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HIGHLIGHTS

> Ergogenic dietary supplements are used by athletes to improve performance, endurance and energy efficiency and to
support post-workout recovery.

> Ergogenic supplements include amino acids, various minerals and vitamins, and metabolic supplements.

> Nutritional supplements have metabolic importance and effects.

ARTICLE INFO ABSTRACT

Received :06.25.2020 The studies on the use of ergogenic dietary products, which are often used by both

Accepted  :07.12.2020 professional and amateur athletes, are quite noteworthy. Athletes often use these products to

Published : 07.15.2020 increase performance, endurance and energy efficiency and to support recovery after exercise.
Amino acids, various minerals and vitamins and metabolic supplements are mostly preferred

Keywords: as ergogenic nutritional supplements. While there is no need for supportive products in

El:gg?eer:g;:;()d* individuals who are well-balanced and healthy, athletes usually use supportive products

according to the type of exercise. In this review, the metabolic importance and effects of
ergogenic nutritional supplements, which are thought to increase performance by positively
affecting energy metabolism, are focused.
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1. Introduction

Nutrition is the most important requirement of life and a
balanced and healthy diet is essential for a healthy life.
Adequate intake, digestion, absorption and metabolism of all
nutrients necessary for life can define nutrition [1]. Itis also
important preparing foods as when, how and how much food
should be taken in the healthy diet process as. One of the
actions that is important for a healthy life is physical activity.
A healthy and dynamic life can be maintained with daily
enough physical activity. Physical activity is voluntary
muscle movements that help daily energy expenditure. But,
exercise is to repeat the planned movement processes
regularly and within a program. Especially amateur or
professional athletes working with any branch of sports
should exercise regularly to maintain and increase their
performance. Individuals who exercise or sport should be fed
with a nutrition program suitable for their physical activities.
However, many individuals or athletes tend to take
supplements to get higher performance in addition to their
nutrition programs and to be more durable in heavy
exercises. With such products, they believe that their
performance will increase very much and they will reach the
desired goal in a shorter time [2]. Support products that help
increase performance during exercise are known as
ergogenic foods. It is used that metabolic supports such as
many vitamins and trace minerals, essential fatty acids,
amino acids, proteins, herbs as ergogenic nutrition aids [3,
4]. These products are generally consumed as powder, tablet
or liquid drinks [5, 6]. The main reasons for using these
products are improving performance and endurance,
improving body muscles, increasing protein synthesis and
preventing amino acid breakdown. It is also preferred for
maintaining fitness after exercise or sports [6-8]. However,
it has been stated in the studies that micro and macronutrients
taken with an adequate and balanced nutrition program can
meet the daily needs of individuals doing sports, and when
support is provided to athletes without deficiency, it will not
be needed ergogenic supports for performance [9].
Accordingly, if a good diet program is prepared according to
the type of sports activity, nutrients to be taken before and
after sports, body fat mass balance, muscle volume, fluid
balance will be preserved, and recovery after sports will also
be accelerated [10]. However, athletes and exercisers turn to
such products to avoid stress and get quick results in a short
time. Ergogenic aid products may increase performance, but
it is important to use the right product at the right time and
in the right amounts [7]. Because some of these products also
have side effects and harm. For this reason, individuals need
to get professional help to get healthy support from the
products used and to avoid unwanted health problems while
using them [7, 10]. Athletes and individuals who exercise
often resort to ergogenic supplements. The use of ergogenic
food supplements is increasing day by day among
professional and amateur athletes and exercisers. Yarar et al.
(2011) showed that the majority of professional athletes
working in many branches use ergogenic supplements.
Performance increase (40.3%) and muscle mass (28.5%)
enhance are among the main purposes use of participating
athletes, and in addition have been reported it that use for
fitness, immunity, relaxation and slimming [8]. Again in this
study, protein powders and amino acids have been identified
as the most preferred products as nutritional supplements.

The vast majority of athletes said that they learned their
nutritional support products from their coaches and some of
them from their dietitians [8]. Actually, it is advised that
ergogenic supplements prepared in different forms should be
used at appropriate under the supervision of specialists such
as a dietician or physician [11].

Considering the Australian Sports Institute  (AIS)
information, ergogenic food supplements are divided into
groups according to their effectiveness and safety [12]. The
most used nutritional supplements in these groups are;
proteins, different amino acids, branched-chain amino acids,
herbal products, minerals, vitamins, creatine, caffeine,
ginseng, conjugated linoleic acid (CLA), I-carnitine,
coenzyme Q10, bicarbonate, pollen and plant flavonoids,
HMB, energy drinks [5-7]. Table 1 shows the most
frequently used ergogenic supports according to their
intended use [5].

Table 1 Ergogenic nutrients supports according to their aims use

Muscle Builder G Weight Reducing
Enhancer
Protein Protein Low energy products
Creatine BCAA Caffeine
Essential amino acids Medium ghain fatty Herbal Food
acids Supplements
BCAA Calcium Calcium
HMB CLA
Carbohydrate Green tea
Essential amino acids L-Carnitine
Sodium bicarbonate Phosphates
Sodium phosphate Diuretics
Water and sports drinks Pyruvate
Caffeine

2. Ergogenic Dietary Supplements

2.1. Protein Supplements

The most common group of the ergogenic support products
used is protein originated products with constitutes 60%.
Ergogenic products that fall into this category are protein and
different products, casein, branched chain amino acids,
glutamine and arginine [13]. Protein supports have been
advised to athletes to increase muscle mass, prevent post-
exercise protein degradation and nitrogen loss [14]. And
also, the use of protein after training appears to be beneficial
in repairing and reconstructing muscles. As excessive use of
everything is harmful to the body, excessive use of protein
has also been found to disrupt the functions of the liver and
kidney, and to remove calcium from the body [15].

2.1.1.  Whey Protein

Approximately 20% of milk proteins consist of whey
protein, the rest being casein [16]. Whey proteins mostly
includes lactoglobulin, lactaloumin, glycoacropeptide,
immunoglobulins. It also consists of serum insulin,
lactoferrin, glutamine, lactoperoxidase and other small
proteins such as insulin-like growth factors and globulins.
Whey proteins are also an important source of BCAA which
is effective in muscle strength and muscle increase [17]. The
evaluation of the studies showed us that whey proteins have
a lowering effect on cholesterol, LDL and triaacil glycerol,
blood sugar and insulin [16].
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2.1.2. Branched Chain Amino Acids-BCAA
Branched-chain amino acids contain valine leucine
isoleucine, which prevents muscle breakdown in training and
is taken from the outside as it is not produced by the body.
The catabolism of BCAAs does not occur in the liver because
of the low activity of branched chain amino-acid
aminotransferase (BCAT) in the liver. After digestion,
BCAA proteins are transported to extrahepatic tissues,
especially muscle and brain, and metabolized there [18].
BCAAs are oxidized by muscle cells and converted into
ATP, a form of energy at the cellular level. Since leucine,
isoleucine, and valine are metabolized in muscle tissue, they
act as a rapid source of energy needed during muscle
contraction. Although BCAAs function as a food signal, they
are important N donors for many amino acids. Apart from
these, they also undertake many important critical tasks in
metabolism [19]. It has been stated that BCAAs, which are
used primarily used as exogenous nutritional supplements by
athletes, especially enhance muscle proteins, increase fitness
and accelerate recovery after exercise [18]. However, there
have been reports showing that high levels of ammonia,
which are formed by BCAA metabolism, can negatively
affect muscle performance [20].

2.1.3. B-Alanine

B-alanine increases the content of carnosine in the muscle.
It is a dipeptide molecule that is formed by the binding of
carnosine histidine and beta-alanine and is in high amounts
in muscle [21]. As a result of medium and high intensity
exercise, hydrogen ions increase and pH begins to decrease.
It also occurs in lactic acid as a result of insufficient oxygen
and causes the pH to drop further and fatigue occurs. As a
result of the studies, beta-alanine supplement increases the
production of carnosine, acts as a buffering agent, prevents
pH drop and delays the fatigue period [22]. With the use of
daily supplements containing alanine for more than 2 weeks,
better performance was achieved during exercise [12].

2.1.4. Glutamine

Glutamine is considered an important nitrogen source, as it
acts as a nitrogen carrier between the organs that provide
synthesis and degradation. Thus, it is plenty in body.
Glutamine, which is among the ergogenic nutritional
supplements, has been reported to increase the amount of
protein in the muscles and also has an effect on the immunity
and glucose balance [14]. Although researches have stated
that glutamine can improve the immunological function,
there are also studies indicating that it has no effect on
immune functions [14, 23]. Some studies have reported
lower rates of infection in athletes who consume glutamine
supplements after intensive training [24]. It has been said
that being taken additional glutamine increases the amount
of glutamine in the blood and protects skeletal muscles,
thereby reducing muscle catabolism. The constant change in
the body’s protein stores and the increase in BCAA / Leucine
oxidation caused by training suggests that the body needs a
high level of leucine. Otherwise it cannot fully assist muscle
growth. At this point, it has been expressed that BCAAS
should be supported with glutamine supplements [19].

2.1.5. Arginine

Arginine is an important intermediate metabolite of the urea
cycle. While arginine synthesized in the liver participates in
the urea cycle, it provides both urea formation and on the
other hand, it plays a role as a substrate in NO synthesis. NO

is a powerful endogenous vasodilator that regulates blood
flow and benefits vascular endurance [14]. Arginine also
increases performance by stimulating muscle protein
synthesis in athletes and delays the fatigue period by
reducing the level of lactic acid in muscles [25].

2.2.  Vitamin Supplements

Vitamins known as regulatory molecules for metabolism
play important roles in the functioning of many systems.
They are often preferred by athletes especially since they
support energy production and affect muscle development
significantly. Athletes can use a variety of important
vitamins to increase strength, speed, endurance and
performance [26]. Vitamins B, vitamin C, vitamins A, D, E
and K have act in energy and carbohydrate metabolism with
many different functions (Table 2) [27].

There is no vitamin deficiency in adequate and balanced
nutrition, so there is no need for additional vitamin
supplements. However, it has been shown that vitamins
commonly used by many athletes as dietary supplements
[26]. The result of a research, it has been determined that the
most vitamin supplements taken are vitamin C (86.1%),
vitamin A (54.0%) and 49.6% vitamin D [3]. Among the
vitamins, the antioxidant properties of beta-carotene and
vitamin C, E have been suggested to be high factors in
improving performance or prevent fatigue [26]. Vitamin E
has been shown to increase oxygen use in activities at high
altitudes by Simon-Schnass and Pabst [28]. It has been
reported that the risk of knee osteoarthritis increases
especially in athletes if vitamin K, which is effective in blood
clotting, is insufficient [29].

Table 2 Ergogenic nutrition supplements —Vitamins

Vitamin Ergogenic Values Reference
Supplement
It acts as an antioxidant. Takes part in [26, 27]
Vitamin A e_xgrmse—lnfmcgd m.uscle damage a.nd
lipid peroxidation, improves exercise
performance, increases night vision.
Vitamin D supplements cannot be [27, 30,
Vitamin D planted in exercise performance, t_)ut 31]
prevent bone loss. Prevents to against
infections.
It has no effect on working [27, 28]
N performance, but as an antioxidant, it
Vitamin E .
prevents oxygen radicals and damages
from exercise.
It takes part in blood clotting. There is [27, 29]
evidence that it will affect bone
Vitamin K metabolism in postmenopausal
women, its the absence increases risk
of knee osteoarthritis increases.
Vitamin B They play a role in energy metabolism [27,32]
groups as a coenzyme, increases energy
(B1, B2, B3, availability in the oxidative metabolic
B6) process.
Enables red blood cell (RBC) [33, 34]
Folic acid, development, Folic acid and B12 have
B12 a vital important in cell growth and
development.
Roles place in many metabolic events, [35, 36]
acts to epinephrine synthesis, iron
Vitamin C intake, improves performance,
increases immunity, itis an
antioxidant.
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2.3.  Mineral Supplements

Minerals are inorganic elements necessary for a wide range
of metabolic and physiological processes in the human body.
They act as nerve impulses forwarder, oxygen and electron
carrier and enzyme cofactors. In addition, it has been stated
that minerals are required for muscle contraction, normal
heart rhythm, immunity, antioxidant activity, bone health
and electrolyte balance in metabolism [37]. Therefore, many
metabolic processes can will be interrupted in case of
minerals deficiency.

It is important to have enough minerals in the body as the
metabolic rate will increase during sports or exercise.
Otherwise, performance may decrease. It was found that
performance was increased when a mineral supplement with
a diet was added to an athlete with a mineral deficiency [27].
The importance of mineral supplements in sports has been
shown in many studies (Table 3). For this reason, taking
these supplements in favorable conditions will help maintain
body balance during and after the exercise period. The
studies shown that sodium and potassium deficiency, which
maintain fluid and electrolyte balance in the body, can cause
muscle cramps in athletes [27, 38]. Studies have shown that
iron and calcium are the lowest minerals in dietary nutrients
[39, 40], so, it has been reported that iron supplement
increases exercise capacity in athletes prone to iron
deficiency [41]. As similarly, sodium phosphate
supplementation has been stated to increase oxygen uptake
and endurance for athletes who experience major fluid and
electrolyte loss after intense exercise [42].

Although zinc has many metabolic roles, it is a known
cofactor for some enzymes. For this reason, it has been
reported that a decrease in the level of zinc may decrease the
strength in the muscles and intense and continuous exercise
also may decrease the level of zinc. For example, runners
have been reported to have lower plasma zinc levels
compared to the controls [27].

Table 3 Ergogenic nutrition supplements — Minerals

Vitamin Ergogenic Values Reference
Supplement
Calcium Necessary for the preservation of bone [27]
mass, coagulation and nerve
conduction, no effect on performance.
Chromium Chromium intake helps to increasing [43]
muscle mass and reducing body fat.
Iron It is a carrier of oxygen, improving [41, 42]
aerobic performance.
Phosphorus Important for metabolism due to its [39]
many biochemical functions (ATP,
thiamin pyrophosphate, 2,3-
diphosphoglycerate ect., expecially due
to 2,3- diphosphoglycerate, which
facilitates oxygen release from
hemoglobin).
Selenium Se is radical remover and reduces [27, 44]
oxidant stress due to exercise.
Sodium, They are responsible electrolytes from [40, 45]
Potassium the acid-base balance and nerve
transmitting.
Zinc Supports immunity, enhances exercise [27,39]
performance, increases endurance.
Magnesium Improves energy metabolism. [27]

With studies, in zinc deficiency, it is determined that
collagen synthesis is decreased and wound healing is
delayed. The researchers have stated that the lack of zinc
observed after excessive exercise and fatigue can reduce
immunity [46]. Magnesium is a cofactor for many enzymes
involved in regulating muscle contraction, oxygen delivery,
and protein synthesis [39]. It regulates nervous system
messages, so in its deficiency, muscle contractions are
observed.

2.4. Liquid and Electrolyte Supplements

Recovery of fluid and electrolytes lost after intense exercise
is very important. Thus, both it contributes to the
development of physical performance and increases
endurance and prevents dehydration [47]. Products used for
this purpose include carbohydrates, caffeine and minerals.
The most widely used energy drinks in this group. While the
main components of energy drinks are caffeine,
carbohydrates (glucose, fructose sucrose glucuronolactone
and inositol), they also contain substances such as B vitamin
groups, taurine, plant and herbs (ginseng, green tea extract).
Caffeine is known increasing performance and alertness. In
recent years, the fact that energy drinks are consumed
frequently by the youth, apart from athletes, has caused many
controversies due to its high caffeine content and many side
effects. Therefore, it is emphasized that its consumption
should to be controlled [48]. Because these drinks increase
concentration and endurance, they can also lead to
disruptions in sleep patterns, increased consumption and
other health problems (heart disease, obesity etc.) [49].

Electrolytes are also frequently used supplements. After
intense sports, the rate of acid (H*) and carbon dioxide (COy)
in the body increases, especially in the muscle and blood,
acidity increases. They are removed by buffering with
acidity and CO- bicarbonate ions. Researches have observed
that bicarbonate supplementation significantly increases
performance capacity in exercises such as swimming and
running [27]. Also, sodium phosphate supplement is used
especially for weight loss. Therefore, it has an ergogenic
value. The results of the researches have showed that sodium
phosphate can be quite effective in increasing endurance
during performing [50, 51].

2.5.  Other Supplements

In addition to the basic supplements, creatine, I-carnitine,
CoQ10, CLA, HMB and energy drinks are also among the
frequently used ergogenic dietary supplements (Table 4).

2.5.1. Creatine

Creatine is one of the important ergogenic dietary
supplements that are frequently used by athletes to increase
muscle strength recently [52]. Creatine consists of glycine,
methionine and arginine amino acids. 95% of creatine is
stored as a ready energy source in the muscles as
phosphocreatine. Phosphocreatine is important a phosphate
source to produce energy in muscles. It is required in
transformation to adenosine triphosphate (ATP) from
adenosine diphosphate (ADP).

ATP — ADP + Pi
ADP +CP = ATP +C
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Creatine provides strength and endurance in instant and
high-intensity muscle movements [53].

2.5.2. L-Carnitine

L-carnitine helps in the production of ATP by transporting
long chain fatty acids to mitochondria in fatty acid
metabolism. Therefore, many athletes use it as an ergogenic
supplement nowadays. Studies have shown that I-carnitine
supplementation can reduce the harmful effects of hypoxic
training. In addition, and it has been expressed that L-
carnitine supplementation speeds recovery and improves
performance by removing negative effects after exercise and
sports [54, 55]. In another study with 90 wistar rats
supplemented with carnitine supplements in different
concentrations, rats showed significant ergogenic effects. In
the same study, carnitine supplementation increased the
amounts of ATP, muscle glycogen, reduced glutation,
plasma triglyceride and glucose and enzymatic antioxidant
enzymes (superoxide dismutase, catalase and glutathione
peroxidase), resulting in increased energy levels [56].

25.3. Coenzyme Q10

Coenzyme Q10 is an important metabolic antioxidant
molecule that plays role as an electron carrier in the electron
transport chain and is providing the energy needed by the
cells. Therefore, it is found in the cell mitochondria. Its
density in the heart cells is higher. For this reason, it has
been recommended as a complementary treatment for many
diseases, especially chronic heart failure. In addition, it
protects the cells from free oxygen radicals that may occur
during intense exercise [39]. It has been reported that athletes
may experience CoQ10 deficiency as metabolic stress and
free radical formation increase during intensive training
periods. For this reason, it has been stated that there is a
suitable supplement among active athletes [57]. However, in
some studies with athletes, it was suggested that CoQ has no
effect on performance, and it has been interpreted as this is
due to the low bioavailability of CoQ, which is a large
molecule [58].

Table 4 Functions of some ergogenic supports

Vitamin Ergogenic Values Reference
Supplement
Beta-hydroxy- It is a metabolite of leucine amino [59, 60]
betamethylbutyrate | acid, important for wound closure
(HMB) and healing, increases the
accumulation of collagen,
increases muscle.
Creatine An energy substrate for skeletal [53]
muscle contraction, increases
endurance and effectiveness.
Coenzyme Q10 It is a mitochondrial electron [57, 61]
carrier, with its antioxidant and
anti-inflammatory effects, it
reduces negative results from
exercise, prevents muscle damage,
increases exercise performance.
Conjugated Reduces body fat, increases [27]
Linoleic Acids muscle and bone mass, increases
(CLA) immunity.
L-Carnitine Carries fatty acids to [55, 56]
mitochondria, accelerates the
conversion of fats into energy.

3. Conclusion

Ergogenic food supplements are forms of nutrients taken
with daily nutrition, prepared in forms such as liquid,
powder, tablet. Athletes generally use this kind of products
when they are inadequate in their natural and daily nutrition.
These products meet their needs effectively and quickly.
However, studies show that it would be more appropriate to
turn to natural nutrition when was seen to usage limitations,
side effects and psychological effects of such supplements.
Because, it is very important not to use ergogenic
supplements that have not been proven effective. Especially
young people and adolescents should be informed about such
products and be directed towards the establishment of
metabolic balance with natural foods.
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