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Abstract
BACKGROUND: Physical fitness depends on hematological parameters such as red blood cells and hemoglobin. 
Hemoglobin is needed in adequate quantities in trained athletes, especially in endurance sports. The effects of 
antioxidant supplementation are not yet fully known whether the body’s natural antioxidants that act as a defense 
system can overcome the increase in free radicals during physical exercise or whether additional supplements are 
needed.

AIM: The purpose of this study was to find out the effect of physical activity and consumption of red dragon fruit on 
red blood cells and hemoglobin in trained people.

METHODS: The subject of the study was 20 people, male, trained, divided into two groups randomly, each consisting 
of 10 people, namely, Group 1 (PA): A group that was given physical exercise and obtained a placebo; Group 2 
(PA+RDF): A group was assigned physical activity and given red dragon fruit juice. Physical activity was performed in  
the form of treadmill exercises with an intensity of 80–85% of the maximum heart rate (MHR= 220 – age), frequency 
3 times a week, duration 30 min, for 28 days.

RESULTS: The results show that the increase in red blood cells and hemoglobin after intervention in PA+RDF group 
is higher than in the PA group, but based on statistic test, there is no significant difference to increase in red blood 
cells and hemoglobin between the two groups (p > 0.05).

CONCLUSION: The physical activity and red dragon fruit can prevent the decrease of red blood cells and hemoglobin 
in trained people.
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Introduction

Physical activity is a life activity that aims to 
improve the quality of life, welfare, and human dignity. 
Physical activity can affect various aspects of life such 
as psychological, social, economic, cultural, political, 
and biological functions. One of the biological function 
of physical activity is a modulator with a wide spectrum 
of influence and can occur at various levels of function. 
The influence of physical activity on biological functions 
can be a positive influence that is improving fitness 
and health degrees as well as negative influences that 
inhibit or interfere with health [1].

The cardiovascular system serves to ensure 
the supply of oxygen to the muscles that contract during 
physical activity. The main function of the red blood cells 
in exercise is to distribute O2 to tissues and bring CO2 
back to the metabolically produced of lungs. Any rapid 
muscle contractions begin with anaerobic metabolism. 
Energy comes from solving adenosine triphosphate 
(ATP) with adenosine diphosphate (ADP) or adenosine 
monophosphate results and takes place in the 

mitochondria. The release of energy is accompanied 
by the increased flow of electrons in the mitochondrial 
respiration circuit resulting in the formation of reactive 
oxygen and the ATP formation efforts [2].

Physical activity tends to empty the ATP and 
increases the amount of ADP that will stimulate ADP 
catabolism and conversion of xanthine dehydrogenase 
into xanthine oxidase. This xanthene oxidase will form 
free radicals [3]. The ATP also stimulates the formation 
of nitric oxide (NO) endothelial and causes arteriolar 
vasodilation and increases blood flow to contracted 
muscles [4].

Physical fitness depends on hematological 
parameters such as red blood cells and hemoglobin. 
Hemoglobin is needed in adequate quantities in 
trained athletes, especially in endurance sports. The 
decreased red blood cell count and hemoglobin harm 
physical performance [5]. Exercise with heavy intensity 
causes a decrease in body fitness such as weakness 
after completion and then anemia can occur after 
exercise [6]. A considerable loss of iron during physical 
exercise can trigger symptoms of anemia, the high level 
of physical activity of a person, especially for an athlete 
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will affect the level of nutritional needs, especially iron 
needs. The iron is necessary because a person who 
regularly exercises has a larger mass of red blood cells 
so that the amount of iron needed to form it will be 
more [7].

Anemia iron deficiency called sports anemia 
negatively affects one’s exercise capacity and health 
status [5]. A decrease in the amount of body iron 
can occur in female and male athletes. There is a lot 
of misconception about iron deficiency anemia and 
exercise, so it is crucial to have an understanding of 
iron deficiency anemia that is relevant for exercise 
professionals to educate clients properly [8].

During exercise, the body will experience a 
decrease in blood flow to the digestive tract and can 
be reduced iron contained in hemoglobin in red blood 
cells. In strenuous physical exercise, the body will need 
more iron reserves. Experts call it the phenomenon of 
foot-strike hemolysis. The effects of this exercise are 
not enough to cause anemia, but the depletion effect 
of it overtime will make it a problem if the iron reserves 
are depleted [9]. Red blood cells and hemoglobin 
may increase or decrease depending on the intensity, 
frequency, duration, and type of exercise [10]. Other 
factors that affect the value of red blood cells and 
hemoglobin are physical activity, gender, age, nutrition, 
and environment [11].

The effects of antioxidant supplementation are 
not yet fully known whether the body’s natural antioxidants 
that act as a defense system can overcome the increase 
in free radicals during physical exercise or whether 
additional supplements are needed [12]. The iron belongs 
to essential nutrients, which means that the body cannot 
produce it and must obtain it from food. However, if the 
body does not consume enough iron as needed, within a 
certain period, iron nutrient anemia may occur [13].

One of the foods that contain iron and has 
antioxidant potential is the red dragon fruit (Hylocereus 
polyrhizus) [14]. The purpose of this study was to find 
out the effect of physical activity and consumption of 
red dragon fruit on red blood cells and hemoglobin in 
trained people.

Methods

This research method uses the pre-
experimental method with two-group pre-test and post-
test group design who conducted this research in the 
Physical Laboratory of the Faculty of Sports Sciences, 
State University of Medan and Regional Health 
Laboratory of North Sumatra Province, Indonesia.

The subject of the study was 20 people, male, 
trained, divided into two groups randomly, each consisting 
of 10 people, namely, Group 1 (PA): A group that was 

given physical exercise and obtained a placebo; Group 
2 (PA+RDF): A group was assigned physical activity 
and given red dragon fruit juice. Before the research 
begins, an explanation is given to prospective research 
subjects about the purpose and purpose of the study, 
as well as samples which are willing to participate in the 
class sign an informed consent or consent sheet. The 
experimental procedures and protocol according to the 
principles of the Declaration of Helsinki were approved 
by the Human Ethics Committee of the Faculty of 
Medicine of the University of Sumatera Utara with the 
number 59/KEP/USU/2020.

The preliminary data collection before the 
start of treadmill exercises is carried out venous 
blood retrieval by health analysts for hematology 
parameters examination. The subjects did not exercise 
or participate in sports activities for the 2 days before 
resting what took blood samples. The blood was 
taken from the antecubital vein to collect plasma using 
EDTA (ethylenediaminetetraacetic acid) or heparin 
as an anticoagulant. Physical activity was performed 
in the form of treadmill exercises with an intensity of 
80–85% of the maximum heart rate (MHR= 220 – age), 
frequency 3 times a week, duration 30 min, for 28 days. 
The red dragon fruit juice with a dose of 2.8 g/kg body 
weight is smoothed using a blender then added 70 ml 
of water, given daily for 28 days. Immediately after the 
treadmill exercise at the end of the time, the research 
was again carried out venous blood retrieval by health 
analysts for the examination of hematology parameters. 
Hematology parameters examination is carried out in the 
Regional Health Laboratory of North Sumatra Province, 
Indonesia, using the hematology analyzer tool.

Then, the data were analyzed using paired 
t-test with α = 0.05, to test the influence of each 
variable and independent sample t-test with α = 0.05, 
to examine whether there is an influence of physical 
exercise and red dragon fruit juice on red blood cells 
and hemoglobin. The data obtained are then processed 
using statistical procedures using the help of SPSS 
program version 22.

Results

Table 1 shows that the mean of the red blood 
cells levels in the physical activity group in pre-test 
was 5.24 m/uL and in the post-test was 5.46 m/uL. 
There was an average increase in red blood cells in 
the physical activity group of 4.03% but not significant 
(p > 0.05). The mean of the red blood cells levels in 
the physical activity and red dragon fruit group in pre-
test was 5.28 m/uL and in the post-test was 5.52 m/uL. 
There was an average increase in red blood cells in the 
physical activity and red dragon fruit group of 4.35% but 
not significant (p > 0.05).
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The mean of the hemoglobin levels in the 
physical activity group in pre-test was 14.82 g/dl and in the 
post-test was 15.11 g/dl. There was an average increase 
in hemoglobin in the physical activity group of 1.92% but 
not significant (p > 0.05). The mean of the hemoglobin 
levels in the physical activity and red dragon fruit group 
in pre-test was 14.80 g/dl and in the post-test was 
15.90 g/dl. There was an average increase in hemoglobin 
in the physical activity and red dragon fruit group of 6.92% 
but not significant (p > 0.05), as shown in Table 1.

Figure 1 shows that the increase in red blood 
cells after intervention in PA+RDF group is higher 
than in PA group, but based on statistic test, there is 
no significant difference to increase in red blood cells 
between the two groups (p = 0.781; p > 0.05).
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Figure  1:  The  red  blood  cell  differences  between  physical  activity 
group and physical activity+RDF group

Figure 2 shows that the increase in hemoglobin 
after intervention in PA+RDF group was higher than 
in PA group, but based on the statistic test, there was 
no significant difference to the increase in hemoglobin 
between the two groups (p = 0.115; p > 0.05).
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Figure 2: The hemoglobin differences between physical activity group 
and physical activity+RDF group

Discussion

The results in this study were obtained that 
there was an increase in red blood cells and hemoglobin 
after intervention in both groups, but this increase was 
no significant difference. This is due to the increase 
in free radicals due to physical activity that affects the 
aerobic energy pathways in the mitochondria, causing 
fatigue [15]. The red blood cell and hemoglobin levels 
in PA+RDF group are higher than PA group because 
of the factor given red dragon fruit juice that contains 
flavonoids and polyphenols that have potential as 
antioxidants. The results showed that red dragon fruit 
in addition to antioxidants could also improve physical 
fitness [16].

The results showed that free radicals are 
one of the factors responsible for erythrocyte damage 
during and after physical exercise and can cause 
anemia often called “sports anemia” [13]. Gomez-
Cabrera et al. stated that oxidative damage due to 
physical activity could be prevented by optimizing 
nutrition, especially by increasing the antioxidant 
content in vegetables and fruits [17]. Research by 
Arifin et al. states that the administration of dragon fruit 
juice (H. polyrhizus) in female white mice can increase 
hemoglobin levels, the number of erythrocytes, and 
hematocrit percentage [18].

Physical activity stimulates erythropoiesis to 
increase O2 transport capacity. Newly formed cells also 
have an enhanced deformity that thickens the blood 
flow of muscles. The training also increased red blood 
cells 2.3 DPG, which further enhanced the O2 release 
from hemoglobin [19]. Regular exercise causes an 
increase in hematological parameters that positively 
affect exercise capacity [20], [21]. However, some 
researchers say that there is no indication that the 
hematological parameters change [22]. Athletes should 
be aware of the status of nutrients, especially their iron 
and the increased level of their energy expenditure, 
which determines the need for increased caloric intake 
to provide adequate foodstuffs and minerals (such as 
iron) for optimal physical function [23]. The results of 
the study by Cicek stated that there is a decrease in 
levels of red blood cells and hemoglobin in strenuous 
physical exercise compared to aerobic exercise [24].

Hemoglobin is needed in adequate quantities in 
trained athletes, especially in endurance sports, having 
decreased hematocrit, which is sometimes called 
sports anemia. This is not anemia in a clinical sense 
since athletes have a total increase in red blood cell 
mass and hemoglobin circulation relative to individuals 
who are not sedentary much. In the physical activity, 
there is an increase in skeletal muscle contraction in 
line with the increased need for O2 so that there is an 
increase in muscle blood flow by increasing cardiac 
output [25], [26]. In physical activity occurs the binding 
of the bloodstream, so that red blood cells as a mediator 

Table 1: The mean of red blood cells and hemoglobin levels in 
physical activity group and physical activity+red dragon fruit 
group
Variable PA group PA+RDF group p

Mean±SD Mean±SD
RBC (m/uL)

Pre-test 5.24 ± 0.302 5.28 ± 44.05 0.781
Post-test 5.46 ± 0.488 5.52 ± 70.22
% increased 4.03 4.35
Paired t-test 0.315 0.411

HGB (g/dl)
Pre-test 14.82 ± 1.042 14.80 ± 1.394
Post-test 15.11 ± 1.155 15.90 ± 0.879 0.115
% increased 1.92 6.92
Paired t-test 0.602 0.97

PA: Physical activity; RE+RDF: Physical activity+red dragon fruit; RBC: Red blood cell; HGB: Hemoglobin.
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to produce Nitric oxide derivatives. Nitric oxide is a 
signaling molecule that causes vasodilation [19].

The mechanisms cause anemia after physical 
exercise can occur. One of them is the condition of 
anemia caused by hemolysis or the process of solving 
red blood cells due to mechanical pressure and oxidative 
stress conditions, where the amount of free radicals in 
the body increases during physical exercise. Based on 
the theory, that the breakdown of red blood cells tends 
to occur in old blood cells, but a considerable loss of 
iron during physical exercise can trigger symptoms of 
anemia [23].

During physical exercise, there is an increase 
in blood plasma, causing the blood to become 
more fluid, and the concentration of red blood cells 
decreases. As a result, red blood cells pumped by 
the heart throughout the body decrease in number, 
especially in muscle tissue. The high level of physical 
activity of a person, especially for an athlete, will affect 
the level of nutritional needs, especially the need for 
iron. Stored iron decreases through sweat excretion. 
Without enough iron, the body cannot produce enough 
hemoglobin for red blood cells. Iron is necessary 
because a person who regularly exercises has a more 
extensive period of red blood cells so that the amount 
of iron needed to form it will be more [19].

The red dragon fruit is a source of vitamins 
and minerals, which consists of Vitamin B1 reaches 
0.3 mg/100 g of flesh. Red dragon fruit also contains 
phytochemicals that are good for body health such as 
flavonoids [27]. The Flavonoids contained in red dragon 
fruit is capable of directly capturing the superoxide 
and peroxynitrite. By capturing the superoxides, 
flavonoids enhance the bioavailability of nitric oxide 
and inhibit formation of peroxynitrite. Nitric oxide is 
a major molecule that results in local vasodilation. 
Flavonoids can also catch peroxynitrite that damages 
the endothelium, resulting in eventual better blood 
circulation in the coronary arteries [28].

Conclusion

The red dragon fruit has the potential as a 
source of iron and antioxidants, and physical activity 
improves physical fitness. The physical activity and red 
dragon fruit can prevent the decrease of red blood cells 
and hemoglobin in trained people.
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