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Abstract: Given the current lack of studies, the primary purpose of this study was to investigate
the effects of black maca supplementation intake on changes in physical strength and inflammatory
markers among elite athletes. Forty-four elite athletes were recruited for the present study. They
included shooting athletes, racket sports athletes, and fin swimming athletes. The intake capsules
contained 2500 mg of 100% concentrated black maca extract. Participants were instructed to take one
capsule twice a day for eight weeks with pure water. Changes were seen in the ATP-PC systems and
aerobic energy systems, particularly in the fin swimming athletes requiring aerobic energy systems.
This effect is caused by increased antioxidant activity and influenced mitochondrial biosynthesis
regulatory factors due to black maca supplementation intake. These findings provide preliminary
evidence that elite athletes will benefit from taking black maca to improve their inflammation levels
and physical fitness.
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1. Introduction

The typical reasons for an athlete’s use of supplements include improving overall
health conditions, improving cognitive or physical performance, increasing energy levels,
reducing excessive weight, relieving pain, and other favorable effects [1]. In addition,
athletes frequently include supplements in their diet to compensate for any nutritional
deficiencies [2]. For various reasons, elite athletes commonly take various supplements to
improve their performance.

Maca (Lepidium meyenii) is a plant that grows in the central Andes region of Peru,
at an elevation of more than 4000 m, and contains a variety of species depending on the
color of the hypocotyl and differences between the effects of black, yellow, and red maca
varieties [3]. Maca is rich in fiber, and contains many essential amino acids, fatty acids,
and other nutrients, including vitamin C, copper, iron, and calcium [4]. The darker the
color, the better the quality, and the higher the active ingredient [5]. Among them, black
maca exhibits an increased antioxidant ability [6], sperm count [7], cell protection [8], and
endurance [3] than the other varieties. Maca is prepared and provided in the form of a
capsule or powder, as a natural component. The chemical composition of maca is primarily
responsible for its biological and pharmacological activities [9].

A previous study reported that taking maca-treatment and participating in a daily
30-min swim over a 28-day period increased the maximum swimming time and had long-
term stamina-enhancing effects and significantly recovered blood parameters of energy,
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as well as muscular in male mice [10]. In addition, several previous studies have reported
the benefits for athletes of taking maca. A 14-day maca supplement greatly improved the
time to complete a 40 km time test and increased the self-reported sexual desire in trained
male cyclists [11]. After female elite athletes completed a four-week course of black maca
supplement, results showed decreased C-reactive protein concentrations and increased
endurance of trunk muscles [12]. A 16-week course of black maca supplement in university
racket athletes participating in resistance exercises showed lowered blood ammonia levels
and improved muscle function [13].

A study by Yu et al. suggested that the effect of maca extracts on mitochondria in
spinal cells and that the maca extracts may improve muscle antioxidant activity by raising
levels [14]. Although this support may help elite athletes improve their performance,
studies that observe the physiological changes in elite athletes taking black maca supple-
mentation are still insufficient. The primary purpose of this study was to investigate the
intake of black maca supplementation and examine changes in physical strength and the
plasma components of elite athletes.

2. Methods
2.1. Participation

Forty-four male elite athletes were recruited for the present study. They included
shooting athletes (SA, n = 15), racket sports athletes (soft tennis and table tennis) (RSA,
n = 16), and fin swimming athletes (FSA, n = 13). There were no significant differences in
age, height, weight, BMI, and fat percentage.

The participants were fully informed about the study’s objectives, methodology, and
goals to ensure their complete understanding. This study adhered to the ethical standards
outlined in the Declaration of Helsinki, and all participants signed an informed consent
form prior to their participation. Additionally, the Kangwon National University Review
Board for Human Subjects approved this study (KWNUIRB-2021-04-013-002).

Table 1 lists the physical characteristics of the participants.

Table 1. The characteristic of the participants.

Variable SA (n = 15) RSA (n = 16) FSA (n = 13)

Age (years) 27.07 ± 6.33 21.25 ± 1.30 22.54 ± 3.13
Height (cm) 174.5 ± 5.45 176.7 ± 4.14 169.6 ± 4.96
Weight (kg) 76.89 ± 9.74 71.28 ± 9.72 70.79 ± 8.82

BMI (kg/m2) 25.20 ± 2.43 22.80 ± 3.06 24.50 ± 2.01
% fat (%) 22.71 ± 6.66 17.34 ± 4.91 22.04 ± 8.35

Values are mean (SD). BMI, body mass index; SA, shooting athletes; RSA, racket sports athletes; FSA, fin swimming athletes.

2.2. Measurement of Body Composition

The body composition variables of the participants were measured. Using a body
composition analyzer (Inbody 720, Body Composition Analyzer; Biospace, Seoul, Republic
of Korea), weight, height, and body fat percentage (as a percentage) were measured. The
body mass index (BMI) was determined by dividing weight in kilograms by the square of
height in meters.

2.3. Hematological Analysis

At the baseline and eight-week, all participants were required to fast for 12 h before
venous blood samples were taken. The following day, blood samples were collected at
8:30 a.m. from the veins after ensuring adequate sleep and minimizing movement. After
collection, the samples were immediately centrifuged at 3500× g for 10 min at 4 ◦C, and
the serum was stored at −80 ◦C for further analysis. Enzyme-linked immunosorbent assay
(ELISA) kits from DueSet™ (R&D systems, Minneapolis, MN, USA) were used to measure
plasma levels of myoglobin, creatine kinase (CK), lactic acid, total cholesterol (TC), high
density lipoprotein cholesterol (HDL-C), C-reactive protein (CRP), interleukin-6 (IL-6),
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and tumor necrosis factor-alpha (TNF-α), following the manufacturer’s instructions as
previously described.

2.4. Measurement of Physical Fitness

All participants were evaluated for physical fitness variables at the baseline and eight
weeks. The evaluation included measurements of muscle strength, muscle endurance,
flexibility, power, agility, cardiovascular endurance, and isokinetic trunk muscle function.

To evaluate muscle strength (kg), a digital grip dynamometer (GRIP-D 5101; TAKEI,
Co., Tokyo, Japan) was used to measure grip strength. Muscle endurance (number of
repetitions/1 min) was evaluated using sit-ups (BS-SU Inbody, Seoul, Republic of Korea),
while flexibility (cm) was assessed using sit and reach exercises (TKK-5403; TAKEI, Co.,
Tokyo, Japan). Power (cm) was evaluated using a long jump, and agility (s) was assessed
using a 10 m shuttle run. Cardiovascular endurance (repetition) was assessed using a
20 m shuttle run, as previously described by Kang et al. [15]. Each assessment for muscle
strength, muscle endurance, flexibility, power, and agility was performed twice, and the
highest score was retained.

Isokinetic dynamometer machines (Humac Norm Testing and Rehabilitation, CSMi
Medical & Solution, Stoughton, MA, USA) were used to measure the strength and en-
durance of the trunk muscles. Before data collection, isokinetic dynamometers were
calibrated according to the manufacturer’s instructions. After calibration, subjects were
positioned on the isokinetic dynamometers for assessment according to the manufacturer’s
recommendations. The participants performed warm-up exercises, in the form of dynamic
stretching for trunk flexion and extension, before measurements were recorded. The maxi-
mum isokinetic trunk strength was measured three times at 30◦/s, and trunk endurance
was measured three times at 120◦/s. The range of trunk motion during the tests was set
from −10◦ to 70◦.

2.5. Taking Black Maca Supplementation

The intake capsules contained 2500 mg of 100% concentrated black maca extract. The
black maca constituents included fiber (4.95 g/100 g), carbohydrate (63.82 g/100 g), protein
(7.7 g/100 g), starch (38.18 g/100 g), soluble sugar (7.02 g/100 g), riboflavin (0.76 mg/100 g),
potassium (1000 mg/100 g), and iron (86 mg/100 g). The capsules included crystalline
cellulose, starch, calcium stearate, and silicon dioxide as a filler. The capsules were of a
deep cooler and the participants could not see the contents. Participants were instructed to
take one capsule twice a day for eight weeks with pure water. The dosage time was in the
morning and evening; however, the specific time was not designated.

2.6. Statistical Analysis

All results are reported as the mean ± standard deviation. All data were analyzed
using SPSS version 25.0 (SPSS Inc., Chicago, IL, USA). First, the one-way ANOVA was used
to assess group differences in baseline variables. For the three groups (shooting athletes
(SA), racket sports athletes (RSA), and fin swimming athletes (FSA)) by two stages (baseline
and eight weeks), a two-way factor ANOVA was used to examine whether taking black
maca supplementation had any effect. A Bonferroni test was used for the post hoc analysis.
Second, paired t-tests were used to compare the baseline and post-taking black maca
supplementation (eight weeks) performances of the same groups. Statistical significance
was accepted at a = 0.05.

3. Results
3.1. Change in Physical Fitness after Taking Black Maca Supplementation

Changes in the physical fitness of the participants in each group are shown in Table 2.
Two-way within-factor ANOVA revealed significant group × time interaction for left and
right grip muscle strength and long jump power (p < 0.05, p < 0.01, respectively). The
paired t-test analysis showed a significant increase in muscle endurance (p < 0.01) and
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agility (p < 0.05) in the SA group; muscle endurance (p < 0.05), power (p < 0.05) and agility
(p < 0.05) in the RSA group; and muscle strength (p < 0.01), muscle endurance (p < 0.01),
flexibility (p < 0.01), power (p < 0.001) and agility (p < 0.001) in the FSA group after taking
black maca supplementation for eight weeks.

Table 2. Measurements of physical fitness parameters by group and time.

Variable Time
Group

p-Value Post HocSA (n = 13) a RSA (n = 15) b FSA (n = 13) c

Left grip strength (kg) Pre 43.8 ± 4.7 41.0 ± 5.9 34.9 ± 7.5 G: 0.012
T: 0.008

GxT: 0.037
b > cPost 45.1 ± 4.0 41.0 ± 5.0 39.0 ± 9.9 **

Right grip strength (kg) Pre 46.0 ± 5.2 46.2 ± 5.8 38.1 ± 8.1 G: 0.026
T: 0.002

GxT: 0.032
b > cPost 47.0 ± 6.3 46.8 ± 5.4 42.1 ± 9.8 **

Sit-ups (rep) Pre 40.2 ± 7.0 41.5 ± 9.3 55.8 ± 11.2 G: <0.001
T: <0.001

GxT: 0.179
c > a, b

Post 47.1 ± 7.7 ** 47.7 ± 8.0 * 57.9 ± 8.7 **

Sit-and-reach (cm)
Pre 8.53 ± 8.4 6.91 ± 11.4 22.2 ± 9.5 G: <0.001

T: <0.001
GxT: 0.720

c > a, b
Post 10.4 ± 7.2 9.9 ± 11.1 25.3 ± 8.1 **

Long jump (cm) Pre 210.5 ± 19.2 228.9 ± 14.0 197.8 ± 33.5 G: 0.007
T: <0.001

GxT: 0.006
b > a, c

Post 215.0 ± 15.1 239.5 ± 12.8 * 222.1 ± 32.5 ***

10 m shuttle run (s)
Pre 10.0 ± 0.6 9.1 ± 0.7 10.0 ± 0.9 G: <0.001

T: <0.001
GxT: 0.106

b < a, c
Post 10.5 ± 0.6 * 9.5 ± 0.4 * 11.0 ± 1.2 ***

20 m shuttle run (rep) Pre 33.3 ± 3.6 62.9 ± 9.4 74.5 ± 19.3 G: <0.001
T: 0.814

GxT: 0.171
a < b, c

Post 37.5 ± 8.0 64.1 ± 12.6 70.4 ± 17.1

Values are expressed as Mean ± SD. SA, shooting athletes; RSA, racket sports athletes; FSA, fin swimming athletes.
a = SA group, b = RSA group, c = FSA group. Analyzed by paired t-test: * p < 0.05, ** p < 0.01, and *** p < 0.001.

3.2. Change in Isokinetic Muscle Function of Trunk after Taking Black Maca Supplementation

Changes in muscle function of the trunk in each group are shown in Table 3. There was no
significant group × time interaction. Post hoc analysis using the Bonferroni test indicated that
30◦/s extensor in the RSA group was significantly higher, and 120◦/s extensor in the SA group
was significantly lower after taking black maca supplementation for 8 weeks. The paired t-tests
analysis showed a significant increase in 120◦/s extensor (p < 0.05) in the FSA group and 120◦/s
flexor (p < 0.01) in the SA group after taking black maca supplementation for 8 weeks.

3.3. Change in Plasma Components after Taking Black Maca Supplementation

Changes in the plasma components in each group are shown in Table 4. Two-way
within-factor ANOVA revealed a significant group × time interaction for lactic acid and TC
(p < 0.01, p < 0.001, respectively). Post hoc analysis using the Bonferroni test indicated that
lactic acid, TC, and CRP in the SA group were significantly higher after taking black maca
supplementation for eight weeks. The paired t-test analysis showed a significant difference
in lactic acid (p < 0.05) and TC (p < 0.01) in the SA group; TC (p < 0.01) and CRP (p < 0.01)
in the RSA group; and lactic acid (p < 0.05), TC (p < 0.001), and CRP (p < 0.001) in the FSA
group after taking black maca supplementation for eight weeks.

3.4. Change in Inflammation after Taking Black Maca Supplementation

Changes in inflammation in each group are shown in Table 5. There was no significant
group × time interaction. Post hoc analysis using the Bonferroni test indicated that IL-6 in
the FSA group was significantly higher than in the other groups after taking black maca
supplementation for eight weeks. The paired t-test analysis showed a significant decrease in
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IL-6 (p < 0.001) and TNF-α (p < 0.01) in the RSA group and TNF-α (p < 0.01) in the FSA group
after taking black maca supplementation for 8 weeks.

Table 3. Measurements of isokinetic muscle function of trunk parameters by group and time.

Variable Time
Group

p-Value Post HocSA (n = 13) a RSA (n = 15) b FSA (n = 13) c

30◦/s
Extensor (%BW)

Pre 272.1 ± 56.2 340.1 ± 34.8 284.8 ± 86.6
G: 0.002
T: 0.131

GxT: 0.329
b > a, c

Post 274.8 ± 47.3 322.0 ± 63.3 241.6 ± 64.0

30◦/s
Flexor (%BW)

Pre 282.9 ± 31.8 307.8 ± 39.8 315.2 ± 36.7
G: 0.086
T: 0.269

GxT: 0.054
-

Post 290.7 ± 31.5 314.8 ± 56.3 261.7 ± 71.3

120◦/s
Extensor (%BW)

Pre 158.6 ± 70.8 239.4 ± 67.6 234.9 ± 89.8
G: 0.002
T: 0.002

GxT: 0.780
a < b, c

Post 190.1 ± 63.1 283.3 ± 71.1 287.6 ± 98.0 *

120◦/s
Flexor (%BW)

Pre 275.7 ± 88.4 320.4 ± 102.0 317.6 ± 56.7
G: 0.249
T: 0.010

GxT: 0.586
-

Post 327.9 ± 69.0 ** 366.3 ± 62.8 335.8 ± 75.3

Values are expressed as Mean ± SD. SA, shooting athletes; RSA, racket sports athletes; FSA, fin swimming athletes.
a = SA group, b = RSA group, c = FSA group. Analyzed by paired t-test: * p < 0.05, and ** p < 0.01.

Table 4. Measurements of plasma components parameters by group and time.

Variable Time
Group

p-Value Post HocSA (n = 13) a RSA (n = 15) b FSA (n = 13) c

Myoglobin
(mg/mL)

Pre 31.4 ± 17.5 30.0 ± 12.0 26.2 ± 6.6
G: 0.246
T: 0.413

GxT: 0.928
-

Post 28.6 ± 8.6 29.3 ± 11.7 24.1 ± 5.0

Creatine kinase
(U/L)

Pre 439.3 ± 523.5 265.9 ± 234.4 313.2 ± 170.5
G: 0.215
T: 0.341

GxT: 0.808
-

Post 327.4 ± 259.3 229.1 ± 202.3 289.8 ± 160.7

Lactic acid
(mg/dL)

Pre 15.1 ± 6.6 8.0 ± 2.5 11.1 ± 5.3
G: 0.001
T: 0.004

GxT: 0.004
a > b, c

Post 10.4 ± 3.2 * 9.6 ± 3.6 6.5 ± 1.7 *

TC (mg/dL) Pre 174.6 ± 30.7 148.5 ± 24.2 170.5 ± 14.9
G: 0.001
T: 0.017

GxT: <0.001
a > b, c

Post 200.3 ± 33.2 ** 167.0 ± 21.1 ** 151.5 ± 19.8 ***

HDL-C
(mg/dL)

Pre 54.9 ± 10.3 58.2 ± 11.0 59.7 ± 12.5
G: 0.741
T: 0.269

GxT: 0.178
-

Post 60.4 ± 13.0 58.5 ± 13.1 61.2 ± 15.6

CRP (mg/dL) Pre 0.12 ± 0.11 0.08 ± 0.10 0.09 ± 0.02
G: 0.027
T: 0.001

GxT: 0.699
a > bPost 0.09 ± 0.09 0.02 ± 0.03 ** 0.04 ± 0.01 ***

Values are expressed as Mean ± SD. TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; RP,
C-reactive protein; SA, shooting athletes; RSA, racket sports athletes; FSA, fin swimming athletes. a = SA group,
b = RSA group, c = FSA group. Analyzed by paired t-test: * p < 0.05, ** p < 0.01, and *** p < 0.001.

Table 5. Measurements of inflammation by group and time.

Variable Time
Group

p-Value Post HocSA (n = 13) a RSA (n = 15) b FSA (n = 13) c

IL-6 (pg/mL) Pre 134.3 ± 6.38 136.9 ± 6.90 148.3 ± 18.9 G: 0.005
T: 0.003

GxT: 0.063
c > a, b

Post 133.8 ± 2.96 132.0 ± 3.64 *** 146.3 ± 20.4

TNF-α (pg/mL) Pre 270.8 ± 26.6 278.1 ± 16.5 283.2 ± 22.2
G: 0.334
T: <0.001

GxT: 0.276
-

Post 265.6 ± 11.7 265.6 ± 5.08 ** 271.8 ± 16.6 **
Values are expressed as Mean ± SD. IL-6, interleukin-6; TNF-α, tumor necrosis factor-alpha; SA, shooting athletes;
RSA, racket sports athletes; FSA, fin swimming athletes. a = SA group, b = RSA group, c = FSA group. Analyzed
by paired t-test: ** p < 0.01, and *** p < 0.001.
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4. Discussion

In this study, changes in inflammatory markers and physical fitness, after taking black
maca supplementation for eight weeks, were investigated. The main finding of this study
was that IL-6, TNF-α, TC, and CRP levels were significantly different after taking black
maca supplementation in the RSA group; the TNF-α, lactic acid, TC, and CRP levels were
significantly different after taking black maca supplementation in the FSA group; and lactic
acid and TC were significantly different after taking black maca supplementation in the SA
group. In addition, the muscle strength, muscle endurance, flexibility, power, and agility
significantly increased after taking black maca supplementation in the FSA group. Muscle
endurance significantly increased in the SA group. Muscle endurance, power, and agility
significantly increased after taking black maca supplementation in the RSA group.

Regular physical activity or exercise may induce long-term adaptations in metabolism
and cardiovascular systems, including reactive oxygen species and proinflammatory cy-
tokines reduction, which involve an increase in antioxidants and anti-inflammatory fac-
tors [16]. However, elite athletes who exercise repeatedly at high intensity are known to
have an increased secretion of inflammatory cytokines, due to increased oxidation stress.
A test of rowing up to 2000 m, in the shortest time possible on a rowing ergometer, was
performed by twenty rowing athletes, and the results showed a significant increase in
IL-6 and an increase in TNF, but the results were not statistically significant [17]. Fourteen
athletes with spinal cord injuries (meter cervical spinal cord injuries and eight spinal cord
injuries) participated in a wheelchair marathon. The results showed that the plasma IL-6
concentration increased significantly after the race, whereas plasma TNF-α concentrations
showed no significant increase immediately after the race but a significant decrease after
two hours [18]. Additionally, the significant correlations between overtraining syndrome
related and levels of IL-6 and TNF-α have been reported in previous studies [19]. Ex-
haustion exercise reduces immune functions and releases inflammatory cytokines, which
negatively affect an athlete’s performance [20]. In this study, it was shown that there were
significant decreases in IL-6 (p < 0.001) and TNF-α (p < 0.01) in the RSA group and TNF-α
(p < 0.01) in the FSA group after taking black maca supplementation for eight weeks. Ex-
tracts of maca contain saponins, phenols, and flavonoids and also have antioxidant activity
(1,1-diphenyl-2-picrylhydrazyl radical scavenging activity and ferric-reducing ability of
plasma) [21]. This antioxidant activity is also associated with lactic acid [22] and CRP [23].
Various endogenous antioxidant defense mechanisms exist, and antioxidant nutrients are
consumed in the diet, which provide protection against the excessive production of reactive
oxygen species (ROS) [24]. In this study, significant decreases in lactic acid (p < 0.05), TC
(p < 0.001), and CRP (p < 0.001) were found in the FSA group after taking maca supple-
mentation. In the SA group, only lactic acid (p < 0.05) showed a significant decrease, and
in the RSA group, CRP (p < 0.01) significantly decreased, but TC (p < 0.01) significantly
increased. There was a significant increase in TC in the SA and RSA groups but within the
normal range. In all three groups, HDL-C tended to increase, but there was no statistically
significant difference.

Continuous training will usually develop physical fitness, which, in turn, leads to bet-
ter athletic performance [25]. Physical fitness differed among players of different sports [26].
Elite athletes have different physical fitness depending on the sports event, but they are
improving through continuous training and taking supplements. Creatine monohydrates,
vitamin D, omega-3 fatty acids, probiotics, gelatin/collagen, and certain anti-inflammatory
supplements can affect the health and recovery of cells and tissues in a way that enables
athletes to stay healthy, adapt to exercise, and increase the quality and amount of train-
ing [27]. Protein is one of the most popular dietary supplements for athletes and physically
active people, and most amino acid supplements are safe at the recommended doses;
however, excessive consumption may interfere with protein metabolism, and the World
Anti-Doping Agency (WADA) does not ban the use of amino acid supplements [28]. Ikeda
et al. reported that branched-chain amino acid intake with muscle-strengthening exercises
had a significant effect on knee extension strength of the contralateral side and on upper
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arm cross-sectional area [29]. Hoffman et al. reported that participants in the above protein
intake recommended group showed 22% and 42% greater changes in delta 1-RM squats
and delta 1-RM bench presses than participants in the below protein intake recommended
group in strength/power athletes [30]. In this study, natural black maca was taken for
eight weeks and resulted in a significant increase in 120◦/s extensor (p < 0.05) in the FSA
group and 120◦/s flexor (p < 0.01) in the SA group. Additionally, muscle strength (p < 0.01),
muscle endurance (p < 0.01), flexibility (p < 0.01), power (p < 0.001), and agility (p < 0.001)
were significantly increased in the FSA group after taking black maca supplementation
for eight weeks. Earlier, the addition of arginine was mentioned as a component of black
maca [31]. Arginine is an amino acid that has shown a vasodilator effect [32]. Arginine
induces the expression of key regulatory factors of mitochondrial biosynthesis (PGC-1α;
proliferator-activated receptor gamma coactivator-1α) and the genes encoding complex I. It
can also increase the production of nitrogen monoxide and maximize oxygen consump-
tion [33]. Although there was no difference in most variables in the isokinetic trunk muscle
function test, there was a significant increase in all items, except for cardiopulmonary
endurance, for physical fitness in the FSA group. In this study, although there was no
treatment other than taking black maca supplementation, the improvement of the athlete’s
physical fitness is believed to be due to the presence of arginine in the black maca. In
cardiopulmonary endurance, due to the characteristics of the FSA group, it is believed
that it has been adapted to continuous aerobic training. In addition, muscle endurance
and agility were significantly increased in the SA group, and muscle endurance, power,
and agility were significantly increased in the RSA group. Traditionally, ATP-PC systems
operate without oxygen and glycolysis uses 2–3 min of energy as a source of glucose energy,
so glycolysis does not need oxygen, and the aerobic energy system continues to use oxygen
to supply energy during training or competition occurring over a long period of time [34].
Therefore, considering the sports event and characteristics of the participants in this study,
the SA and RSA groups consisted of lower-intensity training athletes than the FSA groups,
which would have required more energy from ATP-PC systems and glycolysis processes
than aerobic training.

The present study had some limitations. The sample size was small. Future studies
with larger sample sizes and a control group are required to consolidate the effectiveness
of black maca supplementation on changes in plasma components and physical fitness in
athletes. Another limitation was that we did not control for contributing factors such as
habitual activity and food intake. We assumed that participants lived in the same dormitory
and had the same diet throughout the study period. However, habitual activity and food
energy intake should be considered in future studies. Finally, the study period was short;
therefore, more longitudinal studies are required to investigate the effects of taking black
maca supplementation.

5. Conclusions

In conclusion, this study indicated that taking black maca supplementation changed
the levels of inflammation and plasma components such as IL-6, TNF-α, lactic acid, TC, and
CRP. Additionally, taking black maca supplementation was effective in improving physical
fitness. The decrease in inflammation and improvement of physical fitness in elite athletes
helped their performance. These changes were observed in the requirement of ATP-PC and
aerobic energy systems but more in fin swimming athletes (FSA) requiring aerobic energy
systems. This effect is the increased antioxidant activity and influenced mitochondrial
biosynthesis and associated regulatory factors due to black maca supplementation intake.
When the aerobic metabolism of mitochondria is dominant, mitochondrial biosynthesis
and antioxidant defense systems are regulated to prevent the accumulation of ROS [35].
These findings provide preliminary evidence that elite athletes need to take black maca
supplementation to improve their inflammation levels and physical fitness.
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and selected parameters of iron metabolism in rowing athletes. Eur. J. Appl. Physiol. 2015, 115, 345–351. [CrossRef] [PubMed]

18. Ogawa, T.; Nakamura, T.; Banno, M.; Sasaki, Y.; Umemoto, Y.; Kouda, K.; Kawasaki, T.; Tajima, F. Elevation of interleukin-6 and
attenuation of tumor necrosis factor-α during wheelchair half marathon in athletes with cervical spinal cord injuries. Spinal. Cord.
2014, 52, 601–605. [CrossRef]

http://doi.org/10.1007/s40279-015-0387-7
http://www.ncbi.nlm.nih.gov/pubmed/26442916
http://doi.org/10.3390/nu10121958
http://www.ncbi.nlm.nih.gov/pubmed/30544913
http://doi.org/10.17843/rpmesp.2014.311.15
http://doi.org/10.1039/C9FO02732G
http://www.ncbi.nlm.nih.gov/pubmed/31951246
http://doi.org/10.2174/1874120701610010112
http://www.ncbi.nlm.nih.gov/pubmed/28932323
http://doi.org/10.3109/15376516.2015.1090512
http://www.ncbi.nlm.nih.gov/pubmed/26633045
http://doi.org/10.3109/15376516.2013.802830
http://doi.org/10.1016/j.yrtph.2019.104570
http://www.ncbi.nlm.nih.gov/pubmed/31884156
http://doi.org/10.1016/j.foodres.2019.108615
http://doi.org/10.1016/j.jep.2009.09.012
http://doi.org/10.54109/jsds.2021.1.2.4
http://doi.org/10.15857/ksep.2022.00465
http://doi.org/10.3390/su12208413
http://doi.org/10.3390/antiox10071035
http://doi.org/10.1007/s00421-014-3018-3
http://www.ncbi.nlm.nih.gov/pubmed/25311752
http://doi.org/10.1038/sc.2014.88


Nutrients 2023, 15, 1618 9 of 9

19. Joro, R.; Uusitalo, A.; DeRuisseau, K.C.; Atalay, M. Changes in cytokines, leptin, and IGF-1 levels in overtrained athletes during a
prolonged recovery phase: A case-control study. J. Sport. Sci. 2017, 35, 2342–2349. [CrossRef]

20. Kaya, O. Effect of a four-week exercise program on the secretion of IFN-γ, TNF-α, IL-2 and IL-6 cytokines in elite Taekwondo
athletes. Biomed. Rep. 2016, 5, 367–370. [CrossRef]

21. Lee, Y.K.; Chang, Y.H. Physicochemical and antioxidant properties of methanol extract from Maca (Lepidium meyenii Walp.)
leaves and roots. Food Sci. Technol. 2019, 39, 278–286. [CrossRef]

22. Nocella, C.; Cammisotto, V.; Pigozzi, F.; Borrione, P.; Fossati, C.; D’Amico, A.; Cangemi, R.; Peruzzi, M.; Gobbi, G.; Ettorre, E.;
et al. Impairment between Oxidant and Antioxidant Systems: Short- and Long-term Implications for Athletes’ Health. Nutrients
2019, 11, 1353. [CrossRef] [PubMed]

23. Fernández-Lázaro, D.; Seco-Calvo, J.; Pascual-Fernández, J.; Domínguez-Ortega, C.; Soto, M.D.V.; Mielgo-Ayuso, J. 6-Week
Supplementation with Tribulus terrestris L. to Trained Male CrossFit® Athletes on Muscle, Inflammation, and Antioxidant
Biomarkers: A Randomized, Single-Blind, Placebo-Controlled Trial. Int. J. Environ. Res. Public Health 2022, 19, 16158. [CrossRef]

24. Watson, T.A.; MacDonald-Wicks, L.K.; Garg, M.L. Oxidative stress and antioxidants in athletes undertaking regular exercise
training. Int. J. Sport. Nutr. Exerc. Metab. 2005, 15, 131–146. [CrossRef]

25. Cureton, T.K. Relationship of physical fitness to athletic performance and sports. J. Am. Med. Assoc. 1956, 162, 1139–1149.
[CrossRef] [PubMed]

26. Silva, D.A.S.; Petroski, E.L.; Gaya, A.C.A. Anthropometric and Physical Fitness Differences Among Brazilian Adolescents who
Practise Different Team Court Sports. J. Hum. Kinet. 2013, 36, 77–86. [CrossRef]

27. Rawson, E.S.; Miles, M.P.; Larson-Meyer, D.E. Dietary Supplements for Health, Adaptation, and Recovery in Athletes. Int. J.
Sport. Nutr. Exerc. Metab. 2018, 28, 188–199. [CrossRef]

28. Williams, M. Dietary supplements and sports performance: Amino acids. J. Int. Soc. Sport. Nutr. 2005, 2, 63–67. [CrossRef]
29. Ikeda, T.; Matsunaga, Y.; Kanbara, M.; Kamono, A.; Masuda, T.; Watanabe, M.; Nakanishi, R.; Jinno, T. Effect of exercise therapy

combined with branched-chain amino acid supplementation on muscle strength in elderly women after total hip arthroplasty: A
randomized controlled trial. Asia Pac. J. Clin. Nutr. 2019, 28, 720–726.

30. Hoffman, J.R.; Ratamess, N.A.; Kang, J.; Falvo, M.J.; Faigenbaum, A.D. Effect of protein intake on strength, body composition and
endocrine changes in strength/power athletes. J. Int. Soc. Sport. Nutr. 2006, 3, 12–18. [CrossRef]

31. Gül, E.T.; Olgun, O.; Yıldız, A.; Tüzün, A.E.; Sarmiento-García, A. Use of Maca Powder (Lepidium meyenii) as Feed Additive in
Diets of Laying Quails at Different Ages: Its Effect on Performance, Eggshell Quality, Serum, Ileum, and Bone Properties. Vet. Sci.
2022, 9, 418. [CrossRef] [PubMed]

32. Viribay, A.; Burgos, J.; Fernández-Landa, J.; Seco-Calvo, J.; Mielgo-Ayuso, J. Effects of Arginine Supplementation on Athletic
Performance Based on Energy Metabolism: A Systematic Review and Meta-Analysis. Nutrients 2020, 12, 1300. [CrossRef]

33. Gambardella, J.; Fiordelisi, A.; Spigno, L.; Boldrini, L.; Lungonelli, G.; Vaia, E.D.; Santulli, G.; Sorriento, D.; Cerasuolo, F.A.;
Trimarco, V.; et al. Effects of Chronic Supplementation of L-Arginine on Physical Fitness in Water Polo Players. Oxid. Med. Cell.
Longev. 2021, 2021, 6684568. [CrossRef] [PubMed]

34. Singh, M.; Juajharia, B. Energy variations of sports person. Int. J. Res. Pada. Tec. Edu. Mov. Sci. 2014, 2, 18–21.
35. Chen, C.T.; Shih, Y.T.V.; Kuo, T.K.; Lee, O.K.; Wei, Y.H. Coordinated changes of mitochondrial biogenesis and antioxidant enzymes

during osteogenic differentiation of human mesenchymal stem cells. Stem. Cells 2008, 26, 960–968. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1080/02640414.2016.1266379
http://doi.org/10.3892/br.2016.730
http://doi.org/10.1590/fst.03818
http://doi.org/10.3390/nu11061353
http://www.ncbi.nlm.nih.gov/pubmed/31208096
http://doi.org/10.3390/ijerph192316158
http://doi.org/10.1123/ijsnem.15.2.131
http://doi.org/10.1001/jama.1956.02970290035010
http://www.ncbi.nlm.nih.gov/pubmed/13366720
http://doi.org/10.2478/hukin-2013-0008
http://doi.org/10.1123/ijsnem.2017-0340
http://doi.org/10.1186/1550-2783-2-2-63
http://doi.org/10.1186/1550-2783-3-2-12
http://doi.org/10.3390/vetsci9080418
http://www.ncbi.nlm.nih.gov/pubmed/36006333
http://doi.org/10.3390/nu12051300
http://doi.org/10.1155/2021/6684568
http://www.ncbi.nlm.nih.gov/pubmed/33815657
http://doi.org/10.1634/stemcells.2007-0509
http://www.ncbi.nlm.nih.gov/pubmed/18218821

	Introduction 
	Methods 
	Participation 
	Measurement of Body Composition 
	Hematological Analysis 
	Measurement of Physical Fitness 
	Taking Black Maca Supplementation 
	Statistical Analysis 

	Results 
	Change in Physical Fitness after Taking Black Maca Supplementation 
	Change in Isokinetic Muscle Function of Trunk after Taking Black Maca Supplementation 
	Change in Plasma Components after Taking Black Maca Supplementation 
	Change in Inflammation after Taking Black Maca Supplementation 

	Discussion 
	Conclusions 
	References

