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Abstract 

 

Background: In adolescence, the level of anemia is very high so it is feared that it can affect athlete performance, 

while athletes must have high hemoglobin levels to support their performance in training and competing. This study 

also aims to determine methods for increasing hemoglobin levels besides using iron-rich foods. Method: This study 

uses an experimental method with independent variables interval training and dependent variables VO2Max and 

hemoglobin levels. The population in this study were PPLOP Central Java karate athletes, the sampling technique 

used was total sampling. The test instrument used to measure VO2Max was the Balked test and the test instrument to 

measure hemoglobin was the HemoCue blood photometer. Result: the results in this study interval training can 

increase VO2Max with an average increase of 1.73% and interval training can increase hemoglobin levels by an 

average of 5.98 gr/dl. Conclusion: interval training can be used as a reference for increasing VO2Max and 

hemoglobin levels, for optimal increases can be accompanied by consumption of foods high in iron. 
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INTRODUCTION 

Endurance is one of the main physical condition components that must be possessed by 

athlete [1]. Endurance by definition is the body's ability to work for a long period of time without 

experiencing fatigue [2]. The level of endurance can be measured by an endurance test to measure 

the Maximum Oxygen Volume (VO2Max), VO2Max is the amount of oxygen consumption when 

doing an activity [3]. Athletes who win are athletes with good VO2Max because with good 

VO2Max athletes will be able to carry out strategies well without fatigue [1]. By having a good 

level of endurance, athletes will be able to display their techniques optimally without any fatigue 

constraints. Poor endurance will reduce the quality of skills possessed and will have difficulty in 

implementing the strategies given by the coach. 

There are several forms of endurance training methods such as continuous training, fartlek 

and interval training [4]. Circuit training can also increase endurance and strength [5]. Based on 

previous research, it can be concluded that endurance improvement methods can be done using 

continuous training, fartlek, interval training and circuit training methods. Interval training has a 

more significant effect than continuous training [6]. Interval training is divided into 2, namely short-

distance intervals and long-distance intervals, long-distance intervals have been shown to increase 

endurance more significantly [7]. Interval training can reduce the percentage of fat in women [8]. In 

addition to being able to increase endurance, interval training can also reduce the percentage of 
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body fat and weight loss so that it can be used by martial artists who are in the process of losing 

weight who use body weight in their competition system. 

Physiologically, the process of forming endurance in the body is by increasing the levels of 

hemoglobin that produce red blood cells, these red blood cells will bind oxygen in the body [9]. 

Hemoglobin levels will determine the amount of oxygen carried by the blood, hemoglobin can be 

obtained from iron, folic acid, zinc, vitamin C [10] Endurance and hemoglobin are related because 

with normal hemoglobin, red blood cells that carry oxygen will also be normal, thus increasing 

endurance. Hemoglobin plays an important role in endurance because hemoglobin is a protein that 

contains iron as a carrier of oxygen to all parts of the body [11]. 

The method of increasing endurance in practice is by doing exercises to increase oxygen 

capacity, namely interval training, continuous training, fartlek. While physiologically the process of 

forming endurance is by increasing red blood cells which can naturally be done by training in the 

highlands and through nutrition with foods high in iron. In previous studies, the effect of endurance 

training on increasing endurance was examined by increasing VO2Max. As a new science in this 

study, researchers want to know whether endurance training is not only able to increase endurance 

but also able to increase hemoglobin levels. 

METHOD 

This type of research is experimental, the design of this study uses one group pre test post 

design, namely research by conducting an initial test, then giving treatment not ending with a final 

test, so that the effect before and after treatment can be known. This method is used based on the 

consideration that the nature of experimental research is to try something to find out the effect or 

consequences of a treatment. The independent variable in this study is Interval Training, while the 

dependent variable in this study is an increase in VO2Max, leg muscle strength, hemoglobin levels, 

and a decrease in fat percentage. Researchers want to know the effect of independent variables on 

the observed dependent variables. The treatment given in this study is Interval Training to see its 

effect on increasing VO2Max, hemoglobin levels. 

The population in this study were BPPLOP Central Java karate athletes, the sampling 

technique used was total sampling by taking all the population of BPPLOP Central Java karate 

athletes as many as 12 athletes. This research was conducted at the Jatidiri complex, Semarang City, 

the time of this research was from September to October 2024. The procedure in this study began 

with an initial test using a Balke test instrument to measure VO2Max, a HemoCue blood 

photometer to measure hemoglobin levels, then the Interval Training treatment stage for 16 

exercises, then ended with a final test to determine the effect before and after treatment. The data 

analysis technique used the t-test, a mean difference test by displaying the percentage comparison 

of the pre-test and post-test. 
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Table 1. Balke test instrument for women 

Sex Poor Fair Good Excellent Superior Normal Hb levels 

Women < 30 31 – 34 35 – 38 39 – 41 > 41 12 – 16 

Men < 37 38 – 44 45 – 50 51 – 55 > 55 14 – 18 

RESULTS AND DISCUSSION 

Interval training increased VO2Max of PPLOP Central Java karate athletes with the lowest 

increase of 0.28 or 0.60%, the highest increase of 1.69 or 3.40%, with an average increase of 0.82 

or 1.73% (Table 2). The hemoglobin levels of PPLOP Central Java karate athletes increase after 

interval training.  The lowest and highest increase are 0.10 or 0.68%, and 2.70 or 15.25% 

sequentially. The average increase is 1.11 or 5.98% (Table 3). 

Table 2. Increased VO2Max after interval training 

Subject 
VO2Max 

VO2Max Increase 
Percentage of VO2Max 

Increase Pre-test Post-test 

1 42,78 43,7 0,92 2,11% 

2 52,16 53,81 1,65 3,07% 

3 50,84 51,26 0,42 0,82% 

4 47,61 48,56 0,95 1,96% 

5 41,2 42,1 0,90 2,14% 

6 40,85 41,29 0,44 1,07% 

7 43,28 43,71 0,43 0,98% 

8 47,54 48,46 0,92 1,90% 

9 45,25 45,66 0,41 0,90% 

10 46,22 46,5 0,28 0,60% 

11 48,04 49,73 1,69 3,40% 

12 47,68 48,56 0,88 1,81% 

Mean 46,12 46,95 0,82 1,73% 

Table 3. Increased hemoglobin after interval training 

Subject 
Hemoglobin (gram%) 

Hemoglobin Increase 
Percentage of Hb 

Increase Pre-test Post-test 

1 16,6 16,9 0,30 1,78% 

2 18,4 19,2 0,80 4,17% 

3 18,8 19,5 0,70 3,59% 

4 16,4 18,6 2,20 11,83% 

5 15,2 15,3 0,10 0,65% 

6 16,8 17,7 0,90 5,08% 

7 15,6 16,7 1,10 6,59% 

8 18 19,5 1,50 7,69% 

9 15 17,7 2,70 15,25% 

10 15,8 16,2 0,40 2,47% 

11 20,2 22,3 2,10 9,42% 

12 15,1 15,6 0,50 3,21% 

Mean 17 17,9 1,11 5,98% 
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Based on the results of the study, giving interval training treatment for 16 times of training 

was able to increase VO2Max. Interval Training is a training with a rest break between each activity 

[7]. Interval training combines work and rest, with moderate to high intensity, with rest or pauses in 

each set, it is expected that fitness will recover and be ready for moderate to high intensity activities 

in the next set. Different from continuous training which is done with light to moderate intensity so 

that there is no rest or pause in each activity. Interval training is divided into intensive interval 

training and extensive interval training, namely interval training with high intensity so that it can 

increase speed endurance and extensive interval training, namely interval training with moderate 

intensity that can increase endurance. In interval training, it is necessary to pay attention to 

providing the right rest duration in order to get optimal results, intensive interval training requires a 

longer rest duration than the work duration in order to provide maximum recovery of the pulse and 

muscle fatigue, while extensive interval training requires the same or shorter rest duration than the 

work duration because the goal is to increase endurance so that the intensity is moderate and the rest 

is not too long. 

Based on the results of the study, giving interval training treatment for 16 times of exercise 

was able to increase hemoglobin levels. Previous research said that increasing hemoglobin levels 

through nutrition by consuming foods high in iron such as spinach, fish eggs [12]. Another study 

said that a mixture of guava and spinach was able to increase hemoglobin by 0.96 gr/dl [13]. 

Aerobic exercise with light intensity for 30 minutes for 3 times a week was able to increase 

hemoglobin [14]. In the previous study, it was not mentioned what aerobic activity was used to 

increase hemoglobin levels, the forms of aerobic exercise are gymnastics [15]. Walking, jogging, 

cycling and swimming are forms of aerobic exercise for cardiovascular health [16] This study 

provides new knowledge that increasing hemoglobin apart from foods containing iron can also be 

done through interval training. The process of hemoglobin formation and producing red blood cells 

through production in the spinal cord physiologically. Lack of red blood cells or anemia can reduce 

oxygen consumption by the body so that the body will easily get tired, lethargic and quickly 

experience fatigue [10] 

CONCLUSION 

Increasing endurance in addition to training can also be done by consuming nutrients 

containing iron to increase hemoglobin levels, with increasing hemoglobin levels, oxygen 

consumption will also be greater which is distributed throughout the body. Increasing hemoglobin 

levels in addition to foods containing iron such as spinach, dates, red meat, eggs but can also be 

done by doing interval training with moderate intensity. To increase VO2Max and optimal 

hemoglobin levels, you can combine interval training and consumption of foods containing iron. 
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