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Abstract: Advanced nutritional interventions are one of the key components of elite sports perfor-
mance in general. Combat sports require a high percentage of muscle mass with minimum body
weight to generate the maximum power possible. An adequate level of nutrition knowledge, particu-
larly with respect to identifying energy needs while avoiding confusion over dietary supplements and
false perceptions of steroid requirement, which may compromise the health condition, is of crucial
importance. In this context, the aim of our work is to highlight nutritional requirements/nutritional
assessment, the importance of daily dietary intake in combat players, which increasingly includes
a broad range of sports nutrition supplements, and the roles of vitamins, minerals and proteins,
combined with antioxidants and strength training, in muscular performance. The main nutrients
required in the daily diet of combat players, the mechanisms of action, the main outcomes and
possible side effects are summarized. Special attention is paid to natural supplements and their
importance and advantages over synthetic ones, along with future trends of development.

Keywords: nutrition; sports performance; dietary supplements; vitamins; minerals; proteins; nutraceuticals

1. Introduction

A dietary supplement is a commercially available product that is consumed as an
addition to the usual diet and includes vitamins, minerals, herbs (botanicals), amino acids
and a variety of other products. They are recommended as adjuvants in diets in order to
achieve the desired ratio of macro- and micronutrients according to each individual’s need.
The nutrient requirements of each individual incorporate a sum of factors, such as age,
gender, body mass and composition, physiological state, growth and recovery needs and
the energy expenditure of each physical activity [1]. Dietary supplementation benefits are
extremely popular, especially among physically active persons, with over 80% of athletes
using supplements [2]. The prime objective in nutrition supplementation among athletes is
performance enhancement, but other effects must also be taken into consideration, such as
maintaining optimum physical and psychical health status, gaining lean mass and improv-
ing body composition. However, not all substances that have a performance-enhancing
capacity are healthy, so the vigilant eye of WADA monitors supplements and permits their
use in sports only if they do not represent any health hazards. For example, anabolic–
androgenic steroid consumption is known to be involved in the systemic inflammatory
response and multiple-organ dysfunction in healthy individuals [3]. In a world governed
by aesthetic appearance and social networks, young athletes need to be carefully advised
regarding the appropriate methods for improving body composition and lowering the
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fat/lean mass ratio. It is mandatory that athletes across all levels of competition have an
adequate level of nutrition knowledge, particularly with respect to identifying their energy
needs, while avoiding confusion over dietary supplements and false perceptions of steroid
requirement, which may compromise their health condition [3,4]. Educational programs on
this subject are not generally available in every country, especially in developing ones, and
hence, misinformation may lead to serious health problems, which, in turn, are reflected
in the poor performance of combat players [5]. In this context, the aim of our work is to
highlight the crucial importance of knowledge related to dietary habits, which increasingly
include a broad range of sports nutrition supplements, and the roles of vitamins, minerals
and proteins, combined with antioxidants and strength training, in muscular performance.
Special attention is paid to natural supplements, their importance and their advantages
over synthetic ones.

2. Attitudes towards Using Sports Supplements

Most commonly, the assessment of a sports diet is realized based on food records,
which is considered the gold standard for this task, even though its accuracy can be affected
by the subjectiveness of the participants [1]. Often, the study participants misreport their
food intake by lowering the reported amounts. This misreporting seems to be proportional
to the Total Energy Expenditure (TEE) [1]. Although there is a vast amount of research
on sports supplements and their optimal ratios in the athlete diet, most of the time, in
practice, the scientific data are not so precisely applied [6]. Table 1 illustrates the most
frequently recommended nutrient intake deviations in different nutrition assessments
related to different sports, according to available data in the literature.

Table 1. Recommendations for supplement intake in different types of sports activities.

Main Findings Sport Type/Number and
Gender of Subjects Ref.

Insufficient CHO and Protein Intake Compared to Recommendations Soccer/19 female [6]

Insufficient CHO intake in 48.3% of male
participants and insufficient protein
intake in 23.9% of male participants

Insufficient CHO intake in 54.4% of
female participants and insufficient

protein intake in 21.8% of
female participants

Endurance/
157 males and 83 females [7]

Insufficient CHO intake in 50.5% of male
participants and insufficient protein
intake in 19.9% of male participants

Insufficient CHO intake in 80.5% of
female participants and insufficient

protein intake in 41.8% of
female participants

Team/138 males and
104 females [7]

Insufficient CHO intake in 69.2% of male
participants and insufficient protein

intake in 24.2% of female participants

Insufficient CHO intake in 73.0% of
female participants and insufficient

protein intake in 29.1% of
female participants

Strength/32 males and
39 females [7]

Lower CHO intake compared with recommendations Soccer/6 males [8]

22.3% lower energy intake than recommended Swimming/9 females [9]

All athletes had insufficient caloric and CHO intake;
46% had lower protein intake and 9% had lower fat intake compared

with recommendations

Australian football/
46 professional males [10]

Up to 77% did not meet CHO requirements on training days;
13% had lower protein intake and 62% had lower fat intake Football/26 males [11]

Some studies compared the meeting of nutritional requirements before and after
supplementation, evidencing a lot of improvement in satisfying the calculated nutritional
demands after supplementation [7,11]. This provides good support for the high popularity
of sports supplement use. Consequently, the sports supplement market has developed dif-
ferent types of supplements in order to close the gaps in everyday nutrition. They provide
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targeted nutrients in an easy-to-prepare and easy-to-use form for the optimum contribution
of essential nutrients. Ranging from normal foods to medical supplements, together, they
form a market value of USD 40.0 billion in 2021 [12]. Being of such high financial interest,
aggressive marketing campaigns often mislead those with little nutrition knowledge who
end up buying products that are of no use or can lead to the disproportionality of some
nutrients. Consequently, sports nutrition supplementation should be supervised by a
professional who is well informed in this domain, such as a nutritionist or a doctor. Table 2
illustrates the most common categories of supplements.

Table 2. The most common categories of supplements.

Category by Use Formulations/Examples Comments/Risk Assessments Disadvantages and Risks References

Sports foods: Specialized
products used to provide a

practical source of
nutrients when it is

impractical to consume
them in everyday foods

Isotonic sports drink

Easy to use;
Provides an exact specified

amount of specific nutrients for
sports performance;

Does not contain large amounts
of fiber, fat or other components

that could impair
physical performance.

Does not contain all nutrients
necessary for everyday life and

should not replace normal meals;
Reduces meal variety;
Often marketed with

non-scientific information.

[13,14]

High-energy sports drink

Electrolyte supplement

Sports gel

Vegetal protein

Meat protein

Whey protein

Casein

Sports bar

Sports confectionary

Liquid meals

Medical supplements:
Used to treat clinical

issues, including
diagnosed

nutrient deficiencies

Mineral complex

Usually manufactured under
strict regulations;

Extensively studied effects.

Can lead to toxicity if administered
in excess

[15–17]

Vitamin complex

Iron

Zinc

Prebiotics/probiotics

Alpha lipoic acid

Transient receptor
potential channel agonists

Quinine

N-Acetylcysteine

Ergogenic supplements:
Supplements that increase

energy production rate

Glycerol

Considered by WADA to be safe
to use in sports nutrition;
Supported by science as
performance enhancers.

Can cause side effects if
administered in excess;
Could get intentionally

contaminated with
banned substances.

[18,19]

Caffeine

β-Alanine

Bicarbonate

Nitrate

Sodium bicarbonate

Nutraceuticals and
functional foods:

nutrient-rich products of
natural or fortified origin

Fruits

Some products are supported by
clinical trials and can be used
alone or as adjuvant therapy;

High patient compliance since
they are considered natural.

Although intensively marketed,
scientific data are often

contradictory;
Poorly regulated by authorities;

Inconsistent contents of
biologically active substances.

[16,20]

Vegetables

Nuts

Seeds

Legumes

Whole grains

Seafood

Fermented foods

Herbs and spices
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2.1. Nutritional Requirements/Nutritional Assessment and Importance of the Daily Dietary Intake
of Combat Players

Olympic combat sports include judo, taekwondo, wrestling, boxing and karate, which
are the most popular combat sports. They represent ~25% of the Olympic medals, and
consequently, there is a special interest in any solution that might aid in their perfor-
mance. Combat sports nutrition requires professional interventions in order to achieve
objectives such as weight loss, muscle gain and quick recovery while maintaining health
and minimizing the risk of injury.

According to AHA (American Heart Association), most combat sports involve high
static–low/moderate dynamic activity, which translates, from the cardiovascular point
of view, into an increased pressure load due to the long periods of maximal voluntary
contraction [21]. From the exercise physiology point of view, explosive strength and power
are required for punching and kicking, and isometric and concentric strength is required
for grappling [22]. Depending on the duration of the matches, aerobic metabolism plays a
more important role in sustaining the effort in sports with a longer match duration [23].
The aerobic metabolic system is demonstrated to play an important role during judo
matches, with the involvement of lipid and protein metabolism alongside glycolysis [24].
Thus, due to the fact that all metabolic systems are involved in energy production during
combat matches, nutritional recommendations should be based on a holistic view of all
nutrients, packed in ideal caloric meals, in order to maintain the weight category. Regarding
macronutrient intake, most of the scientific community agrees on the ideal ratios for athletes.

2.1.1. Nutrient Timing

Nutrition science has provided recommendations for the ideal timing of each nutrient
in order to provide the maximum effect in the lowest caloric concentration possible. In
combat sports, these recommendations are essential to be taken into consideration and
applied at key moments of each player’s program. The International Society of Sports
Nutrition (ISSN) published guidelines for nutrition timing that can be adapted to combat
player needs. High-carbohydrate meals are to be consumed 4 h before competition and
in the accumulation phase in order to provide adequate glycogen availability to support
the high demand. Carbohydrates also support fast recovery, especially when consumed
in combination with protein, a formula that offers the best glycogen resynthesis rate with
the lowest carbohydrate load, an important goal for combat players. In combat sports,
fast recovery is essential, especially after weight loss programs and between bouts when
limited time is available to prepare for the next game. After protein ingestion, amino acid
availability in the blood is elevated for about 4 h, so protein intake has to be distributed
during the recovery phase, or low-absorption-rate proteins such as casein are recommended
before sleep. Regarding caloric distribution during the day, several studies have shown
favorable effects on weight loss when the greatest quantity of calories are consumed in the
first part of the day and divided into multiple small meals [25].

2.1.2. Nutrition in the Training Period

The training period for combat players is composed of the accumulation and intensifi-
cation phases according to the training periodization concept, and nutrition interventions
have to be in accordance with them. Carbohydrates are considered to be the primary source
of energy for aerobic exercise. Considering their limited storage capacity in the form of
glycogen, carbohydrates play a vital role in sports performance [26]. High-glycemic-index
carbohydrates, due to their rapid availability, are recommended before and during ex-
ercise to support the effort energy demand. Fast recovery can be achieved by ingesting
high-glycemic-index carbohydrates immediately after the effort [27]. According to the
International Society of Sports Nutrition, the recommended quantity of carbohydrates for
athletes ranges from 8–12 g/kg/day [26]. In combat sports, CHO are, along with hydra-
tion, the main strategy for recovery after rapid weight loss. The proposed protocol for
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rapid glycogen restoration is 1.2 g/kg/h of high-glycemic-index CHO or 0.8 g/kg/h CHO
combined with 0.2–0.4 g/kg/h protein in combination with 3–8 mg/kg of caffeine [26].

Protein intake in the athlete diet should be higher compared with the rest of the
population (0.8–0.9 g/kg/day), ranging from 1.2–2.1 g/kg/day with a variation of up to
3.1 g/kg/day in calorie-restricted diets. Optimal protein ingestion shows multiple benefits,
such as muscle gain and anabolic effects, anticatabolic effects, injury prevention and fast
recovery, and plays an important role in weight loss strategies [25,28,29].

There are no major differences between athletes and the general population in terms
of lipid consumption recommendations. Between 20 and 35% of daily calories should come
from healthy fats. Fat-restricted diets are not recommended, taking into consideration the
role of fat in many processes besides energy production, such as cell membrane synthe-
sis, absorption of fat-soluble vitamins, hormone production and proper brain function.
Considering this aspect, the combat player’s diet is often supplemented with omega-3
polyunsaturated fatty acids, with satisfactory results [30]. Lipids were proposed in many
studies as the prime energy source for performance due to their high caloric densities,
but the results are inferior compared with CHO in intense near-VO2max activities [31,32].
Lipids remain an important source of energy in low-intensity activities and are an essential
component in every nutrition plan.

2.1.3. Rapid Weight Loss (RWL)

Nowadays, most combat sports are regulated by weight classes to ensure fair chances
in combat for each fighter. Official weigh-in takes place 3–24 h before competition, de-
pending on each sport’s rules. While this policy makes each sport event equilibrated, it
imposes an extremely strict lifestyle on athletes in order to maintain their weight category.
Often, between competitions, during the accumulation training phase, athletes exceed the
category limit in order to gain maximum endurance, strength and power. An aggressive
RWL strategy is applied before weigh-in, followed by intensive recovery between weigh-in
and competition. This program plays a crucial role in sports results achievement, and any
mistake made can lead to health risks, eating disorders, performance loss or disqualification.
The most used strategies for RWL include an increase in training volume; the restriction
of fluid, minerals (sodium) and food; and perspiration promotion techniques, such as a
sauna or wearing plastic clothes [33–35]. Some of them may generate severe dehydration
and electrolyte imbalances that can lead to adverse effects such as headache, dizziness,
nausea, hot flashes, nose bleeds and, to a smaller degree, fever, disorientation and increased
heart rate, fatigue, myalgia, depression and anger [36]. The average weight lost before a
competition is approximately 5 kg in most combat sports, varying from 0 to 10 kg [34,35,37].
Those who rely more on aggressive weight loss strategies have been demonstrated to have
scarce knowledge of nutrition principles. Excessive weight loss is rather detrimental to
sports performance, with a demonstrated decline in physical and neuromuscular perfor-
mance, mood and psychological states and biological profiles [38,39]. Furthermore, the
long-term consequences of RWL include eating disorders such as anorexia, binge eating
or bulimia, resulting in a higher percentage of obesity in former combat players. Isolated
cases of death caused by severe dehydration have been reported. Wearable electrochemical
sensors, such as those described by Lu et al., that monitor sweat content might trigger an
alarm signal when dehydration goes too far [40]. Some recommendations can be made in
order to prevent this side effect. They include planned, gradual weight loss not higher than
1 kg/week and not more than 5% of body mass and fat loss not lower than 5% for males
and 12% for females. Strength training and BCAA supplementation should be considered
in order to prevent muscle mass loss.

2.1.4. Precompetition Diet

The diet between the weigh-in and the actual fight can have a decisive effect on the
outcome. It is known that even slight dehydration or glycogen scarcity can significantly
affect performance. In this period, it is essential to restore muscle glycogen and to correct
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dehydration and dyselectrolytemia. In order to achieve that, beverages consumed should
amount to 150% of fluid loss at least, combined with up to 12 g/kg/24h of carbohydrates.
The meal before competition should take place 3–4 h before and contain 1–2 g of carbohy-
drates [41]. Regular sports drinks are not designed to correct such massive dehydration,
as they contain only about 40 mmol of sodium. Oral rehydration solutions used to treat
diarrhea are the best option for this task, as they contain up to 90 mmol of sodium. Gas-
trointestinal distress can occur if large amounts of fiber-rich food are ingested after a period
of fasting, so limiting fiber-rich foods is a wise choice [33].

Table 3 summarizes the main nutrients required as daily intake adapted for combat
players, the mechanisms of action, main outcomes and possible side effects, according to
available references.

Table 3. The main nutrients required in the daily diet of combat players, the mechanisms of action,
main outcomes, targeted effects for combat players and possible side effects.

Nutrient
Daily

Recommended
Intake

Mechanism of Action Main Outcomes Main Targeted Effects
for Combat Players Possible Side Effects References

Protein 1.4 to 2.0 g/kg daily

Promotes muscle
synthesis through

phosphorylation of
the mammalian target
of rapamycin mTOR
pathway, leading to

its activation

Increases muscle mass
and strength;

Reduces muscle loss
in hypocaloric diets;

Improves aerobic
performance

(VO2max)
Improves

recovery post-effort.

Higher strength and
endurance via muscle

synthesis;
Promotes lean mass;

Minimizes the
harmful effects

of RWL.

Renal dysfunction;
Elevated hematolysis
markers if ingestion is

not associated with
exercise;

Increase in insulin-like
growth factor 1 (IGF-1)
promotes cell division.

[42–46]

Creatine 5 g/day

Creatine phosphate
provides the main

energy substrate for
ADP phosphorylation
and ATP resynthesis

Improves exercise
performance;

Improves training
adaptations;
Adjuvant in

vegetarian diets;
Enhances tolerance to

exercise in the heat;
Enhances

rehabilitation from
injury;

Brain and spinal cord
neuroprotection;

Enhances
postexercise recovery.

Intensification of
training sessions;

Greater strength in
competition;

Faster recovery
after RWL.

Weight gain;
Precaution for use in
persons with renal

dysfunction;
Hair loss;

Can be converted into
toxic products such as

methylamine
and formaldehyde.

[47–49]

BCAA
(Branched-Chain

Amino Acid)

Activates anabolic
pathways in athletes

Restores
glycogen reserves

Promotes recovery;
Supports immune

function;
Might increase

physical performance
and limit lean mass

loss, especially under
calorie-restricted diet.

Promotes lean mass
buildup;

Can be used as energy
substrate during RWL.

Can compete with
tryptophan, leading to

low serotonin levels and
aggressive behavior;

Promotes insulin
resistance and

inhibits lipolysis.

[50–54]

L-Arginine Up to 12g/daily

Represents substrate
for nitric oxide

creatine and proline
synthesis

Stimulatory role in
secretion of insulin

and growth hormone
Involved in

collagen synthesis

Increases sports
performance;
Lowers blood

pressure, reducing
peripheral resistance;

Weight
reduction adjuvant.

Supports weight loss;
Better peripheric
vascularization.

Gastrointestinal distress;
NO-

mediated hypotension.
[51,55,56]

β-Alanine 4–6 g daily Plays essential role in
carnosine synthesis

Increases antioxidant
capacity;

Improves exercise
performance,

especially in first
4 min.

Ergogenic aid,
especially in

first bouts

Increase in alanine
aminotransferase levels;

Paresthesia.
[51,57]
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Table 3. Cont.

Nutrient
Daily

Recommended
Intake

Mechanism of Action Main Outcomes Main Targeted Effects
for Combat Players Possible Side Effects References

Glutamine 20–35g/day

Important energy
source for rapidly

growing cells
It plays a signaling

role in many
processes, including
expression of genes

Increases immune
function;

Stimulates recovery
and reduces

muscle damage.

Promotes recovery
after training sessions

and RWL

Decrease in renal
function;

Energy substrate for
tumor cells.

[51,58,59]

β-Hydroxy-β-
methylbutyrate

(HMB)
1.5–3 g/day

Prevents proteolysis
mTOR-mediated
protein synthesis

Increases IGF-1 and
growth hormone

Attenuates
development of

sarcopenia;
Positive effect on

protein balance, repair,
strength and function

of skeletal muscle.

Limits muscle mass
loss during RWL

Reduces
BCAA concentration [51,60,61]

Tryptophan 1 g/day Serotonin precursor Treats depression
and insomnia.

Limits the
psychological effects

of RWL

Tremor, nausea
and dizziness [51,62]

l-Carnitine 1–4 g/day
Mediates transport of

fatty acids
in mitochondria

Increases exercise
capacity and
endurance;

Promotes protein
synthesis

and recovery.

Adjuvant in
weight loss Proatherogenic [63,64]

CHO-
carbohydrates Up to 12 g/kg/day

Restores muscle
glycogen, which

represents the energy
substrate for

high-intensity
physical activity

CHO provides energy
with 11% lower

oxygen costs
compared with lipids

A mix of
monosaccharides
targets multiple

absorption pathways,
which results in

quicker availability
High-glycemic-index

CHO are
recommended for

high-intensity exercise

Accelerates recovery;
Increases mean peak

power;
Increases aerobic

endurance.
Increases training

volume;
Promotes insulin and

growth hormone
secretion and

consequently protein
synthesis;

Lowers non-esterified
fatty acid levels.

Essential in
post-weigh-in and

post-bout recovery for
glycogen restoration;
Energy substrate for

high-
intensity training.

Gastrointestinal distress;
Weight gain;

High blood glucose.
[65–69]

Caffeine 3–6 mg/kg

Antagonist of
adenosine receptors

Increases mobilization
of intracellular

calcium storage and
inhibits

phosphodiesterases in
high doses

Increases aerobic
performance and

endurance;
Supports power and
resistance exercises;
Supports cognitive

functions;
Promotes glycogen

resynthesis;
Increases

lipid consumption.

“Fat burner”;
Promotes

high-intensity
training sessions.

Induces anxiety and
cerebral

vasoconstriction;
Insomnia,

gastrointestinal
disturbances, tremors

and psychomotor
agitation;

Tachycardia and
arrhythmia;

High blood pressure.

[57,70–72]

Taurine 1–6 g/day
Increases muscle

calcium sensitivity
Antioxidant

Inconclusive results
regarding taurine’s

effect on aerobic and
anaerobic

performance;
Improves endurance;

Promotes lipid
metabolism;

Limits post-effort
DNA damage.

“Fat burner”
Possible effect on

negative
nitrogen balance

[73–75]

Bicarbonate 0.2–0.4 g/kg Buffers lactic acid
released during effort

Improves endurance
and strength

Supports higher rate
of anaerobic

glycolysis, resulting in
higher explosive force

Gastrointestinal distress [57,76–78]
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Table 3. Cont.

Nutrient
Daily

Recommended
Intake

Mechanism of Action Main Outcomes Main Targeted Effects
for Combat Players Possible Side Effects References

Nitrate >300 mg daily Nitric oxide
(NO) precursor

Improves
mitochondrial

efficiency;
Increases metabolic

efficiency (watt/VO2);
Improves vascular

function and lowers
blood pressure.

Improves endurance
in long bouts;

Reduces
cardiovascular
pressure load.

Stomach, esophagus and
bladder cancer [79,80]

Vitamin D 2000 IU/day

Decreases the
expression of

myostatin and
increases insulin-like

growth factor-2
stimulation of protein

synthesis and an
increased number of
type II muscle cells

Increases muscle force,
strength and

contraction rate;
Promotes protein

synthesis and muscle
hypertrophy,

especially type II
muscle cells;

Increases immunity;
Sustains

bone mineralization.

Prevents injury and
illness;

Increases strength.

Hypercalcemia
and hypercalciuria [11,81,82]

Vitamin C 200 mg/day Antioxidant involved
in collagen synthesis

Reduces oxidative
stress;

Inconsistent results
regarding effects on

athletic performance.

Recovery adjuvant;
Prevents illness.

Higher doses
substantially impaired

sports performance
[83,84]

Vitamin E 12 mg/day Lipophilic antioxidant

Prevents the
formation of free

radicals that appear
during intense

exercise, improving
oxygen delivery to the

muscles during
intense exercise

Recovery adjuvant

Higher dose
consumption may cause

diarrhea, dizziness,
headache,
nausea or

stomach cramps

[26,85,86]

B
complex vitamins

Vitamin B12
contributes to

melatonin secretion;
Vitamin B6 is involved

in the synthesis of
serotonin from

tryptophan;
Vitamin B3 may elicit
a tryptophan-sparing

effect;
Thiamin, riboflavin
and pyridoxine are
necessary for the

energy-producing
pathways of the body;

B complex vitamins
are cofactors in

energy-
producing reactions.

Adequate intake of B
complex vitamins

prevents performance
loss that can be caused

by B complex
vitamin deficiencies

Improve
neuromuscular

function and
coordination;

Sustain
energy production

Might lower cardiac
function in individuals

with chronic kidney
failure

Pyridoxine can
induce neuropathy

[87–90]

Probiotics

Maintains optimal
function of

gastrointestinal
system

Specific probiotic
strains can improve

the integrity of the gut
barrier function in

athletes.
Promote recovery;

Improve
immune function.

Prevent
gastrointestinal
distress caused

by RWL

Some strains can
increase histamine levels [16,91]

Polyphenols Antioxidant effect
Improve exercise

performance;
Enhance recovery.

Recovery adjuvant
Can alter homeostasis by

aggressively lowering
effect on ROS activity

[92–95]

Lipoic acid Antioxidant effect

Lack of studies on
human physical

performance and
mixed results

in rodents

Might enhance
neuromuscular

function and recovery

Membranous
nephropathy;

Gastrointestinal distress;
Hypoglycemia;
Hypotension.

[95–97]
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Table 3. Cont.

Nutrient
Daily

Recommended
Intake

Mechanism of Action Main Outcomes Main Targeted Effects
for Combat Players Possible Side Effects References

Melatonin Regulates circadian
rhythm

Improves muscle
glycogen content and

performance and
accelerates metabolic
recovery in rodents;
Improves cognitive

and physical
performance in
sleep-deprived

adolescents;
Helps adaptation to
time zone transitions
Insomnia treatment.

Treats jet lag when
competitions are in a
different time zone

Dizziness;
Headache;

Nausea;
Sleepiness.

[98–101]

Zinc 20–30 mg/day Anti-inflammatory
and antioxidant

Combats postexercise
immune suppression;

Restores
testosterone levels.

Prevents illness Zinc excess can alter the
immune response [102–104]

Magnesium 320–420 mg/day
Cofactor of multiple
reactions involved in
energy metabolism

Decreases lactate
concentration;

Increases muscle
strength and aerobic

performance;
Sustains bone health;

Promotes
muscle synthesis.

Corrects mineral
deficiencies during

RWL that can
cause arrhythmias

Can perturb cardiac
physiology;

Muscle weakness;
Lethargy.

[105–107]

Calcium 1000 mg/day

Role in bone
mineralization,

muscle contraction,
nerve impulse

transmission and
blood coagulation

Prevents injury and
performance loss

caused by
calcium deficiency

Prevents injuries Gastrointestinal distress;
Nephrocalcinosis. [83,108]

Sodium 10 g/day

Major ion in the
extracellular fluid

with a role in
fluid retention

Minimizes diuresis,
thus promoting
regeneration of

post-training athletes

Proper hydration
after RWL

Na+/K+ concentration
imbalance may lead to

painful and involuntary
skeletal muscle cramps
during or after training

[109–111]

PUFA—
polyunsaturated

fatty acid
1–2 g/day

mTOR activator
Modulates

inflammatory
processes and

insulin resistance

Promotes protein
synthesis for

muscle recovery
Promotes recovery

Immunosuppression,
prolonged bleeding time,
gastrointestinal distress
and low blood pressure

[30,112]

Electrolytes
and fluids

Promote hydration
and replaces lost

electrolytes
Sustain proper

function of
thermoregulation

system

Prevent performance
loss caused

by dehydration

Proper hydration
after RWL

Sodium excess can raise
blood pressure [113,114]

3. Importance of Vitamin and Mineral Supplements

Vitamins and minerals are part of the diet of athletes and combat players for their
alleged role in improving physical performance during training and competitions.

3.1. Vitamins

Based on their solubility, vitamins are divided into two categories: water-soluble and
fat-soluble. Thirteen different compounds are considered vitamins [115], as presented in
Figure 1.

The bioavailability of vitamins is different with respect to their type: water-soluble
vitamins are absorbed directly from the small intestine into the bloodstream, while fat-
soluble vitamins are absorbed along with a fat-based diet in the form of chylomicrons
through the lymphatic system to the bloodstream and then to the liver. On the other hand,
water-soluble vitamins have little storage within the body, being lost in the urine, while
fat-soluble vitamins can be easily stored in the liver and fatty tissues of the body [116].
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Figure 1. Vitamin and mineral classification.

In the case of strenuous exercises, gut absorption of vitamins and minerals is decreased,
while their loss in sweat and urine is increased [83].

However, according to Grozenski and Kiel [83], the supplementation of fat-soluble
vitamins in the diet of combat players has not shown any improvement in exercise perfor-
mance. Moreover, toxicity may occur when consumed in excess due to their prolonged
periods of storage. The recommended daily allowances (RDAs) of vitamins and minerals
are determined by Commission Directive 2008/100/EC [117] amending Council of Europe
Directive 90/496 and the US Food and Nutrition Council, which are considered adequate
for the nutritional needs of human health.

Players put in a lot of effort during training, so they have higher nutrient requirements.
Exercise requires many metabolic pathways in which micronutrients are needed, and train-
ing can lead to muscle biochemical adaptations that increase the need for micronutrients.

Książek et al. [11] investigated the levels of vitamin and mineral intake in Polish
football players during the training period for one week. According to their study [11], the
intake of food supplements and foodstuffs intended for the investigated players led to the
correction of vitamin B2, folic acid, vitamin C and vitamin D but did not cover the daily
requirement of calcium.

Vitamin A is a fat-soluble retinoid involved in night vision as an essential component of
rhodopsin. Retinoic acid acts as a transcription factor ligand in cell proliferation processes.
The antioxidant effect of vitamin A was noted after six weeks of supplementation in
taekwondo athletes [118].

Vitamin D plays an important role in skeleton bone mineralization and calcium regula-
tion through endocrine and autocrine mechanisms. The deficiency of vitamin D in the case
of combat players led to increased risks of stress fractures, muscle injuries and respiratory
infections [119]. A recent study [120] highlighted a positive impact of supplementing
with 50,000 IU of vitamin D3 per week in male recreational combat athletes for six weeks,
combined with six weeks of sprint interval training, as demonstrated by improved aerobic
and anaerobic performance markers.

Baranauskas et al. [121] investigated the relationship between dietary supplement
intake and the body composition of elite Lithuanian athletes training for Olympic Sports.
The data showed that athletes consumed much more fat-soluble vitamins A and E and
minerals K, Mg, P Mn, Cu and Zn compared to the recommended dietary intake (RDI),
according to the Minister of Health of the Republic of Lithuania. Conversely, the diets of
athletes were deficient in vitamin D, a feature often found in countries at North European
latitudes. On the other hand, athletes who train and compete indoors are also prone to
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an increased risk of vitamin D deficiency. A diet based on fish, dairy and eggs is not
sufficient to maintain an optimal level of vitamin D in athletes; instead, exposure to UVB
allows sufficient maintenance of vitamin D status [122,123]. Medical supplementation
with vitamin D and minerals such as iron and calcium is recommended only in the case
of deficiencies and only under medical supervision [121]. Vitamin D co-supplementation
with calcium prevents bone loss [124]. Positive effects on performance have been noted
after vitamin D supplementation in indoor combat sports such as judo or other combat
sports, especially during winter periods [125,126].

Vitamin E is a lipophilic antioxidant that prevents the formation of free radicals during
intense exercise. Vitamin E also prevents the destruction of red blood cells, improving
oxygen delivery to the muscles during intense exercise [124]. A study by Tiidus and
Houston [85] showed that at high altitudes, vitamin E may improve exercise performance
among athletes. In another recent study [86], the performance of football players was
investigated, and the effect of supplementation with vitamins C and E on oxidative stress
was shown in terms of delayed-onset muscle soreness. Their results support the idea that
antioxidant vitamins do not exert any ergogenic effects on the football performance of
young players, although they did reduce oxidative stress.

Vitamin K is involved in blood clotting and has been reported to improve the balance
between bone formation and resorption in elite female athletes.

B vitamins play important roles in the body, but there are no studies to show that they
are involved in sports performance. A combination of B1 and B12 vitamins or a combination
of B1 and B6 vitamins and cyanocobalamin have improved fine motor skills by increasing
serotonin levels, but only in some sports, such as pistol shooting and archery [127].

Vitamin C, a powerful antioxidant, is involved in numerous different metabolic pro-
cesses in the body. Cannataro et al. 2022 suggested that the use of vitamin C, especially for
combat sports athletes, is indicated to manage free radical production [128].

Vitamin C indirectly contributes to improving the performance of athletes through
its effects on improving the immune system or through its role in iron absorption [124].
Reduced muscle damage and inflammatory responses were observed after high doses of
vitamin C and E supplementation in taekwondo athletes [129].

3.2. Minerals

Minerals, similar to vitamins, are essential micronutrients required in the diet of
combat players and are classified into major and trace minerals (Figure 1) depending on
the amount necessary for the body.

Calcium, the most important mineral of the skeleton, is also involved in muscle contrac-
tion, heart rhythm regulation, coagulation and nerve conduction. Being involved in such
important processes, calcium homeostasis is precisely regulated by calcitonin, parathyroid
hormone and vitamin D. In a situation where the calcium balance is negative, the plasmatic
concentrations are maintained within their required limits by mobilizing bone calcium. This
fact has to be taken into consideration in athlete nutrition because proper bone mineraliza-
tion is essential in fracture prevention. Calcium in combination with vitamin D was proven
to increase bone mineralization and reduce fractures in a prospective study among female
athletes. Although, in most cases, vitamin D is the limiting factor of bone mineralization
and calcium uptake, proper calcium intake has to be taken into consideration, especially in
calorie-restricted or dissociated diets, which are popular among athletes.

Magnesium is essential in sports nutrition, as it is utilized as a cofactor in over 300 enzymatic
reactions, including those of ATP synthesis and muscle contraction [130]. Glucose metabolism
is limited by magnesium availability, with magnesium being involved in glucose utilization
and homeostasis, phosphorylation, pyruvate dehydrogenase and creatine kinase reactions [105].
Magnesium is demonstrated to promote muscle synthesis through activation of the mTOR
pathway [106]. Magnesium might have a lifesaving role in sports due to its demonstrated
arrhythmia prevention effects [131], given that most sudden cardiac deaths in athletes occur
through arrhythmias [132]. Multiple studies have proved the efficiency of magnesium in sports-
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related performance, such as increases in muscle strength and walking and running speed and
a decrease in lactate levels [105].

Higher training adaptation regarding erythrocyte and hemoglobin levels was observed
in taekwondo athletes after magnesium supplementation [133]. In judo athletes, magne-
sium was demonstrated to reduce strength loss after a caloric restriction program [134].

Sodium is an important consideration because, during intense training, especially on
hot days, large amounts of water and sodium are lost through perspiration [109,135], so
nutrition strategies for athletes should include sodium in foods and beverages in order to
minimize diuresis, thus promoting regeneration in post-training athletes [114]. In the case
of intense exercises that cause considerable sodium loss through sweating, sodium intake
can exceed 10 g/day.

Iron deficiency in athletes can affect muscle function and limit work capacity, resulting
in impaired athletic performance [123]. The causes that lead to a low iron status are low
intake of heme food, inadequate energy intake, rapid growth of the player, training at
high altitudes or intense training [123]. Iron supplementation is not recommended to
occur immediately after intense training, as high levels of hepcidin may interfere with
iron absorption [123,136]. It is preferable for athletes to take in iron from food, especially
by eating heme iron foods or combining non-heme iron foods with vitamin C foods for
better absorption.

4. Importance of Protein and Amino Acid Supplements

Protein’s value for athletes and combat players has long been established. Protein
has always been regarded as a critical nutritional element for athletic achievement, from
Olympian coaches in ancient Greece to today’s multi-millionaire sportsmen [137]. The
nature of that relevance has been a source of contention for an equal amount of time. Protein
and amino acid consumption is deemed vital to effectiveness by many athletes, particularly
strength and team sports competitors. Supplements containing amino acids and proteins
have grown into a multibillion-dollar industry.

Proteins are demonstrated to have a synergic effect with resistance training on muscle
synthesis. The recommended dose varies from 0.8 g/kg to 2g/kg depending on age,
gender and body composition and can be increased up to 3 g/kg when body composition
enhancement is targeted. In combat sports, these facts have important applicability in
each training cycle, from the accumulation phase, where strength and muscle synthesis
are targeted, to the intensification phase, where speed and tactics are exercised. In the
precompetition and RWL periods, adequate protein intake is essential, as it is proven to
limit muscle loss, thus sustaining the best possible body composition [44].

Nutrition science went even further and identified key amino acids that promote
muscle synthesis, offering targeted supplements so that athletes can benefit without any
unwanted additional calories. The amino acid content for muscle protein balance tends
to be influenced by resistance training. Only necessary amino acids are required for net
muscle protein synthesis [138]. As a result, non-essential amino acids are not required for
the activation of muscle protein synthesis that results in net muscle protein. Even single
amino acids have been shown to increase protein synthesis and potentially net muscle
protein synthesis. Anthony et al. 1999 [139] found that ingesting leucine after exercising
stimulates protein translation initiation mechanisms, resulting in enhanced muscle protein
synthesis. Bolus dosages of single essential, but not non-essential, amino acids increased
muscle protein synthesis in sedentary individuals. Individual amino acids may therefore
serve as a stimulus for muscle protein synthesis and promote a positive net muscle protein
balance. These findings imply that essential amino acids may increase muscle protein
synthesis in two ways: (1) by providing a substrate for it and (2) by serving as a regulatory
factor [67].

Acute stimulation of muscle protein synthesis and net muscle protein synthesis ap-
parently requires small amounts of essential amino acids. Ingesting as little as 6 g of
essential amino acids, both with and without carbohydrates, leads to substantial increases
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in muscle protein synthesis, resulting in net muscle protein synthesis. Furthermore, some
evidence suggests that the response of muscle protein synthesis to essential amino acid
consumption after exercise is dosage-dependent. The reaction of net muscle protein balance
to two doses of 6 g of essential amino acids each was nearly double that of two doses
of 6 g of miscellaneous amino acids each [140]. Each dose of combined amino acids had
around 3 g of essential amino acids, which was nearly half of the quantity in the two 6 g
doses. As a result, there may be a saturation point for critical amino acids over which no
further stimulation is conceivable. The fact that net muscle protein synthesis was identical
regardless of whether 20 g or 40 g of essential amino acids was consumed after resistance
exercise offers credence to this theory [141].

The supply of intracellular amino acids may influence muscle protein synthesis and
net muscle protein balance in reaction to hyperaminoacidemia. Hyperaminoacidemia
is caused by the ingestion of a nutrient that enhances amino acid supply to the muscle,
transit into the muscle cell and intracellular amino acid accessibility. Greater amino acid
supply to the muscle and the possibility of improved muscle protein synthesis after ex-
ercise would result from increasing the blood flow and a high rate of protein synthesis
caused by the exercise session. These factors explain the cumulative effect of exercise and
amino acids on net muscle protein balance when considered together. There is evidence
attributing the acceleration of muscle protein synthesis to changes in arterial amino acid
concentrations instead of, or in addition to, increased intracellular accessibility of amino
acids [142]. Borsheim et al. [143] found that when 6 g of essential amino acids was con-
sumed after resistance training, arterial essential amino acids increased several-fold. When
arterial amino acid concentrations started to decrease, net muscle protein accumulation was
proportionally higher than arterial concentrations and dropped drastically. Even though
arterial amino acid concentrations were still quadruple resting levels, the net muscle protein
balance reverted to resting levels. Borsheim et al. [143] found that muscle intracellular
amino acid concentrations were raised but did not differ from resting levels by the end of
the research.

These findings are comparable to those of a recent study that showed rapid changes
in the value balance but no long-term alterations in intracellular concentrations in mus-
cle [144]. Furthermore, another work from our group found that lower blood amino acid
concentrations led to lower muscle protein synthesis, while higher arterial amino acid con-
centrations contributed to increased synthesis [145]. In addition, protein supplementation
is proven to increase lean mass and improve body composition during calorie-restricted
diets [44].

5. The Roles of Creatine, Caffeine, Phosphate, Beta-Alanine and Carnitine
5.1. Creatine

Creatine supplementation is probably the most efficient way to improve strength and
sports performance, promote exercise adaptation and recovery and prevent injury and
neurodegenerative disease incidence, with its efficacy supported by dozens of studies.
About 95% of creatine is found in skeletal muscle, playing a key role in anaerobic ergoge-
nesis as part of the phosphagen system. In an omnivorous diet, about half of creatine is
provided by the diet, and the rest is synthetized from glycine, methionine and arginine.
Numerous scientific studies have proven that supplementation with this organic compound
effectively increases the concentration of creatine found in muscle cells, which explains the
improvement in sports performance in high-intensity exercise and leads to better training
adaptation. In addition, creatine may have a beneficial effect on post-workout regeneration,
thermoregulation, prevention of sports injuries, neuroprotection of the spinal cord, rehabil-
itation, improvement of the health of people suffering from neurodegenerative diseases,
diabetes, osteoarthritis or old age and the associated loss of lean body mass. The rate
of synthesis may vary indirectly proportionally to exogen intake [48]. There are several
recommended protocols regarding creatine supplementation. The most common protocol
includes a loading phase of 20 g of creatine divided into four meals during the day for
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1 week, followed by a maintenance dose of 3–5g/day. Undoubtedly, the advantage of such
a procedure is the rapid increase in creatine concentration in the muscles of about 20%,
but the same effects are also obtained by supplementation with a lower dose (even 3 g/d)
but for a much longer period, e.g., four weeks. The optimal solution is to take creatine in
small portions with meals rich in carbohydrates, especially during the so-called loading
phase, because creatine from a single dose of more than 5 grams will not be effectively
absorbed by the muscle cells [61–63]. Producers of dietary supplements offer a number of
different forms of creatine on the market, which are often even in one product (the so-called
creatine stack).

Most fears regarding side effects such as kidney damage, hair loss, dehydration, fat
mass increase, concerns about use in the young or elderly population, musculoskeletal
injuries and muscle cramps have been infirmed in multiple studies, and creatine use
is considered safe and efficient by the scientific community [48,49]. In combat sports,
the main targeted advantage of creatine use is the increase in muscle mass, resulting in
increased explosive power via the phosphagen system. Several studies have validated the
theory, finding the applicability of creatine in most combat sports. A study performed
by Sterkowicz et al. demonstrated the positive effect of creatine in judo training, with
an increase in VO2max and a decrease in time to generate peak power [146]. Anaerobic
performance and peak power enhancement were also observed in taekwondo athletes
supplemented with creatine and bicarbonate [147]. In elite wrestlers, a significant increase
in average and peak power was noted after creatine supplementation [148]. Along with
anaerobic power, a slight increase in fat mass was obtained after creatine supplementation
in taekwondo practitioners [149]. An increase in fat mass caused by creatine was extensively
researched in other studies, which failed to validate this theory [49].

Creatinine can be a useful and safe product for all combat sports participants who want
to improve important parameters of their performance, such as maximum anaerobic power.

5.2. Caffeine

Caffeine, a stimulant that is found in almost every adult’s diet, has long been known
to improve athletic performance. Adenosine receptor antagonism, higher endorphin release,
better neuromuscular functionality, enhanced attentiveness and a decreased impression of
effort during exercise are among the processes behind these improvements [150]. Caffeine
supplementation has a long research history in a variety of performance procedures, such as
endurance-based circumstances, strength exercises and/or repeat-sprint activities. Current
research on the efficiency of reduced caffeine doses, fluctuations in the timing of consumption
before and/or during exercise, and the dearth of a requirement for the expelled time for
productivity impact enhancement are all worth noting [150]. Caffeine supplementation has
been shown to boost physical performance during period exercise trials, including treadmill
running to exhaustion [151] and resistance training repetitions to defeat [152]. Addition-
ally, ergogenic effects are frequently observed in competitive contexts, including actual or
laboratory-simulated time trials (TTs). Ganio et al. [153] reported that caffeine consumption
supplied a mean substantial advantage of ∼3.2 percent when given before and/or during
endurance-based TT workouts of varying duration (5–150 min) across a multitude of exercise
modalities in a systematic review of 33 trials. Caffeine dosages of ∼3–6 mg/kg of body mass
(BM) in the form of anhydrous caffeine were frequently employed in studies claiming its
benefits and were taken 60 minutes prior to exercise. Intriguingly, both habitual caffeine
users and nonusers should certainly expect performance outcomes [154], with a recent study
finding that high repetitive daily caffeine consumption (351 ± 139 mg/day) is closely linked
to equivalent absolute and relative outcome advantages with low or adequate routine caffeine
consumption [155]. Caffeine consumption at low levels during endurance training has also
been demonstrated to improve productivity. In fact, following 80 minutes of preload cycling,
100–200 mg (~1.5–2.9 mg/kg BM) of caffeine combined with a carbohydrate–electrolyte solu-
tion resulted in a 4–7% enhancement during a following TT performed in 26–28 minutes [156].
Moreover, 200–300 mg of caffeine given as a sugar substance at the 10-kilometer mark of
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a 30 km cycling TT was demonstrated to boost average power output (+3.8%) for the final
10 km of the task, as well as provide a 4% improvement in peak sprint power production
at the conclusion [157]. A double-blind study performed on ten elite judokas demonstrated
improvement in training parameters such as number of throws and a lower fatigue index,
combined with a better biochemical profile, after caffeine supplementation [158]. Another
study performed on 18 judokas showed that caffeine at a dose of 4 mg/kg resulted in better
performance and a lower rating of perceived exertion [159]. A meta-analysis of nine stud-
ies including 109 combat athletes found increased performance and glycolytic activity after
caffeine supplementation [160].

In the WADA monitoring program, caffeine remains one of the most utilized stimulants
in sports. The results of several studies also demonstrate its efficacy in sustaining better
performance in combat sports, especially in aerobic conditions.

5.3. Phosphate

A number of theories suggest the promising advantages of phosphate supplementation
on sports outcomes, including an increase in the frequency of ATP and PCr resynthesis;
improved buffering ability to support high rates of anaerobic glycolysis; enhancement
of myocardial contractility, contributing to higher cardiac efficiency; and an elevated
erythrocyte 2,3 diphosphoglycerate (2,3 DPG) concentration, resulting in decreased oxygen
affinity for hemoglobin and greater disassembly [18].

Recent research on phosphate supplementation (sodium, calcium or potassium phos-
phate) has concentrated on the physiological and resulting consequences of experimental
procedures such as the 30 s Wingate test, 6–20 m (3–4 s) repetitive sprint efforts and 3–60 min
time trials. Therefore, there are ambiguous data that phosphate supplementation improves
performance. Phosphate has been proven in several studies to improve VO2max, the anaerobic
barrier and cycling TT performance [18]. However, the level of gain from successive sprints
has been demonstrated to be variable and ambiguous [161]. Furthermore, a vast collection of
findings [162,163] indicate that phosphate supplementation had no effect on exercise training
or outcome variables. Alterations in the supplement procedure used (variables in dose, type,
exercise procedure, etc.), as well as people’s reactions to the supplement itself, are sufficient to
reveal the lack of clear consistency indicated by this cumulative effort.

5.4. Beta-Alanine

Beta-alanine is a rate-limiting precursor to carnosine, an endogenous intracellular
(muscle) buffer, and one of the first lines of defense against protons building up in the
expanding muscles during exercise [164]. For a minimum of 2–4 weeks, routine sup-
plementation with 3.2–6.4 g (∼65 mg/kg BM) of beta-alanine might raise muscle tissue
carnosine content (65% over resting levels), enhancing tolerance for maximal activity ses-
sions lasting 30 s to 10 min [165]. Beta-alanine supplementation has been demonstrated
to provide small but noticeable advantages (∼2–3%) in both continual and sporadic exer-
cise testing; however, sport-specific studies that emphasize the practical consequences for
sporadic sports are notably absent [165]. When supplementation regimens are prolonged
to 10–12 weeks (80% above resting levels), muscle carnosine concentration could be fur-
ther increased; however, the relationship between muscle alterations and the amount of
predicted performance remains unknown [165]. Supplementing with beta-alanine may
not be as helpful in well-trained athletes as it is in less-trained athletes, possibly due to
carnosine’s reduced function in intramuscular pH control in people who already have a
high retention time [166]. Nevertheless, in the context of an actual competition situation,
the slight performance improvements reported in well-trained athletes to date (∼0.2–1.3%)
may still be significant.

To decrease the probability of health consequences, beta-alanine dosing approaches
usually involve split doses absorbed throughout the day (i.e., 0.8–1.6 g every 3–4 h) and/or
controlled-release preparations [165]. However, following beta-alanine supplementation,
large interindividual variability in muscle carnosine synthesis has been revealed, which
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is thought to have an inverse relationship with (a) the individual’s preingestion carno-
sine levels, (b) the person’s training status and (c) the proportion of fast-twitch muscle
fibers [167]. Nevertheless, an in-depth study and assessment of the existing research by
Stellingwerff et al. [168] suggest that a total of 230 g of beta-alanine should be ingested,
including a current consumption range of 1.6–6.4 g/day, in order to obtain around a 50%
rise in muscle carnosine. In any case, where practicable, a tailored strategy for beta-alanine
supplementation should be investigated [168].

A study on 23 highly trained judokas identified improvements in judo-related perfor-
mance after 4-week supplementation with 6.4 g/day of beta-alanine [169]. Ten weeks of
beta-alanine supplementation resulted in significant performance improvement with no
significant side effects in nine male amateur boxing athletes [170]. Bicarbonate may have a
synergic additive effect when used in combination with beta-alanine, as demonstrated by a
study performed on 37 judo and jiu-jitsu players [171]. We can conclude that beta-alanine
has a place in most combat athletes’ nutrition with ergogenic potential when used alone or
in combination with other products.

5.5. Carnitine

Carnitine is a molecule found mostly (95%) in skeletal muscle, where it serves a num-
ber of key functions in substrate use. Carnitine aids the flux of carbohydrates through the
citric acid cycle by aiding the migration of long-chain fatty acids into the mitochondria for
beta-oxidation, as well as offering a sink for excessive synthesis of acetyl-CoA [172]. Sup-
plementing with L-carnitine has yielded mixed results in studies. When 1 g of L-carnitine
was ingested every 6 h for 2 weeks, Marconi et al. [173] observed a ∼6% rise in VO2max
during graded treadmill running but no alteration in steady-state VO2 or fuel usage during
submaximal (∼65% VO2max) activity. Furthermore, Greig and colleagues [174] observed
that supplementing with L-carnitine at a level of 2 g/day in split doses for 2–4 weeks had
no influence on VO2max or substrate metabolism. Of note, the dearth of a productivity
effect reported in these studies may likely come from the fact that muscle carnitine levels
do not seem to rise when utilizing these conventional supplementation regimens (i.e., up
to 4 g/day for 14 days) [175]. Novakova et al. [176] found that 12 weeks of L-carnitine
supplementation (2 g/day in split doses) was related to a 20% rise in plasma carnitine
levels in regular meat eaters and a ∼30% rise in vegetarians. Conversely, this had no effect
on the animal flesh group’s muscle carnitine concentrations and caused only a ∼13% rise
in the vegetarians (who had entered the study with ∼10% lower muscle carnitine levels).
During both submaximal and maximal activity assessments, there were no consequences
on muscular strength, glucose metabolism or VO2 [176].

Although the results on performance are contradictory, L-carnitine may have an effect
on weight loss, a very delicate task in weight category sports. The results of a meta-
analysis published in 2016 illustrate positive effects of carnitine in non-athlete persons
regarding weight loss. Another meta-analysis published in 2020 including an obese non-
athletic population concluded a small reducing effect of carnitine on fat mass and body
weight [177]. Even though further sports-focused studies are necessary to research the
carnitine effect in combat sports, it remains an extensively used supplement by those who
intend to lose weight.

6. The Roles of Antioxidants and Strength Training in Muscular Performance

Polyphenols are secondary metabolites of plants with high antioxidant activity, which
plays an important role in the prevention and treatment of different diseases, such as
cancers, cardiovascular and neurodegenerative diseases and diabetes [178]. In addition
to health benefits, a polyphenol-rich diet provides performance-enhancing effects for
various types of exercise [179], although opinions related to the effect of antioxidants on
athletes’ performance are divided. Hence, in this section, we bring to light the latest articles
arguing the role of antioxidants in athletes’ performance. From a chemical point of view,
polyphenols are classified into four classes, including phenolic acids, flavonoids, stilbenes
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and lignans, the last two being available in low quantities and in limited food sources,
so their contribution to total polyphenol intake is minor. In contrast, phenolic acids and
flavonoids are predominant in the human diet and are found in a wide variety of sources,
such as fruits, vegetables, coffee beans, cocoa or their derived products, including red wine,
tea, juice and chocolate [180].

In plants, polyphenols are conjugated with sugar moieties (glycosides), although
esterified or polymerized forms may be present. After ingested, polyphenols must be
hydrolyzed into the aglycone and sugar group before absorption [92,181]. A small propor-
tion of polyphenols is absorbed in the small intestine, with the largest amount reaching
the colon, where they undergo fermentation processes by the intestinal microbiota, result-
ing in metabolites with different physiological effects [181]. Once in the large intestine,
polyphenols act as prebiotics for certain other microorganisms [181,182].

Polyphenol effectiveness in the health condition and potential improvement in sports
performance depends on their bioavailability (Figure 2).

Figure 2. The impact of polyphenols on one’s health and the possibility of improving exercise performance.

During exercise, the metabolism is accelerated, oxygen consumption is high and
the production of reactive oxygen species (ROS) increases. In addition, after muscle
contraction, phospholipase A2 is activated, which initiates a cascade of enzymes, resulting
in the formation of ROS [183]. On the one hand, exercise-induced ROS have negative effects,
causing altered cellular structure and function and, consequently, muscle damage, immune
dysfunction and fatigue. On the other hand, ROS formation after exercise can also have
beneficial effects, such as stimulating glycogen resynthesis and reducing susceptibility to
infection while initiating and promoting adaptative responses to training, thus enhancing
athletic performance [183].
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Numerous endogenous defense mechanisms against ROS have been elucidated, but at the
same time, dietary antioxidants also contribute to the removal of ROS. The available literature
presents only a few studies related to the effect of antioxidants on athletes’ performance.

The mechanisms by which anthocyanins can improve exercise performance and their
effects on blood flow, the diameter of blood vessels during exercise and endothelial nitric
oxide synthase have been described in several studies [184]. Table 4 summarizes the ways
in which anthocyanins and phenols influence athletes’ exercise performance. Anthocyanin-
induced vasodilation may also occur as a consequence of increased nitric oxide (NO)
production. Various mechanisms are proposed [92], including: (i) cyanidin-3-o-glucoside
upregulates nitric oxide synthase (NOS) expression, resulting in NO production; (ii) based
on chemical features, anthocyanins may reduce nitrite NO2 to NO in the stomach; and
(iii) they inhibit nicotinamide adenine dinucleotide phosphate (NADPH) oxidase and
induce signaling of nuclear respiratory factor 2 (Nrf2). Enhanced endogenous antioxidant
capacity correlates with NO bioavailability.

Table 4. The effects of polyphenol supplementation from different sources on exercise performance.

Polyphenols’ Source Sports Activity/Number
of Subjects Treatments Effects of Polyphenol Supplementation References

New Zealand
blackcurrant power 13 trained triathletes (8 males)

7 days/6 g·day−1 (~139 mg
anthocyanin/day-1) dissolved

in 140 mL of water before
completing an incremental cycle

ergometer test

• Caused a downward shift of the
lactate curve during incremental
intensity cycling

• No difference in heart rate or
oxygen uptake at pre-defined
reference points during the
incremental exercise

• No difference in diastolic, systolic,
mean arterial pressure, heart rate,
stroke volume, cardiac output or
total peripheral resistance during
the incremental exercise

• No difference in maximum oxygen
uptake (VO2max) or maximum
power output at VO2max

[185]

Blackcurrant anthocyanins 14 trained male cyclists/16.1 km
cycling ergometer time trial

7-day intake of blackcurrant
extract capsules (105 mg

anthocyanin·day-1)
• 2.4% faster 16.1 km time compared

with placebo group
[184]

Cherry anthocyanins
20 km cycle ergometer time-trial
performance in nine moderately

trained triathletes and cyclists

2 days before and on the day of
the time trial • Inconclusive findings [186]

Cherry juice
(~40 mg·day-1 anthocyanins) Recreational marathon runners A short intake (5 days) before

the marathon
• No difference in marathon

finishing time compared with
placebo group

[187]

Powdered form of tart
cherry skins

(66 mg·day-1 anthocyanins)

27 endurance-trained male and
female runners or triathletes

7 days prior to and on the day
of a half-marathon

• Half-marathon finish time was 13%
faster (p = 0.001) in the cherry
group compared with
placebo group

• Attenuated markers of
muscle catabolism

• Reduced immune and
inflammatory stress

• Better maintained redox balance
• Increased performance in

aerobically trained individuals

[188]

Montmorency cherry
juice containing

~60 mg anthocyanins
Acute intake of 60 mL of cherry

• No effect on cycling
time-to-exhaustion during severe
intensity exercise

• Lower blood pressure
• Increased peak power and work

during sprinting
• Decreased pre-exercise systolic

blood pressure

[189]
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Table 4. Cont.

Polyphenols’ Source Sports Activity/Number
of Subjects Treatments Effects of Polyphenol Supplementation References

900 mg cocoa flavanols Trained male cyclists

1.5 h (time trial 1) and 3 h (time
trial 2) pre-exercise
(low-polyphenol
diet consumed

24 h pre-exercise)

• Increased total antioxidant capacity
at rest and during exercise

• Increased serum
epicatechin concentrations

• No change in plasma marker of
oxidative stress (malondialdehyde)

• No change in plasma inflammatory
markers (IL1, IL6 and TNF-α)

[190]

40 g dark chocolate
(54 mg catechins

and 44 mg flavanols)
20 active male cyclists

Twice per day for
2 weeks (last dose 2 h

pre-exercise) (low-polyphenol
diet consumed

48 h pre-exercise)

• No change in time to exhaustion
• Increased plasma free fatty

acid concentration
• Decreased plasma markers of

oxidative stress (F2-isoprostanes,
oxidized low-density lipoproteins)

• No change in plasma markers
of inflammation

[191]

Grape extract (Vitis vinifera L.)
400 mg

>90% polyphenols
20 athletes (males) 400 mg/day for 1 month

The protective effect of GE against
oxidative stress might help to enhance
physical performance, based on
Optojump® test

• 9.48% increase in antioxidant
capacity determined by ORAC
method compared to placebo
ingestion, increase in plasma
vitamin E concentration and
preservation of GPx levels

[192]

Lychee extract
(Litchi chinensis) 50 mg

33% polyphenols

Subjects between 20 and
65 years, male, non-smoking,
performing regular aerobic

exercise for
30 min/day

200 mg/day of lychee extract
for 30 days

• Significantly increased the total
submaximal running time without
a change in the VO2max value and
enhanced the endurance capacity

• Decreased LDH level; the
mechanism is related to increased
redox buffer capacity by
modulating multiple redox
signaling pathways and is not
direct scavenging effect on ROS

[193]

It is generally accepted that flavonoids possess strong antioxidant effects, and the
mechanisms are not necessarily related to the direct scavenging of ROS but rather to the
indirect modulation of multiple cell signaling pathways [190,193]. The reported results
may also be related to a positive adaptation of the endogenous antioxidant system in
response to strength training. The authors acknowledge the variation in polyphenol
types, so not all antioxidants possess similar physiological effects. However, opinions
are still divided, with some authors arguing that antioxidant supplements would not be
beneficial in terms of athletes’ performance. However, the strongest argument in favor of
antioxidant supplementation (especially natural ones) remains the fact that antioxidant
supplementation can delay fatigue and improve endurance performance [194].

There is no doubt that the physical activity of elite combat sports athletes generates
oxidative stress that exceeds the endogenous antioxidant capacity to neutralize it, although
a study performed on 10 judokas and another one on 12 karate athletes demonstrated
that they had stronger intrinsic antioxidant activity [195,196]. Antioxidant and prooxidant
activities were also demonstrated to be altered by rapid weight loss in judo athletes [197].
Supplementation with grape juice for 14 days was proven to increase antioxidant capacity,
reduce lipid and DNA damage and increase upper limb strength in a double-blind study
including 20 judokas [198]. Kendo athletes benefitted from reduced muscle injury after
Q10 coenzyme supplementation in a double-blind 18-participant study [199]. Improved
immune function and antioxidant capacity were observed after Lycium barbarum extract
supplementation in taekwondo athletes [200].

Regarding strength training and muscle hypertrophy, the addition of extrinsic antiox-
idants may interfere with the cell signaling system and limit anabolic signals, resulting in
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lower muscle synthesis following a training stimulus. This theory is confirmed by the findings
of a placebo-controlled study on 42 female athletes, with statistically significant lower peak
torque and total work in the control group supplemented with vitamin C and E [201].

There is no doubt about the positive antioxidant effect on rapid recovery, limiting
the damage generated by intense physical activity. This effect is of high utility in combat
sports, where recovery times are limited. The results of a double-blind randomized study
on 18 elite taekwondo athletes revealed a significantly better biological profile in the control
group after supplementation with vitamins C and E, with lower values of muscle damage
markers such as creatine kinase, myoglobin and hemolysis [129]. Multiple studies support
the positive vitamin E effect at high altitudes, limiting the deformation of erythrocytes [202].

Consequently, although they may have detrimental effects on muscle hypertrophy,
short-term and targeted supplementation of antioxidants are important aids for endurance
and fast recovery, which is an important aspect for combat players between weigh-in
and competition.

7. Natural Supplements: Importance and Advantages over Synthetic Ones

Some nutritional supplements have a direct impact on athletic performance by in-
creasing various rate-limiting processes, while others have an indirect impact on physical
performance by influencing factors such as inflammatory modulation, oxidative stress and
signaling pathways for adaptation or their ability to support repetitive performance.

Nutritional supplements are defined as concentrated sources of nutrients, such as
amino acids and/or proteins, carbohydrates, vitamins, creatine, minerals, isotonic liquids
and herbal preparations, among others. Their use is widespread among elite and amateur
athletes, as well as the general population [203]. The type, amount and intake timing
of supplements are important for promoting optimal health and performance of players
during training and competitive sports [123].

Natural supplements are obtained from different food sources in different ways, such
as extraction, concentration and so on, whilst synthetic supplements are obtained by
chemical synthesis in the laboratory. Natural supplements/nutrients include complex
mixtures of phytochemicals that exert additive and synergistic effects resulting in health
benefits [204]. Numerous metabolic pathways in which micronutrients are needed are
affected by exercise during training and result in muscle biochemical adaptations that
increase the need for micronutrients [205]. In the case of athletes who frequently restrict
their energy intake, such as combat players who eliminate one or more food groups
from their diet, micronutrient supplementation is necessary. This can lead to deficiencies
in minerals such as calcium, iron or vitamins and antioxidants. Single micronutrient
supplements are generally used to correct a clinically defined medical condition [205].
Among athletes, one of the most popular supplements is protein in order to increase body
mass and strength. Following endurance training, high protein intake is required due to
transient immune system dysfunction, increased inflammation and oxidative stress [203].
When protein in food is not available or is insufficient, then dietary supplements with
high-quality ingredients can serve as a practical alternative to help athletes meet their
protein needs [123].

Studies suggest that the bioavailability of natural supplements, especially of vitamins,
is much higher than that of synthetic ones, probably due to their physicochemical features
or the presence of additional components that can promote their absorption and potentiate
their beneficial effects [206]. Synthetic vitamins mimic the natural ones found in foods and
present some disadvantages from the points of view of bioavailability, efficiency, purity
and possible side effects.

In this context, a new class of naturally derived metabolic regulators was promoted,
generically named adaptogens, which have been shown to increase the ability of the
organism to adapt to environmental factors while avoiding damage and maintaining
mental abilities. A comprehensive review on adaptogen supplementation and their capacity
to enhance athletic performance was performed by Melinos A. [207], who highlighted
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the differences between adaptogens and other metabolic regulators, such as stimulants.
Various adaptogen plants were discussed in this study; for example, Rhodiola rosea,
Eleutherococcus senticosus, Schizandra chinensis and Panax ginseng showed encouraging
results in improving physical performance, which can be applied to combat players. A
similar point of view was expressed by Sellami et al. [208] in a study including Tribulus
Terrestris, Ginkgo biloba, Cordyceps Sinensis, Panax ginseng, Coffea arabica, Green tea
extract, Ginger, etc. The conclusion was that Ginseng and caffeine had the most significant
effect on the central nervous system by increasing alertness and reaction time, which is
crucial for combat players, while other herbs seem to stimulate steroid hormone production.
On the other hand, a moderate effect was noticed in terms of oxidative stress, fatigue
resistance and endurance capacity.

A promising natural supplement used to optimize performance is based on beetroot
juice due to its nitrate content with ergogenic effects on endurance exercise [209]. Gallardo
and Coggan suggested measuring the nitrate content of any beetroot supplements used in
scientific research rather than depending on the manufacturer’s claim [210].

This is an important consideration, not only for future studies in this area but also for
coaches and athletes who may be attempting to optimize performance and reaction time
for competition with the use of beetroot supplements, which is crucial for combat players.

Reactive oxygen species (ROS) are molecules that are produced and consumed con-
tinuously in all living organisms. During exercise, the training muscle produces much
higher amounts of ROS compared to the resting muscle. Coenzyme Q10, a controversial
molecule with a key role in cellular bioenergetics, being a cofactor in the mitochondrial res-
piratory chain to provide energy to cells, has several roles, such as lipophilic antioxidation,
regeneration of vitamins C and E and reduction in inflammatory markers [211]. Although
studies are conflicting regarding CoQ10 effects on sports performance, it contributes to the
prevention of muscle injuries due to its antioxidant effect, anti-inflammatory action, DNA
protection and modifying effect on gene expression. Other studies have shown the positive
involvement of CoQ10 in sports performance through its impact on the nervous system and
muscle disease, increasing resistance to oxidative stress. In addition, CoQ10 supplementa-
tion may work synergistically with other molecules (creatine, fatty acids and curcumin) in
order to prevent or restore tissue after the stress produced by exercise [211–213].

Lycopene, a carotenoid responsible for the red color of tomatoes, is used as a supple-
ment by athletics to reduce exercise-induced oxidative stress, cell damage and postexercise
fatigue. Gholami et al. 2021 [214] investigated the effects of both tomato powder and
lycopene on the antioxidant capacity and biomarkers of lipid peroxidation in response to
exhaustive exercise in well-trained male athletes. Their results showed that supplementa-
tion with tomato powder for one week positively increased the total antioxidant capacity
and was stronger compared to lycopene supplementation. These results suggested that
lycopene exerts a synergistic effect with bioactive compounds present in tomatoes, such as
polyphenols, carotenoids, ascorbic acid, α-tocopherol and folate.

8. Nanotechnological Tools for Nutraceuticals and Functional Foods

Nanotechnology is the study of the potential to image, analyze, understand and
control materials at scales of 1–100 nanometers, where unexpected interfacial phenomena
implement new functions. This extraordinary aptitude has resulted in a plethora of new
technologies that influence practically every part of science and technology, industry, the
economy, the environment and human existence [215,216]. In a visionary presentation,
Feynman (1959) proposed that we should be capable of manipulating matter down to the
atomic level with excellent consistency and accuracy so that innovative substances with
tailored functions could be developed. The developing area in research facilities did not
flourish until the mid-1980s, when essential analytical tools, including scanning tunneling
microscopy and atomic force microscopy, were available [217].
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8.1. Different Nano-Formulations for Encapsulation and Nutraceutical Delivery: General
Properties, Advantages over Conventional Ones and Improvement of Oral Bioavailability

Previously, the majority of studies focused on putting specific beneficial compounds
into colloidal delivery systems, such as β-carotene into a nanoemulsion [215], vitamin D
into an emulsion, resveratrol into solid lipid NPs [217] or curcumin into protein NPs [218].
It is typically essential to integrate several bioactive compounds into a single delivery sys-
tem [219]. Furthermore, combining numerous bioactive compounds in a single system may
have advantages since they have synergistic effects. When taken together, their bioavail-
ability or bioactivity is more significant than when consumed separately. A multitude of
strategies can be used to produce a multi-bioactive delivery system.

Single-particle encapsulation: When the bioactives to be encapsulated have similar
polarity, such as being all hydrophobic or all hydrophilic, they can be delivered in a single
phase using a colloidal delivery system. Micelles, liposomes, lipid droplets and protein
NPs, for example, can disperse non-polar bioactives within the same hydrophobic domain.
Non-polar bioactives are generally distributed throughout the hydrophobic phase before
the particles are produced. Single-particle encapsulation is typically more accessible and
less expensive to implement than the method described below. Still, it is significantly
less versatile when controlling the precise levels of different nutrients or nutraceuticals
in a system. Depending on the particular nutritional profile sought, the entire emulsion
production process would have to be repeated for each unique food item. At the moment,
the most extensively used method is encapsulating nutraceutical combinations in single
colloidal particles. Curcumin and resveratrol, for example, have been co-encapsulated in
nanoparticles made of lipids [220], proteins [221] and polysaccharides [222]. Before making
colloidal particles, the two polyphenols were mixed with the dispersed phase material.
Another study found that curcumin and vitamin D could be successfully encapsulated into
liposomes [223]. Curcumin and egg white peptides were co-encapsulated in chitosan and
casein biopolymer particles to enable simultaneous administration [224]. Both hydrophobic
nutraceuticals with complementary biological activity, coenzyme Q10 and piperine were
encapsulated in biopolymer nanoparticles with a hydrophobic zein core and a hydrophilic
carrageenan shell [225]. It has been demonstrated that co-encapsulation improves the
chemical stability of the two bioactive components while also managing their gastroin-
testinal fate, such as natural antioxidants, ferulic acid and gallic acid co-encapsulated
within cyclodextrin complexes [226]. According to another study, the natural antioxidants
anthocyanins and curcumin can be co-encapsulated within casein micelles via electrostatic
and hydrophobic interactions [227]. Co-encapsulation increased the chemical stability
and in vitro bioavailability of nutraceuticals. A carotenoid antioxidant (astaxanthin) co-
encapsulated with other natural antioxidants (tocotrienols, capsaicin and resveratrol) was
shown to improve antioxidant activity synergistically, which was linked to molecular inter-
actions between the nutraceuticals [228]. Lactobacillus acidophilus (probiotic) and inulin
or polydextrose (prebiotics) have also been co-encapsulated into solid lipid microparti-
cles, increasing their stability and survivability in simulated GIT conditions [229]. Other
colloidal particles, such as alginate microgels [230], pea protein/alginate microgels [231]
and alginate–chitosan microgels [232], have been utilized to encapsulate probiotics and
prebiotics. Prebiotics within colloidal particles may boost probiotic viability by providing a
source of nourishment.

Multiple-particle encapsulation: In some cases, encapsulating different bioactive
compounds inside other colloidal particles can be advantageous. There are several reasons
why one may desire to do so. First, it is necessary to create a variety of bioactive-loaded
colloidal dispersions that can be blended in various ratios if the aim is to carefully manage
the balance of different bioactive substances in a meal or beverage. Second, if two or more
bioactives interact physically or chemically, it may be better to keep them separated to avoid
adverse interactions. Third, because different hydrophobic bioactive may have differing
solubilities in non-polar settings, colloidal particles consisting of various hydrophobic
materials may be beneficial (such as other oils or hydrophobic proteins) [233]. Fourth, some
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hydrophobic bioactives’ chemical stability is impacted by their local molecular environment;
for example, some may degrade faster in a lipid matrix than in a protein matrix. As a
result, encapsulating various bioactives in separate colloidal particles with molecular
environments tailored to each bioactive could be beneficial. Fifth, various bioactives may
need to be released at different times or in other parts of the human body. For example, one
bioactive may need to be released in the small intestine, whereas another requires release
in the colon. Alternatively, one bioactive might require a burst release technique, while
another might require a continuous release profile. The bioactive would be encased in
colloidal particles with various release properties, such as nanodroplets for burst release
and microgels for sustained release. Distinct bioactives could be contained within the same
colloidal particle or across different types of colloidal particles [233]. A bioactive may be
encapsulated in one emulsion, while a different kind of bioactive may be encapsulated
in another. Another possibility is to encapsulate one type of bioactive in an emulsion
and the other in a solid lipid nanoparticle. After that, the two colloidal delivery methods
might be merged to generate a final formulation with various bioactive compounds. This
technology could be particularly beneficial in personalized nutrition applications. To obtain
the desired nutritional profile, a range of single bioactive-loaded delivery systems could
be combined in varying doses and ratios. When combining different colloidal dispersions,
it is vital to ensure that the particles are compatible; otherwise, the integrated system
could be physically or chemically unstable. For example, one type of colloidal particle may
promote the aggregation of a different kind of colloidal particle. If their surface charges
are opposite, such as one positive and one negative, this can happen [234]. Furthermore,
bioactive molecules can be prevented from migrating from one type of colloidal particle to
another [235]. The entropy of mixing drives the exchange of bioactive chemicals between
colloidal particles. Having all bioactive compounds randomly disseminated across all
colloidal particles is better than having them concentrated in one type of particle from
a thermodynamic standpoint. The bioactive’s water solubility influences the exchange
kinetics. Even hydrophobic bioactives have some aqueous solubility, implying that they
can pass through water, separating colloidal particles. In some situations, changing the
properties of colloidal particles may be able to slow down this process. Components that
bind to bioactives and limit their freedom, on the other hand, could be added to colloidal
particles [236]. These processes must be understood to be adequately controlled and avoid
undesired functional changes during storage. Curcumin was encapsulated in protein (zein)
NPs to enhance its water mobilization and chemical stability and then combined with
digestive lipid NPs to boost its bioavailability [237]. Curcumin was released from protein
NPs and then solubilized in mixed micelles produced by the digestion of triacylglycerol
molecules in lipid NPs under simulated gastrointestinal conditions.

Compartmentalized encapsulation: Some colloidal delivery methods, such as core–
shell particles or multiple emulsions, have particles with various physicochemical prop-
erties in their interior regions. These particles usually include many bioactive chemicals
with varying molecular properties. This could be required to avoid the two bioactives’
interference and manage the rates and sequence. Core–shell polymer particles have been
used to encapsulate pharmaceuticals with changing polarity in the pharmaceutical industry.
For example, the aqueous center of polymer core–shell particles contains doxorubicin hy-
drochloride (a hydrophilic chemical), while the solid shell contains paclitaxel (a hydropho-
bic substance). A similar method could be used to encapsulate food-grade nutraceuticals.
A hydrophobic bioactive agent (α-tocopherol) can be contained within the oil droplet core.
In contrast, according to studies with oil-in-water emulsions, a more amphiphilic bioactive
material (resveratrol) can be discovered at the oil droplet surfaces [235]. Natural antioxidant
combinations have also been co-encapsulated in multi-compartment colloidal particles.
Tween 60 niosomes, for example, have been co-encapsulated with gallic acid/curcumin and
ascorbic acid/quercetin [238]. The hydrophilic gallic acid and ascorbic acid were assumed
to be in the hydrophilic core of the particles. In contrast, the hydrophobic curcumin and
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quercetin were believed to be in the hydrophobic shell. The researchers discovered that
combining antioxidants in a single delivery method has synergistic antioxidant benefits.

Multiple-phase encapsulation: When bioactives have diverse polarities (for example,
some are hydrophobic while others are hydrophilic), they can be found in separate phases
in a colloidal particle solution. Non-polar bioactives, for instance, may disperse in the
oil phase of an oil-in-water emulsion, whereas polar bioactives may dissolve in the water
phase. This approach was used to dissolve fat-soluble vitamins (A or E) in the oil phase
and water-soluble vitamins (C) in the water phase in nanoemulsions [239,240].

8.2. Liposomes for Nutraceutical Delivery

Several molecules gradually deteriorate and lose their nutritional content, which is a
significant challenge in producing (fortified) foodstuffs and dietary supplements. Various
microencapsulation methods can be implemented to enhance their stability. While the
liposomal technique was initially developed for pharmaceutical applications, its benefits
have recently been utilized by the food industry. Liposomes and nano-liposomes can
encapsulate a broad range of nutritionally crucial elements, including essential oils, amino
acids, antioxidants, enzymes, vitamins and minerals. Vitamin C, for instance, is supplied to
a variety of commodities to prolong shelf life, as detailed by Schrooyen et al. [241]. Spray
cooling or spray chilling and fluidized-bed coating can be used to add vitamin C to solid
foods (biscuits and bread).

In contrast, liposomal encapsulation adds vitamin C to liquid products. While vita-
min C is used to extend the shelf life of some foods, it is also used for its functional and
pharmacological actions. Vitamin C is an antioxidant and a crucial cofactor for several
enzymes responsible for physiological functions. Despite its significance in various pro-
cesses, vitamin C has limited bioavailability and cannot be generated by the body on its
own. Therefore, it must be consumed through the diet [242].

Even though most Western cultures now have access to vitamin C sources, including
fruits and vegetables, the increasing use of microwaved foods has contributed to a rise
in the prevalence of scurvy (severe vitamin C insufficiency). Vitamin C deficiency has
also been linked to chronic disorders, notably obesity [243], with vitamin C supplemen-
tation improving lipid buildup and endothelial function [244]. Researchers have begun
to examine liposomal formulations as a potential alternative to traditional oral vitamin C
administration to enhance vitamin C bioavailability and enhance its therapeutic effects.
Hickey and colleagues [245] performed the first investigation to compare the pharmacoki-
netics of different single doses (5, 20 and 36 g) of liposomal vitamin C to “standard” oral
vitamin C (5 g). According to the study, the most significant peak plasma level (~400 uM/L)
was obtained with 36 g, peaking ~5–6 h after intake. Liposomal vitamin C’s effectiveness
and consequences on ischemia–reperfusion injury were studied in more studies [246]. A
placebo pill or 4 g of vitamin C was administered via oral unencapsulated, liposomal or
parenteral administration. Liposomal vitamin C generated higher blood levels of vitamin
C than unencapsulated vitamin C, but not as high as those induced by intravenous vitamin
C delivery.

Furthermore, all medications exhibited equal protection against hypoperfusion dam-
age [247]. Because iron deficiency is a prominent cause of anemia in nondialysis chronic
kidney disease (ND-CKD) patients, Pisani et al. [248] investigated whether liposomal iron
improved anemia in ND-CKD patients. Ninety-nine patients with CKD and iron deficiency
anemia for three months were randomly assigned 30 mg/day of oral liposomal iron (LI;
n = 66) or intravenous iron gluconate (IV: total dosage = 1000 mg; n = 33) using a random-
ized experimental technique. After three months, both the LI (5.6%) and IV (9.3%) groups
had considerably higher Hb levels than baseline, with no differences between interventions.
On the other hand, the IV group exhibited a more noticeable upward trend, with markedly
greater Hb in months 1 and 2 than the LI group. In contrast, while no serious negative
consequences were observed, the proportion of LI individuals who suffered at least one
possibly treatment-related adverse reaction (3.1%) was much lower than the IV group. Be-
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cause iron deficiency and anemia are significant problems for the health and performance
of great male and female athletes [249], and because liposomal iron has been demonstrated
to facilitate exercise-related anemia in an in vitro model [250], more studies into liposomal
iron in athletes are recommended.

8.3. Polysaccharide Nanocarriers for Nutraceuticals

Polysaccharides are lengthy chains of monosaccharide molecules that form polymeric
carbohydrates. The most common polysaccharide storage in plants is starch, amylose and
branched amylopectin. Polysaccharides include chitosan, alginates, pectin, dextran and
inulin [251]. The polymers amylopectin (70–75 percent) and amylose (20–25 percent) make
up the starch molecule. Depending on the starch supply, this ratio changes [252]. Starch
in nanoparticulate form can be used as a flexible barrier packaging material in addition
to its application in food. The characteristics of starches can be altered through enzymes,
hydrolysis, oxidation and replacement processes. Starches and derivatives are used in
several microencapsulation and nutrition delivery applications [253–257].

On the other hand, chitosan is a biopolymer that encapsulates active chemicals in a
biodegradable and biocompatible polymer matrix. The use of chitosan to make nanoparti-
cles necessitates the use of basic procedures. Because of its characteristics, this biopolymer
can contain bioactive components such as vitamins, polyphenols, curcumin and essential
oils [258–260].

8.4. Protein-Based Nanocarriers

Fathi et al. [261] discussed the state of the art in protein-based nanoencapsulation tech-
nologies and protein alteration methods to prolong their activity in nanocarrier systems to
increase the encapsulation, retention, shielding and release of bioactive substances. Ramos
et al. [262] published a literature review on the latest discoveries on nanoscale manifesta-
tions of denatured whey proteins and their agglomeration, which could help design protein
nanostructures with new or significantly improved attributes for the implementation of
nutraceuticals in food materials and their release. Parthasarathi and Anandharamakrish-
nan [263] reported a spray freeze-drying-based microencapsulation approach as a viable
strategy for improving the oral bioavailability of insufficiently water-soluble bioactive
substances such as vitamin E, employing whey protein concentrate as an encapsulating
reagent. Under gastric digestion circumstances, substantial incorporation and sedimenta-
tion of zein NPs comprising lutein (ZLNPs) with a hydrodynamic radius of approx. 75 nm
were noticed, and ZLNPs that were not entirely metabolized by gastric enzymes conformed
to lipid droplets; nevertheless, when salt (i.e., high ion concentration) was removed, the
aggregation was lowered, and digestion was energized.

On the other hand, lutein’s digestive stability was improved once it was encapsulated
in NPs [264]. The size of egg albumin (Alb)-FA nanocomplexes made by mixing egg Alb
NPs with FA was not altered when the pH was changed from 3 to 4, but it increased
significantly when the pH was adjusted to 5, 6 or 7. Notwithstanding this, the bioavail-
ability of FA in the form of digestion process nanocomplexes for Lactobacillus rhamnosus
was improved.

Negatively charged (41 mV) sophorolipid-coated curcumin NPs with a particle size
of 61 nm and high EE and loading capability for the amorphous form had 2.7–3.6-fold
greater efficacy than curcumin in amorphous form-free curcumin crystals, which was
primarily due to their higher nutrient digestibility [265]. In a system designed to simulate
GI media, protein–lipid composite NPs with a three-layered structure and an inner aqueous
compartment for loading the hydrophilic nutritional supplement vitamin B12 demonstrated
controlled release actions. In in vivo tests, the NPs loaded with vitamin B12 led to excessive
vitamin B12 levels in rats and lowered methylmalonic serum concentrations more effectively
than in the control group. These NPs could be employed to improve vitamin B12 absorption
when taken orally [266].
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Lin et al. [267] showed improved physicochemical stability and in vitro bioavailability
of vitamin D3 in maize protein hydrolysate-based vitamin D3 nanocomplexes with spher-
ical structure and diameters of 102–121 nm. The nanocomplexation offered prominent
safeguards and lowered vitamin D losses during pasteurization and also under many vari-
ous sets of processing conditions in vitamin D–potato protein co-assemblies, implying that
potato protein could be used as a protective barrier for carrying hydrophobic nutritional
supplements adequate for the enhancement of clear beverages and other food or drink
products with health-promoting properties [268].

8.5. Nutraceutical Nano-Delivery and Personalized Nutrition

The individualization of meals based on biometric data has become a significant trend
in modern nutrition [269–271]. This study has been spurred on by technological develop-
ments in various domains, including analytical instrumentation, biotechnology, computers
and data processing [269,270]. The many metabolites contained in human physiological
fluids such as blood, urine and feces can now be studied in depth by researchers. Modi-
fications in the metabolic parameters can be tracked over time and in response to certain
meals or diets, as well as individuals with various lifestyles or health conditions. Thanks to
advances in instrumentation, researchers can now quantify the several types of molecules
found in meals and their structural structures. Advances in genetics, equipment and
computer science have made it easier to swiftly and inexpensively read a person’s genetic
code [272,273]. Similar methods can be used to evaluate the composition of a person’s gut
microbiome to determine the microbial community that dwells in their intestines, which is
vital for optimal health [274]. Biosensors, digital cameras and portable measurement de-
vices are some of the newest technologies being developed to provide detailed information
about people’s eating habits, physical activity and physiological features. Scientists can
find links between food, genetics, phenotype and health status by storing vast amounts of
data from many different sources in computer databases and evaluating them with modern
computer algorithms [275]. Only a few companies presently provide personalized dietary
advice based on a thorough examination of a person’s metabolism and microbiota. As a
result, personalized dietary gadgets tailored to a particular individual’s requirements could
be developed. Personalized diets could advise a person to eat more of certain food groups.
On the other hand, several food and nutrition companies work on functional foods and
beverages enhanced with specific nutrients or nutraceuticals. Many of these things will be
dependent on colloidal delivery technologies, which can incorporate a range of bioactive
compounds into foods and beverages. These individualized diets can be adapted to an
individual’s needs in various ways, including combining multiple nutrients in a single
delivery system or integrating multiple delivery systems containing different nutrients, as
we will see later. However, there is presently no information on the appropriate type and
concentration of various bioactive components to distribute to specific individuals, which
will have to be discovered when colloidal delivery systems are constructed [276].

9. Safety Aspects and Limitations

There were no relevant safety data available, and no adverse effects were documented
in any of the studies considered. As a result, this review study cannot comment on it.
All substances discussed in this review are considered safe for humans and approved by
WADA in recommended doses. Even though some products, such as whey protein, are
acknowledged as safe supplements for athletes, WADA’s concern stems from the discovery
of prohibited substances. As a result, athletes must be cautious when taking supplements
to avoid breaking WADA rules and regulations.

There are a few drawbacks to this review that should be considered. First and foremost,
the study did not address issues that existed in the primary analyses. Furthermore, the
biases in the initial research were not removed in the review. Again, there would be
inaccuracy due to the inability to generalize various criteria, such as age, gender or regional
factors, from one study to the next. Furthermore, based on this review of sports performance
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and recovery among athletes when they were measured, the discussion and conclusion
are drawn from this meta-analysis. As a result, this study cannot demonstrate causation
between the parameters and athletes’ long-term performance and recovery.

10. Conclusions and Future Trends

To make evidence-based judgments about whether and how to use a supplement,
athletes and coaches should examine the critical areas that sports nutrition research should
address. Scientific data on dietary requirements and nutritional goals can be used to choose
medical supplements and sports foods. Unfortunately, the variety of products on the
market (even when limited to those with some evidence base) and the complexities of
real-life settings in which performance supplements can make a difference restrict the
ability to undertake high-quality evaluations of performance supplements. Models for
performing and interpreting performance supplement studies do exist, though. Caffeine
is an excellent example of how sports nutrition knowledge and practice evolve, with the
possibility of always learning something new or better. A few tropical fruits that can be used
for sports nutrition are banana, cherry, grape, pomegranate and watermelon. Those fruits
may have the potential to be developed as a sports supplement in the form of nanoparticles,
which have several training and competitive benefits for athletes. Overall, skipping protein
during the peri-workout period has no adaptive effect. Stimulation of MPS in the acute time
following training may not result in increases in strength, hypertrophy, body composition or
performance unless other strategies are used carefully over the prolonged recovery phase.

On the other hand, the individualization of meals based on biometric data has become
a significant trend in modern nutrition. The many metabolites contained in human physio-
logical fluids such as blood, urine and feces can now be studied in depth by researchers.
Nowadays, modifications in metabolic parameters can be tracked over time and in re-
sponse to certain meals or diets, as well as in individuals with various lifestyles or health
conditions. Thanks to advances in instrumentation, researchers can now quantify different
types of molecules found in meals and their structural features. Advances in genetics,
equipment and computer science have made it easier to swiftly and inexpensively read
a person’s genetic code and to evaluate the composition of a person’s gut microbiome to
determine the microbial community that dwells in their intestines, which is vital for optimal
health. Biosensors, digital cameras and portable measurement devices are some of the
newest technologies being developed to provide detailed information about people’s eating
habits, physical activity and physiological features. Scientists can find links between food,
genetics, phenotype and health status by storing vast amounts of data from many different
sources in computer databases and evaluating them with modern computer algorithms.
Only a few companies presently provide personalized dietary advice based on a thorough
examination of a person’s metabolism and microbiota. As a result, personalized diets could
be successfully applied to combat players, as gadgets tailored to a particular individual’s
requirements could be developed, advising an athlete to consume more or less of certain
food groups. On the other hand, several food and nutrition companies work on functional
foods and beverages enhanced with specific nutrients or nutraceuticals based on colloidal
delivery technologies, which can incorporate a wide range of bioactive compounds into
foods and beverages. These individualized diets can be adapted to an individual’s needs
in various ways, including combining multiple nutrients in a single delivery system or
integrating multiple delivery systems containing different nutrients. However, there is
presently no information on the appropriate type and concentration of various bioactive
components to distribute to specific individuals, and hence, in the near future, different
formulations for encapsulation and nutraceutical delivery are expected to emerge, tak-
ing into account possible advantages over conventional ones and improvement of oral
bioavailability. As a result, future research should consider this much broader perspective,
including advanced development in designing nanostructures with new or significantly
improved attributes for the implementation of novel nutraceuticals in sports nutrition.
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