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ABSTRACT 

Objective: Following acute exercises, changes in mineral and hematological concentrations are 
observed in the organism depending on the exercise, but regular and submaximal exercises do not 
fully reveal the mineral and hematological effects. This study was conducted to determine the effects 
of volleyball training on mineral metabolism and hematological parameters over a period of three 
months.  
Method:The research group included 20 healthy male volunteers in the 13-16 age group. A training 
program of 80 minutes per day, 4 days per week, for three months was applied to the athletes who 
participated in the study. Blood samples were taken twice before and at the end of the training 
sessions from the resting athletes. Sodium, potassium, chlorine, calcium, magnesium, WBC, RBC, 
HGB, HCT, MCV, MCH, MCHC, PLT, MPV and PDW levels were determined in the blood samples 
collected. The data were analyzed using the SPSS 22 package program. The Paired Samples t-test was 
used to compare the research group's pre-final test data. Significance was considered to be p>0.05. 
Finding: The analysis showed that the research group had statistically significant differences in 
sodium, chlorine, phosphorus, magnesium, RBC, HCT, MCV, MCH, MCHC, MPV and PCT levels 
(p<0.05) and no statistically significant differences in potassium, calcium, WBC, HGB, PLT, RDW-CV 
and PDW levels (p>0.05).  
Conclusion: As a result, volleyball training over a long period of time has been observed to cause 
changes in mineral metabolism and some hematological parameters. It was found that the regular 
training schedule caused differences in some mineral and whole blood values. In the light of this 
information, we believe that long-term adolescent training will have a positive impact on the health of 
athletes. 
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INRODUCTION 

There are many sports disciplines in which athletic performance generally depends on aerobic and anaerobic 

capacity. They are characterized by high intensity intermittent exercise in many sports as well as disciplines 

involving short-term high intensity single supramaximal exercise. These are individual and team sports which 

repetitive sprinting ability and performance are important. Both types of exercise cause acid-base balance 

distortion and fatigue in the skeletal muscle. In addition to the complex factors that cause fatigue in the body, 

both central and environmental factors are effective [1,2,3]. 

As a result of these physiological changes occurring in the body, there are changes in hematological parameters, 

mineral and element metabolism that have important functions in athletic performance. Minerals and elements 

are important components of normal physiological behavior of the body as well as important tasks for adaptation 

to exercise. Minerals and elements are inorganic micronutrients found in a variety of plant and animal foods 

[4,5]. It is related to exercise and athletic performance, such as micronutrients, energy storage / use, protein 

metabolism, inflammation, oxygen transport, heart rhythms, bone metabolism, and immune function, involving 

hundreds of biological processes. In addition to exercise, changes in body, mineral or element level and 

hematological parameters can lead to cardiovascular disorders, hematological changes and decreased athletic 

performance [6]. 

Another interesting finding that can be seen in the body together with exercise is hemoconcentration. This can be 

seen when blood fluid is filtered into the interstitial space due to increased vascular osmolality, increased arterial 

pressure and sympathetic activation. Hemoconcentration is a plasma loss indicator. Plasma loss seen as a result 

of exercise is one of the factors that causes renal hypoperfusion, but hemoconcentration can affect certain 

biochemical parameters and athletic performance [7]. It is therefore important to determine the effect of exercise 

on plasma volume and bio-markers [8]. 
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In any event, information on the chronic effect of long-term exercise programs on hematological parameters, 

mineral and element metabolism is limited and more current research is needed in this area. In this context, the 

effect of long-term volleyball training on certain minarels and hematological parameters has been determined. 

 

MATERIAL AND METHOD 

Study Group 

The research group consisted of 24 licensed male athletes who were between 13 and 16 years old and regularly 

attended volleyball training. The effect of long-term and regular training on the mineral and hematological 

parameters of athletes was identified in the scope of the research. 

 

Training Program 

The research group underwent a training program of four days a week and eighty minutes a day, including 

training for fitness one day a week for three months, taking into account volleyball competitions. In the each 

training unit, 50-60 minutes of competition and physical exercises were performed after 15-20 minutes of warm-

up time and 5 minutes of cooling-off exercises were performed in the final phase of the training. The training 

was adjusted to the maximum heart rate intensity of 65-70 % according to the condition level of the study group 

using the karvonen method. 

 

Collection and Analysis of the Samples 

Blood samples were taken twice, before and after the training sessions from the athletes in sitting position. 

Athletes who participated in the study were observed during training sessions, and athletes who had metabolic 

disorders or had been on medication were excluded from the study. As a result, the research was completed with 

20 athletes. Sodium, potassium, chlorine, calcium, magnesium, WBC, RBC, HGB, HCT, MCV, MCH, MCHC, 

PLT, MPV and PDW levels have been determined in blood samples taken as a result of training. Blood samples 

from athletes were analyzed in a private hospital laboratory using a auto-analyzer. 

 

Statistical Analysis 

The data collected was analyzed using the SPSS 22.0 package program. The Shapiro Wilk test was performed 

for the data normality test. Paired Samples t-test was performed to compare the research group's pre-final test 

data. The level of significance was taken as p<0.05. 

 

RESULTS 

 

Table 1: Mineral values of study group 

Parameters Pre-Training After Training t p 

Sodium  143.40 ±2.84 145.33 ±3.06 -2.71 0.01* 

Potassium  4.73 ±0.34 4.81 ±0.35 -1.37 0.19 

Chlorine  108.20 ±2.17 109.40 ±1.59 -2.24 0.04* 

Calcium 9.58±0.35 9.66±0.27 -1.03 0.31 

Phosphorus 4.77±0.27 4.48±0.45 2.95 0.01* 

Magnesium 2.03±0.18 2.22±0.23 -2.91 0.01* 

 

*(p<0,05) 

According to the mineral level of the athletes participating in the study, the examination of Table 1 showed there 

were statistically differences in sodium, chlorine, phosphorus and magnesium levels (p<0.05), and there were no 

statistically differences in calcium and potassium levels (p>0.05). 
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Table 2: Hematologic parameter values of the study group 

Parameters Pre-Training After Training t p 

Leukocyte     

WBC  5.25 ±1.46 5.77 ±1.67 -1.19 0.25 

Erythrocyte     

RBC  5.18 ±0.54 4.77±0.24 2.63 0.02* 

HGB  14 ±0.90 13.88 ±0.54 0.58 0.57 

HCT  42.81 ±3.06 41.29±1.54 2.13 0.05* 

MCV  83.38±6,73 86.94 ±3,97 -2.19 0.04* 

MCH 27.08±2,21 29.11 ±1,56 -3.12 0.00* 

MCHC  32.60 ±0.87 33.56 ±0,53 -3.65 0.00* 

RDW-CV 13.62 ±1,19 14.06 ±1,16 -1.24 0.23 

Thrombocyte     

PLT  280.27 ±63.18 262.67 ±37,40 1.08 0.29 

MPV  9.36 ±0.70 7.98±1.35 4.44 0.00* 

PDW  41.04 ±5.71 40.13 ±3.99 0.81 0.43 

PCT 0.26 ±0.05 0.21 ±0,04 2.26 0.04* 

When Table 2 was examined and the hematological parameters of the athletes participating in the study were 

evaluated, while there were no differences in WBC, HGB, PLT, RDW-CV and PDW levels (p>0.05), RBC, 

HCT, MCV, MCH, MCHC, MPV and PCT levels were found to be statistically different (p<0.05). 

 

DISCUSSION AND CONCLUSIONS 

The effect of long-term and regular exercise programs on mineral and hematological parameters is known, but 

how it affects the performance of athletes is important. In this study, taking into account all of these factors, the 

effect of long-term volleyball training on the mineral metabolism and hematological parameters of athletes was 

examined. 

The study found that there were statistical differences in sodium, chlorine, phosphorus and magnesium levels 

when the athlete's mineral values were examined before and after training, while there were no statistical 

differences in calcium and potassium levels. As a result of the training, the mineral levels of the athletes were 

seen to increase overall. In a similar study, Karakukcu et al., (2013) found that there were variations in the 

element levels of athletes in the study who underwent an eight-week exercise program [9]. In a study involving 

eighteen athletes, Soria et al. (2016) found that changes in hormone and element metabolism occur after an acute 

exercise [10]. In a different study, Kaplan and Ocal (2018) found that athletes in the study who actively practiced 

an acute swimming exercise to participants engaged in the sport of swimming had a decrease in sodium and 

chlorine levels and an increase in potassium levels [11]. Gülnar and Ünsal (2018) found that in the study of ten 

male sedentary individuals, potassium, sodium, phosphorus, sulfur, magnesium, calcium, iron, zinc, manganese 

and nickel mineral levels did not affect much after an acute exercise performed up to fatigue [12]. In a study 

involving twenty-one athletes, Ugras (2017) stated that high intensity training affects athletes ' mineral levels 

[13]. In ano ther study involving twenty-seven male athletes, González-Haro et al. (2011) noted that there was no 

change in the element levels of athletes after an acute exercise. The results obtained in the research show 

similarity to previous studies and they support our research results. In the study, we believe that differences in 

mineral metabolism are an indicator of the duration and intensity of the exercise. 

The analysis showed that the research group had statistically significant differences in sodium, chlorine, 

phosphorus, magnesium, RBC, HCT, MCV, MCH, MCHC, MPV and PCT levels (p<0.05) and no statistically 

significant differences in potassium, calcium, WBC, HGB, PLT, RDW-CV and PDW levels. It was observed 

that there were changes in the hematological parameters of athletes as a result of the training program applied. In 

a similar study conducted in the research group involving twenty-four basketball players, Dzedzej et al., (2016) 

determined that seasonal training and competitions constitute variations in the hematological parameters of 

athletes [15]. Siquier-Coll et al., (2019) indicated changes in mineral and erythrocyte levels after an acute 

exercise performed at different temperatures [16]. In the study involving ten male university students, Kasap et 
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al., (2018) found that a two-week exercise program resulted in variations on students ' hematological parameters 

[17]. In the study of eight weeks of aerobic exercise program in obese and overweight individuals, Çakmakçı et 

al. (2010) found that the participants had variations in hematological parameters, and as a result of the research, 

acute and intense exercises had more impact on hematological parameters than chronic and low intensity 

exercises [18]. Skarpańska-Stejnborn et al., (2015) found that an intensive exercise program implemented in the 

study involving twenty elite rowing athletes caused changes in the athletes ' hematological parameters [19]. In 

another study, Nishiie-Yano et al., (2019) found that regular judo training creates significant changes in athletes ' 

hematological parameters [20]. In a different study, Selçuk et al. (2018) determined that the ten-day intensive 

exercise program they administered constituted changes in some hematological values of tennis players [21]. 

Demiriz et al. (2015) applied a seven-week training program by separating the participants into extensive and 

intensive training groups and they determined that changes in blood parameters were observed and that the group 

of ectensive training positively influenced VO2 and anaerobic capacity with the applications performed [22]. In 

the study of thirty-one elite sports elite athletes participated, Bauer et al. (2018) found that an acute exercise 

program causes changes in the hematological parameters of athletes [23]. In a different study conducted with the 

participation of seventy-six athletes, Moulongo et al., (2019) have found that marathon racing creates changes in 

the hematological values of athletes [24]. The findings obtained in the research are generally supported by the 

literature. In this context, we believe that these changes in hematological parameters are caused by the effect of 

low-intensity and long-term exercises on the body. 

As a consequence, regular exercises seemed to significantly affect some of the hematological parameters and 

mineral metabolism of volleyball players. As a result of submaximum exercises, increased levels of sodium, 

chlorine, magnesium, calcium, potassium, WBC, HGB, PLT, RDW-CV, MPV, HCT, MCV, MCH and MCHC, 

phosphorus, RBC, HGB, HCT, PLT, MPV, PDW drops and PCT levels have been determined. In comparison 

with previous studies, some hematological parameters of submaximal exercises in volleyball players according 

to acute and high intensity exercises and it is believed that it can affect mineral metabolism at a lesser level. 
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