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 Mercury pollution can results from gold mining. Furthermore, a continuous 

mercury exposure can trigger the formation of Reactive Oxygen Species 

(ROS) and interfere with the body's antioxidant metabolism. A high level of 

free radicals in the body can be characterized by a low level of an antioxidant 

enzyme. Prevention to avoid the impacts of mercury poisoning is 

better than treatment. Tender coconut water can eliminate ROS and improve 

antioxidant status. This study aimed to was to confirm that tender coconut 

water is able to decrease the free radical which is characterized 

by increased antioxidant enzyme GPx status. This study was designed as 

randomized pre- and posttest control group design, 40 traditional gold mining 

workers devided into 2 groups: the control and treatment groups. After the 

pre test of GPx level, the workers were either given tender coconut water at 

the dose of 450 m L or water for 4 weeks every day. Four weeks after the 

pre-test, the level of GPx was assessed in the laboratory PAU-Gajahmada 

University. The post test results of the control group and treatments group 

were compared and analyzed using Man Whitney test. The mean levels of 

GPx post-test in the control group and treated group were 63.5±1.1 U/mL 

and 79.9±8.8 U/mL respectively. The analysis result obtained p-value 0.000 

<0.05. Tender coconut water has an effect on free radicals due to to mercury 

exposure. Tender coconut water can be consumed daily to prevent 

degenerative diseases caused by mercury exposure. 

Keyword: 

Free radicals 

Glutation peroxidase 

Mercury 

Reactive Oxygen Species 

(ROS) 

Tender coconut water 

Copyright © 2018 Institute of Advanced Engineering and Science.  

All rights reserved. 

Corresponding Author: 

Siti Thomas Zulaikhah,  

Department of Public Health, Faculty of Medicine, 

Universitas Islam Sultan Agung, Semarang, Indonesia. 

Email: sitithomas@unissula.ac.id 

 

 

1. INTRODUCTION  

Mercury has been widely used in industrial processes such as thermometer industries, hydrometers, 

barometer, sphygmomanometer, fluoroscents lights, batteries, pesticides, plastics, sodas, chlor-alkalis and 

gold mining [1-3]. Globally, the largest source of mercury emissions comes from the small scale gold 

minings [3]. In Indonesia, there are around 57.5% source of mercury emissions also comes from small scale 

gold minings with the total emissions of 195 tonnes/year [4]. Mercury is a free radical, this substance will 

bind thiol or sulfhydryl contained in antioxidant proteins so the antioxidant activity will decrease [5], [6]. 

This condition will cause depletion of glutathione and an increase in H2O2 due to inhibited activity of 

antioxidant enzymes [5]. Deficiency of one of the antioxidant components of the enzyme leads to a complete 

reduction in antioxidant status and will result in weak protection against ROS attacks [7], [8]. Elimination of 

ROS is very important to maintain the integrity of cell function and can be done by increasing the antioxidant 

activity [9]. Glutathione peroxidase (GPx) acts as a catalyst in breaking down H2O2 into oxidized glutathione 

(GSSH) using glutathione (GSH) as a substrate, GSSH will be reduced to GSH by glutathione reductase 

enzyme Mercury in the body is able to inhibit methioneine synthase (SM) in the methionine cycle and will 

interfere with GSH synthesis resulting in a decrease in GSH (GRed) [10], [11]. Mercury in the body is able to 
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inhibit methioneine synthase (SM), in the methionine cycle and will interfere with GSH synthesis resulting in 

a decrease in GSH [12]. GSH is a substrate for the antioxidant glutathione peroxide (GPx) in breaking down 

hydrogen peroxide, if the glutathione system is disturbed it will cause a decrease in GSH and hydrogen 

peroxide will accumulate and eventually will increase the hydroxyl radicals more harmful to the human body. 

GSH is a substrate for the antioxidant glutathione peroxide (GPx) in breaking down hydrogen peroxide, if the 

glutathione system is interferred it will cause a decrease in GSH and hydrogen peroxide will accumulate and 

eventually will increase the hydroxyl radicals which can be harmful to the human body. The human body 

does not have antioxidant reserves in excess amount, so in case of exposure to free radicals, the body will 

need antioxidants that come from outside the body in order to eliminate the effects of free. Low level of 

antioxidant enzymes can be used as indicator that there is a high level of free radicals in the body [13], [14]. 

The body has protective mechanism to neutralize free radicals which is formed as gluthathione peroxidase 

(GPx) [13].  

Tender coconut water has therapeutic effects, which contains various nutrients can be used to 

eliminate ROS and improve antioxidants status [15]. The results on animal testings indicated that 

administration of tender coconut water can improve antioxidant status and provide protection against damage 

caused by free radicals [15], [16]. This research aims to prove the administration of tender coconut water can 

decrease free radicals which indicated by the increase antioxidat status of GPx enzymes. 

 

 

2. RESEARCH METHOD 
The research design used is Randomized pre and post test control group design. In this design, there 

are four types of observation groups on research variables, the two groups are from initial results observation 

groups (O-1 and O-3), and two final observations results (O-2 and O-4) [17]. The design scheme as shown in 

Figure 1.  

 

 

 
 

Figure 1. Randomized pre and post design test control group design 

 

 

Description : 

R : Randomization  

(X) : administration of tender coconut water of 450 mL/day for 30 days (intervantion) 

(-) : administration of water 450 mL/day for 30 days (control) 

O-1 : Initial Observation Result (GPx Level) in treatment group (pretest) 

O-2 : Final Observation Result (GPx Level) in treatment group (postest) 

O-3 : Initial Observation result (GPx Level) in control group (pretest) 

O-4 : Final observation result (GPx Level) in control group (postest) 

 

Independent variable for this study was administration of tender coconut water 40ml/day for 30 

days, the dependent variables were blood GPx levels, whereas the confounding variables include education, 

age, durations of contact, periods of work, BMI, personal protective equipment (PPE) and blood mercury 

levels. In order to obtain certainty that the changes occurring on the measured dependent variable are actually 

caused by the administration of 450 mL/day of tender coconut water for 30 days, it is necessary to control the 

arising confounding variables, through restriction and randomization.  

To ensure that the control and the treatment groups before intervention had the same subject 

characteristics distribution, the comparative test analyzes were performed in both groups. Education, age, 

duration of contact with mercury, use of PPE, work period and nutritional status (BMI) were analyzed by Chi 

square test because the scale of the data were categorical data, while mercury was analyzed by independent 

t-test because the data scale was ratio and normally distributed. 

The Subjects were traditional gold miner’s workers in Wonogiri with the following criteria: male, 

age 20-60 years old, periods of working as miner for at least 5 years, normal nutritional status (BMI). 

Subjects who met selection criteria were randomized (R), so the treatment and control groups were formed, 

the bias factors can be controlled effectively because the confounding variables were divided evenly between 

two subject groups [17]. The number of sample of 40 randomly divided into 2 groups, which are control and 

treatment group. The treatment group was given tender coconut water 450 mL/day for 30 days, and control 
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group was given water for 450 mL/day for 30 days. The subjects as well as the researcher do not know into 

which groups the subjects are allocated (double blind). The first was conducting pre test by measuring the 

workers blood pressure to their GPx levels, four weeks after pre test , post test was conducted in both sample 

groups by measuring their GPx levels. The GPx levels were examined in the PAU laboratory-Gajah Mada 

University (UGM) by using RANSEL Glutathione. The first test performed was test for data normality since 

the data scale was rasio. The result of normality test using Shapiro-Wilk resulted that the distribution of data 

in both groups were not normally distributed (p<0.05), so the Mann Whitney test will be use to analyze the 

difference between the GPx levels after intervention (postest) in control and treatment groups [18]. 

 

 

3. RESULTS AND ANALYSIS  

3.1.  Characteristics of the Subject 

The result of the analysis indicated that the distribution of characteristics of the subjects between 

treatment group and control group were no significant difference (p value >0.05). This situation indicated 

that the characteristics of the subjects between the control group and treatment group were even. All of the 

subjects have the blood mercury levels exceeding the WHO allowable treshold (<10 µg/L) as well as by 

Directorate of Medical Support Service Directorate General of Medical Care-Department of Health Republic 

of Indonesia in 2008 (≤8 µg/L). The complete result are illustrated in Table 1. 

 

 

Table 1. Distribution Characteristics of the Subjects 

between Treatment Groups and Control Groups 
 No Characteristics Treatment Control p-value 

1. Education 

Elementary School 

Primary School 

Secondary School 

 

1(5%) 

13(65%) 

6(30%) 

 

1(35%) 

12 (30%) 

7(35%) 

 

0.943*# 

2. Age (Years) 

Average ± SD 

Min – Max (years) 

 

39.9±10.5 

24-60 

 

41.8 ±8.4 

29-60 

 

0.532*# 

3. Contact Duration (hours/day) 

≥1 hours/day 

< 1 hour 

 

17(85%) 

3(15%) 

 

20(100%) 

 

0.072*# 

4. PPE 

Never 

Sometimes 

 

15(75%) 

5(25%) 

 

20(100%) 

 

 

0.057*# 

5. Period of Work (Year) 

Average ± SD 

Min – Max (years) 

 

12.85±5.5 

6-22 

 

14.8±5.5 

6-25 

 

0.248*# 

6. Nutritional Status (BMI) 

Normal 

 

20(100%) 

 

20(100%) 

 

---- 

7. Average Mercury Levels ± SD 56.5±37.6 74.6±52.4 0.217*## 

* No significant difference (p>0,05) 

# Chi square test 

## Independent t-test 

 

 

3.2. Average Analysis for GPx levels of Control Group and Treatment Group 

The average level of Pre GPx in treatment group were 69.8±13.4 U/mL and control group were 

69.7±14.2 U/mL, while the average of Post GPx levels in treatment group were 79.9±8.8 U/mL and control 

group were 63.5±1,0 U/mL. The average levels of GPx in the control group and treatment group before the 

intervention were p=0.324, this means that there was no difference of GPx levels before intervention in both 

groups. The result of analysis for average GPx levels after intervention in control group and treatment group 

was p=0.000¸ it means that there were difference on GPx levels after intervention in both groups, in other 

words the administration of tender coconut water can increase GPx levels on traditional gold miners exposed 

to mercury. The complete results are illustrated in Table 2. 

 

 

Table 2. Result of Average Analysis for GPx levels of Control Group and Treatment Group 

Variable 
Average±SD 

p-value 
Treatment Group (n:20) Control Group (n:20) 

Pre GPx Levels 69.8±13.4 69.7±14.2 0.324>0.05* 

Post GPx Levels 79.9±8.8 63.5±1.1 0.000<0.05* 
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The average result of GPx levels after intervention in the control group and the treatment group was 

p=0.000¸ there was a difference of GPx levels after the intervention in both groups, meaning that the blood 

GPx level of traditional gold miners exposed to mercury were evidently increased after the administration of 

tender coconut water 450 mL every day for 30 days. This result is in accordance with Bhagya et al's research, 

Anurag and Rajamohan who stated that administration of tender coconut water can increase the levels of 

SOD and GPx antioxidants in experimental animals [15], [16]. This result is also linear with Zulaikhah's 

research, et al. which states that tender coconut water is able to increase levels of SOD and GPx in traditional 

gold miners exposed to mercury [19]. The difference between this study and previous research conducted by 

Zulaikhah et al. lies in the type of tender coconut water used during the treatment, tender coconut water 

originally derived from ordinary green coconut originating from Pacitan but this research uses the wulung 

tender coconut water originating from Purworejo and its surroundings, the age of the coconut fruit is about  

5-7 months, and the antioxidant status measured is an enzyme antioxidant which is glutathione peroxidase 

(GPx) [19]. 

Tender coconut water contains antioxidants such as vitamin C, vitamin B1, vitamin B6, amino acids 

such as methionine, L-Arginine, selenium, cytokines and minerals that are very useful for protecting body 

cells from free radical attacks and preventing effects caused by mercury exposure [15], [20]-[23]. Tender 

coconut water is a source of methionine and vitamin B6 [23]. Methionine acts as a precursor for the 

formation of cysteine which is the main compound in the synthesis of glutathione (GSH). Methionine will be 

synthesized to S-adenosylmethionin (SAM) with the aid of a methionine adenosyltransfrease enzyme 

catalyst. Furthermore, S-adenosilmethionin (SAM) will be converted to S-adenosilhomocysteine (SAH), 

SAH will be converted to homocysteine with the help of enzyme adenosilhomosisteinase and by methionine 

synthase (MS) homocysteine can be converted back into methionine. In cysteine synthesis, homocysteine 

will be converted to cystationin with the help of cystathionine β synthase (CBS) enzyme and vitamin B6 and 

then converted to cysteine with the help of the enzyme sistationin liase and vitamin B6, finally cysteine will 

be synthesized into glutathione (GSH) [12], [24], [25]. Tender coconut water contains selenium, which plays 

an important role in protein synthesis and GPx activity, the lack of selenium in the body can decrease GPx 

activity by up to 90% [26]. Mercury has a strong binding force against selenium [5], and both are 

antagonistic [27]. Giving young coconut water to workers exposed to mercury can be used as a source of 

selenium in order to increase GPx activity. 

 

 

4. CONCLUSION  

The average of GPx levels after intervention in the control group and treatment group was 

p value=0.000¸ there was difference on GPx levels after intervention in both groups which means the blood 

GPx levels of traditional gold miners exposed to mercury was proven to increase after the administration of 

tender coconut water of 450 mL every day for 30 days. 
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