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Introduction
Resistance training is regarded as integral to many athletes’ 

periodised regimes. Adaptations including increased muscular 
hypertrophy, improved glycolytic capacity and increased 
neuromuscular power have been well established [1]. However, it 
is widely acknowledged that intensive resistance training leads to 
exercise-induced muscle damage (EIMD) that can last several days [2]. 
Symptoms of EIMD include decreased muscle function, reduced range 
of functional movement [3,4], increased muscle soreness and swelling 
[5], and increased serum intramuscular proteins [6]. Consequently 
EIMD can have an abstruse effect on the ability to complete successive 
bouts of physical training, thus directly impacting consistency within a 
given training programme [7]. Concomitantly, contemporary research 
has investigated a wide variety of interventions with the objective being 
to decrease or remove the negative effects associated with EIMD, these 
include, compression clothing [8], cryotherapy [9], and non-steroidal 
anti-inflammatory drugs [10]. Although all of these methods have 
theoretical foundations, they have generally produced varied results. 
However, one such nutritional intervention; branched-chain amino-
acids (BCAA) supplementation, has repeatedly produced statistically 
positive results with regards to alleviating the symptoms associated 
with EIMD, and attenuating performance decrements commonly 
witnessed [11].

Supplementation with BCAA (a combination of leucine, valine 
and isoleucine) both pre- and post-training has been shown to alleviate 
some of the symptoms most commonly associated with EIMD, 
including, serum CK levels [12], immediate-onset muscle soreness [13], 
reductions in muscle strength [14], as well as muscle catabolism [11]. 
Statistically significant results have been reported when supplementing 
varied dosages of BCAA alongside resistance training, from 3 g pre 
and post exercise to 20 g pre and post exercise [2,13,15]. Although 

this data has shown that BCAA can be used to reduce the effects of 
EIMD following resistance training, to date, no scientific research has 
explored whether a lower dose of BCAA has the same magnitude of 
effect as a higher dose. 

The purpose of the study was to investigate the acute effects of 
two different quantities of BCAA on the recovery of muscle function 
following high-intensity resistance training in trained individuals. The 
main aim being to examine whether a dose-response effect existed 
of using a higher dosage of BCAA on recovery when compared to 
a lower dosage. It was hypothesised that supplementation with 18 g 
BCAA pre and post training will significantly attenuate reductions in 
muscle function over 6 g BCAA pre and post training, with both dose 
conditions eliciting greater recovery of muscle function than placebo.

Materials and Methods
Participants

In a randomised fashion five resistance-trained males were 
recruited (mean ± SD, age: 21.8 ± 0.8 years, stature: 1.81 ± 0.57 m, body 
mass: 83.3 ± 7.2 kg). Following a health-screening questionnaire all 
participants provided written informed consent to participate in the 
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Abstract
The purpose of the study was to investigate the acute effects of two different quantities of branched-chain amino 

acids (BCAA) on the recovery of muscle function following high-intensity resistance training in trained individuals. 
Five resistance-trained males were recruited and performed baseline assessments of, countermovement (CMJ) and 
squat jump (SJ), peak (PP) and mean (MP) power (6s Cycle Sprint) and perceived muscle soreness (RMS). In a 
counterbalanced, single-blind fashion, participants were provided with either, placebo or 6 g or 18 g BCAA 20 min 
prior to, and immediately after completion of a high-intensity strength session (ST). At 24 h post ST, all assessments 
were completed under all three experimental conditions. Following ST, there were significant decrements in all 
measures of muscle function across conditions when compared to baseline values (P<0.05). However, ingestion 
of 6 g and 18 g BCAA was shown to significantly attenuate these decrements in comparison to placebo (P<0.05). 
A dose-response for BCAA was also present as significant differences (P<0.05) were shown between ingestion of 
6 g and 18 g; CMJ (18 g: 59.1 cm, 6 g: 57.7 cm, placebo: 56.6 cm), SJ (18 g: 54.0 cm, 6 g: 52.8 cm, placebo: 51.7 
cm), PP (18 g: 1133 W, 6 g: 1107 W, placebo: 1044 W), MP (18 g: 1011 W, 6 g: 986 W, placebo: 972 W), soreness 
(18 g: 81 mm, 6 g: 91 mm, placebo: 100 mm). BCAA ingested acutely before, and immediately following intensive 
resistance training attenuates the decrement observed in muscle function, while alleviating symptoms of muscle 
soreness. These small but significant findings support the proposed ergogenic benefits of BCAA supplementation, 
but also highlight a potential dose-response, with a higher dose (18 g) having a significantly greater effect than a 
lower dose (6 g) in trained individuals.
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[18]. Each test was carried out on three separate occasions, interspaced 
with 30 s recovery.

Seated medicine-ball chest throw (MBT): Subjects were instructed 
to sit on the floor; legs straight out in front of them, with back fully erect 
and pressed against a wall. The medicine-ball (3 kg) was held with both 
hands behind the ball, at chest height. From this position, participants 
pushed the ball forward, as forcefully as possible, the distance was 
measured in meters from the participant’s chest to the landing point. 
This test has shown high levels of reliability (r=0.98) as a valid measure 
of upper body power [19].

6s Cycle sprint test: The 6 s cycle sprint test was used to assess any 
changes in peak (PP) and mean power (MP) following ST. Participants 
completed the test on a Monark 874E cycle ergometer (Monark 
Exercise AB, Vansbro, Dalarna, Sweden). Resistance was calculated as 
7.5% of body mass as recommended in literature [20]. Both PP and 
MP have shown high levels of reliability [Typical error (%) 1.8 and 
2.2% respectively] [21]. Due to the level of intensity, this test was only 
completed once during each testing period.

Rating of perceived muscle soreness (RMS): Participant’s RMS 
was assessed via a 200 mm visual analogue scale, as used previously [2]. 
While performing a static wall squat, with knees at 90°, participants 
were instructed to make a line on the scale, depicting their RMS. The 
scale is labelled ‘No pain or discomfort’ (0 mm) to ‘Extreme pain and/
or constant discomfort’ (200 mm). The distance between the 0 mm 
point and the participant’s mark was then measured in mm and used 
to represent perceived soreness [2].

Data analysis: All collected data is expressed as mean ± standard 
deviation (SD) unless otherwise stated. The best score (highest: CMJ, 
SJ, MBT, 6 s Cycle, lowest: RMS) was used for data analysis, as this 
has shown to significantly increase intersession reliability as opposed 
to means [22]. Changes were assessed across all conditions using a 
repeated measures ANOVA through SPSS for Windows, release 22.0 
(SPSS, IBM Corporation, Armonk, NY, USA). If a significant main-
effect across time was apparent, interactions were followed up using 
LSD post-hoc pairwise comparisons. The alpha level for significance 
was set at P<0.05 for all data, with trends showing P=0.051<0.1 
acknowledged.

Results
There were significant main-effects across conditions for CMJ 

(F=25.70, P<0.01) and SJ (F=20.55, P<0.01) (Figure 1). Following ST, 

study, which was approved by the local ethics committee in line with 
the Helsinki Declarations for research with human volunteers.

Procedures

The study followed a single-blind, counterbalanced design. Prior to 
testing, participants completed a 5 min warm-up on a cycle ergometer 
(60 rpm, 60 W). Following this, participants completed a battery 
of experimental tests which consisted the baseline trial; including 
countermovement jump, squat jump, seated medicine-ball chest 
throw, 6 s Cycle sprint and rating of perceived muscle soreness. 

Participants were blinded and provided with either 6 or 18 g of 
BCAA or a placebo in a counterbalanced manner 20 min before and 
immediately after completion of a strength training session. Following 
24 h rest, participants were required to return and recomplete the 
experimental tests, under the same conditions as described for baseline 
measures. Dietary and physical-activity patterns were documented over 
a 24 h period prior to the participant’s first bout of testing. Participants 
were then instructed to follow the same dietary and activity pattern, 
in preparation for successive assessments. Furthermore, participants 
were advised to abstain from taking additional supplements 
throughout the testing period, with particular emphasis placed upon 
protein-based products. Following a further 120 h washout period, 
participants repeated training / testing under alternative condition in 
the aforementioned counterbalanced manner.

Supplement protocol

The supplement, Optimum Nutrition BCAA 1000 (Optimum 
Nutrition, Cheshire, UK), contained a ratio of 2:1:1 leucine, isoleucine 
and valine respectively and was provided in powered form. Participants 
ingested either 6 g or 18 g of BCAA or a placebo (artificial sweetener) 
both 20 min before and immediately after completion of the resistance 
session. Both the supplement and placebo were pre-mixed with 300 ml 
of zero-calorie fruit squash with only the researcher knowing which 
drink contained which ingredient.

Strength training session (ST)

The resistance session consisted of a series of multi-joint barbell 
exercises selected based on their replication of the structural lifts 
often used as the basis of athletic strength training programmes [16]. 
The following exercises were performed; 1.Back Squat 2.Bench Press 
3.Deadlift 4.Military Press, all performed for 4 sets of 8 repetitions at 
75% of one-repetition maximum (1-RM), two-min rest was allocated 
between each set. Individual loading of exercises was determined from 
1-RM assessment, established prior to the experimental protocol.

Experimental tests

Countermovement jump (CMJ) and Squat jump (SJ): The 
Just Jump measurement system (Just Jump, Probotics, Huntsville, 
AL, USA) was used to calculate vertical-jumping ability due to high 
levels of reliability (r=0.97) [17]. For the CMJ, participants stood 
fully erect in the middle of the contact mat with hands placed on 
iliac crest. Participants then squatted to their perceived optimum 
depth, before immediately driving upwards fully utilising the stretch-
shortening-cycle, with the aim of attaining maximum height. For the 
SJ, participants began in the same position as for CMJ. From standing, 
participants squatted to achieve a 90° angle at the knees which was held 
for 5 s, before explosively rising upwards into a vertical jump. Research 
suggests that both CMJ (r=0.93) and SJ (r=0.88) should be used assess 
muscle function as they evaluate different elements of lower bod power 
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Figure 1:  Changes in countermovement (CMJ) and squat (SJ) jump height 
following high intensity resistance training across trial groups. Significantly 
(P<0.05) lower than baseline*, significantly higher than placebo**.
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significant decrements in CMJ and SJ performance were witnessed 
across all supplementation conditions in comparison to baseline 
measures (P<0.05). However, ingestion of both 6 g and 18 g of BCAA 
significantly (P<0.05) reduced these decrements for CMJ (57.7 ± 8.0 cm 
vs. 59.1 ± 7.9 cm vs. 56.6 ± 7.9 cm respectively) and SJ (52.8 ± 9.9 cm 
vs. 54.0 ± 9.9 cm vs. 51.7 ± 10.7 cm respectively) in comparison to the 
placebo trial. Furthermore, a significant effects were witnessed when 
comparing effects of 18 g to 6 g (CMJ: P=0.022, SJ: P=0.008). 

There was a significant main-effect across conditions for 6 s Cycle 
PP (F=16.49, P<0.01) and MP (F=7.06, P=0.005) (Figure 2). Following 
ST, significant decrements in PP and MP performance were witnessed 
across all supplementation conditions in comparison to baseline 
values (P<0.05). However, ingestion of both 6 g and 18 g of BCAA 
significantly (P<0.05) reduced the decrements in PP in comparison 
to the placebo trial (1107 ± 27 W vs. 1133 ± 46 W vs. 1044 ± 69 W 
respectively). Whilst ingestion of 6 g and 18 g BCAA showed trends 
approaching significance for MP (P=0.067 and P=0.062 respectively) 
in comparison to placebo (986 ± 21 W vs. 1011 ± 9 W vs. 972 ± 32 W 
respectively). Furthermore, trends were witnessed following ST when 
comparing effects of 18 g to 6 g for PP (P=0.090) and MP (P=0.076).

There was no significant main-effect across conditions for MBT 
(F=2.17, P=0.144). Following ST, no significant effect was witnessed for 
the placebo trial in comparison to baseline measures (P>0.05), however 
18 g BCAA showed significance (P=0.004), with 6 g BCAA showing 

a trend approaching significance (P=0.085). There was a significant 
main-effect across conditions for RMS (F=167.49, P<0.01) (Figure 
3). Following ST, significant increases in RMS scores were witnessed 
across all groups in comparison to baseline values (P<0.05). However, 
ingestion of both 6 g and 18 g of BCAA significantly (P<0.05) reduced 
these increases in comparison to the placebo trial (91 ± 11 mm vs. 81 ± 
11 mm vs. 100 ± 12 mm respectively). Furthermore, a significant effect 
was witnessed when comparing effects of 18 g to 6 g (P=0.025).

Discussion
This was the first empirical study with the aim of investigating the 

acute effects of two varying doses of BCAA have on recovery of muscle 
function following conventionally practised strength training. The 
principle findings showed that both 6 g and 18 g BCAA, administered 
pre and post intensive resistance training, attenuate the decrease 
commonly witnessed in muscle function, while relieving symptoms 
of muscle soreness in resistance trained males. Furthermore, the 
findings have highlighted that the magnitude of effect is significantly 
increased (P<0.05) following the higher dosage when compared to 
both the lower dose and placebo. These effects were in accordance with 
the experimental hypotheses. The findings support previous literature 
suggesting BCAA can be supplemented to relieve the negative effects 
of muscle damaging exercise [13,23] and more specifically damaging 
resistance exercise [24-26].

Following ST, decrements in CMJ and SJ were recorded in the 
placebo group at ~6 and 7% respectively when compared to baseline 
values. Previous authors have recorded comparable decrements in 
jump performance, when participants have followed similar resistance 
protocols, at 24 h post-exercise [27,28]. However, ingestion of BCAA 
was shown to significantly attenuate these performance decrements, 
with 6 g BCAA resulting in ~2% increase and 18 g BCAA resulting in 
~4% increase across both CMJ and SJ when compared to the placebo 
trials. Additional significant decrements were recorded in both PP and 
MP of the 6 s Cycle during the placebo trial in comparison to baseline 
values following completion of the ST. These decrements, ~8% (PP) 
and ~5% (MP), were reduced following ingestion of BCAA at both 
doses. When comparing the 6 g trials to the PP and MP placebo values, 
increases of ~6 and 2% respectively were witnessed. Likewise, with 
regards to the 18 g trials, increases of ~9 and 4% respectively were 
recorded in comparison to placebo values. Furthermore, RMS values 
rose significantly following completion of the ST in all groups, with 
the placebo group increasing by ~300% when compared to baseline 
values. This vast increment was significantly decreased following both 
6 g BCAA (~9%) and 18 g BCAA (~19%) when compared to placebo 
values. 

In the present study, BCAA ingestion has been shown to alleviate 
the decrements reported in muscle function (~2-8%), as well as the 
increments in RMS following high intensity resistance training. The 
attenuations witnessed after ingestion of BCAA were slightly less 
prominent than those reported by Howatson et al., [2] (~9%) following 
repetitive concentrically loaded, eccentric muscle actions. However, 
this could be attributed to the more ‘representative’ nature of the ST in 
this study, as opposed to protocol completed by Howatson et al., [2]. 
The ST was designed to replicate the demands of traditionally practiced 
athletic strength sessions, rather than predominantly focus on inducing 
extreme levels of EIMD and subsequent decrements in functional 
performance and elevations in markers of muscle damage [16,27]. 
Repetitive high force, eccentric muscle actions, as used by Howatson et 
al., [2], result in amplified EIMD, as witnessed by the vast decrements 
in maximal voluntary contraction (~20-27%) [5,26] and increments in 
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Figure 2: Changes in peak (PP) and mean (MP) power achieved following 
high intensity resistance training across trial groups. Significantly (P<0.05) 
lower than baseline*, significantly higher than placebo**.
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Figure 3: Changes in perceived muscle soreness following high intensity 
resistance training across trial groups. Significantly (P<0.05) lower than 
baseline*, significantly higher than placebo**.
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RMS across groups [2,29]. This is relevant, as contemporary research 
has shown that perceptible effects on muscle function, created through 
prophylactic interventions such as BCAA ingestion, are likely to be 
more noticeable under conditions of greater muscle damage [30]. 
Furthermore, evaluation of Howatson et al., [2] highlights the vast 
increase in BCAA dosage given to participants throughout the study 
period in comparison to the present study. The total dose administered 
to each participant by Howatson et al., [2] was 260 g (7 day loading 
of 20 g/day, 20 g pre and post exercise, 20 g/day for 96 h following 
exercise) as opposed to either 12 g (6 g BCAA pre and post) or 36 g (18 
g BCAA pre and post) in the present study.

Research has highlighted two main mechanisms related to BCAA 
ingestion and the subsequent effects on muscle function following 
exercise, including increased stimulation of protein synthesis and 
suppression of skeletal muscle protein proteolysis [2,31,32]. Matsumoto 
et al., [33] reported that a relatively small dose of BCAA (2 g) taken pre 
cycling exercise provided protection against skeletal muscle proteolysis 
in healthy participants. This information becomes relevant when 
considering work by Koba et al., [34] where it was reported that muscle 
proteolysis during exercise was directly related to subsequent muscle 
damage. In the present study, significantly greater doses (6 g or 18 g) 
were administered to the participants pre and post resistance exercise, 
and thus is it reasonable to advocate that the anti-catabolic properties 
of BCAA proposed by Matsumoto et al., [33] directly influenced the 
observed recovery of muscle function in comparison to the placebo 
group.

Furthermore, ingestion of BCAA-rich supplements including 
essential amino-acids, whey protein hydrolysate and whey protein 
isolate post-resistance training, has been reported to positively 
augment muscle protein synthesis as well as aid recovery [35,36]. Since 
BCAA ingestion has been shown to replicate the effect of a complete 
mixture of amino-acids in the stimulation of protein synthesis [37], 
it would seem rational that BCAA supplementation, following 
resistance training, would yield similar benefits to those listed above. 
Indeed, BCAA supplementation, alongside exercise, has been shown to 
stimulate mTOR and p70-S6 kinase, both of which are key regulators 
in cell growth, transcription and protein synthesis [38,39]. Moreover, 
contemporary research has revealed that under inflammatory 
conditions, such as those experienced after intense exercise, BCAA 
can be transaminated to glutamine, a substrate highly consumed by 
inflammatory cells and linked to attenuation of strength decrements 
and DOMS following resistance exercise [31,40]. 

One of the main limitations from the present study was the lack 
of physiological muscle damage markers taken such as serum levels of 
creatine kinase (CK), lactate dehydrogenase (LDH), myoglobin and 
myosin heavy chain fragments (MHC). Assessment of these markers, 
through venous blood samples, would have allowed for the detection 
of muscle proteins present in the blood following completion of the ST 
[28,41]. Collection of such data would enable physiological evidence 
to support the decrements commonly witnessed in functional testing 
following damaging protocols. A further limitation was the lack of 
specific dietary control across participants. This may have lead to 
inconsistencies in caloric, and more specifically protein ingestion 
directly impacting upon results. Participants were required to record 
a 24 h food diary and mimic this on training days, thus increasing 
consistency independently, however no specific intervention was in 
place between participants. Potential differences in protein intake 
would affect the bioavailability of substrate and thus directly influence 
protein turnover and fundamentally affect the data collected [42,43]. 

Further research should look to incorporate a longer, and more 
specific, dietary analysis to enable greater insight into both macro and 
micronutrient consumption, thus removing, or at least acknowledging, 
potential difference across trials and/or participants. 

Conclusion
This was the first study with the aim of investigating the acute 

effects two varying doses of BCAA have on recovery of muscle 
function following conventionally practised strength training in 
resistance trained athletes. This study found that both 6 g and 18 
g BCAA, administered pre and post intensive resistance training, 
attenuate the decrease commonly witnessed in muscle function, while 
relieving symptoms of muscle soreness. Furthermore, the findings 
have highlighted that the magnitude of effect is significantly increased 
following the higher dosage when compared to both the lower 
dose and placebo. The ergogenic benefit of BCAA is likely due to a 
synergistic combination of increased stimulation of protein synthesis 
and suppression of skeletal muscle protein proteolysis. Athletes whose 
performance and training regimen requires repetitive, dynamic, high-
powered muscle actions, should consider ingestion of 18 g BCAA 
prior to and immediately following intensive strength training bouts. 
Thereby, acting as a means to initiate augmented muscle recovery and 
concomitant maintenance of quality training output. 
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