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Abstract. The study was conducted to determine the effect of orange juice on muscle 

damage and leucocytes count of Tarung Derajat Athletes. Subjects were 10 athletes of 
Tarung Derajat, divided two group: orange juice (OJ) and placebo (PLA), quasi 

experiment study. Participant were randomized to consume 300 ml OJ or 300 ml PLA 

and exercise of Tarung Derajat for 12 d. Blood sample were obtained at baseline and 48 

post-intervention. Measurement of muscle damage (creatine kinase/CK) and leucocytes 
count. OJ consumption was no effect on CK level (p=0,296 > 0,05) and significantly 

correlated on leucocytes count (p=0,005 < 0,05). OJ have effect on exercise-induced 

decreases leucocytes count, but no effect on muscle damage. 
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1  Introduction 

 Exercise has caused muscle damage, therefore increased production of reactive oxygen 

species (ROS) moreover other inflammatory molecules (Aoi et al, 2004). Exercise induced 

muscle damage followed by reaction an auto-oxidation of hemoglobin and myoglobin, which 

both has an effect on production and reactivity of ROS (Cooper et al, 2002).  

 Maximal physical activity caused injuries that triggers inflammation, furthermore 

stimulates of phagocytes white blood cells to suspended inflammation (Leeuwenburgh and 

Heinecke, 2001). Normal physical activity, antioxidant eliminating destructive molecules. 

However, oxidative stress causes an imbalance between free radical production and 

antioxidant defense. This oxidative stress is involved in aging process, cell damage, muscle 

damage, muscle fatigue and overtraining (associated with an inadequate recovery) (Finaud, 

2006).  

 High intensity interval training causes an inflammatory response in blood (Belviranli et al., 

2017, Fatemah et al., 2014). Furthermore, other studies conducted on trained-untrained 

subjects, exercise has increasing count of leukocytes in both subjects (Musa et al., 2016).  

Leukocytes are white blood cells that function as the body's defenses, containing the nucleus 

(Ganong, 2010). Therefore, peripheral leukocyte count can be a source of information for 

diagnosis and prognosis as well as a description of organ damage and recovery after maximal 

physical activity (Sodique, 2000). 

Some research indicated, exercise increased free radical production, caused to increase 

aerobic energy production. Impact of free radicals could be inhibited by antioxidants. 

AISTSSE 2018, October 18-19, Medan, Indonesia
Copyright © 2019 EAI
DOI 10.4108/eai.18-10-2018.2287307



 

 

 

 

Antioxidants could be delay and inhibit oxidation reactions of free radicals, therefore muscle 

damage, biomolecules damage, such as DNA, proteins, and lipoproteins decreased. 

Furthermore, the incidence of degenerative disease could be reducing  (Devasagayam, et al., 

2004).  

Some antioxidants were protected cells from free radicals such as vitamins C and E, 

carotenoids and flavonoids (Janero, 1991, Packer, 1991), but most commonly used for 

exercise were vitamin C and E. One of the fruits that contain vitamin C is orange, which can 

be consumed in the form of juice. Nutrient content of orange juice per 228 grams of energy 

110 cal, carbohydrate 28 g, protein 2 g, calcium 19 mg, phosphorus 16 mg, vitamin A 15 mcg, 

vitamin C 104 mg, vitamin D 2.5 mcg, thiamin 2 mg, riboflavin 1 mg, niacin 8 mg, vitain B6 

15 mg, folate 61 mcg (Florida Orange Juice, 2018). For this reason, this study was conducted 

to determine the effect of orange juice on muscle damage and leucocytes count of Tarung 

Derajat Athletes. 

 

 

2   Methods 

 
2.1 Subjects and Procedures 

The samples consisted of 10 athletes, consequently,  be ready to be the samples, to take 

part in exercise, did not have a smoke, did not consume vitamin C supplements during the 

study.  
This research was a quasi-experimental study. Athletes were divided two groups, 

randomly, OJ and PLA group. Collecting of  CK levels and leucocyte counts at the baseline. 

Thereafter, group 1 was given 300 ml orange juice and exercise Tarung Derajat, group 2 was 

given placebo 300 ml and exercise Tarung Derajat, for 12 d. Finally, the creatine kinase levels 

and leukocyte counts were re-collected after 48 h post-treatment. 
Laboratory testing included CK levels and leucocytes count. Laboratory testing were at 

regional laboratory of North Sumatera. CK testing was by DGKC method and leukocyte 

testing were by haematology analyzer. 

2.2  Statistical Analyses  

 Data analysiswere supported by statistic software “SPSS version 17.0” IBM. Normality 

test was assessed by Kolmogorov-Smirnov. Mean and standard deviation parameters were 

calculated. Pair t test were calculated to estimate the effect result on the same group, and 

independent t test to estimate the effect result on different group. The level of significance was 

p<0.05. 

 

 

 

 

 



 

 

 

 

 3 Result and Discussion 

We found significant effect of consumption OJ on leucocytes during exercise of Tarung 

derajat for 12 times, but no significant effect on CK levels 

 

Table 1.  Leucocyte counts and CK Level of OJ Group 

Parameters Leucocytes count CK Level 
Before After Before After 

Mean 
8.478 

(10
9
/l) 

7.020 

(10
9
/l) 

63.80 

(U/L) 

67.20 

(U/L) 
SD 1.459(10

9
/l) 1.078(10

9
/l) 21.017 

(U/L) 

8.106 

(U/L) 
p value 0.004* 

 

0.754 

*Significant (p<0.05) 

 

There was significant effect of consumption PLA on leucocytes and CK levels during exercise 

of Tarung Derajat for 12 times. 

 

Table 2. Leucocyte counts and CK Level of PLA Group 

Parameters Leucocytes count CK Levels 
Before After Before After 

Mean 8.73 

(10
9
/l) 

9.6 

(10
9
/l) 

56 

(U/L) 

13.03 

(U/L) 
SD 1.63 

(10
9
/l) 

1.04 

(10
9
/l) 

75.40 

(U/L) 

12.70 

(U/L) 
p value 0.044* 0.012* 

*Significant (p<0.05) 

 

There was an effect of consumption of orange juice on counts of leukocyte athletes. The 

difference of mean value of leukocyte counts athletes who consumed orange juice and 

placebo. Athletes who consumed OJ for 12 times during training of Tarung Derajat, evidently, 

leucocytes count were lower than who consumed PLA. There was no effect of orange juice 

consumption on creatine kinase levels. There was increased CK level on both groups, the 

biggest on PLA group. 

 

 

 

 

 

 



 

 

 

 

Table 3. Leucocyte counts and CK Level of OJ and PLA Group 

 

Parameters Leucocytes count CK Levels 
Mean -2.61(10

9
/l) -8.2(U/L) 

SD 0.67(10
9
/l) 6.738(U/L) 

p value 0.005* 0.258 

*Significant (p<0.05) 

In this research, there was no effect of orange juice consumption on creatine kinase 

levels, therefore, both of them increased CK level. Orange juice contains vitamin C, which is 

one source of exogenous antioxidants. As an antioxidant, vitamin C prevents muscle damage 

caused by ROS production. ROS arise when oxidizing proteins, fatty acids and DNA in body 

(Gershoff, S.1993, Harats, et al. 1998). 

The enhancement of creatine kinase is an indicator of muscle damage. Exercise-induced 

metabolic stress causes muscle damage. Metabolic stress occurs due to production of free 

radicals and excessive amounts of calcium. Increased of activity in electron transport chain, 

semiquinone in mitochondria and xanthine oxidase in endothelial cell capillaries increases 

oxygen consumption during exercise (Su Qs, et al., 2010), all of which can lead to increase of 

production of free radicals and muscle damage. 

Consumption of vitamin E supplementation on Deep Sea Marathon athletes, there was no 

difference in serum creatine kinase levels between two groups (control: 5351.6 ± 1331.9 U/L-

1 and Vitamin E: -5337.3 ± 1058.4 U/L-1; P> 0.05) although serum creatine levels on vitamin 

E group were lower. In conclusion, Vitamin E cannot protect increased muscle damage in the 

Marathon Athlete (Bataineh, et al., 2017). 

Increased CK has not been thoroughly explained, but an enhancement CK can be due to 

an enhancement on muscle temperature. This causes a higher reaction on muscles by increased 

water loss for thermoregulation. Furthermore, increase of energy oxidation requires higher 

oxygen loading, which, when combined with a reduction in plasma volume creates a similar 

situation with a higher intensity of exercise (Cheuvront, 2001, Del Coso et al., 2013), thus 

causing higher muscle damage than expected. 

Some studies suggest that consumption of exogenous antioxidants reduce muscle 

damage, although in this study orange juice was not significantly proven reduce the impact of 

exercise on muscle damage. This is supported by the results of other studies showing that 

there is no effect of supplement consumption on muscle damage. Consumption of lemon 

verbena extract (400 mg) after exercise did not correlate significantly from placebo group on 

serum creatine kinase in the first 24 hours after exercise (p = 0.0788) (Werner et al., 2018). 

The combination of vitamin C and E supplementation for 6 weeks did not have an impact on 

reducing muscle damage (Bailey, 2011). 

In addition, orange juice also affects the decrease of leukocytes in athletes. Orange juice 

was a healthy drink that contains vitamins and minerals (Chun, 2007). Orange juice was 

considered one of the important sources that contain nutrients: vitamin C, folate and 

potassium. Vitamin C can protect endothelial cells and LDL from oxidative stress of intra-

extra cells (Sabharwal, 2008). 

Vitamin C in orange juice can enhance immune system and maintain an effective 

immune response (Wintergerst, 2007). Several studies has shown that vitamin C strengthens 

and protects the immune system by stimulating antibody activity and immune system cells 

such as phagocytes and neutrophils. Some theories state neutralizing ROS production during 



 

 

 

 

high-intensity exercise by maintaining the redox integrity of immune cells (Wintergerst, 

2006). 

Vitamin C is a non-enzymatic antioxidant that dissolves in water. As an antioxidant, 

vitamin C works as an electron donor into biochemical reactions both intracellular and 

extracellular. Intracellular vitamin C is able to remove reactive oxygen compounds in 

neutrophil cells, monocytes, lens proteins and retina and react with Fe-ferritin. Outside the 

cell, vitamin C is able to remove reactive oxygen compounds, thus preventing oxidation of 

LDL, transferring electrons intotocopherol oxidized and absorbing metal in the digestive tract 

(Levine et al., 1995). 

Vitamin C is beneficial for enhancing the immune system and has antioxidant effects. 

Therefore, vitamin C also increases immune system through immunological activity of 

leukocytes, interferon production, inflammatory reactions processes and membrane integrity. 

Vitamin C affect on physical performance in athletes due to the synthesis of carnitine in 

providing energy and enhancing immune function, especially endurance exercise athletes 

which tends to be more susceptible to upper respiratory infections. 

Establishment of free radicals, 5% of oxygen consumption can be neutralized by 

endogenous antioxidants. However, if the establish of free radicals increases due to strenuous 

and tiring exercises, the body's defense system requires exogenous antioxidants to neutralize 

excess free radicals. If it was not neutralized, an imbalance causes oxidative stress that 

stimulates leukocyte activity (Cooper, 2000). 

In this study, evidently, that consumption of 300 ml orange juice for 12 times during 

exercise was effective to reduce the count of leukocytes. This is also consistent with other 

studies which suggest consumption of antioxidant supplements can improve the antioxidant 

defense system, thereby reducing the impact of oxidative stress induce- exercise (Barr, 2004, 

Bloomer, 2006). 

 

4 Conclusions  

This study concluded, creatine kinase levels  of orange juice (OJ) group was lower than 

placebo (PLA) group, whereas it was not significant. Consumption of OJ significantly affected 

on decrease count of leukocytes. Therefore, in this study, consumption of orange juice reduce 

the inflammatory response induce-exercise. Our result require confirmation in large study, so 

the result will be more accurate. 
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