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ORIGINAL ARTICLE Open Access 

ABSTRACT 

 

Introduction: Anemia is a frequent complication of chronic kidney disease (CKD) in children and it causes an 

increase in morbidity, mortality and accelerates the rate of progression of CKD. Inflammation and impaired kidney 

clearance increase plasma hepcidin, inhibiting duodenal iron absorption and sequestering iron in macrophages. 

However, the role of hepcidin in increasing the risk of anemia in children with CKD is still uncertain. This study 

aimed to investigate the association between hepcidin levels and anemia in children with pre-dialysis CKD. 

 

Methods: A cross-sectional study was conducted at Dr. Soetomo Academic Hospital from December 2018 to 

February 2019. Children with pre-dialysis CKD were enrolled in this study. The subject had no history of 

erythropoietin administration and blood transfusion 3 months before the blood sample were withdrawn. A 

complete blood count, ferritin serum, transferrin saturation (TSAT) and hepcidin serum were performed. The 

correlations between Hepcidin and ferritin level, between ferritin level and anemia, and between TSAT and anemia 

were analyzed using Spearman correlation and the Mann-Whitney test. 

Results: A total of 47 children, 27 boys and 20 girls, ranged in age from 3 months to 18 years old. There was a 

significant correlation between hepcidin and ferritin levels (p=0.006) and the value of the Spearman correlation 

was r=0.392. While the correlation between ferritin level and anemia showed a significant result, p=0.001. 

However, TSAT did not show any significant correlation with anemia (p=0.230).  
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Conclusion: There was an indirect association between hepcidin level and anemia by increasing ferritin level that 

induces anemia in pre-dialysis CKD children. 
 

Keywords: Hepcidin; anemia; children; chronic kidney disease   

 

 

 

 

  

 

 

 

 

 

Introduction 

Anemia is highly prevalent in CKD and the severity increases as the disease advances and is 

associated with poor prognosis and increased mortality[1]. Data from the North American Pediatric Renal 

Trials and Collaborative Studies (NAPRTCS) revealed the prevalence of anemia in children with CKD, 

ranging from 73 to 93%, depending on the CKD stages[1], [2]. While data from Dr. Soetomo Academic 

Hospital, Surabaya, Indonesia from January 2010 to February 2014 revealed the prevalence of anemia was 

73.2%[3]. Anemia is an important risk factor for the development and progression to end-stage renal 

disease[1], [2].  

Hepcidin is being extensively studied for its association with anemia in CKD where it has also been 

associated with inflammation. Hepcidin is thought to be the major regulator of dietary iron absorption and 

cellular iron release from macrophages, and it exerts its regulatory by function contracting the function of 

ferroportin, the major cellular iron exporter. Hepcidin induces internalization and degradation of ferroportin 

which results in increased intracellular iron stores, decreased dietary iron absorption and decreased 

circulating iron levels which may be the cause of functional iron deficiency (FID)[4]–[6]. Inflammation is a 

characteristic feature of CKD and is caused by multiple factors, such as the toxic uremic milieu and the 

dialysis procedure itself. The interpretation of iron biomarkers is hindered by inflammation, which can 

directly affect the concentrations of most iron biomarkers[7], [8], including ferritin and hepcidin[8]–[10]. 

Inflammation in CKD increases ferritin and hepcidin independent of iron status which reduces iron 

availability[9]. High hepcidin levels inhibit iron absorption from the gut and release from iron-storing cells, 

thus restricting erythropoiesis and leading to anemia[10], [11]. However, the role of hepcidin in increasing 

the risk of anemia in children with CKD is still uncertain. This study aimed to investigate the association 

hepcidin levels and anemia in children with pre-dialysis chronic kidney disease. 

  

Methods 

A cross-sectional study was conducted in Nephrology Division, Department of Child Health, Dr. 

Soetomo Academic Hospital, Faculty of Medicine Airlangga University, Surabaya-Indonesia from December 

2018 to February 2019. Pre-dialysis patients with CKD from the age of 3 months to 18 years old were 

enrolled after obtaining informed consent from their parents. Patients having erythropoietin, blood 
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transfusion, supplementation of iron and acute infection within 3 months before the blood sample was 

withdrawn and excluded from the study.  

CKD was defined according to the National Kidney Foundation/Kidney Disease Outcome Quality 

Initiative (NKF/KDOQI, 2003). CKD is defined as abnormalities of kidney structure or function of the 

kidney, with or without decreased GFR, or GFR < 60 ml/minute/1.73 m
2
 for  3 months, with or without 

kidney damage. 

The pre-dialysis patients that were included in the study had CKD with stage 1-5 pre-dialysis. 

Anemia was defined according to KDIGO Anemia 2012, diagnosis anemia in children with CKD if Hb 

concentration is <11.0 g/dL (< 11 g/dL in children 0.5-5 years, <11.5 g/dL in children 5-12 years, and < 12.0 

g/dL in children 12-15 years), and anemia in children > 15 years with CKD when the Hb concentration is < 

13.0 g/dL in males and < 12.0 g/dL in females. 

Six ml of venous blood samples were drawn using fresh Ethylene diamine tetra acetic acid (EDTA). 

The serum and plasma were obtained after centrifugation for at least 15 minutes at 2200-2500 RPM within 

one hour of collection and then frozen at -80°C before laboratory analysis was done. Complete blood count, 

iron profile, creatinine, and urea were measured using standard laboratory methods (automated system) in a 

central laboratory. While, commercially available kits were used to measure hepcidin-25 (by sandwich 

enzyme-linked immunosorbent assay (ELISA) methods, human Hepc[Hepcidin] kit e-lab science 

biotechnology). The study was approved by the institutional Ethical Committee at Dr. Soetomo Academic 

Hospital (No. 0835/KEPK/XII/2018). 

Baseline characteristics were assessed with standard descriptive statistics.  The Kolmogorov-Smirnov 

test was used to determine the normalcy of the data. If normalcy was rejected, the nonparametric test was 

used. Continuous variables were presented as mean ± standard deviation (SD) and median with interquartile 

range (as applicable). Quantitative variables were determined using the Mann-Whitney test (for 

nonparametric data) between ferritin and anemia. The Spearman correlation coefficient was used to find a 

correlation between Hepcidin with ferritin levels, between ferritin levels with anemia and between TSAT 

with anemia. The data were entered into SPSS 17, and analysis was performed using statistics 

softwareStatistical significance was defined as p<0.05 

 

Result  

A total of 47 patients were enrolled in this study. The majority (38.2%) of the patients had lupus 

nephritis, nephrotic syndrome (23.4%), urology disorder (23.4%), tubulopathy (10.6%), and others (4.3%). In 

pre-dialysis CKD stages 1, 2, 3, 4, and 5, there were 16, 6, 12, 7, and 6 patients. Anemia occurred in 26 

patients (55.3%) and without anemia in 21 patients (44.7%).  Various parameters in pre-dialysis CKD in 

table 1. There was a significant correlation between hepcidin and ferritin level p=0.006(<0.05), the value of 

Spearman correlation coefficient was 0.392 (positive correlation). The ferritin level showed a significant 
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correlation with anemia, p=0.001(<0.05). However, TSAT did not show any significant relation with anemia 

p=0.230(>0.05). 

 

Table 1. Various parameters in pre-dialysis chronic kidney disease 

Parameters CKD anemia 

n=26 

CKD without anemia 

n=21 

 Mean/IQR Mean/IQR 

Age (months) 

Male:female (%) 

Hemoglobin (g/dL) 

Ureum (mg/dL) 

Creatinine (mg/dL) 

eGFR (mL/min/1.73 m
2
) 

Iron (ug/dL) 

TIBC (ug/dL) 

TSAT (%)*** 

Ferritin (ug/L)** 

Hepcidin (ng/mL)* 

135.6 

53.8:46.2 

9.9 (5.4-13.1) 

35.0 (9-123) 

2.65 (0.49-17.18) 

84.4 

54.8 

195.0 

35.6 

396.3 (3.17-1825.6) 

32.3 (2.94-137.7) 

163.8 

61.9:38.1 

13.7 (11.1-16.3) 

15.5 (4-44) 

0.44 (0.24-11.9) 

109.8 

68.0 

286.0 

25.8 

78.8 

69.6 (3.0-1192.0) 

p<0.05: Statistically significant 

*Spearman correlation between hepcidin (ng/mL) and ferritin (ug/L) level in pre-dialysis CKD (p=0.006; 

r=0.392) 

** Spearman correlation between ferritin level and anemia, (p=0.001) 

***Spearman correlation between TSAT and anemia (p=0.230) 

CKD chronic kidney disease, IQR interquartile range, eGFR estimated glomerular filtration rate, TIBC 

total iron-binding capacity, TSAT transferrin saturation. 

 
 

Discussion 

 Anemia guidelines for CKD patients consider that TSAT and ferritin are important markers of anemia 

in CKD, and iron replacement is based on TSAT and serum ferritin levels[12]. Hepcidin has an important 

role to identify types of anemia in children. Anemia in CKD showed a high hepcidin level, while, various in 

TSAT, ferritin, and soluble transferrin receptor. In iron deficiency anemia showed a low level of hepcidin, 

TSAT, ferritin and an increase of soluble transferrin receptor[13]. 

Inflammation has been implicated in many complications in CKD including malnutrition, 

atherosclerosis, and decreased iron utilization[14]. Inflammation stimulates hepcidin expression through 

various mechanisme
15

. Pro-inflammation cytokines are increased in CKD[8], [9]. Pro-inflammation 

cytokines  

such as IL-Iβ and IL-6 stimulate hepcidin expression via the Janus kinase (JAK)/signal transducer and 
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activator of the transcription 3 (STAT) pathway[15]. Inflammation induces another cytokine active B which 

stimulates the BMP-6/SMAD pathway synergic ally with IL-6 and STAT3, leading to hepcidin 

expression[16]. Endoplasmic reticulum (ER) stress associated with inflammation increases hepcidin by 

activating SMAD1/5/8[17], IL-6-dependent phosphorylated STAT3 and ER stress-activated transcription 

factor, cyclic AMP response element-binding protein H (CREBH), which bind and activate hepcidin 

promoter activity[9], [10]. Inflammation inhibits MT-2 by suppressing STAT5[18] and peroxisome 

proliferator-activated receptor γ coactivator-1α  (PGC-1α) which antagonized LPS-induced hepcidin 

transcription via the interaction with hepatocyte nuclear factor 4α[10], leading to activation of hepcidin 

translation. Inflammation-induced IL-1β also activates hepcidin expression by inducing CCAAT enhancer-

binding protein (C/EBP)δ in hepatocytes[10], [19]. Hepcidin is the key regulator of systemic iron 

homeostasis. Hepcidin leads to internalization and degradation of the iron exporter ferroportin, which is 

present on the cell surface of macrophages and enterocytes. Thus, hepcidin inhibits the release of iron by 

macrophages and attenuates the iron uptake in the gut[20]. 

In a study by Zaritsky et al, the median hepcidin level was noted to be 25.3 ng/mL in healthy pediatric 

control[21]. In another study by Ridha NR et al. Makassar,  in 35 normal body weight  children was obtained 

the median hepcidin level of about 16.1 ng/mL[22]. This study demonstrated that the hepcidin level increased 

in CKD with and without anemia (32.3 ng/mL vs 69.6 ng/mL). It is shown that the inflammation occurred in 

all groups. 

This study demonstrates that serum hepcidin levels are positively correlated with serum ferritin. High 

hepcidin levels increase ferritin levels and induces anemia. Inflammation stimulates hepcidin expression 

through pro-inflammation cytokines. Furthermore, High hepcidin inhibits the release of iron storage in 

hepatocytes, macrophages and inhibits iron absorption from the gut, this causes an increase ferritin levels and 

leading to hypoferremia, that induces anemia [23]. Eleftheriadis et al were found that hepcidin is increased 

and correlated with ferritin but not with TSAT[24]. Similar results were observed in this study. Higher 

hepcidin levels were associated with an increased risk for incident anemia in children with CKD. 

 

Conclusion 

 There was an indirect association between hepcidin level and anemia in which hepcidin increases 

ferritin level and induces anemia in pre-dialysis CKD children.  
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ORIGINAL ARTICLE Open Access 

ABSTRACT 

 

Background: One of the public universities as the green campus that prioritizes reforestation to overcome 

environmental issues. All stakeholders including students are expected to behave pro-environmentally.This study 

aimed to explain whether or not there is an influence of knowledge, subjective norm, perceived behavior control, 

and attitude towards pro-environmental behavior (plastic waste) for university students. 

Methods: This research was conducted under a quantitative approach with 5 valid and reliable variables. In 

addition, regression tests and structural equation models are used. The respondents of this study were 399 university 

students from all faculties of Hasanuddin University. 

Results: Perceived Behavior Control has the greatest effect on pro-environmental behavior compared to other 

variables. However, environmental knowledge has the smallest effect on subjective norms, perceived behavior 

control, and attitude. 

Conclusion: All variables affect predict pro-environmental behavior.  

 

Keywords: University student; knowledge; subjective norms; perceived behavior control attitude 
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Introduction 

One thing that gets the spotlight on students and environmental problems is plastic waste. The 

number of students and activities affect the use of plastic waste. The number of students has the potential 

to increase the amount of plastic waste. Individuals should develop pro-environmental behavior in their 

lives, so that they are able to maintain the sustainability of the ecosystem. Pro-environmental behavior is 

another form of pro-social behavior. This is shown by individuals to reduce negative impacts on the 

environment caused by activities to achieve needs or in other words to improve environmental quality 

[1,2]. 

There are several obstacles explained that in developing pro-environmental behavior [3]. First, 

there is a difference between personal interest (individual interest) and social desire (collective interest). 

Collective interest directs individuals to prioritize the environment. This is based on the view of the 

environment as something that needs to be taken care of together. One way is to consume pro-

environmental products. However, individual interest is not like that. Individual interest prioritizes 

personal comfort over the environment. This causes individuals to tend to use products that are not pro-

environmental, which has a negative impact on the environment. 

To predict pro-environmental behavior, some experts have looked with Theory of Planned 

Behavior. TPB to examine the antecedents of pro-environmental behavior [4,5,6]. TPB is used to explain 

motivational factors in individual behavior [7,8]. The theory proposes that human behavior is determined 

by behavioral intentions. Behavioral intentions are influenced by attitude, subjective norm, and perceived 

behavioral control [9]. All of these variables are examined to determine the appropriate intervention, so 

that pro-environmental behavior can be improved. Furthermore, environmental preservation can also be 

achieved. However, the research results obtained are different. 

Pro-environmental behavior is influenced by attitudes. That attitude is an individual's positive or 

negative evaluation of an object [10]. This makes attitudes can affect behavior. Generally, when 

individuals get information, their attitudes will change and that makes their behavior also change. This is 

supported by another research that attitudes influence on the behavior of reducing waste production in the 

Terban community. Individuals who obtain information about the environment and are supported by a 

positive attitude will behave to reduce waste production [11]. 

The subjective norm has a role in pro-environmental behavior. Subjective norm is a personal 

perception of a behavior that is influenced by others [12,13]. Subjective norms increase the likelihood of 

recycling for people who exhibit positive experiential attitudes. Subjective norms motivate people with 

limited knowledge about the benefits of recycling to practice recycling behavior [14]. 

Perceived control behavior has an important role in pro-environmental behavior. Perceived control 
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behavior is the individual's perception of his ability to engage in certain behaviors [15]. Individuals can 

behave in a certain way when there is such a perception in them [4]. The behavior management process is 

assumed to be substantially leading to action [16].  

In addition to these three variables, the influence of knowledge is also calculated for its influence 

on these three variables and also pro-environmental behavior. The results shown are different. Based on 

the results of research by Abrauw, Yunus, and Giyarsih (2011) in Papua, it is explained that the level of 

behavior in processing inorganic waste in Papua is moderate (95%) [17]. Whereas the Papuan people 

have sufficient knowledge about environmental conditions through education organized by the 

government. However, this knowledge does not encourage individuals to behave pro-environmentally. 

Based on this research, one of the factors that influence knowledge that does not have a significant impact 

on pro-environmental behavior is the low score of attitudes and habit factors owned by the subjects in the 

study. This study aims to determine the effect of Knowledge, Subjective Norm, Perceived Behavior 

Control, and Attitude towards Pro-Environmental Behavior (Plastic Waste) on university students. The 

practical benefits of this research are as follows: 

Find a model of the relationship between variables related to PEB for University students that can 

be used as the basis for policies (social intervention) from the University Leaders (Rector) or Faculty 

Leaders (Deans) to develop PEB for University students that support the creation of a beautiful campus 

environment "Green Campus" which supported by "Green Behavior" from University students in 

particular and the academic community in general. For individuals, as a consideration in behavior that can 

have an impact on the environment. 

 
  

Methods 

The type of research used is quantitative research. This type of quantitative research was chosen 

by considering that quantitative research can collect objectively measurable data based on the research 

variables to be studied, namely knowledge, subjective norms, perceived behavior control, and attitude, as 

well as pro-environmental behavior (plastic waste). 

The population of this study came from all students of Hasanuddin University who are actively 

studying. Based on the population, the researcher will take part of the population to be sampled in this 

study. The number of samples of this research is 399 samples. This number has met the results of the 

sample size estimation through the application G*Power 3.1, named 89 samples with a medium effect size 

of 0.15, error probability of 0.05, the statistical power of 0.95. In addition, the number of samples of 200 

is considered sufficient to test the validity and reliability. This research lasted for three months.  
 

 

Techniques of Data Collection 

Knowledge 
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The measuring tool knowledge consists of 10 true and false statement items related to plastic 

waste compiled by the authors. Participants were asked to determine whether the statement was true or 

not. Each question is based on scientific sources. If a participant answers correctly for a true statement, 

then the participant will get a value of 1. Conversely, if there are participants who answer incorrectly for a 

true statement, then the participant will get a value of 0. 

Through exploratory factor analysis, 8 items were declared valid and 2 items were declared 

invalid because <0.03. The eight items have validity ranging from 0.659-0.815. In addition, the six items 

have the reliability of 0.848, so it can be said that the reliability is >0.5.  

Tabel.1 

Explanatory Factor Analysis 

Aitem Factor loading 

Aitem 1 0.724 

Aitem 2 0.795 

Aitem 4 0.659 

Aitem 5 0.712 

Aitem 6 0.780 

Aitem 7 0.815 

Aitem 9 0.785 

Aitem 10 0.804 

N=399 (male=90; female=309); Factor Loading=large correlation between the indicator and its latent construct 

Subjective Norm 

      The measuring tool is a subjective norm composed of 6 statements compiled by Zainal & Hassan 

(2019). Participants are welcome to choose the answer strongly disagree, disagree, neutral, agree, and 

strongly agree. Through confirmatory factor analysis, 4 items were declared valid and 2 items were 

declared invalid because <0.03. The four items have validity ranging from 0.560-0.693. In addition, the 

six items have reliability of 0.721, so that it can be said to be reliable > 0.5.  

Tabel.2 

Confirmatory Factor Analysis 

Items Standardized Loading Factor 

Aitem 1 0.621 

Aitem 2 0.693 

Aitem 5 0.560 

Aitem 6 0.637 

N=399 (male=90; female=309); Factor Loading=large correlation between the indicator and its latent construct 
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Perceived Behavior Control 

      The measurement tool for perceived behavior control is composed of 6 statements compiled by 

Zainal & Hassan (2019). Participants are welcome to choose the answer strongly disagree, disagree, 

neutral, agree, and strongly agree. Through confirmatory factor analysis, 5 items were declared valid and 

1 item was declared invalid because <0.03. The five items have validity ranging from 0.381-0.554. In 

addition, the six items have reliability of 0.496, so it can be said that the reliability is >0.5.  

Tabel 3 

Confirmatory Factor Analysis 

 

 

 

 

 

 

 

N=399 (male=90; female=309); Factor Loading=large correlation between the indicator and its latent construct 

 

Attitude 

      The measurement tool is attitude composed of 15 statements Zainal & Hassan (2019). Participants are 

welcome to choose the answer strongly disagree, disagree, neutral, agree, and strongly agree. Through 

confirmatory factor analysis, 11 items were declared valid and 4 items were declared invalid because 

<0.03. The five items have validity ranging from 0.384-0.550. In addition, the six items have reliability of 

0.810, so it can be said that the reliability is >0.5. 

Tabel.4 

Confirmatory Factor Analysis 

Items Standardized Loading Factor 

Aitem 1 0.673 

Aitem 2 0.514 

Aitem 3 0.331 

Aitem 4 0.533 

Aitem 5 0.392 

Aitem 6 0.486 

Aitem 7 0.453 

Aitem 8 0.729 

Aitem 9 0.500 

Aitem 10 0.457 

Aitem 11 0.514 

N=399 (male=90; female=309); Factor Loading=large correlation between the indicator and its latent construct 

Pro-Environmental Behavior (Less Use of Plastic Waste) 

   The measuring tool for pro-environmental behavior is composed of 8 statements compiled by the 

Items Standardized Loading Factor 

Aitem 1 0.554 

Aitem 2 0.435 

Aitem 4 0.451 

Aitem 5 0.381 

Aitem 6 0.547 



Publisher: Faculty of Medicine Universitas Muslim Indonesia 113

08 

Green Medical Journal Vol.3 Issue: 3 (December 2021)  
e-ISSN: 2686-6668 
 

 

 

 

  
  

authors. Participants are invited to choose never, rarely, sometimes, often, and always based on 

statements regarding the behavior of using plastic waste. 

   Through confirmatory factor analysis, 6 items were declared valid and 3 items were declared 

invalid because <0.03. The eight items have validity ranging from 0.330 to 0.700. In addition, the six 

items have reliability of 0.848, so it can be said that the reliability is >0.5.  

Tabel.5 

Confirmatory Factor Analysis 

Items Factor Loading 

Item 1 0.117 

Item 2 0.330 

Item 3 0.354 

Item 4 0.641 

Item 5 0.700 

Item 6 0.517 

N=399 (male=90; female=309); Factor Loading=large correlation between the indicator and its latent construct;  

 

Data Analysis 
Descriptive Analysis 

This study uses descriptive analysis to obtain a description of the state of the variables to be 

studied and matters relating to these variables based on the data obtained. Data in the form of numbers 

will be processed by adding, comparing, and so on until a percentage is obtained. Furthermore, the data is 

interpreted in the form of a conclusion sentence. 

Hypothesis Test 

The hypothesis in this study will be tested using correlation analysis techniques. Statistical 

analysis techniques used are multiple regression and linear regression. As for testing the hypothesis using 

the help of SPSS 23.0 for windows    

 

Result 

In this study, the researcher first tested the assumptions. The assumption test consists of residual 

normality, linearity, heteroscedasticity, and multicollinearity tests. The residual normality test was 

obtained through the Kolmogorov-Smirnov value of 0.200. This means that the data is normally 

distributed. 
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The linearity test was obtained through knowledge, subjective norm, perceived behavior control, 

subjective norm, and attitude towards pro-environmental behavior (plastic waste). Overall it can be said 

to be linear because the value is linearity <0.05 and the deviation from linearity is >0.05 

Heteroscedasticity test (Glejser) obtained by knowledge, subjective norm, perceived behavioral 

control, subjective norm, and attitude towards environmentally friendly behavior (plastic waste). In 

general, it can be said that there is no heteroscedasticity problem because the significance value is > 0.05. 

Table.6 

Heteroscedasticity test 

Variable Significance 

Knowledge  0.868 

Subjective Norm 0.395 

Perceived Control Behavior 0.436 

Attitude 0.052 

Multicollinearity test obtained by knowledge, subjective norm, perceived behavioral control, subjective 

norm, and attitude towards environmentally friendly behavior (plastic waste). In general, it can be said 

that there is no multicollinearity problem because the tolerance value is < 1,000 and VIF < 10,000. 

Tabel.7 

Multicollinearity test 

Variable Tolerance VIF 

Knowledge  0.981 1.019 

Subjective Norm 0.643 1.555 

Perceived Control Behavior 0.696 1.436 

Attitude 0.753 1.327 

 

Tebel.8 

Regression Test 

Independent Variable Dependent Variable R Square Asymp. sig 

Knowledge 

Pro-environmental 

behavior (Plastic 

Waste) 

0.017 0.009 

Subjective Norm 

Pro-environmental 

behavior (Plastic 

Waste) 

0.140 0.000 

Perceived Behavior Control 

Pro-environmental 

behavior (Plastic 

Waste) 

0.183 0.000 

Attitude 

Pro-environmental 

behavior (Plastic 

Waste) 

0.117 0.000 

Knowledge, subjective norm, 

perceived behavior control, 

and attitude 

Pro-environmental 

behavior (plastic 

Waste) 

0.243 0.000 

N=399 (male=90; female=309);R Square= coefficient of determination that can explain how far the dependent 

data can be explained by independent data. 

Based on the results of the linear regression test, it can be seen that each independent variable can 
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affect the dependent variable. It is because the value of Asymp.sig <0.05. The magnitude of the influence 

between variables can be observed through R Square. Knowledge has the smallest effect on pro-

environmental behavior (plastic waste), compared to subjective norms, perceived behavior control, and 

attitude, which is 0.017 or 1.7%. On the other hand, perceived behavior control has the greatest influence 

on pro-environmental behavior (plastic waste), which is 0.183 or 18.3%, 

Tabel.9 

Structural Equation Modeling 

Path Path coefficient p-value z-value 

Perceived Behavior Control - Pro-

environmental Behavior 
0.222 0.000 4.285 

Attitude - Pro-environmental Behavior 0.352 0.000 7.015 

Perceived Behavior Control - Attitude 0.326 0.000 9.142 

Subjective norm - Attitude 0.553 0.000 17.670 

Subjective norm -Perceived Behavior 

Control 
0.463 0.000 12.526 

N=399 (male=90; female=309); Path Coefficient=the direct effect of the variable determined as the cause on the 

variable determined as the effect; p-value=significance level; z-value=determine the number of standard 

deviations above or below the mean 

Tabel.10 

The Goodness of Fit Model 

Goodness of Fit Model Value 

P-Value of Chi-Square 0.181 

RMSEA 0.044 

NFI 0.996 

CFI 0.998 

GFI 0.997 

AGFI 0.977 

SRMR 0.012 

N=399 (male=90; female=309); value=measure the accuracy of the sample regression function in estimating the 

actual value 
 

Discussion 

Through the results obtained in linear regression, it can be said that environmental knowledge (plastic 

waste), subjective norms, perceived behavior control, and attitude affect pro-environmental behavior. 

However, environmental knowledge has the smallest effect on subjective norms, perceived behavior 

control, and attitude. In addition, perceived has the greatest effect on pro-environmental behavior 
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compared to other variables. 

These results are in line with the explanation that subjective norms, perceived behavior control, 

and attitude affect pro-environmental behavior based on TPB [9,15,18]. Perceived behavior control has a 

significant impact on commitment across various actions [19,20,21]. The results of this study show 

different results from research by Aziz et al., (2021) that the attitude of university employees directly 

affects the intention to behave in pro-environmental behavior. Human attitudes are strong predictors of 

subsequent behavior [22]. This notion also applies to the study of environmental behavior [23]. In this 

study, attitude is not the variable with the greatest influence, but perceived behavior control. 

Furthermore, the effect of knowledge on pro-environmental behavior is the smallest. This is also 

explained through the research of Ajzen et al. (2011) that good information is a prerequisite for effective 

action to produce the desired results. In Study 1 (N = 79), environmental knowledge did not affect energy 

conservation, and in Study 2 (N = 79), alcohol knowledge was not associated with drinking behavior. 

Such disappointing correlations can result from an inappropriate focus on the accuracy of the information 

at the expense of its relevance and support for behavior. Study 3 (N = 85) found a positive correlation 

between knowledge and pro-Muslim behavior, but Study 4 (N = 89) confirmed the proposition that this 

correlation arises because responses on knowledge tests reflect underlying attitudes. Study 4 also shows 

that the correlation can be positive or negative by selecting the right questions for the knowledge test. The 

theory of planned behavior, with a focus on specific actions, intentions, and predicted behavior in all four 

studies [7]. 

Conclusion 

This research was conducted on several variables that influence the behavior of using plastic waste, which 

are knowledge, subjective norms, perceived behavior control, and attitudes. Environmental knowledge (plastic 

waste), subjective norms, perceived behavior control, and attitude affect pro-environmental behavior. Perceived 

Behavior Control has the greatest effect on pro-environmental behavior compared to other variables. However, 

environmental knowledge has the smallest effect on subjective norms, perceived behavior control, and attitude. 
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ABSTRACT 

 
Background: The oral is the gateway for the entry of various kinds of microorganisms into the body, with the 

prevalence of people having dental and oral problems in Indonesia increasing every year. The normal flora of the 

oral acts as a body defense, but it can cause disease due to predisposing factors, namely oral hygiene. Therefore, it 

is necessary to find an alternative in maintaining oral health. Islam is a religion that emphasizes personal hygiene, 

such as performing ablution. 

Content: The types of bacteria found in the oral before ablution was 33.33% Pseudomonas sp., 6.67% 

Lactobacillus sp., 3.33% Streptococcus sp. and 0.14% Staphylococcus sp. while the types of bacteria found in the 

oral after ablution were 26,8% Pseudomonas sp., 20% Lactobacillus sp., 5% Streptococcus sp. and 2% 

Staphylococcus sp. 

Conclusion: There was a change in the number of bacteria, namely an increase in gram-positive bacteria in the oral 

after ablution. 
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Introduction 

Health is the most important part of human life, which is physically and spiritually healthy. Health that 

needs to be considered in addition to general body health, is also dental and oral. Dental and oral health can 

affect overall body health because dental and oral health is an integral part of overall body health that cannot 

be separated from general body health.
(1) 

Based on the Basic Health Research (RIKESDAS) in 2018, the percentage of the population who had 

dental and oral problems in Indonesia had quite increased from the previous year, which was around 57.6%. 

By province which Having these problems, South Sulawesi ranks second out of the total.
(2) 

The mouth and nose are nests of harmful bacteria, if you don't clean them regularly, they will cause 

various diseases. The bacteria will be more fertile by the remaining food debris that is between the teeth and 

is not cleaned. However, not all microorganisms are pathogenic in the oral cavity, microorganisms that enter 

will be neutralized by anti-bacterial substances and normal flora bacteria. However, the presence of normal 

flora is not always beneficial, under certain conditions normal flora can cause disease, for example, if there 

is a change in substrate or displacement from the proper habitat. Research has proven that 90% of those who 

suffer from tooth decay are caused by mistakes in cleaning the mouth. Therefore, it is necessary to find 

alternatives in maintaining oral health.
(5)(6)

 

Islam is a religion that always emphasizes personal hygiene before worship. This can be seen from the 

emphasis on bathing and ablution before performing obligatory worship, such as prayer. So Muslims must 

always maintain cleanliness because cleanliness will manifest physical and spiritual health. As a form of 

self-cleaning, when we perform ablution, we are also advised to rinse our mouth and siwak (toothbrush), 

clean the nose and, clean between the beards, as well as the fingers and toes.
(7)(8)

  

Wudhu is a cleaning process carried out by a person to wash the body parts five times a day. 

According to research conducted by Herika Laksmi Safitri K. with the title "Isolation, Identification and 

Sensitivity Test of Antibiotic Germs in the Mouth Before and After Wudhu on Students of the 2016 Faculty 

of Medicine, Muslim University of Indonesia" concluded that there was a decrease in the number of gram-

negative bacteria in the mouths of students after ablution. So that there will be a difference between students 

who have performed ablution and those who have not. Where the development of bacteria is more inhibited 

after ablution.
(9)(10)

 

By looking at various facts regarding the benefits of ablution to public health, this research was carried 

out to prove and examine how the development of bacteria in the mouth after ablution and knowing the 

types of bacteria found in the oral cavity. 
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Content 

A study conducted by Armiati, IGK in 2018 discussed the decrease in the number of Streptococcus 

mutans colonies in the oral cavity by ethanol extract of aloe vera leaf skin. The sample in this study was 

obtained by isolating oral bacteria where people tried to gargle with distilled water for 60 seconds without 

swallowing and the results of the mouthwash were discarded.
(23)

  

Samples were taken using the swab method, where a sterile cotton swab was rubbed on the teeth on the 

labial surface of the upper right first incisor, the labial surface of the lower left first incisor, the buccal 

surface of the upper right first molar, the buccal surface of the upper left first molar, and the lingual surface. 

The lower left first molar and the lingual surface of the lower right first molar. This swab is done before and 

after gargling. The swab results were inserted into TSB media and cultured on Mueller Hinton Blood media. 

The culture results were seen after 24 hours and counted the number of bacterial colonies that grew and 

identified the bacteria by testing the bacteria with the Gram stain test, catalase test and mannitol test. So that 

the results obtained the number of Streptococcus mutans bacteria before gargling was 6114.80±2733.93 

CFU/ml and after gargling was 3683.34±921.63 CFU/ml. This proves that there is a decrease in 

Streptococcus mutans bacteria after gargling with distilled water. At the same time, Ernawati, K. L (2018) 

conducted a study discussing kombucha tea, which can reduce the number of Streptococcus mutans bacteria 

in caries patients in 2019. Djohari et al conducted a study that discussed the identification and test of the 

inhibitory activity of ethanol extract areca nut (Areca catechu L.) against gum bacteria isolates. Where, in 

these two studies, sampling was carried out in the same way, namely by using a swab technique and placing 

it on the culture medium, then gram staining and biochemical tests were carried out to identify 

bacteria.
(23)(24)(25) 

In addition, a study by Da-Young et al in 2017, compared the acidity of the oral pH of each study 

subject, the patient's hygiene performance index score, and the number of bacteria in the oral cavity of each 

study subject before and after gargling and brushing teeth. In this study, 10 ml of saliva was taken from each 

subject, after that, it was diluted with agar, a mixture of Sigma Aldrich and agar powder (Samjeon 

Chemistry), with distilled water 7 times, and mixed with superior agar medium. The mixture was then grown 

in a culture medium at 37°C for 72 hours (3 days), after which the number of colonies was counted. The 

comparison of the number of bacteria before and after gargling showed that the number of bacteria decreased 

after rinsing with water. The average difference in the PHP index (p<0.05) before and after rinsing with 

water was 2. 25 and 1.94. From this study, it was found that there was no significant difference in the 

number of bacteria before and after rinsing with water.
(26)

  

Research conducted by Titi Lasmini in 2020 used the Spread plate method of bacterial isolation. This 

research was conducted by isolating bacteria on MSA and MacConkey medium, purification, and testing for 
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biochemical reactions. The bacteria found in the oral cavity after gargling were bacteria of the 

Staphylococcaceae group (Staphylococcus aureus 3.85%, Coagulase Negative Staphylococcus 30.77%), 

Streptococcaceae (Enterococcus sp. 3.85%), HACEK Group (Aggregatibacter sp. 3.85%), 

Enterobacteriaceae (Klebsiella sp. 19.23%, Citrobacter sp. 3.85%), and Nonfermenting Gram-Negative 

Bacilli (Acinetobacter sp. 7.69%, Pseudomonas sp. 26.92%). The results showed that Coagulase Negative 

Staphylococcus (30.77%), Pseudomonas sp. (26.92%), and Klebsiella sp. (19.23%) were the most common 

species in the oral cavity of non-smokers.
(27)

  

Another study conducted by Utami and Suryani in 2016 found the decrease in the number of germs 

was shown by counting the number of germs. The type of bacteria found in the mouth was Staphylococcus 

sp. with the number of colonies were 277 ± 178 CFU/ml before ablution and 270 ± 240 CFU/ml after 

ablution. The Streptococcus sp. colonies were also found in the mouth around 116 ± 95 CFU/ml before 

ablution and 83 ± 82 CFU/ml after ablution. The results of the Wilcoxon statistical analysis showed that the 

p-value for Streptococcus sp. in the mouth was p=0.30 (p>0.05) and Staphylococcus sp. was 0.002 (p<0.05). 

This result shows that there is a decrease in the number of germs before and after ablution against 

Staphylococcus sp. and Streptococcus sp. in the nurse's mouth.
(28) 

In addition, research conducted by Safitri K, H. L. in 2019 shows that a variety of bacterias, such as 

Escherichia sp. 40%, Pseudomonas sp. 33.33%, Lactobacillus sp. 6.67%, Streptococcus sp. 6.67%, 

Fusobacterium sp. 6.67%, Veillonella sp. 6.67% and the bacteria found after ablution was Escherichia sp. 

13.33%, Pseudomonas sp. 26.67%, Lactobacillus sp. 20%, Streptococcus sp. 13.33%, and Veillonella sp. 

26.67%. And also shows that there is an increase in gram-positive bacteria which is a normal flora in the 

mouth after ablution.
(10) 

A study conducted by Manurung in 2020, about the effectiveness of gargling steeped green tea 

(Camellia sinensis) on the number of bacterial colonies as an asepsis measure, found that the average 

number of colonies in the group after gargling with green tea was 90.83 ± 38.73 CFU/ml and the number of 

colonies in the mineral water gargling group was 218.55 ± 120.86 CFU/ml.
(29)

  

In addition, a study conducted by Febriyanti in 2018 aimed to compare the number of anaerobic 

bacterial colonies in the saliva of children who were rinsed with peatland water and PDAM water. In the 

saliva of children who were rinsed with PDAM water, colonies of Streptococcus sp. and Lactobacillus sp. 

were found. In this study, the number of anaerobic bacterial colonies in peatland water was 217 CFU/ml, 

while the number of anaerobic bacteria colonies in PDAM water was 133 CFU/ml. Based on the results of 

the independent t-test (0.000) (p<0.05) showed that there was a significant difference between the number of 

anaerobic bacteria colonies that were rinsed with peatland water and PDAM water. This means that the 

number of anaerobic bacteria colonies in the saliva of children who rinsed with peatland water was higher 

than the number of anaerobic bacteria colonies in the saliva of children who rinsed with PDAM water.
(30)
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And research conducted by Mahgaidren in 2018 discussed the effectiveness of gargling a 15% forest 

honey solution and 1% povidone-iodine solution to reduce the number of oral bacteria in students of the 

Faculty of Dentistry, University of North Sumatra. In this study, aqua was used as a negative control where 

the average number of bacteria before treatment (pretest) was 188.43 × 103 ± 57.665 × 103 CFU/ml and 

after treatment (posttest) was 128.14 × 103 ± 37.791 × 103 CFU/ml. from these results indicate that there is 

a decrease in the number of bacteria in the oral cavity before and after gargling aqua.
(31) 

From some of these studies, the results showed that by carrying out ablution activities specifically 

meant in this case was gargling, it was found that there was a decrease in the number of bacteria in the 

mouth after gargling. Based on the description above, the bacteria found in the mouth before and during 

ablution can be classified into two types, namely gram-positive bacteria and gram-negative bacteria. The 

number of gram-negative bacteria tends to decrease after ablution, while the number of gram-positive 

bacteria increases. This happens because gram-positive bacteria are normal flora in the oral cavity that has 

an important role in the body's defense. By gargling, you can clean the oral cavity from bacteria and 

microbes before they spread and cause disease, and prevent the potential for dental and oral diseases. This 

proves that ablution can minimize the occurrence of problems in dental and oral health. 

 

Conclusion 

From the results of the analysis of a systematic study, it can be concluded that the types of bacteria 

present in the oral cavity before ablution are 33.33% Pseudomonas sp., 6.67% Lactobacillus sp., 3.33% 

Streptococcus sp. and 0.14% Staphylococcus sp. in the oral cavity after ablution were 26.8% Pseudomonas 

sp., 20% Lactobacillus sp., 5% Streptococcus sp. and 2% Staphylococcus sp. this indicates that there is an 

increase in gram-positive bacteria in the oral cavity after ablution.  
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Background: Diarrhea is still one of the global issues especially in developing countries. Diarrhea can be 

caused by either an infectious agent or a non-infectious agent. Escherichia coli is one of the infectious 

agents that is responsible for causing diarrhea. Garlic (Allium sativum) is a plant that has a good 

antibacterial activity potential because of its organosulfur  and phenolic compound. Black garlic is the 

product of spontaneous fermentation of garlic that has improved its bioactive compounds.  

Content: Antibacterial potency of black garlic extract on Escherichia coli is shown on the resistance zone that 

formed where the lowest zone diameter is 9,67 mm while the highest zone is 24 mm. The fermentation of black 

garlic happened at the temperature of 70-80C with 75-80% for 28-40 days. 

Conclusion: Black garlic is shown to exhibit antibacterial activity against bacteria such as Escherichia coli. This 

fermented product has the potential to be a therapeutic agent for diseases caused by Escherichia coli. 
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Introduction 

Diarrhea is still one of the major global issues with high morbidity and mortality rate in some 

countries, especially in developing ones (Hartati et al, 2018). According to data from World Health 

Organization (WHO) in 2013, every year there are approximately 1,7 billion cases of diarrhea with 760.000 

mortality numbers on children under the age of 5.
 (1) 

In Indonesia, the incidence of diarrhea for all ages according to Rapid Survey in 2019 is estimated at 

270/1.000 morbidity rate and 843/1.000 for children. The total finding of diarrhea in medical facilities is 

7.265.013 and 3.979.790 of them are children (Kemenkes RI, 2020).
 (2) 

Based on the profile of Sulawesi Selatan‟s public health office per 2017, there is 257.108 citizen with 

diarrhea where 44.914 cases are from Makassar (Dinkes Sulsel, 2018). That data shows that diarrhea is still a 

common problem in current society.
 (3) 

Diarrhea can be caused by an infectious agent and a non-infectious agent. The most common non-

infectious agent is food allergies. Infectious agents, on the other hand, are caused by bacteria, viruses, or 

parasites. Escherichia coli (E. coli) is the most common pathogen group that causes diarrhea. Two among 

them are ETEC (Enterotoxigenic Escherichia coli) and EHEC (Enterohemmorahic Escherichia coli).  ETEC 

is the most common cause of diarrhea in children in developing country while EHEC causes diarrhea from 

contaminated meat (Leon T, 2020).
(4)

 

Garlic (Allium sativum) is one of the plants that have many medicinal properties, among them are 

antimicrobial. Its contents such as Allicin are useful to inhibit gram-positive and gram-negative bacteria by 

inhibiting the production of RNA and lipid synthesis, so the bacteria cannot thrive. The antibacterial capacity 

has more potential in gram-positive bacteria compared to gram-negative bacteria (Moulia MN et al, 2018). 
(5)

 

Garlic (Allium sativum) is also rich in chemicals that are useful as antioxidants. Organosulfur 

compounds such as allicin, adenosine, ajoene, flavonoid, and saponin provide many benefits, especially in 

the health sector (Wibisono Y et al, 2020).
 (6) 

The results of the study prove that garlic extract (Allium sativum) has antibacterial potential against 

gram-positive bacteria (Staphylococcus epidermidis, Streptococcus viridans) and gram-negative bacteria 

(Escherichia coli, Salmonella typhi). However, the extract has a greater inhibitory effect on gram-positive 

than gram-negative bacteria (Airaodion AI et al, 2020) 
(7)

 

Black Garlic is the result of fermenting Garlic (Allium sativum) over a certain period with a high 

temperature (60-90ºC) and a high humidity (80-90%) environment. Its physicochemical changes increase the 

bioactivity of its components. Garlic's rich allicin content is converted into antioxidant components such as 

alkaloids and flavonoids. Allicin which gives a lot of flavor to garlic is broken down into other components 

such as diallyl sulfide, diallyl disulfide, and ajoene (Kimura S et al, 2017).
(8) 
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The description above encourages the researcher to find out more about the potential of black garlic in 

increasing the effectiveness of garlic as an antibacterial product, especially on gram negative-bacteria. The 

results of this study are expected to prove the effect of black garlic extract as a more efficient antimicrobial to 

inhibit the work of Escherichia coli bacteria.  

 
  

Content 

This research uses the literature review method with a narrative review design. Journals that are taken 

as data are from both international and national journals released from the year 2017-2021 that are 

considered relevant to the topics.  

The inclusion criteria are International Journal, National Journal, or textbook with keywords 

consisting: Antibacterial activity of black garlic on Escherichia coli, Disc diffusion method of black garlic on 

Escherichia coli, Black garlic effect on Escherichia coli, from the year 2017-2021. Electronic-based media 

includes sources from Elsevier / Clinical Key, PubMed and, Google Scholar. 

While the exclusion criteria are journals that are found not in the form of full text (can‟t be fully 

accessed) and journals that are not from the web with international or national standards. 

From keyword searches, obtained results as many as 203 journals. All journals are included in the 

search and then filtered. In the end, 8 remaining journals matched the inclusion criteria, which will then be 

used for this literature review. 

Of the 8 journals, 6 journals were research conducted using a true experimental design method to see 

the antibacterial effect of black garlic on Escherichia coli. In the research of Thalia et al (2020) the largest 

inhibition zone was 12.8 mm with black garlic fermented at 80C for 40 days.
(9)

 From research done by 

Setiyoningrum et al (2021) obtained the largest inhibition zone of 24 mm with ethyl acetate solvent and 18.9 

mm with isopropanol solvent using black garlic which was fermented at a  temperature of 72C for 4 

weeks.
(10)

 In the research of Chang et al (2021) the largest inhibition zone was 9,67 mm with Michiu Tou 

wine as a solvent on black garlic that was fermented at 70C for 35 days.
(11)

 Astuti et al (2018) used black 

garlic‟s essential oil with the largest inhibition zone at 13,16 mm.
(12)

 Kang et al (2017) got 11,65 mm for its 

largest inhibition zone using black garlic that sold in the market.
(13)

 Sasaki et al (2017) also proved that black 

garlic fermented at 70C for 30 days gives an antibacterial effect on Escherichia coli.
(14)

 

While the other 2 journals use the literature review method. In the research of Botas et al (2019), it 

was found that the antibacterial test of black garlic showed sensitive results to Escherichia coli 0157:H7.
(15)

 

In Ahmed et al (2021) research it was found that black garlic, after going through pre-clinical and clinical 

studies, showed clear evidence that its consumption can be a supportive therapy for various diseases in 

humans
.(16) 
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Based on 8 journals that have been researched, it was found that in general black garlic extract has an 

antibacterial effect against Escherichia coli. The fermentation process carried out by each study to obtain 

black garlic extract also varied. Of the 8 journals, 4 journals did not explain the fermentation of black garlic 

samples, while in the other 4 journals, various black garlic fermentation processes were found. In a study 

conducted by Thalia et al (2020) the most effective fermentation is at the temperature of  80C with an oven 

time of 40 days. Research by Setiyoningrum et al (2021) said that 4-week fermentation with the temperature 

of 72C and 80% humidity showed the best antibacterial activity. In a journal by Chang et al (2021) it was 

stated that the most optimal black garlic fermentation is for 35 days at a temperature of 70C with 85% 

humidity. Meanwhile, in the study of Sasaki et al (2017) black garlic extract was fermented at a temperature 

of 70C with 75% humidity for 30 days.  

Based on those 4 studies, it can be seen that the average fermentation is done at the temperature of 70-

80C with 75-85% humidity for 28-40 days. This is following the journal Novel Nutritive Garlic Product 

“„Black Garlic‟”: A Critical Review of Its Composition, Production, and Bioactivity by Alihanoğlu S et al 

(2017) who said that fermentation to produce the best characteristic black garlic is done at high temperatures 

(70-80C) with 70-90% humidity for about 21 days.
(17)

 

In a study conducted by Chang et al (2021) it was said that fermented garlic had more bacteriosatic 

capacity due to the presence of antibacterial agents besides allicin in black garlic. This is following the 

journal Converting organosulfur compounds to inorganic polysulfides against resistant bacterial infections 

by Xu Z et al (2018) which stated that the bacteriostatic capacity of garlic was mostly obtained from Allicin 

derivates, such as diallyl trisulfide (DATS), diallyl disulfide (DADS), diallyl sulfide  (DAS).
(18)

 And in 

accordance to journal Biological Activities of Black Garlic Fermented with Lactobacillus Plantarum PN05 

and Some Kinds of Black Garlic Presenting Inside Vietnam by Ngan N et al (2017) this component increased 

by five to six times in the form of a more stable organosulfur compound namely SAC.
(19)

 

The antibacterial power of black garlic extract itself is obtained from the constituent components of 

black garlic which are rich in organosulfur and phenolic compounds. The organosulfur component that 

increased dramatically due to the fermentation process is a compound named S-allylcysteine (SAC), which 

plays a major role in antioxidant activity to ward off free radicals. The content of phenolic bioactives such as 

polyphenols and flavonoids also increases due to the heating effect during fermentation. Antimicrobial 

activity in black garlic is not only obtained from the allicin content which is still present in black garlic but 

can also come from the content of phenolic compounds by inhibiting RNA synthesis quickly and thoroughly 

and partially DNA and protein synthesis. This damages the cell membrane resulting in inhibition of the 

activity and biosynthesis of specific enzymes needed in bacterial metabolic reactions 

In the journal Influence of thermal processing on the bioactive, antioxidant, and physicochemical 
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properties of conventional and organic agriculture black garlic (Allium sativum l.) by Najman k et al (2020) 

it is known that S-allylcysteine (SAC) is the most important bioactive compound that plays a major role in 

black garlic‟s pharmacological effects.
(20)

 S-allylcysteine (SAC) is a component that exhibits very high 

antioxidant activity. This is following the research of Thalia et al (2020) which showed that the antioxidant 

activity and total phenolic compound of black garlic were twice those of unfermented garlic. 

In the research of Botas J et al (2019) it was found that black garlic had antibacterial activity on all 

bacterial isolates it was tested on. The study showed that black garlic produced bactericidal activity although 

the amount was not significant. Minimal bactericidal concentration (MBC) was found to be most visible in 

Escherichia coli and Staphylococcus aureus. This incident can be related to the flavonoid content in black 

garlic. In the journal Efektivitas Daya Hambat Bakteri Ekstrak Bawang Dayak Terstandarisasi Flavonoid 

Terhadap Enterococcus Faecalis (In Vitro) by Armanda F et al (2017) it is said that flavonoids are phenolic 

compounds that have a toxic effect on bacteria due to their ability to damage the hydrogen bridge bonds of 

double-stranded DNA strands. Flavonoid compounds will contact the DNA in the cell nucleus and through 

the difference in polarity between the lipids that make up DNA and the alcohol groups on the flavonoid 

compounds a reaction will occur, thereby damaging the lipid structure of the DNA and eventually the 

bacterial cell nucleus will also lyse and die.
(21)

 

 Research conducted by Ahmed T (2021) showed the results of giving black garlic in-vivo to various 

types of rats. These studies show a positive therapeutic effect against various diseases. This is following with 

the journal Black Garlic and Its Therapeutic Benefits. In: Medicinal Plants - Use in Prevention and 

Treatment of Diseases by Tran G (2020) says that consumption of black garlic can be a supportive therapy 

for diseases because of its anticancer, antiobesity, antioxidant, and anti-inflammatory effects.
(22) 

 

Conclusion 

From the results and discussions, it can be concluded that black garlic extract has an antibacterial 

effect against Escherichia coli. The inhibition zone formed after giving black garlic extract averaged at 9,67 

mm – 24 mm. The average black garlic fermentation is carried out at a temperature of 70-80C and 75-80% 

humidity for 28-40 days. The greatest bacterial inhibition was found in 4 weeks of fermentation with a 

temperature of 72C and 80% humidity with Ethyl acetate dan Isopropanol solvents. Black garlic 

fermentation increases the antioxidant activity and total phenolic compounds of garlic (Allium sativum L). 

Organosulfur compounds such as S-allylcysteine (SAC) and flavonoid compounds are the active substances 

in black garlic that play the most role in inhibiting Escherichia coli. 

Suggestion for further research, research should be carried out to study the different use of different 

solvents while making black garlic about the antibacterial effects of said black garlic on Escherichia coli. In 
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addition, it is necessary to study the effect of black garlic extract on other bacteria. The purpose is to see the 

spectrum of antibacterial effects of black garlic. 
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Introduction 

Nausea and vomiting are common thing and physiological in early pregnancy (1–3). The Ministry of 

Health explained that more than 80% of pregnant women experience nausea and vomiting which can cause 

women to avoid certain foods and increase the risk to the mother and her fetus. (4) This condition can be 

severe if it persists and causes a pregnancy disorder called hyperemesis gravidarum. 

Hyperemesis gravidarum is the most common complication in the first trimester of pregnancy. (4) 

This situation can be bad and interfere with daily activities until dehydration occurs. (1) Although 

hyperemesis gravidarum rarely causes death, its incidence is still very common in the community. 25% of 

patients with hyperemesis gravidarum are hospitalized more than once during pregnancy and sometimes 

mothers who experience this condition get depressed and even make them feel like terminating their 

pregnancy in extreme cases.(4) 

The case of hyperemesis gravidarum is influenced by several risk factors, one of them being the 

spiritual aspect of the mother. Spirituality of pregnant women is a belief that comes from within pregnant 

women that connects them to the Creator or Allah SWT, themselves, and the surrounding environment. This 

factor is associated with the level of anxiety in pregnant women which can trigger excessive stress so that the 

mother experiences excessive nausea and vomiting as well (5) 

The case of hyperemesis gravidarum based on data from the World Health Organization (WHO) 

reaches 12.5% of all pregnancies in the world. Meanwhile, for the incidence of hyperemesis gravidarum in 

Indonesia, based on research by Indrayani (2018), there are 14.8% of all pregnancies (6). Based on data from 

the West Sulawesi Provincial Health Office, the number of pregnancies complicated by hyperemesis 

gravidarum is 310 people (7). Pregnant women with hyperemesis gravidarum in Tinambung District, 

Polewali Mandar regency, West Sulawesi province based on data from the Tinambung Health Center in 2018 

amounted to 47 people and in 2019 as many as 58 people (5). 

Islam has also explained the condition of the mother during pregnancy to caring for the child, Allah 

SWT says in Q.S Luqman/31:14: 

يْ  ْوَلِوَاوَوَصَّ ْلِي  كُر  ْعَامَي هِْانَِْاش  فِصَالهُْٗفيِ  هٍْوَّ ىاًْعَلٰىْوَه  هْٗوَه  ْحَمَلتَ هُْامُُّ و سَانَْبوَِالِديَ هِِۚ ِ ْال مَصِي رُْىَاْالْ  ْاِليََّ ٤١ْلِديَ كََۗ

Translation: 

“And We command man (to do good) to his parents. His mother had conceived him in a state of increasing 

weakness and weaned him at the age of two years. Be grateful to me and both parents. Only to Me will you 

return”. (9) 

 

Based on the data above, it can be seen that there has been an increase in the case of hyperemesis 

gravidarum in Tinambung District in the last two years and it is known that Tinambung District is one of the 

areas with high spiritual values, so the authors are interested in research to determine the relationship 
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between mother's spiritual aspects with the incidence of pregnant women with hyperemesis gravidarum in 

Tinambung District in 2020. 

  

Methods 

This research is an analytical survey research with a cross sectional approach and was carried out in 

Tinambung District, Polewali Mandar Regency, and West Sulawesi Province. The population in this study 

were 344 pregnant women who performed Antenatal Care (ANC) in the working area of the Tinambung 

Health Center in 2020 with a sampling technique, namely purposive sampling by setting certain criteria, 

namely pregnant women who performed Antenatal Care (ANC) at the Tinambung Health Center in 2020, 

pregnant Muslim, and willing to be a respondent so that the number of samples obtained is 78 respondents. 

 The data collection in this study used secondary data in the form of patient medical records in the 

work area of the Tinambung Health Center in 2020 and primary data through filling out questionnaires and 

direct interviews with respondents. The data analysis method in this study used the Statistical Package for 

The Social Sciences (SPSS) computer program with univariate data analysis to describe each research 

variable and bivariate analysis to analyze the relationship between the dependent and independent variables. 

Data analysis used the chi square test in the X2 test to test the independence between the two variables 

arranged in the row and column table with = 0.05, meaning that the null hypothesis (H0) is rejected if p value 

<α which means there is a relationship between the dependent variable and the independent variable. 

Result 

Table 1 

Frequency Distribution of Respondents Based on Mother's Spiritual Aspect 

In Tinambung District, Polewali Mandar Regency 

 

 

 

 

Primary Data, 2021 

Based on table 1, it is known the frequency of the independent variables used. The spiritual aspect 

variable is known that the majority of respondents have spiritual aspects in the medium and low categories, 

namely as many as 33 respondents or 42.3%. 

Table 2 

Frequency Distribution of Respondents Based on Hyperemesis gravidarum Status in Pregnant Women in 

Tinambung District, Polewali Mandar Regency 

 

Mother's Spiritual 

Aspect Level 

Frequency 

n % 

Very Low 7 9,0 

Low 33 42,3 

Moderate 33 42,3 

High 5 6,4 

Total 78 100 

Hiperemesis gravidarum  

Status 

Frequency 

n % 

Emesis Gravidarum 33 42,3 

Mild Hiperemesis 45 57,7 

Comment [WU1]: Font 11, bold 
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Primary Data, 2021 

Based on table 2, it is known that the majority of respondents have mild hyperemesis gravidarum 

status as many as 45 respondents or 57.7%. For Emesis gravidarum status as many as 33 respondents or 

42.3%. 

 

Tabel 3 

Relationship Between Mother's Spiritual Aspect and Hyperemesis gravidarum in Pregnant Women in 

Tinambung District, Polewali Mandar Regency 

 

 
 

 

 

 

 

Primary Data, 2021 

Based on table 3, we can know the relationship of the independent variable given to the hyperemesis 

status variable as the dependent variable. The spiritual aspect variable is known that the majority of 

respondents have low spiritual aspects with mild hyperemesis gravidarum status, namely as many as 25 

respondents. 

The results of the chi square test indicate that the spiritual aspect variable has a significant effect on 

the status of hyperemesis gravidarum. It is known that the p value for this variable is less than 0.05, which 

means reject H0 so that there is a significant relationship between the spiritual aspect variable and the status 

of hyperemesis gravidarum. 

 

Discussion 

Most respondents who experienced hyperemesis gravidarum were at a low level of spiritual 

adaptation. This is following with research conducted by Miladina Nahar (2018). Spearman Rank 

Correlation (rho) statistical test results show that there is a relationship between the spiritual aspect and the 

anxiety experienced by pregnant women (p value <0.05) with r value = -0.224. Where the higher the 

spiritual level obtained, the lower the level of anxiety experienced by pregnant women (7). 

Anxiety can trigger stress in pregnant women which are considered as one of the factors causing 

hyperemesis gravidarum. Hyperemesis gravidarum is a manifestation of psychological disorders that are 

gravidarum  

Total 78 100 

Mother's 

Spiritual 

Aspect 

Hiperemesis Status 

P Value 
Emesis 

Gravidarum 

Hiperemesis 

gravidarum 

Mild 

Very Low 4 3 

0,042* 
Low 8 25 

Moderate 19 14 

High 2 3 

Total 33 45  
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changed in the form of physical symptoms. Pregnant women under stress conditions can experience an 

increase in blood pressure and heart rate so that they can increase the hormone Human Chorionic 

Gonadotropin (HCG) which can stimulate nausea and vomiting (3,11,12) 

Mental health is closely related to religious beliefs. The spiritual aspect is an essential part of one's 

overall health and well-being (13) Spiritual adaptation in one's life will create a sense of love, faith, hope, and 

trust. In spiritual principles, the thought of a thing is usually something that ends up happening. Pregnant 

women who do not get the touch of the value of Godhead, do not form a relationship with Allah SWT, are far 

from Allah, and the condition of their soul is not able to be bound to Allah, then their soul will be weaker and 

dry. The need for serenity to feel comfortable during pregnancy is the basis for the importance of spiritual 

adaptation, especially during the pregnancy (11) 

Spiritual adaptation has two forms of implementation, relationship with God (habluminallah) and 

relationship with humans (habluminannas). A pregnant woman needs a good relationship between the two. 

The relationship with God will be a source of strength that comes from oneself, while the relationship with 

humans will lead to other forces that come from outside (14). As research conducted by Price (2007) with the 

conclusion that spirituality can build and maintain the respondent's relationship with God, which is also able 

to have a significant positive impact on the health of the respondents. In addition, spiritual adaptation is also 

needed by pregnant women because spirituality can bring calm which has a positive impact on fetal 

development (15) 
 

 

Conclusion 

There is a significant relationship between the incidences of hyperemesis gravidarum with spiritual 

aspects in pregnant women. Special attention is needed from primary level health services to minimize risk 

factors for the occurrence of hyperemesis gravidarum in pregnant women and other research is needed on 

risk factors that were not examined in this study. 
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