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Abstract

Background: The aim of this study was to investigate the changes in isokinetic muscular performance among 
female adolescent elite handball athletes with the supplementation of Black Maca (BM).
Methods: Eight elite handball athletes were recruited for the present study. The intake capsules contained 2,500 mg 
of 100% concentrated BM extract and a placebo each, for 4 weeks. Isokinetic muscular performance and physical 
fitness were measured three times at 4-week intervals after the intake of BM and placebo, including baseline.
Results: The one-way Analysis of Variance (ANOVA) analysis showed a significant improvement in 20 m-shut-
tle run (P < 0.001), 30°/s flexor (P < 0.01), and 120°/s flexor (P < 0.01) in isokinetic muscle function of the trunk, 
and 180°/s right extensor (P < 0.05), 180°/s left extensor (P < 0.05), and 180°/s left flexor (P < 0.01) in isokinetic 
muscle function of the knee, after BM supplementation. Post-hoc analysis indicated that the BM group had 
significantly higher results compared to the baseline and placebo groups in terms of 20 m-shuttle run, 30°/s 
flexor and 120°/s flexor of the trunk, 180°/s right extensor, 180°/s left extensor, and 180°/s left flexor of the knee.
Conclusion: BM supplementation can have a positive effect on improving the performance of elite handball 
players who engage in high-intensity movements by enhancing their isokinetic muscle function and endurance.
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Handball is a highly complex sport that involves 
several specific movements in both offense and 
defense, including acceleration, deceleration, turn-

around, jumping, passing, throwing, and tackling (1). With 

unlimited substitutions allowed, players have time to recover 
off the court, which increases the intensity of in-court 
movements and allows some players to take on distinct 
offensive or defensive roles at the elite level (2). Long-term 

Popular scientific summary 
• � Black Maca supplementation can have a positive effect on improving the performance of elite hand-

ball players.
• � Intake of Black Maca supplementation resulted in a significant increase in muscle endurance, isoki-

netic muscle function of knee and cardiopulmonary endurance.
• � Taking Black Maca supplements can help who perform high-intensity movement by reducing mus-

cle contraction fatigue and improving endurance.
• � The visible distribution of amino acids and arginine in Black Maca varies depending on the type 

and content of active ingredients, it may affect anti-stress and antioxidant reactions.
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participation in field-based, intermittent, short-distance 
sports like handball requires high-energy turnover and 
eccentric muscle action, which cause metabolic and mechan-
ically-induced stress. To overcome these challenges, many 
athletes use various dietary supplements (3).

The importance of supplements lies in their ability to 
provide energy, enhance ergogenic potential, improve 
athletes’ performance, increase power and strength, and 
enhance body composition, especially during high-inten-
sity, short-duration exercises (4). Elite handball athletes 
have been shown to exhibit different expression profiles 
of key genes involved in sports performance-related func-
tions compared to sedentary controls, with gene expres-
sion regulation observed after 8 weeks of micronutrient 
supplementation (5). A significant percentage of handball 
athletes report using various supplements for fuel during 
exercise/competition and caffeine-containing supple-
ments to enhance their performance (2). Short-term (5 
days) creatine supplementation has been demonstrated to 
improve maximal lower body strength and fatigue resis-
tance during high-intensity training and/or competition 
for handball athletes (6). As such, handball athletes often 
turn to supplements to enhance their performance.

Among various supplements, Maca (Lepidium meyenii), 
a plant that grows in the high altitude of Peru and is used 
in traditional medicine, has gained attention. Previous stud-
ies have reported that administering maca supplements for 
21 days increased the swimming time exhaustion of rats 
and decreased serum lactic acid and liver glycogen con-
centrations (7). Administering Maca has been shown to 
strengthen mouse muscle structure, alleviating exercise-in-
duced metabolic stress by upregulating NAD+/NADH, and 
controlling exercise-induced fatigue in muscles (8). Feeding 
Maca to mice for 2 weeks improved their anti-fatigue abil-
ity, and the higher the concentration of Maca, the better 
the resistance to fatigue (9). The intake of Maca extracts 
is expected to have a positive effect on exercise ability, but 
most previous studies have been conducted on animals. 

The safety was demonstrated in 193 adult males and 
females aged 18–65 years who consumed Maca extract 
(3,000 mg) for 12 weeks (10). However, most of the previ-
ous studies on Maca have been conducted on animals, and 
only a few have reviewed its effects on humans. Therefore, 
the aim of this study was to investigate the effects of 
Black Maca (BM) supplementation on isokinetic muscle 
performance in female elite handball athletes. 

Materials and methods

Participation
The participants were eight female elite handball athletes 
who were recruited for the present study in June 2021. 
Their physical characteristics were as follows: age = 16.75 
± 0.71 years, height = 168.1 ± 6.23 cm, and weight = 67.61 
± 9.43 kg; mean ± standard deviation [SD].

The study goals and methodology were explained to 
all subjects who agreed to participate to ensure complete 
understanding, and the study complied with the ethi-
cal standards of the Declaration of Helsinki. All sub-
jects and their parents signed an informed consent form 
before participation. The Kangwon National University 
Review Board for Human Subjects approved this study 
(KWNUIRB-2021-04-013-002).

Table 1 lists the physical characteristics of participants. 

Procedures
All eight elite handball athletes who participated in this 
study underwent a physical fitness test and an isokinetics 
muscular performance test (trunk and knee). The study 
utilized a randomized, repeated-measured crossover 
design, where each participant completed two protocols: 
(1) a 4-week intake of BM, (2) a 4-week intake of pla-
cebo, and (3) there was a 2-week wash-out phase between 
the two supplementation periods. During the first visit to 
the laboratory, the participants completed the informed 
consent form, underwent measurements of body com-
position, physical fitness test, and isokinetics muscular 
performance test. On the second and third visits after 
ingestion of BM or placebo, measurements of body com-
position, physical fitness test, and isokinetics muscular 
performance test were conducted. The participants vis-
ited the laboratory three times during the experiment. All 
participants were given personal identification numbers to 
ensure their individual identities could be identified.

Measurement of body composition
The body composition variables of participants were 
measured. Weight, height, and percent body fat were mea-
sured, using a body composition analyzer (Inbody 720, 
Body Composition Analyzer; Biospace, Seoul, Korea). 
Body mass index (BMI) was calculated as weight in kilo-
grams divided by height in meters squared.

Measurement of physical fitness and isokinetics muscular 
performance test
Physical fitness and isokinetics muscular performance 
variables were measured three times: at baseline, after 4 
weeks of BM intake, and after 4 weeks of placebo intake. 

Table 1.  The characteristic of the participants

Variable Baseline (n = 8) BM (n = 8) Placebo (n = 8)

Age (years) 16.75 ± 0.71 16.75 ± 0.71 16.75 ± 0.71

Height (cm) 168.1 ± 6.23 168.7 ± 6.21 168.4 ± 6.38

Weight (kg) 67.61 ± 9.43 67.44 ± 9.92 66.55 ± 9.41

BMI (kg/m2) 23.82 ± 2.06 23.57 ± 2.17 23.36 ± 1.98

% fat (%) 24.64 ± 4.38 23.36 ± 5.10 23.43 ± 4.01

Values are expressed as Mean ± SD.
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Muscle strength, muscle endurance, flexibility, power, 
agility, and cardiovascular endurance were evaluated to 
assess physical fitness and isokinetic muscle function of 
the trunk and knee.

An isokinetic dynamometer machine (Humac Norm 
Testing and Rehabilitation, CSMi Medical & Solution, 
Stoughton, MA, USA) was used to assess muscle strength 
and endurance of the trunk and knee. Prior to data collec-
tion, the isokinetic dynamometer was calibrated accord-
ing to the manufacturer’s instructions. After calibration, 
the participants were positioned on the isokinetic dyna-
mometer as per the manufacturer’s recommendations. 
The participants performed sufficient warm-up exercises, 
including dynamic stretching for trunk and knee flexion 
and extension, before the measurements. The maximum 
isokinetic trunk strength was measured three times at 
30°/s, and trunk endurance was measured three times 
at 120°/s. The range of motion of the trunk during the 
tests was set from –10° to 70°. The maximum isokinetic 
knee strength was measured three times at 60°/s, and knee 
endurance was measured three times at 180°/s. The range 
of motion of the knee during the tests was set from 0° 
to 90°.

Taking BM supplementation and placebo
BM supplement (BLACK MACA 100, Essoco, Kolmar 
BNH Co., Ltd, Seoul, Korea) was purchased from the 
Charmacist Pharmacy (Seoul, Korea) on November, 
2021. According to the product label, the intake capsules 
contained 2,500 mg of 100% concentrated BM extract, 
which included fiber (123.75 mg/2,500 mg), carbohy-
drate (1,595.5 mg/2,500 mg), protein (192.5 mg/2,500 
mg), starch (954.5 mg/2,500 mg), soluble sugar (175.5 
mg/2,500 mg), riboflavin (0.019 mg/2,500 mg), potassium 
(25 mg/2,500 mg), and iron (2.15 mg/2,500 mg). The cap-
sules also contained crystalline cellulose, starch, calcium 
stearate, and silicon dioxide as fillers. The color of  the 
capsules was dark, and the contents were not visible. 
Participants were instructed to take one capsule twice 

a day with water for 4 weeks, without any designated 
time of day. BM intake was determined using methods 
described in previous studies (11).

The placebo capsules were identical in appearance, 
smell, and texture, and were given to participants on the 
same schedule as the BM capsules. The placebo capsules 
(gelatin, it was purchased from Charmacist Pharmacy 
(Seoul, Korea) on November, 2021) contained 2,500 mg 
of 100% glucose.

Participants were asked to maintain their usual diet for 
the duration of the study, whether they were taking BM 
or placebo.

Statistical analysis
All results are reported as mean ± standard deviation. The 
data were analyzed using SPSS version 25.0 (SPSS Inc., 
Chicago, IL, USA). One-way ANOVA was used to assess 
the differences in time between baseline, post-taking BM 
supplementation, and placebo (each for 4 weeks). The 
Bonferroni test was used for post hoc analysis. Statistical 
significance was accepted at α = 0.05.

Results 

Change in physical fitness
Table 2 presents the changes in physical fitness among 
participants. 

The one-way ANOVA revealed a significant difference 
in the 20 m-shuttle run (P < 0.001). Post-hoc analysis 
using the Bonferroni test indicated that the 20 m-shuttle 
run was significantly higher in the BM group compared 
to the baseline and placebo groups. Grip strength, sit-ups, 
sit-and-reach, long jump, and 10 m run did not show a 
significant difference among baseline, BM group, and pla-
cebo group.

Change in isokinetic muscle function of trunk and knee
The changes in isokinetic muscle function of the trunk 
and knee are shown in Tables 3 and 4.

Table 2.  Measurements of physical fitness parameters

Variable Group P post-hoc

Baseline (n = 8)a BM (n = 8)b Placebo (n = 8)c

Left grip strength (kg) 27.70 ± 2.29 28.21 ± 1.83 29.03 ± 2.20 0.464 -

Right grip strength (kg) 31.13 ± 4.05 31.58 ± 5.94 32.68 ± 3.72 0.794 -

Sit-ups (rep) 47.38 ± 8.67 50.38 ± 6.35 49.13 ± 6.61 0.718 -

Sit-and-reach (cm) 14.90 ± 5.38 14.93 ± 3.78 14.66 ± 4.10 0.992 -

Long jump (cm) 191.6 ± 7.39 194.8 ± 5.85 193.4 ± 11.4 0.757 -

10 m run (s) 42.75 ± 4.10 45.13 ± 3.44 45.38 ± 5.42 0.434 -

20 m shuttle run (rep) 80.63 ± 8.52 96.88 ± 9.66 92.13 ± 4.55 0.001 b > a, c

Values are expressed as Mean ± SD.
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The one-way ANOVA revealed significant differences 
in the 30°/s flexor (P < 0.01) and 120°/s flexor (P < 0.01) in 
isokinetic muscle function of the trunk. Post-hoc analysis 
using Bonferroni test indicated that the 30°/s flexor in the 
BM group was significantly higher and the 120°/s flexor in 
the BM group was higher. The 30°/s extensor and 120°/s 
extensor did not show significant differences in the base-
line, BM group, and placebo group.

The one-way ANOVA revealed significant differences in 
the 180°/s right extensor (P < 0.05), 180°/s left extensor (P 
< 0.05), and 180°/s left flexor (P < 0.01) in isokinetic muscle 
function of the knee. Post-hoc analysis using Bonferroni 
test indicated that the 180°/s right extensor, 180°/s left 
extensor, and 180°/s left flexor in the BM group were sig-
nificantly higher than in the baseline and placebo group. 

Discussion
In this study, we investigated changes in isokinetic mus-
cular performance after taking BM supplementation or 
placebo in a crossover study, with each period lasting 4 
weeks. The main finding of our study was that intake of 
BM supplementation resulted in a significant increase 
in muscle endurance, as indicated by improvements in 
180°/s right extensor, 180°/s left extensor, and 180°/s left 
flexor in isokinetic muscle function of knee. Furthermore, 
we observed improvements in cardiopulmonary endur-
ance, as indicated by an increase in the 20 m-shuttle run 

performance of elite handball athletes who took BM 
supplementation.

Isokinetic muscle function is considered a more useful 
parameter than muscle strength when referring to muscle 
performance, as it characterizes muscle function according 
to the type of isometric muscular function (12). Muscle 
strength has traditionally been expressed as the strength rel-
ative to total body weight, which is considered a measure of 
muscle quality (13). The evaluation of muscle strength, agil-
ity, and athletes’ performance is often described in terms of 
isokinetic knee muscle strength and functional association 
of the quadriceps and hamstring muscles (14). Additionally, 
trunk flexion and extension strength is greater in high-
level athletes than in non-athletes and may be associated 
with athletic performance (15). For this reason, this study 
measured isokinetic muscle function of the knee and trunk 
muscles, and the results showed that 30°/s flexor and 120°/s 
flexor in isokinetic muscle function of the trunk and 180°/s 
right extensor, 180°/s left extensor, and 180°/s left flexor in 
isokinetic muscle function of the knee were significantly 
higher after taking BM supplementation. Although the vis-
ible distribution of Maca’s amino acids, amide alkaloids, 
imidazolium alkaloids, and saccharides varies depending 
on the types and contents of active ingredients such as glu-
cosinolate, essential oil, macamid, and macaene, Maca is 
reported to have an effect on reproductive function, anti-
stress response, anti-osteoporosis, and anti-tumor activity 

Table 4.  Measurements of isokinetic muscle function of knee parameters

Variable Group P post-hoc

Baseline (n = 8)a BM (n = 8)b Placebo (n = 8)c

60°/s Right Extensor (%BW) 211.0 ± 30.8 220.5 ± 22.0 212.6 ± 39.3 0.814 -

60°/s Left Extensor (%BW) 197.9 ± 22.9 212.9 ± 27.6 199.9 ± 17.1 0.383 -

60°/s Right Flexor (%BW) 109.5 ± 8.8 115.9 ± 12.1 115.3 ± 9.2 0.400 -

60°/s Left Flexor (%BW) 103.8 ± 15.9 116.4 ± 12.6 111.6 ± 13.0 0.211 -

180°/s Right Extensor (%BW) 150.9 ± 11.8 165.1 ± 9.1 152.9 ± 6.2 0.012 b > a, c

180°/s Left Extensor (%BW) 140.4 ± 6.9 154.8 ± 8.8 144.0 ± 12.0 0.017 b > a

180°/s Right Flexor (%BW) 88.4 ± 9.6 97.0 ± 8.3 87.8 ± 7.6 0.076 -

180°/s Left Flexor (%BW) 83.8 ± 8.0 99.6 ± 10.1 90.8 ± 7.2 0.005 b > a

Values are expressed as Mean ± SD.

Table 3.  Measurements of isokinetic muscle function of trunk parameters

Variable Group P post-hoc

Baseline (n = 8)a BM (n = 8)b Placebo (n = 8)c

30°/s Extensor (%BW) 373.8 ± 80.4 424.6 ± 36.3 358.0 ± 65.9 0.115 -

30°/s Flexor (%BW) 316.4 ± 22.1 329.9 ± 23.0 279.4 ± 31.0 0.002 c < a, b

120°/s Extensor (%BW) 298.8 ± 65.8 326.4 ± 44.5 293.0 ± 27.2 0.356 -

120°/s Flexor (%BW) 374.3 ± 11.7 400.4 ± 22.4 355.6 ± 34.2 0.006 b > c

Values are expressed as Mean ± SD.
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(16). In particular, BM supplementation shows excellent 
efficacy in anti-stress response and typically shows an excel-
lent response to antioxidants. Zhu et al. reported that Maca 
inhibited the reduction in viability and accumulation of 
reactive oxygen species (ROS) by treatment with H2O2 in 
C2C12 skeletal muscle cells (8). ROS decomposes biolog-
ical substances such as deoxyribonucleic acid, lipids, and 
proteins, which might lead to oxidative tissue damage (17). 
Exercise-induced ROS is required to produce natural mus-
cle strength, but high levels of ROS concentration appear to 
cause contractile dysfunction (18). Handball athletes require 
proper management due to their high intensity of training 
and competition, and increased ROS affects muscle fatigue, 
which adversely affects their performance (19). In this study, 
all variables of constant isokinetic muscle function of the 
trunk and knee tended to increase after BM intake. In par-
ticular, we found a significant improvement in 180°/s right 
extensor and 180°/s left extensor in isokinetic muscle func-
tion of the knee after BM intake. Xaverova et al. reported 
that the bilateral force deficit for knee concentric extension 
of handball athletes was significantly higher in the women’s 
junior team compared to the women’s national team (20), 
requiring muscle function improvement to reduce the risk 
of injury, as bilateral force deficit occurred more frequently 
in the women’s national team. BM supplementation might 
help female handball athletes improve their muscle strength 
to prevent such injuries.

In handball, maintaining a high level of endurance is 
important to sustain a high level of play throughout the 
entire game (2 × 30 min) (21). Competition-based training 
that includes specific movements should be preferred over 
shuttle runs, high-intensity running training, or repetitive 
sprint training to improve general or specific coordination in 
team handball (22). This study shows that the 20 m-shuttle 
run was significantly higher in the BM group than the base-
line and placebo group. The 20 m-shuttle run is typically 
used to measure cardiopulmonary endurance, which can be 
replaced by VO2max as a field test (23). Maca administra-
tion also increased the relative proportion of contraction 
and relaxation before ischemia/recurrent, suggesting that 
the heart was better prepared for ischemia challenges with 
higher energy storage and muscle economy (24). Arginine, 
which is present in Maca, affects endurance and heart 
(25). Rezaei et al. reported that meta-analysis indicated 
that supplementation with arginine could increase VO2 
max in healthy people (26). Speer et al. also support the 
fact that the combination of arginine and citrulline might 
increase nitric oxide production and enhance vasodilation, 
thereby improving athletes’ performance (27). Increased 
bioavailability of nitric oxide might induce physiologi-
cal effects that improve endurance exercise performance 
(28). Furthermore, as mentioned earlier, BM intake has a 
positive effect on anti-oxidants, which can improve the 20 
m-shuttle run for elite handball athletes. Maca supplements 

also play a protective role in cyclophosphamide-induced 
hepatotoxicity, where the Keap1-Nrf2 signaling pathway is 
regulated to improve oxidative stress, energy metabolism, 
and restore mitochondrial respiration to prevent liver dam-
age (29). Therefore, for athletes with high-intensity training 
and competition, including handball, BM intake can have a 
positive effect on improving their performance by enhanc-
ing their cardiopulmonary endurance.

The present study had some limitations. The sample size 
was small, which limited our ability to determine the signif-
icance of the results. Future studies with larger sample sizes 
and a control group are required to determine the effec-
tiveness of BM supplementation on changes in isokinetic 
muscle function and physical fitness in athletes. Another 
limitation was that we did not analyze ROS directly. 
Although BM has a significant effect on ROS reduction, 
future studies will require an analysis of ROS. And the 
study period was short; therefore, more longitudinal stud-
ies are required to investigate the effects of BM supplemen-
tation. Finally, we assumed that there were no significant 
differences in physical activity amount and diet because the 
participants were lived in in the same dormitory and living 
in groups during the study. However, physical activity and 
diet kcal factors should be considered in future studies.

Conclusion
In conclusion, this study suggests that intake of  BM 
supplementation can change isokinetic muscle function 
and improve cardiopulmonary endurance. Although 
the visible distribution of  amino acids and arginine in 
BM varies depending on the type and content of  active 
ingredients, it may affect anti-stress and antioxidant 
reactions. Oxidants are probably detected at low levels 
during rest and at high levels during muscle contraction, 
and they contribute to muscle fatigue because the loss 
of  function can be delayed by ROS-specific antioxidants 
(19). Therefore, intake of  BM supplementation can 
have a positive effect on the improvement of  elite hand-
ball players’ performance, who perform high-intensity 
movements by reducing muscle contraction fatigue and 
improving endurance.

Conflict  of interest and funding 
The authors declare that they have no competing interests. 
The authors have not received any funding or benefits 
from industry or elsewhere to conduct this study.

Availability of data and materials
The data will be provided upon reasonable request.

References

	 1.	 Luteberget LS, Spencer M. High-intensity events in interna-
tional women’s team handball matches. Int J Sports Physiol 
Perform 2017; 12(1): 56–61. doi: 10.1123/ijspp.2015-0641

http://dx.doi.org/10.29219/fnr.v67.10250
https://doi.org/10.1123/ijspp.2015-0641


Citation: Food & Nutrition Research 2023, 67: 10250 - http://dx.doi.org/10.29219/fnr.v67.102506
(page number not for citation purpose)

Sunghwun Kang et al.

	 2.	 Muñoz A, López-Samanes Á, Domínguez R, Moreno-Pérez 
V, Sánchez-Oliver AJ, Coso JD. Use of Sports supplements in 
competitive handball players: sex and competitive level differ-
ences. Nutrients 2020; 12(11): 3357. doi: 10.3390/nu12113357

	 3.	 Ispirlidis I, Fatouros IG, Jamurtas AZ, Nikolaidis MG, 
Michailidis I, Douroudos I, et al. Time-course of changes in 
inflammatory and performance responses following a soc-
cer game. Clin J Sport Med 2008; 18(5): 423–31. doi: 10.1097/
JSM.0b013e3181818e0b

	 4.	 Bonilla DA, Kreider RB, Petro JL, Romance R, García-Sillero 
M, Benítez-Porres J, et al. Creatine enhances the effects of clus-
ter-set resistance training on lower-limb body composition and 
strength in resistance-trained men: a pilot study. Nutrients 2021; 
13(7): 2303. doi: 10.3390/nu13072303

	 5.	 Molina-López J, Ricalde MAQ, Hernández BV, Planells A, Otero 
R, Planells E. Effect of 8-week of dietary micronutrient supple-
mentation on gene expression in elite handball athletes. PLoS One. 
2020; 15: e0232237. doi: 10.1371/journal.pone.0232237

	 6.	 Izquierdo M, Ibañez J, González-Badillo JJ, Gorostiaga EM. 
Effects of creatine supplementation on muscle power, endur-
ance, and sprint performance. Med Sci Sports Exerc 2002; 34(2): 
332–43. doi: 10.1097/00005768-200202000-00023

	 7.	 Orhan C, Gencoglu H, Tuzcu M, Sahin N, Ojalvo SP, Sylla 
S, et al. Maca could improve endurance capacity possibly by 
increasing mitochondrial biogenesis pathways and antioxidant 
response in exercised rats. J Food Biochem 2022; 46(7): e14159. 
doi: 10.1111/jfbc.14159

	 8.	 Zhu H, Xu W, Wang N, Jiang W, Cheng Y, Guo Y, et al. Anti-
fatigue effect of Lepidium meyenii Walp. (Maca) on preventing 
mitochondria-mediated muscle damage and oxidative stress in 
vivo and vitro. Food Funct 2021; 12(7): 3132–41. doi: 10.1039/
D1FO00383F

	 9.	 Miao H. The research on the impact of maca polypep-
tide on sport fatigue. Open Biomed Eng J 2016; 10: 112. doi: 
10.2174/1874120701610010112

10.	 Gonzales-Arimborgo C, Yupanqui I, Montero E, Alarcón-
Yaquetto DE, Zevallos-Concha A, Caballero L, et al. 
Acceptability, safety, and efficacy of oral administration of 
extracts of black or red maca (Lepidium meyenii) in adult human 
subjects: a randomized, double-blind, placebo-controlled study. 
Pharmaceuticals 2016; 9(3): 49. doi: 10.3390/ph9030049

11.	 Lee E, Park M, Kim B, Kang S. Effect of Black Maca supplemen-
tation on inflammatory markers and physical fitness in male elite 
athletes. Nutrients 2023; 15(7): 1618. doi: 10.3390/nu15071618

12.	 Dvir  Z. Isokinetics: muscle testing, interpretation, and clinical 
applications. Edinburgh: Elsevier Health Sciences; 2004.

13.	 Barbat-Artigas S, Rolland Y, Zamboni M, Aubertin-Leheudre 
M. How to assess functional status: a new muscle quality 
index. J Nutr Health Aging 2012; 16(1): 67–77. doi: 10.1007/
s12603-012-0004-5

14.	 Rivera-Brown AM, Frontera WR, Fontánez R, Micheo WF. 
Evidence for isokinetic and functional testing in return to sport 
decisions following ACL surgery. PMR 2022; 14(5): 678–90. doi: 
10.1002/pmrj.12815

15.	 Zouita ABM, Salah FZB, Dziri C, Beardsley C. Comparison 
of isokinetic trunk flexion and extension torques and powers 
between athletes and nonathletes. J Exerc Rehabil 2018; 14(1): 
72–7. doi: 10.12965/jer.1835126.563

16.	 Chen R, Wei J, Gao Y. A review of the study of active compo-
nents and their pharmacology value in Lepidium meyenii (Maca). 
Phytother Res 2021; 35(12): 6706–19. doi: 10.1002/ptr.7257

17.	 Arazi H, Eghbali E, Suzuki K. Creatine supplementation, 
physical exercise and oxidative stress markers: a review of the 

mechanisms and effectiveness. Nutrients 2021; 13(3): 869. doi: 
10.3390/nu13030869

18.	 Powers SK, Jackson MJ. Exercise-induced oxidative stress: cellu-
lar mechanisms and impact on muscle force production. Physiol 
Rev 2008; 88(4): 1243–76. doi: 10.1152/physrev.00031.2007

19.	 Ferreira LF, Reid MB. Muscle-derived ROS and thiol regulation 
in muscle fatigue. J Appl Physiol (1985) 2008; 104(3): 853–60. 
doi: 10.1152/japplphysiol.00953.2007

20.	 Xaverova Z, Dirnberger J, Lehnert M, Belka J, Wagner H, 
Orechovska K. Isokinetic strength profile of elite female hand-
ball players. J Hum Kinet 2015; 49: 257–66. doi: 10.1515/
hukin-2015-0128

21.	 Wagner H, Finkenzeller T, Würth S, von Duvillard SP. Individual 
and team performance in team-handball: a review. J Sports Sci 
Med 2014; 13(4): 808–16.

22.	 Buchheit M, Lepretre PM, Behaegel AL, Millet GP, Cuvelier 
G, Ahmaidi S. Cardiorespiratory responses during running and 
sport-specific exercises in handball players. J Sci Med Sport 
2009; 12(3): 399–405. doi: 10.1016/j.jsams.2007.11.007

23.	 Lee E, Kim DY, Kwon HT, Kang S, Lim ST. A comparison of 
graded exercise test and two different field tests to evaluate the 
cardiopulmonary function in elite handball athletes. Int J App 
Sports Sci 2022; 34(1): 16–22. doi: 10.24985/ijass.2022.34.1.16

24.	 Colareda GA, Matera SI, Bayley M, Ragone MI, Flores ML, 
Córdoba OL, et al. Lepidium meyenii (maca) and soy isofla-
vones reduce cardiac stunning of ischemia-reperfusion in rats 
by mitochondrial mechanisms. J Tradit Complement Med 2021; 
11(6): 471–80. doi: 10.1016/j.jtcme.2021.03.004

25.	 He P, Pan L, Wu H, Zhang L, Zhang Y, Zhang Y, et al. Isolation, 
identification, and immunomodulatory mechanism of peptides 
from Lepidium meyenii (Maca) protein hydrolysate. J Agric 
Food Chem 2022; 70(14): 4328–41. doi: 10.1021/acs.jafc.1c08315

26.	 Rezaei S, Gholamalizadeh M, Tabrizi R, Nowrouzi-Sohrabi 
P, Rastgoo S, Doaei S. The effect of  L-arginine supplemen-
tation on maximal oxygen uptake: a systematic review and 
meta-analysis. Physiol Rep 2021; 9(3): e14739. doi: 10.14814/
phy2.14739

27.	 Speer H, D’Cunha NM, Davies MJ, McKune AJ, Naumovski 
M. The physiological effects of amino acids arginine and citrul-
line: is there a basis for development of a beverage to promote 
endurance performance? A narrative review of orally admin-
istered supplements. Beverages 2020; 6(1): 11. doi: 10.3390/
beverages6010011

28.	 d’Unienville NMA, Blake HT, Coates AM, Hill AM, Nelson 
MJ, Buckley JD. Effect of  food sources of  nitrate, polyphe-
nols, L-arginine and L-citrulline on endurance exercise perfor-
mance: a systematic review and meta-analysis of  randomised 
controlled trials. J Int Soc Sports Nutr 2021; 18(1): 76. doi: 
10.1186/s12970-021-00472-y

29.	 Fei W, Zhang J, Yu S, Yue N, Ye D, Zhu Y, et al. Antioxidative 
and energy metabolism-improving effects of maca polysaccha-
ride on cyclophosphamide-induced hepatotoxicity mice via 
metabolomic analysis and Keap1-Nrf2 pathway. Nutrients 2022; 
14(20): 4264. doi: 10.3390/nu14204264

*Eunjae Lee
Institute of Sports and Arts Convergence (ISAC)
Inha University
100, Inha-ro, Michuhol-gu
Incheon, 22212
Republic of Korea
Email: eunjaesports@gmail.com

http://dx.doi.org/10.29219/fnr.v67.10250
https://doi.org/10.3390/nu12113357
https://doi.org/10.1097/JSM.0b013e3181818e0b
https://doi.org/10.1097/JSM.0b013e3181818e0b
https://doi.org/10.3390/nu13072303
https://doi.org/10.1371/journal.pone.0232237
https://doi.org/10.1097/00005768-200202000-00023
https://doi.org/10.1111/jfbc.14159
https://doi.org/10.1039/D1FO00383F
https://doi.org/10.1039/D1FO00383F
https://doi.org/10.2174/1874120701610010112
https://doi.org/10.3390/ph9030049
https://doi.org/10.3390/nu15071618
https://doi.org/10.1007/s12603-012-0004-5
https://doi.org/10.1007/s12603-012-0004-5
https://doi.org/10.1002/pmrj.12815
https://doi.org/10.12965/jer.1835126.563
https://doi.org/10.1002/ptr.7257
https://doi.org/10.3390/nu13030869
https://doi.org/10.1152/physrev.00031.2007
https://doi.org/10.1152/japplphysiol.00953.2007
https://doi.org/10.1515/hukin-2015-0128
https://doi.org/10.1515/hukin-2015-0128
https://doi.org/10.1016/j.jsams.2007.11.007
https://doi.org/10.24985/ijass.2022.34.1.16
https://doi.org/10.1016/j.jtcme.2021.03.004
https://doi.org/10.1021/acs.jafc.1c08315
https://doi.org/10.14814/phy2.14739
https://doi.org/10.14814/phy2.14739
https://doi.org/10.3390/beverages6010011
https://doi.org/10.3390/beverages6010011
https://doi.org/10.1186/s12970-021-00472-y
https://doi.org/10.3390/nu14204264
mailto:eunjaesports@gmail.com



