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Abstract  This study aimed to investigate the effect of 

combined oral consumption of curcumin and piperine on 

muscle damage in futsal players after 2 consecutive 

matches. To achieve this, a randomized, double-blinded, 

placebo-controlled design was used, where 14 days of 

supplementation of curcumin and piperine, along with a 

placebo, was administered. A total of 16 amateur futsal 

players were divided into 2 groups, namely experimental 

and placebo. Parameters such as blood creatine kinase 

(CK), aspartate aminotransferase (AST), and alanine 

aminotransferase (ALT) concentration were assessed at 

specific time points, including 7 days before the first match, 

immediately before the first match, 24 h after the first 

match, 24 h after the second match, 48 h after the second 

match, and 72 h after the second match. The results showed 

a significant difference (p < 0.01) in the CK, as well as 

AST (p < 0.01) and ALT (p < 0.01) values between the 

CUR and PLA groups 24 h after the second match. 

Furthermore, 72 h after the second match, the CUR group 

had a lower CK value compared to PLA (p<0.05). 

Therefore, the supplementation of 200 mg curcumin and 10 

mg piperine a day was considered effective in reducing 

muscle damage and accelerating the recovery of futsal 

players following 2 consecutive matches.  

Keywords Futsal, Profile, Curcumin, Piperine, 

Supplementation, Muscle Damage, Recovery 

1. Introduction

Futsal is a sport demanding a high level of technical skill 

and proficiency from players. The matches are 

characterized by a pattern of intensive physical exertion 

interspersed with periods of rest and recovery, which range 

in duration. This study has shown that elite futsal players 

engage in high-intensity running for 20-30% of the total 

match duration. As a result, players should possess a 

combination of sport-specific abilities, cardiovascular 

endurance, muscular power, and speed in order to achieve 

success in their careers [1-4]. 

In futsal, the smaller dimensions of the playing field and 

the ability to make unlimited substitutions in futsal, 

contribute to a match dynamic defined by frequent short 

sprints, sudden changes in rhythm and direction, close 

control of the ball, and frequent interactions with 

opponents [3,5-7]. These specific features, alongside the 

demands of training and competition, have led to the 

recognition of this sport as possessing a high risk of 

damage [8,9]. Furthermore, the requirement to participate 
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in 2 to 4 matches per week exacerbates the stress on players, 

amplifying their susceptibility to damage and 

compromising performance due to factors such as fatigue, 

muscle damage, and inflammation [10]. 

Muscle damage can be detected through biochemical 

markers such as creatine kinase (CK) and lactate 

dehydrogenase (LDH) [11-13]. Several studies examined 

the impact of futsal on damage markers, including [10] 

aspartate aminotransferase (AST) and alanin 

aminotransferase (ALT) [14,15]. For example, de Moura 

[16] discovered a significant increase in the levels of CK 

and LDH following elite-level futsal competition [10]. 

Other studies showed substantial differences in various 

biomarker indicators, particularly in LDH and IL-6, 

between goalkeepers and outfield players [16]. 

A range of strategies has been implemented to mitigate 

the impact of muscle damage, including both passive and 

active recovery methods [17], interventions comprising 

cold water immersion techniques [18], protein 

consumption [19-21], and the use of herbal-based 

supplementation [22,23]. However, the adoption of 

herbal-based supplementation as a form of nutritional 

intervention has gained significant attention in recent years 

as a means to reduce or prevent muscle damage among 

athletes and the general population [23-26]. Previous 

studies showed that nutritional interventions from a natural 

compound such as green tea extract, curcumin, and 

cinnamon, at specific dosages, exert an influence on 

recovery from damage and alteration in biomarkers among 

athletes [23,27,28]. 

Curcumin has been identified as a natural compound 

with anti-inflammatory properties and a low potential for 

adverse effects [29]. Several investigations reported 

positive results for curcumin in aiding exercise recovery 

[30-35]. Despite the therapeutic potential of this compound, 

it has a low bioavailability [31,36,37] which can be 

increased in humans by up to 2000% by the 

co-administration of piperine, the bioactive constituent of 

black pepper [38]. Piperine also exhibits antioxidant 

effects, including scavenging of reactive oxygen species 

and inhibition of lipid peroxidation [39]. 

Investigations examining the influence of a 

curcumin-piperine combination on the recovery process 

following muscle damage caused by futsal matches are 

currently limited. Therefore, this study aimed to evaluate 

the impact of combined curcumin and piperine 

supplementation on muscle function recovery after 2 futsal 

matches. 

2. Materials and Methods 

2.1. Participants 

This study recruited 16 amateur male futsal players, with 

age, body mass, and height of 20 ± 0.95 years, 59.40 ± 7.08 

kg, and 1.67 ± 0.6 m, respectively. Inclusion criteria for 

participants were (1) regular futsal players for at least 5 

years, (2) training 10 hours per week, (3) absence of 

musculoskeletal damage, and (4) no vascular diseases. 

However, exclusion criteria included those who had 

stopped training for 1 month. Participants were randomly 

assigned to the CUR (n = 8) and the PLA (n = 8) groups. 

Before the commencement, participants were informed 

about the procedures and potential risks, alongside 

obtaining written informed consent. The study plan was 

reviewed and authorized by the Institutional Ethics 

Committee (IEC) number 03/KEPK/EC/IX/2022 at Health 

Polytechnic Kemenkes Bandung, Indonesia. 

2.2. Experimental Design 

A randomized, double-blinded, placebo-controlled 

design was used in this 2-week study to examine the effects 

of curcumin and piperine supplementation on biomarkers 

in futsal players. During the initial first week, participants 

engaged in regular exercise for 7 conservative days before 

the first match, with 2 sessions per day (morning and 

evening). In this period, opaque capsules containing CUR 

(Curcumin 100 mg + piperine 5 mg) or PLA 

(microcrystalline cellulose 105 mg) were ingested twice a 

day, 2 h before regularly exercising in the morning and 

going to bed at night. Following the 7-day intervention 

(first week), participants participated in the first complete 

futsal match, adhering to FIFA regulations, to induce 

muscle damage on the 8th day. The match was conducted 

on an internationally recognized futsal field in Bandung, 

starting at 02:00 pm, with an average temperature of 28 ± 

2°C. On the 9th day, the second complete futsal match was 

played under similar conditions. During the match period 

in the second week, opaque capsules containing CUR or 

PLA were ingested twice a day, 2 hours before regularly 

exercising in the morning and going to bed at night. The 

curcumin extraction process was based on a prior study [29] 

and adhered to regulations set by the Indonesian Food and 

Drug Authority (BPOM) Indonesia. The resulting product, 

named the Ganesha Fit product, was granted registration 

license number TR. 223018181. 

2.3. Blood and Serum Collection 

Biological material was collected from participants by 

nurses following established protocols for collection, 

transport, and storage. The collection period included 7 

days before the first match, immediately before the first 

match, 24 h after the first match, 24 h after the second 

match, 48 h after the second match, and 72 h after the 

second match. A total of 10 ml venous blood was obtained 

from participants, and put in sterile, labeled tubes without 

anticoagulant. After the blood samples were collected, 

serum was stored at a temperature range of 25-30°C, while 

plasma was stored on ice. The laboratory analyses were 

conducted in 1 h of blood collection, which was the 



28 The Effect of Curcumin and Piperine Supplementation as a Recovery Method after Two Consecutive Futsal Matches  

 

duration required for the transfer of samples from the field 

to the laboratory. 

2.4. Statistical Analysis 

The normal distribution of parameters was assessed 

using the Kolmogorov-Smirnov test. An independent t-test 

was used to compare participants’ characteristics between 

groups. CK, AST, and ALT levels were analyzed using 

repeated-measures ANOVA (group × time), followed by 

Tukey post hoc test for pairwise comparisons. Changes 

between the assessed times were also presented as the 

mean ± standard error. The significance level was set at 

p<0.05. 

3. Results 

Table 1 presents the anthropometric characteristics of 

participants, including their age, height, weight, body mass 

index, and body fat. The characteristics followed a normal 

distribution and no significant differences were observed 

between groups at baseline. 

Table 1.  Anthropometric characteristics of participants 

 CUR 

(n=8) 

PLA 

(n=8) 

Age (years) 20.38 ± 0.89 20.42 ± 0.67 

Height (cm) 167.50 ± 5.75 166 ± 6.45 

Weight (kg) 59.65 ± 6.21 59.16 ± 8.06 

Body mass Index (kg/m2) 21.26 ± 1.96 21.39 ± 1.95 

Body fat (%) 11.45 ± 2.61 10.95 ±1.1 

 

Figure 1.  Creatine kinase concentration, *Indicates the statistical 

difference between groups p<0.05. **shows the statistical difference 

between groups p<0.01. † present statistical difference compared to 

baseline in the same groups p<0.05. D-7: 7 days before the first match. 

Baseline: before the first match starts. 24 h (1): 24 hours after the first 

match. 24 h (2): 24 hours after the second match. 48 h: 48 hours after the 

second match. 72 h: 72 hours after the second match 

Figure 1 shows the concentrations of creatine kinase 

(CK) at baseline and 72 h post the second match for both 

CUR and PLA groups. Initially, no significant difference 

was noted between the groups (CUR 222 ± 38 vs. PLA 231 

± 39) (p>0.05). However, at the 72 h mark, there was a 

discernible distinction in the CK value with the CUR group 

returning to baseline values, while the PLA group 

maintained a significantly elevated level compared to 

baseline (216 ± 46 VS PLA 342 ± 116) (p<0.05). A 

significant interaction was observed at 24 h (1) after the 

first match, 24 h (2) after the second match, and remained 

higher after 48 h compared to baseline in the PLA group 

(377 ± 102; 538 ± 148; 458 ± 161; p<0.05). Meanwhile, the 

CUR group had a significant increase at 24 h (1) after the 

first match. Subsequently, significant differences were 

observed between the 2 groups at 24 h (1) after the first 

match (CUR 298 ± 64 VS PLA 377 ± 62, p<0.05), 24 h (2) 

after the second match (CUR 360 ± 88 VS PLA 538 ± 48, 

p<0.01), and 48 h (CUR 324 ± 56 VS PLA 458 ± 161, 

p<0.01). 

At baseline, aspartate aminotransferase (AST) 

concentration did not differ between groups (CUR 21.86 ± 

2.8 VS PLA 22.14 ± 2.9) (p>0.05). Figure 2 shows the 

interaction at 24 h (1) after the first match, 24 h (2) after the 

second match, and continued elevation after 48 h compared 

to baseline in the PLA group (30.14 ± 2.25; 36.07 ± 2.38; 

32.50 ± 2.44; p<0.05). Meanwhile, the CUR group had no 

significant increase at 24 h (1) after the first match, 24 h (2) 

after the second match, and 48 h compared to baseline 

(25.43 ± 3.82; 26.71 ± 3.13; 24.64 ± 3.22; p>0.05). 

Subsequently, significant differences were observed 

between 2 groups at 24 h (1) after the first match (CUR 

25.43 ± 3.82 VS PLA 30.14 ± 2.25, p<0.01), 24 h (2) after 

the second match (CUR 26.71 ± 3.13 VS PLA 36.07 ± 2.38, 

p<0.01), and 48 h (CUR 24.64 ± 3.22 VS PLA 32.50 ± 2.44, 

p<0.01). 

 

Figure 2.  Aspartate aminotransferase concentration, *Indicates 

statistical difference between groups p<0.05. **shows the statistical 

difference between groups p<0.01. † presents statistical difference 

compared to baseline in the same groups p<0.05. D-7: 7 days before the 

first match. Baseline: before the first match started. 24 h (1): 24 hours 

after the first match. 24 h (2): 24 hours after the second match. 48 h: 48 

hours after the second match. 72 h: 72 hours after the second match 

Alanine Aminotransferase (ALT) concentration as 

shown in Figure 3 did not differ between groups (CUR 

17.86 ± 3.74 VS PLA 18.86 ± 2.68) at baseline (p>0.05). A 
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significant interaction was observed at 24 h (1) after the 

first match, 24 h (2) after the second match, and remained 

higher after 48 h and 72 h compared to baseline in the PLA 

group (26.64 ± 2.65; 30 ± 2.68; 24.64 ± 1.88; 22.21 ± 2.01, 

p<0.05). Meanwhile, CUR group had no significant 

increase at 24 h (1) after the first match, 24 h (2) after the 

second match 48 h, and 72 h compared to baseline (19.86 ± 

3.36; 20.64 ± 4.41; 17.93 ± 3.47; 17.86 ± 3.20, p>0.05). 

Subsequently, there were significantly different between 

the 2 groups at 24 h (1) after the first match (CUR 19.86 ± 

3.36 VS PLA 26.64 ± 2.65, p<0.01), 24 h (2) after the 

second match (CUR 20.64 ± 4.41 VS PLA 30 ± 2.68, 

p<0.01), 48 h (CUR 17.93 ± 3.47 VS PLA 24.64 ± 1.88, 

p<0.01), and 72 h (17.86 ± 3.20 VS 22.21 ± 2.01, p<0.01). 

 

Figure 3.  Alanin aminotransferase concentration, *Indicates the 

statistical difference between groups p<0.05. **shows the statistical 

difference between groups p<0.01. † Indicates statistical difference 

compared to baseline in the same groups p<0.05. D-7: 7 days before the 

first match. Baseline: before the first match starts. 24 h (1): 24 hours after 

the first match. 24 h (2): 24 hours after the second match. 48 h: 48 hours 

after the second match. 72 h: 72 hours after the second match 

4. Discussion 

The primary objective of this study was to investigate 

the impact of a newly developed curcumin and piperine 

supplementation on biomarkers in futsal players. Previous 

literature has offered limited insight into the effect of the 

supplementation on delayed onset muscle soreness 

(DOMS) following futsal matches. This study was the first 

randomized, double-blind, and placebo-controlled trial to 

evaluate the chronic effects of curcumin and piperine on 

inflammation and muscle damage induced by 2 

consecutive futsal matches. 

This study demonstrated a significant increase in CK 

activity 24 hours after the first match in both the CUR and 

PLA groups compared to the baseline. The results were in 

line with previous reports showing increased CK levels 

post-futsal match [10, 16]. The CK levels peaked at 

approximately 400 U/L, which was typically observed 

after badminton [40], football [41,42], rugby [43,44], or 

long-distance events [45]. Furthermore, a considerable 

elevation was discovered in CK activity after the second 

match in both groups compared to the first match. At the 

72 h mark, following the conclusion of the second-day 

match, there was a discernible distinction in the parameter 

between the CUR and PLA groups. The CUR group 

exhibited a return to the baseline value, while the PLA 

group sustained a significantly elevated level. 

Changes in CK activity were commonly used as indirect 

indicators of match intensity and myocyte damage incurred 

during physical activity [46,47]. Due to the demanding 

nature of a futsal match, which includes frequent explosive 

activities such as jumps, duels, shots, dribblings, 

accelerations, decelerations, changes of direction (COD), 

sprints, as well as periods of jogging, walking, or standing, 

significant loads on active musculature, lead to 

microdamage of muscle fibers, and release of CK and other 

proteins from the cytosol [16,41,47]. 

In this study, it was observed that the CUR group had a 

lower concentration of CK compared to the PLA group, 

suggesting reduced muscle damage at 24 h after the first 

and second matches. Theoretical explanations propose that 

the combined administration of curcumin and piperine, 

exerted inhibitory effects on NF-Kb and COX-2, 

potentially mitigating post-match inflammation [38,48]. 

Furthermore, curcuminoids were known for their strong 

free radical scavenging properties, and when combined 

with anti-inflammatory action, curcumin supplementation 

was hypothesized to reduce secondary muscle damage [48]. 

While some strategies primarily focus on recovery after 

muscle damage, the current supplementation approach 

presents a preventive effect. In addition, this effect could 

be attributed to the ability of curcumin to inhibit the 

production of histamine and prostaglandin, which are 

associated with increased vascular permeability. 

According to reports, this natural compound can affect 

membrane structure depending on the concentration in the 

blood. This may also help to attenuate CK elevation and 

promote faster recovery [35]. The results were in line with 

other experimental studies showing the effectiveness of the 

compound in reducing CK concentration following 

physical stress, indicating that curcumin may have a 

protective effect against muscle damage. According to 

previous studies, curcumin supplementation can reduce 

muscle soreness immediately [30], 24 h [49], and 3 days 

after exercise in healthy individuals [35]. 

The results of increased AST and ALT levels 24 h after 

the first and second match in the PLA group were in line 

with previous studies showing a similar effect after acute 

aerobic exercise [50]. However, the CUR group did not 

exhibit a significant increase in these parameters after both 

matches. This suggests that the supplementation taken by 

the CUR group may have prevented the rise. These were 

consistent with previous studies indicating that CUR 

interventions can limit the increase in AST and ALT levels 

in active players. Several plausible mechanisms suggest a 

favorable effect of curcumin on liver function. This 

compound may improve hepatic steatosis and inhibit the 

progression of fatty liver disease by blocking the synthesis 

of fatty acids, including unsaturated types such as stearic 

acid, oleic acid, and linoleic acid [51]. It can also enhance 
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mitochondrial activity, facilitate β-oxidation, and decrease 

lipogenesis. Additionally, oxidative stress and immune 

system dysfunction were known to contribute to liver 

dysfunction [52]. 

Curcumin has been shown to have potential benefits in 

reducing oxidative stress by decreasing the production of 

reactive oxygen species, reducing protein expression in the 

liver, and decreasing pro-inflammatory cytokines and 

chemokines such as interferon (IFN) γ, interleukin-1β, and 

IFN γ-inducible protein [53,54]. Furthermore, it has the 

potential to hinder liver damage in steatohepatitis by 

decreasing the movement of high mobility group box 1 

(HMGB1) in the cytosol and nucleus, as well as inhibiting 

nuclear factor kappa B (NF-κB), while stimulating 

peroxisome proliferator-activated receptor-gamma 

(PPAR-γ) [14,15]. The ability of curcumin to act as an 

antioxidant was linked to its capacity to stimulate the 

production of various antioxidant enzymes such as 

heme-oxygenase-1, catalase, and glutathione transferase 

[54]. 

Despite meticulous efforts to design and implement a 

study with effective methodology, certain limitations 

should be acknowledged. A cross-over design would have 

been preferred, but it was deemed unsuitable due to the 

potential introduction of a training effect and reduction of 

DOMS during the cross-over phase. This design would 

have necessitated a lengthy washout period, extending the 

study duration by several months. Additionally, since this 

was the first investigation into the effects of curcumin and 

piperine supplementation on muscle function, the optimal 

dosage for efficiently attenuating muscle damage remains 

unknown. It would be valuable to compare the effects of 

different doses of this combined supplementation on 

muscle function and recovery kinetics following the same 

high-intensity exercise task. 

In terms of sports, various recovery strategies are often 

employed without considering potential conflicting effects. 

For instance, a recent study highlighted that the antioxidant 

capacity of red fruits diminishes when consumed alongside 

milk, a protein-rich beverage [55]. Therefore, it becomes 

imperative to evaluate the repercussions of implementing 

multiple recovery strategies concurrently on muscle 

function and recovery kinetics post-exercise-induced 

muscle damage. It has been established that post-exercise 

oxidative and inflammatory stress significantly influence 

the training adaptation process. Furthermore, antioxidant 

supplementation may potentially prevent these adaptations. 

However, in certain situations, maximizing performance 

was essential for athletes, specifically during tournaments. 

The question of whether combined curcumin and piperine 

supplementation could adversely impact chronic muscle 

adaptations subsequent to strenuous exercise remains 

uncertain and warrants further investigation. 

5. Conclusions 

In conclusion, the results strongly suggested that a 

14-day supplementation regimen of curcumin and 

piperine effectively mitigated the rise in concentrations of 

CK, AST, and ALT among futsal players engaged in 2 

consecutive matches. Consequently, the supplementation 

appeared to be a viable strategy for optimizing recovery in 

futsal players and other trained individuals. Future studies 

should prioritize investigating the prolonged effects of 

curcumin and piperine (spanning more than 24 days) on 

recovery enhancement and performance following futsal 

matches. 

Acknowledgments 

The authors are grateful to the Institute for Research 

and Community Service Institut Teknologi Bandung 

PPMI (Penelitian Pengabdian Masyarakat dan Inovasi) 

Institut Teknologi Bandung for the funding provided. The 

authors are also grateful to the participants for their 

valuable contributions to this study. 

 

REFERENCES 

[1] J. C. Barbero-Alvarez, J. V. Subiela, J. Granda-Vera, C. 

Castagna, M. Gómez, J. Del Coso. Aerobic fitness and 

performance in elite female futsal players. Biology of Sport, 

Vol. 32, No. 4, 339–344, 2015. https://doi.org/10.5604/208

31862.1189200 

[2] N. Naser, A. Ali, P. Macadam. Physical and physiological 

demands of futsal. Journal of Exercise Science and Fitness, 

Vol. 15, No. 2, 76–80, 2017. https://doi.org/10.1016/j.jesf.

2017.09.001 

[3] D. J. Ramos-Campo, J. A. Rubio-Arias, M. 

Carrasco-Poyatos, P. E. Alcaraz. Physical performance of 

elite and subelite Spanish female futsal players. Biology of 

Sport, Vol. 33, No. 3, 297–304, 2016. https://doi.org/10.56

04/20831862.1212633 

[4] D. Sekulic, B. Gilic, N. Foretic, M. Spasic, O. Uljević, Š. 

Veršić. Fitness profiles of professional futsal players: 

Identifying age-related differences. Biomedical Human 

Kinetics, Vol. 12, No. 1, 212–220, 2020.https://doi.org/10.

2478/bhk-2020-0027 

[5] D. Berdejo-del-Fresno, M. W. Laupheimer. Recovery 

&amp; Regeneration Behaviours in Elite English Futsal 

Players. American Journal of Sports Science and Medicine, 

Vol. 2, No. 3, 77–82, 2014. https://doi.org/10.12691/ajssm

-2-3-2 

[6] T. Ohmuro, Y. Iso, A. Tobita, S. Hirose, S. Ishizaki, K. 

Sakaue, M. Yasumatsu. Physical match performance of 

Japanese top-level futsal players in different categories and 

playing positions. Biology of Sport, Vol. 37, No. 4, 359–

365, 2020. https://doi.org/10.5114/BIOLSPORT.2020.963

22 

[7] K. Spyrou, T. T. Freitas, E. Marín-Cascales, P. E. Alcaraz. 



 International Journal of Human Movement and Sports Sciences 12(1): 26-33, 2024 31 

 

Physical and Physiological Match-Play Demands and 

Player Characteristics in Futsal: A Systematic Review. 

Frontiers in Psychology, Vol. 11, No. November, 2020. 

https://doi.org/10.3389/fpsyg.2020.569897 

[8] A. Junge, J. Dvorak. Injury risk of playing football in Futsal 
World Cups. British Journal of Sports Medicine, Vol. 44, 
No. 15, 1089–1092, 2010. https://doi.org/10.1136/bjsm.20
10.076752 

[9] Sanmiguel-Rodríguez. Presence of women in futsal. A 
systematic review. Archivos de Medicina Del Deporte, Vol. 
38, No. 3, 245–252, 2021. https://doi.org/10.18176/archme
ddeporte.00048 

[10] N. R. De Moura, M. F. Cury-Boaventura, V. C. Santos, A. 
C. Levada-Pires, J. R. Bortolon, J. Fiamoncini, T. C. 
Pithon-Curi, R. Curi, E. Hatanaka, E. Inflammatory 
response and neutrophil functions in players after a futsal 
match. Journal of Strength and Conditioning Research, Vol. 
26, No. 9, 2507–2514, 2012. https://doi.org/10.1519/JSC.0
b013e31823f29b5 

[11] P. Barcelos, G. L. Tocchetto, F. D. Lima, S. T. Stefanello, H. 
F. M. Rodrigues, M. B. Sangoi, R. N. Moresco, L. F. F. 
Royes, F. A. A. Soares, G. Bresciani. Functional and 
biochemical adaptations of elite level futsal players from 
Brazil along a training season. Medicina (Lithuania), Vol. 
53, No. 4, 285–293, 2017. https://doi.org/10.1016/j.medici.
2017.08.001 

[12] N. Trajkovic, G. Sporis, T. Vlahovic, D. Madic, M. Gusic. 
Post-match changes in muscle damage markers among 
U-21 soccer players. Montenegrin Journal of Sports 
Science and Medicine, Vol. 7, No. 2, 49–53, 2018. 
https://doi.org/10.26773/mjssm.180908 

[13] G. Xin, H. Eshaghi. Effect of omega-3 fatty acids 
supplementation on indirect blood markers of 
exercise-induced muscle damage: Systematic review and 
meta-analysis of randomized controlled trials. Food Science 
and Nutrition, Vol. 9, No. 11, 6429–6442, 2021. 
https://doi.org/10.1002/fsn3.2598 

[14] R. Afrin, S. Arumugam, A. Rahman, M. I. I. Wahed, V. 
Karuppagounder, M. Harima, H. Suzuki, S. Miyashita, K. 
Suzuki, H. Yoneyama, K. Ueno, K. Watanabe. Curcumin 
ameliorates liver damage and progression of NASH in 
NASH-HCC mouse model possibly by modulating 
HMGB1-NF-κB translocation. International 
Immunopharmacology, Vol. 44, 174–182, 2017. 
https://doi.org/10.1016/j.intimp.2017.01.016 

[15] A. R. Buonomo, R. Scotto, S. Nappa, M. Arcopinto, A. 
Salzano, A. M. Marra, R. D’Assante, E. Zappulo, G. Borgia, 
I. Gentile. The role of curcumin in liver diseases. Archives 
of Medical Science, Vol. 15, No. 6, 1608–1620, 2019. 
https://doi.org/10.5114/aoms.2018.73596 

[16] N. R. De Moura, M. F. Cury-Boaventura, V. C. Santos, A. 
C. Levada-Pires, J. R. Bortolon, J. Fiamoncini, T. C. 
Pithon-Curi, R. Curi, E. Hatanaka. Muscle Lesions And 
Inflammation In Futsal Players According To Their 
Tactical Positions. Journal of Strength and Conditioning 
Research, 2507–2514, 2013. 

[17] D. Scialoia, A. J. Swartzendruber, D. Scialoia Saint Joseph. 
The R.I.C.E Protocol is a MYTH: A Review and 
Recommendations. 2020. thesportjournal.org/article/the-r-i
-c-e-protocol-is-a-myth-a-review-and-recommendations. 
October. 

[18] Martínez-Guardado, D. Rojas-Valverde, R. 
Gutiérrez-Vargas, A. Ugalde Ramírez, J. C. 
Gutiérrez-Vargas, B. Sánchez-Ureña. Intermittent 
pneumatic compression and cold water immersion effects 
on physiological and perceptual recovery during 
multi-sports international championship. Journal of 
Functional Morphology and Kinesiology, Vol. 5, No. 3, 1–
11, 2020. https://doi.org/10.3390/JFMK5030045 

[19] M. Hansen, J. Bangsbo, J. Jensen, B. M. Bibby, K. Madsen. 
Effect of whey protein hydrolysate on performance and 
recovery of top-class orienteering runners. International 
Journal of Sport Nutrition and Exercise Metabolism, Vol. 
25, No. 2, 97–109, 2015. https://doi.org/10.1123/ijsnem.20
14-0083 

[20] F. A. Hartono, P. W. Martin-Arrowsmith, W. M. Peeters, T. 
A. Churchward-Venne. The Effects of Dietary Protein 
Supplementation on Acute Changes in Muscle Protein 
Synthesis and Longer-Term Changes in Muscle Mass, 
Strength, and Aerobic Capacity in Response to Concurrent 
Resistance and Endurance Exercise in Healthy Adults: A 
Systematic. In Sports Medicine, Vol. 52, No. 6, 2022. 
Springer International Publishing. https://doi.org/10.1007/s
40279-021-01620-9 

[21] S. M. Pasiakos, T. M. McLellan, H. R. Lieberman. The 
Effects of Protein Supplements on Muscle Mass, Strength, 
and Aerobic and Anaerobic Power in Healthy Adults: A 
Systematic Review. Sports Medicine, Vol. 45, No. 1, 111–
131, 2015. https://doi.org/10.1007/s40279-014-0242-2 

[22] Askari, M. Aghajani, M. Salehi, A. Najafgholizadeh, Z. 
Keshavarzpour, A. Fadel, K. Venkatakrishnan, A. 
Salehi-sahlabadi, A. Hadi, M. Pourmasoumi. The effects of 
ginger supplementation on biomarkers of inflammation and 
oxidative stress in adults: A systematic review and 
meta-analysis of randomized controlled trials. Journal of 
Herbal Medicine, Vol. 22, No. February, 100364, 2020. 
https://doi.org/10.1016/j.hermed.2020.100364 

[23] Bahri, I. K. Adnyana, M. F. Hasan, T. Apriantono, A. D. 
Juniarsyah. The Effect of Cinnamon Extract on Recovery 
and Performance of Weightlifting Athletes. Sport Mont, 
Vol. 20, No. 2, 57–61, 2022. https://doi.org/10.26773/smj.
220609 

[24] Furlong, C. A. Rynders, M. Sutherlin, J. Patrie, F. I. Katch, 
J. Hertel, A. Weltman. Effect of an herbal/botanical 
supplement on strength, balance, and muscle function 
following 12-weeks of resistance training: A placebo 
controlled study. Journal of the International Society of 
Sports Nutrition, Vol. 11, No. 1, 2014. 
https://doi.org/10.1186/1550-2783-11-23. 

[25] P. S. Harty, M. L. Cottet, J. K. Malloy, C. M. Kerksick. 
Nutritional and Supplementation Strategies to Prevent and 
Attenuate Exercise-Induced Muscle Damage: a Brief 
Review. Sports Medicine - Open, VoL. 5, No. 1, 1–17, 2019. 
https://doi.org/10.1186/s40798-018-0176-6 

[26] H. Mollazadeh, H. Hosseinzadeh. Cinnamon effects on 
metabolic syndrome: A review based on its mechanisms. 
Iranian Journal of Basic Medical Sciences, Vol. 19, No. 12, 
1258–1270, 2016. https://doi.org/10.22038/ijbms.2016.790
6 

[27] W. da Silva, A. S. Machado, M. A. Souza, P. B. 
Mello-Carpes, F. P. Carpes. Effect of green tea extract 
supplementation on exercise-induced delayed onset muscle 



32 The Effect of Curcumin and Piperine Supplementation as a Recovery Method after Two Consecutive Futsal Matches  

 

soreness and muscular damage. Physiology and Behavior, 
Vol. 194, No. 2017, 77–82, 2018.https://doi.org/10.1016/j.
physbeh.2018.05.006 

[28] W.-Y. Yoon, K. Lee, J. Kim. Curcumin supplementation 
and delayed onset muscle soreness (DOMS): effects, 
mechanisms, and practical considerations. Physical 
Activity and Nutrition, Vol. 24, No. 3, 39–43, 2020. 
https://doi.org/10.20463/pan.2020.0020 

[29] Salehi, Z. Stojanović-Radić, J. Matejić, M. Sharifi-Rad, N. 
V. Anil Kumar, N. Martins, J. Sharifi-Rad. The therapeutic 
potential of curcumin: A review of clinical trials. European 
Journal of Medicinal Chemistry, Vol.163, 527–545, 2019. 
https://doi.org/10.1016/j.ejmech.2018.12.016 

[30] Basham, H. S. Waldman, B. M. Krings, J. Lamberth, J. E. 
W. Smith, M. J. McAllister. Effect of Curcumin 
Supplementation on Exercise-Induced Oxidative Stress, 
Inflammation, Muscle Damage, and Muscle Soreness. 
Journal of Dietary Supplements, Vol. 17, No. 4, 401–414, 
2020. https://doi.org/10.1080/19390211.2019.1604604 

[31] A. R. Mallard, D. Briskey, A. Richards, BExSSc, A. Rao. 
Curcumin Improves Delayed Onset Muscle Soreness and 
Postexercise Lactate Accumulation. Journal of Dietary 
Supplements, Vol. 18, No. 5, 531–542, 2021. 
https://doi.org/10.1080/19390211.2020.1796885 

[32] Nanavati, K. Rutherfurd-Markwick, S. J. Lee, N. C. Bishop, 
A. Ali. Effect of curcumin supplementation on 
exercise-induced muscle damage: a narrative review. 
European Journal of Nutrition, Vol. 61, No. 8, 3835–3855, 
2022. https://doi.org/10.1007/s00394-022-02943-7 

[33] Y. Panahi, M. S. Hosseini, N. Khalili, E. Naimi, L. E. 
Simental-Mendía, M. Majeed, A. Sahebkar. Effects of 
curcumin on serum cytokine concentrations in subjects with 
metabolic syndrome: A post-hoc analysis of a randomized 
controlled trial. Biomedicine and Pharmacotherapy, Vol. 82, 
578–582, 2016. https://doi.org/10.1016/j.biopha.2016.05.0
37 

[34] E. S. Rawson, M. P. Miles, D. E. Larson-Meyer. Dietary 
supplements for health, adaptation, and recovery in athletes. 
International Journal of Sport Nutrition and Exercise 
Metabolism, Vol. 28, No. 2, 188–199, 2018. 
https://doi.org/10.1123/ijsnem.2017-0340 

[35] Y. Tanabe, K. Chino, T. Ohnishi, H. Ozawa, H. Sagayama, 
S. Maeda, H. Takahashi. Effects of oral curcumin ingested 
before or after eccentric exercise on markers of muscle 
damage and inflammation. Scandinavian Journal of 
Medicine and Science in Sports, Vol. 29, No. 4, 524–534, 
2019. https://doi.org/10.1111/sms.13373 

[36] Ansary, T. Y. Forbes-Hernández, E. Gil, D. Cianciosi, J. 
Zhang, M. Elexpuru-Zabaleta, J. Simal-Gandara, F. 
Giampieri, M. Battino. Potential health benefit of garlic 
based on human intervention studies: A brief overview. 
Antioxidants, Vol. 9, No. 7, 2020. https://doi.org/10.3390/
antiox9070619 

[37] Y. Henrotin, F. Priem, A. Mobasheri. Curcumin: A new 
paradigm and therapeutic opportunity for the treatment of 
osteoarthritis: Curcumin for osteoarthritis management. 
SpringerPlus, Vol. 2, No. 1, 1–9, 2013. https://doi.org/10.1
186/2193-1801-2-56 

[38] Delecroix, A. E. Abaïdia, C. Leduc, B. Dawson, G. Dupont. 
Curcumin and piperine supplementation and recovery 

following exercise induced muscle damage: A randomized 
controlled trial. Journal of Sports Science and Medicine, 
Vol. 16, No. 1, 147–153, 2017. 

[39] Srinivasan. Antioxidant Potential of Spices and Their 
Active Constituents. Critical Reviews in Food Science and 
Nutrition, Vol. 54, No. 3, 352–372, 2014. https://doi.org/1
0.1080/10408398.2011.585525 

[40] V. Moreno-Perez, C. Gallo-Salazar, J. D. Coso, I. 
Ruiz-Pérez, A. Lopez-Valenciano, D. Barbado, D. 
Cabello-Manrique, J. Fernandez-Fernandez. The influence 
of a badminton competition with two matches in a day on 
muscle damage and physical performance in elite junior 
badminton players. Biology of Sport, Vol. 37, No. 2, 195–
201, 2020. https://doi.org/10.5114/BIOLSPORT.2020.942
43 

[41] A. Devrnja, B. R. Matković. The effects of a soccer match 
on muscle damage indicators. Kinesiology, Vol. 50, No. 1, 
112–123, 2018. https://doi.org/10.26582/k.50.1.15 

[42] Trecroci, E. Perri, G. Lombardi, G. Banfi, R. Del Vescovo, 
E. M. Rosa, G. Alberti, F. M. Iaia. Perceptual and 
Biochemical Responses in Relation to Different Match-Day 
+2 Training Interventions in Soccer Players. Frontiers in 
Physiology, Vol. 12, No. 2017, 2021. 
https://doi.org/10.3389/fphys.2021.685804 

[43] R. Jones, D. J. West, B. J. Harrington, C. J. Cook, R. M. 
Bracken, D. A. Shearer, L. P. Kilduff. Match play 
performance characteristics that predict post-match creatine 
kinase responses in professional rugby union players. BMC 
Sports Science, Medicine and Rehabilitation, Vol. 6, No. 1, 
2014. https://doi.org/10.1186/2052-1847-6-38 

[44] Naughton, S. McLean, T. J. Scott, D. Weaving, C. Solomon. 
Quantifying Fatigue in the Rugby Codes: The Interplay 
Between Collision Characteristics and Neuromuscular 
Performance, Biochemical Measures, and Self-Reported 
Assessments of Fatigue. Frontiers in Physiology, Vol. 12, 
No. October, 1–18, 2021. https://doi.org/10.3389/fphys.20
21.711634 

[45] F. R. Faria, A. C. Gomes, A. Antunes, K. R. Rezende, G. D. 
Pimentel, C. L. P. Oliveira, B. M. Antunes, BF. S. Lira, M. 
S. Aoki, J. F. Mota. Effects of turmeric extract 
supplementation on inflammation and muscle damage after 
a half-marathon race: a randomized, double-blind, 
placebo-controlled trial. European Journal of Applied 
Physiology, Vol. 120, No. 7, 1531–1540, 2020. 
https://doi.org/10.1007/s00421-020-04385-7 

[46] A. L. Bessa, V. N. Oliveira, G. G. Agostini., J. S. O. Renato, 
A. C. S. Oliveira., G. E. White., G. D. Wells., D. N. S. 
Teixeira., S. F. Espindola. Exercise Intensity And Recovery: 
Biomarkers Of Injury, Inflammation, And Oxidative Stress. 
Vol. 30, No. 2, 311–319, 2016. 

[47] C. Sunderland, R. Thorpe. Muscle Damage, Endocrine, 
And Immune Marker Response To A Soccer Match. Vol. 
26, No. 10, 2783–2790, 2012. 

[48] Basnet, N. Skalko-Basnet. Curcumin: An anti-inflammator
y molecule from a curry spice on the path to cancer 
treatment. Molecules, Vol. 16, No. 6, 4567–4598, 2011. 
https://doi.org/10.3390/molecules16064567 

[49] L. M. Nicol, D. S. Rowlands, R. Fazakerly, J. Kellett. 
Curcumin supplementation likely attenuates delayed onset 
muscle soreness (DOMS). European Journal of Applied 



 International Journal of Human Movement and Sports Sciences 12(1): 26-33, 2024 33 

 

Physiology, Vol. 115, No. 8, 1769–1777, 2015. 
https://doi.org/10.1007/s00421-015-3152-6 

[50] A. Nowakowska, D. Kostrzewa-Nowak, R. Buryta, 
R.Nowak. Blood biomarkers of recovery efficiency in 
soccer players. International Journal of Environmental 
Research and Public Health, Vol. 16, No. 18, 2019. 
https://doi.org/10.3390/ijerph16183279 

[51] K. Egashira, H. Sasaki, S. Higuchi, I. Ieiri. Food-drug 
interaction of tacrolimus with pomelo, ginger, and turmeric 
juice in rats. Drug Metabolism and Pharmacokinetics, Vol. 
27, No. 2, 242–247, 2012. https://doi.org/10.2133/dmpk.D
MPK-11-RG-105 

[52] A. Ferramosca, M. Di Giacomo, V. Zara. Antioxidant 
dietary approach in treatment of fatty liver: New insights 
and updates. World Journal of Gastroenterology, Vol. 23, 
No. 23, 4146–4157, 2017. https://doi.org/10.3748/wjg.v23.
i23.4146 

[53] F. Salomone, J. Godos, S. Zelber-Sagi. Natural antioxidants 
for non-alcoholic fatty liver disease: Molecular targets and 
clinical perspectives. Liver International, Vol. 36, No. 1, 5–
20, 2016. https://doi.org/10.1111/liv.12975 

[54] F. Mansour-Ghanaei, M. Pourmasoumi, A. Hadi, F. Joukar. 
Efficacy of curcumin/turmeric on liver enzymes in patients 
with non-alcoholic fatty liver disease: A systematic review 
of randomized controlled trials. Integrative Medicine 
Research, Vol. 8, No. 1, 57–61, 2019. https://doi.org/10.10
16/j.imr.2018.07.004 

[55] Guimaraes-Ferreira, F. E. Rossi, A. Landreth, S. Beam, T. 
Jones, L. Norton, J. M. Cholewa. The Effects of a Sports 
Nutrition Education Intervention on Nutritional Status, 
Sport Nutrition Knowledge, Body Composition, and 
Performance during Off Season Training in NCAA 
Division I Baseball Players. Journal of Sports Science and 
Medicine, Vol. 16, No. March, 60–68, 2017. 
http://www.jssm.org 

 


