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ABSTRACT: During the last century there were significant changes in elucidating the role of functional foods on the
human’s health. Recently the global interest is focusing on the natural diets due to their important role on the physical
and physiological performances. The current study aimed to evaluate the synergistic effect of watermelon juice and
aquatic exercises on some physical fitness and physiological variables depending on experimental and reference
groups. Thirty-six students (18 males and 18 females) in the age (19-22) from the Physical Education Department at
An-Najah National University volunteered to participate in the experiment. An anthropometric measurement was
performed alongside with specific medical examinations to determine the effect of both aquatic and watermelon juice
and aquatic exercises alone on some physical fitness and physiological variables. The results show that both,
watermelon juice and aquatic exercises, revealed statistically significant differences at p value < 0.05 compared with
aquatic exercises alone. In case of gender, male and female the F-values were found significant at p ˂ 0.05 for the
variables (endurance, sprint 30m, sit up, total cholesterol, high density lipoproteins). Furthermore, these findings
indicated that male students were better than female students in (endurance, sprint 30 m, sit up test, and total
cholesterol); in contrast female students had more high-density lipoproteins than male students. The synergistic
effects of watermelon juice with aqua exercises improved the performance and physiological variables for the
experimental group.
KEYWORDS: Watermelon; aqua exercises; performance; physiological variables.

1. INTRODUCTION
The usage of drugs and techniques by the world's top athletes to enhance performance has been a
tenacious issue in world sporting events for nearly more than four decades and this behavior dates back to
the Ancient Greeks who used mushrooms, ginseng root, and opium to enhance their athletic prowess.
Therefore, some athletes consume drugs for improving their performance. However, the majority of
individuals utilizing these substances are considered from recreational athletes kind of sports e.g.,
weightlifters and bodybuilders, to improve overall strength and personal appearance [1]. It is presumed that
most, if not all, drugs have potential short-term and/or long-term side effects. Unfortunately, it is difficult
to confirm such effects directly through studies as it would be unethical to give dosages as high as those used
by athletes for performance enhancement [2]. Knowledge about side effects may be approved from empirical
observation, reports of admitted users and effects in patients prescribed such agents for medical conditions
[3-5]. Nowadays, scientists return back to natural products as a safer alternative to drugs. Watermelon
contains important elements, acids, vitamins and simple carbohydrates, which all of them have been proven
to have beneficial effects in humans [6]. Beneficial ingredients in watermelon are known as phyto-nutrients.
These biological active natural compounds are able to metabolize in the human body to enhance
physiological and biochemical processes that will improve human body performances. L-Citrulline, which
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exists in watermelon, is a ubiquitous amino acid in mammals and closely related to L-arginine. It is a known
stimulator of nitric oxide (NO) production [7]. Which is a key element for various biological processes within
human body which travels freely from one cell to another assisting in a variety of biological functions and
can act as an intracellular messenger, a hormone, and a neurotransmitter. Body builders or those who
perform rigorous physical activities need a higher amount of NO, as it allows for an increase in blood flow
while building muscles. In addition, watermelon has a diuretic effect and considered homeopathic treatment
of renal failure disease and its use for dialysis became wide spread [8, 9].
In the kidney, vascular endothelium, and other tissues, L-citrulline can be readily converted to Larginine, which is the main precursor of NO, via nitric oxide synthase (NOS) activity [10, 11]. It was found
that oral L-arginine supplementation decreases brachial blood pressure via improved endothelial NO
production in adults with prehypertension and hypertension [12, 13]. Recently, watermelon juice has a
positive reputation amongst athletes and scientists, due to its ability to relieve post-exercises muscle soreness
[14].
The naturally occurring chemicals found in the watermelon fruit accelerated lactic acid removal,
which enables better physical performances. Accordingly, athletes can carry out more intense training and
able to recover faster after each workout. A report which was published in the Journal of Agricultural and
Food Chemistry, attributed watermelon's effects to the amino acid L-citrulline [14]. This acid is an essential
compound in the production of NO, a gas that widens the blood vessels, and previous studies have also
found that a daily dose of watermelon could lower blood pressure, reducing the risk of a stroke or heart
attack.
In addition to drugs and natural functional foods, such as watermelon, aqua fitness also has significant
effects on the human body in many capacities. These include effects on joint flexibility [15, 16], functional
ability [17], muscle strength [18], and aerobic fitness [15]. Aquatic therapy is becoming more popular due to
the therapeutic benefits of water. During exercise, the demand for oxygen and energy substrates is elevated
in active skeletal muscle. To meet increased demand, blood flow to working musculature is increased. NO
has been identified as an important contributor to the vasodilatation observed with exercise [19]. It is known
that NO synthesis occurs via at least two physiological pathways: The nitric oxide synthase (NOS) dependent
and NOS independent pathway. In the former pathway the NO production includes a series of reactions
oxidizing L-arginine to L-citrulline and NO [20]. Given their importance in the NOS-dependent pathway, a
number of studies have investigated the effects of arginine and L-citrulline-based supplements on exercise
performance [21-23]. This study aimed to evaluate for the first time the synergistic effect of watermelon juice
with aquatic exercises with the pre and post tests on some physical fitness and physiological variables in
favor of posttests for both genders and subgroups.
2. RESULTS
This study conducted for eight weeks of watermelon juice supplementation and aquatic exercises on
36 participants to evaluate their effects on some physical fitness and physiological variables. All the results
in Table 1A and Table 1B indicated that there were statistically significant differences between the pre and
post-tests of some physical fitness and physiological variables in favor of post-tests for both genders and
subgroups. The tow way ANOVA results in table 2 revealed that there were statistically significant
differences at p ≤ 0.05 according to gender, group, and interaction. In case of gender (male & female), there
were significant differences at p ≤ 0.05 in the variables of (endurance, sprint 30m, sit up, TC, and HDL), and
no significant differences were noticed for the other variables. Furthermore, these findings indicated that
male students were better than female students in (endurance, sprint 30m, sit up test, and TC) variables; in
contrast female students had greater HDL than male students (Figure 1). In case of group (experimental &
reference) there were significant differences at p ≤ 0.05 for the variables of (endurance, sprint 30m, TC, TG,
HDL, and LDL), and no significant differences were seen for the flexibility and sit up test variables. The
experimental group (with regard to both genders) was physically and physiologically better than the
reference group (Figure 2).
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Figure 1. The differences in post-tests according to the gender variable.

Figure 2. The differences in post-tests according to the group variable.

In case of interaction (gender* group), there were statistically significant differences at p ≤ 0.05for the
sit up test and TG variables. In sit up test, male students (experimental group) were better than female
students of both groups and male students in reference group. In addition, the performance of male and
female students (reference group) was greater than female students (experimental group), no significant
difference was found between male and female students in reference group (Figure 3). Moreover, male
students (experimental group) were better than female students of both groups and male students in
reference group for (TG) variable, and no significant differences in the other comparisons (Figure 4).
Table 1A. The synergistic effect of watermelon juice and aquatic exercises on some physical fitness and
physiological variables for the experimental group.
Physical fitness and
physiological
variables

Female students

N=9

Pre

Post

Male students

N=9

Pre

Post

M±SD

M±SD

M±SD

M±SD

Endurance (min)

16.01±1.74

14.22±1.71*

11.69±1.29

9.74±1.29*

Flexibility (cm)

10.33±9.04

18.44±9.13*

8.44±9.12

17±7.01*

Sprint (30m/s)

5.88±0.43

4.91±0.42*

5.10±0.45

4.37±0.25*

Sit up (times/min)

24.22±7.82

32±4.12*

35±4.35

43.44±4.58*

TC (mg/dl)

183.38±15.95

155±14.45*

167.19±16.53

139.01±19.71*

TG (mg/dl)

146.26±36.06

102.02±18.05*

125.21±34.5

72.09 ±12.72*

HDL (mg/dl)

45.37±5.08

59.48±7.97*

37.52±3.18

47.02± 4.24*

LDL (mg/dl)

108.75±17.66

75.11±14.20*

104.62±16.16

77.56±16.65*

Note values are M±SD= mean± standard deviation; TC= Total Cholesterol; TG= Triglycerides; HDL=High Density
Lipoproteins; LDL= Low Density Lipoproteins; *Significant effect (pre vs. post) differences at p ≤ 0.05.
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Table 1B. The effect of aquatic exercises on some physical fitness and physiological variables for the
reference group.
Physical fitness and
physiological variables
Endurance(min)
Flexibility(cm)
Sprint(30m/s)
Sit-up(times/min)
TC (mg/dl)
TG (mg/dl)
HDL (mg/dl)
LDL (mg/dl)

Female students N=9
Pre
Post
M±SD
M±SD
16.34±1.02
15.32±1.07*
5.55±5.05
15.22±4.52*
5.90±0.61
5.44± 0.44*
29±7.01
37.66±6.02*
190.99±25.01 168.65±25.37*
172.40±39.17 105.18±21.88*
43.18±4.65
51.88±1.88*
113.32±23.23 95.43±23.30*

Male students N=9
Pre
Post
M±SD
M±SD
13.19±1.86
12.20±1.88*
5.88±3.3
14.44±3.32*
5.11±0.43
4.83±0.36*
33.44±4.69
38.55 ±4.87*
179.69± 9.83
156.42±13.45*
144.47±25.85
110.57±22.85*
35.90±2.62
40.2 ±1.35*
114.89±10.58
94.11±12.25*

Note values M±SD= mean± standard deviation; TC= Total Cholesterol; TG= Triglycerides; HDL=High Density
Lipoproteins; LDL= Low Density Lipoproteins; *Significant effect (pre vs. post) differences at p ≤ 0.05.

Table 2 Two-way ANOVA for the differences in the post tests of some physical fitness and physiological
variables according to gender, group and interaction (gender* group).
Physical fitness
and
physiological
variables

Experimental
Group

Reference Group

Sources of Variation

Male
M±SD

Female
M±SD

Male
M±SD

Female
M±SD

Endurance(min)

9.74±
1.26

14.22±
1.71

12.20±
1.88

15.32±
1.07

Gender (total)
Male
Female
M±SD
M±SD
10.97±
14.77±
2.01*
1.50

Flexibility (cm)

17±
7.01

18.44±
9.13

14.44±
3.32

15.22±
4.52

15.72±
5.48

16.83±
7.18

Group (total)
Exp
Ref
M±SD M±SD
M
11.98± 13.76±
M
2.73*
2.19
m
17.72± 14.83±
7.93
3.87

Interaction

Sprint (30m/s)

4.37±
0.26

4.91±
0.42

4.83±
0.36

5.44±
0.44

4.60±
0.38*

5.17±
0.50

4.64±
0.43*

5.13±
0.50

0.784

Sit up
(times/min)

43.44±
4.58

32±
4.12

38.55±
4.87

37.66±
6.02

41±
5.23*

34.8±
5.79

37.72±
7.25

38.11±
5.33

0.003*

TC (mg/dl)

139.01±
19.71

155±
14.45

156.42±
13.45

168.35±
25.37

147.72±
18.66*

161.67±
21.17

147±
18.68*

162.38±
20.63

0.748

TG (mg/dl)

72.09±
12.72

102.02±
18.05

110.57±
22.85

105.18±
21.88

91.33±
26.71

103.60±
19.52

87.06±
21.60*

107.87±
21.88

0.010*

HDL (mg/dl)

47.02±
4.24

59.48±
7.79

40.20±
1.30

51.88±
1.88

43.61±
4.65

55.68±
6.74*

53.25±
8.84*

46.04±
6.22

0.800

LDL (mg/dl)

77.56±
16.65

75.11±
14.20

94.11±
12.25

95.34±
23.30

85.84±
16.54

85.27±
21.44

76.34±
15.06*

94.77±
16.07

0.743

P-value
0.197
0.877

Note values is M±SD= mean± standard deviation; total= male and female together; TC= Total Cholesterol;
TG=Triglycerides; HDL=High Density Lipoproteins; LDL= Low Density Lipoproteins; *Significant differences at p ≤
0.05.

Figure 3. The interaction (gender* group) in sit up
post-test.

Figure 4. The interaction (gender* group) in TG
post-test.
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3. DISCUSSION
From the ancient times, Water has been used for cleansing and religious means purposes specially
among the Greeks, Egyptians, and Romans, and the fathers of healing, Pythagoras (B.C. 530) and
Hippocrates (B.C. 460), used water with friction and rubbing for the treatment of rheumatism and gout [24,
25]. The physical properties of water may provide increased in relaxation, ease of movement, resistance, and
support, with the added benefit of lower impact forces and pain levels [26, 27]. Aquatic exercises may even
give individuals a better workout, indicating a higher amount of oxygen consumption during aquatic
treatment. Due to the added benefits of water, many forms of aquatic therapy are now existing. Each mode
of aquatic therapy and exercise introduces a variety of treatment and rehabilitative exercise programs [28].
The name for the L-citrulline amino acid is derived from the Latin word for watermelon (Citrullus) from
which it was first extracted. Although L-citrulline is a component of a number of different foods, but
watermelon juice is a primary source of L-citrulline which contains about 2.33 g of L-citrulline per L of
unpasteurized juice [21]. Chronic supplementation with L-citrulline malate has been shown to enhance
skeletal muscle power output in concert with a greater oxidative energy turnover and a lower pH-to-power
ratio and a lower ATP cost of muscle force production [29]. In a study which was conducted by Bailey et al.,
found that L-Citrulline supplementation improved O2 uptake kinetics and high-intensity exercise
performance in humans [30]. In addition to that, it was approved that watermelon is rich source of many
antioxidants such as β-carotene and lycopene which may increase nitric oxide bioavailability since they have
been shown to blunt the scavenging of nitric oxide by superoxide [31]. It has also been reported by Tarazona
et al. and Cutrufello et al., that ingestion of watermelon juice can attenuate muscle soreness after completing
intense exercise [14, 32]. In fact, watermelon increases blood flow and reduces blood pressure by the action
of L-citrulline on the blood vessels which expands them to improve blood flow and reduce blood pressure
[33]. The NO is a biologically active substance produced through the conversion of L-arginine to L-citrulline
via a Ca2+-dependent nitric oxide synthase (NOS) or a Ca2+-independent nitric oxide synthase (iNOS) which
decreased muscle soreness and this leads to increase performance [34]. However, those results are consistent
with other research which found that supplementation with amino acids like L-citrulline helps to improve
athletic performance and achieve faster recovery [35]. However, Perez-Guisado and Jakeman found that
citrulline malate (8 g/day) enhances athletic anaerobic performance and relieves muscle soreness [36]. Taken
together all these facts, these observations suggest that watermelon juice could be a nitric oxide precursor
which can be used to improve muscles performances and reduced muscles soreness. Acute and chronic
exercise is known to alter blood lipid antioxidant profiles [37] and, incidentally, subjects who participate in
greater amounts of exercise have raised lipid antioxidants compared to sedentary controls [38]. The obtained
results showed the significant differences between the pre and post-tests of some physical fitness and
physiological variables in favor of post-tests of both genders and subgroups. Furthermore, these findings
indicated that male students were better than female students in endurance, sprint 30 m, sit up test, and TC;
in contrast with female students who had more HDL than male students. In the case of the group
(experimental & control) the F-values were found significant at p ˂ 0.05 for the variables [endurance (min),
sprint (30m/s), TC, TG, HDL, LDL, and no significant differences at p value ˂ 0.05 were seen for the flexibility
(cm) and sit up (times/min) test variables. In the case of interaction (gender* group), the F-values were
found significant at p ˂ 0.05 for the sit up test and TG variables. In sit up test, male students (experimental
group) were better than female students of both groups and male students in control group. In addition, the
performance of male and female students (control group) was greater than female students (experimental
group), and no significant difference was found between male and female students in control.
Finally, male students (experimental group) were better than female students of both groups and male
students in control group for (TG) variable and no significant differences in the other comparisons.
Further research should be concentrated on the relation between the doses of watermelon supplementation
and aqua exercises to increase to maximum range the performance and humans’ physiological variables.
4. CONCLUSION
This study showed that the synergistic effects of watermelon juice with aqua exercises and aquatic
exercises alone improved athletic performance and physiological variables. Moreover, the obtained results
showed that there were statistically significant differences between the pre and post-tests of some physical
fitness and physiological variables in favor of post-tests for both genders and subgroups. This may be
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attributed to the chemical constituents of watermelon juice such as L-citrulline and the reduced effort of the
muscle in aqua systems.
5. MATERIALS AND METHODS
Thirty-six students (18 males and 18 females) in the age range of 19 to 22, from the Physical Education
Department, at An-Najah National University volunteered to participate in the experiment. The participants
were not competitive athletes, but they participated regularly in different sports. The study was approved
by the Ethical Committee of the An-Najah National University/Palestine. All of the study details were
explained to the participants, who also gave their written consent. Participants completed a questionnaire
about their personal history of health and diseases. Furthermore, an anthropometric evaluation was
performed according to the International Society for the Advancement of Kinan thropometry (ISAK) [39].
These evaluations, alongside with medical examinations were used to determine the inclusion or exclusion
criteria. These parameters were normal in all participants, who were not taking any medication or suffering
from injuries that could interfere with their athletic performance in water.
Fresh watermelon juice was prepared from seedless watermelons purchased at a local supermarket
(Motawe, Rafedia Str., Nablus-Palestine), the watermelon juice was prepared as described in Collins et al.
[40]. The watermelon flesh was separated from the rind and liquefied using a juicer (Moulinex, Depose type
241). Then the participants of the experimental group were supplemented with 250 ml watermelon juice two
hours before the exercise. Two groups were included in this study, first group (9 males and 9 females)
consumed fresh water melon juice with aquatic exercises and the second group only performed traditional
aquatic exercises which considered a control group.
The studied two groups (all exercise participants) received a 1-hour aquatic exercise class 3 days a
week on alternative days for 8 weeks from May 20 to July 20, 2015. The physical fitness variables included
endurance, flexibility, sprint 30 m and sit-up. These variables were separately and scientifically measured
before and after the training program, and after 10 minutes of warm-up. The endurance was evaluated by
using cooper 1.5-mile run/walk test. The participants were instructed to complete the distance as quickly as
possible and the time was recorded in minutes and seconds by using a stopwatch. The flexibility was
measured by using sitting trunk forward flexion, the participants were asked to remove their shoes and sit
on the ground with their feet together. With the command “start”, they stretched both of their hands and
bent their upper bodies to allow the middle fingers of both their hands to reach and slowly push the
instrument. The students were asked not to bend their knees as they performed the test. The test was
repeated twice for each student and the better scores were then recorded in centimeters. Sprint 30-meter test
was used to evaluate the ability of participants to efficiently and effectively build up acceleration and reach
the maximum speed. This test requires the participant to run as fast as possible over 30 meter after starting
from standing position. The test was repeated twice for each participant and the better performance was
recorded in seconds. Sit up test requires the participant to perform as many as sit-ups as possible during one
minute. The participants were asked to put their legs apart by 30 cm with their legs bent at a right angle, as
they lied on their backs on the mat without the fingers of both their hands laced behind their heads. With
the command “start”, they raised themselves, making both of their elbows touch their knees. The number of
corrected times was recorded.
Blood samples (serum) of the participants were analyzed for Triglycerides (TG), Cholesterol (CT),
High Density Lipoproteins (HDL) and Low-Density Lipoproteins (LDL) using closed system biochemistry
analyzer (Roche-HitacheCopus, C311), in the laboratories of Public Health Division, Faculty of Medicine and
Health sciences, An-Najah National University.
5.1. Data analysis
Means and standard deviations were used as descriptive statistics. Differences between pre and post
tests were treated by using paired t test for both genders and subgroups. Tow-way ANOVA analysis of
variance was applied to determine the differences in post-tests according to gender, group and interaction.
Data was analyzed using Statistical Package for Social Sciences (SPSS) version 20. The significance level was
fixed at at p ≤ 0.05 for all statistics. The sample was normally distributed and no significant differences were
separately found in pre-tests between males (Exp vs. Ref) and females (Exp vs. Ref).
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