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Abstract. The aim of the study was to investigate the effect of high energy diets, which were
elaborated by the study authors, on the change of physical fitness of athletes of various sports.
90 athletes aged 17–30 years participated in the research. They were divided into three groups of
30 each. Our research has shown that prepared high-energy diets, used during 3 months in the
preparatory period, per week-long training microcycles, had a greater positive effect on changes
in the fitness of elite athletes of various sports compared to changes in the fitness of lower-performance athletes.
Keywords: athletes, training, rational nutrition, physical fitness, energy intake.

Introduction
Physical fitness is an athlete’s condition that allows him to achieve certain results in
a competition. It is acquired through physical, technical, tactical, mental training. It is
the athlete’s ability to reveal all his / her powers and abilities during the competition:
physical abilities, mental stability, determination to fight persistently, practical fighting
skills, using the available knowledge and experience (Skernevičius et al., 2011). The result
of systematic and rational sports training is a complex expression of the body, health,
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morphological condition, as well as physical and technical fitness, which allows to achieve
sports results. Physical fitness mainly depends on physical activity, rest, nutrition, as well
as ability to avoid injuries. It is an integral part of holistic personality development, where
not only the physical abilities but also the spiritual powers of the athlete are developed
(Kenney et al., 2015). Recently, physical activity and sport are gaining more and more
importance in modern society and are becoming a significant factor in human activities.
The proper connection between physical, mental and spiritual education is becoming an
increasingly important educational problem.
Physical activity is a genetically determined part of every person’s life (Johnson et al.,
2007). Proper education of a young person requires that the social and biological needs
of physical activity be met (Bouchard et al., 2007; Landers & Arents, 2007; Paterson et al.,
2007). Physical activity is closely related to mental activity, supports other vital functions
of the human body (Coakley & Dunning, 2000). R. Malinauskas (2003) states that the
most important motive for promoting physical activity and achieving maximum sports
results is the desire to be healthy, strong, overcome difficulties, become a champion or a
record holder. High volume and intensity loads require high tension in the body’s functional systems, so it is especially important to properly organize the recovery process.
This can be done applying the following measures:
• optimizing the planning of the training process;
• increasing the use of recovery measures, including a special focus on nutritional
quality.
In the modern sports system, the second option of measures has recently become
more acceptable (Vorobyeva et al., 2011; Jeukendrup, 2017). Many authors analysing the
change in athletes’ physical abilities suggest that the relationship between the quality of
an athlete’s health nutrition and his or her athletic excellence is very close, as a rational
diet is the basis for good functioning of all body organs and systems (Rozenblium, 2006;
Vorobyeva et al.., 2011; Stellingwerff et al., 2011; Burke et al., 2019). If the diet of athletes
meets the physiological needs of the body, then it will help maintain health, increase work
capacity, and promote recovery after exercising (Jeukendrup & Gleeson, 2010; Turner,
2018). It is worth noting the opinion of English scientists Maughan and Shirrefs (2011)
that rational knowledge of nutrition, correct eating habits are inseparable from modern
training methodology of athletes.
According to the World Health Organization (WHO), among the determinants of
human health and physical fitness, 40–60 % is lifestyle, which contains 25–30% of a rational diet. Therefore, by meeting the physiological needs of the body, following a rational
diet, athletes can adapt more quickly to fusion loads, recover faster after them (Tutelyan
et al., 2011; Baranauskas et al., 2019).
Due to the lack of time, exercise-induced stress in the body, the diet of high-skilled
athletes does not always meet the recommendations of a rational diet (Kouloutbani et al.,
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2012). Another factor hindering proper nutrition is the lack of knowledge about nutrition
(Dolan et al., 2011; Baranauskas et al., 2019).
Sports nutritionists often face the specific needs of athletes in various sports (Mujika
& Burke, 2010). There are many sports where athletes need to strictly control their body
weight. The ratio between energy received and energy utilized is important in maintaining
the required body weight (Wierman, 2007). Therefore, when creating a diet for athletes, it
is necessary to take into account the nature of physical activity, its volume and intensity,
training and competition calendar. An athlete’s energy needs depend on the training
period, climate, and geographic location, also on the athlete’s physical, and psychological
condition (Stellingwerff et al., 2007). Before the start or when in competition, energy
consumption during the same physical activity as during training increases by 25–30%.
It has been established that the energy and plastic needs of the body are best met by the
ratio of the main nutrients – proteins, fats, carbohydrates 1: 1.2: 4.0. According to the
contribution of these nutrients to energy production, proteins account for 16%, fats for
20% , and carbohydrates for 64% of the energy value. For endurance athletes, energy from
fat can be increased by up to 25% and from carbohydrates by up to 70% (Jeukendrup &
Gleeson, 2010).
Although the amount of scientific information on the nutrition of athletes is quite
abundant, data comparing the effects of nutrition on the physical fitness of athletes in
different sports are not yet sufficient. Therefore, we raised a problematic question: how
the nutritional factor affects the change in athletes’ physical fitness indicators.
In Kazakhstan, the issues of nutrition of elite athletes are still insufficiently researched.
It is not fully understood what influence the recipes of rational nutrition have on the
physical fitness of athletes and the dynamics of their sports results. Our previous research
on the nutrition of Kazakh athletes in various sports has shown that the value of their
eating habits and daily regime varies greatly (Yerzhanova et al., 2018; 2019).
The aim of this study to determine whether a high-energy diet can increase the physical
fitness of elite athletes, and to compare the data obtained with those of lower-performance
athletes who eat usual way.

Methods
The studies, which aimed to evaluate the effect of our high-energy daily diet on the
physical fitness of athletes, involved 90 subjects aged 17–30 years. They were divided
into 3 groups of 30 participants each. Subjects in each group were further divided into
2 subgroups of 15 participants each. The first subgroup of each group, consisting of elite
athletes, was experimental (E) and the second was control (C). The first subgroup of the
first group consisted of 15 volleyball players of the city team participating in the volleyball championship of the country. Their age was 19–22 years, height – 188 ± 8.38 cm,
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body weight 78.11 ± 7.68 kg, sports experience on average 7 years. The second subgroup
consisted of 15 university team players participating in the student competition. The
age of the student team members was 18–20 years, height 186.2 ± 6.3 cm, body weight –
76.8 ± 5.7 kg, sports experience – 5 years.
The first subgroup of the second group consisted of 15 judo wrestlers, members
of the national team, their age was 20–28 years, height 174.3 ± 8.3 cm, body weight
78.0 ± 18.9 kg, average sports experience – 8 years, and the second subgroup consisted
of university students training at a judo wrestling club. Their age was 18–25 years, height
171.9 ± 6.0 cm, body weight 74.9 ± 18.5 kg, sports experience on average 5 years.
The third group consisted of endurance triathlon athletes, the first subgroup of this
group consisted of 15 members of the national team, their age was 18–31 years, height –
180.0 ± 7.2 cm, body weight – 66.5 ± 7.1 kg, sports experience on average 8.2 years, and
the second - triathlon amateurs, university students, their age being 17–24 years, height –
178.6 ± 4.8 cm, body weight – 66.9 ± 6.8 kg, with average 5 years of sports experience.
The athletes of the experimental subgroups consumed the food rations of our composition for 3 months. The participants in the control subgroups ate normally, at their
own discretion.
Athletes trained according to training plans prepared by their sports coaches, which
specified the structure and content of the exercise in the individual microcycles of the
preparatory period. The physical fitness indicators of the studied athletes were evaluated
before and after the experiment by three sports-specific fitness tests.
To assess the physical fitness of the volleyball players, a shuttle run 3x10 m, standing
long jump, and a jump with both feet on a 50 cm high platform in 30 sec. The physical
fitness of judo wrestlers was assessed by the number of pull-ups, sit-and-lie in 1 min, and
the number of push-ups from the floor.
The physical fitness of the triathlon athletes was assessed by the results of 1 km swimming, 20 km cycling, and 10 km running competitions.
The actual composition of the food diet was recorded by means of a questionnaire
(Steptoe et al., 1995). The questionnaire included questions about the subjects’ sociodemographic data, physical development, level of physical activity per week (amount and
duration of training), and diet. In response to the questionnaire, the Atlas of Food and
Dishes of Kazakhstan (Sharmanov et al., 2008) was used, which presents the weight of
food and dishes made from them in grams. Using this method, the respondents recorded
the amount of food and fluids consumed 24 hours a day for a period of 3 days. The value
of the daily food ration of the subjects was assessed using the norms of the composition
and energy value of the daily food ration, which are typical for athletes of each sport,
compiled by A. Pšendinas (2003). The first study found that the energy value of the daily
diet of athletes in basically all sports was in line with the recommended rational dietary
norms. The average nutritional value of a party’s food ration for elite volleyball players
was increased based on athletes ’physical development data, the specifics of the sport,
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and the initial energy value of the food ration. It was increased by 16%, protein in the diet
by 9%, fat by 12.5% and

carbohydrates by 24%. The energy value of the daily diet of the
experimental judo wrestling subgroup was increased by 6.4%, the protein content was
reduced by 7.6%, the fat content was reduced by 25.4%, and the carbohydrate content was
increased by 36%. The value of the daily diet of the experimental subgroup of triathletes
was increased by 12%, protein content by 29%, fat content by 20.3%, and carbohydrate
content by 5.2%. The composition and energy value of the diet of the experimental and
control subgroups of athletes was calculated using food chemical composition tables
and a standard computer program adapted for such studies. The research was approved
by the Ethics Committee of al-Farabi University in Kazakhstan. Confidentiality of the
study results was ensured.
The results of the research were calculated by the methods of mathematical statistics.
The arithmetic mean, standard deviation, and error of the arithmetic mean of the data
were calculated, and the Student’s t criterion was used to evaluate the reliability of their
difference.

Results
The energy value of our elite volleyball team members’ diet was increased to 4.685 kcal,
while the energy value of the student team members’ diets reached 4.033 kcal. The protein
content in the diet of the experimental subgroup was increased from 162.2 to 193 g, the fat
content – from 159 to 174 g, and the carbohydrate content – from 472 to 586 g. The total
volume of physical activity of the elite volleyball team was 17 hours per week, and the
athletes trained for an average of 2 hours and 50 minutes on each training day. The student team load was 10 hours per week. The average duration of one workout was 2 hours.
Studies have shown that when the members of the experimental subgroup consumed
a high-energy diet, the physical fitness of the volleyball players increased more than
in the control subgroup over an experimental 3-month period. The shuttle run result
improved from 8.65 ± 0.09 to 8.25 ± 0.07 sec. (p > 0.05). The result of the standing long
jump also had a tendency to improve. In the experimental subgroup of volleyball players,
this indicator increased from 233.9 ± 1.8 to 239.8 ± 1.9 cm (p > 0.05), while the members
of the control subgroup changed this indicator slightly. The number of jumps on 50 cm
platform increased on average from 22.8 ± 0.4 to 27.9 ± 0.6 jumps (p < 0.05) during
30 sec (Table 1). Comparing the results of the three experiments of the experimental and
control subgroup of volleyball players, it can be stated that the change in the results of
the shuttle run and long jump was statistically unreliable (p > 0.05), and the difference
in the special volleyball test was statistically significant (p < 0.05).
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Table 1
Changes in Vollyeball Players‘ Physical Fitness Indicators During the Experimental
Period
Tests

Groups
E

Shuttle run 3 х10 m (sec)
C
E
Standing long jump (сm)
C

E
Jumping on a platform in
30 sec
C

Stages

S

Sx

Before

8.65

.33

.09

After

8.25

.27

.07

Before

8.70

.36

.09

After

8.60

.34

.09

Before

233.9

7.1

1.8

After

239.8

7.6

1.9

Before

232.7

6.0

1.6

After

233.9

5.7

1.5

Before

22.8

1.8

.4

After

27.9

2.3

.6

Before

22.4

1.2

.3

After

23.3

1.4

.4

p
> 0.05
> 0.05
> 0.05
> 0.05

< 0.05

> 0.05

The energy value of elite judo wrestling athletes’ diet of our composition was increased
by an average of 6110 to 6499 kcal compared to the lower-level wrestlers’ diet, but the
protein content was reduced from 281.5 to 260 g and the fat content was reduced from
372.9 to 278 g.; carbohydrates — increased from 542.8 to 739 g. The total physical activity
volume of elite judo wrestlers was 17 hours 15 minutes per week, and the daily training
of the wrestlers lasted an average of 2 hours 52 minutes. University wrestlers’ training
lasted on average of 1 hour 48 minutes.
Due to the high-energy food ration we prepared, the physical fitness of the judo wrestlers of the experimental subgroup tended to increase. The number of pull-ups increased
on average from 38.5 ± 1.8 to 42.1 ± 1.8 times (p > 0.05), but this increase was not statistically significant. The result of this exercise for the members of the control subgroup
remained almost unchanged. The result of lifting the torso from a lying position to a
sitting position (sit-and-lie test) increased on average from 71.0 ± 1.4 to 75.4 ± 1.4 times
in 1 min (p > 0.05). The number of push-ups also tended to increase on average from
89.5 ± 2.5 to 93.9 ± 2.5 (p > 0.05) (Table 2). Comparing the change in physical fitness
indicators of the experimental and control subgroup of judo wrestlers, we see that the
difference in the change in the results of all three tests is statistically unreliable (p > 0.05).
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Table 2
Changes in the Physical Fitness Indicators of Judo Wrestlers During the Experimental
Period
Indicators

Groups
E

Pull-ups (number)
C
E
Sit-and-lie in 1 min. (number)
C
E
Push-ups (number)
C

Stages

S

Sx

Before

38.5

7.1

1.8

After

42.1

7.1

1.8

Before

38.0

6.0

1.6

After

38.7

6.4

1.7

Before

71.0

5.3

1.4

After

75.4

5.5

1.4

Before

69.7

4.5

1.2

After

70.7

4.4

1.1

Before

89.5

9.5

2.5

After

93.9

9.8

2.5

Before

88.5

9.5

2.5

After

89.7

9.3

2.4

p
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05

The energy value of the food ration we compiled for the members of the national
team was increased on average from 4967 to 5562 kcal compared to the value of the food
ration of the less skilled triathletes. The amount of protein in their diet was increased
from 163.6 to 211 g on average, from 184.5 to 222 g of fat, and from 646.2 to 680 g of carbohydrates. The total volume of physical activity of the triathlon athletes of our national
team during the weekly training microcycle averaged 20 hours, and every day – 3 hours
10 minutes. Members of the control subgroup trained for an average of 10 hours per week
and their training lasted an average of 2 hours.
Studies of the physical fitness of triathlon athletes showed that the 1 km distance of
swimming results of elite athletes improved on average from 742.3 ± 10.4 to 714.3 ± 9.9 s
(from 12.37 to 12.09 min) (p > 0,05), but this increase was not statistically reliable (Table 3).
The result of cycling the 20 km distance increased statistically reliably - from 2158.3 ± 43.4
to 2098.5 ± 41.9 s (from 36.32 to 35.06 min) (p < 0.05), and the distance of 10 km running
result improved from 1935.3 ± 15.0 to 1863.7 ± 13.9 s (from 32.25 to 31.06 min) (p < 0.05).
In the control subgroup participants, these indicators changed insignificantly. The change
in swimming results between the experimental and control subgroup of triathletes was
statistically unreliable (p > 0.05), but the difference between the change in the 20 km cycling distance and the 10 km running result change was statistically significant (p < 0.05).
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Table 3
Changes in Triathlon Athletes’ Physical Fitness Indicators During the Experimental
Period
Indicators

Groups
E

Swimming, 1 km (sec)
C
E
Bycycle ride 20 km (sec)
C
E
Running 10 km (sec)
C

Stages

S

Sx

Before

742.3

40.3

10.4

After

714.3

38.5

9.9

Before

748.93

31.6

8.2

After

744.8

23.1

6.0

Before

2158.3

168.1

43.4

After

2098.5

162.4

41.9

Before

2158.8

168.0

43.4

After

2149.2

166.3

42.9

Before

1935.3

58.0

15.0

After

1863.7

53.8

13.9

Before

1939.9

61.2

15.8

After

1927.1

62.1

16.0

p
> 0.05
> 0.05
< 0.05
> 0.05
< 0.05
> 0.05

Discussion
The results of the study show that in accordance with the principles of rational nutrition, a balance must be maintained between the principle of energy received and energy
consumed. Many authors state that proper nutrition is the most important factor in
determining an athlete’s body’s adaptation to exercise (Dolan et al., 2011; Tutelyan et al.,
2011; Nowacka et al., 2016). Rational and nutritional rules also provide proper nutrition,
its mode, which must strictly match the structure and content of endurance training
(Jeukendrup, 2011). As stated by Tutelyan et al. (2010), Dundorf (2010), Kouloutbani et al.
(2012), Boguszewski et al. (2013), a diet that meets these requirements promotes positive
changes in the physical and functional abilities of athletes. Spronk et al. (2015), studying
the dependence of the nutritional quality of Australian elite athletes on the relationship
between knowledge of rational nutrition and sports performance, argue that there is no
statistically significant reliable difference between individual sports and gaming athletes’
knowledge of nutritional quality progress of the results.
When training volleyball players, the main focus is on building their speed and
strength. These abilities determine the result of a jump up by building an obstacle for the
opponent, the speed of movement and the accuracy of the action with the ball (Mujika
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& Burke, 2010). Therefore, a well-balanced diet of volleyball players must meet energy
needs to enable these abilities to be employed (Gabbett & Georgieff, 2007). The game of
volleyball requires quite a lot of energy, and the skills of speed, strength and technical
readiness must be well developed (Anderson et al., 2007). In volleyball, energy produces
more in anaerobic lactate energy production way, which accounts for about 90% of all
energy produced (Zapolska et al., 2014). As reported by Mielgo-Ayuso et al., (2013), a diet
rich in carbohydrates increases energy stores and allows for the accumulation of more
glycogen in the muscles, which in turn increases the sudden muscle strength inherent
and important for volleyball players. Comparing the results of our study with the energy
value and carbohydrate intake of young volleyball players in different countries presented
by F. Holway and L. Spriet (2011), we see that the daily energy value of Kazakh volleyball
players is higher and carbohydrate is consumed more. It is also important for players in
this sport to get the right amount of protein to build up the necessary stores of creatine
phosphate and rapid tissue regeneration (Papandreu et al., 2006).
Judo wrestling is one of the most dynamic types of sport wrestling, which combines
strength, speed of movement and technique (Bellinger, 1997). Energy needs vary greatly
during competitions. The predominant type of energy production is anaerobic, but the
aerobic energy production system also plays a significant role (Teshima et al., 2002; Clarys
et al., 2010). Our research has shown that proteins in the diet of judo wrestlers exceeds
the recommended daily allowance (1.2–1.8 g / kg) and reaches 3.3 kg, but Laskowski
and Antosiewicz (2003) state that the representatives of this sport, which build strength
and muscle power, need to increase the amount of protein in their diet. However, Mekic
et al. (2018) note that a specific physical training program is of paramount importance
in developing the skills of elite judo wrestlers. There are weight categories in the judo
sport, so Boisseu et al. (2005) believe that nutrition is one of the most important factors
in regulating body weight. We have not investigated this issue in our work, but we fully
agree with the opinion of these authors.
The success of endurance athletes depends on the ability of the aerobic energy production system to supply energy to the working muscles (Jeukendrup, 2011; Kolby et al.,
2020). The analysis of literature sources shows that in the preparation of triathletes for the
most important competitions, in order to avoid negative consequences, the study of their
actual diet is important (Tiller et al., 2019). Only by evaluating the nutrition of athletes,
it will be possible to properly organize the training process and successfully participate
in competitions (Papandreu et al., 2007; Dolan et al., 2011). The specifics of the training
of triathlon athletes are characterized by the fact that the content of this sport consists
of 3 sports, the exercises last a long time, 3–4 hours. This places special demands on the
body’s energy supply, and the amount of essential energy in the diet must be well balanced
(Finch, 2004; Jeukendrup et al., 2005; Bentley, 2008). E. Applegate (1991) indicates that
the daily energy consumption of elite triathletes can reach up to 6000 kcal. The energy
value of the diet of our studies elite triathletes was 5562 kcal. Their exercise volume was
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20 hours per week and an average of 3 hours 10 minutes each day. According to Dolan
et al. (2011), balancing the amount of exercise, diet, and health status of an athlete is
particularly important when performing an exercise of this or even greater training load.
These authors also point out that triathlon competitions and training require additional
nutrition. If the exercise and competition last more than three hours, 99% of the 400
triathletes surveyed consumed extra food and energy drinks. Easy-to-digest, carbohydrate-rich foods, multivitamins and minerals, amino acids, caffeine, and glucose are
consumed. According to N. Tiller et al., (2019), elite triathletes weighing at least 80 kg
consume 5300–5500 kcal in three hours of physical activity.

Conclusions
Our research has shown that prepared high-energy diets, used during week-long training microcycles, had a greater positive effect on changes in the fitness of elite athletes of
various sports compared to changes in the fitness of lower-performance athletes. Greater
progress in results was found of endurance physical tests which are typical to triathlon
sport. However, changes in physical fitness test results for most experimental subgroups
in all 3 sports were not statistically significant. Based on the results of this study, it can
be concluded that a high-energy diet is not the most important factor determining the
physical fitness of athletes.
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Santrauka
Tyrimo tikslas – nustatyti, ar gali padidintos energetinės vertės dieta veikti didelio
meistriškumo sportininkų fizinį parengtumą, ir gautus duomenis palyginti su mažesnio
meistriškumo sportininkų, kurie maitinasi įprastu būdu, parengtumo duomenimis.
Buvo ištirta trijų ugdančių skirtingus fizinius gebėjimus sporto šakų 90 sportininkų, kurių
paros maisto raciono energetinė vertė buvo didesnė nei mažesnio sportinio meistriškumo
sportininkų. Ekspermentinių pogrupių sportininkai mūsų sudarytos sudėties, padidintos
energetinės vertės maisto racioną vartojo 3 mėnesius. Sportininkų vartojamų maisto produktų
sudėčiai ir jų energetinei vertei įvertinti buvo taikyta Steptoe ir kt. (1995) anketa. Tiriamųjų
sportininkų fizinio parengtumo rodikliai buvo įvertinti prieš eksperimentą ir po jo trimis
būdingais tai sporto šakai fizinių gebėjimų testais.
Mūsų atlikti tyrimai parodė, kad paruošti padidintos energetinės vertės maisto racionai,
vartojami savaitės trukmės treniruočių mikrociklų metu, turėjo didesnę teigiamą įtaką įvairių
sporto šakų didelio meistriškumo sportininkų fizinio parengtumo rodiklių kaitai palyginti su
mažesnio sportinio meistriškumo sportininkų fizinio parengtumo rodiklių pokyčiais. Didesnis
rezultatų progresas buvo nustatytas atliekant ištvermės reikalaujančius fizinius pratimus. Vis dėlto
daugumos visų trijų sporto šakų eksperimentinių pogrupių fizinio parengtumo testų rodiklių
pokyčiai nebuvo statistiškai patikimi. Atsižvelgiant į šio tyrimo rezultatus galima daryti išvadą,
kad padidintos energetinės vertės racionas yra reikšmingas, tačiau nėra svarbiausias sportininkų
fizinį parengtumą sąlygojantis faktorius.
Esminiai žodžiai: sportininkai, rengimas, racionali mityba, fizinis parengtumas, energijos
suvartojimas.
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