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ABSTRACT

Energy balance is the balance between energy intake and energy
expenditure. The energy balance has two main components. One of these
two components is energy intake and the other is energy expenditure. Macro
nutrients (carbohydrates, proteins and fats) are used as energy sources.
During energy intake, food intake is also under control of hormones. These
ingested nutrients are used in the production or resynthesize of ATP
through energy metabolism. The energy released by the breakdown of ATP
is used in all metabolic processes that require energy, including muscle
contraction. In addition, although vitamins and minerals are not directly
involved in energy production, they have functions in some metabolic
reactions. Energy is consumed in three ways. One of these is resting
metabolic rate, the other is the thermic effect of food, and the other is the
energy spent through physical activity. Studies have shown that the energy
taken in athletes is insufficient compared to the energy expenditure. Some
researchers have stated that some amino acid and herbal supplements

have positive effects on athlete performance.

Keywords: Energy Balance in Athletes, Energy Metabolism, Nutrients,

Hormones, Dietary Supplements.
INTRODUCTION

In this review, energy balance in sports and exercise, macro and micro
nutrients, energy metabolism responsible for ATP production, hormones
involved in the regulation of appetite and energy intake, and dietary

supplements commonly used by athletes were examined.
Energy Balance

When the energy intake is equal to the energy output, the body’s energy

balance is achieved.
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Energy In
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Figure 1. Energy balance (http://www.mix-fit.net.au/energy-homeostasis-and-energy-balance/)

The energy provided by daily intake of protein, carbohydrates
and fats is spent in three different ways. 60-75% of total
energy spending (TES) is at resting metabolic rate (RMR), 10-
30% is energy spent for physical activity (ESPA), and 10-15%
is the thermic effect of food (TEF) [1].

When energy intake exceeds energy spending, a state of
positive energy balance occurs, resulting in an increase in
body mass. Conversely, when energy spending exceeds energy
intake, a state of negative energy balance occurs, resulting in

a loss of body mass [2].

Components of energy expenditure-Resting metabolic

rate

Resting metabolic rate (RMR) represents the amount of
energy required to maintain physiological functions at rest
[3]- RMR indicates the amount of calories your body can burn
in a resting position for 24 hours without any physical activity
[4]. RMR constitutes the largest part of the total daily energy
expenditure and corresponds to 60-75% of the daily energy
expenditure in sedentary individuals and 50% in physically

active individuals or athletes [5].
Energy expanded for physical activity (EEPA)

Physical activity is the bodily movements made by skeletal
muscles, and the effect of physical activity on total energy
expenditure is approximately 10-30%, although it varies from
person to person. EEPA has two components. The first covers
activities of daily living. The other is; Apart from the daily
activities, it covers the energy expenditure in the exercises
done to protect or improve the health and the regular training
of the athletes [6].

ENERGY METABOLISM

Energy metabolism can be broadly defined as the capacity to

do work. Muscles need energy during exercise [7].

The energy generated by the breakdown of food is not used
directly in doing work, that is, it cannot be converted into
mechanical energy. This energy is used to make adenosine
triphosphate (ATP) [8]. The ability of ATP to be stored in
the organism is very limited. ATP must be resynthesized
immediately for the effort to continue [7]. The energy required
for the resynthesis of ATP is provided by aerobic and/or

anaerobic metabolisms.

Renewal of ATP is possible with any of the three energy
systems [9]. Phosphogene System (Adenosine Triphosphate
(ATP) Phosphocreatine (PC) System): It is an anaerobic
energy system that releases energy by the breakdown
of phosphocreatine stored in the muscle. The Anaerobic
Glycolysis/Lactic Acid System is the anaerobic breakdown
of glucose. Lactic acid is formed as the end product. Aerobic
System means the oxidation of nutrients in mitochondria to

provide energy [10].
Phosphogene system

ATP and phosphocreatine (PC) are stored in muscle cells.
All of them are called phosphagens due ATP and PC have
phosphate compounds in their structures [11]. Short-term
acute exercises are performed by the energy released by
the breakdown of these stored phosphogens. Due to during
high-intensity activities, ATP is used up quite quickly and the
organism'’s aerobic system is not capable of producing ATP at
such a fast pace. This energy source is used for sudden, high-

intensity work lasting up to 10 seconds [12].

IIII https://doi.org/10.30654/M]JSM.10003
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Lactic acid system/anaerobic glycolysis

Since anaerobic glycolysis takes place in an oxygen-free
environment, this process is called anaerobic glycolysis. Since
lactic acid is produced as the final product while ATP is formed
in this way, the system is also called the lactic acid system
[13]. The glycogen stored in the muscle is broken down into
glucose and two moles of pyruvic acid molecules are formed.
In the absence of oxygen, pyruvic acid, which cannot enter the

citric acid cycle, turns into lactic acid [14].

Anaerobic glycolysis is very important in training and
competitions. Because in heavy loads, this system synthesizes
ATP 2.5 times faster than aerobic metabolism, especially
in trainings and competitions involving 2-3 minutes of

maximum loading, energy needs more phosphogen and

|G1ucose |
——> ADP

ATP

anaerobic glycolysis systems [15]. For example, in physical
activities of 1-3 minutes at most, running 400 meters or 800
meters, the lactic acid system is activated for ATP energy. At
the same time, in some sports, in middle distance races, the
lactic acid system is of great importance in the last moments
of the race. As it is known, when lactic acid reaches a high
concentration in the muscles and blood, it causes fatigue.
The acidic environment lowers the pH and the activities of
some enzymes in the mitochondria are inhibited. This slows
down the degradation rate of carbohydrates [16]. Lactic acid
is metabolized in the body in various ways during rest after
physical activity when oxygen is sufficient. For example; Since
lactic acid is a product of the breakdown of carbohydrates, it

is recycled into carbohydrates (Figure 2) [17].
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Figure 2. Lactic acid system/ Anaerobic glycolysis.

Aerobic metabolism

In the aerobic metabolism system, much more ATP is produced
than in the anaerobic metabolism. Although ATP production

is slower on the aerobic path, its capacity is almost unlimited.

In this system, CO2 and H20 are produced by the oxidation of
carbohydrates, fats and proteins, which are essential nutrients
[18]. In contrast to the anaerobic production of ATP in the

cytoplasm of the cell, the oxidative production of ATP takes

https://doi.org/10.30654/M]SM.10003

place within specialized cell organelles called mitochondria.
Unlike anaerobic ATP production, the aerobic system is slow
to operate, but its energy production capacity is much greater.
For this reason, aerobic metabolism is the primary energy

production method during endurance activities [19].

Examples of events where the main fuel route is the oxidative
half
marathons, and endurance cycling or swimming 500 meters
[20].

route include running 1,500 meters, marathons,
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Aerobic glycolysis

The first steps in the aerobic energy pathway are the same

as in anaerobic glycolysis, where one mole of glucose is

converted to two moles of pyruvic acid. This step (aerobic
glucose) takes place in the sarcoplasm. The main difference
between the anaerobic pathway and this system is that lactic
acid does not form [21,22].

Glucose

ATP ?’
ADP

-

Glucose monophosphate (6C)

ATP
avp

~

Fructose monophosphate (6C)

~+
Fructose diphosphate (6C)
—_ T
PGAL PGAL (3C)
NAD ' (Phosphoglyceraldehyde)
NADH2 > NAD
(<S> S B < NaDH2
+ T
DPGA DPGA (3C)
ADP +P (Diphosphoglyceric acid)
ATP ADP+P
~ < ATD
~-
pGA DGA (3C)
ADP <P (Phosphoglyceric acid)
ATP> < ADP+P
- ATP
~-
Pyruvate Pyruvate (3C)

Figure 3. Aerobic glycolysis.

MACRO NUTRIENTS

Carbohydrates and proteins, one gram of which provides 4
kcal of energy, and fats, 1 gram of which provides 9 kcal of

energy, are called macronutrients [23].
Carbohydrates and their role in body work

Carbohydrates are the primary and most preferred source of
energy for all bodily functions. Carbohydrates are the most

important component of energy metabolism in exercise [23].

All tissues use carbohydrates for their energy needs. If
carbohydrates are taken in less than necessary amount, more
ketones and acids are formed in the body. These molecules
increase the acidity in body fluids and decrease the alkalinity
of the blood. This condition is called ketosis. If the alkalinity
of the blood is too low, it may cause coma [24]. Carbohydrates
are used as fuel in the central nervous system and brain work
[25]. Carbohydrates reduce the need for protein by preventing
the use of protein for energy [24].

Carbohydrate consumption in athletes

Carbohydrates are the primary fuel in strength /power sports.
Consuming carbohydrates adequately during the day not only
supports glycogen stores during high-intensity training and
competition, but also indirectly affects the development of

muscle tissues [26].

It is recommended to increase the energy requirement of
athletes with 60-65% carbohydrates and up to 70% in very

intense training and endurance sports [27].

It is known that it is more appropriate to make carbohydrate
consumption recommendations according to body weight
rather than the percentage of energy in sports nutrition. In
recommendations based on body weight, the general daily
carbohydrate recommendation for athletes is 5-12 g/kg.
However, it is stated that it should be 8-12 g/kg in very high

intensity exercises [28].

]
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Athletes have carbohydrate requirements that vary

throughout the season based on training intensity, type of

training, and timing. A summary of the requirements based
on ISSN and I0OC recommendations is listed in Table 1 [29].

Organization Physical Activity Level g/Kkg Daily

ISSN General physical activity, 30-60 min / day, 3-4 times a week 3-5
Medium to high intensity volume, 2-3 h/day, 5-6 times a week 5-8
High volume, intense workout, 3-6 hours/day, 1-2 sessions, 5-6 times a week 8-10

10C low-intensity or skill-based activities 3-5
Moderate exercise program, ~1 hour/day 5-7
Endurance program, moderate to high intensity, 1-3 hours/day 6-10
Strength training athletes 4-7
Extreme adherence, medium to high intensity, > 4-5 hours/day 8-12

Table 1. Summary of daily carbohydrate requirements according to ISSN and IOC recommendations [29].

(I0C: International Olympic Committee; ISSN: International Society of Sports Nutrition)

The main task of carbohydrates is to provide energy to the
body. It is possible for athletes to increase their performance
1.5-2 times with a nutrition program that includes rich
carbohydrates. For this reason, the performances of athletes
who consume enough carbohydrates are higher than those
who consume insufficient carbohydrates[30]. If athletes do
not consume enough calories, especially carbohydrates, each
day, muscle carbohydrate stores (glycogen) begin to deplete.
Researches; It has been revealed that when there is a decrease
in glycogen stores, endurance and performance also decrease.
In other words, the main cause of fatigue is related to the

discharge of glycogen [31].

High glycemic index carbohydrates taken after exercise
increase insulin secretion and muscle endurance in the
anabolic phase, shorten the recovery time in the muscles by
taking part in protein synthesis and increase muscle density.
Therefore, there is no harm in saying that carbohydrate
and protein should be consumed together for faster muscle
growth [30]. It is recommended to consume 6-10 g/kg/
day of carbohydrates 3-4 hours before the training, and this
amount corresponds to approximately 55-65% of the total
energy need. The first half hour after training is the ideal time
for carbohydrate consumption, and 1-1.5 g/kg carbohydrate
should be consumed as soon as possible after exercise and
this application should be repeated every 2 hours, especially
for the first 6 hours. It should also be noted that each athlete’s
energy and carbohydrate needs may vary and differ from each
other depending on the training intensity, age, body weight,
and gender [32].

Fats and Fat Consumption in Athletes

Fats are nutrients that provide the energy needed by the body,
just like carbohydrates. In this respect, fats are an essential
resource used while performing physical activities[33]. In
addition to being a source of energy, fats are necessary for
the fat-soluble vitamins A, D, E, and K to dissolve and be
used in metabolic processes [34]. Since fats stay in the body
longer, the feeling of satiety is longer than carbohydrates and

proteins [35].

Fats are used as an energy source, especially in long-term
aerobic exercises. Although carbohydrates are the first energy
source of the body, fats are also used as the main energy
source in exercises lasting 1 hour or longer [27]. Although
carbohydrates are stored in the body on a limited basis, every
0.5 kg of fat storage in the body provides an average of 3500
kcal of energy [36].

It is recommended that 20-25% of the total energy intake
(ADA 2009) or 20-35% of the total energy intake should be
provided from fats, close to the general population nutritional
recommendations [37]. One-third of the daily fat requirement
of the organism is from saturated, one-third monounsaturated
and one-third polyunsaturated fats. Performance may
be adversely affected by increasing fat consumption and
decreasing carbohydrate consumption [38]. The use of a diet
rich in fat reduces performance, decreases muscle strength
and endurance [39]. When the energy provided from fat
falls below 20%, problems such as deficiencies of fat-soluble
vitamins, getting sick quickly, hormonal imbalance, and

irregularity in blood pressure may occur in athletes. It is also

]
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stated that fat intake below 15% affects performance and
blood lipids negatively. As a recommendation, the amount
of energy obtained from fats should not fall below 15% and
should not exceed 30% [40].

Proteins and Protein Consumption in Athletes

Protein can provide a source of carbon for energy reactions.
Certain amino acids can be converted to glucose, metabolized
for ATP or stored as fat [41]. Compared to carbohydrates and
fats, the storage rate of proteins in the body is less. If there
is a shortage of energy, the stored is used to meet this need
[11]. Proteins are essential for growth, development and
regeneration of various tissues and organs (skin, hair, nails
and internal organs) rather than meeting their energy needs.
Proteins are used in the repair of micro-tears that occur in
muscle fibers during physical activities that require power
and strength [42].

Protein is a nutrient that takes part in the production and
repair of tissue in the body, muscle hypertrophy and the
production of enzymes necessary for sports performance, and
is necessary for recovery, repair and preservation of muscle
mass during the training season [43]. Approximately 12-
15% of the daily energy requirement of the athlete should be
provided from proteins. A daily protein intake of 1.2-1.4 g/kg
for endurance athletes and 1.6-1.7 g/kg for strength-training
athletes is recommended [44]. More protein has been used
by many athletes for years to increase muscle strength and
growth, and to reduce muscle damage after intense exercise.
The protein taken in excess of the requirement does not cause
more muscle development in the body, and the amount taken

in excess is stored in the body as fat in the adipose tissue.
MICRONUTRIENTS

Micronutrients (vitamins and minerals) have vital roles in
energy metabolism, immune functions, antioxidant system,
bone health, fluid-electrolyte balance, nervous system and
muscle contraction in the human body. Micronutrients do not
contribute to energy; however, some of them are involved in

metabolic reactions in energy production [45].
Vitamin D

Vitamin D is associated with issues such as inflammation,

https://doi.org/10.30654/M]SM.10003

stress fractures, muscle injuries, and upper respiratory
tract infections. The intake of vitamin D through daily food
consumption is insufficient, most of its need occurs in the
presence of sunlight [46].Chronic musculoskeletal pain,
muscle atrophy, slow muscle contraction, and increased
muscle relaxation time are observed in vitamin D deficiency
due to different sports [47]. Decreased vitamin D increases
bone turnover, increasing the risk of bone injury. Stress
fractures are common among athletes and are frequently seen
in athletes. Adequate vitamin D levels reduce injuries, falls,
muscle relaxation, muscle pain and weakness. Vitamin D is
thought to be effective in maintaining and increasing optimal

performance in athletes [48].
B group vitamins

B group vitamins are very important in the formation of
adenosine triphosphate (ATP) using oxygen. In particular,
thiamine (B1) is the vitamin most associated with energy
intake. Since it is directly related to energy metabolism, its
deficiency impairs performance, especially in endurance
athletes. In addition to hemoglobin synthesis, vitamin B6
helps to break down glycogen stores during exercise and

strengthens the immune system [49].
Vitamins E, A and C

Antioxidant vitamins clean the environment from free
radicals. Especially in athletes, with the body’s hard work,
more energy is burned, which releases chemicals known as
free radicals. Free radicals cause cell damage (oxidation),
aging, heart diseases, cancer and diseases such as arthritis.
The leading antioxidant substances that will neutralize free
radicals are vitamins E, C, A and selenium from trace elements
[50].

Because exercise is important for people of all ages, moderate
exercise and a healthy diet can help prevent diseases
including cancer, diabetes, heart disease, and cellular aging
as well as muscular-skeletal disorders, obesity, and diabetes.
Acute or difficult exercise can also cause muscular damage,
cardiovascular maladaptation, and disruption of gut flora, as
is well established. In actuality, vitamins A, B6, D, E, and K are

necessary for exercise [51].
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Figure 4. The role of vitamins in athlete’s muscle damage[52].

Minerals

Minerals; Establishment of acid-base balance, bone and dental
health, neuromuscular functions, heart rhythm, enzyme
and hormone components are involved in many different

processes [53].
Iron

Iron is a mineral that plays a key role in sports performance.
It has an important role in the formation of hemoglobin and
myoglobin, which are responsible for oxygen transport [54].
Anemia due to the emptying of iron stores negatively affects
sports performance . Iron deficiency impairs muscle function

and working capacity with or without anemia [55].
Calcium

Calcium is one of the most abundant minerals in the body and
is closely related to exercise performance. One of the main
functions of calcium that affects exercise performance is to
create bone density and the other is to take part in muscle
contraction . Insufficient energy intake and insufficient
calcium intake in female athletes cause decreases in bone-
mineral density, increasing the risk of stress fracture and

menstrual dysfunction [56].
Zinc

Zinc is a component of more than 300 enzymes, some of which
are involved in functions important for physical performance,
such as muscle energy production and protein synthesis [57].
It is a mineral that plays a role in energy metabolism, wound
healing, cell membrane construction, antioxidant system, and

is frequently lost in urine and sweat. It has been determined

https://doi.org/10.30654/M]SM.10003

that the heavy training periods of the athletes cause zinc
deficiency and that zinc is taken insufficiently in the diet

among the athletes [53].
Magnesium

Another micronutrient that has functions on energy
production, muscle contraction, protein synthesis and enzyme
activation is magnesium. Magnesium is a mineral used in the
production of muscle glycogen, which is an important energy
source for athletes. It should not be ignored that magnesium
loss will occur in athletes as a result of intense sweating [58].
Since it is effective in both aerobic and anaerobic energy
metabolism, its deficiency may impair muscle functions; In
particular, it is claimed that it may cause the need for more
oxygen in the production of ATP in the respiratory chain. More
oxygen demand negatively affects, especially in endurance
branches . It has been claimed that the recommended daily
intake (310-420 mg/day) is not sufficient to have an effect
on performance. Its deficiency may be a cause of sudden
death in sports linked to arrhythmia. Especially in endurance
running, severe arrhythmia risk may occur with Mg deficiency
as a result of excessive sweating. In addition, low Mg levels
have been associated with an increased incidence of muscle

cramps [59].
Sodium and Potassium

Sodium plays a role in the transmission of neural impulses,
muscle contraction and water balance [60]. Sodium is
responsible for maintaining blood volume and acid-base
balance. Maintaining blood volume is important for sports

performance. This situation is associated with the ability to
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transport nutrients to the cells, the removal of metabolic waste
products from the cells, and the preservation of sweating
level [27]. It plays a role in muscle contraction and glycogen
storage, along with the transmission of nerve impulses such
as potassium sodium [60]. Potassium is an electrolyte that
helps regulate fluid balance, nerve conduction, and acid-base
balance. Some research suggests that excessive increases or
decreases in potassium may predispose athletes to cramps.
The recommended potassium intake recommendation is
2000 mg per day [61].

Phosphorus and Selenium

Phosphorus is closely related to calcium. It constitutes
approximately 22% of the total mineral content in our
body. About 80% of these phosphorus, bound with calcium,
provides strength and rigidity in bones. Phosphorus is
necessary in metabolism to keep the cell membrane structure
and blood pH constant. Phosphors play an important role in
bioenergetics and are also required in the formation of ATP
[62]. Selenium is a component of many enzymes, particularly
glutathione peroxidase, an important cellular antioxidant
enzyme. Theoretically, selenium supplementation could
prevent peroxidation of erythrocyte membrane and muscle
cell substrates involved in oxygen metabolism and possibly

improve aerobic exercise performance [57].
PREVENTION OF DEHYDRATION IN ATHLETES

Dehydrationis theloss of lliquid from the metabolism. It occurs
as a result of losing 2% of body weight during competition
or training [63]. Sufficient liquid consumption in athletes; It
is necessary to prevent dehydration, which negatively affects
strength, endurance and aerobic capacity. Sweat causes loss
of body water as well as electrolytes. Na, K, Mg, Fe and Ca
are the leading electrolytes excreted with sweat [64]. As a
result of dehydration, successive events such as a decrease
in blood volume, less blood pumping to the muscles, less
transport of oxygen and nutrients to the cells, and a decrease
in waste removal occur. In addition, hyponatremia may occur
due to excessive sweating. As a result of these events, athlete
performance is negatively affected [65]. Proper hydration
during and after training is important for athletes to maintain
their performance. 3-3.5 liters of liquid should be consumed
24 hours before training or competition, 400-600 milliliters
2-3 hours before, and 150 milliliters of liquid every 15 minutes
during training or competition. After training or competition,
depending on the exercise duration and intensity, at least 500

milliliters of fluid intake provides rehydration [66].

HORMONES THAT AFFECT APPETITE

Hormones released into the circulation through activity in
the hypothalamus, brainstem and autonomic nervous system
control our food intake and appetite [67]. Food intake is
regulated by appetite and includes physiological needs such

as eating pleasure, taste, taste and social life [68] .
Leptin, Cholecystokinin and Ghrelin

Leptin is secreted into the bloodstream as a peptide hormone
consisting of 167 amino acids [69]. Leptin is synthesized by
adipose tissue and released into the blood. Leptin released
into the blood crosses the blood-brain barrier (BBB) and
reaches the hypothalamus, binds to specific leptin receptors
in various hypothalamic nuclei, reducing food intake and
increasing energy use.While overeating, obesity, insulin,
glucocorticoids, acute infection, proinflammatory cytokines
(TNF-q, IL-1) increase leptin secretion from adipose tissue;
hunger, cold, B-adrenergic agonists, testosterone and exercise
reduce it [70]. Cholecystokinin is the first digestive system
hormone to have a role in the regulation of appetite .CCK
is produced in I cells in the doudenum and jejunum .CCK
secretion increases during and after meals and suppresses
hunger. CCK is secreted after a meal to reduce appetite and

awakens satiety [71].

Ghrelin is a peptide hormone containing 28 amino acids
produced by some endocrine cells in the gastric mucosa [72].
Ghrelin is a hormone that affects various processes related
to eating, body weight and blood sugar regulation as well as
stimulating the secretion of growth hormone (GH). Unlike
most other metabolically effective gastrointestinal hormones,
ghrelin acutely stimulates eating and also causes body
weight gain with repeated administration as a result of its
orexigenic effects and effects of reducing energy expenditure
and preserving fat mass. Plasma ghrelin levels increase
substantially during fasting and tend to decrease immediately
after food intake. Therefore, ghrelin is also called “hunger

hormone” [73].
Peptide YY, Adiponectin

PYY, a member of the pancreatic polypeptide family, is
produced by L cells of the ileum, colon, and rectum, and its
two endogenous forms (PYY1-36 and PYY3-36) are released
into the circulation. PYY delays gastric emptying, inhibits
inhibits gallbladder

contraction, and increases fluid and electrolyte absorption

pancreatic and gastric secretions,

from the ileum. Plasma PYY concentrations are proportional

]
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to the energy content of meals, and higher plasma PYY
concentrations occur especially after dietary fat intake [74].
While circulating PYY concentrations are low in fasting state,
they increase rapidly after a meal. It is at highest level in the
2nd hour after the start of the meal and gradually decreases
within 6 hours after reaching the highest value. PYY reduces
appetite and increases satiety.It can inhibit eating for up to
12 hours, meaning its effect is slightly longer than other rapid

regulators [75].

Adiponectin is a collagen-like plasma protein produced in
adipose tissue. Although its amount is higher in subcutaneous
white adipose tissue, plasma adiponectin levels decrease with
the increase in visceral white adipose tissue and hypertrophic
adipocytes. Circulating levels increase with weight loss
and during hunger. Adiponectin provides weight loss by

stimulating energy expenditure [76].
Glucocorticoids and Insulin

Glucocorticoid is an adrenal steroid hormone that plays an
important role in adaptive responses to various types of stress
and plays animportantrole in the control of the hypothalamus-
pituitary-adrenal gland (HPA) neuroendocrine axis [77]. It is
well known that administration of glucocorticoids stimulates
appetite in some cases and, conversely, there is loss of appetite
and weightloss in glucocorticoid deficiency. Primarily, adrenal
cortisol defect causes anorexia. Excessive glucocorticoid

secretion causes excessive gluttony [78].

Insulin is another hormone that suppresses hunger. Insulin is
a polypeptide hormone secreted from beta cells in the islets
of Langerhans, which are the hormonal secretion units of the
pancreas . The effect of insulin on the appetite mechanism is
similar to leptin. Insulin increases the release of leptin [79].
Insulin, which reaches the central nervous system through the
circulatory system, has many receptors in the brain. Especially
in the hypothalamus, ARC carries out its anorexigenic effects

through its receptors in the nucleus [80].
HERBAL SUPPLEMENTS
Ginseng

Ginsengis one of the most popular herbal dietary supplements
worldwide. Ginseng consists of many species in the Araliaceae
family. Ginseng has important antioxidant properties that
facilitate mitochondrial activity during exercise [81]. Given
its anti-stress effects, one theory of ginseng supplementation

is that it enhances sports performance by allowing athletes

to train more intensely or create an anti-fatigue effect and

increase endurance during competition [82].
Kava Kava (Piper Methysticum)

Kava tropical shrub plant Piper methysticum Forst E It is a
traditional beverage used in ceremonial events in the South
Pacific, prepared from the rhizome . Kava root contains kava
lactones (cava pyrones). The neuropharmacological effects
of Kava include analgesia, sedation, and skeletal muscle
relaxation, but not central nervous system depression.
It shows its effects by inducing relaxation with gamma
aminobutyric (GABA) acid. Therefore, kavalactones have been
theorized to reduce excessive anxiety and/or hand tremor
that can impair performance in many sports such as archery

and pistol shooting [82].
Ginkgo biloba

Ginkgo biloba is one of the most popular herbs grown in
Asia. The active compounds of this plant are flavonoids and
terpenoids. One of the tissue level effects is the stimulated
release of endothelium-derived relaxant factor, which
can increase muscle tissue blood flow through improved
microcirculation. Such an effect may increase aerobic

endurance by increasing muscle tissue oxidation [83].
St. John’s Worth (Hypericum Perforatum)

St. John's Wort (SJW) consists of dried parts of Hypericum
perforatum. SJW can be theorized to reduce anxiety and
hand tremor in some athletes. Unfortunately, no studies have
emerged evaluating the potential ergogenic effect of kava or

SJW supplementation on exercise or sports performance [84].
Capsaicin

Capsaicin  (8-methyl-N-vanilyl-trans-6-nonenamide) is a

chemical compound and phytochemical predominantly
found in capsicum and first isolated in 1878. The United
States Pharmacopoeia has classified capsaicin as a stimulant.
Capsaicin can lead to stimulation of the sympathetic nervous
system and sense of heat, leading to increased catecholamine
concentrations and subsequent fat oxidation and energy
expenditure. Because of these physiological effects, capsaicin

has been investigated for its effects on weight loss [85].
AMINO ACID SUPPLEMENTS
Tryptophan

Tryptophan (TRYP) is a precursor for serotonin, a theoretical

]
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brain neurotransmitter for suppressing pain. Free tryptophan
(FTRYP) enters brain cells to form serotonin. Therefore,
tryptophan supplementation has been used to increase
serotonin production in attempts to increase pain tolerance

during intense exercise [86].
Branched chain amino acids

Although there are studies showing that branched-chain
amino acids (BCAAs) increase protein synthesis, reduce
protein breakdown, and prevent muscle fatigue, it has been
determined that they improve physical performance and
prevent nervous system fatigue by reducing tryptophan entry

to the brain during exercise [87].
Aspartates

Potassium and magnesium aspartates are salts of aspartic
acid, an amino acid. It has been used ergogenically, possibly
by increasing fatty acid metabolism and reducing muscle
glycogen use or reducing ammonia accumulation during

exercise [88].
Tyrosine

Tyrosine is a precursor for catecholamine hormones and
neurotransmitters, particularly epinephrine, norepinephrine,
and dopamine. Oral doses of tyrosine increase circulating
concentrations of adrenaline, noradrenaline, and dopamine,
both in the central nervous system and in the periphery. These
are heavily involved in the regulation of bodily functions

during physical stress and exercise [89].
Taurine

Taurine is a non-essential sulfur-containing amino acid. The
mechanism by which taurine enhances exercise performance
is not fully known. It is thought that it can increase exercise
performance by regulating calcium homeostasis and
increasing myocardial and skeletal muscle contraction under

strenuous conditions [90].
Glutamine

Glutamine is the most common amino acid in the body
and has important roles in the body. Some of those; wound
healing, being a source of energy, providing nitrogen transfer
and regulating protein synthesis. It is known that prolonged
exercise session and heavy exercise periods reduce plasma
glutamine concentration and this situation is a potential cause
of exercise-induced immune system disorder and glutamine

supplementation is used with the claim that it will increase

https://doi.org/10.30654/M]SM.10003

susceptibility to infection in athletes [91].
Ornithine, lysine and arginine

Ornithine, lysine and arginine have been used in attempts
to increase human growth hormone (HGH) production, the
theory being to increase lean muscle mass and strength [86].
It can be theorized that arginine supplementation is ergogenic
because it is a substrate for nitric oxide (NO) synthesis, a
potent endogenous vasodilator that may benefit blood flow
and endurance capacity. Arginine expands blood vessels and
provides more oxygen and nutrients needed by the muscle,
while helping to remove metabolic byproducts such as carbon
dioxide and lactic acid [86].

CONCLUSION

In order to achieve energy balance, energy intake must be
equal to energy expenditure. Energy intake is provided from
protein, carbohydrates and fats. Carbohydrates taken are
stored in the body as glycogen. Inadequate consumption of
carbohydrates by athletes, as they support glycogen stores
and are effective on blood sugar levels, delays rest and
regeneration in the muscles. When there is a decrease in
glycogen stores, endurance and sports performance are also
negatively affected. Fats are used as an energy source in long-
term aerobic exercises. The use of fats as an energy source
affects performance positively by preventing the emptying
of glycogen stores. However, performance may be adversely
affected due to the decrease in carbohydrate consumption
by increasing fat consumption. Protein consumption after
exercise or competition contributes to the repair of muscle
tissue. With adequate protein consumption, recovery occurs
quickly. In addition, adequate protein consumption of the
athlete is important for maintaining positive nitrogen balance

and stimulating muscle protein synthesis.

Although vitamins and minerals (micronutrients) cannot
be used directly in energy production, some of them are
involved in metabolic reactions in energy production. The
decrease of micronutrients below a certain level harms sports

performance.

Liquid consumption is also important for athlete performance.
As a result of dehydration, events such as a decrease in blood
volume, less blood pumping to the muscles, less transport of
oxygen and nutrients to the cells, and reduced waste removal
occur. As a result of these events, athlete performance is

adversely affected.

]
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Anaerobic glycolysis is very important in training and
competitions. Because this system synthesizes ATP faster than
aerobic metabolism in heavy loads. Although ATP production
is slower on the aerobic path, its capacity is almost unlimited.
Food intake is regulated by appetite. Some hormones in our
body are effective in regulating appetite. Cholecystokinin,
peptide YY, insulin, leptin hormones play a role in suppressing
appetite. High levels of glucocorticoids stimulate appetite,
while low levels cause appetite and weight loss. Adiponectin
increases energy expenditure. Unlike other hormones, the
plasma levels of the hormone ghrelin, known as the hunger
hormone, increase in the fasting state and stimulate hunger

and nutrition.

Dietary supplements and amino acids are used to improve
sports performance. Tryptophan supplementation is used
to increase tolerance to pain during intense exercise by
increasing serotonin production. Branched-chain amino
acids increase protein synthesis and reduce degradation,
prevent muscle fatigue and are used as a fuel source for
long-term exercises. Aspartates are thought to delay fatigue
by removing ammonia from the blood. Because arginine is
an endogenous vasodilator, it expands blood vessels and
provides more oxygen and nutrients needed by the muscle.
Tyrosine increases circulating adrenaline, noradrenaline
and dopamine concentrations in both the central nervous
system and the periphery. Tyrosine has been suggested to be
ergogenic, as some have suggested thatinadequate production
of these hormones or transmitters may compromise optimal
physical performance. It is thought that taurine can improve
exercise performance by regulating calcium homeostasis
and increasing myocardial and skeletal muscle contraction
in strenuous conditions. Ornithine, lysine, and arginine have
been used in attempts to increase human growth hormone

production.
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