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ABSTRACT
Background: This study investigated the combined effect of 
branched-chain amino acids (BCAA) and fish oil (FO) on muscle 
damage caused by eccentric contractions (ECCs) of the elbow 
flexors, with a special focus on muscular function.
Methods: Twenty-nine untrained male participants were enrolled in 
this double-blind, placebo-controlled, parallel study. The participants 
were randomly assigned to the placebo (PL) group (n = 9), BCAA 
supplement group (n = 10), and BCAA+FO supplement group 
(n = 10). The BCAA+FO group consumed eicosapentaenoic acid (EPA) 
600 mg and docosahexaenoic acid (DHA) 260 mg per day for 8 weeks, 
while the BCAA and BCAA+FO groups consumed 9.6 g per day for 
3 days prior to and until 5 days after ECCs. Participants performed six 
sets of 10 ECCs at 100% maximal voluntary contraction (MVC) using 
dumbbells. Changes in MVC torque, range of motion (ROM), muscle 
soreness using visual analog scales, upper circumference, muscle thick-
ness, echo intensity, and serum creatine kinase (CK) were assessed 
before, immediately after, and 1, 2, 3, and 5 days after ECCs.
Results: The MVC torque was significantly higher in the BCAA+FO 
group than in the PL group immediately after ECCs (p < 0.05) but 
not in the BCAA group. Both BCAA and BCAA+FO groups showed 
greater ROM and lower muscle soreness than the PL group 
(p < 0.05). CK was significantly lower in the BCAA group than in 
the PL group at 5 days after ECCs (p < 0.05).
Conclusions: This study reveals that supplementation with BCAA 
and FO may favorably impact immediate recovery of peak torque 
production. Alternatively, in comparison to PL group, BCAA supple-
mentation favorably reduces creatine kinase.
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1. Introduction

Exercise involving exhaustive eccentric contractions (ECCs) can cause muscle sore-
ness and muscle damage, including reduced maximal strength, limited range of 
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motion (ROM), muscle swelling, and increased levels of creatine kinase (CK) [1]. 
Consequently, ECCs can lead to discomfort and decreased performance. Therefore, 
it is important to minimize decreases in muscle function and muscle soreness as well 
as promote the repair of muscle damage after exercise.

Branched-chain amino acids (BCAAs) such as valine, leucine, and isoleucine are 
among the nine essential amino acids for humans, and account for 35% of the 
essential amino acids in muscle proteins and 40% of the preformed amino acids 
required by mammals [2]. BCAAs have several nutritional and functional roles, 
including serving as an energy source during exercise [3], acting as a signaling factor 
of protein synthesis [4], and facilitating anti-inflammatory and immune responses [5]. 
In particular, 9.6 g of BCAA supplementation taken three days before performing 
elbow flexor ECCs was effective at attenuating muscle soreness, limiting losses of 
ROM, increased upper arm circumference, and increased serum CK [6]. However, 
Foure et al. [7] reported that 7 g of BCAA per day had no effect on the recovery 
of muscle damage after maximal voluntary isometric contraction of the quadriceps in 
untrained males. In contrast, BCAA supplementation enhanced the recovery of mus-
cle strength following ECCs in men who had undergone resistance training [8].

Previous studies have revealed that fish oil (FO) including eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) positively affected the symptoms of muscle 
damage [9,10]. Our previous research found that 8-week FO supplementation attenu-
ates reductions in muscle strength and ROM and increases in muscle soreness, CK, 
and muscle stiffness following exercise involving ECCs [11,12]. As for the mechanisms 
of the observed effects, it has been suggested that FO is incorporated into phos-
pholipids, which are a major component of the cell membrane, and thereby inhibit 
the effects of inflammation and reactive oxygen species [13].

Although the detailed mechanisms are not known, several previous studies 
focused on the effect of combined supplementation on muscle damage [14–17]. 
Specifically, supplements containing BCAA and vitamin B (vitamin B12, B6, B9, and 
B5) [14], glucose [15], and BCAA and taurine [6] have shown combined effects on 
muscle damage. Indeed, one review article recommended that the combined effect 
of BCAA and other nutrients should be examined further [18], while another sug-
gested that the combined effects of FO and other supplements be investigated [19]. 
However, no study has yet investigated the combined effects of BCAA and FO on 
muscle damage after performing acute ECCs.

Therefore, the purpose of this study was to investigate whether FO supplementa-
tion enhances the individual effect of a single dose of BCAA supplementation on 
muscle damage after performing ECCs. We hypothesized that combined BCAA and 
FO supplementation would have greater beneficial effects on the muscle damage 
after ECCs compared with supplementation of either one alone.

2. Materials and methods

Participants

A total of 29 healthy men (age, 19.5 ± 1.1 years; height, 170.5 ± 6.1 cm; weight, 66.2 ± 
9.5 kg; body mass index (BMI), 22.7 ± 2.5 kg/m2) were recruited for this study. The 
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participants reported having no food allergies. In addition, they did not perform in any 
regular resistance training for at least one year prior to participation in this study. They 
were requested to avoid participating in other clinical trials and interventions, including 
those involving hot baths, cold baths, massage, stretching, strenuous exercise, excessive 
consumption of food or alcohol, and to refrain from taking any supplements or medication 
during the experimental period. All participants were provided with detailed explanations 
of the study protocol prior to participation and signed an informed consent form in 
accordance with the Declaration of Helsinki before being enrolled in this study. This 
study was approved by the Ethics Committee for Human Experiments at Teikyo Heisei 
University (ID: R02-34). Moreover, the study was registered at the University Hospital 
Medical Information Network Clinical Trials Registry (UMIN-CTR identifier: UMIN000042925).

Study design

The study employed a double-blind, placebo-controlled, parallel-group trial design. The 
participants were randomly assigned to one of the three groups using a table of random 
numbers to minimize the intergroup differences in prior activity, age, height, body 
weight, and BMI. The placebo (PL) group and the BCAA group consumed a placebo 
pill daily, whereas the BCAA+ FO group consumed an EPA-rich FO for 8 weeks before 
the exercise experiment and for five days after exercise was completed. In addition, the 
BCAA group and the BCAA+ FO group consumed BCAA for three days before the 
exercise experiment. On the day of the exercise test, muscle damage markers were 
assessed in the non-dominant arm before exercise. Immediately after these baseline 
measurements, the participants performed ECCs with the same arm. The participants 
were instructed to eat a light meal 2 or more hours before arriving at the laboratory. All 
measurements were performed immediately before, immediately after, and 1, 2, 3, and 
5 days after exercise.

Supplements

All groups consumed eight soft-gel capsules per day for 8 weeks before (not after) the exercise 
experiment and then up to 5 days after. The BCAA+FO group consumed eight 300-mg EPA- 
rich FO softgel capsules (600 mg EPA, 260 mg DHA; Nippon Suisan Kaisha Ltd., Tokyo, Japan) 
per day, following the procedures in previous studies [12]. The intake of supplements in the 
BCAA group and the BCAA+FO group was changed to 3 times a day from 3 days before the 
exercise experiment. The daily intake of 9.6 g BCAA (Nippon Suisan Kaisha Ltd., Tokyo, Japan) 
was based on previous studies [6]. On the day of the exercise experiment, the participants 
ingested 9.6 g of placebo or BCAA immediately before the exercise (not after). The placebo 
supplement was compounded to the same volume, color, and taste as the BCAA by using 
similar proportions of cornstarch for the double-blind method.

Nutrition survey

The nutritional status of each participant was assessed before and after the 8-week 
supplementations by using a food frequency questionnaire based on food groups, as 
described in previous studies (FFQg, version 5, Kenpakusha, Tokyo, Japan) [11].

JOURNAL OF THE INTERNATIONAL SOCIETY OF SPORTS NUTRITION 567



Eccentric contractions (ECCs)

To perform ECCs, participants sat on a preacher curl bench with their shoulder joint angled 
at 45° flexion. Each participant used a dumbbell having a weight equal to 100% of their 
maximal voluntary isometric contraction MVC at an elbow joint angle of 90°. Based on 
previous studies [11,20], the ECCs comprised six sets of 10 maximal voluntary ECCs of the 
elbow flexors with a resting period of 90s between each set. The participants were handed 
the dumbbell with their elbow in the flexed position (90°) and were instructed to lower it to 
a completely extended position (0°) at an approximately constant speed (30°/s) in time (3 
s), using a metronome. Then, the investigator took the dumbbell from the participant, and 
the participant returned their arm to the starting position for the next ECC.

Maximal voluntary isometric contraction (MVC) torque

Each participant performed two 5-s MVCs at an elbow joint angle of 90° with a 60-s rest 
between the contractions. The peak torque at each angle was considered to be the MVC 
torque. The torque signal was amplified using a strain amplifier (LUR-A-100NSA1; Kyowa 
Electronic Instruments, Tokyo, Japan). The analog torque signal was converted to a digital 
signal by a 16-bit analog-to-digital converter (Power-Lab 16SP; AD Instruments, Bella 
Vista, Australia). The sampling frequency was set to 10 kHz and the measurement was 
performed as previously described [21]. The test–retest reliability of the MVC measure-
ments based on the coefficient of variation (CV) was 1.7%.

Range of motion of the elbow joint

To examine the elbow joint ROM, two elbow joint angles (extended and flexed) were 
measured using a goniometer (Takase Medical, Tokyo, Japan). The extended joint angle 
was recorded while the participant attempted to completely extend the joint with the 
elbow held by his side and the hand in supination [22]. The flexed joint angle was 
determined, while the participant attempted to completely flex the joint from an equally 
and completely extended position with the hand in supination. The ROM was calculated 
by subtracting the flexed joint angle from the extended joint angle. The test–retest 
reliability of the ROM measurements based on the CV was 0.8%.

Muscle soreness using visual analogue scales

Muscle soreness in the elbow flexors was assessed using a 100-mm visual analog scale 
(VAS) ranging from 0 (‘no pain’) to 100 (“the worst pain imaginable”), in line with previous 
studies [10,22]. The participants attained a relaxed state with the arm in a natural position; 
the investigator then palpated the upper arm using a thumb, and the participant indi-
cated his pain level on the visual scale. All tests were performed by the same investigator 
who was trained to apply the same pressure over time and across participants. The test– 
retest reliability of the VAS measures based on the CV was 2.2%.

568 Y. TSUCHIYA ET AL.



Blood sample

The participants fasted for 8 h before a trained doctor obtained blood samples from their 
forearms. The blood samples were allowed to clot at room temperature (25°C) and were 
then centrifuged at 3,000 rpm for 10 min at 4°C. The serum was extracted and stored at 
−20°C until analysis. The serum levels of dihomo-gamma-linolenic acid (DGLA), arachido-
nic acid (AA), EPA, and DHA were measured. In addition, we evaluated serum creatine 
kinase (CK) as a marker of muscle damage.

Upper arm circumference

The upper arm circumference was measured 9 cm above the elbow joint using a tape 
measure while the participants were standing with their arms relaxed by their side, as in 
a previous study [11]. Measurement marks were maintained during the experimental 
period using a semi-permanent marker, and the measurements were taken by the same 
experienced investigator. The mean value of three measurements was used for further 
analysis. The test–retest reliability of the measurements based on the CV was 2.1%.

Muscle thickness and echo intensity

B-mode ultrasound pictures of the upper arm were obtained using the biceps brachii via 
ultrasound (SONIMAGE HS1; Konika Minolta, Tokyo, Japan), and the probe was placed 
9 cm from the elbow joint at the position marked for the measurement of the upper arm 
circumference. The same gains and contrast were used over the experimental period. The 
transverse images were transferred to a computer as bitmap files (.bmp) and analyzed 
using a computer. Scanned images of each muscle were transferred to a personal com-
puter and the thickness of biceps brachii was manually calculated via tracing using 
computer image analysis software (ImageJ; National Institutes of Health, Bethesda, MD). 
The average muscle echo intensity of the region of interest (20 × 20 mm) was calculated 
using the same software to provide a grayscale histogram (0, black; 100, white) for the 
region, as described in a previous study [11]. The test–retest reliability of the muscle echo 
intensity and thickness measurements based on CV were 2.1% and 1.4%, respectively.

Statistical analyses

All analyses were performed using the SPSS ver 26.0 (IBM Corp., Armonk, NY). Values are 
expressed as means ± standard deviation (SD). MVC torque, ROM, circumference, muscle 
thickness, and echo intensity of values before exercise to 5 days after exercise were 
calculated based on relative changes from the baseline. MVC, ROM, muscle soreness, 
circumference, muscle thickness, echo intensity, and blood data of the PL group and 
BCAA group or the PL group and BCAA+FO group were compared using a two-way 
repeated-measure analysis of variance (ANOVA). When a significant primary effect or 
interaction was found, Bonferroni’s correction was performed for post-hoc testing. 
A p-value of < 0.05 was considered statistically significant.
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3. Results

Participant characteristics and food frequency surveys

No significant differences were observed among the PL group, the BCAA group, and the 
BCAA+FO group in terms of age, height, body weight, and BMI (PL group, n = 9; age, 
19.6 ± 1.1 years; height, 169.8 ± 6.1 cm; weight, 64.7 ± 6.5 kg; body fat, 17.1 ± 2.6%; and 
BMI, 22.4 ± 2.0; BCAA group, n = 10; age, 19.8 ± 1.3 years; height, 170.3 ± 6.5 cm; weight, 
67.9 ± 13.2 kg; body fat, 16.0 ± 4.7%; and BMI, 23.3 ± 3.4, BCAA+FO group, n = 10; age, 
19.2 ± 0.6 years; height, 171.3 ± 6.1 cm; weight, 65.7 ± 8.1 kg; body fat, 16.0 ± 2.1%; and 
BMI, 22.4 ± 1.9). The results of the food frequency questionnaire showed no difference in 
nutrition status among the PL group, the BCAA group, and the BCAA+FO group before 
and after the experiment (Table 1).

Changes in serum DGLA, AA, EPA, and DHA before and after the 8-week 
supplementation

The changes in serum fatty acids are shown in Table 1. No significant changes in DGLA, 
AA, EPA, and DHA levels were observed in the PL group and the BCAA group before and 

Table 1. Changes of food frequency surveys and serum dihomo-gamma-linolenic acid, arachidonic 
acid, eicosapentaenoic acid, docosahexaenoic acid.

Food frequency surveys PL (n = 9) BCAA (n = 10)
BCAA+FO 
(n = 10)

Energy (kcal) Before 
supplementations

2023.6 ± 670.0 2396.3 ± 426.1 2459.0 ± 1043.3

After supplementations 1836.9 ± 665.0 2357.3 ± 1260.0 2408.3 ± 983.3
Protein (g) Before 

supplementations
71.2 ± 35.5 93.1 ± 18.9 86.3 ± 37.9

After supplementations 73.5 ± 40.4 92.7 ± 69.6 90.4 ± 43.1
Fat (g) Before 

supplementations
67.7 ± 23.4 91.9 ± 20.8 80.0 ± 46.6

After supplementations 70.1 ± 20.7 81.4 ± 44.6 84.8 ± 42.1
Carbohydrate (g) Before 

supplementations
274.4 ± 79.1 290.1 ± 87.0 336.4 ± 131.5

After supplementations 220.0 ± 87.6 302.3 ± 143.1 311.0 ± 133.0
Omega-3 fatty acids (g) Before 

supplementations
2.2 ± 1.2 2.8 ± 0.8 2.6 ± 1.6

After supplementations 2.7 ± 1.8 3.1 ± 1.8 2.8 ± 1.3
Serum fatty acid
Dihomo-gamma-linolenic acid (μg/ 

ml)
Before 

supplementations
188.7 ± 42.0 170.8 ± 45.1 171.2 ± 21.3

After supplementations 178.1 ± 24.2 157.2 ± 43.9 166.5 ± 24.5
Arachidonic acid (μg/ml) Before 

supplementations
32.0 ± 12.3 37.0 ± 7.0 32.6 ± 10.3

After supplementations 27.8 ± 9.8 31.7 ± 7.7 29.0 ± 8.7
Eicosapentaenoic acid (μg/ml) Before 

supplementations
29.3 ± 15.4 22.3 ± 11.1 33.2 ± 25.3

After supplementations 24.2 ± 21.3 17.8 ± 13.3 60.9 ± 16.5†*
Docosahexaenoic acid (μg/ml) Before 

supplementations
68.1 ± 17.9 71.6 ± 24.9 72.7 ± 25.2

After supplementations 64.2 ± 14.9 60.5 ± 21.1 82.2 ± 16.2*

† p < 0.05 for the difference from the before supplementations value. * p < 0.05 for the difference between BCAA+FO 
group and PL, BCAA group.
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after supplementation. However, the EPA level after supplementation in the BCAA+FO 
group was significantly higher than before supplementation (p < 0.05). EPA and DHA 
levels were significantly higher in the BCAA+FO group than in the PL group and the BCAA 
group after the 8-week supplementation (p < 0.05).

Maximal voluntary isometric contraction torque

A significant interaction effect was found between the PL group and the BCAA+FO group 
(Figure 1, p < 0.05). Compared with the pre-exercise value, the MVC torque at 90° elbow 
angle in the three groups significantly decreased immediately after exercise and did not 
return to baseline until day 3 after exercise (p < 0.05; Figure 1). There was a significant 
difference between the BCAA+FO group (69.1 ± 11.7%) and the PL group (51.9 ± 13.3%) 
immediately after exercise (p < 0.05). In contrast, no significant difference was found 
between the PL group and the BCAA group.

Range of motion of the elbow joint

A significant interaction effect was found between the PL group and the BCAA group and 
between the PL group and the BCAA+FO group (Figure 2A, p < 0.05). Compared with the 
pre-exercise value, ROM had significantly decreased immediately after exercise and 
remained until 5 days after exercise in the PL group. In the BCAA group, ROM was 
significantly decreased only immediately after exercise, but returned to baseline 1 day 
after exercise. Moreover, the BCAA+FO group was significantly decreased immediately 
after and 1 day after exercise, but returned to baseline 2 days after exercise. In addition, 
ROM was significantly higher in the BCAA group than in the PL group immediately after 
exercise (BCAA group, 85.5 ± 8.0%; PL group, 73.6 ± 10.3%; p < 0.05).

Muscle soreness using visual analogue scale

A significant interaction effect was found between the PL group and the BCAA group and 
between the PL group and the BCAA+FO group (Figure 2B, p < 0.05). In the PL group and 
the BCAA+FO group, a greater muscle soreness developed at 1, 2, and 3 days after 
exercise compared with the pre-exercise values. In the BCAA group, a greater muscle 
soreness developed at 1 and 2 days after exercise compared with the pre-exercise values. 
There was a significant difference in muscle soreness between the PL group (43.6 ± 
19.3 mm) and the BCAA group (27.7 ± 13.0 mm) at 3 days after exercise (p < 0.05).

Blood serum creatine kinase (CK) analysis

A significant interaction effect was found between the PL group and the BCAA group 
(Figure 2C, p < 0.05). In the PL group, the serum CK level at 5 days after exercise was 
higher than the pre-exercise values (p < 0.05). In contrast, no significant differences were 
found in the BCAA group and the BCAA+FO group. There was a significant difference in 
serum CK level between the BCAA group (2051.1 ± 4940.2 U/l) and the PL group (9862.6 ± 
10,971.1 U/l) at 5 days after exercise (p < 0.05).
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Figure 2. Changes (mean ± SD) in range of motion (ROM) (A) and muscle soreness (B), and blood 
serum creatine kinase level (C) measured before (pre) and immediately after (post) the eccentric 
contractions exercise and 1, 2, 3 and 5 days after in the placebo (PL) group, the BCAA group, and the 
BCAA+FO group. * p < 0.05 for the difference between PL and BCAA group. † p < 0.05 for the 
difference from the pre-exercise value in the PL group. § p < 0.05 for the difference from the pre- 
exercise value in the BCAA group. ♯ p < 0.05 for the difference from the pre-exercise value in the BCAA 
+FO group.
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Upper arm circumference, muscle thickness, and echo intensity

No significant differences in upper arm circumference were observed at any point in the 
three groups (Figure 3A). Also, no significant differences in muscle thickness and muscle 
echo intensity were observed at any point in the three groups (Figure 3B,C).

4. Discussion

This study investigated the efficacy of BCAA and BCAA+FO supplementation on their 
ability to mitigate muscle damage after performing ECCs. We confirmed that the combi-
nation of BCAA and FO attenuated the decrease in muscle strength immediately after 
performing ECCs. The present study also reported that BCAA and BCAA+FO improved 

Figure 3. Changes (mean ± SD) of circumference (A), muscle thickness (B) and echo intensity (C), 
measured before (pre) and immediately after (post) the eccentric contractions exercise and 1, 2, 3 and 
5 days after in the placebo (PL) group, the BCAA group, and the BCAA+FO group.
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ROM and reduced soreness after completing damaging exercise and BCAA supplementa-
tion reduced CK values five days after eccentric exercise.

The MVC in the BCAA+FO group was significantly higher than that in the PL group after 
performing ECCs, but not in the BCAA group. It has been shown that 20 g/day BCAA 
supplementation administered 7 days before and 4 days after performing ECCs of knee 
extensors (with an additional 20 g immediately before and after the exercise) attenuated 
reductions in MVC and led to earlier recovery in participants who had undergone 
resistance training [23]. However, Foure et al. [7] reported that 7.0 g of BCAA per day 
had no effect on the recovery of MVC of knee extensors after performing ECCs in men who 
had not undergone resistance training. Likewise, in a study by Jackman et al. [24], no 
differences were demonstrated in MVC in men who had not undergone resistance 
training with 29.3 g BCAA supplementation per day. Therefore, single intake of BCAA 
may not prevent muscle dysfunction after performing ECCs in participants who have not 
undergone resistance training. In contrast, several studies have revealed that FO supple-
mentation attenuated reduced muscle strength after performing ECCs of elbow flexors 
[10–12]. We found that intake of FO inhibits the reduction in muscle strength [12]. The 
mechanism of temporal strength loss after performing ECCs is assumed to be due to 
excitation–contraction coupling failure [25]. It has been demonstrated that FO supple-
mentation attenuates reduced muscle strength after performing ECCs concomitant with 
protection against motor nerve function [11]. Although single intake of BCAA tended to 
attenuate reduced muscle strength, no statistically significant effect was observed in this 
study. Considering these factors, BCAA alone does not appear to be sufficient for pre-
venting reduced muscle strength after performing ECCs, and thus the results suggest that 
FO plays an important role in the protection of muscle function.

This study reveals that BCAA supplementation improves ROM immediately after exer-
cise and improved soreness three days after exercise. Ra et al. [6] reported that the intake 
of BCAA for 3 days before performing ECCs (9.6 g/day) attenuated the limited ROM and 
muscle soreness. In addition, Rahimi et al. [18] reviewed randomized clinical trials and 
concluded that BCAA supplementation, both before and during recovery days after 
exercise, is able to attenuate muscle soreness. Although the mechanism underlying 
muscle soreness after performing ECCs is not well understood, it seems likely to be related 
to inflammation, particularly to the connective tissue elements [26] that sensitize noci-
ceptors in muscle [27]. In addition, limited ROM after ECCs has also been attributed to an 
inflammatory response in the myofibrils, which leads to an increase in passive stiffness 
[28]. Nicastro et al. [29] suggested that BCAA supplementation decreases the inflamma-
tory response in damaged muscle by increasing the availability of amino acids as sub-
strates for immune cells. Regarding FO, a recent double-blind, placebo-controlled, parallel 
study showed that daily FO supplementation for 8 weeks of (EPA 600 mg, DHA 260 mg) 
led to higher attenuation of limited ROM and muscle soreness compared with a placebo 
[12]. Because FO has also anti-inflammatory effects that reduce levels of interleukin-6 
[10,30], the attenuation of limited ROM and muscle soreness might be attributed to these 
anti-inflammatory effects. Of note, no differences were found in ROM and muscle soreness 
between the single BCAA and combined supplementation groups, and no combined 
effects of BCAA and FO were observed in either parameter.

Although there was a significant difference in CK between the BCAA group and the PL 
group, no such difference was found between the BCAA+FO group and the PL group. 
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Many studies have reported that BCAA supplementation attenuated increased serum CK 
after performing ECCs [7,16,23,31]. A systematic review and meta-analysis concluded that 
BCAA significantly reduces efflux of CK after exercise [18]. In contrast, the effects of FO 
supplementation on increased CK activity have been controversial. Tartibian et al. [30] 
reported that intake of FO for 30 days reduced elevation of CK after performing ECCs from 
40 min after performing the bench stepping exercise. Similarly, FO supplementation for 
4 weeks alleviated the increase in CK after performing ECCs of elbow flexions [32]. In 
contrast, previous studies have found no differences in serum CK between FO supple-
mentation and placebo conditions [10,33]. CK is more indicative of sarcolemma disruption 
and accordingly causes the cytosolic enzymes to exude from the cell into the blood 
[18,27]. Rahimi et al. [18] speculated that muscle membrane integrity might be main-
tained to a greater extent by BCAA supplementation. However, the mechanism by which 
BCAA assists in repairing/preserving the muscle sarcolemma membrane has yet to be 
elucidated. Future research should examine the relationship between amino acid avail-
ability and sarcolemma remodeling. Moreover, CK level was lower in the BCAA+FO group 
than in the BCAA-only group in this study. Therefore, it is necessary to clarify the offsetting 
effects of combining intake of BCAA with other supplements.

Neither intake of BCAA alone nor combined intake of BCAA and FO had any effect on 
swelling and echo intensity. Previous studies have reported that BCAA supplementation 
attenuated the increase in circumference [6]. Similarly, FO supplementation for 8 weeks 
inhibited increases in circumference [12]. However, several previous studies have reported 
that the consumption of EPA and DHA supplementation did not attenuate muscle 
swelling after performing ECCs [10,11,34]. Therefore, there is presently no consensus on 
muscle swelling measured using a tape measure. Increased echo intensity reflects the 
amount of free water or edema [35]. To our knowledge, no studies have examined the 
effect of BCAA supplementation on echo intensity. Above all, more studies are needed to 
clarify the effect on echo intensity after performing ECCs.

5. Conclusions

In conclusion, the results of this study showed that combining FO and BCAA supplemen-
tation has a beneficial effect in terms of immediately attenuating loss of strength after 
performing eccentric contractions in untrained males. Therefore, combined supplemen-
tation with BCAA and FO may be a useful strategy for attenuating muscle dysfunction. 
This study showed that the BCAA supplementation had no statistical effect on muscle 
function despite improved CK, ROM, and muscle soreness. Further study is needed to 
examine the relationship between attenuated the limited ROM, increased CK, and muscle 
soreness and muscle function in more details.
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