a time frame of [-alanine action of
between 0.5 and 10 min of exercise duration, showing an
overall effect size of 0.18. This effect size dropped to
~0.11 when outcomes from exercise protocols that mea-
sure performance (i.e., might not elicit maximal effort and
are influenced by pace) instead of capacity (i.e., induce
volitional exhaustion and generate maximal production of
H™) (Saunders et al., 2016) were considered, as in the case
of the present study. Furthermore, Hobson et al. (2012)
indicated in a meta-analysis that the median effect of
B-alanine supplementation on performance is a ~2.85%
improvement, a range of improvement smaller than the
coefficient of variation of the time-performance variables
of RSAT (~10.9%).

Taken together with the 30 s rest period between sprints,
these factors could mask the slight effects of B-alanine
supplementation since the oxidative pathway plays an
important role during recovery between high-intensity
efforts (Milioni et al., 2017), contributing to phospho-
creatine replenishment, even if incomplete, and conse-
quently lower recruitment of the glycolytic pathway
(Gaitanos et al., 1993).
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It is important to note that the present study tried to
investigate a strategy to improve basketball game perfor-
mance. In this way, as the test proposed is directly linked to
basketball actions (Padulo et al., 2015b), if B-alanine sup-
plementation could improve RSA performance these results
would possibly be transferred to basketball game perfor-
mance. Corroborating with our findings, Cochranetal. (2015)
did not find ergogenic effects of B-alanine supplementation
associated with a training period for RSA measurements.

The inclusion of jumps and free throws after each sprint
in the RSA test was an attempt to analyze technical task
performances after a high-intensity effort, such as performed
during a game. Therefore, the B-alanine supplementation
would act on fatigue over time during a basketball game,
which mainly impairs technical task performances such as
jumps and free throws.

Ziv and Lidor (2010) reported, in a review paper, high
variability of jump measurements in basketball players with
an average jump height of between 24.8 and 48.2 cm. Our
results of BJ were ~35 + 5 cm, corroborating with Ziv and
Lidor (2010); however, the CMJ has until now failed to
discriminate fatigue in basketball players in conditions such
as pre — post games (Castagna et al., 2008; Cortis et al.,
2011). The jump, per se, is highly executed during basketball
games (i.e., blocking, rebound and shooting; Cortis et al.,
2011) and training is performed under maximal and fatigue
conditions, in this way it is possible that basketball players
develop a high standard of this motor skill as well as specific
fatigue resistance that makes them able to perform jumps,
even in a fatigued condition, without significant perfor-
mance decrements (Cortis et al., 2011). Thereby, B-alanine
supplementation may not represent an ergogenic aid for this
specific ability in basketball players.

Regarding free throw efficacy, our results are in accor-
dance with previous literature reports, a rate of ~60%
success in shoots performed after exercises at high intensity,
such as above 80% of maximal heart rate (Mokou et al.,
2016; Padulo et al., 2015a). Our hypothesis was that B-ala-
nine supplementation could enhance the workout capacity,
delaying the fatigue process induced by RSA and providing
conditions to perform the free throws under a better phy-
siological condition, as observed by Hoffman et al. (2014)
for elite soldiers during shooting tasks with an assault rifle.
However, as for the other performance outcomes, B-alanine
supplementation did not alter the free throw scores.

If on the one hand the absence of significant differences in
training loads between groups should be assumed as a posi-
tive aspect of the present study, as it isolates the possible
outcomes provided by the B-alanine supplementation, on the
other hand, the training stimulus was clearly enough to pro-
vide positive adaptations, especially in the Yo-Yo IR1, and
this could mask the benefits from -alanine supplementation,
which in general is around 3% (Hobson et al., 2012).

Furthermore, despite the B-alanine supplementation
having been proven as efficient to increase muscle carnosine
content, with almost 100% efficacy (Cochran et al., 2015;
Hill et al., 2007; Saunders et al., 2017), the main limitation

of the present study is the impossibility of a direct measure
of muscle carnosine content through muscle biopsy.

Although the present study did not find positive effects of
B-alanine supplementation on young basketball players,
Hoffman et al. (2008) verified an increase in volume of
resistance training (bench press) as well as decreases in
subjective feeling of fatigue after 3 weeks of 4.5 g day ' of
B-alanine supplementation. Future research should address
the influence of P-alanine supplementation on training
quality during different phases of training periodization and
especially on-season, using more sensitive tools such as
heart rate variability, hematological and endocrine variables.

Thus, based on these findings, it is possible to conclude
that 6 weeks of B-alanine supplementation did not have any
positive effect on the Yo-Yo IR1, RSA outcomes, jumps, or
free throw scores performed after high-intensity efforts in
young elite basketball players.
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